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IKFE OsZAT12 £ [F N bz 3 A= 4 B 18 F0 45 9 i3 3R W i 52
HEW, RRE, BRTC, KEA, ETE"

(1. AR R EArRl 20t | M 5106315 2. HERMA B AR Y, ) 510650 )

 E. CoH2 B R AR EAZ YR —JE T B A 5 S 7 FEAE W 2B K R RN R AR e 3 TR
HEEEM, SREAIW T 7K C2H2 B35 H 0sZAT12 1% 3L N e K R b 5 3 2638, @ 0 T 40
¥, Rt R 38 OsZAT12 1 0058 7 A R 5 /N, itk — 25 BF 98 OsZAT12 TEK R P I D BE, i SC o i T
OsZAT12 WY J5 8 FIC/F RV SR, 3F R T qRT-PCR £ AR 20T 0sZAT12 7EAE A= W) ik 30 R KL 9 % R AL B R
M iR S5 IR (1) OsZATI2 &4 2 AR C2H2 BEHE 45 1 4 EAR motif, HoA 55 Sl 1%
PR Z I RS 37 S S AR A Y 0 R R AR DC R, (2) XFET AR R KRS SE AT 3R 2R P Wk aa A
FAC PRI ARIRIG (4 °C) FIBL R V& R (ABA ) 4031 58 35 T i 0sZAT12 19335, 1B & Wl (20% PEG
6 000) P ERIMIZE R B B ( BR) B[ W3- 42 (TAA) AN 3 13 OsZAT12 135K X W] 0sZAT12 4 7
TOKFERL A Z R AR AE P aa B R ARk, (3) R & 35S JH 3l T 192k R ik 4 il CRISPR/ Cas9 % H 45
BRI RNLE A0 0sZAT12 i B AR OsZAT12 BEIGAERE . (4) X 3L Fik OsZAT12 By FGF RN
BRI, FH T RPAE Y | OsZAT12 323 3% 35 R AR AE 43 BE ] b e 4000 R0 s 28 0T 3 3 4 15 3000 7 ok o 29 B 3 R A1
OsZAT12 @SR PR (09 8k &5 5 0 A= 80 B 0 B 0 25 S5, (00 g R R 50 A 45 52 3 38 i 38 I 1 W A B0 3 s
OsZAT12 50 T K FERR AL FEA R 5 e R R AR S, (5) SEseiE— 26 3R 1 3Rk 0sZAT12 [RIK T
IKAEXT AN ABA BIREUIRAE | T OsZAT12 FEBRAEAR WA I . PRI, OsZAT12 XA RR A 4 K 5 105 7 g
S LD N 22 Rl A A 8 NI R AR S IR A O R oT A5 RO OR R 0sZAT12 -4 /K Rt 336 e
SRR AR AL TR

KR KRG, C2H2 #HHEE T, OsZATI2, AEEWMia , ISR

RESES: Q943 XEARIRE . A XEHS: 1000-3142(2022)11-1797-14

OsZAT12 gene responses to abiotic stresses and
phytohormones in rice ( Oryza sativa)
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(1. School of Life Sciences, South China Normal University, Guangzhou 510631, China; 2. South China
Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China )

Abstract; C2H2 zinc finger proteins are an important category of transcription factors in eukaryotes, which play
important roles in plant growth and development and in response to abiotic stresses. 0sZAT12, a C2H2 zinc finger protein
in rice, which cloned in our previous study, was only expressed in rice roots and was localized in the nucleus.
Overexpressing OsZAT12 in Arabidopsis thaliana exhibited dwarf phenotype. To further investigate the function of
OsZAT12 in rice, qRT-PCR was used to analyze the response patterns of OsZAT12 under abiotic stresses and
phytohormones treatment. The results were as follows: (1) OsZAT12 contained two typical C2H2 zinc finger domains
and one EAR motif, and has transcriptional repressive activity. The promoter of the OsZAT12 contained elements related
to abiotic stresses and phytohormones. (2) The results of abiotic stresses and phytohormones treatment in rice also
revealed that low temperature stress (4 “C) and phytohormone abscisic acid ( ABA) treatment significantly down-
regulated OsZAT12 expression, while osmotic stress (20% PEG 6 000) , phytohormone brassinosteroid (BR) or indole-
3-acetic acid (TAA) treatment significantly up-regulated the expression of OsZAT12. These results showed that OsZAT12
involved in the changes in response to abiotic stresses and phytohormones in rice. (3) Homozygous OsZAT12
overexpression plants and OsZAT12 knockout plants were obtained using overexpression vector with 35S promoter and
CRISPR/Cas9 gene editing technology, respectively. (4) Observation of the phenotype of OsZAT12 overexpression rice
showed that compared with the wild type, the plant height of OsZAT12 overexpression plants was significantly shorter at
tillering stage, heading stage and maturity stage. The plant height of OsZAT12 knockout plants did not change
significantly compared with the wild type, while the panicle number and seed-setting rate of them were significantly lower
than those of the wild type. These results indicated that OsZAT12 affected the establishment of agronomic traits such as
rice plant type, panicle type and seed-setting rate. (5) The results in this study further showed that overexpression of
0sZAT12 reduced the sensitivity of rice to exogenous ABA, while the opposite phenotype was observed in OsZAT12
knockout plants. Therefore, it is speculated that the effect of OsZAT12 on plant growth and development may be related
to the regulation of this gene in response to abiotic stresses and hormonal signals, and this study provides an experimental
basis of using OsZAT12 for molecular design breeding of stress-tolerant and stable yield in rice.

Key words: rice (Oryza sativa) , C2H2 zinc finger protein, OsZAT12, abiotic stresses, ABA
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PR MR B AR — B iz R
s 500 AR e zf2 (C) A2 2R (H) %
FE B H AL E ] H4r Sy C2H2 (C2HC  C2C2
C2C2C2C2 %55 ( Laity et al., 2001), C2H2 #I
PEREE PRI E AT R W2, iR 2R
WHR AR DL AR B A K R B AR A P W s
HEH £ L HEEAYYEH (Ballerini et al., 2020; Yin et
al., 2020; Rodas et al., 2021; Zhang et al.,
2021) , HAT, EKRREME T B & &Ml
189 /NI 176 4~ C2H2 RIEHE & H , 2 E H W B
REEHBEA CX, ,CX,FX,LX, HX, JH(C m2FRE
AR, F NAEANAR, H VHAR, L HEAR, X
LA KRR ) F7AEF 5] ( Englbrecht et al., 2004 ;
Agarwal et al., 2007) , MIEFHELAEEHE ¥
IFHED O 2, R IF 176 4~ C2H2 BIAEHE & Al
43 M Set A Set Bl Set C, Horffu & 24~ H B # Y
BEFR 45 F IR () — 2205 Set C( Pabo et al., 2001;

Englbrecht et al., 2004; Cifici-Yilmaz & Mittler,
2008) . ARHEEFE R P A 2 A S R Z 1A Y
FHERECH ,Set C AT BE—2 502 C1.,C2 A1 €3, C1
FIEATHE— 4157 R C1-1i,C1-2i C1-3i ,C1-4i il
C1-5i( Englbrecht et al., 2004) ., £ & C1 KKK
98 EBEEPLE C1-1i Ml C1-2i WK% ( Englbrecht et
al., 2004 ; Ciftci-Yilmaz & Mittler, 2008)

T AR G T C2H2 TUAEFE TR Y C1-2i
W 5 15 A #5 ZATS ~ 7, ZAT10 ~ 12 ZATI8 Al
AZF1~3 %5 ZWHKEGH 2 DR G510, BrAR R
fEF A 2 AN AR Z B 2R H R 3 A, K
R B A A% E AL AE 5 e EAR motif ( ethylene-
responsive element binding factor-associated amphiphilic
repression motif) , 3 B 2 5 4% Fl A= Wy 1K A= 4 38
M )7 ( Lippuner et al., 1996; Meissner et al., 1997;
Englbrecht et al., 2004; Sakamoto et al., 2004;
Mittler et al., 2006; Liu et al., 2013; Shi et al.,
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5 P . KRR OsZAT12 SEPA AR A Pyt RV R RO 5 1799

2014; Yin et al., 2017) , 7ESURI T, AIAZF2 %)
ET | SN i) B S < A R BT U VA 2 B
AtAZF3 B RIXRTAE A P aa (R T 5 A1) /i
NEEES , R AtAZF2 GEW 8 ABA (abscisic acid) 175
S A BEE T AAZF2 3BT & ABA Wi
JGH: ( Sakamoto et al., 2004) . i F ik AtZAT18 1]
DL 5 FOU R I A0 I S, TG 28 AR ArZAT18 W S 3k
FE P 5 W38 T 32 HEBE AR ( Yin et al., 2017) .
2N F IR ALZAT10 A9 55 35 0 g o AE K2 %)
PO, T AR R R S i W i T A7 4
5, [ B2 T ROS RS AH G L, 4 AiAPX 1 Al
AtAPX2 1) %% 5 ( Sakamoto et al., 2004; Mittler et
al., 2006) , A8 1)L, ALZAT10 FE R o 5 A Bk A
RNAG T ¥ H Bk 2% B0 X3 6 F19% 32 il 30 09 i 32
PEXE N, AR IR LG H HT RS 2 (Mitder et al.,
2006) , BRPIRGIF AL, Hofth X7 A 4 ot A5 % T
C2H2 ¥ FHFHiE, Bis St ( Stipules reduced )
S PR 308 1o 5 ) 440 S R A B O s B LG
MK /N Moreau et al., 2018) . FHhnZ K H( hair)
it C2H2 RIBHR A 1, o RkIZER 5 it i B AR
PRECHE 2 3% 50 (Chang et al., 2018), B 15
MtSUP ( SUPERMAN) 52 C2H2 48 E 1, T EAE 5y
A MERS O B I G AT R IR TEE AE R
L R S J5 5 e G 4% B R MBS SR S &
H (Rodas et al., 2021) ,

RABIAGY) 245 2 75 h (1) ZjZFN1 | 4 i
C2H2 BVBER R, HAR IR Z #h Whia ¥ F ABA 155
T I T T SRR R AR ZiZFNT BB %
T L 3 T AR B BR Rk 3 e 1 TR )
SR, B 40 T X R 38 A9 BT (Teng et al.,
2018) ., TR W8k F/INE TaZFP1B B33k,
iF 33K TaZFP1B #4255 1 5 W i o ik i 2
B4 ( Cheuk et al., 2020) . /KA T C2H2 4F
TR A A — 2 Uk ik 3, W0 ZFP182 | ZFP36
ZFP179 ZFP245 I ZFP252 %5, it % ik ZFP182
e $2 = A B X ER W 38 1Y Tt 32 % (Zhang et al.,
2012), L3RIk ZFP36 fE W% £ & bt S Ak W 14 7
P IF 3G SR K R T 5 30 R AR AR T A Y i 32
2, ZFP36 1) RNAL ¥Rk o0 S8 Ak il 0 1 4
A%, 01 52 38 0 AU AR B 38 5T SRS ( Zhang et al.,
2014) , iF3K ZFP179 RENE 4 B K A 09 it 3 1
If HEFE R4 X /MR ABA B8 N4URE (Sun et al. |
2010) , K ZFP252 BIFEBEXT £ A 50 1Y

it 27 P 34 0, AE L AT R a4 T, i &k
ZFP252 #itkh OsDREB1A OsP5CS F OsProT %:4F
A=W AR DG R Y 3R 3K = v TP AR U ZFP252
UMK 2R, Ui OsDREB1A ,OsP5CS F1 OsProT W] fiE
J& ZFP252 S (Xu et al., 2008)

OsZAT12 J& T C2H2 B HE H M C1-21 WHK
S FE AV Z AR 7 DA M P i A K R
AR A W 3 B R Pl & G E A E H
(Ballerini et al., 2020; Yin et al., 2020; Zhang et
al., 2021; Rodas et al., 2021) , A 525525 A i (R
A 2019) TEFE T OsZAT12 R 1% £ P AE K
FEAR vy S R 0K, O T 40 M %, S R 0 Rk
OsZAT12 $L g IF A BRI /0 iR AE K sz Bl . K
N EZ AR EED, £ Y/HE 2 Y e Y 3%
REEY MR AR & F OROE 25 A, 2F 100 5 i e
SR, VB A AE A ) AR & & TR A= W e v T g
EEE BN 0sZAT12 FE KR A K & T LA
Yol 36 A g VR ORI R, B, AR SO T T
OsZAT12 WA 8 F oA FFE S as k| I R A qRT-
PCR H ARG 0sZAT12 FE3E AWy i ies A P 3 R
AR FR A e AR 2, DTSR i — 2B BE Y 0sZAT12
Z 5 R38N 24 1) 4y FALHI S 5 ABA
5 IR AR I P B A

1 #HEF&*

1.1 #F 44

BEREhAE 117 (WT) , S50 = FAF, XoT#
& pCAMBIA1301 3k [ A 5Z 55 %, CRISPR i 45 Af]
* # & pYLCRISPR/Cas9Pubi-H, pYLgRNA-
OsU6ba/LacZ, pYLgRNA-OsU6a, pYLgRNA-OsU3/
LacZ ,pYLsgRNA-OsU3 Hi A8 Fg 4l oK 2% X1 O 52
By B KIHFT I DHSa J8S2 25 B A AR 98 R 4T
W EHA105 J857 A5 AP i AR S0 28 (R A7
1.2 OsZAT12 X H B R E E B R F & HE 5

£ NCBI 1 TAIR %48 2 b £ $ 400 g 7 Fl K A5
T C1-2i MR AL B, I 5 1 3 6 L PR 110 8 B R
Fe3 . FUHEAE ClusatlX 1.83 #4722 551 L X,
# F4F DNAMAN 6.0 %t 6 R, ABF9E o, 647
Z T G A 3 O AtAZFL ((At5g67450) |
AIAZF2 ( At3g19580) | AIAZF3 ( At5g43170 ) | AtZATS
( A2g28200 ). AtZAT6 ( At5g04340 ). AtZATT
( At3g46090 ) . AtZATI0 ( At1g27730 ). AtZAT11
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( A2g37430 ). AtZAT12 ( At5g59820 ). AtZAT18
(At3g53600) . OsZFP252 ( AAO46041. 1) | OsZFP245
(AAQ95583) 0sZFP182( NP001051718.1) .0sZFP179
(AAL76091.1) .0sZFP36( AAP51130.1) .
1.3 OSZATI12 B XiE S

W R B R G0 KR O R
(fivefly luciferase , LUC ) £ Il 2 45 1 B ¢ )t & il
(renilla luciferase, REN) #5348 09 4H &, # H ok
IY MG SR DR 7 e s i M L AR R 5T o8 T 40U R O R
A R BRI 3 3K8 2R GE E AT D8O S 5, o
PURE 7 AR AR A $2 LS %5 Wu 45 (2009) 19
%, ¢ G O TG M Y A AR P Promega 2\ H)
Dual-Luciferase Reporter Assay System & 7] &
(Cat. No. E1910) /) 5t B 45 45 4, Jf 3 o 1155
LUC/REN (¥ FLAE 20 M OsZAT12 (5% S5 3005 /30 461
WEPE
1.4 OsZAT12 BEHFHH

PIKAE OsZAT12 P B AL 1R % 1+ (ATG) -
li£2 000 bp 1ERWFFEXT S, R HFEL A 3+ 534 T
H PLACE ( http : //www.dna.affrc.go.jp/PLACE/ )
PlantCARE ( http;//bioinformatics. psb. ugent. be/
webtools/plantcare/html/) , %} OsZAT12 B9 8 F ¢
H AT PR ST A T A A3
1.5 OsZAT12 ERFEAE £ B FE 4 M R 20 12
THREDH
1.5.1 REGHFF 5 F A G KIEF % K T2
FEIRTIA 50 mL B0 T N 75% SR T H 1
min, F 2.5% A TR B4 TH 7 50 min, O @ KR UE 5
WA FET 172 MS BARRE SRR H DL
3% 5 d MG B 2 96 fL PCR SR (837 &4
JiE) HEAT /KBS (16 h JEHE/8 h BARE | 11K 28 C/ M
24 °C) ,KFEE R 7 S 08 [ bRk R o2 K f
EEFRW O, 5~6 d He— WK IEW .
1.5.2 A it 432 5k U IR 14 d AYZKHG
LA B EAT AR AR Y i aa Ab 3, BRI R LA
TEIRE BRI CE T 4 CHBEEFRM (16 h
JGHE/8 b B BB R OKRES E T
# 20% PEG ( polyethylene glycol) 6 000 7K 8
Wb A e R OK RS S TS A 20 wmol -
L 3L 2085 ( methyl viologen, MV ) Y 7K #5535 W
s BRI aE A R CROKFESD B T 5 A 100 mmol -
L' NaCl /K F B FR Wb 43 Bl 22 0.,0.5
1.3.6.12.24 48 h MYHERRA T, oK Ab 3 A 7] B

HOREAE S 0 B 20, BT A A i T IR R J5 - 80 C
PRI . SR AR A B A1, JHC Aih 30 4 B 35 7 A
Y355 (16 h JGIR/8 h BRI | K 28 C/ A1 24
C) #HAT,

1.5.3 M ZF A2k B 14 d fKFELD
HIE AR, AT H Y PR AL B, T3S 3R W 4y
A 100 wmol  + L™ i ¥ BR ( abscisic acid,
ABA),1 pmol - L' 2, 4-KZEE XN (2, 4-
epibrassinolide, 2,4-eBL), 1 pmol - L'F[HE-3-2,
JiZ (indole-3-acetic acid, IAA) ,AbFH 0.1.24 .48 h
Jo OB (RS RR I 0 ), A b BB R[] s BURE A Sy
X HRAH, BT A3 it TR A TR JR - 80 C IR A7, I
RACBE M BB AR Y B 92 %= (16 h JEHE/8 h
B K 28 T/ 24 C)

1.5.4 K45 RNA 85 32 BR & cDNA % — &4 09 &
A% RNA $& BUH I 48 B0 8 PR AU A ) RNA 48
X7 £ (Cat. No. 0416-50) By UL B B #17, =M
Toyobo JZ % 51X 7 £ ( Cat. No. FSQ-301) 13611 45k
1T cDNA 55— BEm G .

1.5.5 OsZAT12 % B # qRT-PCR ( quantitative real-
time PCR) &l AR5 qRT-PCR R SYBR
Ykl 7 (GenStar 2 X RealStar Green Fast Mixture,
Cat. No. A301-10), PL/KFE eEF-1a 3£ R N =
(qPCR-eEF-1a-F; 5'-GCACGCTCTTCTTGCTTTC-3';
qPCR-eEF-1a-R: 5'-AGGGAATCTTGTCAGGGTTG-3') ,
K H 27°° ¥ 31 & (Livak & Schmittgen, 2001 )
OsZAT12 DR By AH X 2 15 4 (gPCR-0sZAT12-F; 5'-
GACCTGAACCATCCACCCTG-3"; qPCR-OsZATI12-R;
5"-CGGTATCCAAGAACTGGTGGAA-3")

1.6 OsZAT12 & [H i = 1% # K 1 CRISPR/Cas9
H kg

T OsZAT12 FE K RE AR ke 5 323k (BRI #T
45.2019) , PR LR A= RUKFEAR B cDNA AR, F)
514 OsZAT12-F: 5'-CGGGATCCATGAAGAGGTT
TGCA-3' ( {8 Y] fii &5 BamHI), OsZATI2-R: 5'-
AACTGCAGCTAGTAGCCGACGCA-3" ( fif§ ¥ i
Pst]) 973 0sZAT12 F& B, F| LR 1) 75 #4) 43 5
pCAMBIAI301 #k & b, 15 %] i % & 8 &
pCAMBIA1301: ;35S : OsZAT12,

FI AR R A Ml IR 27 X 6 52 56 % 3 T 9 I 35
CRISPR-GE ( hitp : //skl.scau.edu.cn/ ) % 11 0sZAT12
BRI A Ryt R R AR R B AR AR 1 3R
W&, UL OsZAT12 BE R it 2 A48 i, b il o5 57
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CATGAGGCGCCACCGCGCCA-3'L) U6 M5 sh 1, 4
1 5'-TGCGACGACATGAGCATCAG-3' LA U3 M5 3h
F, BAREAIAM H S % Ma % (2015) L,

1.7 OsZAT12 BEFEBEEH N KB R EEEEREE

H 1.6 kg b Y EE 2 AR (O 3R Ak AR A
CRISPR/Cas9 A& ) % 4k 2 # 9 & 4T 1 EHA105
B2, SRR WA T 108 4L 5% AL 0
AR VKR A 8h, BRS %22 1)
AP (2003)  EEEEEE(2011) B,

L RFE AR Y S8 32 R PCR D7k, BYHC T, AR
L2 em KM A FH TPS %9 (100 mmol -
L" Tris-HCI, pH 8.0; 10 mmol - L' EDTA-Na,, pH
8.0; 1 mol « L' KCl)#EH DNA, i 3&ik 0sZAT12
() % AR bR RO B 1k O R AR 90 R R Hpedl
( hygromycin phosphotransferase 11) % i1 5| ¥
Hyg-F: 5'- GATGTTGGCGACCTCGTATT-3', Hyg-R:
5'-TCGTTATGTTTATCGGCACTTT-3", L1 DNA 4 #%
Heitk 47 PCR ¥ 3 4 I, CRISPR ## #% >k H 51 9
CRISPR-F; 5'-TCAGACAACAGAGAGGTTGGT-3' Al
CRISPR-R: 5-TAGTAGCCGACGCAGTCAAC-3' " 1%
OsZAT12 ALFEREAT 5 A8 N R B, 200 Y 5 A 2
A AT,

1.8 FHERF KB EXF5ME ABA BB S T

U A 1 283K OsZAT12 FIRER OsZAT12 #
PRIAD -, R H B S FEFh T & A R FE ABA
(0.1.5.10 pmol « L") 4 1/2 MS B3k | A4k
RIEAIR] ABA VB 1G53 5 L #5 AP 30 Rifp+ FEAH
YIREFR (16 h EHE/8 h RIS, K 28 C/K I 24
C)HFE 10 d JFHAMIFG TR S AR K
1.9 BB

FI AT SER AT 3 IR F R BIREE T
BAFEMIRE 3 M ARER , BRGI A FE
bl B4 SPSS Statistics H1 (1) B[R 7
22 BT AT B ) S 2 M B ( + P<0.05; %% P<
0.01)

2 HERGAH

2.1 #FEF OsZATI2 RFEHIBA S
OsZAT12( 0s05g0114400) F& K 4 i [X 4= K 597
bp , ZIER RSN T, g% 198 S IERR (5585
%.2019) , AiE—L 5T OsZATI12 25 H 45/ 5 1
PRAFE K SRR A5, X RS I AR AR C1-21 5K

T B Ay B DL R AT 2 R A b, 5 R AR 1 T
7, OsZAT12 WY 454 18 5 0 R T Rk e o (9 [m] 5 2
F—2, 350 2 M QALGGH 157751 i E s
gE Ry 3 L K 1 4~ EAR motif ( ethylene-responsive
element binding factor-associated amphiphilic repression
motif) , &[4 C KA EAR motif 38 % WA M HA
04435 M (Meissner & Michael, 1997; Englbrecht et
al., 2004; Ciftci-Yilmaz & Mittler, 2008) . L) 4%
RULH], OsZAT12 J& — > B0 ALy C2H2 HU B 45 iR
H L8 T C1-2i WA, AT REEA e s Am i TG %
2.2 BREF OsZATI2 HERFES T

KX R WA R Ge kil OsZAT12 1Y%
SRTETE ¥4 0sZAT12 547 GAL4 DNA 455 451
3, ( GAL4 DNA binding domain, GALBD ) Ft %% 7 %%,
RRG (B 2. A) , [A] B 5 48l 28 0t 28 g Ik PR A9 41
A A [F] 2 A AU R I D AR T4 G T X A
S A (1) K H 7 S 2R I M NI B O R T
PEIF B A X LUC/REN F B, 52 56 4 09 A X
LUC/REN FUAE i E (8 T X4 (& 2.B) , Ui IA %%
SR OsZAT12 EA T i is 1k
2.3 OsZAT12 BEhFRIF SIS 47

PIIKFE 0sZAT12 FEA R Ih % /5 F (ATG) -
JiF 2 000 bp R AFFEXT G, (8 FH IS 3175 4k 55 171
ui Xt OsZAT12 Ji 8 F A7 P84 S R 30, 45 21 4
TN, OsZAT12 JR shF LR e £ 5 B T 3%
A B K% 0 3 3 F 6 (TATA box #il CAAT box JG
1) LAAh iZ B e 51 g B R A W W 38 F R A
KM AE e, o, 5 4E A Y 38 A0 ¢ 1
H 24 MYB ¥ st T 2456 oo S E M LT
A4S 3 4> GA w4 3 A~ ABA Wi i T |2
A Auxin W RGN 1 A4S JA W R TR SE (B 3) .
P SEHE I, OsZAT12 J% PR i 2 3K 0 B8 32 JE A= 9
382 R R AT
2.4 EEYMBAIET OsZAT12 HRIES

PR IT ZAT12 TETE A VA AR A D e 15
&S pie B 2 AE H ( Davletova et al., 2005) , 7K
5 OsZAT12 J5 8l & A8 JE A= W W 368 48 G 09 Jo 1
(1 3) i wT g e o R AR e, BRLE, i —
A T K FE S B AERIR (4 °C) (B &M E (20%
PEG 6 000) A ALHE (20 wmol - L' MV) FlE:
3 (100 mmol - L™ NaCl) &b ¥ N 0sZAT12 3k,
WE 4. A B RIRALFE 48 h N, 0sZAT12 ik
KR TR, Hoh A3 12 h B, 0sZAT12 3%
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AtAZF] NL?QEEBYLAL L hARGQAVQq Povesswens PPLPSRA JHRD v SEIRKPTNTSITSGN 131
AtAZFZ QDLTEEEfLAl DQPSQTRE' s+« Q3QSLTPPPESKNLPYKE DALGGH IKPPTVISTTA 140
KLAZF3 HRLTEHEYLA— LEARD...GG .............. DLDSVTVAEKEPSY 5v8 .SLYGGG 104
AtZATS DCTQEEEDMAI RGTVLPSPDLEN KIHQKISSENSSE 1 e RASHIKKP . ...... 142
ATLZATE QSLTEDEYIRL% %:Rncnpmmums vo s 3855PPL ¥ LGGHS 123
ALZATT IVIVEEDTTAKEQML SR...VGECGGG. . cierrarans TR ! [ T 67
ARtZATIO ONLTEEEYLAF BRD. . HR:.oievevacanis QPPPPPAVEKLSYEF OALGGH 114
RtZAT11 EEQLKNIDIAKoﬂ ﬂAQTSMUKQIGLNA‘ AAAAAA QHTESHT. . SNQFESKTENKRES SFSReein A SHKKE . . .. ... KL 74
AtZAT1Z IKS;VDUTA&NGEML SR. . .VGQENVD .GGDQK. . .RVF 63
AtZAT1E EFSMKHTDTVESQM SRSFVVEQIDV. QSTGSKTNHNNHE F DALG 76
0sZFP252  LPPSEEEYLALBNLMUARGRROGDDV............ AASASAARAAVEH : QALG | 1 125
0sZFP245 GSDSEEEYLR*SELM%&HG!RDET'ﬁ'RGMGDVKGVGVDTLELVK?SQRRY 1 7 ! 122
0sZFP182  EVSLALALSTDESSTASDSSAARAGGAARR....KRARRRSVVATSGEGEF DALGGHENE el 89
0sZFP179  ESKEMESLRVHASALESLSSPAAS............ ASQPTSSSSTTEGVEE B I8 RIRTSRITR. . ... LQ. 76
QsZFP36 VG?GGQQQVQA&SHW&C? ...................... APAAPEELRE "\ CALGEHEEEH i P 102
OsZAT12 DMARVLMLMSSHGQQEQALALEVE. .. .. ' RVE 75
Consensus eeeyla clmllar f ckte k fssfqalggnrashrko
F—AEHEE I
I st zine finger domain
ATAZFL QELSHESHSNSGSVVINVIVH.....vvveevw.. . TGHNGVSQSGKIH 3 SALGGHEE S R aleleh ) R ¢ 183
AtRIFZ DDSTAPTISIVAGEKH. .. PIRASGEIM DRALGGHR Sy e pnteleleleleleleleh de] 202
AtAZF3 EMDESTPETAY: codivinms s iirniis mense s v il DA LG H R G 144
AtZATS STEEKTRLPLTQPKSSASEEGONSHFKVSGSALASQASNI INKANEVE 1 DAL BRERETAVT . . oo cv v v v s 217
ATZATE DELSTSSAITTSGISG . veversvvsrsesensesess . CEEESVKS : QALGGE i KNGG...GVSSS 182
BLZATT SDNPSLLGSLSNE. v vvurvnnsnnsnannannnnnnsnnns - DAL GG HEE 112
RtZAT1O DEHSTESATTTBANTT cov v wisie wim b6 60 666 S Eikn : f DALGGH NNN....INTSS 169
AtZATI11 TVEQKDVEHLEND . s s v esvssssssssssnssnsssesss VRGNHE] QALGGH ; iEaa 121
BLZAT12 PHNDBLEEGIMER s v v vume v ev v e vvsis e vasiness \ QAT BIFERNESGA. .o ovuuns 110
AtZAT1S IVDOBGVERRM v s e e R H QALGGHSREH g R, 120
OsZFP2352 DODEVVVETKPAAIATPSSSA A QA R DG, ..o e T 184
OSZFPZ45  FRAQVVAGDELSSDR....ivevavss 1 H SQRLG { i 170
OsZFP1B2 IGDKAIRLHRARD. . . [ oA IR .EEMA. .. .oo0v s 1386
OSZFP179  LSDPARRRARARE.......ovuuss ) F | DALGGHEE GETGT . vvvvnnns 124
0sZFR36 DHYGARARAQOLASAGDSKED I QAL WD, .. G 161
0sZAT12 we o PRLDGDGDLS . o e v evnnnnnnnsnnennnnnnnn LSKDK : i ! LT 120
Consensus k h csicgksipt gqalgghmr“h: g
BoABHES
2nd zinc finger domain

AtAZF1 NGHNGSSSHNSVELVAGSD .o esevsssanss VSDVDNERWSEESAIG. cvvvssss GHRGEDLNLPADQVSVTTS. cvvvevens 245
AtRAZF2 ISHSGSVSSTVSEERS. .. . -HRGEIDLNLPALPELSLHHNP. . . IVDEEILSPLTGKKPLLLTDHDQVIKKEDL 269
AtAZF3 VSNSEGVGSTSHVESSS . i v v vrnnnnnns HRGFD.LNIIPVQGFS....00uu. EDDEVMSPMATEEPRLE. . .ovvunnnnn 193
AtZATS TISPVAATAEVSRNST....... EEEIEINIGRSMEQQRKYLPLDLNLPA.....PEDDLRESKFQGIVFSATPALIDCHY.... 286
AtZATO VENSEDVGSTSHVESG. cvvvvvnnennnns HRGEFD.LNIPPIPEFSMVN...... GDEEVMSPMPAKKLRFDFPEKP. ...... 238
ATZATT VSGSLVTRESFLPETT. v v e s vu s« TIVTALKKESSGKRVACLDLDLDS. . . » JMESLYNWKLELGRTISWS. s ccvsvnovss 168
BLZAT10 VSNSEGAGSTSHVES v v e o sanavanes HRGFD.LNIPPIPEFSMVN...... GDDEVMSPMPAKKPRFDFEVELQL. . ... 227
AtZAT11 VEPSFISEMIPSMP..cvcucvvcavinns VLKRCGSSKRILSLDLNLTP..... LENDLEYIFGKTEVPKIDMKEVL . c . oo 178
AtZAT1Z AGGALVTRALLPEP.. TVTTLKKSSSGKRVACLDLELG. ... . MVONLNLELELGRTVY .. vvvvinnnnas 162
RCZATIE TEQEIVESVVYSEP ..o iiaiavaivasilos VENRCSSSKEIL. .DLNLTP.....LENDLVLIFGENLVEQIDLEKFVN. .0 sus. 175
OsEZFP2Z52  IGSAAGAGASKPARKTTV. AVAASRGED. LNLPALPDVAARADQRCAAEDDEVLSPLAFKKPRIMIPA. cuvueuen 250
OsZFP245 EGGSVKEKNVVKTKVTG. . ! i VG. s ssssnnes DEAESSHSEAKARMMTLP. covvesess 226
OsZFP1B2  ARGGGSSADD ,.EGIAAEP?VLLELFA.,. 170

OsZFP179 TTVVLADADD

OsZFP36 TEVSVSVSASASAASS. ...cccvnenenns ‘VRNFD.LNL ?L‘ESTAnACIKRﬁAEEEEVQS?L?VKHTRMSN ...........
OsZAT12 MPRATIVVDKKPDVVDVHVHGHDDDGGIKRGGLWLDLNHPPCDDAGDDDAE. . . . . CGHNAAGAGITFHQFLDTGAMAVDCVGY. .
Consensus 5 s 5 r fd 1ln pdl 1 addev sp kkp
I
EARJC{F

EAR motif

B (03 03 R AR = 100% , 853 463853 Fe R ARUMETE 75% ~ 100% 22 18] ( A EL3E 100% ) |, W5 (635520 Fem A BETE 50% ~ 75% 22 1]
(LG T5%) , B AT Fm AR 33% ~ 50% Z 18] (RAL3E 50% ) , G R R HMHEEAR T 33%,

Black parts indicate similarities = 100%, pink parts indicate similarities between 75% and 100% (excluding 100% ) , blue parts indicate similarities
between 50% and 75% (excluding 75%) , yellow parts indicate similarities between 33% and 50% (excluding 50%), the white parts indicate
similarities <33%.

B 1 KRR R ST 053 C2H2 BVEHR 3 11 =R T 91 1Y 22 1 L x)
Fig. 1 Multiple alignment of amino acid sequences of partial C2H2 zinc finger proteins in Oryza sativa and Arabidopsis thaliana

IR RAR, Z G EH, fEBEALTE W2 EAA (K 4.B), WiAE 20 pmol - L' MV
T,0sZAT12 ik B T L% 3 F1100 mmol - L™ NaCl FJALFE T, 0sZAT12 By 33K
h EFh—F % 48 h,0sZAT12 UF LRI FRAATE  BREM A A bR BP0 B a9 F R e R (K
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A
B aeE 4 SSSEAT

ST R NG RBOSES |7
Reporter vectors 35S promotor

Renilla lnciferase RBCS terminitor

mcli.mae-t»_ 355 minifIR)F ek SR HM_RBCS#E LT

E 355 mini promofor Firefly luciferase  RBCS terminifor

2 R MMVIZT __GALY DNAMAHIE __ o4y _RBCSHIET

Effector vector MMV promotor GALBD RBCS terminitor
B
1.2 -

=
= = 1.0
25 0.8

9]
o= 0.6
: ]
=2 044
g

2 0.2 1 % %

A fA

Control group

9:gas1
Experiment group
AL SR M IR B R E 8] o GALBE 2 GALA
455504, GALBD J2 GALA DNA 454 45958, , 35S mini 3 3
TRR A 46 bp 935S Ja3hT; B. MK MHR S Rk
T OsZATI2 B SRAG A | 410 AR R AL 2 48 AR S 3 iR
2 A BRI AT OsZAT12 BN B AR AR Ry 2 36 4, 55
WA RN 3 WY EE R AR 2E . X IRALRY
LUC/REN A BEN 1, s o 55 % HUALA LL 3k 31 1o 350K
F-(P<0.01),
A. Schematic structures of plasmids used in dual-luciferase assay,
GALBE is GALA binding element, GALBD is GALA DNA binding
domain, and 35S mini promoter indicates that 35S promoter only
contains 46 bp; B. Dual luciferase reporter system detects the
transcriptional activity of OsZAT12, the reporter and effector
vectors serve as control group, the reporter vectors and the
effector vector with OsZAT12 are used as the experimental group,
values are x+ s from three biological replicates. The LUC/REN
ratio of control group is defined as 1, ** indicates significant

difference compared with control group (P<0.01).

K2 OsZATI2 BI%E G PEM T
Fig. 2 Transcriptional activity analysis of OsZAT12

4.C,D), P gL, 0sZAT12 [ 1) 23K 10
I Z2 Tl AR W Tl 36, I i 300 ) ) A K HE R 3R
IR R AR fE ka3
2.5 AEEMHELIET OsZAT12 HIRIED
YR AE WY NG 5 0+ Y A
KEFBLBRTEAEZ/MEH, 0sZAT12 )G 3+
EA Z AR A S TT M (B 3) | 400 AT RE M
IR KT S Ak, AR ) 3R A B S 0 4 R R
B, 4Miti ABA &35 T O0sZAT12 ik, AbFE 1
h B} OsZAT12 By FRIK 7 B H T %, 78 24 h B3
1%, 2 A XTI 1/10,48 h BFISA TH (K 5:A)
A, ZhJifi 1 wmol « L' 4 2, 4-eBL, 7 1 h B
OsZAT12 Rk B, — EHFFE 5] 48 h H ik H|

femn, X R 12 7% (K 5:B) , BbAh, 1AA 4b B
WHE LI 0sZAT12 B9 3R35 , HFRIA B 7F 24 h iK%
Hemn, — ELFFEE 48 h( K 5.C) , DL &SRR,
OsZAT12 XA FAE D M R B N 4 5, il g2 5
NIRRT X KA K L TR,
2.6 OsZAT12 £ EFEHRHIKE
2.6.1 OsZAT12 S rkAik ey 5kl RS RIS
) ( CRISPR-F #i1 CRISPR-R) 5%} OsZAT12 Rt
FRAGFEK 2] DNA #E4T PCR ¢34 |, FEXH 75 5] Al 2 —
PCR R B = b A7 7, 45 RS2 T 3 4 i b
OsZAT12 IEEA R R, H 0szat12-12-3 Fil oszat12-
8-15 BE R I Ky BHs FE4di A | T 0szat12-10-10 #f F
NPk —Br sl (KL 6) .
2.6.2 OsZAT12 ik sk Hikey £ iR 4w 3R15 4
LI 0sZAT12 45 ¥R R, IF 40l 4 0 OES |
OE3 ,OE9 il OE5, qRT-PCR 458 (K 7) W, 5
B AERUAH HE 2 Rk R R OE8 (OE3 11 OES By ik
I E P, OE9 [ 3R 36 & i A P | (0 5 B R
AR E 2R, Wik, ABFFEEE OES 1 OE3 H
FIa st
2.7 OsZAT12 HEFEKFEXT ABA MBS
ABA fE R IME R, 2 AR Y AR /AR A
J 38 B9 B B P $2 ¥~ ( Chen et al., 2020; Bharath
et al., 2021), OsZAT12 R 3 75 H €& 3 4>
ABA MR o (Bl 3) , I H ABA 7] 0sZAT12
FRIEWER (B 5:A) o TE3RTS TR IK 0sZAT12 il
R OsZAT12 [ARERR G , 2E— 20 K FEXF ABA (1)
TR S5 LI, ABA 46 T FAE BURT 0sZAT12
RN AR, IFREE ABA MR EE A9 T = 10
FEREHK 1T OsZAT12 3 R0k R W Bk s AR AR
BEETE AR (K 8), OsZAT12 b FE bk 1)k
R FES wmol + L' ABA AbH T B E AL TR A 7
A EE ABA(1 pmol - L) HF HBRKBEH
TP A R AHFE 3 R e ABA (10 wmol - L) 4b
HTE MKETFARM TR EZES (B 8), L%
R i FKIE 0sZAT12 £FEARKREXT ABA (14
M T REBR OsZAT12 WIFE G35 ) ABA ¥R T4
SrHATE K FENT ABA YRR |
2.8 OsZAT12 HERFBEKRRZHERHUNR S 51t
RZNERWGETT o3 W &8 SRR W, 78 7 BE 0] il
FEHA A X 3 AN A, 0sZAT12 32 3R 38 K F
)k 1o 34 38 S AV T S A YT OsZAT12 il B A Bk
WS EP A AR W5 225 (81 9:A,B,D,F); K
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=2000 -1 800 =1 600 =1400 =1200 -1 000 =800 =600 =400 =200 -1

I | I I | I I I I I I
ATG
I I I I I I I I I I I

e R

B s L | KK E MR A
I ABA-responsive element i Auxin-responsive element E Light-responsive element

AT R TE
JA-responsive element

T 55 S MY B4 & A
MYB binding site involved indrought-inducibility

OB,

[ 52

GA-responsive element

[’ I AR WA SLIC I

BARRRERY

B3 0sZATI2 JY3H T /LW B2 T
Fig. 3 Bioinformatics analysis of OsZAT12 promoter

A. OsZAT12 7E 4 °C A b PR B 51204 s B. OsZAT12 78 20% PEG A Ab BT B k1041 ; C. OsZAT12 1£ 20 pmol - L'
MV iflitl 4 38R 3K ST 5 D. OsZAT12 75 100 mmol « L™ NaCl e b B8R (9255 50404, ARLLALFE O h AT 22K Bt 43 51
Bl 1, TR, = FR50 h HIkF) B FEKFE(P<0.05),

A. Expression level of OsZAT12 under 4 °C treatment; B. Expression level of 0OsZAT12 under 20% PEG treatment; C. Expression level of
OsZAT12 under 20 pumol - L' MV treatment; D. Expression level of OsZAT12 under 100 mmol + 1" NaCl treatment. The relative expression

level of O h after each treatment is defined as 1, the same below. * indicates significant differences compared with 0 h (P<0.05).

K4 ASFEEFEAEYIINAT 0sZAT12 Bk K

Fig. 4 Expression levels of OsZAT12 under different abiotic stresses

FIATEERUGX 2 MR bR, B 0sZAT12 i R ik ik G) o OsZAT12 @ AR AR B BEAR RO 25 SR 1 g
TR, Y SN LR E LR (K 9. C,E, AL TE AR i OsZAT12 3o 36350k 2 5 B A4
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A. OsZAT12 7 100 wmol - L' ABA ZbFR T ZIAE/HT; B. OsZATI2 7E 1 wmol - L' 24-eBL ALFE T (k=047 C. OsZAT12 7E 1
pmol + L' TAA ZbFE T AR EMT, *+ Fl 0+ Fon 5 0 h M HAEE E /KT ( + P<0.05, #+ P<0.01),

A. Expression level of OsZAT12 under 100 wmol - L' ABA treatment; B. Expression level of OsZAT12 under 1 pmol - L' 24-eBL treatment;
C. Expression level of OsZAT12 under 1 pmol - L' TAA treatment. * and s indicate significant differences compared with the 0 h ( * P<
0.05, #* P<0.01).
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Fig. 5 Expression levels of OsZAT12 under different phytohormones treatments

Alignments of Allelel, Allele2, and reference sequence:

oszatl2-12-3 Allelel:

Alignments of Allelel, Allele2, and reference sequence
Allelel:

syat ] 2-8-15
e

Alignments of Allelel, Allele2, and reference sequence

CAGGCTCTCGGCGGUCACATIGAGGCGCCACCGCOGC (insertion)
Allele2: CAGGCTCTCGGCGGCCACATTGAGGCGCCACCGCGC (insertion)
Reference: CAGGCTCTCGGCGGCCACAT—-GAGGCGCCACCGCGC

GTGCTGATGCTCATGTCGTC AGCACGGGCAGCAGGA  (insertion)
GTGCTGATGCTCATGTCGTCAGCACGGGCAGCAGGA  (insertion)
Reference: GTGCTGATGCTCATGTCGTC—GCACGGGCAGCAGGA

Allelel:  GCGCGTGCTGATGCTCATGT—
Allele2:

oszatl2-10-10

GCGCGTGCTGATGCTCATGT———m—m—m —————————— | GGCTCTGCCGGTGCC (deletion)

Reference: GCGCGTGCTGATGCTCATGTCGTCGCACGGGCAGCAGGAGCAGGCGCTGGCTCTGCCGGTGCC

GGCTCTGCCGGTGCC (deletion)

Kl 6 A OsZAT12 itk 2 0000 7 25 51
Fig. 6 Sequencing results of different OsZAT12 knockout lines

WTC 2SS (K 9:H, 1), UL g5 SRR,
OsZAT12 SEMA /KRS MIRR G | BERRBEALAN 45 505

3 W54 ®

BER B R A A W IR Y — S B i S
PR T Z%, Horp C2H2 BIAETE & R iR WL —
25 (Takatsuji, 1999) . C2H2 BIAFHE R (M 40 &
1~6 MEEFR S5 1, I TEBETR 25 M 1Y o8 e T
A QALGGH f# 57 I3 %1 ( Sakamoto et al., 2000;
Englbrecht et al., 2004; Ciftci-Yilmaz & Mittler,
2008; Wang et al., 2019), A& #f 58 % B, /K 4
OsZAT12 HA 2 A~ HALf C2H2 BEFE &5 M A 1 4
EAR motif, 3 5 IFg I+ ZAT12 A4 5 il TRl PR | 50
B OsZATI12 J& T /K Ff C2H2 BriR 8 A Z 5 i it .
KREFETH EAR motif [ 5EFE B #0280 #5 5%

PG PE (Ohta et al., 2001) , WA 4 ZPT2-3 (1)
Wik Ao} & 3k 43 ¢ B EL S 25 RHL 8 W B9 76 HH ( Sugano et
al., 2003), 1M &% A EAR motif like 9 48l m JF
ZAT12  LETR S 38 iE m] BEVE ) AtCBF % 5% ]
A6 2 VE FH ( Vogel et al., 2005) . A58 45
R IKFE OsZAT12 B 1 EAT % Ml o4 |, 2
— AT T RE A s A A 1

HiY) C2H2 BUBEAE 8 1R O — S B A % o
W7, 2 HEF R B A RA RN — KR EN, %
eI s R T AEAR ) AR A R A 3 E AR W T
B AR (Sakamoto et al., 2004 ; Davletova
et al., 2005; Mittler et al., 2006; Rossel et al., 2007;
Xie et al., 2012; Shi et al., 2014; Chen et al., 2016;
Yin et al., 2017; Ballerini et al., 2020; Yin et al.,
2020; Zhang et al., 2021; Rodas et al., 2021) . jH3%
BnLATE( LATE FLOWERING ) i i B 1 ith 3% £ S
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Relative expression level
*

WT OESR OE3 OE9 OEs
A A ¥k F# Different lines

WT H OsZAT12 R B RIX R IB R 1, « "5 WT
AH LA B 8 K- (P<0.05)

Relative expression level of OsZAT12 in WT is defined as 1. *
indicates significant differences compared with WT ( P<0.05).

&l 7 qRT-PCR FrHri% B AR bR 0sZAT12 3Rk 1
Fig. 7 qRT-PCR analysis of OsZAT12 expression

in transgenic plants

R R R A D AR B A (Tao et al.,
2017) , /KHE NSG1 HE[H 4 i C2H2 RIBF$E & 1,
58 F IF SUP ( SUPERMAN) . JAG ( JAGGED ) Fil
NUB( NUBBIN) J /K& SL1 ( STAMENLESS1) H)3J)
REEL, 2 5 WM KR 4L & B ( Dinneny et al.,
2004 ; Ohno et al., 2004 ; Xiao et al., 2009 ; Zhuang
etal., 2020) , ANAL S RIK AZAT10 B
BT 2 B8 A K BH A ( Sakamoto et al., 2004;
Mittler et al., 2006) , =55 % /i #0755 ( B o B
55,2019) K B, S 328 0sZAT12 U3 ST A8 bk
AN R R B, 555 R AL 0sZAT12 /Y
PR IT R BAHRL, 5k Il 3R 38 0sZAT12
K REREL AR T 3 B 300 | ol A8 00 R0 ol s 30 ) ok v 24 S
F AR, R RBIHERIE AL T 40 g T K R A5 A Ak
18 30 5 B 2R K 8 AH O HE % KT 40 DREB1
BRI 6 B (Kasuga et al., 1999) , i H] 0sZAT12
AIRESN B AH G EE

R X8 AE A= 9y 38 0 it 52 P, 32 SR T
TR R TN 5 38 RH OC 1 70 I 45 0 2% A0 45 15
SR E MR T SRR SRR T
FLN Y #2855 (Dansana et al., 2014; Lima et al.,
2015) o ¥ [h3l 2o R A 3 AR 40, 1 B AT A
YIFET-(Wang et al., 2017) , C2H2 BFE & 1] 18
ok B VR i JBIh A8 AR DG B PR R S 5 A ) 1Y BT
FEfE )1 (Han et al., 2020) ., i SICZFP1 i
1415 'S COR( cold-regulated ) ol ¥ i o A 3¢ JE A 1Y

20 R 3 1 o B S5 DR UL A T N K R T T S 1
(Zhang et al., 2011), K& GmzZF1 i i 45 &
CORG6.6 Ji 8l X I I 18 12 3 K A4 3 3k, 0177 5 3
PRI HULRE 7 X ¥ 38 B9 B0 ( Yu et al., 2014) , 7E
R 1 FRIk MaC2H2-2 Fl MaC2H2-3 5 3 10
MalCE1 (inducer of CBF expression, ¥ {5 5 1% § &
TR — DB T ) e s, I, MaC2H2s
Al B D6 MaICE1 1 5% 55 ok 14 38 B £5 1 hi €
% (Han & Fu, 2019), {K & &b 3 I 94 480 j9 J7
ZAT12 f)3 35 ( Davletova et al., 2005) , i £ iK%
FEH MR & CBF( C-repeat/DRE Binding Factor) &
DB Zeik , A ZAT12 G 45 1005 % % v ik 3 A
& W ( Vogel et al., 2005) . A#F5E R 4 CF I
OsZAT12 I35, UL ZAT12 160 EE 77 Fl K &
AV T W 360 1% o) o7 A AN ) % 7R R 3 B T R
REANE . VFZAEAEY MG (ngh BT 5 T
KAV =43 MM (Han et al., 2020) . B %W
HFEGEY AT R B A E AR AR K
| ( Yamaguchi-Shinozaki & Shinozaki, 2006 ) ,
PAREIT ZAT10 7535 3% W30 A0 5 3k 1 3 i,
JEH AN R i 5k ZAT10 IR 57 A zar10 R
AR IA BN HH XS 37 1 36 1 T 32 M 1 5 ( Mittler et
al., 2006) , FEFAREIT Y, ZAT10 EIA K235 8 W
3E Y IE R H F IR 52 MAP 06 19 98 45 ( Nguyen et
al., 2016) . B#H % H 16 4> C1-2i W5 % Ak
L HP 6 MR S5 T BB (Gourcilleau et
al., 2011) . FEHARE IF S IR FRIA R GmZATS,
ZIE T8 5 ABA i 4% #2 L RE ST X 209% PEG
6 000 fiif 3 1 (Sun et al., 2019) ., fE/K A+,
20% PEG 6 0004b ¥ J5 RZF71 )33k B & A,
FHZ I AR B B Whaa S g Hh ke ¥ 5 ZEVE H ( Guo
et al., 2007) , SR IF ZAT10 F/KFE RZFT1 Y
FIRRAR A, AR BF5E KB, 7E 20% PEG 6 0001
BiE AT R T 0sZAT12 B 223556 F [, B
JEB W ARy R, A UL g SRR,
OsZAT12 R IR 22 B Ak A= W i 38 (A0 IR 208 i3
Jilae ) B R DR AN 0sZAT12 25 1 /K A i 1o
FEAE Wy iraE L 2

ABFFEXT KRS OsZAT12 J3 81430 & 3 Hivp
BB E M LI, 0sZAT12 By FIATE 2, 4-eBL,
IAA Zb PR IS B HEI 0sZAT12 25 7 KRR E
554, ABA WAL Yia rh— A~ E 2
PR FHTZ A TR 288 SR, e
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ISR 5 052a112-10-10 2 OsZAT12 WRAERR . Rl +x FoR 5 WT AR LK B B K-+ P <0.05, % P<0.01), n=30, N[,
Phenotype (A), shoot length (B) and root length (C) of OsZAT12 transgenic rice under different concentrations of exogenous ABA treatment,
scale bar=2 c¢cm. OE8 and OE3 are OsZAT12 overexpression plants; oszat12-12-3, oszat12-10-10 and oszat12-8-15 are OsZAT12 knockout
plants. # and #* indicate significant differences compared with WT ( * P <0.05, ** P<0.01), n=30. The same below.

K8 OsZAT12 FeFDUKFAL X ABA (U7
Fig. 8 Sensitivity analysis of OsZAT12 transgenic rice seedlings to ABA

K Py A5 0 g v ELA o B AR R e AR R B 3
% % (Chen et al., 2020; Bharath et al., 2021) , 7K
F8 C1-2i WA B HY ZFP179, ABA 403 3 h J5
HFEE L BE T, £ 24 h B8 55 (Sun et
al., 2010), i 24~ BF 98 #0 & ¥, ABA 2 & T 4
OsZAT12 )RR, UL A 7E ABA 5 5 A R/
R DIRE T REAETE AN ], i3RIk ZFP179 HEH 1Y
JKAE 4N 2R B X ABA A9 85U (Sun et al.
2010) , MASHFFE ) & Bl 33K 0sZAT12 FEAL T K
FEXT ABA Ab B U8, o 3K 0sZAT12 K FE
YH AT Fe ik ZFP179 /KR4l i AN ABA sk
PERY 22 5 0] 53X P FE R G ABA 119 i o A5 AN
A5, A, OsZAT12 GEBRFE PR A AR = R 1E 5
pmol + L™ ABA AbFHF & F KT B AR AL 76 1E 7%
4 B AR A B ABA(1 pmol + L) AR T MR K 3%
TP A R R W ABA (10 pmol - L) b
N ORK S AR TC 255 FRATHEN, AR
OsZAT12 J5 T RE 2 PR ARA PR U ABA & &, X

TEAMIE A3 W 1 ABA I B I% OsZAT12 M bk A
SR X ABA B BURPEIE SR X osbglu33 /K

FEGEARNR Ko b 3235 ZmWRKY114 1 7K F A Ak X &b
5 ABA 89ma 7 75 ZCAH L ( Ren et al., 2019; Bo et
al., 2020) . 454 OsZAT12 XFHAEA=Yrha (A5 6 b
RS e ) KW E 3 ABA 9 i AR S HE
W 0sZAT12 2 5 AT E A Y a L EE 5 &
e, DR T KRR R A & T, I A KRR RE R K
Si9oh R EEIEEEN . A SCHE— WA
T 0sZAT12 2 5 EY) R IR AR AL 9 36 10 245 1) 43 F
BLH AT ABA 15 5 ¥ 3k 72 09 W ¥, K A R
OsZAT12 SEAT/K RGN 19652 7™ 43 F 1% 1 8 Fp 4 it 5

S
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Fig. 9 Agronomic traits of wide type and OsZAT12 transgenic rice
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. KFAEAIEE NG OsFHI 7EK R B4 K & B Pl 5 AR, X — i 7232 2 4 58 19 7
¥ Y ET BSOS R R AT 5 OsFHT AR K FEAR T BOALE] v A& BB AR Z KRS R R B A
BT R T ogfh] AR BRI h AR 2R M 172 MS MRS SRS 172 MS [k
FEFR RN I osfh1 FEAEIR T qRT-PCR HAR 43 H7 BUAR I 505 i 5t 3R 3K &, I X U F KR #E AT AR W 17 8
SOVHT . SERFW L (1) SEPERA L, TR P oyl SRR EARMR BB M LR H e, AR SR
TEREARE TR ogfh] SR B HIR RBIRRIRE , (2) SEABIMILL, 2 osfh1 2878 1A PR R 1) [ 15 20 455
N, OsFH16 Fik i NI, OsFH17 Fikig 1T P H 2% B3, (3) OsFH1 ,OsFH16 ,0sFH17 #3525 — 28 &
FIE G GL, #8EL A A K 3 AR B 3 DA SR 48055 5 B0 8% e 38 AH 56 I =X 7 FH o 44, O H 30 2] OsFHI |
OsFH16 1 OsFH17 &0 T REATEIRE . (4) OsFHs TEA [ U R 3Hr R W], OsFH1 TEMIR R A
KPR 1T OsFH16 OsFH1T TEARTF R A AR AT AR . 2% Bkl T OsFH16 ,OsFH17 [ OsFH1 Z [0] 5% %
KRB, VAR A = ER 0T BEAE AN R AT B, It OsFH16 . OsFH1T M EE2 5 R R 5
osfh1 FE[R] AR AR B RAX — i B, LI EE R N ENT AR 5 ogfh 1 AL [ JE KRR B A BHLHIBEE T
— IS IR IR R A R (A D RR TR 1]
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Abstract: Oryza sativa formin homology 1 (OsFH1) plays a crucial role in rice root-hair growth and development, and
the short root-hair phenotype of osfhl was changed by environmental factors. However, the mechanism of how
environmental factors interact with OsFH1 to regulate rice root-hair phenotype is still unknown. To determine whether
OsFHs function in the process of osfhl mutant root-hair phenotype recovery. The expression of OsFHs was analyzed by
qRT-PCR in the osfh1 mutant treated under 1/2 MS liquid culture and 1/2 MS solid culture. Furthermore, qRT-PCR
results were compared with bioinformatics analysis results. The results were as follows: (1) When compared with the
wild type, osfhl primary root showed a no root-hair. The osfhl mutant showed a shorter shoot and more lateral
roots. However, the no root-hair phenotype of osfh1 recovered under 1/2 MS solid culture treatment. (2) The expression
of OsFH16 decreased and the expression of OsFH17 increased in the osfh1 mutant from liquid culture treatment to solid
culture treatment with signifcant differences. (3) OsFH1, OsFH16 and OsFH17 all belonged to the Type II subfamily,
and all had cis-acting elements related to environmental stress, such as auxin, gibberellin, and anaerobic. OsFH1,
OsFH16, and OsFH17 may be located in the plasma membrane to perform functions. (4) Analysis of the tissue-specific
expression pattern of OsFHs showed that OsFH1 was highly expressed in the roots, while OsFH16 and OsFH17 were
lowly expressed in the roots. In conclusion, this study suggests that OsFH1, OsFH16, OsFH17 have conservative
structures and similar regulatory modes, and all three may function on the cell plasma membrane, therefore, OsFH16,
OsFH17 may be involved in the process that environmental factors and osfhl together alter the root-hair phenotype.
Overall, this study lays a theoretical foundation for the mechanism research of environmental factors and osfh1l gene co-

regulation of rice root-hair development and proposes a new direction for exploring the function of plant formin genes.

42 5

Key words: formin, OsFH1, root-hair, qRT-PCR, rice, bioinformatic analysis

BUAR 1 (formin ) Sz 214 9 240 B 28 22 4 19 G
B JE % [N F ( Shimada et al., 2004; Xu et al.,
2004) . A B RN Bl W) AR R S5 R T A 4
FH1 ( formin homology 1) ,FH2 (formin homology 2) .
FH3 ( formin homology 3) . GBD ( GTPase binding
domain) | DID ( diaphanous inhibitory domain) , DAD
( diaphanous auto-regulatory domain) %% ( Janni et al. ,
1998 ; Peter & Magdalena, 2013) , H:H FH2 &HH
SR R AR AT R T BB Y G B 5 AL J L 2
EE RS R A B EZAKYE (Janni et al.,
1998 ; Peter & Magdalena, 2013) , TESIFEH Y H 1)
WF5E R, i P od i 2R A WLSh 8 P B A5 e Al
LIRS AR SR 0N B AR IR AR DT IR 45 Bl 4 B
4L R e A A 4 (Shimada et al., 2004 ; Xu
et al., 2004) . T 4F 3k (9 WF 58 3= B, 24 ER Y 1 Bk
Bnipl 1 Bud6 kK 3 [R]85 1] | B Xof 15 Ut A%
MY Bnipl FRIEARIY | 25 FAR TR RE ZCIE A FH 38 00
o E A S U (Graziano et al., 2013; Juanes &
Piatti, 2016) , X 2645 8 R W 1AL S 5 40
MR B A KR E U R B SRy 224, A ] BE
Z 5 RERHRBUAN R IR A

10 -4 Bl BU R I | el = S B E et [ 7
ANSEwEsE I 2R AR R AR A0 UL Sl B A

LK A0 A M AR KBRS B e i K A K
(Luis & Magdalena, 2012) , #ARGIF AtFHS 11t %
TR AR T 4 A A e R A A T G 5 A A 00 DU 41
HTHREE LT (Yi et al., 2005; Pei et al.,
2012) . K fF OsFH5 {2 ffi G-actin B {K 8¢ Actin/
Profilin BC&W1IE i A9 WL 3 2 F1 3R & A%, I8 45 4
YIS (Yang et al., 2011) o IE4), OsFH15 i
Z 5 KREAHR AR &K E (Sun et al., 2017)
FEY) Y A K K T [ I 32 38 35 4% DX 3R RN A0 L ER 85 1Y)
e [F] R, 0 PR AT 9B 5E A B KRR R 1
KX OsFH1 7] R i AR R A K S 5K RER B
IR . TEAS IR B9 15 % 208 (R RS IR Bk 3%
B K EE ), OsFH1 1Y 582 R A7 A [R) i R 24, 7
[R5 57 55 0 T, B GEAE OsFHT S R 8k 2% /9 155
O, AR AT K IE AR (Huang et al.
2013) . Hi AT BEFR R 0 A58 PR 5 AT AR o
FAME 58 BT YR AN OsFH1 Y SRR 1 R A9 AR B A
PEAEK B KRS B8R (156 ] OsFHL 5 3085 P 22 3k
[ K AR B A A K, FEX AN B, Ab
SIS S o ok AR IR L R R Bl R A T 0 i D
OsFH1 B& PR A DL SE 30K R A 6 09 1E 5 AR K AT)
A FHRF AL, S5 A LY 2 H 2 18] W] RE A7 1R
RE M O, — > HE K T g % 2k 3 BUH W) 2l 5h
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kA . IR ARAE XS KA osfh1 SEAR A AR 111 5 2234 114 5 i) 1813

WA B B i B Bl LAt B8 PR SR kh— 5 4
3 G B R A 2o A Ak S R R L I NrCatl
NrCatd , SRl g B — A 3L R & 51 ) — AN LR R ik
R AL R B T A 5 ] [R] s 5 AR )
S 3K FC T A B B P (9555, 2018) . HEWiE
i H KB CLAVATA3 (CLV3) RHZKREH M
fitt CLAVATAL (CLV1) 4 a i BE A <5 i B S A
Il R T A AR S (Cara et al., 2016) , 7E
Plrg IF B, 2 CLVL Bk R J5, 58 R F IR Y
BARELY ANY MERISTEM ( BAM ) 3 35 & 34 /i L)
M CLVL 1Y % 5 i il 1Y 25 Y Bl B ( Diss et al.,
2014 ; Nimchuk et al., 2015) ., Fatima %5 (2004) L)
SR R K B H R R KRS R B R A
17 AN, FF H IR 43 18 % ) 45 A8 L 1 R AR i, B
ENIFEYIBE LT At B B i AR U, R,
RIRFAEBEIGE FRAMET  osfhl RABKREAK
YRS S 15 A6 AT RE A FH At K e il 2 1 R PR 3R GA
FEAE B AREEAE DR SE B , AR B ST AE 172 MS [ 44
Br g% () A 1/2 MS WARRE SR 58 () &1 T,
3 ML BEIK RS osfh1 AR A I DLW A TR AE RAE R
X B S B RO AR L ) Rk R AT A, B
A, a6 K R B AR R R R R ST A A B
A3, UK R 1l B 1 280 A T RE I D BE , X T
AL N T e AT HE— PR &

1 #MHEF®

1.1 &

JIT R FH B 0 44 AL R KRS T-DNA i A 2828 1
osfh1 ( PFG-1A-08638 ) K j () B A AU 7K A
1.2 ## b2

58, 0.1% WK F R 0T 55 osfh ]l 2EAR {4
FEFAEROKFERD T 8 h, ZETC6 S R EAT 8 2F 36
h(37 C) ;PR 28 A 74597 5 d Je BURE, 2%
24 26 ClEE, 16 h GIE 8 h TOOLIFEEFR AL, 4K
J&  fHH 70% S EEXTF5 K2 1 osfh 1 58 AR AR DL K B A=
ARIFR - $EATIH 3, B 1 min, T 2 I, B
o B IS BRI 2% A R R AN TR IR
4% 30 min(37 °C,60 r - min™) 5 FEATIE UE B
HEESE LG B A+ B T 1/2 MS ( Murashige and
Smoking culture medium ) BEFREPER S Jd )5 H
BE, &M 26 CIEE, 16 h YR 8 h JCOLTE 3
Ab 3

1.3 RERBUYE

FIFH Nikon {2 B Fll Imaging View . f#{ i 1%
ARG, R Image J W &8 AR T B, A H
Microsoft Office Excel UEf750E & fB 48 145
L4 £YERSHT

i3 TAIR ( https ://www. arabidopsis. org/ ) 2K HX
IFEIT AtFHs 3 H 7%, {#i il EnsemblPlant 204
(http://plants.ensembl. org/index. html ) " % 7K #F £
FALT 51, DL IF AtFHs 15 2 2% 17 51 (6 1]
TBtools v1.089 FE 7K F# 5 A 41 v bb X % 5 7K R il 2R
MR, i3 MEGA.7 1 Clustal W 53 X
BRI 1Y P sy v, O3 i S8 45 s M R g ik Ak
1}, Bootstrap {E 1% A1 000, WLHE 45 H 5k L K Ty
figif if NCBI CDD # 17 43 #7 ( https ://www. ncbi.
nlm.nih. gov/Structure/ bwrpsb/bwrpsb.cgi) . & H
B B A5 ST 1 8 2k MEME-Suit #8547 20 87 (https://
i if  Rice

meme-suite. org/meme/ ) , Genome

Annotation Project (http://rice.plantbiology. msu.edu/
index.shiml ) 28 75 i 8 F HE A K6 i 5 1, i 5
PlantCARE ( http://bioinformatics. psb. ugent. be/
webtools/ plantcare/html/ ) (3% 73 81 i 3l 5 XA H
Jof, FE MultiLoc2 ( http ://abi.inf.uni—tuebingen. de/
Services/MultiLoc2) Pl A% 7K #5 )% 2& F1 Loc number
T K RE R B O 4 g 3% 3K 38 & The Rice
Annotation Project ( RAP) (https://rapdb. dna. affrc.
go.jp/ ) BOHE FEARIBOK R AR 1 g (0 1A S8 SE TR A Ak
oy T SR SRR PR SR OGS
B i 4T RiceXPro %0 % % ( https://ricexpro. dna.
affre.go.jp/ ) AT K A MU AR L ZH 4L 3k (AR Fh 1~
W M EAR > AEZG RE MERS AOS L) B ; 1A
2R H] TBrools Hiff,
1.5 BERESHT

K FHSEAESAE W H AR AT BR 22 W] EASYspin plus
) RNA S 70 3 32 IR 15 LA R o 15 A 3 Y
PP A RUF osfh 1 AR RAR ZRA1 415 RNA . 3 A 1
pe R R ZH 210 2 RNA il oF Thermo 2 %% 5% i
& A AR 1 BE oDNA, JFF B 20 £ 5 . A
Ky g1l A AT BT T A2 i E R E YR
RARIFATSIME (K 1) . qRT-PCR ¥ H41E1E
[ HB 5= qTOWER3G L AT, RAAS [7] Aub 24 f) AR 20
USRI cDNA A, B FH K R 2R 1 AY
VY R F BEAT I3 5 IF LA Ubiquitin AF 9 N2
W IEM 5148 5'-ATCACGCYGGAGGTGGAGT-
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3, I 5l ¥ N 5'-AGGCCTTCTGGTTGTAGACG-
3, VG S R N AR RN 10 pL, Hh & A 2x
SYBR Green 5 pL.2.5 pmol - LT IE[A 514 1 ulL,
2.5 wmol + L[5 1 wL FiHR cDNA 3 pL,i%
3WHEHE , B Y NG PR 40 4, PCR
Z.95 C R YE 2 min, 95 C FZ28HE 15 5,55
CTBK 155,72 C TS 20 s, T qPCR soft
4.0 B R EAE AT 5307

2 HREHHH

2.1 K75 osfhl R (KR A

PAZKAE osfh1 278 P DA K B A AU RS R R4 7 (381 855
TR A B K S AR B R E B osfh1 5875
(A Hb 13 A B L A 7R, S L7 A 77 Ak 3
Jo B A AR S A AR ER A — e K (Bl 1. A-B),
osfh1 FRASIR FARECHF AL AR | HLA7E [ RS 3R A B S
7 A U osfh1 58 A8 4 AR AR K AR A — i 34 ( &
1:C-D), osfhl RAEMKFARLE 1/2 MS WARE; 774
PFRIMRE , MRARAE 1/2 MS FERE; 3 A K
B, FIRMERMGR] —E R E HEF B (K 1.
E-F), XEW 0sFH1 £ HZ 5K AR LT K
PEEFRREMER LT DA CEEM, IFH
osfh 1 ZEARRAE R [R) IR T 32 B0 & A i A8 e BH A 8%
HZE S OsFH1 LR ) 58 A8 2 R) 4 FH ele 28 7K Fe
FARMRERA, AL BIEEIET 1Y osfh1 MIFR A i
RN R ORER IS
2.2 qRT-PCR 3T R EINE T EF £ B AN osfhl R
ThEREARGEERARRRIEZETH

WFFE NN, 45 48 5 5 A RL Y 25 11 n] BB ATl 28
LA TIRE , 1 [F) — S i % 25 44 Dy Be A A 2 L ( 9
¢, 2018;Nimchuk et al., 2015) ., F, BEAX
T At B 5% AR AT 8 AE A 7] A 55 I R AL HL T osfhl
BRI 1)L AT — 2 DI fg, %6 T,
AHFEE ] qRT-PCR H AR X [ 15 W 15 40 FE T 19
HY AR LA B osfh1 58 728 (AR F 19 Bl 2R 9 580 1 B
FERFRIK AT W

N2 AT LR 55 55 450 R WG 3] 31 55
i, osfhl 28 7% 4K iy OsFH3 ., OsFHS5 . OsFHS .
OsFH10 ,OsFH11 , OsFH13 , OsFH17 335 & F
OsFH1 ,OsFH2 . OsFH4 . OsFH12 OsFH14 . OsFH16
Fk T, M OsFH6 OsFHT ,OsFH9 ik & 7%
b o, OsFH16 7RG AR PR ik i KR BT ]

R1 KBEHEBZFRK qRT-PCR 5| 4#i& it

Table 1 qRT-PCR primer design of OsFHs in rice

Al K .
ERER e I g
ene L Primer .
Gene ID L Primer sequence

name direction

OsFH1 0501g0897700  Primer-F CCCAATGATGCCACAGTTG
Primer-R TCAAGGTGATGATGCTGAAG

OsFH2 0504g0461800  Primer-F CGCACCGAAACAGCAGAGCAG

Primer-R TCGATCATCTTCTCGTCCAGCC
OsFH3 0s10g0119300  Primer-F TCCAAACTGAGAGTGTTTGC
Primer-R CTTGTTGTTTCTAGCTCGAG

OsFH4 0s510g0347800  Primer-F GACCTTAGTAAAGATGGCTC
CATTCTGTTCCCTGTCCTC

CGCTCTTCCGCAAATTCTTCC

Primer-R
OsFH5 05070596300  Primer-F

Primer-R AGTAATCCCTGTACTCATCCTC
OsFH6 0s08g0280200  Primer-F TCTGTCAAAGTTTCAAGTGCCG

Primer-R GGGATGGAAATGATGAAAGGTC
OsFHT 05020794900  Primer-F TCAAGAAACCGCCCGATGG

Primer-R CTGCAACACCTCTTATGTGG

OsFH8 05030204100  Primer-F CAACAACGGGAGCACGTCAATGCG

Primer-R TGGCGATGTTCTGCGCCTTCTTGG
OsFH9 050820431200  Primer-F GCATTCCCAAGGATGGAGGT
Primer-R CTTCAATTCAGTGCAAGCTCC

OsFH10 05020161100  Primer-F CGCCATCTTTCTTCTGGACCAG

Primer-R TTCCGTGGAATGACTCGATAAC

OsFH11 05070545500  Primer-F GCCTCATCTCTGTGCAGCTC

Primer-R CCAATCCACACTTGACCCATG
OsFH12 05040245000  Primer-F CTGGTTTCAGGCTTGTTCTCCC
Primer-R GCCAACCGCCTTTCTCACAATG

OsFH13 05070588200  Primer-F TTGCCTTCGAGAGAGTGGATG

Primer-R TCGGATGATCTCTTTAACCACG
OsFH14 05050104000  Primer-F AGGGAGGTGTGCTTACTGG
Primer-R TAAGCTCTTCCTCATTGGTG

OsFH15 05090517600  Primer-F TGCAACCAGGAGAACAAGGTG

Primer-R CGCAAATGGTATCGCAAGCAC
OsFH16 05020739100  Primer-F GCAGGCAATCGGATGAATGC
Primer-R ATGGACCCTGACTTGTGGAG

OsFH17 0s04g0100300  Primer-F CGCCATTCAAGAAGTCGCC

Primer-R TTTGGATTGGCAGTAACTTTGT

V&, 9 H 5B 4= R rh OsFH16 F1 OsFH17 33k #
A, A OsFH16 OsFH1T WA W] iS5 3R 4%
FIHATREZ B OsFH1 YRS 1 OsFH1T KIRE
5 osfhl ZRAFRE ARSI ERENIX — IR,
L H AR A S WS R A T osfhl
A A= TR A OsFHs 23k, E— 20 TR
AT OsFHs Fikfash 458K 3, MWE
3 AT LA Y, DK 85 380 [ 85 rf B AR B DL % osfh1 44
W OsFH3 . OsFH5, OsFHT. OsFH10, OsFH11 .
OsFH13 OsFH15 £l — 8RR LI E
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Al kB Different treatments
C D
E
210 ¢ W BFA R Wild type
Piam B = 0 osfhl
Wild type g 8 a
= ab
g B 1
&
AT o
&
2 |
=
hl E O
osfh ﬁ LC sC
A AEFE Different treatments
N e NN ;
E A [l 4k PR Different treatments F
LC _ W 2R Wild type
- E 200 O osfhl
=
= g i
F A 150}
Wild type = g
100 pm™ ¥ 7
g E 100F
T b
H oS50t
osfhl _E .
n_' 0 —
LC SC

A~ f@ 4 PE  Different treatments
A. BPA TR osfh1 SRR MY AR AR, B, BF A R osfh] SN AR EHIE R C. BFAERIFN osfh1 8RR ER 9 R
#, D, BFERIH osfh] SEARMK FMRAK BEAIE IR E. $F4E BT osfh ] SE7A8 K FARMR B I FRAL; F. BFA: BRI osfh] 828K EARBK
FEAIE B, LC. 1/2MS Wik 3% ; SC. 1/2MS [ EE 35 (P<0.05) . T,
A. Phenotypes of the aerial parts of wild type and osfh]l mutants; B. Length bar graphs of aerial parts of wild type and osfhl mutants; C.
Phenotypes of wild type and osfhl mutant roots; D. Bar graph of wild type and osfh1 mutant taproot lengths; E. Phenotypes of taproot root-hairs

of wild type and osfh1 mutants; F. Length bar graphs wild type and osfh1 mutant taproot root hair lengths; LC. 1/2MS liquid culture; SC. 1/2MS
solid culture (P<0.05). The same below.

K1 ORFEEFAE I ogfh1 AL MRAE AR AE B S0 25 S

Fig. 1 Phenotypic difference of wild-type rice and osfhl mutants under different treatments

OsFH12 OsFH14 OsFH16 #% FREHS 1 OsFH1 . J2, i osfhl 248 th OsFH10  OsFH15 3235 &
OsFH2 OsFH4  OsFH8  OsFHY OsFH17 335 A IR BE X, (H Rk a5 B A A — 5,
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T,

A-Q are the expression levels of wild-type and osfhl root OsFHs respectively. lowercases indicate the significant differences between wild-type

and osfh1 under different treatments (P< 0.05). The same below.

K 2

RFEFET osfhl RASARGEF A OsFHs FEH R R AL

Fig. 2 OsFHs expression changes between WT and osfh1 under different treatments
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FIXFAS AN osfh 1 AEF AL RIARER OsFHs ZRAE 1/2 MS [H
TR R (SC) A BT iy Rk AL B 172 MS Wik HE 37 (LC)
AEERT R I T,

Relative change rate is the OsFHs expressions of the osfh]l mutant
and wild-type root under 1/2 MS solid culture treatment ( SC)
compared to those under 1/2 MS liquid culture treatment (LC).

Bl 3 172 MS A 1/2 MS WAL OsFHs
FEXF 23K 5 A3 HT (ogfh1 5 HF A RUAH L)

Fig. 3 Relative expression analysis of OsFHs under 1/2 MS

solid and 1/2 MS liquid treatments ( compared
with the expression level in wild type)
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A. OsFHs family phylogenetic tree and conservative motif analysis; B. OsFHs family conservative protein analysis.
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Fig. 4 Phylogenetic, conserved motif and protein domains analysis of OsFHs in rice
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Fig. 5 Cis-acting elements predicted in the promoter regions of OsFHs
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FREBERKREEZHNAEKRRULFEREE
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Table 2 Information of rice formin proteins
HEHEHEFE Protein properties FENL T Location predictor
e AR I\ EL b = IR . Wi akes
A 4 R D e 1 %%E&ﬂé% Finmics %Eﬁ,h't SFEE T‘ﬁ{)\JHlﬁ..Wmner T.dl(eb All
Amino acid  Molecular Isoelectric Molecular Prediction website ;
Gene name Gene ID Chromosome . . . . .
residues weight point weight Winner Takes All
OsFH1 050140897700 1 244 27 081.3 6.726 29 -0.291 803 iipistaiiny
Cytosol
OsFH2 050420461800 4 833 88 904.1 8.593 54 -0.359 064 Ha4h
Extracellular
OsFH3 051020119300 10 417 46 634.6 8.682 83 -0.330 695 LR RN
Mitochondrion
OsFHA 051020347800 10 855 93 421.6 11.598 5 -0.561 754 JEAA 2L 200 A
Plastid, cytosol, nucleus
OsFHS 050720596300 7 741 78 254.2 10.525 1 -0.657 355 JUiA Plastid
OsFH6 050820280200 8 481 56 441.6 7.850 69  0.008 731 81 R A S A A A
Plastid, cytosol, peroxisome
OsFHT 050220794900 2 1379 150 528 6.311 74 -0.376 795 41 5
Cytosol
OsFH3 050350204100 3 892 95 349 9.553 66 -0.512 444 JoT g
Plasma membrane
OsFH9 050820431200 8 520 58 251.9 6.419 62 -0.549 615 4t i 5
Cytosol
OsFH10 05020161100 2 881 96 468.4 579926  -0.366 969 IR HE AR
Golgi
OsFH11 050720545500 7 929 100 995 8.042 58 -0.374 919 5
Plasma membrane
OsFH12 050420245000 4 1270 137 947 5.14194  -0.386 772 JR I
Plasma membrane
OsFH13 05070588200 7 774 83 814.9 8.723 01 -0.447 416 TR BT IR R A
Vacuole, plasma
membrane, Golgi
OsFH14 050520104000 5 830 90 226.7 8.429 25 -0.413 855 T 5T
Plasma membrane,
endoplasmic reticulum
OsFH15 050920517600 9 788 84 584.9 8.805 02 -0.337 183 NS
Plasma membrane,
endoplasmic reticulum
OsFH16 050220739100 2 409 41 765.2 11.392 3 -0.576 528 iy
Plasma membrane
OsFH17 050420100300 4 823 86 801.9 9.293 19 -0.472 539 JoT g

Plasma membrane

— PR BOK TG LR 1 R 0L P BE A B D RE

IKAE R HE 20 L3R 3R 43 B R W, OsFHT TEK
FEAR &8 8 #2315, OsFH13 . OsFH10 , OsFH2 . OsFH4 |
OsFH8 .OsFH11 OsFH16 .OsFH1  OsFHS 75 7K F&
PRI Fe ik, M OsFH14  OsFH6  OsFH3 1E AR T4
ik B RIRFL A, & W13 26 il 2 1 58 A B AT
RETEAREREA —EMEM . KHE OsFH1 TEARFR YR
K5 osfhl AR FRBAW) A, (HAREB OsFH17
KAEBML(E 6),

3 WihEHE#®

TR REAR A by — Tl AL 2% 1 4 B 100 o S 1 45
1, Z SRR IR 00 R EA | S
S A P R (2t 4R, 2020) . Salazar-Henao 55
(2016) BIFFEIN Sy 7K A AR 6 19 A < 2 30 e AR 8 3 Bz
20 B AR A A AT A S A E X AT R AT A A
AR RE I ANTE R . AR FI AR R 20 B AR Y
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Fig. 6 Expression pattern of OsFHs in rice

KHEE A, TES Y h# A —E WF5E, 40 AtFH3 |
AtFHS 8 3 05 I 46 By A M A K (Liu et al.,
2018; Lan et al., 2018) , IRIIT AtFHS A FHIFRAR
BIEE KT (Pei et al., 2012) . /KFEH LW 55 F
B, osfh1 S8 RAR B I LA T, Ui OsFH1
5 E A 2 (Huang et al., 2013), b4,
OsFH1 ZE7 RN AR B R RYBLRE 76 AR R A 5T (1) Ab B T
1B —E R, RUAER RS T ogfhl /7
FREBERET, ETX 45048 &ML h
JUT A 2] 1) 45 440 v B ARLARL %) J2E R 22 0] mT R A7 76 AR A
YEFH UL, I K FE B 5 2 5 BB S AE osfh1
FARE LT BUCIHAE ], A2 AR & 19 4= K ( Diss
et al., 2014; Nimchuk et al., 2015)

qRT-PCR 4> #1 45 & & /= K &5 B & A
OsFH16 .OsFH17 1E 1/2 MS R LA K 1/2 MS W1
T rhRiAE 22 5 W3, KW OsFH16 ,OsFH17
AIRES 5 AN [] R 55 b P 20 A% osfh1 2878 (R AR B 3
B ¥, OsFH16  OsFH17 #3F1 OsFH1 — k)&
T — K E ARG, A E LR B
OsFH16 ,OsFH17 #8557 T 40 M 5 B2, 5 40 S F 5%
— B, BB R 0 L T A R A K A A AR

P AL i, IF HLE I R A LS AR AR 2 40 A
P4 K (Billault & Martin, 2019; Cifrova et al.,
2020) . Jf H 4 F T 0F 5% R 52 T 0 — A,
AtFHS 38 28 58 0 78 4 A B AR 1 A K i S iz
P (Liu et al., 2018) , FEARWFFH, OsFH16 |
OsFH17 N 148 A AW R R & i U AH
M AE I TT A, 45 T Bk 97 36 W) 4R 11 T g
Z54PUIR W aa, mi G ATk A S A R, R
OsFH16 . OsFH17 HA7 7] 58 ] 58 37 21 PR 5% 1Y I 2 DA
MR osfh]l 2278 S8 KRR B IR, Bt
G, OsFH16 , OsFH17 335 # 3k 47 0 B & R
OsFH17 MRS B [ 35 3 3k 1 2088, & B LT
FELE PRI A B O osfh ] 53 A8 PR AR T 28 R0 A o %
o HLAG R R (B T AR T B A T E
— LR E,

FEXT 7K LR 11 0 4548 43 BT B R IR R 2 —
KN E A OskHI2 5 H A g 5t A, A — A4
PTEN 454638, PTEN J& 76 A\ ST 8 44 Y O H 5L
K, PTEN F25@ o LB b= 54l j i 3=, of 2
38 2o 25 A B A 2 A6 T 240 M BB ( van Gpac et al.,
2012), OsFH12 # A PTEN 254 3 3% B JL
A B A 12 45 F4 E 57 78 40 B A T 1 D 8, O HLIX
SR G5 AT 45 R —3, Bk, OsFHI2 A
FIRETEAN M BT EAT T RE, 245G OsFH12 140
ZURIREIE , OsFHI2 A AT RES S E K &
H. WA, AR 172 MS AP T 1Y osfhl
RASR A AR B i DL R K 2 TR AR, R
OsFH1 " RES SR A 4h . $URE IF i 98t 2
FLAMAR 19 A A 6 T 4 B AR DL LS &R A
(18 PR 3 A0S X R A0 4 2, AT T i A AR
FLAEBE AR 4= K ( Barro et al., 2019; Fernandez et
al., 2020) , AUEE I FEIRE L AL & A L
MR 2R DRI K RS OsFHT 0T G838 o o4 2 40
Ji - R A LB A AR SE K R AR AL 45

BT, X FRF MR E KR ELER IR
T T R B A FE D, IF HLXT T A R 20 45 0
5 R 5 DR A2 i o] 28 78 MK A2 6 AL i R
BEEH, ASHIE 5 O A AR F SR SR A B R ogfh] %R
ARG R K Rk w R A E B F
BN 7K e il 2 1 R G0 B B R AT R G Pk A AT
45 SR W A [ 14 3 10 35 SR i, PR BE AR Ak AT REE
OsFH16 \OsFH17 %5 3E R (1) o0 48 Db B2 OsFH1 &
PRI ) B, 2 7T A AR A P i) R AR IE R AR B, (H
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/K% OsMBF1c EAMZERRIESH

v &', Z¥E HEB, T A, K B, FXE,
= ®,ZF &, K ®,H® #U

(1. JRHEBHR T R ARSI B, AR 610059 2. DUl Ko KRBt , J8#S 611130 )

H E. ZEAFBEET 1 (mult protein bridging factor 1, MBF1 ) 75 AT 4 W Xt 386 5% 0 rp il 25 88 2 A9 1E
X Tk FE i MBF1 J2& 15 25 50 4 Ja i3 mw 3 L3 H ARG oK WARDCHGE . o8 T #8758 K A8 MBF1 % 5 54
i FHR 3 B KR S B FLTRAE M T ML iZ AR 52 A A PCR R S B /K R OsMBF e 35 R Y 4 K i e 1) | i ot A=
Y5 82X FE R D e EA T 20 A AN 000 | - 38 3k 5 B 2 6 %2 fit PCR(RT-qPCR) 43 L7640 ( Cd) Blhas F 19 2%
IRHRAE, Z5R M . (1) OsMBF1c & KD F 51 fy 468 bp, L4058 155 N IR, X4 F 82~ 16.154
kDa, (2)O0sMBFlc 5 K3 TdMBFla.1 R4 KR fE , AT R AASE IR IR IR 175 T A0 DG A9 I =0 0 715 T4
(3)H4:JE Cd WiF'F OsMBF1c 335 HAERTIR] B AL b i 35K K- B R 54, 100 umol - L Cd 4b¥E 1 h
Jii , Hi E3B5r OsMBF1e Fei5 80 5 EVA, X IR A9 7 £7% ;100 wmol « L' Cd A 4B 6 h J5 , MR8 OsMBF1¢ &
ik IR RRZE 3 A% ISR A IR T AR YIE T MBFL KRR Y2 DI RERESR

KT KFE, OsMBF1c, KR TEkE, Fikiwr, 4

RESES: Q943 XEARIRE . A XEHS: 1000-3142(2022) 11-1822-08

Cloning and expression analysis of OsMBF1c gene in rice

SHI Yang', WANG Mengting', JIN Yufan', YU Yue', ZHANG Xu', LI Jiahao',
JIANG Nan', LI Bin', CHEN Ji’, HUANG Jin'"

(1. College of Ecology and Environment, Chengdu University of Technology, Chengdu 610059, China;
2. College of Agronomy, Sichuan Agricultural University, Chengdu 611130, China )

Abstract; Multi protein bridging factor 1 (MBF1) plays an important role in plant stress resistance. However, there is
no report about the specific functional mechanism of MBF1 in rice under heavy metal stress. The purpose of this study
was to shed light on the correlation and potential mechanism between MBF1 family and heavy metal stress in rice. In this
article, the full length coding sequence of OsMBF1c was cloned by PCR, the function of OsMBF1c was predicted by
bioinformatics analysis, and the expression characteristics of OsMBF1c¢ under Cd treatment was analyzed by RT-

qPCR. The results were as follows: (1) The full length of OsMBF1c was 468 bp, which encoded 155 amino acids with
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the relative molecular weight of 16.154 kDa. (2) OsMBF1c was closely related to TdMBF1a.1, and cis-acting elements

analysis showed that OsMBF1c¢ was regulated by environmental factors such as light and anaerobic. (3) Gene expression

analysis indicated that OsMBF1c was induced by Cd, and the expression level of OsMBF1¢ varied with different time or

different tissues. After treated with 100 wmol + L' Cd, the expression level of OsMBF1¢ in shoots at 1 h was remarkably

up-regulated, which was seven times that of the control group, and the expression level in roots at 6 h was up-regulated

to three times that of the control group. In conclusion, this study further refines the biological functions of MBF1 family

under abiotic stress.

Key words: rice, OsMBFlc, gene cloning, expression analysis, cadmium

LA B Nl AL e RE R b, 5k
A R EEE 4 G 75 % ) RN e V0 1) i H ™
HohE g w5 e R 5t o 4 (Cd) 7 g —Fh
HwaJE, A S, B e 58 b DU IRk
JEAFAE A2 X R AE W) 7 LB A 5 108 B 1, 2 170 52 i)
RAEY 4K & F (Toppi & Gabbrielli, 1999 ; 41K
4,2010) . 7KFE ( Oryza sativa) 1E Ry 38 [ 5 2 R
BEY, HAEKAEZ 3 1E D cd W™ EfaF
(Zheng et al., 2021), I, 4nfa] ok 38 5 4 )& XF K
FEAE A R B 1Y 32 ) O il DR ORE v 1) B 4 Jm AR 2R 1)
R KA B Cd 7K e it R LA B DR B R 2 A 7
LAY RAEERZ X, BT, KRN E 4R b
(R SRR BILN B W I Ry )z, A SR s I 1
e SRR IR A RN 8 D Re B R ) R A R E
HEPEAE M — AR B AR 28 E R R
[AF 1 (multi protein bridging factor 1, MBF1) J2AH )
WIS RESY/DSE Y/ S ERNE - SR S i A R (SRR N
AT T 22— (Wang et al., 2017), MBF1 &
FIEEEE N 3 MBF1” G580 C 3 - SR E-B-
£ -o- MR IE” S5 R A A, T 3 s A BB B SO TR T
H1 TBP ( TATA-Binding Protein ) 845 Z fl {5 5 5 &
TRAE IO 22 R 97 A PR ¥, e 2 Hit v L ) A 00 5
AR Wit 52 P (Millership et al., 2004; Jaimes-
Miranda & Chévez 2020 ), L mM IF
(Arabidopsis thaliana) ./INZZ ( Triticum aestivum ) 5AE
( Chrysanthemum morifolium ) d MBF1 3R Fj5n] =
SRR R SRR 5 A 38 IV ( Suzuki
et al., 2005;Pamela et al., 2010; Zhao et al., 2019)
SR, MBF1 J2& 75 2 5548 ) W ok o 4x J 30 38 %, LA
K215 AT e 27 i A ) TR o 4 s i | R AR Ak 4 0
AIAHSCHFFE AN D DLAGE . 1 Ah, % MBF1 RYF 580
AR BR T 4Eh R I /N A2 SRR, TE 7K R b i A Y
ThREANE AL A I 58 ) 5 /0 i /K A A o 36 [
TR EIEY Z — P AT L B A Sy

Montes,

AWFFE XK FE A MBF1 JE N R #E4T T 4R
Y B 2500, I LK R A 6L R PCR J7 % 58
153 T OsMBF1c( LOC_0s06g39240) 3 [K () 4>
£ 4 15 X ( coding sequence, CDS) , £ FEAl I
R FHSC BT 98 7 7 PCR(RT-qPCR) 7k X} Cd ik
R AR RIK R T OsMBF1c FIFHR 2k & R T
M. BTERFELAT R (1) KFH MBF1 SR H %K
WoR S 56 R AL 5T DA K S5 R AR AE 5 (2) 7K
& MBF1 P9 K15 8 B3 AE Cd Wi T i ik A8 1k
005 (3) 7K A8 MBF1 £ 22/ Cd fa 3% i B v i v
FETIRE AT ST 45 5K A i i /K R P ) 355 &
PV 1 56 DR U TRD S oAy — 25 A B % B PR AR
KA R X 4 T Mol 1 IR AR AL ) BE S S At

1 #HEF®

1.1 ##

IKFEFNF T 4 CLRAE, BEARFEF A &
TCHEKH,30 CHEZF 48 h, KL FRTET 1/2
MS W R K 323,30 CIRE AT 16 h/ 2w
8 h G, 5 d Jm 3k L] — A= K By Be 19 4 iy gk
1T CdCL, (100 pmol « L) 36 b B | 25 Bsf 8] 56
(1.6.12 h) &b B 5 R 42 b b 3840 FIARE6 , I8 H
S B G T 3R, B T -80 CUKFRIRAF#5 H .
1.2 OsMBF1¢c EFE &

1.2.1 % RNA #2 B A= cDNA % —48& % ¥ CdCl,
AP K R 212 B8 Aidlab 25 7] #Y9 EASYspin Plus
T RNA e 52 B0 & n9 3 B9 45 #E 47 & RNA
4 B, $EBUCRE D S, B 1 000 ng RNA, = R
ThermoFisher 2~ 7] Thermo Scientific RevertAid First
Strand ¢cDNA Synthesis Kit Jz % 5% 12050 & v B 5 F
15 B S 1 cDNA 25 —4% |

1.2.2 OsMBF1c X B & 2 Fml 5 HR¥5 K R
OsMBF1¢ ZEH ) CDS J¥ 51 1151 %) OsMBF1c-F/
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OsMBF1c-R( £ 1), PA/KFG cDNA AT, i FH 2
B YR A BRS04 G Mix fEXT OsMBF1e %
K CDS JF 3 #E4T PCR 9734, F i [l i 3 551
EXF PCR =W AT IS M , A Vazyme 24 1Y
ClonExpress I One Step Cloning Kit i{ 7 & & A
pGADTT K IF 56 Ak 2 K FF 1A DHSo B AR, Bk
I PH M v B s 5% 0, A R AR A= AL B 28 =) i o
r /NP ) B B IR 4 R O R AT Bl D) 36 IE 3%
PSR A YR A BR 2 B (D) #4707

x1 ERERZEMREGNS

Table 1  Primers used for gene cloning and
expression analysis
<
514 ST (5 30) R
Primer Primer sequence (5'— 3") engt
(bp)
OsMBF1c-F CATACAATCAACTCCAAGCTTAT 43
GCCGACGGGGAGGTTGAGCG
OsMBF1c-R TGGCGAAGAAGTCCAAAGCTTT 43
CACTTGGCGCCGGCGGGCGCG
OsMBF1c-qF ACATCACGCAGGACTGGGAG 20
OsMBF1c-qR TCCGTCGACTCGTCCAGCTT 20
OsMBF1la-qF GCCGCCAAGAAGGATGAGA 19
OsMBF1la-qR CCTTGTTTGTTCCAGGCGTT 20
Ubiquitin-F ATCACGCTGGAGGTGGAGT 19
Ubiquitin-R AGGCCTTCTGGTTGTAGACG 20

1.3 £YERFESH

M EnsemblPlants %% ## J%& ( http.//plants.
ensembl.org/info/ data/ftp/index.html ) 15K FF K%
( Hordeum wvulgare ) . — i /INAZ ( Triticum dicocoides) .
=58 (Sorghum bicolor ) \ K ( Zea mays) WHEAFEH
AR gff3 TERESCHF, i1 TBuools AR R4 KA
AP B M E S, FIH] OsMBF1c f 2 5L R
JFH)AE Pfam ( http : // pfam. xfam. org/ ) W 3 1 X6k H: 4
T3 H R ZSA AT 20 M, A JE DN 2 S 2 1 rp 2
BSR4 YA MBF1 Z58935K , JEil i Pfam
25 E H HMM G5 AR, F 5 TBrools AR
Simple HMM Search DJREXT7KF |\ —hi/NE T KFE 5
S E KB RS FEAT 20, 0 R A s B e ) b
HEY MBF1 JEN RIS B

F F 7 & ProtParam T. H. ( https://web.
expasy.org/ protscale/ ) X} OsMBF1c ) & A P Ak 1
JETHEAT S0 A1 43 B 5 A H SCOPMA T H (https://
npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl? page=/

NPSA/npsa_sopma. html) X} 85 [ 5t — 2% 454 #E 47 Fiil
M K] FH 7K 8 OsMBF1c 2 [ 2% 5 7% Rice Genome
Annotation Project [ ¥l ( http://rice. plantbiology.
msu. edu/index. shtml) 3% 15 3 3 7 75 51 ; 38 i The
PlantCARE [ 3% ( http ;//bioinformatics. psb. ugent.
be/webtools/ plantcare/html/ ) 5347 Ji3 8l it = A H
Jol:, K H TBtools 4l &

Al H 78 26 Multalin %% 4 ( http://multalin.
toulouse. inra. fr/multalin/ ) X} H: 2 5 %) 2 FE R Iy 1) i
ATHEXT; FIFH MEGA 7.0 3K fF ) Neighbor-joining ¥
i 2 gt gL W 3 The MEME Suite [% i
(https ;//meme-suite.org/ meme/ index. html ) X H: ] I
T AT motif 434, A TBtools H Visualize Motif
Pattern DJREXT 22 17 51 (1) motif TTAFHEAT /#1531
H STRING %% ¥ %2 ( https ://string-db. org/ cgi/input.
pl) R 7KAE OsMBF1c £ 9 AH B AR HI AT 0000
1.4 OsMBF1c¢ EBE Rk 51

DIFRRE 20 18519 Cd AbBEIKAH Y cDNA AR .
>R JH 7 =] HE &2 43 B A 2% B 4 2 7] (Analytikjena )
qTOWER® G 5 I 2% O g #F k[ 7 19 4% A6 Il
OsMBF1c OsMBF1a SR i i5 R SO a5 R ]
Aidlab )2 x Sybr Green qPCR Mix, ¥ H41A&Z A cDNA
3 pL.SYBR Green 5 pL . 51# (2.5 pmol - L") £ 1
pL, SOWFRSF 95 CHiAEYE 2 ming 95 CAEME 15 s,
55 CHEME15 s, 72 CIHEAH 20 s, 72 CJ5LEfH 3 min,
40 NMIEFR, LK ARG Ubiquitin VE RS, &4

EMBRE 3 KEE L 27 ik A .
1.5 $IWBFHEIT DR

{8 Graphpad FK {4 XA [ A3 Cd e B AN TR

Ab BRI 1] A [7) 20 2 ) B0t R AT 22 5 2 P A

2 HREA

2.1 K78 OsMBF1c EEZEH#5 K CDS £ K&

F|H Rice Genome Annotation Project (http://
rice.plantbiology. msu.edu/ ) £rifj#5 41, Z£ K OsMBF1¢
PR FE LN AL 5N 5 Qe @Ik L, OsMBF1c 4&
CDS K J# 4 468 bp (K 1:A) . #F/KFH cDNA
SCEE, i FH OsMBF1c-F/OsMBF1c-R 51 ¥y 9 14
OsMBF1c J£H CDS FBt, #R-15 K/NZ1h 468 bp 1Y
FEGEIN HIE SR 155 2. T 1.5% 3R IR
EIE LKA AR AR 9 PCR 77, 254 /N 1:B)
5D A R A R — 2L
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A
Chr6
23293300 23293400 23293500 23293 600 23293 700 23 293 800 23 293 900 23 294 000
} t } t } t +
ATG TGA
T UTR 4 KX

I CDS %5 X

OsMF1c-R

A. OsMBF1c 3:HZ54 5387 ; B. OsMBF1c CDS #3472 4 ; M. DL2 000 %12 ; L. OsMBF1c 3£ CDS #5724
A. Structure analysis of OsMBF1c gene; B. OsMBF1c¢ CDS amplification product; M. DL2 000 Marker; L. CDS amplification product of

OsMBF1c gene.

Bl 1 OsMBFle JERZ5 534 o CDS 4471 )
Fig. 1 Gene structure analysis of OsMBF1c and amplification product of OsMBF1¢ CDS

2.2 /K8 OsMBF1c EEMEWMERESW

i F ProtParam T ELT /381 OsMBF1c 2 /Y
FEARFRALPE R, 45 R, OsMBFle H & 155
/I\ﬁ%@f{ /\¥ch‘7 C698H1184 N224 0209 S3 s ﬁ'%ij‘j
16.154 kDa, IS5 HL 5 (P1) 2~ 10.67, £ HILE A
JF AR B RN R e MR 4L 37,59, BRI R
2 TE Expasy Pl FFIH] ProtScale #4%f
OsMBF1c % H 2/8i K YE #4753 B, 45 2R 8w,
OsMBFlc # 1 £ JK#E 0 55 24 07 53 H &A%,
—2.111; %6 126 f 53l f s, 1.856, [A]AF OsMBFlc
I N 1 N R i e ) o - = N
A) s AT AR (K 2:B) ,7E OsMBF1c &
FRAL R, LTSRN A it o 32, 5 46.45% , Lk
o-BRIE, 7 45.16% , B #5 A  Hei> , R 4.52%
2.3 /K8 OsMBF1c EE B3 FIRXIERTHE S

i 35 TBtools Xf OsMBF1¢ W= AE A oo 4 47
AIRAL T, S5 R E 3 frs . OsMBF1e 15 8l
TR & S5 P81 R AU 9 I =X A FH T 1
ARE GC-motif Y& M 3 JTCAF G-box . £, 5 Wi Jif T 4
ERE 4§, 3260 =X 7 H 7T 14 Rl B8 7E 7K R 6 A ]
A A Wy 3 e 2 ML ) % R B0 A R A kP
YERT, o ) 7 v 367 0 A7 Ui IZ L R A ] B
2 5 R RIS AR A= Y W (4 1 X HILH]
2.4 7k#& OsMBF1c % EFF 5 b X3 #0 [ IR 14 43 #7

¥ OsMBF1c SR )75 5 KRG . KE /INE

RSN EOREE 5 R R AL UL A v R 5
AR T IV AT RIEME AT (K 4) . g5 IR

i Eﬂ

2.0 Hphob. / Kyte & Doolitye
1:5
1.0 '

0.5 il BN

ol M e
-1.5f
-2.0}

_‘)5

54 Score

20 40 60 80 100 120 140
B {if ¥ Position

20 40 60 80 100 120

AL BRI ; B, ZRAM TN, EE. o-BE; g
B EREE; g B-FM; K| T,

A. Hydrophobic region prediction; B. Secondary structure
prediction. Blue. o-helix; Red. Extended chain; Green. (-
corner; Purple. Random coil.

K2 OsMBFlc 4 H R YR B 501
Fig. 2 Bioinformatics analysis of OsMBF1c¢ protein

X2 X3 X2 X2
s; 3
| | | | | | ]
0 300 600 900 1200 1300 1 800 2100
___ ARE . ERE GC-motif
TGA-element CGTCA-motif G-box

K3 OsMBFle 3 H AR T3 7
Fig. 3 Cis-acting element analysis of OsMBFlc¢ protein
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TdMBF1a.1. —ki/NZ ( GenBank % 3% 5 XP_037478698.1); TdMBF1a.2. — ki /% ( GenBank % 3% 5 XP_037404793.1) ;
TdMBFlc.1. —$i/M% ( GenBank % 55 XP_037463264.1); TdMBF1c.2. i /N Z ( GenBank % 5% 5 XP_037462899.1) ;
HvMBF1.2. K7 ( GenBank % %5 KAE8794675.1); HVMBF1.1. K7 ( GenBank % 5 5 KAE8808916.1); OsMBF1a. /K 5
( GenBank & 3%%5 XP_015650143.1) ; OsMBF1c. /K& ( GenBank % 55 XP_015641831.1) ; SbMBF1a. = % ( GenBank % 5 5
XP_002445392.1) ; SbMBF1c. 53 ( GenBank % 55 XP_002438624.1) ; ZmMBF1a. & K ( GenBank % 5% 5 ONM04923.1) ;
ZmMBF1b. £ K ( GenBank % 5% 5 PWZ27846.1); ZmEDRF1.1. & K ( GenBank % 3% 5 ACG42768.1); ZmEDRF1.2. & K
(GenBank 3¢5 ACG33346.1) ; ZmEDRF1.3. >k ( GenBank % 5t 5 ACG29466.1) ; ZmMBFlc.1. F K ( GenBank % 5% &
PWZ06559.1) ; ZmMBF1c.2. K ( GenBank % 3%5 PWZ06222.1) ; BE. {{5phi 5,

TdMBF1a.l1. Triticum dicocoides(XP_037478698.1) ; TdMBF1a.2. Triticum dicocoides (XP_037404793.1) ; TdMBF1c.1. Triticum dicocoides ( XP _
037463264.1) ; TAMBF1c.2. Triticum dicocoides(XP_037462899.1) ; HYMBF1.2. Hordeum vulgare( KAES794675.1) ; HVMBF1.1. Hordeum vulgare
( KAE8808916.1) ; OsMBF1a. Oryza sativa, Accession No. is XP_015650143.1) ; OsMBF1c. Oryza sativa( XP_015641831.1) ; SbMBF1a. Sorghum
bicolor(XP _002445392.1) ; SbMBFlc. Sorghum bicolor (XP _002438624.1) ; ZmMBFla. Zea mays ( ONM04923.1); ZmMBF1b. Zea mays
(PWZ27846.1) ; ZmEDRF1.1. Zea mays (ACG42768.1) ; ZmEDRF1.2. Zea mays ( ACG33346.1); ZmEDRF1.3. Zea mays ( ACG29466.1) ;
ZmMBF1c. Zea mays(PWZ06559.1) ; ZmMBF1c.2. Zea mays( PWZ06222.1). Black Star. Conservative site.

Kl 4 OsMBFlc 2R ¥ 51 e HABAE ) [R5 51 [ 22 5 L 4%

Fig. 4 Multiple comparisons between OsMBF1c amino acid sequence and other plant homologous sequences



11 LK% . IKFE OsMBF1¢ Je I i 58 [ K 335430 B 1827
OsMBF1c 5iX 864 ) MBF1 & JE 152 e 51 [a) Y 74
T 41.29% ~98.59% Z Al FH, /K FH OsMBFlc e
55 ORi/NE TAMBF1a. 1 9 [ 8 1 % 5, 100 5 oK s — o
ZmEDRF 1.1 9 [ B 1k 5 1%, o ik — 2 7 fif — - oo
OsMBF1c 5 HABAEY) i1 MBF1 H 11 22 18] B9 BE 16 G Yaun: — - 8 ol
Z ,FIFH MEGA 7.0 i) Neighbor-Joining J5 35 # s S — — b
Geit A (I 5) #4700, 45 R B8 OsMBFle 5 oo — -
“ki/N# TdMBFle.1  TdMBFlc.2  KZ HvMBF1.1 iy — 5=
(SRS G R BT, i 2 R 5 JE TR (] I8 L X 45 2R g g o
HH—3, oo
e s P16 KR OMBFLe IR IIEAHT
4* :‘g Gryza satiy Fig. 6 Conserved motif analysis of rice OsMBFlc protein

. E¥ Zea mays, ZmEDRF 1.2

k% Z mays, ZmMBFlb
— Tk Z mays, ZmMBFla
ml - Fi ¥ Z mays, ZmEDRF1.3
Rl ¥ Triticum dicocaides, TAMBF 12.2
— TR ¥ T dicocoides, TAMBF le.l
KB Oryvza sativa, OsMBFlc
———— Bk B THidcum dicocoides, TAMBF 1¢.2
X ¥ Hordeum valgare, HyMBF1,1

i - £ W Sorghum bicolor, SBMBF 1a
¥ Zea mavs, ZmEDRF1.1
9% )
4‘—.”7 KX Z mays, ZmMBFle

L ¥ Z mays, ZmERTC

K5 KFESHALY RN OsMBFlc I R % & B #
Fig. 5 Phylogenetic tree of OsMBFlc in

rice and other species

2.5 MBF1 RiEERRTFEF S
FIFH MEME X} 17 45 AS[H 9 Fh f MBF1 2
HEAT TARSF T 0B (B 6) , HE 55 3R AF 10 A1
SFEF (motif) o B ZmMBF1a &b, HoAth [5] 5 2 1 74
motif Z3Af AT 15 57 H o3 A B i 55 A B Al BEAS A
[, H7E MBF1 9 [F] I8 & (1 3 2 7E motif 1 5
motif 2, X 16 it AR 1 0T AE R Ak R v B A i IR
SEVE, 3E T HE B OsMBF1c 7] G 5 H At 4 #p b 11
MBF1 ELA7HH [F] D g ket
2.6 k#E MBF1 EER&RRIZFES
SYHT T OsMBFla . OsMBF1c T8 K 8 # 47 100
- L' Cd AbEEF A ERIAEN . 45 R, 7E 100
pmol « L' Cd ZbFEF , Hi 134 OsMBF1a OsMBF1c
LR FRIB KR I R L, Horb OsMBF1c 76 1
h SRR L AR (0 h) B 7 %5 BE S 5 R &
i_ﬁ“ AEFR 6 h PR AR A B 2 BRAL 1Y 5.5
AT 12 h () DR AR X 2 0k AR S 6 BRZH Y 3.5
1—?%( Kl 7:A);0sMBFla 3K RILETE 6 h Ktk
FOZIRT IR (0 h) 1Y 4.2 4%, 7R 12 h PR R

pmol

(=

10 7 = OsMBFle

m OsMBFla

g [ 5
E 51 - 2
?5; g‘_ ) ~I wre = 24
25 ° I - Az
Ko 4- I w2
®.z Zz2
i g &
EE . el £2
oL Ea i &g
0 1 6 12 0 1 6 12

b B I i)

Treatment time (h)

Ak BRI 1]

Treatment time (h)

A. K& OsMBF1e S 3K 504 5 B. JKAE OsMBF1a SN
MR . GXTHE2E R W3 (P<0.01) 5 X
ﬁﬁ%%‘*ﬁﬁ%(ko.oom i

A. OsMBF1c gene expression analysis of rice; B. OsMBFla gene
expression analysis of rice;
with control (P<0.01);
compared with control (P<0.001). The same below.

K7 100 wmol - L Cd Bl K Hb 13554
OsMBF1c OsMBF1a 5[ f R 5 B AR 4L
Fig. 7 Relative gene expression changes of OsMBF1c
and OsMBF1a from the shoot of rice treated

L' Cd stress

#3% _ Significant difference compared

#:#% . Extremely significant difference

under 100 pmol -«

AR RS 24 R IRA (0 h) 9 0.2 5 (K 7,

B) ; #¥ OsMBF1a ,OsMBF1c¢ ﬁél_ll?l"ﬂ‘ﬁﬁ%‘z‘ I
Hb b 5328 A B AN T 50 BERE L A i) A 3
ffa 2 W P2 . 4RI B, 100 p,mol L' Cd

AEHR KRB OsMBF1c 3:H7E 6 h ik e i, 40
TR (O h) 19 3 %5 (K 8:A) ,AREB OsMBF1a %lf
12 h i5Fem s, A X R0 h) 1Y 4.4 £5 (& 8:B)
2.7 OsMBF1lc EREEM &5 #

FIH STRING 4 2 A8 2 T /K #§ OsMBF1c &
FHIEHEEMEE(E ), 450 8K, 0sMBFlc
15 OsRRM ., HSFAG6A F1 HSFA6B H 4 %5 5 (1)
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Relative expression
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Treatment time (h)

0 1 6 12
Ak P 1)

Treatment time (h)

A. KT8 OsMBF1c JEH 1) 3235 734, B. JKF8 OsMBFla &
BIRIK T
A. OsMBF1c gene expression analysis of rice; B. OsMBFla gene

expression analysis of rice.

K18 100 wmol + L Cd il /K FEHEHR T OsMBF1c |

OsMBF1a 5 AR A AR 1L
Fig. 8 Relative gene expression changes of OsMBFlc

and OsMBF1la from the root of rice treated
under 100 wmol + L Cd stress

AH S, Horp HSFAGA  HSFAGB 75 A8 4 1% % 25 i
RV R A E | 2 sty SERU R e R
YERT, @at 1 5 OsMBFle & I HAE MR E
B INA B FIR ARG KRG OsMBF 1 25 4 1Y 6k
GINGECTIRE N

OsRRM HSFA6B

OsMBFlc

4

HSFAGA

Kl 9 JKFEH OsMBF1c i F A BRI R 45

Fig. 9 Protein interaction network of OsMBFlc in rice
3 WARE5#k

KFEEARK R &SR] 6842 2EE AR
TH HE AR S S a4 s P A
F14) fes 5 ™ S 1) 240 2 KRR 7 R B, K R AE K
HEAG IR o BWE T — 52 2% 1 X 2% 45 L
il , LA R X B 4 @ 6 5% B 38 (7 BT 4F, 2018)
MBF1 25 FIAE i st 2L 30 R, 2 5 040 vh 4% il

KB o A EHE A Y W38 &R ( Jaimes-Miranda &
Chévez Montes, 2020) , fH¥H MBF1 #5842 1Y
R Y I e R ST T A 3 A4 MBF1
B, B AtMBFla. AtMBF1b 1 AtMBF1c, H
AtMBFla AtMBF1c 7] 38 58 400 pg JF X #4188 f ik
SR A W 30 A9 i A2 1 (Suzuki et al., 2005 ; Kim
et al., 2007) . Zhang %5 (2019) WF5E W, /K A5 h
£ 1€ 2 4~ MBF1 % % # B, Bl OsMBFla,
OsMBF 1 ¢, iX 5% 3R H A Y05 B H R i i 25
JRe— 2, W% RO L e 4 R e T R T RE
W HIE L, OsMBF1c LR/ &4 1440
7, SR IF AMBF1c #1[F], 1 OsMBF1c f) [
JRFE N OsMBFla £33 4 MO 1, M 5 8L B JF
AtMBFla ,AtMBF1b 1 4 2 + 20 AH [A] ( Tsuda &
Yamazaki, 2004) . AT 45 Bk — 4 FH MBF1
FEAS [FIAF ) 40 ol 1) 2 Ak B A DR <7 (BLAE R — )
Fh NI MBFla/b 5 MBF1c #1A % K25, %M
SRR Y e A K e 5T, 8k MBF1 3% [
FIGEAERT 5 R4 T 5050 19 AR <7k | (HOZ R AL
B 2Z 8] 53X R R ST B 22 2 IS 2R 3 MBF1c W] fig 5
MBF1a/b 5y il A AR W E 2= D1 gg . sLéh,
KA OsMBF1c 3£ Ja 8 7 0 =CAE F o6 44 20 %
W2 R 7 i AL G R AR 5 3 45 1 BT
4, B AT AR I K R AE T 4 JE a1 AT Rk
RIEDT AN B AE . BeAh, R Gt e 45 R B
7, 0sMBFla, OsMBFlc 43 %] 5 Kk % HvMBF1.2 .,
HvMBF1.1 R4 CRE ., HAET, B JC HYMBFL.1 |
HvMBF1.2 % X J) B8 (9 A ¢ 2 38, (B 7F Lai 4§
(2020) WFFE RN, KZZ ) MBF1 AT 8572 i 7% 1R
o, IS 2 5K ROS SHEAVEEN, T &
4@ A AT A A 72 4 ROS, (R K #6 MBF1 25 1
ST 5Kz MBF1 8 F K% B A AT B , 8 i F
/KRG ROS 5 8 o0 42 w8 7K e B 4 i A2 M A7 7 0t
— AR,

"IN 7E B 5% #L m OT . K & B (Hordeum
brevisubulatum ) ZFAE Y MBF1 L X} 3E A= 9 i 38
(RIFE R % B0, MBF1 35 R ek B X 5 HiTh g
B AR SEE . 120, Zhang %5 (2020) #F58 K B,
£t 350 mmol - L' NaCl Zb ¥ 6 h J5 A K & & p
HOMBF1a JEPAEXT RIE A W B, 20 Rk
HbMBF Lo F PR A H0URE It 5] Ak 522 B0 1S 0 5 A i
PE, ARBFR R, Cd W8 ] DL 215 5 K R 45 2
B OsMBF1c ,OsMBF1a JER () 35, F 16K
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BEA =T 2 S ) O [T O T P T D - L L 5
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WIS Cd f e bl
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FHLHI X IR A 0 a0 i Hh R I, 1 O T R 3
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é’ufﬂﬁlﬂ’@MHE WOR S 2 0 BOIR A iﬁﬂaiiﬁﬂ@ N

SERIR T 55 S R ) Joly 38 0 25 LA A, T —
@%Lﬁﬁ%%#ﬁ%ﬁ@ﬂj%ﬁfim(Mlllershlp et al.,
2004) , AP E A BAESN R, OsMBFc £ H
5 OsRRM .HSFA6A FI HSFA6B %5 5 [ 4 AH 26 1
B, XS TE (7R ) T IOR R 45 18 5 T
A5 EEE L (Norbert et al., 2021) , fEKFEH,
OsMBF1c J2& 75 W] 153 6 7 1 e [R] 8 45 3 4 0@ 1V
SN L 388 S An] o - AL X B 4 e IO A
IO S [P AT 5 2 — AR ST

SE .
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SNE R FLEBE KFEHFFERT, BEFH 550006 )

o OE. RRAEVE R SO EE WP TRE R, ) R E AR, OF HLAE S AR 2SR oA Sl ok TR
VAR . SR, H TN ORI S 4 2 W B I S B 5D . 8 /R RORLA K R SR AR L R 4 ( cpDNA ) 4
TERRGE KT RER LW TR KR M S AR AT I T, O 0 B FL R AL R ik, S5 SRR WY . (1) KO /K A
cpDNA 42K 134 563 bp, f04F 1 K BAHE DX (LSC,80 864 bp) (1 AN/NEAHE IL X (SSC, 12 347 bp) F1 2 4~ i)
FEEFHIX(IR,,20 676 bp) . (2) HREF] 129 NI, 1] 40 R FI4aH5 (RNA AT rRNA =83 B0 5 51
85 1~ 36 M8 A, (3) WG T3 M B/, KKLAF cpDNA B Tl A BidEal U(T) Bt | 2 IR s 1
I T 944Kk, IR BiiR 22 5 P DR MR 1 5 B (U 198 W M Tk B b, (4) Kl ) 129 4> SSR, Herh
A 95 MR RRE R HAGHS> SSR FAIH A/T LA, (5) ARG LT Has R BN, Kok & 5 P fg
FGRFREI , RI—J, SRR T KR SRR AL I T REERELE IR .
KEBIA . KAE, KAif, MRS, SSR, RAELF 40T

RESHES: Q943  XEHRREE: A XEHS: 1000-3142(2022)11-1830-10

Analysis of chloroplast genome of rice Dalixiang
WU Chaoxin, LIU Xuewei ", LI Zujun, LONG Wuhua, GONG Yanlong, ZHU Susong

(' Guizhou Rice Research Institute, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China )

Abstract: As an important high-quality rice resource in Guizhou Province, Dalixiang has a large planting area, and has
brought higher economic benefits to society in the process of rural revitalization. However, there are few theoretical
researches on the genomics of Dalixiang. In order to reveal the characteristics and phylogenetic relationships of
chloroplast genome of rice Dalixiang, the chloroplasts of Dalixiang were sequenced and their genomic characteristics were
analyzed. The results were as follows: (1) The chloroplast genome of Dalixiang was 134 563 bp, including LSC( 80 864
bp) ,SSC(12 347 bp) and two IR, (20 676 bp). (2) There were 129 genes annotated in the chloroplast genome of
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Cooperation [ 2019]2304; Central Guided by Guizhou Science and Technology Cooperation([2019]4001) ; Platform Talent of Guizhou Science
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CEEEE . XSk, FENEKRES T B, (E-mail) 627605375@ qq.com,,



11 4 FFAWTAE . OB 7K R S AR 3 D 2 R 1iE 43 B 1831

Dalixiang, which could be divided into protein coding, tRNA and rRNA, with 85, 36 and 8 genes respectively. (3)

Codon bias analysis of Dalixiang showed that leucine was most frequently used (1 944 times) and that of cysteine was
used least frequently (198 times) , and most codons ended in A/U(T). (4) The total number of SSR loci in the cpDNA

of Dalixiang was 129, ninety-five of which were mononucleotide and most of SSR were composed of nucleobase A/T. (5)

Phylogenetic analysis showed the closest affiliation relationship between Dalixiang and Tropical Japonica, and these two

were clustered into one group. This study reveals the characteristic information of Dalixiang chloroplast genome, and

identifies the phylogenetic status of Dalixiang.

Key words: rice, Dalixiang, chloroplast genome, SSR, phylogenetic analysis

ISR AR SR AT ) FC R S 179 22 4 B o, B
ST AR s A AR R PR R 81 R SF
SEPR Sk R R I T A SR R 25 M B —
B bR ZR s i LARE I R 4 7n W b i R AL 5 3R
KR (YL 20115 L et al., 2018; Zhang et al.,
2018; Jeon & Kim, 2019; 445 ,2021) , i1 T &3k
(I PP Bk e Al AN A A ) ST i g A R PR A
(cpDNA) W, 5Lt NCBI H i 55 114 i S 44 5 R 3%
Wit 22, RIS A 5 R I 9 20 % 0 R I B AN
Writh %, 7E7KFE, Fan 45 (2020) FIH cpDNA 4317
T 3BARIBWMA ARG KR, FIR IR Oryza sativa
voucherHSAGSDYD1802 5 0. sativa cultivar TN1 |,
0. sativa cultivar RP Bio-226 #1 0. sativa cultivar IR8
MRS KR EIT . Fang 45 (2017) i@ & 538 cpDNA
PP TR ZEEY AR A 5 HA 13 DR B AP IR 2R 400
F G5 RR GHEE B A R O AR B0 Y 2 24 T B A
FEEJE T CC AR A, 1E HAt Yy A b, 5k 4
(2018) MIHI cpDNA 7341 1 i B 5 L2 HAb 16 A4l
MRS R WP T4 ARG b i e 1 B 22 BRI R 1Y)
HEAEOGFR . HHI S (2020) F R AL = i S 3
K55 10 ~aEF S 2R 4 SRR 54
Har L 24 AW Bk g SRR SE 4L 7 1 04T R 40
RE N IR GRS RAER 7 28 Tt
JEf I 23 SRR SR AR LRI A yof2 HEAT 2R
GRF TR, AR EE R 2 b yof2 AT LIRS I
LRARBE R 2 R T R G KR T

RRLFF S Bt M A KR ST e &, BA RK
KR H A A4 A0 JF HORRERTE & R R 24 ad # v
oAt oe ok TR R Y 2R TR RS (R A T, 20085 %
{744 ,2012) . HHT, XS KR A JE R 4 2 | BUE
IR ST TR SCER B A £ BT OB 7R 5t
MR BT e aok B v % T 2, Oy ik — 20 SRR
RPN R RORE Ay, A BF 52 LA KORE 7 DNA

PRI Y M IOREFE cpDNA 18138, 70 47 2%
WA 5, F 0 Hr KRG OC R Ui
TR A it S fA L DR 2H DL ) (1) RORE A
cpDNA FIEAFFHE R /I (2) KALA cpDNA %45 T
T UF L s (3) KRE cpDNA REL T TR 23,

1 #HHEF®

1.1 ##l

PLROREF R RE, 2019 AE R B FbE T/ =
IR A I e, 2020 4F 2 A BEHUTCHE B F K H
RAFRK A R, ohide 8T WA R A, T
UKARAEZE [ B2, & T -80 CARTE, FH T HE IR hE
7 DNA,
1.2 /&
1.2.1 X474 DNA 3B AZM 5 {fi ] TIANGEN #4
Y1 DNA {55 & $2 KR A B DNA, I 28 w460
HHEJE SR AT
1.2.2 cpDNA A3V 58 W R IG 5, B 2
A5 g AR 8 A B, 1 SPAdes 3 9F 42 )5
% fi ] CPGAVAS2 #F 47 3t IH 13 B, )
OGDRAW 21l KR 7 ) cpDNA &3
1.2.3 & T4 A 54 (i CodonW #E17 %15+
fli H A HT
1.2.4 £ Z 534 fli ] Vmatch 58 5K ¥ 7
cpDNA K EHEE P A K, KK & cpDNA 1Y
SSR fifi 1 U] i MISA 54, 326 500 A2 1 G 0 2 5
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1.2.5 2@t b NIRRT KR H 5 H AR =
MR % R A NCBL T R E T 12 AN FJE Y
FPA2 R A BT IR W) B A epDNA (LR AT Fl S
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B G EHE | Photosystem |

W £ R 11 Photosystem 11
B el br 8 {5k Cytochrome b/f complex
B ATP {588 ATP synthase
[ NADH B 48 NADH dehydrogenase
B AR A S R (kM RubisCO large subunit

T

W RNAE AR RNA polymerase t\?e;-'s

I A I Ribosomal proteins (SSU) &T
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B Bl 3 Ribosomal proteins (LSU)
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W EAEIERNA Tibosomal RNAs
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W SR Other genes

] #FHcpisHE Hypothetical chloroplast reading frames (yef)
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Fig. 1 Gene map of Dalixiang chloroplast genome

2 &R G2

2.1 K#IF cpDNA FF 5 451E

KA cpDNA 2K 4 134 563 bp, 4128 3 4
X . K H.$ U1 [X (large single copy, LSC) (80 864
bp) ,GC HEN 37-09%;4‘%:‘%5\] [X ('small single
copy,SSC) (12 347 bp) , GC &K 33.37% ; ]2 I
HZ ¥ H) X (inverted repeats,IR_) (20 676 bp) ,GC
TN 44.41% , 1ERKLFF cpDNA TR 129 4>

FEDI (3R 1), AT 43 =2 HIAR 1 4 A S A tRNA
FEPIH rRNA JEPA FHERCRE7351 85 .36 A1 8, L
SENIfE FE 5 A B EZ W RE A K 5LEE
AR SHABER MG KM GEA L 4 F, 76
AL, rps FE BB E R Z A 16 >, 1
cemA .infA . ccsA  rbel. matK accD | clpP 55 3 PRUEL
B 1A Hop A 20 AR BL7E IR R IX
W, 533K ndhB | ycfl \rps12  rpsT .rps15 .rps9 . rpl2 |
pl23 8 N HE H 4 i FE X | rrn23S  rrnd. 5S 1168 .
rrnSS 4 N BER RNA, trnN-GUU | trnH-GUG |
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Table 1  List of genes found in Dalixiang cpDNA
ke FEH 2] BEH 24K
Function Gene category Gene name
HeHEA H:ZE4 1 Photosystem | psaC, psal, psaB, psa], psaA
Photosynthesis H:Z G 1T Photosystem I psbL, psbD, psbN, psbB, psbT, psbH, psbE, psbA, psbl, psbK, psbJ, psbC,
psbM , psbZ , psbF
{02 b/t EA R Cytochrome b/f complex — petA, petB, petD, petN, petG
ATP 4 fiff ATP synthase atpl, atpE, atpA, aipH, atpB, atpF
NADH Jii &8 NADH dehydrogenase ndhB*, ndhD, ndhE, ndhl, ndhF, ndhH, ndhG, ndhC, ndhK, ndhA, ndhJ
BCBRRE-1,5-—BEMR AL R M 2E rbeL
RubisCO large subunit
EE%:Ki| RNA Z A RNA polymerase rpoC1, mpoC2, rpoA, rpoB

Self replication

Hiftn
Other genes

KETEE

Unknown function

B H /N SSU

Ribosomal protein small subunit

P R LSU
Ribosomal protein large subunit

32 RNA Transfer RNAs

MR RNA Ribosomal RNAs
S AT matK gene

IR T

Initiation factor

B C AU R SR A

C-type cytochrom synthesis gene
SRS A PRGN

Subunit of Acetyl-CoA-carboxylase
WA H Envelop membrane protein
1B Protease

PRAFARE ] 1 HE

Conserved hypothetical reading frame

ps2, rps3, rpsl6, msll, rps4, rps19% rps18, msl4, rps8,
rpsT*, rps15%, rps12%*
ml20, ml32, mpl36, mpl22, pl23*, mpll6, pl2*, rpll4, mpl33

trnQ-UUG ,trnV-UAC, trnN-GUU * | trnC-GCA, trnH-GUG * , trnT-UGU , trnA-
UGC*, trnR-UCU ,irnl-CAA* | trnP-UGG , irnl-UAG, trnK-UUU ,irnW-CCA ,
trnG-GCC, irnT-CGU*, trnV-GAC* | trnl-UAA, trnT-GGU, trnS-GCU, trnD-
GUC, trnE-UUC, trnS-UGA, trnR-ACG *, irnF-GAA, tirnY-GUA, trnS-GGA ,
trnS-CGA , trnM-CAU *

rrn238*, rrnd.58%*, rrn16S*, rrn5S*

matK

infA
cesA
accD

cemA
clpP
yef1*, yof3, ycfd

B RRZERMTRIMEZ XA,

Note: * indicates the genes are located in the inverted repeats.

£2 XHEcpDNA SEHNSFHER

Table 2 Genes with introns in ¢cpDNA of Dalixiang

trnA-UGC trnL-CAA tranT-CGU trnV-GAC trnR-ACG |
trnM-CAU 8 N1z RNA (% 1), S4B BoR,

KKL A cpDNA A N & F I F 3L 17 4, Hp

EEAHE SARFT AEFIARTT AEFI SR FI
Gene name Exon 1 Intron I  Exon II Intron I  Exon I
mpl2(x2) 393 661 427
1ps16 212 811 44
pll6 401 1060 8
tnT-CGU(x2) 31 929 58
trnA-UGC(x2) 36 812 35
1rnS-CGA 61 662 30
imK-UUU 35 2 488 37
tmV-UAC 52 929 31
trnl-UAA 35 540 50
ndhB(x2) 776 710 758
ndhA 541 986 549
aipF 159 814 406
yef3 155 728 229 743 123

yef3 A 24, B4 16 NEEEHA 14, imK-UUU
AN & Tl LB R 22 |, 1 rnl-UAA Wi/D (% 2) .
2.2 KHIE cpDNA ZHFERA DT

FERFLA cpDNA %555 v | 52 24 R %5 Y+ ff
T 1944 Wk, i 2 5 21 L2 R /Y %5 0 5~ A8
198 WK, i /b, E 4t KR A cpDNA 11 %5 5 1
AT 30 NS F RS 1, Hp LA S5 A
124, LLU(T) & RMA 16 4, X R KR F
cpDNA 1 F R b A/U (T) Bl 3, 31X Fh I 00 #
BAEAE R | 45 bR RS Z M S A (TR B AR
2018 ; ZEPK AR 2020 ; FBFESE,2020) (£ 3) .
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£ 3 X#E cpDNA ZHFEA
Table 3 Codon usage in ¢cpDNA of Dalixiang

R E T WEL BN A L 4R T WL BT A1
Name Codon Number RSCU Name Codon Number RSCU
SR AUU 730 1.51 i R GUU 400 1.56
Isoleucine AUC 286 0.59 Valine felifs 115 0.45
AUA 435 0.90 GUA 376 1.46
AR ACU 402 1.71 GUG 136 0.53
Threonine ACC 179 0.76 N AR GCU 489 1.74
ACA 249 1.06 Alanine GCC 162 0.58
ACG 108 0.46 GCA 331 1.18
AR AAA 638 1.47 GCG 142 0.51
Lysine AAG 231 0.53 KL IR GAU 508 1.56
Aspartic acid
KAk i AAU 515 1.45 RERIR GAC 143 0.44
Asparagine Aspartic acid
AAC 193 0.55 B AR GAA 697 1.47
227 IR ucu 331 1.56 GAG 249 0.53
Serine uce 254 1.20 Ham GGU 415 1.26
UCA 223 1.05 Clycine GGC 138 0.42
UcG 110 0.52 GGA 514 1.56
AGU 266 1.25 GGG 249 0.76
AGC 88 0.42 TR CAU 299 1.50
2 CGU 243 1.36 Histidine CAC 101 0.50
Arginine cGe 100 0.56 N CAA 476 1.51
CGA 231 1.29 Clutamine CAG 153 0.49
CGG 85 0.48 AR UGU 150 1.52
AGA 304 1.70 Cysteine uGe 48 0.48
AGG 108 0.61 RNAR uuu 646 1.29
A AUG 423 1.00 Phenylalanine uuc 355 0.71
Methionine UUA 657 2.03 AR R UGG 329 1.00
Tryptophan
uuG 350 1.08 Ji% R UAU 510 1.56
Tyrosine
SERMR CcuU 423 1.31 UAC 142 0.44
Leucine cuc 133 0.41 i 4 R cCcU 301 1.59
CUA 272 0.84 Proline cce 167 0.88
cUG 109 0.34 CCA 202 1.07
cCce 88 0.46
2.3 X#I & cpDNA KEE F 51 F1 SSR 77 M(E4),
FER KA cpDNA Rz 5] 19 MK ERFF, TERKL 7 cpDNA [ 129 4> SSR A7 5 A 95

WET 8 MNIEMER , KEWEE N 30~52 bp, I DHETREL ,JFH 70.07%/ SSR H A 3 T 4
1ANESCES, KK RN 30~ 127 bp, ek B, R SSR s A A/T B2 fwds, [T,
() 127 bp EE P I T rps19-psbK WFEEH ARG BF5E R W] SSR A7 s 7E KKLFF cpDNA |43 4 A3
X W, A RZKEE TR EHN racl-accD, £ LSC X SSC X LM IR, X455 4 T 95 4~ .18
X IR B A0 A s, R Z B AR FR X DFI 16 4> SSR AL (K 5) .
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X4 KHE pDNAHEEFT

Table 4 cpDNA repeat sequence of Dalixiang
g SN e b
No. 17 Type Position Location
(bp)
1 52 1E ] 56 044 1GS( rheL-aceD)
Forward
2 35 1E ] 130 388 IGS( ndhB-trnL-CAA)
Forward
3 32 A 55 946 1GS(racL-accD)
Forward
4 43 1E M 12 917 IGS(trnG-GCC-tmT-GGU)
Forward
5 46 1E 63 122 IGS( petA-petG)
Forward
6 38 1E M 56 005 IGS( rheL-aceD)
Forward
7 35 1E A 84 954 IGS( trnH-GUG-tmV-GAC)
Forward
8 30 1E 86 451 IGS(trnH-GUG-tmV-GAC)
Forward
9 35 1] 3¢ 85 004 IGS(trnH-GUG-tmV-GAC)
Palindromic
10 35 )'a 84 954 IGS(trnH-GUG-tmV-GAC)
Palindromic
11 30 [al 3¢ 128 946 Tntron( ndhB)
Palindromic
12 46 E'e 63 122 IGS(petA-petG)

Palindromic

13 30 [F] 3¢ 86 451

Palindromic

IGS(trnH-GUG-tmV-GAC)

14 32 ] 3¢ 55 946 1GS(racL-accD)
Palindromic

15 38 1] 3¢ 56 005 1GS(racL-aceD)
Palindromic

16 52 | ¢ 56 044 1GS(racL-accD)

Palindromic

17 127 [F] 3¢ 0

Palindromic

1GS (1ps19-pshK)

18 30 =] 3¢ 66 243 GCR (rpsl8)
Palindromic
19 32 [a] 3¢ 57 152 1GS (aceD-psal)

Palindromic

{E: Intron. N&F; IGS. JEHEIFEIX ; GCR. JEHFHFHILIX
Note: Intron. Intron; GIS. Gene intergenic spacer; GCR. Gene

coding region.

2.4 K#I % cpDNA R LB

W ORI SRR CRIRE R AR RS A 2 AN
PR 15 4> cpDNA JP A AL B . KE W4
Bra& W1, 15 DY Al 23 S =26 HBDE — 28 R
Bambusa oldhamii, 5 — 25} Sorghum bicolor , 55 =
KRB ARIE YA, 725 =288 b Xl oy
4 AS/NERE H 3 B EF ARG (0. australiensis

300316 0. meridionalis 0. ruifipogon) £ H—2&  H
AR 10 RO RN — 2K, TERR AR R S
RS 73 3 Ak T AR e 73 32 I H, KRR AR K A8
5K Tropical Japonica 1E [f] — 43 32, 2 B P & 1)
HEA G A A /KRS S A (1 2)

3 W5 &w

AHE 5T 45 KR cpDNA 4 Kl 134 563
bp,GC &% & M 39%, LSC & 80 864 bp, SSC M
12 347 bp,IR 24 20 676 bp, - iEBEF] 129 I |
HE A 09 AR A BB AH AT (ARG 2020)
H G L XA [ R ASBHE Y cpDNA ¥ 511 R 1
P AR I St R e DR < A R, H — S 3 PR 7 F
Pl B AT AR AR fb B 2R B4 (R R 4F, 2011
f1¥%,2016) . AWFGOR KK A cpDNA 5 Wang
Z5(2016) 3 Y PR R I S A I P 2] R AT E X
SRR BAR T E UG R b/ B A AR G
OGRS T I AH S OB R 8 (1 KRN
FEAHICHE P (RNA IR 1) e 56 R 2 5 M 25 S
> ABTE KA I S AR 3 R ASAETE T A FEH
IhbA FEFEFDCEEH R OCR G A G5
AEPGHPEIRS hAETE Tho A LR I HLAE B0 1R 8
IR ATHAE B AT [ RE A7 7 Thb A JE R ( Yao
et al., 2016) , 3% AJ fE & AP BE RS S 3 W AT D16 TR
A K IR B AL T A

SSR v s, A 8 FH T Jili Bl B ORI 5L A% % B4R A
ST T B BF 58, T cpDNA B JF R SF . 45k Fa
SE o W S5, A Bl T A D 2SR IR 1) 3k 1% 24
P (Powell et al., 1995; Pugh et al., 2004 ; Song et
al., 2019) . AWF5E L5 LRI, KK A cpDNA
SSR i g% A/U(T) i EA & W s, X 511 A
WL A — 2 (9K 2 55, 2018 ; 2Rk R 45, 2020 ;
R4 20205 F—BE4E 20215 ST 45, 2021) .
AN, ROKL A cpDNA B %15 W Aw 4 A/U(T) Bk
BL X R B 5 7l O A7 FE T g R
( Shinozaki et al., 1986; Ohyama et al., 1988 ; B fH
84,2020 ; Ak 5, 2021 ; RAEINT AR, 2021) . KA
cpDNA Zifith 8 5 1) 26 A% 7 1 SSR A3 s, &R i 4 A
BRI E U(T) B3k, nl 5E A 1k il Kok & cpDNA
MA/UT) SERKTE GCHEEMERF, HIE Niu
(2007) RFFERGE , N A/T TR & A 74
RIETF, L G/C TR —1, IIUES A/T#
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R5 KHE cpDNA FHE L EEF
Table 5 SSR in the cpDNA of Dalixiang

I v L X LU RS NN 7 S e e W LY T L 2L Kb g
No. of type SSR Size (bp)  Location || N of type SSR Size (bp)  Location
1 ¢ (AA)S(A),, 11 LSC 44 ¢ (TT),(T), 8 LSC
2 c (A)(AA), 8 LSC 45 ¢ (AA),(A) 8 LSC
3 p2 (AG), 10 LsC 46 c (A),(AA), 8 LsC
4 c (A) ,(AA) 10 LSC 47 c (TT) ,(T), 8 LSC
5 pd (TAAA), 16 LSC 48 c (T)(TT), 8 LSC
6 c (A)(AA), 8 LSC 49 p2 (TA), 8 LSC
7 c (A)4(AA), 8 LSC 50 p2 (AT), 8 LSC
8 ¢ (A),(AA), 8 LSC 51 ¢ (TT) (T) o 10 LSC
9 ¢ (AA) (A), 8 LSC 52 c (AA),(A), 9 LSC
10 c (TT),(T)y 8 LSC 53 ¢ (AA),(A)y 8 LSC
11 c (A),(AA), 8 LSC 54 p2 (AG), 8 LSC
12 p2 (AG), 8 LSC 55 ¢ (TTTT),(TTT) ,(TT)(T),, 12 LSC
13 p2 (GA), 8 1SC 56 ¢ (C)4(CC), 8 LSC
14 c (TT) (T), 9 LSC 57 p4 (GTAG), 16 LSC
15 p4 (CTTT) , 12 LSC 58 ¢ (AA)(A)y 8 LSC
16 c (AA),(A)y 8 LSC 59 c (TT),(T), 8 LSC
17 ¢ (TT)4(T)8 8 LSC 60 p4 (AATA), 12 LSC
18 c (AA),(A)y 8 LSC 61 c (T)o(TT), 8 LSC
19 p6 (TTTCTA), 18 LSC 62 ¢ (TT),(T), 9 LSC
20 p6 (ATAGAA), 18 LSC 63 c (A),(AA), 8 LSC
21 ¢ (AA),(A), 8 LsC 64 c (AA)(A), 8 LSC
22 c (AA),(A), 9 LSC 65 ¢ (TT) (T, 8 LSC
23 p2 (AT), 10 LSC 66 ¢ (AA),(A), 8 LSC
24 p2 (AT), 8 LSC 67 c (AA)(A), 8 LSC
25 c (TT),(T), 8 LSC 68 ¢ (TT) ,(T), 8 LSC
26 c (A)(AA), 8 LSC 69 c (AA),(A)y 8 LSC
27 ¢ (AA),(A), 8 LSC 70 c (AA),(A) 8 LSC
28 ¢ (AA),(A), 8 1SC 71 c (A)4(AA), 8 1SC
29 c (A), (AA) 10 LsC 72 ¢ (TT) ,(T), 8 LSC
30 ¢ (A)(AA), 8 LSC 73 c (T) ,,(TT) 5 10 LSC
31 p2 (AT), 8 LSC 74 p2 (TA), 8 LSC
32 p2 (AT), 8 LSC 75 p2 (TA), 8 LSC
33 c (TT) ,(T), 8 LsC 76 p4 (AGAA), 12 LSC
34 ¢ (T),(TT), 8 LSC 77 ¢ (TT),(T), 8 LSC
35 ¢ (T)4(TT), 8 LSC 78 c (A)y(AA), 8 LSC
36 c (AA),(A), 8 LSC 79 p4 (TTTA), 12 LSC
37 ¢ (AA),(A)y 8 LSC 80 c (AA),(A)y 8 LsC
38 c (A)y(AA), 8 LSC 81 ¢ (T) ,(TT) 5 10 LSC
39 c (TT),(T), 9 LSC 82 c (A) p(AA); 10 LSC
40 p2 (CT) 4 10 LSC 83 ¢ (T) ,o(TT); 10 LSC
41 c (TT) (T 8 LSC 84 c (T)(TT), 8 LSC
42 ¢ (TT),(T), 9 LsC 85 c (T)(TT), 8 IR,
43 ¢ (T)(TT), 8 LSC 86 ¢ (T),(TT), 8 LSC
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gxs

B el memses b | s SR g b
No. of type SSR Size (bp) Location No. of type SSR Size (bp) Location
87 ¢ (T),(TT), 8 LSC 109 p3 (TAT), 12 SSC
88 ¢ (T)4(TT), 8 LSC 110 c (T),(TT), 8 SSC
89 c (TT) ,(T), 8 LSC 111 p2 (TC) 10 ssc
90 p3 (TCT), 12 LSC 112 c (A)(AA), 8 SsC
91 ¢ (T), (TT) 5 10 LsC 113 c (AA),(A)y 8 ssc
92 c (T),(TT), 8 LSC 114 ¢ (CC)4(C)9 9 IR,
93 ¢ (A) (AA), 8 LSC 115 c (G)4(GG), 8 IR,
94 p2 (AG), 8 LSC 116 p2 (CT), 8 IR,
95 c (TT)5(T) 10 LSC 117 p2 (GA), 8 IR,
96 c (TT) ,(T), 8 SsC 118 p4 (AACG), 12 IR,
97 c (A)s(AA), 8 Ssc 119 ¢ (AA),(A), 8 IR,
98 ¢ (TT),(T), 9 SSC 120 c ( TTTI)T}(TT))S%TT)TTTT) P16 LSC
99 c (A)s(AA), 8 ssc 121 p4 (TCGT), 12 IR,
100 ¢ (A)4(AA), 8 SSC 122 p2 (TC), 8 IR,
101 c (A)(AA), 8 Ssc 123 p2 (AG), 8 IR,
102 c (A),(AA), 8 Ssc 124 c (C)4(CC), 8 IR,
103 ¢ (AA),(A), 8 ssc 125 c (6)y(GG), 8 IR,
104 p4 (AACA), 12 SsC 126 c (A) ,(AA) 10 IR,
105 c (A)4(AA), 8 Ssc 127 p2 (CT), 8 IR,
106 pd (AATA), 12 Ssc 128 c (TT),(T), 8 IR,
107 c (CC),(C)y 8 SsC 129 c (AA),(A), 8 IR,
108 c (A)(AA), 8 Ssc

.o BAREIE; p2. 2 BEELHOC; p3. 3 BHAL T P4, 4 BHIL G, P6. 6 B IL PR IG; LSC. KHL$E DX ; SSC. /NHLFE L X
IR,. RAEEIFHIX A; IR,. JRIMNFEEFHIX B,

Note: ¢. Mononucleotide; p2. Dinucleotide; p3. Trinucleotide; P4. Tetranucleotide; P6. Hexanucleotide; LSC. Large single copy;
SSC. Small single copy; IR,. Inverted repeat region A; IR;. Inverted repeat region B.

B2 15 FAYI cpDNA J7 51 1 R Ge dE AL v
Fig. 2 Phylogenetic tree constructed using cpDNA of 15 plants
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T RRFERE T 2>, A A F cpDNA B9, XAl fE 2
KK FF cpDNA B & A/UCT) BRI

YRk E B2 202 A o3 7 $s R i 5 A
W EBRFREM, HT cpDNA BAT P HIR5F 45
FRGE o P S0 A, PRGBS T cpDNA #4719 &
Gtk BWRAR R TR EF %) & ) (Eisen, 19985 Eisen
& Hanawalt, 1999 ; Delsuc et al., 2005) , A5 X
P BTAE KR FF cpDNA W EUR AT T RAEKE /77
B WFE 45 RE B OB 5 PO BER R g — 28 5
T SRR A — 28, 31X — 25 2R 5 AR5K 1 45 (2014)
MWFE 4 AR, 32 FF T Huang 55 (2012) i HlEE
et YRR 5

L5 AR A BF Y i 4R 45 19 KORL A 1Y cpDNA
KN Gty FEN R B S B e A R
iR B W SFRRIEAS B, ik — 2B 5 ORI 1) 2R
Gt AL A RO R AL T B AR AR
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HEmZFE AKX miRNA (I EYE B F 0 & HBERE

AWt, Ra®, Bx%, 8 F, Z/E, EH®, Aak,
B P, BRms, FR, REME, EAEMS, BER

O PR B A XA EIBE ST T, BT 530001 )

W E. N THARZEREH I (Saccharum officinarum ) Wi B AKIR MM A9 43 FHLE]  Z 058 LR IR MG 4 <C
AbFE 24 b JF 4 3 AN S HRE SRR R A R EAT lumina HiSeqTM 2000 3 il 77 M2 T 18
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Fik miRNA AUREEDR sk Se 5L 2 SR AR B BORIR I8 S, 25 FIA ki S8 AU H BEAK P miRNA
L BB A 5 R S 3 2 Tk R A DA R 8, %o I B R R 8 5 R i R MR

KIR W, (M, WTFEME, miRNA, AEYIE B
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Abstract; In order to identify the molecular mechanisms of different sugarcane (Saccharum officinarum ) responding to
cold stress, the leaves of different sugarcane genotypes with different cold tolerance treated at 4 °C for 24 h were sampled
as the materials for high-through transcriptome sequencing with Illumina HiSeqTM 2000, and 18 sRNA libraries before
and after cold stress were constructed. The results were as follows: (1) A total of 322 known miRNAs of 84 families were
discovered, and 110 new miRNAs were predicted. Among the known miRNAs, 100 differentially expressed miRNAs
were screened out (61 up-regulated, 39 down-regulated) , and 37 differentially expressed miRNAs ( 15 up-regulated, 22
down-regulated) were screened out from the new miRNAs. (2) A total of 1 844 target genes were predicted by using
psRNATarget, TargetFinder and Tapirhybrid software. Three main functional categories of these target genes were
revealed via the functional analysis of gene ontology, namely molecular function, cellular component and biological
process. (3) In order to verify the reliability of high-throughput sequencing data, 14 miRNAs and their target genes were
selected for qRT-PCR analysis, which showed that the 14 miRNAs were detected and most of the expressions were
consistent with the sequencing results. (4) Some miRNA target genes were identified, which involved in plant growth,
development and cold stress responses. All the above results indicate that miRNA in cold tolerant sugarcane directly or
indirectly regulates the expression of target genes to realize the expression regulation of related metabolic pathways, and

plays a key role in regulating the important agronomic traits.

ORISR 45 . H RETR ZEAH ¢ miRNA B9 49015 B 2% 20 A e L0 35 PR 73 ) 1841

Key words: sugarcane, cold stress, cold tolerance, miRNAs, bioinformatics

miRNA & — K& A 20 ~ 24 P HIE 1 /Ny 1
WEPEE S RNA , BA 5 B A AR sF Pk B e 2
ZHZUR: 5% ( Ambros, 2004 ) , miRNA 32 B 75 #5 55
Je K- i A AL mRNA 147 0 B 10 i) H9
PR R 1Y 3R 38 7E AR W) A AR Ao R v )
ZRREE R, S 58 Y & 5 08 & 8
(Sunkar et al., 2012) 4K & & ( Thiebaut, et al.,
2012) R 53 G T 5 3 DL SO Ah B 5 I aE
( Xiong & Zhu, 2003) B N 453 2 76 300 mE I A
7K g 7 AR ek 7 T 5% b & B, miR-167 . miR-169 |
miR-319 F1 miR-171 % miRNA 5% % 75 (% 15 0 o 2L
HEH TR A FAEH (Wang et al., 2010) , Ho
miR-169 FiY 8 JE P o IR IR 75 5 1) B 22 5L [ CBF
(Sunkar et al., 2007) ; i 75 7K £ 0w 0 ARG & P 38 79
WS IE B, miRNA-319 1 miRNA-171 A9 #0 3 [H]
J&F MYB KW SRA 7, A Rk & NEK
K, PRI miRNA 78 7K R i 05 R 14 42 Hh T
AIEEAE T (Li et al., 2010) . PR, THEAA 5 R4 4>
B E miRNA S R D e e TR DD fE,
TR b 48 miRNA FEAE B0l o3 i 2 v i) 34
PEHLH, 2 B ETAEY miRNA AF5T 4505000 F B N 25

HRE SRR BT X B RE D, IR
i B ) ™ A Aol L DX A S B g 7 R )
HZEZ—(RMEL% 2010), I HME &M RE
Pl VK P TR 25 8™ 5 1Y) 7R R R R 303k B H e 32
P A2 BRI R (655, 20095 [ I

5, 2009) 57 M PR IR R IR, & B FFSRIR LA
B A5 2 {5 45 €7 T8 9 BF RN 7 R 000 2 5 380K T AR
HREZ 20 FE, R R B R A 25 25430
BE LA BOE OB S i HORE T R R MR (2 A AR,
2011) . AYAESE(2011) RAEH I/~ 40 L4
(G B , 205 A TR R T B 7 e R
PR SESR BR UE AT 0 A R B AR AR R RE R
HRERAE | H AL P A R A RSB R
DRI, i T A A L 80 2 AL ol 2 35 5 T 9
588 T3 A R A A6 2 S 0 H RE S R A AT

AR FE TE LR AN [R] IR i o ) FH ) o 25 Ptk
FRIASE LI 385 Jolh 20 %) A A AR F 9 L b 1, 0 32 11
PUIFERE 7 5 0tk 1) H R b A AE SR A RE, R v
WP AR B AR W As B 2407 %, 4R A5 5 1 e 7 1K
R IEAH G miRNA , 73 A1 miRNA 1) 22 5 KI8T
B, A miRNA 58035 R A4 £ FH 56 28, I X ) e
3 R BE PR i 4T 5L A A ((gene ontology, GO) 73
BT, 25 W AV T P 07 25 6 I, Sy 3o 5 T S P i 1) £
B TE B b R P AR U AR R S

1 #HEF®

1.1 &7}

DL PR A 36 XA B 2 B H REF 5% 7 i
B AENE 28 5 (GT28) )7 V4 g X A A ol < B
GH 22 5 (ROC22) M PEAL G [ I X I B 1
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WTSEIT e & /Y HER 2 57 (GR2) A KL,

1.2 ik

1.2.1 £33t 5 F® TR RF HEE RN
B o) By Fp 2 U0 il B 25 B, TG K oh e b 25 T A 452
PeT i 1 509% 2 8 R AR R 11 00015 iR 12
h V7 22 RK R M ZE 1 min J5, #FH ZE1RK
FEURFT T 0 A AT R Rh 22 AL I A il AR K
W FLAF TR IR BE SR 25 °C A9 PR AR A 2, Y RP 2K
B 2P A AR I R RS AR 2 B AT 5 R LAY 2
BT pRic, B B A 17.5 em,
T8 16 em, B WA, B AR ] 5 A2 E SR 2
WK 10 mL, Y AETI I — O SR H R
AN — () 4y P AT A B A IR A Ak B
N4 C, O HEREE R 5 000 Ix, 4b B 24 hj X IR
(CK)JELEE N 28 C JLIiaR 5 000 Ix,

1.2.2 RNA #23A [lumina 9 5 SR LR A FAN
Xt BFEAC I R, BB TRNzol Reagent 3057 & (K
MAEARHE A R A E, d6a) SRBOFR RNA, K
RT3 Ak B 2H 55 %) REAE AR 2 32 JROIR A5 1Y e o 6
RNA GRTEAEIHE RRHE A IR w) (BRI 647 S
1‘@%, B3 ANEL, KA lumina HiSeqTM
2000 -5 % BUREAHE (1) RNA SCRZEFTITF (Al et
al., 2008) . it FHk  BARBUR | F Y SR AR
SEIEHE AL BEAAS T 15 9 IS, (] Bowtie 2 B
##% #8 MiRbase > pirnabank > snoRNA (‘human/plant)
> Rfam > other sRNA [¥) It /& % il J¥ ¥ /v RNA
(sRNA) i PIERERAT AR TR RNA A B,

1.2.3 &% miRNA #) % & Z # miRNA ol Hj
miRDeep 2 HAF X T 15 09 KR T sRNA [P 51 5 2
ZILH A [ EF % (Saccharum spontaneum ) %
20 ) AT A AT 4387 ( Maurits et al., 2015) , %
SE H EL R H RE TR € AH 5C miRNA ;3 U8 3R 15 10
A HEXT PP 3 X 2 25 05 0 3 o Bl A B SE
miRNA £5 K9 B 75 75 4R 75357 B9 miRNA

1.2.4 £ 5% & ik miRNA a9 %% X i 5 A2 H ERE
i Y 2 miRNA 1Y 3280 AT 43 A, 40 7 AR 38
T A [) i 5 2B REAE Al b miRNA B 22 57 R 3k
) 1log 2 ( FoldChange) | =1, P<0.05 i & b5 e,
FRAFAR AL 30 1T J5 22 571K miRNA

1.2.5 miRNA ¥e X B Fm ] psRNATarget( Wu et
al., 2012 ) | TargetFinder ( Fahlgren & Carrington,
2010) F Tapirhybrid ( Peer,2010) k{43517 2% 7 &
ik miRNA AYHEEE PRI FIN , 576 GO 4l 22 %t 35

MRS FEEER, HELS5NESES
KA iER

1.2.6 £8P 3% 628 PCR BiE  JEHL 14 P2ERE
ik miRNA I, S5 H Premier 5.0 %31 A%
A miRNA FE5eibEm 514 @R s 51 (% 4) , #
JH LightCycler® 480 Instrument II #£47 RT-PCR §”
B BT R CORE N cDNA A4 ) LA W45 AT BE Y
54, LLHIE GAPDH NS, BAFE %
B O3WHEKE, R 2 S TR AR A

2HER G M

2.1 S EENFEBEBSH

BEHE 3 ANt FE PN ] HRE SR S AT AR
e A R A X R (CK) AR AR PE (T) 3
ANEE, S B A A 18 SRR AR i AT e 3
¥, MR I 38 BT S5 sRNA S 5 X6 4 I 7
PEEAT 370 4k Trim IR &2 | 7 Bt /N $R 45
JRPS AL PR FRICE i clean read P8 (R 1), M
F 10 LLE W, FE GR2 Ay CK AT I F w43 5142
i 24 310 558 .23 925 673 4% 1 ¢ K, B & Ab
R 45 %) 21 343 194 .21 576 594 %%, @& i &
clean read £ 4143 %] 5 B 51 19 87.83% .90.25% ,
H AT SR 5 S5 IR A 847 Hext, e CK Al
T334 86.71% 5 84.32% (¥4 5% % £ IN 4
PEAC; GT28 Y CK A1 T M H o 43 %) #2 i 1
23 915 244 23 528 103 £ 5 B ¥, fe & 4k B 4y
WIARF] 22 045 186 .21 481 129 4%, &5 i &t clean
read JF5143- 51 5 BT H A9 92.18% 55 91.28% , Tk
WSS S I F A AT X, H CK AT 45
F71.75% 5 84.10% W) 7 5 5 = 2 5L K 41 DT e s
ROCC22 1) CK 1 T W K o 4 5 2 8
27 069 867 .23 631 208 5% 7> £ , Fe 24k B 43 51
53] 21 007 371,20 640 357 4, & Jfifit clean read
FE31 b7 B PSR 79.50% 55 87.35% , it Fa Sl A SC %
5% BN AT IERT, H CK T 5390 A 92.62%
55 85.67%MIF 5 55 H LA (F 1),

sRNA K 5 ARYifeA X, Hd 21 ~22 nt /Y
FEEE mRNA YIEIFNFE 5505 3 TR A 56,24 nt 1
F3E 5 RNA 1) DNA AL A 5058 R 1T B
K, X7 total clean reads #F1T4 I AP, sRNA FH AL
HITE 21 ~24 nt Z (8] (AORFEIGTIERE J1 4R Z (B
—EZES, EARRHE I FIREARE (E 1) .
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Table 1  Sequencing data statistics of samples

= b B ey A Do WA et

Library Treatment Sample D Total reads Clean read clean read atched percentage
(%) genome (%)
GR2 CK GR2_1 24 864 865 21 017 789 84.53 17 335 491 82.48
CK GR2_2 23 889 311 21 068 679 88.19 17 556 964 83.33
CK GR2_3 24 177 497 21943 114 90.76 20 697 208 94.32
YA Mean 24 310 558 21 343 194 87.83 18 529 887 86.71
T GR2_1 23 612 049 22 167 436 93.88 17 332 696 78.19
T GR2_2 23 331 030 21 905 886 93.89 17 569 575 80.20
T GR2_3 23 294 402 21 590 060 92.68 18 360 373 85.04
YA Mean 23 925 673 21 576 594 90.25 18 197 456 84.32
G128 CK GT28_1 23 077 345 21 109 698 91.47 15 898 066 75.31
CK GT28_2 24 699 470 22 556 661 91.32 14 254 489 63.19
CK GT28_3 23 968 917 22 469 199 93.74 17 247 280 76.76
I Mean 23 915 244 22 045 186 92.18 15 799 945 71.75
GT28_1 23 421 689 21 192 257 90.48 16 796 178 79.26
GT28_2 23 271 839 20 918 101 89.89 18 640 603 89.11
GT28_3 23 890 781 22 333 031 93.48 18 743 809 83.93
I Mean 23 528 103 21 481 129 91.28 18 060 196 84.10
ROC22 CK ROC22_1 23 475 518 20 335 619 86.62 17 536 453 86.24
CK ROC22_2 32 786 885 20 072 677 61.22 19 292 598 96.11
CK ROC22_3 24 947 198 22 613 819 90.65 21 598 010 95.51
I Mean 27 069 867 21 007 371 79.50 19 475 687 92.62
ROC22_1 24211 511 21 189 727 87.52 18 402 946 86.85
ROC22_2 23 491 833 20 043 323 85.32 17 201 360 85.82
T ROC22_3 23 190 281 20 688 022 89.21 17 448 123 84.34
HI{H Mean 23 631 208 20 640 357 87.35 17 684 143 85.67

HE 4 5L DA 6 3k i gF — 20 X B A AR EE AT
Pearson tH% R EGTH , IFBF X 28 R B VL IR B B
AR (1 2) ., M Pearson A 5¢ R0 LI FE
TR — it R () Ak BB (%) B R 1) AH OGP A
(0.667~0.990) , & W T A FF il 1Y 26 35 1 FEAS IR 47
—F0, UL HAT & HEAS 5 2 PR S e bR o, AT LA 2
Jo BE) 25 57 3RAK T
2.2 241 miRNA 43 #7 & #1 miRNA T

FH AASRA BRAFRG AT R 3 51 LX) 1) 2525 FE 1A
20 2 miRBase 04 i, 5 2] 73 )& T 84 T A
miRNA R 322 4> miRNA , Hip ok FEZH ) 297 4>
miRNA 73 J& T 69 4> %, IR 4b #1240 /Y 305 4~
miRNA 53 J& T 74 D505, KR EH A 2 K
TG A D3 B RE #Y O miR169 (32 ), H vk il
miR166 .miR171 .miR167 .miR156 .miR396 (&l 3) .

FR 4 % 2 ) miRNA T3 51 19 5 B A <7 5 )
miRNA HiARH A A5 i M & Je 45 1 0 e, F T )
P53 T LX) J7 76 #) F- % miRBase 045 5 v it
8 R X HA R miRNA 75 3EF7 HEHL, 1%
VR r 3R 38 6 A vy 1 AR Sy Y R e 0 R UL 79 IR SF
miRNA F5 36 2, e 2445 2 H 7 e 3 IR 19 110
AN miRNA
2.3 ZR KX miRNA 51

AT T B SRR AL B miRNA 19335
ARG B0, AT LK W AR 38 R B E BE AR [
A H B AT miRNA )22 5 RIR GO, fEERRIE
miRNA A5 i 2 i, Phllog 2(FC) | =2, P<0.05
A R i e AR o, I TR 8 R 22 55 22 3K miRNA {1 3%
2 Fis, AL4G 100 S EVH miRNA (61 4~ 3,39 4~
i) ,37 A% miRNA (15 4 i, 22 A~ F ),
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Bl 1 sRNA KB4 [
Fig. 1  Graphs sRNA length distribution

2T 9 B 8 miRNA KR {2 §5 miR8175,
miR5564 .miR444 miR166 TENKY 21 DK, £ I
I F A miRNA K AL ff miR156, miR169
miR172 . miR393 , miR397 , miR408 %% 10 > K Ji% .,
K ELAT 2 S MR GR Y miRINA 78 H 7R i 1 A1 3L
JEEOL T TR FE R E I RE
2.4 miRNA EREER TN 5 53

R A8 07 VE 22 5 R I8 19 miRNA 555 7 4 ol i) ik
J¥ 5 15 B, 188 ] psRNATarget, TargetFinder 7/
Tapurhybrid #{42F 47 #0 L DX fi0i) , 25 SR WLl 4, 3
PSS Jr 3 FE I T 1 844 AN AH R A4 v AE FE L A
Hidr 1 696 4N & T2 %1 miRNA $U L[N 148 N& T
B miRNA SEFE[H Sy itk — 25 70 A J0 Pl A5 0 R
AV TEAE W) A D RE X 0 BT A5 9 FE L P 4T GO
3BT, HLAEE TR M AR B8 miRNA $EJE ]
TEH W33 B2 (biological process) A 13 ~INEEIV 2,
TF 40 B 2H 43 ( cellular component) A5 11 > I HE
2 HE5r T 1 6E (molecular function) A 7 A~ IHES
F(E4), TEAY it FE2E 50 b, T HE AL A i 3
AW D RE W A T A0 A R A A R e A
JRLZE 32 ) vy, T DR A W A T RE R R

Tt 20 g AR W B AE A D RB 2N o, T
N 35 R A 2 T G E B AR T4 A R AL TR T
KIia bk, RE WL H T RR Y 5 X 25 4 T fg
F HABAHE 25 A DIREA G, K £ miRNA i id B
P o ] 42 A T L DR 1 2% 2K 8 42 R DG AR I 3 A%
AR R0 | 33X 28 miRNA B 3 928 A 40 5 R ok 7
(14 T S P e S B A TR VE T (36 3)
2.6 qRT-PCR i

FIH qRT-PCR 4 A X5 W 5 iy 45 2] 1) miRNA
JAEFEPA () 24 5 2F B JEAT 50 0F , miRNA Kz H i 3
51PN 4 firs . FEXT IR 25 0 b 3
20 R ARG 14 4> 22 5 3R I8 19 miRNA S A 5L
, I X B AT 4T qRT-PCR 541, 4255 miR156 .
miR160g_1 .miR167d .miR169 a-3p_3 .miR171b-3p_3,
miR172d-5p_4 , miR393-3p_1 . miR396b . miR397a_3,
miR398b . miR399k 1, miR408d . novel _mir36  novel _
mir89 (& 5), RIEFE 4 FE 5 BIL5H, BR novel-
miR36 Ak, 3% £ i H: 4y 13 4~ miRNA 7 qRT-PCR
S v R e A A X v T 0 R ) ) () 2 Ak
K (B 5:A), 3% R K5 38 & T 45
KIREpE oe 't s PCR H AR BT IE , b vk A 7% 25 4
RESEAAE ), BT e 14 4> miRNA, B novel-
miR36 #b, Hi4x 13 > miRNA 155 0 I P &2 1714
PR Z (K 5:B) , WEW miRNA 3 % L6 35 8 3T
RS 07 SOk WM AR VR E R
B2 0 R

3 W54

HRE P T P G b X, B, B H R AR
T i P AR R RO R AR VRS T VAR SR Y
F2 Tl A A A FR T R R R DX 3
SEILE R M E B R R 2 —, 5 AR I AR
FOBl AR & Je (93K 35 56, 2006) o A T H
M IO K 38 19 P9 E 43 F- BIL A, 42 40 5L 5 € AH G 1
miRNA B2 A G PR, AR AF 5 % O[] 35 PR A0 H
PEATAC T 60 Ak B 3 5k v 0 o 0 B R K A=
BB, R0 ASRIPTFERE 1 10 H REXTIK
ek TR 368 g I Y

L A D R R AW B E ik
P, sRNA EEAENTE 21 ~24 nt Z[], AFPLFERE
FIHI M AL 2 A — o 25 57 ELAS [R) < B 1 0 41 %
ANTF, sRNA FEAS[R] ) Fi 8] By K BE 43 A 25 A i X
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Table 2 Differential expressions of miRNAs in sugarcane responding to low temperature
F5 %ﬁ% miRNA G Xﬂﬁi’éi\‘i LI‘IEEEEL)\‘E log 2 (FC) P1{E PR
No. Family miRNA ID Expression (CK)  Expression (T) P value Trend
1 miR156 miR156 28.734 948.957 5.045 0.000 35 F ¥ Up
miR156¢-3p_2 12.607 112.513 3.158 0.000 15 F ¥ Up
miR156e-3p 122.352 13.266 -3.205 0.000 11 T Down
miR156{-5p 31.991 201.084 2.652 0.001 10 F ¥ Up
miR156k-3p 126.664 51.112 -1.309 0.021 58 T Down
2 miR159 miR159a_1 1369.123 620.576 -1.142 0.021 27 T Down
miR159a_4 78.216 15.693 -2.317 0.000 02 F 94 Down
miR159a-5p_4 241.182 8 208.194 5.089 0.000 00 i Up
3 miR160 miR160 332.983 43 613.722 7.033 0.000 00 i Up
miR160a-3p_3 68.014 366.331 2.429 0.006 62 i Up
miR160a-3p_4 32.520 421.932 3.698 0.000 00 i Up
miR160e-3p 206.117 693.955 1.751 0.010 93 i Up
miR160f-5p 1380.969 441.538 -1.645 0.006 59 N1 Down
miR160g_1 185.534 24.856 -2.900 0.000 04 T4 Down
4 miR162 miR162-5p 231.769 2 258.160 3.284 0.000 46 F ¥ Up
miR162a-3p 739.997 28.331 -4.707 0.001 77 T Down
5 miR164 miR164b-3p_2 5.405 51.477 3.252 0.000 21 F ¥ Up
miR164c¢-3p_2 4.473 186.499 5.382 0.000 00 F ¥ Up
miR164{-3p 0.604 12.768 4.403 0.008 64 E ¥ Up
6 miR166 miR166a 365.383 109.611 -1.737 0.000 00 ¥ Down
miR166a-5p_1 35.859 164.403 2.197 0.021 08 i Up
miR166d-5p_2 661.392 5 668.546 3.099 0.000 13 i Up
miR166h-3p_1 6019.722 2 694.272 -1.160 0.010 14 94 Down
miR166k-3p 1021.709 469.918 -1.121 0.004 79 T Down
miR166m_1 596.293 124.197 -2.263 0.000 02 T Down
miR166m_2 204.395 7.433 -4.781 0.000 46 T4 Down
7 miR167 miR167a-5p 654.093 176.527 -1.890 0.000 20 T4 Down
miR167d 5402.076 57 907.162 3.422 0.000 14 F ¥ Up
miR167d_1 790.952 21.143 -5.207 0.000 00 T Down
miR167d-3p_5 4.235 37.787 3.157 0.003 92 F ¥ Up
miR167g-3p 4.047 21.062 2.380 0.003 16 F ¥ Up
miR168 miR168a-3p_2 7 498.058 36 233.268 2.273 0.000 03 i Up
9 miR169 miR169a-3p_3 1.682 36.573 4.443 0.000 74 i Up
miR169¢-3p_1 10.808 65.672 2.603 0.000 17 i Up
miR169¢-3p_5 25.511 579.499 4.506 0.000 00 i Up
miR169d-3p_3 357.242 4 618.614 3.692 0.000 28 i Up
miR169d-5p_1 65.463 1079.187 4.043 0.001 27 i Up
miR169e_2 20.181 2.225 -3.181 0.003 14 T4 Down
miR169e_3 3.082 26.689 3.114 0.004 26 T Up
miR169e-3p_1 58.233 241.058 2.049 0.010 57 T Up
miR169h_2 7.341 93.031 3.664 0.006 36 L Up
miR169k-5p 161.245 727.733 2.174 0.001 56 F ¥ Up
miR169m 3.793 76.157 4.328 0.000 14 F ¥ Up
miR169m-5p 1.199 18.117 3.917 0.002 27 F ¥ Up
miR169r-3p 3.887 78.355 4.333 0.000 04 i Up
miR169r-5p 2.751 68.185 4.631 0.000 00 i Up
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No. Family miRNA ID Expression (CK)  Expression (T) P value Trend
10 miR171 miR171a_3 65.519 23.729 -1.465 0.017 88 T Down
miR171a-3p 15.331 4.377 -1.808 0.020 04 T 18 Down
miR171b-3p_3 137.790 170 3.706 3.628 0.003 49 9 Up
miR171e-5p_1 9.596 43.006 2.164 0.006 55 L8 up
miR171f 8.261 0.281 -4.879 0.001 25 T3 Down
miR171i_1 2228.766 818.757 -1.445 0.000 02 T Down
11 miR172 miR172a_2 12.532 1.849 -2.761 0.010 41 T Down
miR172b-5p_3 346.643 2 763.508 2.995 0.001 70 L8 Up
miR172d-5p_4 105.771 523.500 2.307 0.013 72 3 Up
12 miR2118 miR2118a_2 26.740 4.574 -2.548 0.001 31 T34 Down
miR2118b 5339.363 2 097.461 -1.348 0.014 70 T Down
miR2118d 96.120 402.856 2.067 0.000 81 L8 up
miR2118f_1 90.692 521.181 2.523 0.006 67 i Up
miR2118¢g 66.283 5.469 -3.599 0.000 01 T34 Down
miR2118p 498.943 1827.679 1.873 0.012 49 9 Up
13 miR390 miR390-3p_2 2.069 15.562 2.911 0.004 43 L8 up
14 miR393 miR393-3p_1 53.725 698.525 3.701 0.000 01 L8 Up
miR393a_3 107.640 542.872 2.334 0.000 34 9 Up
15 miR395 miR395h-5p 2.586 30.738 3.571 0.008 14 15 Up
16 miR396 miR396a-3p_4 1.601 25.432 3.989 0.003 31 3 Up
miR396a-5p 180.860 17.171 -3.397 0.000 51 T Down
miR396b 13.610 271.022 4.316 0.000 00 L8 Up
miR396b-3p_1 6.136 73.003 3.573 0.000 46 L8 Up
miR396b-3p_3 35.226 177.642 2.334 0.000 78 9 Up
miR396b-5p 183.564 51.783 -1.826 0.000 80 T Down
miR396e-3p_1 182.946 44.050 -2.054 0.010 03 T34 Down
miR396¢ 138.206 55.367 -1.320 0.010 45 T Down
miR396h 7.617 1.352 -2.495 0.012 08 T4 Down
17 miR397 miR397-3p_3 215.647 2 637.398 3.612 0.001 77 9 Up
miR397a_3 27.767 336.211 3.598 0.001 87 15 Up
18 miR398 miR398a-3p_2 11.259 119.098 3.403 0.005 51 L8 Up
miR398b 20.516 1 608.552 6.293 0.000 03 9 Up
19 miR399 miR399_1 16.048 1.571 -3.353 0.003 10 T34 Down
miR399b-5p_1 14.959 76.405 2.353 0.010 00 L9 Up
miR399e-5p 79.589 295.499 1.893 0.002 30 L8 Up
miR399k_1 35.366 154.991 2.132 0.000 73 3 Up
20 miR408 miR408-3p_1 951.933 11 195.030 3.556 0.020 29 L8 up
miR408-5p_9 6.759 599.555 6.471 0.000 00 3 Up
miR408b_1 16.628 467.667 4.814 0.000 39 L8 Up
miR408d 116.205 2 306.584 4.311 0.000 71 9 Up
21 miR444 miR444hb.2 9 466.966 2 269.188 -2.061 0.001 85 T34 Down
22 miR4995 miR4995 297.645 71.203 -2.064 0.018 57 T4 Down
23 miR5139 miR5139 43.723 7.385 -2.566 0.010 29 T Down
24 miR529 miR529-3p 42.770 5.191 -3.042 0.000 55 T Down
25 miR530 miR530a_2 24.562 4.006 -2.616 0.017 36 T Down
26 miR5505 miR5505 13.384 0.482 -4.795 0.000 04 T34 Down

27 miR5523 miR5523 9.527 0.604 -3.979 0.002 70 T4 Down
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75 %ﬁé‘: miRNA i X?ﬁﬁ‘i’%ii ﬂi@iﬁﬁi log 2 (FC) P1H ke
No. Family miRNA ID Expression (CK)  Expression (T) P value Trend
28 miR5564 miR5564¢-5p 2 057.141 274.385 -2.906 0.000 00 T Down
29 miR5568 miR5568¢-3p 2.390 23.041 3.269 0.003 51 14 Up
30 miR6218 miR6218-5p 4.570 20.811 2.187 0.008 34 14 Up
31 miR6221 miR6221-5p 50.052 12.539 -1.997 0.009 55 T Down
32 miR6223 miR6223-5p 14.898 249.912 4.068 0.000 00 L9 Up
33 miR6224 miR6234a-3p 0.548 7.645 3.801 0.004 88 94 Up
34 miR8175 miR8175 707.142 270.620 -1.386 0.007 87 T34 Down
35 n_mirl 04 novel_mir104 6 160.659 415.650 -3.890 0.000 05 T34 Down
36 n_mirl06 novel_mir1 06 47.411 1 153.668 4.605 0.000 02 i Up
37 n_mirl07 novel_mir107 9.744 171.505 4.138 0.000 24 A Up
38 n_mirl 08 novel_mir108 891.184 72.596 -3.618 0.000 09 T & Down
39 n_mirl09 novel_mir109 16.716 194.103 3.538 0.001 33 A Up
40 n_mirl 1 novel_mirl 1 660.280 3 258.241 2.303 0.003 16 A Up
41 n_mirl 10 novel_mirl10 27.128 0.344 -6.302 0.000 01 T Down
42 n_mirl5 novel_mirl5 17.837 0.338 -5.724 0.000 08 T3 Down
43 n_mirl7 novel_mirl7 11.582 0.296 -5.288 0.000 33 T Down
44 n_mir20 novel_mir20 0.748 142.501 7.573 0.000 00 14 Up
45 n_mir23 novel_mir23 23.022 0.352 -6.032 0.000 02 T3 Down
46 n_mir24 novel_mir24 248.551 74.516 -1.738 0.012 12 T4 Down
47 n_mir25 novel_mir25 241.891 788.583 1.705 0.003 72 A Up
48 n_mir26 novel_mir26 148.771 43.014 -1.790 0.001 28 T & Down
49 n_mir27 novel_mir27 11.000 0.643 -4.096 0.008 96 T & Down
50 n_mir29 novel_mir29 2 044.588 335.897 -2.606 0.000 34 T & Down
51 n_mir3 novel_mir3 12.479 0.790 -3.982 0.001 83 T & Down
52 n_mir34 novel_mir34 0.545 20.981 5.267 0.000 89 A Up
53 n_mir36 novel_mir36 37.565 0.505 -6.218 0.000 01 T Down
54 n_mir37 novel_mir37 20.896 662.275 4.986 0.000 00 15 Up
55 n_mir42 novel_mir42 1 022.840 358.059 -1.514 0.005 06 T Down
56 n_mir47 novel_mir47 13.512 0.680 -4.313 0.013 92 T Down
57 n_mir51 novel_mir51 0.535 121.564 7.828 0.000 00 15 Up
58 n_mir53 novel_mir53 577.260 169.427 -1.769 0.009 58 T3 Down
59 n_mir58 novel_mir58 68.047 926.881 3.768 0.006 66 L8 Up
60 n_mir61 novel_mir61 1 912.408 432.242 -2.145 0.000 00 T & Down
61 n_mir62 novel_mir62 180.637 63.979 -1.497 0.020 85 T 1& Down
62 n_mir64 novel_mir64 7.505 0.474 -3.984 0.024 09 T & Down
63 n_mir65 novel_mir65 0.618 37.647 5.929 0.000 00 98 Up
64 n_mir72 novel_mir72 0.828 260.425 8.296 0.000 00 A Up
65 n_mir75 novel_mir75 186.658 37.721 -2.307 0.001 83 T Down
66 n_mir82 novel_mir82 190.143 854.423 2.168 0.011 08 A Up
67 n_mir84 novel_mir84 12.396 0.662 -4.227 0.006 72 T Down
68 n_mir86 novel_mir86 0.439 11.476 4.709 0.003 54 A Up
69 n_mir89 novel_mir89 5.958 0.419 -3.828 0.021 37 T34 Down
70 n_mir95 novel_mir95 294.205 33.471 -3.136 0.008 67 T Down
71 n_mir96 novel_mir96 0.862 51.926 5.912 0.000 16 i Up

W, 40 L B JF ( Pasquinelli et al., 2000) . /N #&  sRNA K & £ 20 £i 76 24 nt, ¥ B (25 00 6 45,
( Meng et al., 2013) ##4E ( Sripathi et al., 2014) [} 2014) . K& (Turner et al., 2012) F#ii ( Pilcher
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Table 3 Some miRNAs and their target genes in sugarcane responding to low temperature
miRNA %5 Kk A0 R 4 5 WIEE Ty festi ik
miRNA ID  Expression trend Target gene 1D Expectation Functional description
miR156 F 8 Down  Sspon.03G0000360-3C 3.0 RIS B T454 # H 13 Squamosa promoter-binding-like protein 13
miR160g_1 T8 Down  Sspon.01G0019580-1A 2.0 A R N F 22 Auxin response factor 22
Sspon.04G0008020-4D 3.0 A K IR K F 8 Auxin response factor 8
Sspon.01G0032360-1A 3.0 AL E A9 1, 14444 Prolycopene isomerase 1, chloroplastid
miR167d 198 Up  Sspon.01G0032360-2D 3.0 S N ERAEE 1 [FA X1 Carotenoid isomerase 1 isoform X1
miR169a-3p_3 3V Up  Sspon.01G0004210-1A 2.5 R Y 3 A-7 AR X1 Nuclear transcription factor Y subunit A-7 isoform X1
Sspon.01G0040290-2D 2.5 BRI Y W3 A-4 Nuclear transcription factor Y subunit A-4
Sspon.02G0034130-2C 2.5 HEHF Y I3 A-3 Nuclear transcription factor Y subunit A-3
miR171b-3p_3 3 Up Sspon.01G0000260-3P 3.0 FEH AHIIEE 1 6 Scarecrow-like protein 6
Sspon.04G0006810-1A 3.0 FE B AL 1 27 Scarecrow-like protein 27
miR172d-5p_4 L3 Up  Sspon.02G0011120-1A 3.5 5 A F bHLH49 Transcription factor bHLH49-like
Sspon.03G0021730-1A 3.5 mRNA Fi& N T2 11 40A Pre-mRNA-processing protein 40A
Sspon.04G0008430-4D 3.5 A AR SE /454 5 A Microtubule-associated protein futsch
Sspon.07G0023470-1B 3.0 DUF1682 F % 1 DUF1682 family protein
miR2118d L Up  Sspon.01G0014780-1A 3.0 % 25 130 11 37 3% B-4 Putative casein kinase 1I subunit beta-4
miR393-3p_1 198 Up  Sspon.05G0020400-1P 3.0 a-L-BTHiAFBE 5B 1 Alpha-L-arabinofuranosidase 1
miR396b 19 Up  Sspon.04G0022140-2C 3.0 e R Y0 A 3 1 2 Photosystem 11 oxygen-evolving enhancer protein 2
miR397a_3 I3 Up  Sspon.01G0027900-2C 3.0 TEEFRE 21 & R B U SAG39 Senescence-specific cysteine protease SAG39
Sspon.04G0017800-3D 3.0 WA E-2 AW IWIE D3 Condensin-2 complex subunit D3
miR398b 98 Up  Sspon.03G0028270-2P 3.0 %54 % 1 Selenium-binding protein 1
miR399k_1 34 Up  Sspon.07G0021800-1B 3.5 1Z R 454 E2 23 Probable ubiquitin-conjugating enzyme E2 23
miR408d 198 Up  Sspon.01G0047030-3D 3.5 2 Fi Al Z R Chemocyanin precursor
Sspon.07G0017290-2B 3.0 /NI FER B S23 Small subunit ribosomal protein $23
miR5140 T8 Down  Sspon.03G0002860-2B 3.5 KRR 11, H-24A 2okt FH9 1R X1 Ribonuclease 11, chloroplastid/mitochondrial isoform X1
Sspon.07G0015510-1A 3.0 5 F Transposon protein, putative, unclassified
miR530a_2 T34 Down  Sspon.02G0012470-1A 3.5 PR TR 22 & R 2 8F NMA111 Pro-apoptotic serine protease NMA111
Sspon.05G0000530-2D 3.5 ErBEIEAAY A 254 BAYE % 1 Acyl-CoA-binding domain-containing protein 1
miR5523 T4 Down  Sspon.02G0001670-3D 3.5 12 Z I AREG Ubiquitin carboxyl-terminal hydrolase
miR5564¢-5p T34 Down  Sspon.06G0002720-3D 3.0 35" AR RN R B 11 37-5 -exoribonuclease family protein
miR5568¢-3p I3 Up Sspon.01G0013100-1A 3.0 TR SR X1 Probable trehalase isoform X1
Sspon.01G0014700-3C 3.0 TN LA A BEIE AR EE (L BERE Malonyl CoA-acyl carrier protein transacylase
Sspon.01G0033120-1A 2.5 S-FRM =R 5-Oxoprolinase
Sspon.01G0033150-1P 3.5 PR B P AH G 9 R i 21 Deerlin-2.2
Sspon.03G0010210-1P 3.0 287 A S i AU 2 Malate dehydrogenase 2 mitochondrial
Sspon.04G0006870-1A 3.5 T3 BEHEBE AR 1 Probable trehalose-phosphate phosphatase 1
miR6218-5p -3 Up Sspon.01G0003280-1A 3.5 ABC $i2 8 1 G KM 5L 22 [F# X2 ABC transporter G family member 22 isoform X2
Sspon.02G0047980-1C 3.5 60S BAHAZE 1 136a 60S ribosomal protein L36a, partial
miR6234a-3p 13 Up Sspon.07G0037700-1D 3.0 R E AR R R - 14 Peroxin-14
novel_mir23 T4 Down  Sspon.01G0023790-2P 3.5 A K Z WA 11 Auxin-responsive protein IAA30
Sspon.01G0039360-1P 3.5 DNA fi# e TNOSO DNA helicase INOSO
Sspon.02G0004350-3D 3.5 WL AR (1 KMS1 Vacuole membrane protein KMS1
Sspon.02G0014140-3D 2.0 £3 12 2 %420 ATP2 E3 ubiquitin-protein ligase ATP2
Sspon.02G0014480-3C 2.0 IR FLIR P 5 SRR L % ST 7 5 Opaque endosperm 5
novel_mir36 T34 Down  Sspon.04G0017230-1A 2.5 AR S BT 454 8 4 Squamosa promoter-binding-like protein 4
Sspon.07G0022740-1B 3.5 50S BRI 133 50S ribosomal protein L33
novel_mir90 T Down  Sspon.08G0003790-2B 2.5 JKAE O- F SHERZ AW Hydrolyse O- and S-glycosyl compounds
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K2 AR dh A G M A A

Fig. 2 Correlation heatmap of different samples

et al., 2007) 1Y sRNA KERZ /P MAE 21 nt, X 28 GA/KP | 30 i 50 ni #8566 KA 2638, AT 5 | S AH
SR GAMREG RS AL, AFEN AR SRS E S S R AR 0 AR A o 52 BN 3 5 A i
BeEFBALZAE 137 4 miRNA ZEAREIMA RS 6, HE SR SRA FEEREMME 5 &R A
132253k Hoh 100 2 A miRNA (61 > F S A5 S st 7 DL K I e 5 K 4%, Wu 1
¥4 ,39 R ) ,37 4S8 miRNA(15 4> B3, 224 Poethig (2006) BIWTFSE & 3, MK IR M8 S5 miR156
TV o TEARIEME T ALY AL Y miRNA 938 N IR MO R A G, SR T
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Fig. 3 Top 18 miRNA family members
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FEWGER AR KA AR G2 DA XA RIS, X 5
ARG 38 5 miR156 F M4 R —8, F
FIH B 55 (2017 ) 7EA8h I 5 /)N 22 FOKAS 0 58 v 31
miR 160 M W AR I 038 T ASAIF 5 v, 76 IR B 38
Ji miR160g_1 ik T ], ¥ 5L PR 3 5K 32 40 i) HLAE
T A A 2 A5 5 30 B DO 78 B AR L v & $5 A4E
. Pourcel %5 ( 2005 ) 52 % B miR397 (1 #EJL [l
BB OC, 5 4 RE R BT R 1A PO R IR
BE B3 o R VDA OG . T AS B B ARG
5 HREM A miR397a_3 5 F iR IA, HEL R
S5 PR IR A AL ( L-ascorbate oxidase ) 43 &, 7] fig
Z: 5 PR PUIR M 1R S 1A 16 % 322 38 1T 39 5 A0 I g 3
fEJ7, Li % (2014) #5827 miRNA XK B 38
A Y & B, miR160 . miR164 .miR394 . miR395

1 2 3 4 5 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1. 4t A 2. AR R, 3R, 4. B SR, 5. E N 6. W RIEG 7. ZAMA PRGBS, BT, 9. BRI,
10. 55155 10 QUM A AR W R A 5 12, ZHEHUADRE; 13, A=K 14, 400105 15, A00ELS; 16. AUNEAE; 17. 405053
18. A E A 19, SRSB4y 20, IR ZE S, 21, 2k 22, B, 23. BATE AR, 24. AKX ; 25. 454 26. /5%
HFaGE; 27, fEfbihtk; 28. izt ; 29. 4540 TGk 30. - FOhRER +; 31. JiEfbimtk.

1. Cellular process; 2. Metabolic process; 3. Biological regulation; 4. Developmental process; 5. Localization; 6. Response to stimulus; 7.

Multicellular organismal process; 8. Reproduction; 9. Reproductive process; 10. Signaling; 11. Cellular component organization or biogenesis;

12. Multi-organism process; 13. Growth; 14. Cell; 15. Organelle; 16. Membrane; 17. Membrane part; 18. Protein-containing complex;

19. Organelle part; 20. Cell junction; 21. Symplast; 22. Membrane-enclosed lumen; 23. Supramolecular complex; 24. Extracellular region;

25. Binding; 26. Transcription regulator activity; 27. Catalytic activity ; 28. Transporter activity; 29. Structural molecule activity; 30. Molecular

function regulator; 31. Antioxidant activity.

Kl 4 225338 miRNA $LIER ) GO TIREM T
Fig. 4 GO function analysis of miRNAs target genes for differentially expressed

miR408 H. 47 £ ik 2 5 Sunkar Ml Zhu (2004) 7£
AT 53 A1 #0420 1 B 38 miRNA v, & B — 2
miRNA w2 ia R R i% %, 10 miR393 42 #IK
B TR mERNES R, Gupta 4 (2014) BF5E
/N miRNA XHIRIR 8 ERHE 9535 0 0 i L
KB, FEFR A AR M 3E T, miR168 . miR397
FIR T M miR172 K3k F; miR393 7E15 % F

e T Kb A AR MNE N R TR,
Sun 45 (2015) #F5E K& B, FEAR IR W38 T X 4 4G 1
miR169 B335 i 1A, {5 76 1/ I | Ak o F 52
KL miR169 AR A T T, 454 /A A58 45
HOABFIE I N E miRNA G R 36 1 e g ]
AE DR A b2k | I] — A 400 A A ) 6 DR R R ) ) 4
ZUISHY W38 (4 I E) S I BT 25 57
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Table 4  Design of qRT-PCR primer for miRNAs and target genes

miRNA %5
miRNA ID

Bk

Primer

B G
Target gene ID

5|4 Primer

Em58 (5-3")
Forward primer (5'-3")

K51 (5'-3")

Reverse primer (5'-3")

miR156
miR160g_1

miR167d

miR169a-3p_3
miR171b-3p_3

miR172d-5p_4

miR393-3p_1
miR396b
miR397a_3
miR398b
miR399k_1
miR408d
novel_mir36

novel_mir89

CGCTGACAGAAGAGAGTGAGCAC

TATATGCCTGGCTCCTTGTATGCCA

TGAAGCTGCCAGCATGATCTGG

CCATAGCCAAGGATGACTTGCCG

CTTGAGCCGTGCCAATATCACG

GCGCAGCACCATCAAGATTCAC

CCGCAGTGCAATCCCTTTGGAATT

CGCGTTCCACAGCTTTCTTGAACT

CGTCATTGAGTGCAGCGTTGATG

TATATAGGGGCGGACTGGGAACAC

TGCCAAAGGAAATTTGCCCCG

TGCACTGCCTCTTCCCTGG

GCGATTGACAGAAGAGAGTGAGCAC

TCGACTCCCACTGTGGTCG

Sspon.03G0000360-3C
Sspon.01G0019580-1A
Sspon.01G0032360-2D
Sspon.01G0004210-1A
Sspon.01G0000260-3P
Sspon.02G0011120-1A
Sspon.05G0020400-1P
Sspon.04G0022140-2C
Sspon.04G0017800-3D
Sspon.03G0028270-2P
Sspon.07G0021800-1B
Sspon.07G0017290-2B
Sspon.08G0015870-2B

Sspon.08G0003790-2B

GGCACAACTGAGAGCACACCTT

GGAGCACCTTCGTCAACCACAA

CCAGGATGCTTGCTTGAGTACC

ACGAGCGAAGCAAAGCAAGGT

TGGATCATTGGCGGCGAGGA

GATGGTGCTGGTGTCGTTCTGA

GCTTCGCCTCCTGCTTCTTCT

AGGGTTACACGATTCCGCTTGA

CCGCCAATAAGGTCGTCGTCAC

CGCCGCTTCCTGATCTTACCTT

TGGAGGAATTGGAGCCGTTGGA

GATGCCGTTAGGGTCAGGACAA

TCGCTTGGATCGTTGAGAATTG

TCGGCGTCCCTGGTGTTCAA

ACTACATTGGATGGCAGCACCT

ATGCACTCCATGCCACCACAG

TGACACCAACTGCTCGACCATT

AGAGCAAGTCAGCGAGGAAGGA

CAGGAAGTTGGGCGTGTGGA

CCTCCTCTACCTTCGGCTTCAC

TCCACCATCCGATACCTCCTCT

CGCCTTCTGCTCTGCCACAT

GGTACGCCTTGTGCAGCTTCTC

CGACATACACACGACCTGACCT

AGAGCCGAGCACCGAAGAAGAG

AGCACAGCGGTTCCAACACAA

ACATAGGCTGCTGCTAGTACC

CAGAGCGTGAAGGTGTCGTTCC

A. miRNA qRT-PCR K:%0; B. 3K qRT-PCR 355 .
A. Results of miRNA qRT-PCR; B. Results of target genes.

K15 miRNA K HALELA qRT-PCR 737
Fig. 5 gRT-PCR analysis of miRNA and target genes

A W 58 A psRNATarget, TargetFinder )N
Tapirhybrid =738 J7 20 F00 #E 5L AL, % 0 B 15
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DNHEIE PR Y 2 2 A W~ T R o 4R T 4 M o A AR
T A 5 7 40 2H 73 288 ) v T 2 IR A e
AE 2R AR T AN A M A% A0 AR W s A T DI g
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00 T T R L R A ) e R B R AR T A
WA PE R 32 1 M A 3 B b aE AR T R i
T miRNA Y38 7K 117 9 1 X6 1o 18 356 [
ek, T 51 AH SR 515 5 7 iR 2 0 A2
AR 2 X 30 B3 e 1, PRt i — 20 % 2 5
EHYMERGES LS A aRG M PELE R
G 2 EANFE UK DEN 5 RO A 0
ALEE A 4T qRT-PCR B0, A 55 & 3, miR156
FE R 5 SBP # S PR, G R 38 BT, miR156
TRk R SBP K Tl H REAE KA
AR ZZ M FERE J) 1Y o/, HEHE (2007 ) BSR4 /N
KRR A T miR160 AYEEFEN ARF17 7633 %
ik miR160f $U /G 77 H A P ek 2 B B F %, 7E 4
BT KRG B KRAFFE HHIERH miR160 . miR167 f#0
LR J& ARF (Auxin Response Factors) , %518 175 I
P K R B A BT L AR S AR R B
RETEAR I8 J5 miR160g_1 [ M5 HHAEH T
BEEINT ARF, KRS (2012) PR AR EAY
FEARIR M T miR169ac &35 T U8, X HH0 3 (1 4%
SR NAC f A48, 56 B (2013) 7EAF 58 &
LU I IR 6 i 17 & B, miR169a 7E¥2 Wi
FIC R A, M miR169 6% WA R Eik T,
U1 miR169 Z 15 2 1] e 1 AR ik A7 7F 25 55 A
FEH, miR169 a-3p_3 FEARHE M 5 F ik LA, 1E
FH 20 A 5 5% DR 7 fif L3R 2K T 0, 40 miR 169
a-3p_3 ST H AR IR 32 68 1 % VIAH G

AR A 5838 23 2R Y15 B 242 4 T TR e iy
IR ) miRNA , MU S 5P ARG R G AR
RS BEERE, MAS5RHE FER
W AR5 g AT TE R 5 R AR A G
FERPFRE, AR RIIHGAENMIAE MR
B T A A W ALY i £ il B € 22005 BE et A% 3o 45 4
F a, A ERFELI0 250 T ¥ L e 2 A FE
AR 3% & WL (Liu et al., 2004; Holt et al.,
2005) , FRATHTHI BT AL K B, A A8 B H
A A% 38 20 34 I A LA o T 5 & BE 1 R RO A 4
Fom ol B2 5 BT A B G RE R
FATEL . AT X5 3 25 53 235 miRNA B H I
HEFT qRT-PCR K560 & B, 2 526004 b Z 105
i) miR167d X} #8356 R ELA f ) S 4E T, BRI,
JREFATH AR A TS 5 A AT B
miRNA 7 F L H SEF T IR AR, WYL FE R Fh
B LN g [V TR A S
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FRIFMEBEN TREATRERAEMEN = EMRAIRMN

s, FREMN, MBS, FAR, BEAD, READ, KRR,
wAR, BEE KRE, AEE, BEE, FAE, Ik R

(1. TTPERS: RA¥BE, BT 530004; 2. [ PEALE H iR KA BF 2= B b B8 I 5 SR BE 055 i, 7 7° 530007 5
3. M T TR, F T 530001 4. )R H IR KRB R B THEW TG BT, M T 530073 )

O ORI R X RE R H A K R R A 2 FBRE O S O R R 2 b
1E) 5 2 Fta LK (Ol A HEAE 20% B F AT ) |, I T H 5 015 76 1 REAT ME AR B0 55 O RMRS A, ISR
TGRSR IT NS G, SR FH Y (s B 0 5 A AT 78 25 1 O 10 A0 S0 iR R AE | [R) A0 5 2 i H AR = L 2%
Bl TR R B e KA RS E IR MR . 25 (1) By ZBRE 0T R A A S A
FE PR ELTE B, USRS AR S5 R T 3O e i R AR R B B T - HEK A FE 10~25 em 291 0132 #5 g
T E—ERE LIRS T HIEEKGET . 2) MERYPHHHEERE S NS T HIER R AR E,
FEAT7E 35 TR 22 S b AR BEAR 2R 2B W3R 5 1 8.97% ~25.54% , I s et it AIE Ak 3851 v 5 T 78 =5 1 AL TE Ao
B T ARREYED ST IO/ ERS BAAEE N HIEREIRE T 4.2% ~ 13.1% ; £ 2 iE A0 25
ZERHEBINFE AT 5 H R B T 16.27% , I FLIR RS RT3 S5 40w UG AE v CRE AP 25 e m T
5.95% . (3) B ZB R4 PERHER] T & H RS BT, X L TR A R B E TR E SR R RS T
HRERET SR JF HLAE M RELT 4l o VT EREE FE OO0 BRI BERE A A R T 2R LUK B RS AT 55 T A
SRy A 28 21 S R b AR AR PR R T 5

KR Y PERE, REATEEE, ORI, HEER R, M 2EHME

RESES . Q945 XEAARIRA . A XEHES: 1000-3142(2022)11-1854-11

Effects of protected sugarcane field on soil preferential flow
and root biomass and yield quality of sugarcane

Wi B 2021-03-28
BEL£WA: IR AR S#E 4 (41661074) ; 7 “Hrith L+ E T A4 TR” €30 (2018221) ; ) 74 1 5 9K 2h & K & 101 (4 F
AA17204037-3) ; T PER ML Bl 27 B 8187 A A3 B (kR BF 2018YT08, #E & £ 2021YT040) [ Supported by National Natural Science
Foundation of China(41661074) ; Special Fund for Guangxi “New Century Ten Hundred Thousand Talent Project” (2018221) ; Innovation of
Guangxi Driven Project( AA17204037-3) ; Innovation Team Project of Guangxi Academy of Agricultural Sciences(2018YTO08, 2021YT040) ],
E—1EE . BATEE(1995-) BULHgE A AF 58 O A ARl 3 IR A FE 5 R, (E-mail) 562866447@ qq.com,

TBAEIEE IR WL BT O IR ] AR A BUBR IR A 5 A R A S R A S (E-mail) jmhu06@ 126.com,
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HUANG Yuming'*, LUO Weigang’, HU Junming”", WEI Xianghua', HUANG Jiaqi'?,
CHEN Shilin'*, MENG Yancheng®, YU Yuefeng”, LI Tingting’, ZHANG Junhui’
ZHOU Huirong’, HUANG Zhonghua®, WEI Benhui*, CHEN Yuan®

b

( 1. Agricultural College, Guangxi University , Nanning 530004 ; 2. Agricultural Resource and Environment Research Institute,
Guangxi Academy of Agricultural Sciences, Nanning 530007 ; 3. Nanning Irrigation Experiment Station, Nanning 530001 ;
4. Cash Crop Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530073 )

Abstract; In order to investigate the effects of conservation tillage on the soil and sugarcane growth in sugarcane field,
the study set up two farming methods ( conventional farming, smash ridging) and two fertilization levels ( reduced
fertilization by 20%, conventional fertilization) , and covered leguminous straw near the roots between sugarcane rows
after the sugarcane seedling stage, taking the second-year stubble cane as the object. The dyeing tracer method was used
to determine the characteristics of preferential flow in the sugarcane field under straw mulching, and the study also
determined and analyzed sugarcane plant height, stem circumference, underground root biomass, yield and quality and
other important agronomic characteristics. The results were as follows: (1) The soil preferential flow in the sugarcane
field under the smash ridging was fast and active. The addition of straw mulch reduced the degree of soil preferential
flow, increased the lateral transport capacity of soil moisture in the 10-25 cm soil layer, and improved the soil water
storage capacity to a certain extent. (2) Conservation tillage of smash ridging under straw mulching improved the root
biomass and yield of sugarcane. The root biomass of no-tillage stubble cane under straw mulching increased by 8.97%—
25.54%. Compared without straw mulching, the biomass of the underground root system during the elongation period of
the straw mulching stubble cane increased by 4.2%-13.1% under the reduced fertilization treatment; In the weight loss
treatment, the sugarcane yield increased by 16.27% under adding straw mulch and smash ridging coupling, and
compared with conventional fertilization without straw mulching, the yield increased by 5.95% under adding straw
mulching. (3) Smash ridging conservation tillage was beneficial to improve the quality of sugarcane. Compared with the
treatment without straw mulching, the straw mulching under smash ridging tillage significantly improved the apparent
purity of sugarcane juice, and the fiber, brix, pol and sucrose content were all improved. In summary, no-tillage straw
mulching can be used as a protective production regulation method for sugarcane fields in smash ridging red soil slope
farmland.

Key words: conservation tillage, straw mulching, soil preferential flow, sugarcane root system, smash ridging

Bk b Ry 4T R M R A 2 —
B 2 A AR AL TR R 9 R A R Ry
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TS, VR b 1 3 5 R A0 2 5 i 2 Bk M 5 = AN
KA 7= (4 B4 2018) , KL, R g 42 TH bk
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IR ST R A B KORN ¥ 38 o - R LB
S R HER)Z RS B AR S R s 4 (B A
85,2010) 058 3 10 & A (9 I3 Bl 7K 3 PRk 1) £
BHZEAS 1 ROK R (& F4,2016) , [A] B

Wt AR 5K R 55 A AR K FH 1 & A T
Z—( B W% ,2018) , BRI VKA (2019 ) XA [ /F
YRR P it LE A o e B, BRI Se i &4 &
FRRE ey o PRAPPEREAE o — IRl W] 4 2 A 7
FOR 83 G 0 B B e A o A5 A D A
Tl HC S A 2 6 R — ol i R A DR AP M B4R A
i, CAEKRE /NEE RS BN R A 7
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AR ,2020) , AT A3 fin b 2 66 B sl 20> b 17 4%
bW 205 A 1 (S I N O = ot R T S R
(Jordan et al.,2010; 350 % 2019) ,

B AR 2 S PR A S R T T Rk & R Y
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— TR A [R5 e Jo A xR Rl 2B i Ry
W IER LR S LR R D G E
85,2006) Bl T A R AR AR, AT B b
BRI 7 LA RO i BT R SR B A W B T R4 T 4
FHHE A3 i AR e T R AR P A A
CEUEMAES A, TR, B BRHER 2 T
HREAR ™ by ZB RV N - 0 e 0 e B 1, 4T B 1
SRR, S E m Ak B, S R SE R K )
g #ETZ 0 NSy A REA K . A Ok 28
VEJG G B O 4 b e - 8 454 I 1 347 b 1) 52
e R IR AT

H SRR R 21 4 5 M5 R b )
B2 FAEY) (Jonathan et al.,2005) . KEM-IA A
T PR A7 A HEK I AL BE | 418 F T R Wi 2F | 90 BE I
R, B REPUENR B8 ) (JRIAAREE,2004) (HAZ
JE I R T e 5T DR AP 2 52, 398 1 ARSI 2
MHAE A 7=, SRR G RHEM R 2 T8
i, (8 T BB 55 00 R — o Sy AR B 15 AR
PR O X (8555 ,2018) . AR STE
PRI IR AL e B b - HEZE G | FE by 22 R IR b BE 7,
TR0 b Ay B I B b A5 SR A R A R R R S
P, DA S5 #1758 55 55 2 A7 S Bk 1 Bk R 1 A TR
X G I RS A T X0 Ry 28 e B 1 B R A
DB SE TS WA R AIE 1 BIF 5, 2% D A T 8 5 % B 28 T
I AR 2RI AR W R RORE O T A S e DL B
SRy 1 7 e R R R L R R A bl 7 - R 4 A
TEHR AR AR

1 B BRI 5 B % 7 ik

1.1 ARRXER

I T 2018—2019 4F- 76 /g 7 11 b & BB Al 45
(107°21" — 108°6’ E, 22°51’ —23°21" N) #1T,
TR b Sy B AU I Bk b (3% BE 8° ~ 10°) WY FF H AR
X, M M A 2T SRR - M 3 pH 4.2 4FE Y
FERT A 1 400 mm, AALH 19.9 g - kg, A
F1.33 g - kg, WM 0.555 ¢ - kg, =44 9.98
g« ke AN K 77.7 mg - ke, FHIRIECHE R4S 2
AEAE AR AR HRE L, SRR (R 2019 4E 3 H 25 H
(Hii) 5 715 H(4rBei) (8 J 20 H (fKIH)
12 A5 H OB .

1.2 iR 561 T FA M B &2

SR HBEHLIX L1511, 3k 22 BE (SR) 53 #
BHECCT) 2 B BB, By 28 BRI P 92 e 4 e
BN SR 1) ) T IR AR 2 B E TR R
5 40~50 em, — IR PE5E L A R TE N ZE, H B
YER W ARG it , BEEIREE o 15~20 em, 2
P05 =2, ) B 35 8 R0t I ek i 20% 2
Rl AR 72, W RLREAE , BIR = e B AL (A -
W AN 16 : 16 1 16)2 250 kg - hm™, 43 2 K ifi
FH, H bR R OIE 5 70% , )5 WK B B i S
30%., Jda 20% e, BPRHH = Ju 2 A (A -
W : M A 16:16:16)1 800 kg - hm™, 4> 2 K ifi
FH,H R R B s 70% , 5 Ok B B S
30% ., 2 Pt AL Ty A B R AR 55 RO RS AT
TEALEE A AR R T DK KBRS AT 42 252 kg - hm?
e HREAT A AR BB 30 em, K EFEFF TS N
1.630% P 0.170% K 1.857% ., ik L% 8 44t
HO3WREE , /MK 87.75 m*, KGR H
Ti) J At AR 1 DL 2 2018—2019 4F [ FR = T 1 1
IR, AL R EAARSE E LF 1, R B H R S A
FERE 42 45 R B RCZE JERD W5 FhoAE J7 1) 98¢ < ™ =
RUPEFp R Fii Sy 6 1A WBUZER . H E) 4
PRER ) PG R H AR P AT
1.3 MEmME A E
1.3.1 B3R R 2 fERA AL BN X PN 36 HL
— Qb A= S S LI R R R T A A R
G TERR R E A K 50 em, 5 40 em
(45 JRAE | Bl AR E N 20 em, PEEERT 5 d N TCIE
T 2 A ) M R A 0 K R 22 S 5 e A S U
IR , FEHBTAL PR SS  BCE WA S ¢ « L AYIE
FH LA VAW 10 L, L 200 mL - min™ B9 3 B 5 15 W
By SIWEWGTFRE 5 I, R B L 5 TR 5 T 3 Y 7 45
Wa B — 2 MR T &8 J7, 24 h 5 8 W s
FE 0 €8, X S E A7 42 B, 3 BT A 5 19 A 10
cm A0 HE A2 4 4 4 40 em x 50 em B 355 T
B R ST 5 Je AR A MLEEA T 8, s R
i | Photoshop CS6 B {4 4b B | K 4L {0 [X du A% Ay B
o ARG R S e, A B E 0Y RR E EHR
F A Image Pro Plus 6.0 # 4/ i 17 B & 5 B it
BB R E Ay O (FRAEEARER ) A1 255 (TR R)
ZH AR A B SR, IR A Excel 1, 11
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] —47 i BB % BB BB E Ay, B £
BRI g R,

1.3.2 HERLBERABE L RN T TEREH 2 4F
Ty H e N E R BB (WL B MK

199 BN ) D H AR 2R, 2019 4E 9 H 15 H
12 A 1 H BUREI A5 A BEH R A e A i M
TAEYE 2019 4 12 A 6 HaWcH #E, = & H
RERERE S HRELF 4R o RV ERRE  REVHOLAE

B REFREFF9 508 R iE DL S 2018—2019 4 [ 5N

Fig. 1

1 ARAEEE

Table 1  Description of different treatments
Ui AR 20% W HLE N
Reducing fertilization Conventional
BEE Tt by 20% fertilization

Tillage style  prerrme perrmss  RHFFES RFES

No straw Straw No straw Straw
cover cover cover cover

WL CT1-1 CT1-2 CT2-1 CT2-2
Conventional
tillage (CT)
B WA SR1-1 SR1-2 SR2-1 SR2-2
Smash ridging
(SR)

1.4 HES AL E

% Fl IBM SPSS Statistics 19.0 % 4 4> #r,
LSD WA AT 2 8 A, 25 55 W K-8 P<0.05,
% F Microsoft Excel 2007 &,

2 HER G4

2.1 FEFFESEXTMZE AP H TR RN

M TR AL BRI A 4 A b g @5 T, ST
32 ALY, P RS A H 1 A T
BHAMARME RS AT s, h 1 2 WA R

Decomposition characteristics of soybean straw dry matter and rainfall in 2018—2019

FUOBHE RS R EBAEPYELRZE 0~20 em I
JEE V@ I P, 93 28 B AR R T - g o ) v e o VR
BIKTF 20 em, ULEIB ZZHHESR & TIR)Z LK
SYABRE ST, ERUBEVE TR, I B b Y X E
FoRE 1 oA, e fo i ALk 809% LA L, T BH H MR
FEH B ABEXFEURTR I E, HE
HHET 20~50 em LJZVERA MR ML A EERE
Gy A, e AR SRR A TR A Ud TRy 28 B4R TR
P A 4 35 Jo 3 AR e e bl & A

P P 2 TR U i A Ak B H R BEAE R R
7 55 e i B TR A R, Ul
W RUBEE T v e it A Ak B S S 0 RS AR 56 RE AR
TR ABRETT ., M ERHE TR A S
HEYL A PR B /N T ICRS FE A 36, OF ELRS AT 55 5
P 39 2 o DX s A KT RRHRCRR Oy 32, % 8 X3 L
A ULBH M 2B BEVE T U6 A it T Ak 3 S AR A
PR S — B E RS T R kA,
i T 38K 22 2 P FE 10~20 em )2 T H 9E AT
HmE,

P P 2 AT ET, R A Ak B | H LB T R
FREEw e e e i BUN T RS FF B 25, O B
Y fo DX I F— ), 1 JC A AT 2 55 R 3 0 ~
10 em +)Z 0 Bl Je @ X 3850 10 5 1 5 , Uik e
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Yy 42 &

K FE M Horizontal width (cm) K M Horizontal width (em)
1] 10 20 30 40 0 10 20 a0 40
F oY, = B i

E-is o £ g
= =2 = .’:_
g0 = E
5 -2 3 z
2 =30 2 2
235 o =
% _4p B #
L s - & e =
41 =45 CTI-1 =i —45] OT2-1 ot
=50 =50
KE M Horizontal width (em) AOFE R Horizontal width (cm)
0 10 20 30 40 0 10 40

- —!Ul =
5 -1sf - -
s "(ll ! S
£ 2 B
S -5 =
@ =30} @
# -35 i
= B
it —40] b
H 43 CTI-2 H -4s] CT2-2 H
=50 =50

P Horizontal width (cm) AWM Horizontal width (em)
0 10 20 30 40 10 20 30 41

b I3 E Soil depth (em)

=45 SRI1-1 -45| SR2-1

KRN Horizontal width (cm) A Horizontal width (em)
10 20 40

S-1s
-=
a=-20
e
2 = =25
3 @ =30
-35 ‘i’h R
- 40 g —40
-45 SR2-1 +-a5 SR2-2

-50 -50

B2 AN [a] A B A SO S it e B oA R R

Fig. 2 Vertical distribution images of soil preferential flow under different treatments

PL 3 ASTa] A P A s ) o e o 1T AR LE

Fig. 3 Dyeing area ratio of different treatment soil profiles

g, d I Rt A Ak B e R FE A B A — AR
JELIEZENE W LR Z AL, KRB, B
ZERFE RS AT 56 8 H e o 1 BUK T RS AT
B, I H 10~25 em + 275 RN K A4
et BRI EEVER A B I, Kool

iz A2 LLOL S B 21 N A% B W H it JIE
Ab PR R S ST RE B )= LAY FLER
&AM TR 10 T as ¥, 15 e ik oK g

ST X A Ak B A S v G i B (18] 3)
By ZEAFAE D7 2T, JO RS AT 5 Ak B 4 9 e 40 1 A
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L Bt S R A 385 v o /b JEG e i A Ak 2
A R AC AL B AR E R T 7 em JF Y ETH A L
FEAR 2 40% & LIF, IF H 10 em + 2 LU W8 i
JIE Ak 38 - 48 e e T R LY R R R I Ak B Ry 2
BEAE T U RS AR a5 4 49800 1 e 2 1 B L B+
JEUREE 3G 0, A 52 30 56 el 2D I 4 s 2D
s H 10~20 em + 2 G rm AL H g i, O A2
ol 5 S A 38R v N R A S S T e TR
FEWD, WRABHE T, TR A E S 0~ 8
em 2 Y, A L 60 B LL B R R AR 1
TS BE R A2 R ST AR AR 80% LA I, i W]
4 0~8 em ¥ [ Y £ 587K 43 D3 3 9 JE =X
KHEAB,TE 10 em 1 )2 B Y 0 1 B EE s
A I HAE 16~20 em -+ 275 Bl N Y A 45 1k
BB RS AT B 55 5 S R IR B PR
K, R 25 4= 2 R 3 18 o, = 50 ey e €6 T AR EE O
DA NG X L A — b B JE RS R 5 TR
—+ERE PR E S DAL KT
FEAFE 25, (A 4 W T 7K 43 A 1 3 vpoi (] 38 B 0
AT E A

B I R R T 2 s e T A M S T 1 R A
BE. B3 AT, SR HUBREAR L B B HEHE T £
LU UR B, AR S R AR R O H £
) T g o R B BT, UL Ry ZE B AR S v T
BER K IRIE LR R EM ZBHME T, X
LU GRS FF 2 5, USRS AT B 55 e b ) T g o 1
LI 53T 2% 6 — )2 et m FL LA R,
SEA 1 SO A 0 58 T B4 A AR 4 AT, U
WIRS AR St T R HOK R mis B Re T .
22 RHABEMNMERPHEERTREALEYE
sl

HIZE 2 W, By B HEAE T, [Al— Ak 3 b ) S #F
B W REAP I 5 A e AR S RS AT
WO 25 5o B B PEAE TR TR A | s
b= A ) 35 KT ) — kb B BB, 43 S 4
T 4.22% ~41.55% .0.66% ~37.55% , & MAAE
T A A0 FEH RE AR 3 A R R R AR
S CT1-2(2.086 kg) .CT2-2(1.872 kg) . CT1-1
(1.838 kg) .CT2-1(1.656 kg) , & F1 78 75 8 o Fs FT
B M A E RN T 13.04% ~ 13.49% ; 4% &b
PEH R LA . AR W i s BRI CT1-2

(2.591 kg) .CT2-2(2.304 kg) .CT2-1(2.034 kg) .
CT1-1(1.835 kg) , R FH8 e S LA FH A 25, Hb A=
PRI T 13.27% ~41.20% , Ui W1 % MHRVE T 75
FF 7 35 A R TR 2E H e 2B Wi i

FH % 2 AT, 6] — &b B M 2B HRVE T H R
K04 T AR R AW 2 T EE OF BLFS
P2 55 HREAR I BT T AR R A i 3 T W — Ak
PR RS A 5 W AR VR R A B SR B RS AT
BRI AR R AR T 2.17% ~
18.18% , By B MV T 5 #F 28 15 4 T 7 A 7 5 1
K N AR R AR T 2.07% ~25.54%),
S it A Ak RS IR A o AR T O
i I AR R A i, U RS AT AT S5 A R TR
HH MR R A K, TR 2 B by 228
ETHEER PR R A Y & T BHE B2 % W
bR AR A B ZBREVE T BRI AT
W HBEE T IRAAY B S THMHE, F—
Ab B b R AT AT S AR 2 AU H AR R b L
Ay AN T -5.29% 45.90% . -0.83% 17.17% , &
Fili 7 5 R 00 2 i 0 T AR R o L S
T 31.07% 35.39% .28.44% 17.97% , % b al 1,
T REAR R 9 25 K 32 390 B A A 0 1 Y 5 e A
K, FEAERE 55 8 H REAR AR B AL T 0 A IO 5% 7
— B R b H R AR T HE BT AR R IR Y
IR R B H R
2IRBHEBEEXNMERPHEEETEREZERER
FFERNEIE

P L 4 R, ] — &b B v H R T 4 AN 43 BE
(AR R AR — B0, BARS AP 35 )5 19 H RE AR = 5
FFEENHERR TR E XS, W—H
¥y ZERHVE T R R I bR v 2 T AR B
ZERFVETS B RE AR 0 R = d s BRI SR2-1
(231.4 em) ,SR2-2(228.0 em) ,SR1-1(219.8 em) .
SR1-2(217.0 em) , XJ Lt [F] — &b 34 o KB A 185
12.7% ~34.7% , & MAAET , H R IR = H
B EEAK YK CT1-2(192.6 em) , CT1-1( 187.6
em) (CT2-2(178.2 ¢m) .CT2-1(171.8 cm) , s FF 7
TH MR IR = L R AP SN T 2.7% ~
3.7% . [al—AKb 3 B E BUBRE T 8 A I Ab 2
(CT2) &b, £5 A B RS A1 7 55 TR R DI 2 1
TR RSN T 4.2%~13.1%, HiE
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Table 2 Underground and aboveground biomasses of sugarcane during elongation and mature stages
H M4 Sugarcane elongation stage H I Sugarcane maturity stage

A wigmi IEE S wemn masw oweews BLER S weme mmaw
X 20 Aboveground R % Total Root Aboveground R % Total Root
Deal with biomass bi()r(:;%% biomass ratio biomass ]’Ji()I(;I(:i%S biomass ratio

k, . k % k . kg %

(kg) (ke) (kg) (%) (kg) (ke) (kg) (%)
SR1-1 2.208ab 0.184bec 2.392 7.69 2.524ab 0.283a 2.807 10.08
SR1-2 2.174b 0.231a 2.405 9.60 2.608ab 0.261ab 2.869 9.10
SR2-1 2.344a 0.145¢ 2.489 5.83 2.721a 0.233be 2.954 7.89
SR2-2 2.234ab 0.158¢ 2.392 6.61 2.548ab 0.254ab 2.802 9.06
CT1-1 1.838¢ 0.176bc 2.014 8.74 1.835d 0.232be 2.067 11.22
CT1-2 2.086b 0.208ab 2.294 9.07 2.591ab 0.256ab 2.847 8.99
CT2-1 1.656¢ 0.138¢ 1.794 7.69 2.034cd 0.203¢ 2.237 9.07
CT2-2 1.872¢ 0.152¢ 2.024 7.51 2.304bc 0.206¢ 2.510 8.21

T WP R/NG F R AR R L B R 22 53 3% (P<0.05) , R A|,

Note ; Different lowercase letters in the same column indicate significant differences between different treatments ( P<0.05). The same

below.

ARG T8 R 7R A [ 4b BEE] 25 5 3% (P<0.05),

T,

Different lowercase letters indicate significant differences between
different treatments( P<0.05). The same below.

K5 AN [ 4k 237 AL RE 2K
Fig. 5 Stem circumference of stubble

cane under different treatments

K 4 TR AEER A AR R

Fig. 4 Plant height of stubble cane
under different treatments

FUBRVE S 9 i it IE Ab B AS A 7 55 (CT1-2) LLICHS
FFE S (CTI-D) BT 13.1% , 358 8 & 1 25 K
F(P<0.05) , Ul B S FF 2 35 47 7 H RE AR S Y
K,

FH 5 AT, 25 Ak L H R 1 1 25 B AR — B,
[F]— A3 rf oy 28 B T T 43 BE 01 25 1 1 W G

T EBHE, O RSP S 0 RS T
PP SN HEERE TR 25, H A
BGAR 45 b 3R] H R 2R RO 1 3 25 S Ul RS
7 5 6 H R 2K R IE s2

HEERZAE R H R~ B W E R —, i
3 AT, [ — b B R ZE B BE RUEEE,
TERACETILE T 1.79% ~50.33% , Hvp 8 # it AT
A3 Ry 2B HEAE R O 2R KT R A
VB, B RCERNIN T 2.44% ~20.51% , H e 1




11

TATEA ST« DRAP I RE FHOOS RO S U 45 AR AR AR W e R i BT S 1861

x3 AELETHESE

Table 3 Sugarcane yield under different treatments

o mie %k
NET WK EEC PR PR

A3 Single stem Density  Millable Thretical — Actual
Deal . . .
ith weight (plant +  stalks yield yield
A (kg) m?)  (plant - (t- (t-
m?) hm?) hm?)
SR1-1 2.07+0.08bc 6.2 3.9 80.73 98.95
SR1-2  2.27+0.05ab 5.7 4.2 114.24  115.05
SR2-1 2.30+0.03a 6.8 4.7 108.10  108.59
SR2-2 2.30+0.05a 6.3 4.1 94.30 106.99
CT1-1 2.00£0.03cd 5.2 3.5 70.00 67.26
CT1-2  2.23%0.11ab 4.8 3.7 82.51 98.33
CT2-1 1.83+0.08d 5.6 3.9 71.37 70.11
CT2-2 1.53£0.07e 5.1 4.1 62.73 68.97

JNT 6.83% ~55.13% , ¥y ZBHHE T H 4 3 il 5
Prore bl g B AR K SR1-2(115.05 t)  SR2-1
(108.59 t) .SR2-2(106.99 t) .SR1-1(98.95 t) , i
it A Ak B e R R 25 R CAE AT I, HORE T
PR T 16.27%, B ZBBHETS U it T Ak 2R 3w
Pt AL A 3 HRE 7 5 AR T 9.74% Hoak 3 i 2
22 SR T ek e bt L Ak B e S R B TS AR
B AL h JC RS AP 5, P R R T 5.95% , H LB
VEF, s a it A Ach 34 vy | G P a5 B O RS FH A A7
HEE e R T 46.19% , 156 B s i it A Ak LR 7%
JINFS 178 25 BEAS 1K B 1 77 SR
24 BABEMHZERIPHHERRNZM

TR (R R T 2 DA RE T L 2B | 2T 4k 4y T
TR B TR 43 ( commercial cane sugar, CCS) 45
TR, H12 4 ] A A b B R A Al
TE 84.12% ~ 88.55% Z I], 5 & M BFAEAH LL, ¥y 22
PHET HRE Al B4R & 1 0.1% ~3.7% , Hoh
ok 2 i A Ak R B R A Ak B e R RS AT 7
J& B ZEREVE T RETE IR 4B B3 TR LR, O
L[] — 4 P e 7 25 5 O A A o R T R 2
BET 0.7%~4.3%, WL Y457 14.11% ~
14.99% 2 18], 5 % MAVEAR LG ¥y B HHE S H LT
Y PE T 0.8% ~5.0% , I H[F]— 4b 21 rp FS FF 7
SRR E S H A4 5 m T 1.1%~3.3%,
REVHERBEAE 22.27% ~23.87% 2 1], 5 % MLHFEAH
o, i ZBHEAE T eI R E R & T 3.6% ~6.1%, If
L[] — A B oA 2 5 2 O S T B 5 R VT 4

BT 0.4% ~3.3%, 45 4b B ) BEVH AR JE 22 R A B
¥ BECHETE 20.02% ~21.41% Z |A] | [7]— &b B o
RHEGRILHAE SR OCERST 0.8% ~
2.7% ,HETT REBE 4> #£20.77% ~ 22.62% 2 [A] , [F] —
WEh R E SR AR E SRS T
3.0%~6.5% , ViKY ZEHHE RS AT 3T 5 24 %0 2 =
AR A SR

3 Wik 5 &b

3.1 RIP S E X LR RA RN

R R R T W TR [ Ak B EH (] - K
SIABIE 3 i X Y I8 S BUR R4 T 4347, 48
AN TRIBRVE A% FF 7 55 )5 Bk 4 39 08 S 3 43 A
FHIE (van Schaik,2009) . BARIBEVKSE (2019 ) F FH 4%
RERIR R I, R e R S A
WALBRBCE A 2, ARWFFE LB, M 2 HEE T AR
SETFRE R TR HUBE, o7 RS K s 22 VR TR
KT H B, SR T P4 SR8 0~ 50 em 1 3EiE
VAN, A RLRAR T H A&, B T B FLBE, A
MR T HHOK N BEE T, X 5250k % (2013)
WFIEEE R —B, HARE S (2017) fF98 K30, RS AT
TEAEHE N B R Y[R e WD TR R X
et AR R 2 B R ARG B, H B
Ve AP USRS AT 7 S5 58 T R TR IR B, +
e A R, E— BT LR T Ky
ANBRES ., ARG KB, By ZBHEE T, ok 2 it A
Ao B RS P 55 S R A ) 1 Y £ VR D
> 10~20 em 250 B Y 66 B A, BRI 2 +
A eI K B i TR, 38 4 HE K 43 B8 1) 42 6 Bk
I1 38 T R K ARREEE T, 1 R A Ak B A
BOIMAE AT 35 )5 TR 2 R8O e it kA R R oy Ak
FEBERE G , A7 A8 K B 26 RUBS: , AT BE 2 IR Ry AS [) 11
T NE 7 X L B A B R 2 AN [R], F5 #1685 7
—EFREE LS T R IEOALIE, DT 55 AR S
TR X SVEE M SE (2009) 2 (2009)
WL R —2
32 RIPHMEENEHEREZEEVERTENZMN

Tl A7 26 0 22 S B AR P i BE VR AR a0 T H EAR
RAK N T 0 Al By AR, HORERR
FZE R E H =m0 R E M FE ()& 0%
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Table 4  Sugar quality of sugarcane at mature stage under different treatments
HETH WLl e B HETT HEE et FIAL T IR
41 ; : 4 )
Deal with Purity Fiber Brix Pol CCS Sucrose
(%) (%) (%) (%) (%) (%)
SR1-1 85.70+0.27hc 14.41 23.10+0.21a 20.18 14.71 20.91
SR1-2 88.55+0.52a 14.89 23.87+0.90a 20.72 15.20 21.51
SR2-1 84.21+0.60c¢ 14.71 23.63+0.22a 21.21 15.18 21.24
SR2-2 87.87+1.06ab 14.99 23.73+0.41a 21.41 15.43 22.62
CT1-1 84.96x1.11¢ 14.29 22.30+0.59a 20.02 14.57 20.77
CT1-2 85.59+0.77he 14.53 22.80+0.15a 20.17 14.69 21.68
CT2-1 84.12+1.13¢ 14.11 22.27+0.58a 20.21 14.35 21.10
CT2-2 84.74+0.67¢ 14.27 22.87+0.71a 20.55 14.53 21.74

25 2020) ,7F 4 7% (2009 ) BF 5% 2 W5 F1 3k H RE
W R B MIR RREAIR e A T B S AL B
MEEFLBUE, o HIEAE )y, AR 4SRRI,
¥y BB ERE IPEE, B REAR S 3N T 12.67% ~
34.69% , HHEF= B AN T 6.83% ~55.13% , Horh i
et A A 3 Y Ry 2B B A S R A B 55 R
PEET 16.27% , HS INAS #7855 388 B it IE g
TP S PR AR T 5.95% , % LB IR I A A1
B ERE T 46.19%, AHF5EIR K, 8
ZERHVE T RS AT 55 B O R AT 5 H AR B R
WA RN T 8.97% ~25.54%, XAl felH Ky
N IS 7 56 ikt O R T X - 39 )2 ) L i)
T 1 ol LS A B IR, 0D T /K 3k (X 4T A
45,2020 ; 5K GE N AT, 2020) , [] B R AF 65 4 3 T
AP S,V R R R TR T R
MO (22815 2009) , HEER R KA A F T
PE i TOKRERI =, DO 42 2F H e A K 4 = 7 i
ABEFE R, B AT 55 B0 HOREAR & o5 b RS
R1iA 37.24% , JORSFTF B 3 A0 H AR R 7 e
I =ik 35.39% , il fe e RO RS AP a5 ks T H
FEAR PR 3K B A HCR DL, £ AR R 1 2
BRI R AR I 76 H 8 A TR R W e
KRRy BB A I AE K AT, IR A
B, FIERBK S ARBERERZ F—ERE L
T 5, BT AR AR B 1) P R e K M (2 1
4,2019) , R AR 2 1) TR 2 8 A < DA i - 5
R)Z K 5 (R4 ,2019)

3.3 RIPHEEMNHERERRNEI

S H R 43 B b TR R R A 2 A
Ak B8 TR KT H T AR 2 0 5 e A K (R S S
2020) , HHEWE S 0 A T R Al B £ 4k 4y
TR B B R R ML OB 43 AF 7 AR B (PR A OHE AR
2007) . ARWFFEH, K ZEREVE FORS A28 35 2 BB A AL
Pem s oL, o [l —BEE R R A S R
TR, W48 T 1.1% ~3.3%, i
R T 0.4%~3.3% , 55 C R 70.8% ~
2.7% FEVTIERE 3= T 3.0% ~6.5% , Ui By 28
BEE T e iR REAE RS FF 2 36 A A Mo B 48
R T, 3 AT RE B Sk G B AR R AR A AT
ZAF TR T B ARG, R R LA B AT H
FEA R A 3 B (B4 ,2007 ) |, [A] B A% A 2 2
AR FE T H 2 A 900 R i L X R RN B A b
REWALEEN, E KKy N BaE, A FF A
SRIBEK BT IR R 4 5 T H RERERE R,

Wy ZEREAE 7 X A AT B 26 AR 2 3 0
M, mIRE K m s e, Fl T
10~25 em 2 EK RIFHBER R ALK, &1
JREAR 2200 7K AT A R FH 2, DT 184 fm H 7 ™ o R0 4R
LT, SROBRRS FE 7 35 TR A K 2B 4T HE I B b
JE FH — b i S g O AP P 2R P s O 2

SE .

CHEN XB, YAN L, LI ZD, et al., 2019. Tillage pattern effects



11

TATEASE : DRAP I E FHOO SO S U 45 AR AR A W e g e BT S 1863

on characteristics of soil preferential flow in sugarcane fields
in the karst region [ J]. Soils, 51(4): 786-794. [ BEBEIK,
e, BRI, A, 2019 BT O DCH R 4
PLAEmEE R [J]. 14, 51(4) . 786-794.]

CHEN YG, HUANG ZR, AN YX, et al., 2007. Analysis of
main quality character indexes of sugarcane [ J]. Guangdong
Agric Sci, 34(9) : 13-16. [ BEAKE, #REG, 1%, %,
2007. HEEEZ R BHRAE bR 0T [T]. T ARRL R,
34(9) . 13-16.]

CHEN DW, WU GF, ZHOU WL, et al., 2020. Research
progresses of sugar regulation factors and sugar-increasing
application in sugarcane [ J]. Sugarcane Canesugar, (3):
43-51. [ R SC, RBEE, JASCR , 4§, 2020. HEEHEM
N R SN O R BOR (1], BRI, (3):
43-51.]

DONG YY, WANG F, HAN JQ, et al., 2020. Effects of plastic
film and straw mulching on soil moisture and soybean yield in
dryland farmland [ J]. Res Soil Water Conserv, 27 (3):
364-371. [z, £ K, SEIF, 4%, 2020. MRS FT
B R A - HEK AR TR R (1], K+
TRERIFIT, 27(3) : 364-371.]

GUO Q, MO YW, TANG LQ, et al., 2019. Effects of
sugarcane bagasse mulching and reduced fertilization on
agronomic characters and quality of sugarcane [ J]. Guangxi
Sugarcane Ind, (3): 31-35. [ 585%, =ER, JFEFHEK, 4,
2019. Jite A FH A il A X REAR 20 R AN i 5 1) 52
W [J]. 7P, (3): 31-35.]

HU JM, HUANG ZH, LUO WG, et al., 2018. Effects of micro-
sprinkler irrigation on soil water and nitrogen and yield under
banana-mung bean intercropping [ J]. Guihaia, 38 (6):
710-718. [ 15944, wbte, B, 25, 2018. FEAREIVE
A R ) AR el b K R B 2 e A AR YR
[J]. ] Va9, 38(6): 710-718.]

FOLEY JA, DEFRIES R, ASNER GP, et al., 2005. Global
consequences of land use [ J]. Science, 309 (5734):
570-574.

JORDAN A, ZAVALA LM, GIL J, 2010. Effects of mulching on
soil physical properties and runoff under semi-arid conditions
in southern Spain [J]. Catena, 81(1); 77-85.

JIN HF, SHI DM, CHEN ZF, et al., 2018. Evaluation indicators
of cultivated layer soil quality for red soil slope farmland based
on cluster and PCA analysis [ J]. Trans Chin Soc Agric Eng,
34(7): 155-164. [&R57, SLARME, PRIEK, 4§, 2018. %
THRE I PCA MW LD B2 1 S BN 4 4R
] A TREEAR, 34(7) : 155-164. ]

LU G, FU XY, LI YX, et al., 2018. Soil preferential flow

characteristics under different land utilization styles in the

reclaimed dump of Haizhou surface coal mine [ J]. J Nat
Resour, 33(1): 37-51. [ W, {407 H, =0t 2, 4,
2018. M EE KR 52 B HE 137 A W) L 3 R 4 38400 2
TAFIERTSE [J]. ASRBEIR AR, 33(1) : 37-51.]

LU K, WU BZ, 2020. Effects of straw mulching on nutrient loss
from red soil and quality of flue-cured tobacco in sloping
land [J]. Soils, 52(2): 320-326. [ £ #l, 21K,
2020. FEFFAL 0] I £ 83 57 53 Ui R I8 A 5 ik 1 52 )
[J]. 138, 52(2): 320-326.]

LIU LF, DI YN, XIE LY, et al., 2020. Effects of different
fertilizer treatments on yield traits, sugar content and benefit
of sugarcane [ J]. Chin Agric Sci Bull, 36(19). 25-31.
[V, PkSCT, IR, 45, 2020, SRR B H
REF AR OB KA W2 [, b A e 4
36(19): 25-31.]

LI HB, CAI W], XIE YT, et al., 2019. Physiological responses
of new sugarcane lines to drought stress and evaluation of
their drought resistances [J]. J S Chin Agric Univ, 40(6) :
51-58. [ZFWi, S5MMR, WFEIE, 45, 2019, HEHA R
Xof S A A R I S RPN [T, AR AR R
P, 40(6) : 51-58.]

LI YB, PANG HC, YANG X, et al., 2013. Effects of deep
vertically rotary tillage on soil water and water use efficiency
in Northern China’s Huang-Huai-Hai Region [J]. Acta Ecol
Sin, 33(23) : 7478-7486. [ ZEHRIK, WKL, B, 4,
2013. B ZERFVE RS B I TR LT 1 3K O3 K H A AR 1Y
SR (1], AA5%AR, 33(23) : 7478-7486.]

LIU HM, LI RY, GAO JJ, et al., 2020. Research progress on
the effects of conservation tillage on soil aggregates and
microbiological characteristics [ J ]. Ecol Environ Sci,
29(6): 1277-1284. [ X4 #f, 22450, & M fh, 5F,
2020. FRAP RS L 598 A SR AR B A2 E ) 2 e P 1 52 )
WG [J]. AR, 29(6) : 1277-1284. ]

LI Z, WU PT, FENG H, et al., 2009. Effects of soil clay
particle content on soil infiltration capacity by simulated
experiments [ J]. Agric Res Arid Areas, 27(3): 71-177.
[ R, SEMRE, 1T, 4%, 2009. ASEDRRL S & 50K 5
ABREIBHILI S [)]. TR AT, 27(3) .
71-77.]

LIU Y, TAO Y, WAN KY, et al., 2012. Runoff and nutrient
losses in Citrus orchards on sloping land subjected to
different surface mulching practices in the Danjiangkou
Reservoir area of China [ J]. Agric Water Manag, 110;
34-40.

SHENG F, ZHANG LY, WU D, 2016. Review on research
theories and observation techniques for preferential flow in

unsaturated soil [J]. Trans Chin Soc Agric Eng, 32(6): 1-



1864 OO MW

42 5

10. [ B3, WAIE, 2, 2016, TIEUCRBIAIIIS 5
WL A B BE 520 e [0]. ARk TR 24, 32(6):
1-10.]

VAN SCHAIK NLMBV, 2009. Spatial variability of infiltration
patterns related to site characteristics in a semi-arid
watershed [ J]. Catena, 78(1) . 36—47.

WANG W, ZHANG HJ, CHENG JH, et al., 2010. Macropore
characteristics and its relationships with the preferential flow
in broadleaved forest soils of Simian Mountains [ J]. Chin J
Appl Ecol, 21(5); 1217-1223. [ A, sKHbiT, #E4 4,
A5, 2010, U LLRE AR L AL AE SRS E T i C &
[J]. BEHAZS A4, 21(5) « 1217-1223.]

WANG JF, LIU YJ, LI BY, 2006. Effects of returning crop
straw into Vertisol on the physical and chemical properties
and availability of manganese, zinc, copper [ J]. Chin J
Eco-Agric, 14(3): 49-51. [TE &5, XI H B, ZEA44R,
2006. FEFFIA FHXH D 25 2 4 A VR S S 4 B AR A RhE
AR [J]. T EA SR AR, 14(3) : 49-51.]

WANG 7, FENG H, 2009. Study on the influence of different
straw-returning manners on soil structure and characters of
soil water evaporation [ J]. J Soil Water Conserv, 23(6):
224-228. [ £, Wik 2009. FEFFASE A H 7 2% 115
G5HG Je BRI [T]. K R OREFEAAR, 23(6)
224-228.]

YAO Q, FANG MZ, LUO CY, et al., 2007. Drought in autumn
and winter having an influence on accumulating of cane sugar
[J]. Guangxi Sugarcane Canesugar, (2): 23-27. [ W4,
HHiAR, BER, %, 2007 FAZET 500 H R
FHRN (1], ) PURERE, (2): 23-27.]

ZHAO QG, ZHOU SL, WU SH, et al., 2006. Cultivated land

resources and strategies for its sustainable utilization and
protection in China [ J]. Acta Pedol Sin, 43 (4). 662-
672. [BSILE, JAEMHE, R4pte, 25, 2006. PG
AR SO ATHFSER T S O R ()], R, 43(4) -
662-672. ]

ZHAO QG, HUANG GQ, MA YQ, 2013. The problems in red
soil ecosystem in southern of China and its countermeasures
[J]. Acta Ecol Sin, 33(24) . 7615-7622. [ &% H:[H, #H
B, SHF, 2013, T AT A R G I 9 (R L
P[], AR, 33(24) : 7615-7622.]

ZHOU L, GUO SY, CAI MY, 2004. Bio-industrial applications
of sugarcane bagasse [ J]. Sugar Crop China, 26(2): 40—
42. [JAAK, #RACIE, ZEAP B, 2004. JE i ) A2 90 R H
(1. HEREEL, 26(2) : 40-42.]

ZHANG TS, YAN LJ, LI G, et al., 2020. Effects of no tillage
and straw mulching on soil nitrogen, water content and yield
of spring wheat in dryland farming area [ J]. Acta Agric
Zhejiang, 32(8): 1329-1341. [3k4b, EmLH, 2,
4, 2020. FHFAIRSFFAL 350 AR X IR R Ko R
INEE TR [T, WL R L R, 32(8):
1329-1341.]

ZHAO LP, LIU JY, ZHAO PF, et al., 2019. The impact of
water stress on the growth of roots and above-ground parts in
sugarcane [ J]. J Hunan Agric Univ (Nat Sci Ed), 45(1):
10-15. [BXERHE, XK 5, B&ET7, 45, 2019. K HHax)
IR AR Bl AR 2 [ 0], IR ARl R 4l
(ASRBIZAR) , 45(1): 10-15.]

(REHRE HIE)



W4 Guihaia Nov. 2022, 42(11) ;. 1865-1874 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202104005

XUF, FEE, LBk, S5 HBE ScNRAMP 2N SRS 2 S5 AR MR R0 ir (1], 77 TEAEY), 2022, 42(11) ; 1865-1874.
LIU Y, YIN Z, JIANG YL, et al. Identification and bioinformatics analysis of ScNRAMP gene family in sugarcane [ J]. Guihaia,
2022, 42(11) : 1865-1874.

HE SCNRAMP ERREHEESEMERFD
&, F OB, Ik, BE

(1. MIFERMHE K2 A drRlae2tbr, I WITE 4112015 2. ZFEYsE M B 544 R M4 =808 %, B
W 411201 3. AR RN AR B RE H T S8E T A E S L8RS, 1 350002 )

# E. NRAMP % [ (natural resistance-associated macrophage proteins ) <14 15 48 4 W N7 8 4 J® W30 i B AT
FEANE, BBHEHEIE Fe®™ Mn™ Zn™ Fl C™ S E LB T, WARICH BE SeNRAMP B PH G5 (8 FAE | 12 3Kk
THRER TR Y E T SeNRAMP JE R 0%, P HEAT 1T SRR P B DR 45 0 AR T PR sF 7 |
SRR R AT, S5 R HE SeNRAMP JEH R5 &4 29 A0, A A3 A 1E 19 Sk YL fa ik
s GRS U RS E B, ORI, SN I A s LA B b A R IR ST IR A 6~ 10 S ANEE B IR
A 6~ 12 DG QA5 FEZH IR o-BRBE RN TR A 1 5 AR T T 0 43 B 26 W H BE SeNRAMP &
PR G 1 FT REE A T R A 2 5 B e R AR K R R SR A W AR s T30 985 19 RNA-seq 7% s 2 3R B0
TR LURR SR 73BT A B, ScNRAMP T2 H TEAS [0 & & W Be iy i 0 28 v HA I 28 330 5 5 HEAR A 20 B T
JBE SeNRAMP ZZ R 53 530 3 AN (1 AN ) o BT e Ak A 4K-F B R Ge s 45 T BUACHRS H
HSCRP 2 — T NRAMP SR G0, it — 20 T ff R NRAMP JEN GBI T a0 o 2 H B 4
IR0 R e S ST e

KR HIE, FIF®, SeNRAMP, FEHNFjE, B4RPH0
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Abstract;: NRAMP (natural resistance-associated macrophage proteins) , which can transport metal ions such as Fe™ |
Mn™, Zn® and Cd*, plays an essential role in response to heavy metal stress in plant. To better understand the
characteristics of the ScNRAMP gene family, bioinformatics methods were employed to identify and comprehensively
analyze ScNRAMP gene family which includes protein physicochemical properties, gene structure, cis-acting elements,
conserved motif, domain and evolutionary relationships. The results were as follows: A total of 29 SeNRAMP genes were
identified in the Saccharum spontaneum genome; These 29 genes were unevenly distributed on 19 chromosomes, and
contained 6 to 10 conserved motifs; The encoded proteins were all unstable proteins with no signal peptides and the
subcellular locations were all on the plasma membrane; The number of membranes ranged from 6 to 12, and the
secondary structure was composed of a-helix and random coils as the main components; Moreover, cis-acting elements
analysis suggested that SCNRAMP may be involved in regulation of stress and development by involving in phytohormone
metabolism; The tissue-specific analysis based on RNA-seq transcriptomics expression data of Saccharum spontaneum,
showed that spatiotemporal expression of 29 ScNRAMP genes in the leaves and stems of sugarcane at different
development stages; Phylogenetic analysis showed that the 29 ScNRAMP genes can be divided into three subfamilies (I,
Il and TM). This study can be useful to better understand the ScNRAMP gene family and provide significant candidate

42

genes that respond to the stress of heavy metals in sugarcane for further study.

Key words: sugarcane, Saccharum spontaneum, ScNRAMP, gene family, heavy metal stress

H I ( Saccharum spp. ) J& T B 1) —4F 4= o Z4F
AR E W, R TR TN Y W
( Monocotyledoneae ) /K 4% Bl ( Poaceae ) H Jif J&
( Saccharum L.) (Irvine, 1999) . H & —Fh &t
BRORIN C4 FHY), A AW 8K CO, fME SAK
i 5 R M )T ORI S e (O #OT A
2014) , HEE 508 2 A5 0, A% MK F Sx
1ox AN S5 HFE 4 K/ 10 Gh (B an B,
2011) , FACERSE H Rt A b O 5 2 A0 Bk
PR 5 At AR B 1) 80% (Liu et al., 2020)

NRAMP #5ia R 7E B TR A B 4 15, U H 2 7E
M ERE TN DA RSN, L ixE
H K 1 1k 3 & Hh s B2 PR SF (Nevo & Nelson,
2006) , WHFL B NRAMP 3 [H i & 3L 1R ¥ 51) 45 1
B KRG AR NRAMP 3 DX 0 2 5L 12 5 91 AH AL 1
I35 K 46% . 58% F1 73% ( Belouchi et al., 1995)
FEAEY R 4 @ i B b, NRAMP 25 1 55 i i
s A A E EEAEH (Cellier et al., 1995),
Méser 55 (2001) X LR T 1Y 6 > NRAMP A i# 47
TEEM ARG DAL BT B, 6 S F I R vl A 2
ANIEZ N, Hovh ALINRAMP1 F1 ALINRAMP6 {3 T 55 —
WA, AINRAMP2 % AtNRAMPS J& T-55 — W it
AINRAMP1 & PR A YL R I i 32 2 i 2R A
PR s B, T T, L) e RN 4 Jm i
iz & 40 M 5t ( Cailliatte et al., 2010) . Pottier 4
(2015) W 5% 2 155 5 % 35 ALNRAMPA 1) T Bk 52
AR o P ECHER AR RO B T X 2k B4 iz i
B oA, B 58 $ 8 ACH i 3 NRAMP #5492 26 A

(578 il H FREAR S IR Cd iz . A
I ) NRAMP Z3 65 1 b3 oA L R R etk
n AtNRAMP1 78 AR " 75 3% 35 ( Castaings et al.,
2016) , 1Ml ALNRAMP2 Wi 3= S AR 3R Bz FAR IR IX 3
ik (Gao et al., 2018) ; OsNRAMP1 758 F = K By Bt
(AR BB LA KA A 5 A= R 0 s 9 i 7 R 25 v 38 D
%3k (Takahashi et al., 2011)

HrE R EE A TAEY, 5 HAEY) — Pl
Tl 5 4 R Vs e Il @, & 4 @ TAEY A K
BETEENEN, 2 HELEE T W
Cu®" . Zn* "1 Mn® "S5 J2 MW A K AT MM TR,
1M A5 LE B 43 JE@ AN Cd™ A P> 45 it 1 B W A ) 2 1
A W) Y T 4 R 1 3 EE 2 52 7= i ( Rosa-Santos et
al., 2020) , ¥ NRAMP % (1 (4 S fE AT 5% 75 U /g
7% ( Thomine et al., 2000) . 7K £ ( Luo et al.,
2018) .+ & (Tian et al., 2021) , K5 ( Qin et al.,
2017) FIiH=% (Meng et al., 2017) MY BA )T
ZARGE {H T H BE NRAMP & A 096F5T H R %
AHE , ASBFGEFE T H R E T % Fh o 2 K A 7
H, R AT B 2% 0 J5 15 T 3% T RE SeNRAMP &
PRI G 1 WG G, 3 ok R A7 aE Ab R A | e £ K
7k PR35 4 43 A FAR, 1 Re R 0 B 45, LU O I 22
ZIER RIS %

1 #HHEF*

1.1 ##l
AtNRAMP F& R 5 W) 8 50 2R U8 T 0 /e 5t
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XIE S . HRE SeNRAMP J& R FKGE ) % 2 5 W15 B 400 1867

TAIR 4 P, H 7 4 5k PR 2 70 ik DR B SO A ok 5
T http://www. life. illinois. edu/ming/downloads/
Spontaneum_genome/ ( Zhang et al., 2018) ,

1.2 ik

1.2.1 H ScNRAMP A B Rk ah %2 ARG IF
NRAMP & [ 7 9I4E 2 #1551, £ TBtools ( fR 4%
58 v1.0971, Chen et al., 2020) i 17 5 — ik
Blastp, 7€ NCBI #1755 1K Blastp; 45 & SMART
(http : //smart. embl-heidelbreg. de/ ) X fi5 % 3& K 1Y
BAEW 7 9 a5 Wy W k17 4, Tah BB A &
NRAMP {5 45 44 35 Fp 51, £ B 1 1 B O H
SeNRAMP FERI KT IR

1.2.2 %k 224 FIH ExPASy 7F £ 8K 14
( https://us. expasy. org/tools/protparam. html/) X
SeNRAMP 3 ] 52 5 4 8 1 9 55 HL L 0 3 L)
IR B K AN BRE R EORUIR VA 18 B05%
FAL P B AT 4 7 S0 5 K1) SignalP v4.1 Chttp://
www. cbs. dtu. dk/services/SignalP-4. 1/) 1 CELLO
v2.5 (http : //cello.life.nctu. edu.tw/ ) 435 X 29 %&7E
I 8 #4745 5 JOR F9T 000 740 S0 240 0 7 57 73 # o

1.2.3 &8 =R &M MG >4 FIH
SOPMA ( https://npsa-prabi. ibcp. fr/cgi-bin/npsa _
automat. pl? page =/NPSA/npsa_sopma. html) 53 #7
NRAMP % 1 By — 2 25 44, M i TMHMM Server
v2.0 (http://www. cbs. dtu. dk/services/ TMHMM/ )
ATz H SRR B A

1.2.4 & ScNRAMP & B 4% 7 A 5 | 4 M3k &k
B4 #Mey o4 5%, FIH MEME (https : //meme-
suite. org/meme/) FlI NCBI-CDD ( https://www.
nchi.nlm.nih. gov/Structure/ cdd/wrpsb. cgi ) £ I H i
ScNRAMP Z2 16 3k DR v Jie £ 16 AH AL BE 452 e A 6 7
( motif) FNF: 5T 45 #4388, ( domain ) ; SX J5 , B F & R 41
TERESCAE, JAF G 5 N & 5 KA o i s
O s B, FIH TBrools BRAX HEAT AT IRAL S 47
1.2.5 H# ScNRAMP Jk B 5 4% 0 X AF A A 49 2
#r $EHL SeNRAMP JEIA 17 3 000 bp J¥5I4E N H
JFE NRAMP R 5 3+ I PlantCARE (http://
bioinformatics. psb. ugent. be/webtools/plantcare/
html/ ) XI5 8l XS AE FH T2 T 2047

1.2.6 H & ScNRAMP A R ¥ F &4k T2 iz ]
TBtools H | 45 G H IRE K& PR 20 18 S 1 5 0%
51 IDNist, KE 25 5 T HAL

1.2.7 H # SCNRAMP F sk e Ao ft oy # sk i IA
HIFAF MEGAX 52 i 22 Jy 91 EE O IF: SR HH 408 4% 3%

(neighbor joining ) #4## F Ge ik (LA, FL A% 50 S 4K
(bootstrap ) % &M 1 000 K, Ak B M ERINS
B, B 7E 28 Evolview %X 14 ( https : //evolgenius.
info//evolview-v2/#login ) XF SEAL A AT 2 il S B
1.2.8 H# ScNRAMP R B o9 &k 541 FI & T
1) RNA-seq ¥4 s 2H RIR B 17 H BE SeNRAMP
FER B RIR B, F T2 5% 5k 4 RNA-seq K1k
TN A T L AR (L et al., 2020)
i e 45 2 SeNRAMP Jk PR 52 15 1 53 78 A [] i 391 A
) 2 20 rp i 22 1K 2 (FPKM {H) , 37 ] TBtools #E47
R il

2 R 59

2.1 HE NRAMP EHHYIEL 451

AH T 1) 55 2 356 R 4] v R 2 5 31 29 A H O
ScNRAMP R G5 W 03, e — 2 45 fey R B A 2 Joi
F 1R, HEE SeNRAMP H&[H 5 5 i 5% () 4 FL R
SVEITE 334 ~1 272 D200 S SRR K 3458 563,
T EYERFAE 55 000 Da £ 47 ; 25, 55 5 BB K 1
4.77~9.43 Z [A] ; KR B 53 A AN FROE 3R BOR R A AIK
T 40% , RA 7 A A AFE REUE 40% ~48% 2
[] s S 3 - Y55 K B BUAE 0.015~0.949 2 [A] ;29
AHTE SCNRAMP £ 135 Jo A5 5 BK, S 240 M 2 A7 43
BT 2 BH 8 03 38 5 o7 R SR I
22 EAZREHMMEREHSHT

HRE NRAMP 25 [ 90 45 #6) F00 I I 45 44 40 i
W% 2 Fr7s . SeNRAMP LR 58 5 i) — S 2 4y 52
A o-BBHE ORI 3 il | B e B AN B A A A, L
o oM E L B, O 36.71% ~ 64.32% , B-YE ff
BT o5 H A S5 /N, K 1.62% ~ 5.06% 5 45 14 58 1 i —
G 25 K A2 R HE S5, BRAE Sspon. 03G0024310-2B Al
Sspon.03G0024310-1A T (& Eb 91 2 JC #8000 45 fh >
o-BRUIE > SE M BE > B-F5 M Ah , AR R IE R 1R -
HEUHE > TG B ) 3 il > 4E {85 > B-55 A1 29 S T
NRAMP ZEJ5 % 01 Y947 85 I 4 4, gy 6 ~ 12
AR X R HEE NRAMP & VS E E Al
At 5 HALZ 4R B T D e AE R
2.3 HE ScNRAMP EERTER  EHEBRER
LS

XTH HE SeNRAMP JE IR (A R ~F 36 5 | 45 ke 3 f2
SRR T E 1 T, 8 R SE 3R 4 B
KB motif 1 & ¥ & B AR 5F, £ B F % 29 4
NARAMP ZEJ5 B 01 BIAEAE 5 A B G805 % 53 A7
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Table 1  Physicochemical properties of sugarcane NRAMP proteins
, woEmsn (O RRER R . o
HH ID Molecular S N - . . SRR S E .20 i 52 A7
Protein 1D Number of .0 ioht pl Instability  Aliphatic GRAVY Subcellular localization
amino acid (Da) index index

Sspon.02G0029680-2B 547 59 123.60 4.85 31.77 111.35 0.459 Fil Plasma membrane
Sspon.01G0005860-28 516 56 346.08 5.74 34.63 113.99 0.541 JifiE plasma membrane
Sspon.02G0029690-2D 588 64 938.64 9.08 41.70 107.04 0.270 JiU I Plasma membrane
Sspon.02G0029680-3C 536 57 978.41 4.83 33.99 113.26 0.472 JiJE Plasma membrane
Sspon.02G0029690-14 538 58 034.37 4.85 35.55 111.78 0.468 JiJE Plasma membrane
Sspon.01G0005860-1P 551 60 825.41 6.28 36.08 111.38 0.464 Ji B Plasma membrane
Sspon.02G0029680-4D 498 53 799.21 4.77 35.72 105.48 0.388 JiJE Plasma membrane
Sspon.01G0005860-14 507 55 478.08 6.17 33.79 112.76 0.525 JRfE Plasma membrane
Sspon.02G0029680-14 462 51 417.00 9.59 40.15 103.81 0.147 JiJE Plasma membrane
Sspon.08G0003780-3C 516 55708.21 8.03 33.01 119.05 0.572 JiJE Plasma membrane
Sspon.02G0021270-14 548 59 625.14 6.83 38.01 118.87 0.563 Ji I Plasma membrane
Sspon.04G0018970-2B 603 65 379.86 9.05 40.05 108.56 0.483 JiJE Plasma membrane
Sspon.02G0021260-14 546 58 757.48 6.59 38.89 124.14 0.721 JFi i Plasma membrane
Sspon.08G0003780-14 490 53 180.59 8.93 31.98 119.96 0.578 JiJE Plasma membrane
Sspon.08G0003780-4D 488 52 797.32 9.34 33.67 120.86 0.631 JE Plasma membrane
Sspon.04G0018970-3C 485 52 442.10 8.83 33.01 120.06 0.755 Ji i Plasma membrane
Sspon.02G0021260-2C 514 55179.28 6.26 37.66 125.97 0.748 JFJE Plasma membrane
Sspon.04G0018970-14 504 54 945.09 9.43 38.69 116.11 0.612 JFi i Plasma membrane
Sspon.04G0018970-4D 688 73 842.91 9.38 47.12 98.30 0.267 JiE Plasma membrane
Sspon.02G0021270-2C 450 49 093.10 8.07 34.03 124.80 0.696 JFf%E Plasma membrane
Sspon.08G0003780-2B 494 53 497.17 9.19 36.45 124.51 0.646 JiiE Plasma membrane
Sspon.05G0038800-1D 435 46 989.04 6.93 34.97 108.80 0.530 Ji Plasma membrane
Sspon.03G0024310-3C 717 77 854.58 5.02 37.10 103.07 0.334 Fili Plasma membrane
Sspon.03G0024310-2B 1272 138 326.42 5.90 46.56 92.56 0.029 Jii Plasma membrane
Sspon.02G0057810-1D 308 33 144.69 7.70 41.30 137.40 0.949 JE Plasma membrane
Sspon.03G0024310-14 1267 138 008.88 5.97 46.07 92.38 0.015 Fii Plasma membrane
Sspon.01G0025840-2B 456 49 749.03 6.40 31.01 125.68 0.812 JiE Plasma membrane
Sspon.01G0061080-1D 458 50 027.17 6.05 32.71 124.48 0.742 Jii I Plasma membrane
Sspon.01G0025840-14 334 36 374.03 6.78 30.42 122.54 0.734 Jii Plasma membrane

2> motif 9, 4 Sspon.02G002160-2C , Sspon. 02G0057810-
1D . Sspon.02G002160-14 F1 Sspon.02G0021270-14 & N
R R A 9 AR SFEE I TR 5L Sspon.
02G0029680-1A , Sspon. 05G0038800-1D 1 Sspon.
02G0057180-1D Hife /> A 6 AR P (18 1,
F3) o PRSTIEE Y 22 5 ] BRI 7 2 L DR S Il B
ZIATEIfE A2 57

3 3 Xk 3 DR 254 o3 M A B SeNRAMP 56 I K
GG HNE T IFHNE TR ZERBER(A
2~ 11 ANANEE) 5 TR0 FE PR BR A 572K 3 Rl 372K i
A EHE B IX (untranslated region, UTR)

ok XF AR SE SR B A & B, BR Sspon.
02G0057810-1D , Sspon. 05G0038800-1D ., Sspon. 01GO025840-
2B Sspon.01G0061080- 1D Fl1 Sspon.01G0025840-14 3X 5 i

B3 B PR SF 45 48 388 A Nramp superfamily 4b, H 4y
24 S F I R 45 ¥ 3835 K Nramp
2.4 HE ScNRAMP EEKRIRNAE R THED
ScNRAMP #4625+ i 3 000 bp J5 3
T X I A F oo o b 45 R AR 2 R, FE
SeNRAMP (R sh T L&A SE K EEFH RME
FHIC A%, B CAT-box ( 43 4 40 213 ¥ JC 14F) \RY-
element (B FHE S I = 014 ) 5 5 30K I AH 5 Y
= 18 1 e 4F, B ABRE ( Jid 9% B2 Wi W oG 78 ) |
TGACG-motif ( Z 1] 12 M i 7T 4 ) . TCA-element ( 7K
IR N TG ) |\ TGA-element ( A= K 2 i 1 o4 )
F1 TATC-box/P-box ( ZR 25 Z W v o) s SIEAEY
Joth 3 A 6 BV T e, B TC-rich (57 860 017 385 o 37
Joff) MBS F o) . LTR (AR &M b oo



11 3

XNESE . HRE SeNRAMP JE D ZE 0 458 5 A U (5 B 52 0 B

1869

Syper A2G0021260-2¢ M-I
Ko 026005781010 T TR
SponI2G0021260-1.4 R LI R
Sxpour02GO021270-1.4 —7 WSO
SypenA2GO021170-2¢ WL
Sipon 05G0038800-10 - T
Srpon G4GONEITO-2E T MR

Sxpon 04GO0ISYTOgn TRTLTL

Sypon M4GONIRIT3C — WA
o 04GOIIRITO.14 T
Sypen ARGO0ATRO-25 — P LERE_
Spon ORGONITROAD T
Sy OBGONIGTR0-)¢ — L7 BT
Sypenr ABGO0ONTRY.14 TR
Sxpon 01 GO0OSRE0-2E T TERE_
Sipeon 1 GONOSHEO-1.4 — BT
Sypont 01GO00SHE0- p — T W
Sxpon 02G0029680-3¢ — T TR
Sapen 0260029680-1.4 - T
Sypon A2G0019680-28 — T M _EE
Ssprn A2GU29650- 20— TR
Siponr O2GONI9690-1.4 — T
Ko 0260096804 — T T
Sepen A3GO0LA 03¢ AT

15 MLy

- T |

Sxpen 36002431014 AT mEE
S 01GO01SR40-2 B TR
Sxpen 01 GO0G1080-1 0 T AT_EEE
Sepon 01GON25840-1.4 AT

F-

L] 200 00 00

T

" " - = 5 T ’ . - 3 3
80O 1000 1200 1400 O 200 400 600 000 1000 1200 1400 o

A B C

m— il 4
mtif 2
— ntil $
e il &
—meiif 3
i 7
— molil
e mstif |
il 18
il

N
Nramp superfimily

— CDS
TR

A. ScNRAMP SER AR ST 25 (motif) 4347, 10 A4 motif AN [R] B €5 A J7 HE 7R ; B. ScNRAMP 5 IR <1 5 44 38 ( domain ) 4315
C. ScNRAMP JER & FRIANG T004i . RO ITHER RING T RO L HK RN G T AR R H A PR,

A. Distributions of conserved motifs in ScNRAMP genes, ten putative motifs are indicated in different colored boxes; B. Distributions of domains

in ScNRAMP genes; C. Exon and intron organizations of ScNRAMP genes. Green boxes represent exons; Black lines represent introns; The

upstream and downstream regions of SC(NRAMP genes are indicated in yellow boxes.
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Fig. 2 Prediction result of cis-acting elements in the promoters of sugarcane ScNRAMP genes
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) . GT1-motif/ G-box , MRE HI I-box ( J¢: i 1 JGAF)
A ARE (AT 3 58 FAE T, Bl MBSI
I MYBHvI (MYB %% 5 [HF45 507 55.) & 02-site( T
KPR AR ) o #E— 22T KB, G-box |
MRE , TGACG-motif , ABRE 5G4 1E T A il 51,
DI b4 SRR B SeNRAMP JE R 5 AR A5 ] BE 38 o
TC-rich motif Fl MRE motif 7025 5 H MM E
AR, 2 T M T 4 i a4 R
2.5 H7E SCNRAMP EE B K E i

Yeta kg Mg RanE 3 i, HiE SeNRAMP
FE) 29 AN FE R 5L Y b A AT AE 19 SRtk
gk Chi2A B 4 AL Qi ik Chrl B Yt
ik Chr2C AL @K Che2D F45A 3 RN, G
R Chrl A A7 2 AR Ay 14 R ik 45
A 1AER,
2.6 HE SC(NRAMP RIGHIRSH A B

YRR T A HAR R A B AE Y NRAMP
TR RGO &, g 1K Bl o H F
B R KHESE S YR NRAMP F5E B B2 B 1k
BCE 4), BB 4w SR AT 3 4503, 7k 3
MG, W 1, HBE SeNRAMP 4 14 {3 B

51 ( Sspon. 05G0038800- 1D, Sspon. 04G0018970-3C . Sspon.
04G0018970- 14 , Sspon. 04G0018970-2B . Sspon. 04G0018970-
4D | Sspon. 02G0021260-1A | Sspon. 02G0021260-2C | Sspon.
02G0057810-1D , Sspon. 02G0021270-1A | Sspon. 02G0021270-
2C, Sspon. 08G0003780-2B ., Sspon. 08G0003780-1A4 ., Sspon.
08G0003780-3C I Sspon.08GO003780-4D) , 5 11 ¥ 14 fif
BB EOK 15 AR FARE T 2 A5 FK A 4 7
RN —%, WHRIEDH, HHE ScNRAMP £ 9
7 1 B ( Sspon. 01G0005860-2B | Sspon. 01G0005860-
14, Sspon. 02G0029680-2B , Sspon. 02G0029680-1A .
0260029680-3C . 0260029680-4D |
Sspon. 02G0029690-14 . Sspon. 02G0029690-2D  Fil
Sspon.01G0005860-1P) , 5 3 3 Az L 51\ E K 5 fi
BB FURE I 4 07 B B RK G 2 8 5 B o — 32,
WEK G, H R SeNRAMP 45 6 3 1%, 51 ( Sspon.
03G0024310-3C . Sspon. 03G0024310-2B., Sspon.
03G0024310-1A, Sspon. 01G0025840-2B ., Sspon.
01G0061080-1D F1 Sspon.01G0025840-14) , 5 7= 3
5 LSRR E K 7 LR R — 32, IF BRI A
A BRI KRR B R, KFE AR T
B R AUH RE NRAMP 5216 1, 5% 22 18] 24 45 T3] 5

Sspon. Sspon.
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Black asterisks represent sugarcane ScNRAMP; Green boxes represent corn ZmNRAMP; Yellow circles represent rice OsNRAMP ; Red triangles

represent Arabidopsis AtNRAMP ; Pink ticks represent sorghum SONRAMP.

4 HIKE ScNRAMP [ 355 % B R
Fig. 4 Phylogenetic tree of sugarcane ScNRAMP

FE L AH L Z T B RS HRER) NRAMP 5 [ 5805 1
RZBEG KRN,
2.7 HE SC(NRAMP EE AR RIE

KT R H T SeNRAMP 3 PR 5% B 53 1Y 1) g
Ejisp s Fe B 2, A SCLL A TF K 3% 1) %) T % i
FIRBAE AT T ScNRAMP 3% H 75 A [A] 20 21 f A
[ & B R R BHE (B 5) . K5 45R]R 8w, H
JHE SeNRAMP SEH R 2tk SR B U ik, o,
Sspon. 04G0018970-2B . Sspon. 04G0018970-4D .
Sspon.04G0018970-1A | Sspon. 04G0018970-3C A3
[RI7E 25 Y (M=s-3.6.,9) FIA 40 i, 76 A R

I % ZF W 3 38 1 AR5 Sspon. 03G0024310-3C
Sspon. 03G0024310-2B, Sspon. 03G0024310-14 .
Sspon. 016G0025840-2B Fl Sspon. 01G0061080-1D 5
AR TR & B I v i R 5K TR T RN R A
B, A, 29 M RBER B R ALA 1 AR
Sspon.05G0038800-1D 13 ik & FPKM {H A 0, &
M HAE & & & AR U Y R Rk

3 Wik L4k

ARHFFEXTH BE SeNRAMP 3 R 5 5 ) 53 i A7 L
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Fig. 5 Expression pattern analysis of sugarcane ScNRAMP genes

AR T R B, ASTRI 9 NRAMP & 1 F 904 8k
25 EIEIRKJE N 334~ 1 272 aa, 51 SIS ER
K (4.77~9.43) , F B H 4 i 25 1 B 3E WA [R) 1Y) iR
BIAEE . AWFFE Y, HEE NRAMP & A FEE R
YI/NF 40% , 3 I H R PR Ar B A P38 5E K
ZEANT 0.015~0.949 2 [a] | 3 B HjE— A X} 5
IKIEE 1529 NI 3 A A2 19 SR YLt fhk - gy
ik Chi2A F | Z, 6 4 D FREW G, & F %
NRAMP A BB A 6~ 12 B IRELE R, 15
SATERRE L AR S HAARZESRE 1Y)
REAHIE N, FERZ5F 43T o | Bir A 00 % 45 L
BNET,

R T S R A P S 29 A ScNRAMP
FEH, 5KRE (6 A ) ARG IR (6 AN 51) Al L,
ScNRAMP F R Z 05 5, % 0 850 W i 22 22 40 v] g
5 R 2R B 2 P A o, TR H R H AR
h AT AR, oA A% Ak A v i 4 6 R AL 2 4l
PRI T R S DR 4 A e M IR I R
5K 33X 5 AR DG At R 4 1R B AR S 1 3 DR R I A
G DR 2] 5 1) 0 R ) B R A 5 | e L R AL 1

AL PR ZE T 37 5K ) WL 5 — 2K ( Mser et al.,
2001 ;Zhang et al., 2018;Tian et al., 2021; Wang et
al., 2021) . 8L I I FI K Fed 09 25 BT 2 K/ 43 0l oy
125 Mb F1 466 Mb , Ifij H 7 #1524 19 5 K 4 R/l
IKF|T 3.36 Gb, Ak, ARG ITFIK AL A5 K,
R S A T 4 H T A R 5 9% AP85-441
DU H T/ 51k SES208 BAAE A 15 B 15 5 i B A 14
(PO ) B F AR AR Fh (2 S 08\ A
R HAARRE AR R ) B 1 SeNRAMP 2 1 i 53 i 2
F 29 A (BEAIYL, 2011; Zhang et al., 2018) .

BEPR S M L e 4GRS 23 B, 7T kg ik PR R Y
HEAL 56 R HE At F F K 4 (Boudet et al., 2001), X}
ScNRAMP £ R 4544 73 H & LAY [A] — W2 58 1 Y K 22
BOEEATESM 7 B 5 E B X R 2R 45 1
FRIE, X — IR 5 HALY R NRAMP 25 H 2K A
L ( Belouchi et al., 1997; Lanquar et al., 2005) , 4l
AtNRAMP3 F1 AtNRAMP4 1) 5 DR 25 ¥ AR AR, I FL X
Fe’* #8 A W &1 12 ¥ A JJ ( Lanquar et al., 2005);
OsNramp1 ,OsNramp2 Fl OsNramp3 J7 5 {9 A5 L A
64% ~75% (Belouchi et al., 1997) I NRAMP
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Table 2 Secondary structure composition and transmembrane

structure prediction of sugarcane NRAMP proteins

gk ER el
EE D a-ﬂlﬁ%ﬁ.ffi Exten- B-f5f Bl I(I':l_‘lmbel‘
Protein 1D a-helix det'i B-turn Ran§om of
( % ) ((}(17(;1;1 ( % ) (Co(y):l) transmem-
brane

Sspon.02G0029680-2B  57.22  11.15  3.66  27.97 11
Sspon.01G0005860-2B  57.56  10.08  3.10  29.26 10
Sspon.02G0029690-2D  53.57  12.59  3.06  30.78 11
Sspon.02G0029680-3C  57.65 11.38  2.99  27.99 11
Sspon.02G0029690-14  58.55  11.15  3.90  26.39 11
Sspon.01G0005860-1P  57.99  11.90  3.35  26.77 8
Sspon.02G0029680-4D  53.61  13.45  3.41 29.52 9
Sspon.0160005860-14  57.40 11.05  2.17  29.39 10
Sspon.02G0029680-14  58.01  13.85  3.03  25.11 6
Sspon.08G0003780-3C  52.91 13.95 3.10  30.04 10
Sspon.02G0021270-14  53.47  12.23  3.10  31.20 11
Sspon.04G0018970-2B  53.90  12.77  3.65  29.28 10
Sspon.02G0021260-14  55.31 1538 275  26.56 11
Sspon.08G0003780-14 54.69 11.84  3.06  30.41 10
Sspon.08G0003780-4D 51.43  13.52  4.52  30.53 10
Sspon.04G0018970-3C  64.32  9.28 2.89  23.51 11
Sspon.02G0021260-2C  55.84 1595 5.06  23.15 10
Sspon.04G0018970-14  61.11 1290  2.18  23.81 9
Sspon.04G0018970-4D  43.31 11.92 436  40.41 9
Sspon.02G0021270-2C  54.00 15.33  4.67  26.00 9
Sspon.08G0003780-2B  48.58 1579  1.62  34.01 10
Sspon.05G0038800-1D  46.44  18.16  4.37  31.03 7
Sspon.03G0024310-3C  47.56  13.95 2.65 35.84 12
Sspon.03G0024310-2B  36.71  12.34  2.83  48.11 11
Sspon.02G0057810-1D  53.90  20.78  3.57  21.75 8
Sspon.03G0024310-14  36.78  12.63  2.92  47.67 11
Sspon.01G0025840-2B  54.17  17.11 3.07 25.66 9
Sspon.0160061080-1D  53.06  18.78  3.28  24.89 8
Sspon.0160025840-14  55.09 19.76  4.19  20.96 6

B [F]— W K 0 % 5L AE T RE T REAR L, 8 i
XTH R T8 KRG SR oK 4 R T R
PARGIF 1 AT A B9 R etk ik T, nls 29 4
ScNRAMP FIGEM 430 3 WKk, 16K
RN 4 S B R RS (5 AR ) L EOK (T
BLGL) FIEITEE (6 A7) BRI , WA KR
FELRE I A R85, DU H 7 ) 25 NRAMP W K %
M A fg3K 6 A7 % 5t AT BB A7 AE 4 5 /K R AU RS O 19
NRAMP 2 A R A —FE R IR T RE , 173X R
T B4 5K D RE A 2 S RN B K TR I AT BEAFAE

FE I 8h T4 R AL Ty B ik PR 3% 38 9 45 114 B

&3 HIE SC(NRAMP ERERFEF logo
Table 3 Conservative motif logo of sugarcane ScNRAMP genes

By E {8 Kz R ZILIS
Motif E value Length (bp) Sequence logo
B 1 TR e
motif 2 3.5e-447 29 aggr V‘ﬂ MJE‘rch‘E |w
motif 3 3.7e-453 34 'ﬂﬁ.‘iﬂ%m‘ M S&Vﬂj&@
motif 4 4.2¢-481 50 h’i@c’t M’Jﬂmﬂuﬁiﬁ%
motif 5 3.6e-464 40 ‘:b M' M M
B s s > g
motif 6 42¢-399 41 &wﬂm Lﬂjﬂ‘%ﬁu §§| .
T . _I - e -'\-..f‘ﬂ Iﬁ"ri;.{
motif 7 9.4e-306 34 N !;R |B"&&&V&m&,€ﬁ%ﬁ
EER TR IR L AARTE
motif 8 3.8e-229 21 d Y§ "«ss%&.w ﬁLﬁ
!:\",I '.'gl»‘ o —L > L. v$!-‘.
S 220062 gyl elossTTe
motif 10 2.5e-129 22

sl N FLagstlaty ss

B T2 —, 3 3 T4 A A B T e B 2
F IR I IRAE R R BIL R X B DX
AEHTCR 20 M7, 7T LA A B R 4 56 F i 107 4% 52 2
N SIS NE A | YA B /B e s TR S S 1 v R E
T T2 P T A A e e B R L 3R ) T
FHLE 0 )37 P F ( TC-rich motif ) 25 5T £ 18] (49 41 H.
VTG B 2% 169 AR 081 45 ) 26 e i 3 11 o) 2 4
JEI G, X 5 KR NRAMP 3K % %] JA  ABA %
VAR T R 4 R I o) o T TR A G | A B B LA S
& JE BT, NS 504 16 B A8 5 W — 3 ( Zhou et
al., 2004) , 7E Xt H #E SeNRAMP F: K 1 3i% 3 000
bp XA 5T & 3, B O3 Hf K 43 3 15 A 26 i e e
BT ( TGACG-motif ) Fl1 4=+ 3 i 7 I6 A ( TGA-
element) , FEWTiZJE I G AE dE b B2 n] GE B A
S A KR BT W e AH S 0 T BB HORE
ScNRAMP K& Bl 1) 3¢ ik B G H 2R = 1, H
ScNRAMP A 32 B AE Fe o UM 4% B h & 35,
Sspon. 01G0025840-2B Fl Sspon. 01G0061080-1D 2
A AR 2 28 J 1 R 2K rp Y 8 A
T H AR, X 4% B3] 4% 20 20 3% A 0 3L IR
Mr& B, &% B 5 ¥ B MBS, ABRE il TCA-
element 55 55 10 2 W W AH G AR FH ook, #EDN H: =
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55 R ARG A 2 i 2 e R X 4 R a1
M 17,

HTHI, NRAMP 3: K 58 J5 AF 2% 5. (Ishida et al.,
2018) K E.(Qin et al., 2017) FIH ¥ %3 52 ( Meng
et al., 2017) FLFEY FEW 2%, BT H
FEAE A EE MR E Y M BEIREY) , R R E R E )
FEHARNRA L 4 NI RG4S Bhaa ) H
TP B S B MR IS, T SeNRAMP 25 3 R K ik
U g = S e a1 i 9 DS RV O N T B U S
Sof HREE T35 mh 29 4> SeNRAMP 55K 5815 i A 1 4
FER L AT, A R T BB H RE SeNRAMP JE B 51
ifie, I A HRER 43 B Rh U HOZ NN 4 s A
FIRFFE PRt T S B A M e S [N

5% 30
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Fak, TRE, (IME, TE4"
( mRfOM R 2= S5HEMHE AR, BB 650201 )

W OE. AR HEE (Saccharum officinarum ) %ﬂfﬂg’fkiﬁkﬁ&*ﬁﬁ{hfﬁ‘ﬁ,LZSCXULH%%”quﬁ@?}%EX,
FEWCYI R AL (338 (Si0, Sephadex LH-20 Rp-18) AT /r BEAli Al , AR 4 S50 1% Al A il I HR B S iS4k &
VIR ZERE , Jf8ad DPPH LI E (L S RIS BR B th A RE 1, S5 5R 380 (1) MH REZEmE i 47 B 48 5 22
MG, 73R R RE (1) X R EE R (2) 4-TAEEHEE (3) R (4) 4-BREENEE
MR (5) XREERHIR (6) \(2-FRHLIRAL) (F4E) AR (7) XTH LR (8) MR R (9) .3
KR A (10) \(ZKPR E (11) 5-0- "W EIEAHBEAEZE B IR (12) MEZ R (13) MR -3-0-a-L-FT4;
AR (14) M TE-3-0-B-D-ML iR FLHEH (15) BAC B X+ /\KE 2 BE (16) | a-conidendrin
(17) \rel-(2a,3B) -7-O-methylcedrusin (18) 3-0-FiERHEZ TR H R (19) ARBHFEZER (20) .(5S,65)-5,6-
dihydro-3, 8, 10-trihydroxy-5-( 4-hydroxy-3-methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-benzo [ c ]
xanthen-7-one) (21) H15-0-FI#BE4s TR R (22) , Hoh k&4 2-3 .7-11.,14-19 21-22 A R ZHE
Yrh oy ®l, (2) did DPPH XS & #RM 15 MESY (1-9.11-16) HE4T A 1 235 BR A8 1 19 i ik, H:
TG 12 (5-0- W AR AR A R R ) /R T 8 AP A LI P (1C, (0 49.58 pg - mL™") %
PR E T T H SR T MY BTREA Sy HE— 20 TP R R B TR 2R 4
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Chemical constituents and antioxidant activities from
the stems and leaves of Saccharum officinarum

LOU Hongbo, WANG Xianhong, HE Lilian, LI Fusheng *

( College of Agriculture and Biotechnology, Yunnan Agricultural University, Kunming 650201, China )

Abstract; To study the chemical constituents and antioxidant activities from the stems and leaves of Saccharum
officinarum. Twenty-two compounds were isolated and purified from the MeOH part of the stems and leaves of S.
officinarum by means of various column chromatographic techniques, including SiO,, Sephadex LH-20 and Rp-18 silica

gel. Their structures were identified by mass spectrometry and nuclear magnetic resonance; The DPPH method was used
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to determine the free radical scavenging abilities of the components from S. officinarum. The results were as follows; (1)
The compounds were identified as p-hydroxybenzaldehyde (1), p-methoxy-cinnamic acid (2), 4-methoxybenzaldehyde
(3), vanillin (4), 4-hydroxy-cinnamic acid methylester (5), p-hydroxybenzoic acid (6), (2-Hydroxyphenyl)
( phenyl ) methanone (7), p-methylbenzoic acid (8), caffeic acid methyl ester (9), aconitate A (10), aconitate E
(11), 5-O-dimethoxycinnamoylquinic acid (12), quercetin (13) ,quercetin-3-0-a-L-arabinoside (14) , quercetin-3-0-
B-D-galactopyranoside (15), didodecyl thiodipropionate (propionic acid, 3,3-sulfinyl di-1,1’-didodecyl ester) (16),
a-conidendrin (17), rel-( 2a, 3B )-7-0O-methylcedrusin (18), 3-O-Ferulylquinic acid methyl ester (19), luteolin
(20), (5S,68)-5,6-dihydro-3, 8, 10-trihydroxy-5- ( 4-hydroxy-3-methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-
benzo [ ¢ ]xanthen-7-one) (21), 5-O-Ferulylquinic acid methyl ester (22). Compounds 2—-3, 7-11, 14-19, 21-22
were isolated from this plant for the first time. (2) Determination of free radical scavenging abilities of 15 compounds
(1-9, 11-16) were selected by DPPH method. Compound 12 ( 5-O-dimethoxycinnamoylquinic acid) had great

antioxidant activity (IC,, value was 49.58 wg - mL"). This study enrich the material basis of antioxidant activity of

42 5

S. officinarum, which provides a scientific basis for the further development of S. officinarum.

Key words: chemical constituents, Saccharum officinarum, stems and leaves, antioxidant, activity

H B ( Saccharum officinarum ) E N N
( Gramineae) HEJE (Saccharum) FHY), 534 T ik
RO A HL X, a3k 100 24 5 R Al H .
KREHEREES, LD T s/, W
A 1 (L RL 2 B v B ) A g R 5145 ,2014)
SRR K R Wl e E B A OB, R
Je, BT R R A RO B B AR
Y 40% A/ 59 T h0 T2 3 ek A e B
(BRALIIAE,2016) , T HE 4 B ek AR 0t i A6 B8, DA
T 8 98 R o HL™ 05 e IR 5E . A, R E
b il AR E A e, TR R 7 ) Ok B 22 | AT e AL
I H B B 5 — B A 2 e B B A A

(P2 RFEML) I8 H R M, BA
B AR T A5 R (VLR T R 2 B, 2006 ) o R
[ H BB T B eSS 1 VB 45 4 Fitois , Ui 1T R
WRCR . HRETE B W R TR R TE Ik
WXAEDIRE . AT SE 2R W H i 0 fb 27 iy
RESE CHEIE WK 2SR (15 R, 2017 4%
/N L2014 B BUE AL PR | B OB | B 4% 5
ZRAEYIEYE (ITE5,2012; HERE 55,2012 i
THFAE,2015) , {HH By b G W B4 3 PR i 4 4
A o Ry itk — 20 4 s R 8 3% PR B4y, T A
b 2R ) R R 7 0 25 B AL, AR i SR DL
Pt 42 JBUH T 25 R AT 2R 48 19 Ak 2 1L a0 B 5T
MR C TR AR AL 43 B 45 3 22 MMeaW (B
1), M 2-3 7-11, 14-19 21-22 Jy 1 KM %Al
YR RO B AR B 4B 12 AT (L0l
45,2021) SrERIMC ALY, R DPPH &
SHEKH 15 MEAEY (1-9.11-16) #H17 H i 5
THERAE STk b A W 12 (5-0- W & W

BRI ZE R IR ) WoR T B BT E L TE I (1C5 186 A
49.58 pg - mL™")  WFFEEE B AT R J5 SL 0 06 P F AT
FOg U5 T e R P S A T A

1 L& 548

JP-030S M AP A AR (H B R IIER 3 3 vk i
%oy El) JHC-2500Y304 #yfrpl (H E g
#N A)) . VG-autospec 3000 F i 3% X (P [
msicromass 2y ] ) . Bruker avance-600 MHz #% fif 3k
PRAX (i1 bruker 24 F])  0SB-2100 Jig #% 75 & 1X
(b A A FR A 7)) | Rp-18 J2 In] fif: JiE
FIEEME Sephadex LH-20 ( " [ b R A9 £ K
AR 3Si0,(200~300 H) FiERR GF,.,(
B B EAL A ])  Hals (FP R N &
MR O MR ATIMEESE ) g [ o A4l 2K

HREZEM T 2018 47 8 AR A A A HHHE
EL W b o B 5 (2 p R R 2 A B Y TR AR
1950 m) , &z Ak Kov 28 5 AR BRI H
W ( Saccharum officinarum)

2 LBk

21 #BE5HE

WM 00 H REZE i 80 kg, W%, F IR i
1d, [, [ B R IR, IR e ki
fift , 4k FH 5% HC1 i pH N 3 ~4 | R L TR % S2 3 B
3K, BIRAE R, SR A H LR Y 500 ¢, HARYIR
FH&E ¢ A {5 3%, L CHCL, — CH, OH - 7K i iR
(10: 0.1 :0.02~10 : 3.5 : 0.02) HEFTHLEEVE,
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K1 A& 1-22 b4t

Fig. 1

IS A ERR > 315 8 MBS (Fr.1-8), Fr.l
RERCAE (3 2 1 M ik - 2R TR - VKBS R (5 -
0.5~1.2:0.02) BREEVENL, 75 3 MRS (Fr.1-A,
1-B, 1-C), Fr.1-A 20 A (5% F A1 9 k- 179
M- 7K BE /2 (5 : 0.5 : 0.02) Fl Sephadex LH-20
(CHCL,-MeOH 1 : 1) 47 B 2lifk, B ELED
1(0.43¢).2(0.58 ¢).3(0.33¢).4(0.19¢).5
(0.38 g). Fr.1-B Jx & i fif B¢ A 3% CHCL, -
MeOH- JK B JZ (10 : 0.1 : 0.01) 4» &, LI
Sephadex LH-20 (CHCL,-CH,0H 1 : 1) Jx & 4lifk,
B1bE 6 (032 g) .7 (0.87 g), Fr.1-C &RER
FE A CHCL, - MeOH - VK52 (10 : 0.1 : 0.02)
BEREGE B, ] Rp-18 Ak e P BE- /KA R (5 : 95~

Chemical structures of compounds 1-22

90 : 10) srEglifh, M5 8 (0.29 g) .9
(0.20 g) .10 (0.05 ) .11 (0.33 g) ., Fr.4 kR
FE % CHCL, —MeOH- VKSR (10 : 0.3 = 0.02)
AL, SR E 12 (0.38 g), Fr.6 &
FE@E Rp-18 AEACH BE-/K R4E (5 : 95~80 : 20)
6 BE e, FH Sephadex LH-20 ( CHCl,—CH,OH 1 :
1) A4tk 52854 13 (0.19 g) 14 (0.24
g) 15 (0.22 g), Fr.7 ZREMEH 3% LI k- 2
TR O TE-VKBERR (5 :5.0:0.02) BEREVER, 15 3
A (Fr.7-A, 7-B, 7-C) . Fr.7-A 2k i
Sephadex LH-20 ( CHCl,-MeOH 1 : 1) Zr &, U
Rp-18 Ak H B - /KR 2 (30 : 70~70 : 20) Fh
Ve, 15 E L& 16 (0.17 g) (17 (0.025 g) .
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Fr.7-B £ & A (435 . CHCL, - MeOH - UK Jifs 12
(10 : 0.8 : 0.02) PEML, )2 & o # 441% Sephadex
LH-20 (CHClL,-MeOH 1 : 1) , 134t 18 (0.057
g) .19 (0.076 g) .20 (0.055 g), Fr.7-C Z&F:
LA Rp-18 fEMCH B - /KK & (30 : 70~80 : 20)
BEBEGEMG , AT 58 R AL J2 AT A5 (i B R 4
alifk , 15 24LE9 21 (0.04 g) 22 (0.068 g) .,
2.2 % F DPPH ENEXEWMER B HENRE

o Rl 15 MG Y (1-9.11-16) , 43
TooK R B 2 Fr s ve B2, DPPH F Jo /K £ BE L A%
0.2 mmol « LA . 43044 100 pl &5 9 BEE
WAk & W v (1 000,500,250, 125,625,
31.25.15.625 wg - mL™") H1 100 wL DPPH ¥ ¥
AF) 96 FLAR H, R ERIRA), = IR T bk # R
30 min J5F 517 nm PRI FEA G BE As | 5] s
€ 100 pL DPPH /AT 5 100 wL /K ZEIR A G
FIWGREE Ab, A K 200 WL JEk 2 B 0 WO 3
Aref, VLT 2B 4 14LS %% DPPH A 3
T 5, IF ] Origin Bk 358 1C, 1A,

I(%) = [ (As — Aref) — (Ab — Aref) 1/ (Ab -
Aref) x 100%

A .1 7% DPPH [ H 31 BR R ; As Fm L
FEAH DPPH IR AV OD {H ;Ab %75 DPPH HIC
K CBHRA VWL OD fH ; Aref R/ TC/K L OD fA .

3 HEREGHH

3.1 HFEMETE

EW 1 HEHAKR, ESIMS m/z; 123.1
[M+H]*, %> F= K C,H,0,.,"H-NMR (600 MHz,
CD,0D) &:9.75 (1H, s, H-4), 7.75 (2H, s, H-
2,6), 6.91 (2H, m, H-3, 5); “"C-NMR (150
MHz, CD,0D) &: 192.8 (C-6), 165.2 (C-4),
133.4 (C-1), 130.3 (C-2, 6), 116.9 (C-3, 5),
DL B 5 SR (2R /AR 2022) BEA— 3, ik
Y RE RN FEIEH [ (p-hydroxybenzaldehyde) .

k&2 HERY R, ESI-MS m/z.
179.2 [M+H]", 43 €, H,,0,. ' H-NMR (600
MHz, CD,0D) &; 7.57 (1H, d, J = 15.1 Hz, H-
7), 7.41 (2H, dd, J = 6.1, 1.7 Hz, H-2, 6),
6.78 (2H, dd, J = 6.5, 1.7 Hz, H-3, 5), 6.28
(1H, d, J = 15.3 Hz, H-8), 3.73 (3H, s,
-0OCH,) ; "C-NMR (150 MHz, CD,0D) &: 169.7
(-COOH), 161.2 (C-4), 146.5 (C-7), 131.1
(C-2,6), 127.1 (C-1), 116.8 (C-3, 5), 114.9

(C-8), 51.9 (-OCH,) , VA %5 3Cmk (g
8,2020) FEAR — B, B8 E S X AR R R IR
( p-methoxy-cinnamic acid) ,

&3 HEJCR, ESI-MS m/z: 135.0
[M-H] , 473/ CyH,0,,'H-NMR (600 MHz,
CD,0D) 6:9.75 (1H, s, H-4), 7.75 (2H, s, H-
2,6), 6.91 (2H, m, H-3, 5); “C-NMR (150
MHz, CD,OD) &: 192.8 (C-1), 165.2 (C-4),
133.2 (C-2, 6), 115.9 (C-3, 5). VI B S X
Bk (BT LA, 2017) HEAR 8 s E O - 4R
FEORH T (4-methoxybenzaldehyde) .

&Y 4 HEHAK, ESI-MS m/z: 151.2
[M-H]™, 4> 73k C,H,0,,"H-NMR (600 MHz,
CD,0D) 8: 9.71 (1H, s, -CHO), 7.42 (1H, dd,
J=8.6,1.3Hz, H6), 7.41 (1H, d, J = 1.5
Hz, H-2), 6.92 (1H, d, J = 8.2 Hz, H-5), 6.90
(1H, brs, -OH), 3.87 (3H, s, -OCH,) ; "C-NMR
(150 MHz, CD,0D) &;: 192.8 (-CHO) , 155.4 (C-
4), 149.9 (C-3), 130.3 (C-1), 128.1 (C-6),
116.4 (C-2), 111.2 (C-5), 56.4 (-OCH,), VI I
WG SCHk (R EELE 2021) FEAR -, K E
HFEFEE (vanillin) ,

k&S HEB AR, ESI-MS m/z: 177.2
[M-H] % F=H4 C,,H,,0,,'"H-NMR (600 MHz,
CD,0D) &: 7.60 (1H, d, J = 16.2 Hz, H-3),
7.58 (2H, d, J = 8.4 Hz ,H-5,9), 6.79 (2H, d,
J=86Hz, H6,8), 6.78 (1H, d, J = 15.8 Hz,
H-2), 3.29 (3H, s, -OCH,); "C-NMR (150
MHz, CD,0D) &: 169.7 (C-9), 161.3 (C-4),
146.5 (C-7), 133.6 (C-2), 131.1 (C-6), 127.1
(C-1), 116.8 (C-3"), 116.8 (C-5"), 114.9 (C-
8), 51.9 (-OCH;) . VA FEHE 5 CHR (El-kader et
al., 2020) JEA —F, BUOEE N 4- R EE R ER T
fi§ (4-hydroxy-cinnamic acid methylester) .

k& e HEIRY B, ESI-MS m/z:
137.1 [M-H]", 4 F X~ C,H,0,,' H-NMR (600
MHz, CD,0D) 6: 7.85 (2H, d, J = 8.6 Hz ,H-2,
6), 6.79 (2H,d, J = 8.4 Hz ,H-3, 5); "C-NMR
(150 MHz, CD,0D) &: 170.1 (C-7), 163.3 (C-
4), 132.9 (C-2, 6), 122.7 (C-1), 116.0 (C-3,
5). DL EEdE S SCEk ((ERTEE,2020) A —3,
WS e X R B R (p-hydroxybenzoic acid)

&7 HEH K, ESI-MS m/z: 197.2
[M-H] ",/ 73N C,H,,0,,"H-NMR (600 MHz,
CD,0D) &: 9.76 (1H, s, H-6), 7.78 (2H, d,
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J=7.8Hz ,H3,5),7.75 (2H, m,H-2", 6'),
6.91~7.23 (3H, t, J = 7.2 Hz, H-3', 4', 5"),
6.89 (1H, d, J = 8.5 Hz, H-2), 6.37 (1H, d,
J = 7.8 Hz, H-4"); “C-NMR (150 MHz, CD,0D)
5:192.8 (C-7), 165.2 (C-6), 158.8 (C-1"),
133.4 (C-3',5"), 130.4 (C-2, 4), 129.0 (C-1),
116.9 (C-3, 5), 116.8 (C-1), 115.8 (C-4"),
104.8 (C-2', 6"), L E%¥E 5 3CHk (Ang et al.,
2014) FEA—F BT R (2-FRFEREL) (REL)
Hfli [ (2-Hydroxyphenyl) ( phenyl) methanone | ,

e 8 H AL MY, ESIMS m/z.
135.2 [M-H] ", 4+ F K C,H 0,, ' H-NMR (600
MHz, CD,0D) &: 7.25 (2H, br.s, H-2', 6'),
6.67 (1H, s, H-3), 6.49 (1H, s, H-6), 6.32
(1H, s, H-8), 3.97 (6H, s, 2CH,); "C-NMR
(150 MHz, CD,0D) 6: 192.8 (-COOH), 166.1
(C-1), 133.5 (C-3, 5), 128.7 (C-4), 116.9 (C-
2,6), 30.8 (-CH,), VA E%dE 530k (CBRAERI
,2019) A — 2, B X H IR R (p-
methylbenzoic acid) ,

EW 9 IRE AR, ESI-MS m/z: 195.2
[M+H]*, 2> ¥k €, H,,0,, 'H-NMR (600 MHz,
CD,0D) &; 7.52 (1H, d, J = 17.1 Hz, H-7),
7.03 (1H, d, J = 2.2 Hz, H-2), 6.89 (1H, dd,
J=8.7,2.1Hz, H6), 6.81 (1H, d, J = 8.3
Hz, H-5), 6.27 (1H, d, J = 16.5 Hz, H-8),
3.88 (3H, s, -OCH,); “"C-NMR (150 MHz, CD,
OD) 8: 169.9 (C-9), 149.6 (C-4), 146.5 (C-3),
146.1 (C-7), 127.9 (C-6), 127.3 (C-1), 116.6
(C-8), 115.2 (C-5), 115.0 (C-2), 53.7
(-OCH,) . VA - BH 5 3¢k (Hori et al., 2021) %
AR —F, T G R U HE R H R ( caffeic acid methyl
ester)

EY 10 HEBAK, ESI-MS m/z: 187.1
[M-H] ,%r 7k C,H,0,,'H-NMR (600 MHz,
CD,0D) &: 6.91 (1H, s, H-4), 3.84 (2H, s, H-
2), 3.71 (3H, s, 1-OCH,) ; “C-NMR (150 MHz,
CD,0D) &; 172.5 (C-1), 168.9 (C-6), 168.3 (C-
5), 141.2 (C-3), 130.7 (C-4), 52.5 (1-OCH,) ,
33.6 (C-2), DL &5 CHR (Xu et al., 2017)
FEAR—F W N KR A (aconitate A)

G 11 AR RY B, ESI-MS m/z.
225.0 [M+Na]*, 43+ F 30 m CoH 04, 'H-NMR (600
MHz, CD,0D) 6: 6.93 (1H, s, H-4), 3.82 (2H,
s, H-2), 3.78 (3H, s, 1-OCH,) , 3.67 (3H, s, 5-

OCH,); "C-NMR (150 MHz, CD,0D) §: 172.5
(C-1), 168.8 (C-6), 167.3 (C-5), 142.1 (C-3),
129.3 (C-4), 52.6 (5-OCH,), 52.4 (1-OCH,),
33.6 (C-2), DL E#HE 5 SCHR (Xu et al., 2017)
AR, T E A LR E (aconitate E)

K& 12 A O E &, ESI-MS m/z: 381.1
[M-H]™, Z&rERE MR TLC 5 T B S B DL AT -
I KR (8 : 1.5 :0.02, Rf=0.5) f1illE-&
TR B —VKEERR (6 : 4 : 0.02, Rf=0.55) Fl£1 ik -
PIEA-VKEERR (7 23 :0.02; Rf=0.6) NEIFH], &
TR O IR B (5, 105 °C B 75 M , 45 S A 5 %)
RN A7 B L R A R BB RS, O ik
EWh 5-0-—HEARRNEBEEER (5-0-
dimethoxycinnamoylquinic acid) ( Z$£LI% %5 ,2021)

&Y 13 EEYRY B, ESI-MS m/z.
303.2 [M+H]", % F+®&X H~ C,H,0,, 'H-NMR
(600 MHz, CD,0D) 6: 7.78 (2H, d, J = 2.2 Hz,
H-2'), 7.59 (1H, dd, J = 8.4, 2.1, Hz, H-6'),
6.85 (1H, d, J = 8.2 Hz, H-5"), 6.31(1H, d,
J =22Hz, H-8), 6.22 (1H, d, J = 2.0 Hz, H-
6) ;" C-NMR (150 MHz, CD,0D) &; 177.2 (C-
4),165.1 (C-7), 161.4 (C-5), 155.3 (C-9),
146.9 (C-4"), 146.7 (C-2), 144.7 (C-3"), 136.7
(C-3), 121.6 (C-1"), 118.7 (C-6"), 115.6 (C-
5), 115.3 (C-2'), 98.3 (C-6), 94.1 (C-8), W
RIS SR (EEERAE,2021) A, i
FE A Z (quercetin)

&Y 14 FHE YR, ESI-MS m/z: 433.4
[M-H]™, 4 FX K C, H, 0, . H-NMR (600 MHz,
CD,0D) &; 8.68 (2H, d, J = 2.1 Hz, H-2"), 8.12
(1H, d, J = 8.4, 1.8 Hz, H-6'), 7.41 (1H, d,
J=82,H-5),692 (1H, d, J =1.8, H-8), 6.75
(1H, d, J = 1.6 Hz, H-6), 5.60 (1H, d, J = 7.1
Hz, H-1"); "C-NMR (150 MHz, CD,0D) &: 177.9
(C-4), 163.6 (C-7), 161.5 (C-5), 156.9 (C-9),
156.5 (C-2), 148.7 (C-4"), 147.0 (C-3"), 135.1
(C-3), 121.3 (C-1"), 116.9 (C-5"), 116.5 (C-
2'), 106.3 (C-10), 102.0 (C-1"), 99.5 (C-6),
94.3 (C-8), 74.3 (C-3"), 72.2 (C-2"), 69.0 (C-
4"y, 67.1 (C-5"), DL E%¥s 5 SCHk (o o ik 55,
2020) FEA B, B E I R -3-0-a-L-FTH;
AR (quercetin-3-0-a-L-arabinoside) .

AW 15 IREEYUR, ESI-MS m/z; 463.4
[M-H] ", 4 FX K C,, HyO,,, "H-NMR (600
MHz, CD,0D) &: 8.43 (1H, d, J = 2.0 Hz, H-
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2'),8.10 (1H, dd, J = 8.2, 2.1 Hz, H-6'), 7.22
(1H, d, J = 8.5 Hz, H-5"), 6.67 (1H, d, J = 2.3
Hz, H-8), 6.64 (1H, d, J = 2.2 Hz, H-6), 6.13
(1H, d, J = 7.9 Hz, H-1"), "C-NMR (150 MHz,
CD,0D) 3; 178.7 (C-4), 166.4 (C-7), 162.9 (C-
5), 157.9 (C-9), 157.5 (C-2), 150.6 (C-4"),
146.5 (C-3"), 135.3 (C-3), 122.6 (C-1"), 122.2
(C-6"), 117.6 (C-2"), 116.0 (C-5"), 105.5 (C-
10), 105.1 (C-1"), 99.7 (C-6), 94.5 (C-8), 77.9
(C-5"), 75.3 (C-3"), 73.1 (C-2"), 69.4 (C-4"),
62.6 (C-6") . VL EXds 53CH (2 d5F,2019) 2
AR—F, W R M 2 -3 -0-B-D - Mg 21 FLBE
( quercetin-3-0-B-D-galactopyranoside ) ,

G 16 & B AR i, ESI-MS m/z.
531.5 [M+H]", 4r F 3~ C,yHy O5S,' H-NMR
(600 MHz, CD,0D) &: 4.12 (2H, t, J = 7.1 Hz,
H-1", 1), 3.08 (1H, m, H-2"), 2.93 (1H, m,
H-2), 2.83 (2H, m, H-3, 3"), 0.87 (2H, tt,
J =17.7, 5.6 Hz, H-12", 12”); "C-NMR (150
MHz, CD,0D) &. 171.3 (C-1, 1"), 65.5 (C-1",
1"), 47.2 (C-2,2"), 27.1 (C-3, 3"), 31.9 (C-
1, 11"y, 29.7 (C-10", 10"), 29.6 (C-9", 9"),
29.5 (C-8", 8"), 29.4 (C-7", 7"), 29.3 (C-6",
6"), 29.2 (C-5", 5"), 28.5 (C-4", 4"), 25.9
(C-3", 3"), 22.7 (C-=2", 2"), 14.1 (C-12",
12"y, DL 8 5 SCHk (Malak et al., 2013) A
— 3, % e o AR OB N e B R
[ didodecyl thiodipropionate ( propionic acid, 3, 3-
sulfinyl di-1,1’-didodecyl ester) ] .

EY 17 HEKR, ESI-MS m/z: 357.3
[M+H]", 4> F XN CyH, 0., "H-NMR ( 600
MHz, CD,0OD) 6. 7.28 (1H, d, J = 8.2 Hz, H-
2'),6.99 (1H, d, J = 2.1Hz, H-5"), 6.78 (1H,
d, J = 1.8 Hz, H-2), 6.75 (1H, dd, J = 1.8,
8.4 Hz, H-6), 6.72 (1H, d, J = 1.8 Hz, H-5),
3.86 (3H, s, 3-OCH,), 3.65 (3H, s, 3'-OCH,),
2.65 (2H, t, J = 7.5 Hz, H-7"); "C-NMR (150
MHz, CD,0D) & 178.7 (C-9"), 148.5 (C-3),
147.3 (C-3"), 146.2 (C-4), 1459 (C-4"), 136.7
(C-1), 133.6 (C-6"), 127.6 (C-1"), 123.2 (C-
6), 117.6 (C-5"), 115.9 (C-5), 114.1 (C-2),
112.9 (C-2"), 72.7 (C-9), 56.4 (4-OCH,), 56.3
(4'-0CH;), 50.2 (C-8"), 47.0 (C-7), 41.6 (C-
8), 30.7 (C-7"), VI I%#i 5 CHR (Fedorova et
al., 2016) FEAR—Z, % %E N a-conidendrin

G Y 18 Jo A AR Y BT, ESI-MS m/z.
361.4 [M+H] ", 5+ 3~ Cy,H,, 0, 'H-NMR
(600 MHz, CD,0D) &: 6.99 (1H, d, J = 1.8 Hz,
H-2'), 6.87 (1H, dd, J = 1.8, 8.3 Hz, H-6),
6.77 (1H, d, J = 1.8 Hz, H-5'), 6.71 (1H, s,
H-6), 6.70 (1H, brs, H-4), 5.47 (1H, d, J =
6.6 Hz, H-2), 3.88 (3H, s, 7-OCH,) , 3.83/3.74
(2H, m, H-3a/3a’), 3.66 (3H, s, 3'-OCH,),
3.58 (2H, t, J = 6.5 Hz, H-5¢), 3.49 (1H, dt,
J =6.4,6.3Hz, H-3),2.65 (2H, t, J = 7.5 Hz,
H-5a), 1.80 (2H, tt, J = 6.6, 7.7 Hz, H-5b);
"C-NMR (150 MHz, CD,0OD) &: 149.0 (C-3"),
147.4 (C-4"), 147.4 (C-7a), 145.1 (C-7), 136.9
(C-5), 134.8 (C-1"), 129.8 (C-4a), 119.7 (C-
6'), 117.9 (C-4), 116.1 (C-5"), 114.0 (C-6),
110.5 (C-2"), 89.0 (C-2), 64.9 (C-3a/a’), 62.2
(C-5¢), 56.7 (7-OCH;), 56.3 (3’-0CH,), 55.4
(C-3), 35.8 (C-5b), 32.9 (C-5a), Mk FHIE
SCHR (Jia et al., 2017) FEAR —2, UK E N rel-
(2a,3B) -7-0O-methylcedrusin ,

EW 19 HEamAK, ESI-MS m/z; 383.2
[M+H]", 5+ F 3~ CyHy,0p, TH-NMR (600
MHz, CD,0D) &: 7.55 (1H, d, J = 15.8 Hz, H-
7), 7.28 (1H, d, J = 1.3 Hz, H-2), 7.12 (1H,
dd, J = 1.4, 8.1 Hz, H-6), 6.76 (1H, d, J =
8.2 Hz, H-5), 6.43 (1H, d, J = 15.8 Hz, H-8),
5.15 (1H, m, H-3'), 3.84 (4H, s, 3-OCH,, H-
4y, 3.60 (1H, m, H-5'), 3.55 (3H, s,
COOCH,), 2.05 (1H, dd, J = 4.2, 12.6 Hz, H-2'
b), 2.04 (1H, dd, J = 5.3, 13.5 Hz, H-6'b),
1.87 (1H, dd, J = 1.5, 12.6 Hz, H-2'a), 1.83
(1H, dd, J = 2.6, 13.4 Hz, H-6'a); " C-NMR
(150 MHz, CD,0D) &: 174.2 (CO), 166.1 (C-
9), 149.1 (C-4), 147.9 (C-3), 144.5 (C-7),
125.7 (C-1), 123.0 (C-6), 115.5 (C-5), 115.3
(C-8), 110.9 (C-2), 72.6 (C-1"), 70.3 (C-3"),
70.0 (C-4"), 67.8 (C-5"), 55.7 (3-OCH,), 51.5
(COOCH,), 39.1 (C-6"), 34.8 (C-2"), LA %k
P53k (IFEIEESE,2017) HA 3 L E N 3-
O- Pl 2t 28 7 MR B R (3-O-Ferulylquinic acid
methyl ester)

& 20 B KK, ESI-MS m/z: 285.1
[M-H],%+ 7k CH, 0, "H-NMR (600 MHz,
CD,0D) & :12. 23 (1H, s, 5-OH), 7.42 (1H,
dd, J = 8.6, 0.8 Hz, H-6"), 7.40 (1H, d, J =
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1.0 Hz, H-2"), 6.96 (1H, d, J = 8.4 Hz, H-3"),
6.60 (1H, s, H-3), 6.52 (1H, d, J = 0.8 Hz, H-
8), 6.20 (1H, d, J = 0. 8 Hz, H-6); “"C-NMR
(150 MHz, CD,0D) 6. 183.8 (C-4), 166.4 (C-
7), 166.1 (C-2), 163.2 (C-9), 159.4 (C-5),
151.2 (C-4"), 147.1 (C-3"), 123.1 (C-1"),
120.3 (C-3), 116.8 (C-5"), 114.1 (C-6"), 105.3
(C-2"), 103.8 (C-10), 100.1 (C-6), 95.0 (C-
8). LI &5 ik (Cao et al., 2021) AR —
S E MR RFLR (luteolin)

&YW 21 AT ERB AR, ESI-MS m/z:
509.3 [M+H]*, 2 F3 N C,,H,,0,,.' H-NMR (600
MHz, CD,OD) 6. 7.48 (1H, s, H-6"), 6.70 (1H,
d, J = 2.2 Hz, H-15), 6.55 (1H, d, J = 8.0 Hz,
H-18), 6.44(1H, d, J = 2.2 Hz, H-8), 6.33 (1H,
d, J = 8.0 Hz, H-19), 6.18 (1H, d, J = 2.2 Hz,
H-6), 3.56 (3H, s, 16-OCH,), 3.50 (1H, m, H-
12), 3.24 (1H, m, H-11b), 4. 82 (1H, s, H-13),
4.05 (3H, s, 3'-OCH,), 3.72 (3H, s, 5'-OCH,),
3.61 (1H, m, H-11a), 3.20 (1H, m, H-11b), "C-
NMR (150 MHz, CD,0D) & 182.0 (C-4), 165.7
(C-7), 163.3 (C-5), 160.8 (C-2), 158.7 (C-9),
149.7 (C-5"), 148.9 (C-16), 147.7 (C-3"), 146.0
(C-17), 145.5 (C-4"), 136.6 (C-14), 128.8 (C-
2'), 120.8 (C-19), 119.1 (C-1"), 115.9 (C-18),
112.4 (C-15), 112.0 (C-3), 105.3 (C-10), 103.8
(C-6"), 100.0 (C-6),94.9 (C-8), 62.8 (C-11),
60.9 (3'-OCH,), 56.9 (5'-OCH,), 56.3 (16-
OCH,), 42.3 (C-12), 37.8 (C-13), VA FH¥i5 3
R (S5 AF,2020) FEA — 2, O E R (58,
6S)-5, 6-dihydro-3, 8, 10-trihydroxy-5-( 4-hydroxy-3-
methoxyphenyl ) -6-hydroxymethyl-2, 4-dimethoxy-7H-
benzo [ ¢ ]xanthen-7-one)

5 ¥ 22 HEKAR, ESI-MS m/z: 381.4
[M-H] ™, %X N CH,0,, "H-NMR (600 MHz,
CD,0D) 6: 9.59 (1H, brs, 7'-OH), 7.50 (1H, d,
J = 15.6 Hz, H-3"), 7.27 (1H, d, J = 1.6 Hz, H-
5"), 7.01 (1H, dd, J = 8.2, 1.6 Hz, H-9"), 6.81
(1IH, d, J = 8.0 Hz, H-8'), 6.40 (1H, d, J =
15.6 Hz, H-2"), 5.49 (1H, brs, 1-OH), 5.13 (1H,
dt, J = 9.2, 3.8 Hz, H-5), 4.91 (1H, brs, 4-OH) ,
4.83 (1H, brs, 3-OH), 3.85 (1H, overlapped, H-
3), 3.84 (3H, s, 6'-OCH,), 3.68 (1H, m, H-4),
3.55 (3H, s, 7-OCH,), 2.05 (1H, dd, J = 12.7,
3.9 Hz, H-6b), 1.95 (1H, dd, J = 13.0, 5.9 Hz,

H-2b), 1.86 (1H, dd, J = 12.3, 9.6 Hz, H-6a),
1.84 (1H, dd, J = 13.3, 3.1 Hz, H-2a) ;"C-NMR
(150 MHz, CD,0D) 6:176.5 (C-7), 168.9 (C-1"),
150.4 (C-7"), 149.4 (C-6"), 146.8 (C-3"), 127.9
(C-4"), 124.1 (C-9'), 116.5 (C-8'), 116.1 (C-
2y, 111.7 (C-5"), 75.3 (C-1), 73.9 (C-4), 72.7
(C-5), 68.6 (C-3), 56.4 (6’-OCH,), 52.9 (7-
OCH,), 40.8 (C-2), 36.4 (C-6), L\ F%¥E5 3wk
(ZRPRIESF | 2020) HEA—F, B E R 5-0- P Bt
Z TR ER (5-0-Ferulylquinic acid methyl ester) ,
3.2 DPPH ZMEXEWERBEBRERNTNER

f2& 1 AlAL, el 15 MMeA Y, Uk &
12 R B BT A E P IC (B R 49.58 pg -
mL", HAD AL G W ok WOR P A TE M I, (B >
1 000 pg + mL',

&1 DPPH EWE 15 ML EMH B BAEFRAE
Table 1 Determination of free radical scavenging

abilities of 15 compounds by DPPH method

i DPPI})IPEHFHr%ﬁ%%$ Ca
Compound scavenging rate (%) (W& " mLT)
1 4.48 >1 000
2 2.86 >1 000
3 1.52 >1 000
4 -3.68 >1 000
5 3.63 >1 000
6 2.00 >1 000
7 -5.97 >1 000
8 1.92 >1 000
9 1.23 >1 000
11 -0.98 >1 000
12 ~78.43 49.58
13 1.92 >1 000
14 1.66 >1 000
15 1.56 >1 000
16 3.02 >1 000

4 ik 5k

TF A0 12 5400 14 1) T SOk ik phe >4 iy o
IR B B iR AR Z — W S B P 2 B A A]
e KRR (XBZEW,2010) . H B/ A2
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f#ﬁg&ﬂ@ig[ﬂﬂﬂﬁzg,ﬁﬁM{Jﬁiﬁzﬁ}mﬁgf—H ANG WJ, LO LC, LAM YL, et al., 2014. Expedient

BBV BB IR — 3T, AR SR H
AT T 2 88 4k 24 1o BF 52, DA FR B4 L
Hbl gy B M0 22 N B W, A5 H 28 R P K T
KBRS BRI ORI R RN ERRE, L 54
REEWAZE 6 N RIS, 4B R TR R 28 K I iR 2
Wy 5 Ry HE T RN I Y 3 A4, e B T A
SERNAY IS, WS K RIS e B Y
AETE A INKT SR AE S B A A, DAL & AT
B ARV BRI PR T 3R T O i i A R
(VK ,2020) MR K2 & B By TR B o K ¥ 12, LA
T & () 7K A 18 2L 85 W PR 138 97 i s M B 48
RIERE (M, 2021) . ADFSE N B R
KA R A WA B L T — Rk 42, R B Sy H
FE B FF e R B 0 T — a2 I A il

SEEENEY T LAY 4 (FEEE) N
FEE E R ST . TR —Fh A A
BRI, 7E B 2 U N 2 WA N A A R
F IR, AN F A R IT IR TS B R IR YT M IR
254 L-H B Z 50 (R A 44 Aldomet) VAYT
e P S DR AR IR T P AR AL 1 R AR A S
M RE B2 36 97 0 I 19 25 ) BE S 5 (i e 2R 5%
2010) , @FRXTHFEFEBEFTE R EE K, A8 1.2 7 t,
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Abstract; Saccharum officinarum is the main cash crop in sugar processing industry, and its leaves are characteristic
Yao medicine in Guangxi with a long history. Our recent study showed that its ethyl acetate extract was partly responsible
for its in vitro anti-tumor activity. In order to clarify the chemical constituents of this part, the modern separation and
purification techniques, such as silica gel column chromatography, Sephadex LH-20 column chromatography, and semi-
preparative high-performance liquid chromatography were used to identify the structures of the isolates by their
physicochemical properties and modern spectral analysis. The results were as follows: Twenty compounds were all
isolated and identified as 3, 4-dihydroxybenzaldehyde (1), methyl 3, 4-dihydroxy-benzoate (2), 3, 4-dihydroxy-
benzoic acid (3), 3-hydroxy-4-methoxybenzoic acid (4) , p-hydroxy-benzoic acid (5), p-hydroxybenzyl aldehyde (6),
p-hydroxy-cinnamic acid (7), syringic acid (8), 3, 5-dihydroxy-hydroquinone (9), I1-hydroxy-benzoyl-4-0-a-1.-
rhamnopyranoside (10 ) , p-hydroxy-benzoyl-8-D-glucopyranoside (11), quercetin (12), tricin (13), tamarixetin
(14) ,isorhamnetin (15), 5, 3', 4'-trihydroxy-7-methoxy-flavanone (16) , 7-O-Methyleriodictyol (17), [ (E)-4-(1S,
3R,4R)-1-hydroxy-4,5, 5-trimethyl-7-oxabicyclo [ 4.1.0] heptan-1-yl ] but-1-en-3-0-ne ( 18) , blumenol A (19) and
thymidine (20), respectively. Compounds 1-4, 6, 9-11, 13—16, 18 and 20 were isolated and identified from this plant
for the first time. The results provide some basis for its further development.

Key words: Saccharum officinarum leaves, ethyl acetate extract, chemical constituents, structure identification,

flavonoids, phenolic acid

HHE ( Saccharum officinarum ) "N R A B Z8 R}
TR, F2 77T G A X, 4 ik A —
T2 FE G P HRE, Hovh 7 R i 2 B P L ED
JERIp I FEFRE, R 2 A T R
R AR VG DU R 2 A SRR T
Wi FEELTARY) . R, H Rl &) 78 2
A AT 7l H TR bR AR 0 S 22 AR AR T 4
B — MR i G A E BT RTE 60% UL L,
JRE P Sy RE Y it o H R WSO R T A P i
B S FNE] W), — Al BT Rk D 2 b B
B FTE AN b T ™ Y B R
PeMIRET 15 9% . Bl TR R RASE 1 AN W K
FOATRE R I R AT A A% B R (] S A R T A
ke W 3L figp- R %) () R

HRERHAE TV R ] A 3 X B KA 2
DT AERR 2 b, TR B TR T
T I IE LSO IR, (HR HREr 30 2 1 T k)
IS0k R W 25 e A fr itk — 22 IF &, i
SRS B, B RE v EE S AN 2
T BN IS5 (Jian et al., 2014 faf
VA 201657 £ 255 ,2019; K 4 345 ,2019) , 2
PRTEPEOT ST R, R B 0 | B OB BT AR
SAEH (/¥ %, 2011 ; Borsen et al., 2011 ; YT

i ,2012 ;B/NES 2013 FHi%,2018) .

R TR G H RE W (0 4k 24 5 oy, AT 5% i3
FAAE G 53 85 45 AR X H RE T Ak 25 i o 647 53 8, 9F
SR BAR 3% 2% Ty 1 K b X SCHR B0 E AT 45 4 %
FE, WHBEMT 70% 2 B4 BUY) i 20 B8 20T A BGE
PLor B3] 20 MEEW (K 1), A5G By RR | BT |
il AR EY., Kb k6% 1-4.6,
9-11.13-16 .18 F1 20 ¥ 7 I M\ H JE i 23 5

YERSF
1 &5 7
1.1 5%

HHE T 2019 4F 12 AR AT P4 g T 1 5
HRERMAR DS, 287 P4 v B 2 R 2 5 P BE U M5 0
RARA LA Y H E (Saccharum officinarum ) ) 1,
FRAS (20191225-1) A7 T U P R 25 K2 ) P
1.2 X EF Ak 7

1252 B 56 25 5 20 AR 35 {X ( Pre-HPLC,
& [ Waters /A A ) ; Q-Tof MicroTM il Ji 4% ( 3 [H
Waters 23 7] ) ; Inova-600 % #8 S #% f7 e 4 1% 1 X
(2 Varian 23 7]) 52695 25 2800 A 6, 33% 4% (35
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Waters 2 F] ) 5 SB25-12D i 75 S35 VAL (77 B 8T
YR B A BR A ) s UPK-T1-10T 413 £ 41
FA Al KA (U] 4 2l BB A BR A | ) 5 SHZ-TTT
RUPEIR K B 28 2 (g W ok A A AR ) ) s AR 2 HF
fiE i (100 ~200 H 200 ~300 H, & & @ ¥4k T
J7) s A £ 3 Rk S (200 ~ 300 H ) K 3 )2 (5,18
GF254 RERE 15 i AR (7 5 1 P46 T.) ) ; Sephadex
LH-20 % 2 B 5E it ( B M Amer-sham Pharmacia 23
F]) ;00G-4252-P0-AX il £ 4 3%+ (250 mmx21.2
mm,5 pwm, 3 [E Phenomenex 23 ] ) ; Xseiect HSS T3
TR A [ 4.6 mmXx250 mm, S5 wm, (KB
(L) ABRATE ] 4B 2% 590 (RcEs i B e Ak
TG ) 5 B3 0A ) (T E Merck 28 7)) 5 5%
P (£ FH Thermo A H]) o
1.3 RS E

T EEM 2544 (10 kg) LK, JEHH 10 55
70% £ BE MR AR 3 WK, A T P IO, 9 vk 4 15
B (1135 g) , 781K 000 40 180 PR 3 514
U A | R LB IE T EEdE AT AR HL U [l
WS L, 43 A5 B A kR AR | LR BRI
B IE T BRI E UK Z AR E

¥ TR CERFBALIZ T (125.8 o) i kb (0 3%
SE AT - TR TR (50 : 1~0 2 1) AL
CLPR-HWE(50 : 1~0: 1) BHBEVERL, 153] 7 A0
I3 (Fr. 1~Fr. 7), Hi Fr. 2 ZREHE: AR A
M- Mg (20 2 1~0: 1) BRAEVEME, 1535 5
M5 (Fr. 2-1~Fr. 2-5), Fr. 2-2 £& Sephadex
LH-20 @358, A - mE (1 2 1) 2 Uk
W, A5E LAY 1(4.1 mg) .2(6.1 mg) 4(11.6
mg) \9(15.0 mg) ; Fr. 2-4 % pre-HPLC LA 20% H
By alifl, 35 24 &%) 18(9.2 mg) ; Fr. 2-5 4
pre-HPLC LA 30% W 1% 73 & i ik, 15 B fL & ¥ 5
(6.0 mg) .7 (11.0 mg) ; Fr. 2-6 £ pre-HPLC Lk
10% Wi 5 25 2l Ak, 15 216 G 12 (2.2 mg) (13
(5.3 mg) .14(4.3 mg) ;Fr. 2-9 £ Sephadex LH-20
@G (&P - 1 1) RE A E RS
¥ 16(4.3 mg), Fr. 3 4 Sephadex LH-20 H: {1
AR RSN -HEE(L s 1) AT, 55 12 4~
44 (Fr. 3-1~Fr. 3-12) , HA, Fr. 3-11 28 pre-
HPLC DL 35% &4y & alifh, 152146 &9 15(3.0
mg), Fr.4 2 & @35 5 25 B K (middle
chromatography isolated gel , MCI) A €&, 3i% D F it — 7K
(50 : 1~0: 1)BEREEPENL, 15 3] 5 A4 53 (Fr. 4-

1~Fr. 4-5), i Fr. 4-1 4 pre-HPLC L) 20%
B 5y 85 gl Ak, il 25 15 2k &9 3(4.8 mg) 8(6.7
mg) ;Fr. 4-2 28 pre-HPLC L) 10% H 15 43 25 4li k|
BEEE Y 19(3.7 mg) 20(7.4 mg) ;Fr. 4-5 &
Sephadex LH-20 Tﬂf@ﬁg‘ﬁﬁfﬁfﬁ—ﬁaﬁ( 1: 1) &
Ve, B RMLEY 17(5.0 mg) . Fr. 6 LA
LA -2 R TR (50 < 1~0 1) B LR,
55 10 AR B9 W41 43 (Fr. 6 -1~Fr. 6-10)
Hodr Fr. 6-2 28 Sephadex LH-20 #1: {4 4i% FH &0 -
BE(L: 1) REVEW, 5 EEAY 6(5.1 mg) ;Fr. 6-
5 2 pre-HPLC LA 80% H 4y i 2lifb , 15 214k 59
10(13.6 mg) \11(8.1 mg),

2 KR

&Y 1 B EEHIRES & BE) . HR-ESI-
MS m/z: 137.024 4 [M-—H]~,'H-NMR (600 MHz,
DMSO-d,)d: 9.68 (1H, s, H-7), 7.26 (1H, dd,
J=8.1, 1.8 Hz, H-6), 7.22(1H, d, J=1.8 Hz,
H-2), 6.89(1H, d, J=8.1 Hz, H-5); “"C-NMR
(150 MHz, DMSO-d) &; 191.0(C-7), 152.6(C-
4), 146.0(C-3), 128.6(C-1), 124.6 (C-6),
115.5(C-5), 114.2(C-2), Lh % ¥ 5k ( F
SCHEAE,2013) il — B, BUE EARE Y 1 R L
Z5 W% (3 ,4-dihydroxybenzaldehyde) ,

k&2 | ARHE), H-NMR (600
MHz, DMSO-d,) &: 7.43(2H, s, H-2, 6), 6.83
(1H, d, J=8.4 Hz, H-5), 3.73 (3H, s, 7-
OCH,) ; "C-NMR (150 MHz, DMSO-d,) &: 167.5
(C-7), 151.0(C-4), 147.2(C-3), 125.9(C-1),
123.4(C-6), 115.0(C-5), 112.7(C-2), 55.5
(OCHy) o DA I 854 5 3wk B B 45,2020 ) i —
BHEEA G 2 M 3, 4- R HIK R g
(methyl 3, 4-dihydroxybenzoate)

k&EWm 3 AEHARHE) ., H-NMR (600
MHz, DMSO-d,) &. 7.31(1H, d, J=2.0 Hz, H-
2),7.26(1H, dd, J=8.2, 2.0 Hz, H-6), 6.76
(1H, d, J=8.2 Hz, H-5); "C-NMR (150 MHz,
DMSO-d,) 8. 115.2(C-6), 116.6(C-5), 121.9
(C-1), 144.9 (C-3), 150.0 (C-4), 167.5
(COOH) , DL b %dl 5 30k (B 345, 2010) i
M8 M E AT 3 N3, 4-ZRIKP R
(3,4-dihydroxybenzoic acid) .



11 1 W IR . B RN O R ORI AL A o BF 5T 1887
Bl 1 L&Y 1-20 45
Fig. 1 Chemical structures of compounds 1-20
ka5 a4 BHOBKHEB), HR-ESI-MS (CHO), 165.2(C-4), 133.4(C-2, 6), 130.3(C-

m/z:167.0345 [ M-H] .' H-NMR (600 MHz,
DMSO-d,) 8; 7.40(1H, dd, J=8.4, 2.0 Hz, H-
6), 7.35(1H, s, H-2), 6.97(1H, d, J=8.4 Hz,
H-5), 3.81 (3H, s, 4-0CH;); “C-NMR (150
MHz, DMSO-d,) &: 167.5(7-COOH), 151.4(C-
4), 146.8 (C-3), 129.7(C-6), 121.5(C-1),
116.1(C-2), 111.3(C-5), 55.6(4-0CH,), LI I
B 5 Sk (ABWEE,2017) Rl — 2, L E ks
Y4k 3-5 -4 - H 8 H R (3-hydroxy-4-
methoxybenzoic acid)

e s s RS (HFEE) . HR-ESI-
MS m/z: 137.024 2 [M-H] ,'H-NMR (600 MHz,
CD,OD) &; 7.88(2H, d, J=8.8 Hz, H-2, 6),
6.81(2H, d, J=8.8 Hz, H-3, 5); “C-NMR (150
MHz, CD,0D) &: 170.2( COOH), 160.7( C-4),
133.0(C-2, 6), 122.9(C-1), 116.0(C-3, 5), A
B 5 SR (A, 2020 ) HE — 3, B E
&Y 5 X7 5K B R (p-hydroxy-benzoic
acid)

k&6 el AR (HE), HR-ESI-MS
m/z: 121.0295 [M-H] .' H-NMR (600 MHz,
CD,0D) &: 9.76(1H, s, CHO), 7.77(2H, d, J=
8.4 Hz, H-2, 6), 6.91(2H, d, J=8.4 Hz, H-3,
5); “C-NMR (150 MHz, CD,0D) &; 192.8

1), 116.9(C-3, 5), DA #ds5 S0k (28945 FLAE,
2017) 1B —3, HOE B S W) 6 Sh X R RO
( p-hydroxybenzyl aldehyde) .

E&EW 7T TAEIR SR (HE), HR-ESI-
MS m/z: 137.024 4 [M-H] .'H-NMR (600 MHz,
CD,0D), &: 7.59(1H, d, J=15.9 Hz, H-7),
7.43(2H, d, J=8.4 Hz, H-2, 6), 6.79(2H, d,
J=8.3 Hz, H-3,5), 6.27(1H, d, J=15.9 Hz, H-
8); "C-NMR (150 MHz, CD,0D), &: 171.0(C-
9), 161.2(C-4), 146.6(C-7), 131.2(C-2, 6),
127.2(C-1), 116.8(C-3, 5), 115.6(C-8), L) I
B 5 Sclk (1 F9E,2019) E B, e e s
W7 X2 EE AR ( p-hydroxy-cinnamic acid) .

& 8 I EEIR MR (HEE) ' H-NMR
(600 MHz, DMSO-d, ), 8: 9.19(1H, s, OH) 7.19
(2H, s, H2.6), 3.79 (6H, s, OCH3 x2);
PC-NMR ( 150 MHz, DMSO-d,) &. 167. 5
(-COOH), 147.4 (C-4), 140.01 (C-3, C-5),
120.8(C-1), 106.8(C-2, C-6), 56.0(2-OCH3, 6-
OCH3) . DL % 5 SOk (R 55 ,2020) 4 iE —
B, G 8 8 T R (syringic acid) .

EW9 FEBKR(HE), H-NMR (600
MHz, DMSO-d,)3: 7.20(2H, s, H-2, 6), 3.8(6H,
s, OCH,); "C-NMR (150 MHz, DMSO-d,) &: 167.4
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(C-1), 147.4(C-3, 5), 140.1(C-4), 106.8(C-2, 6),
56.0( OCH;) . LA %l 5 SCiik (5 #6555 ,2018) e i
— 2, LA 9 M 3, 5- T HIAEIERTIR (3,
5-dihydroxy-hydroquinone ) .

&% 10 P EF R (HFEE) . HR-ESI-MS
m/z: 283.0814 [M-H] .'H-NMR (600 MHz,
DMSO-d,) &: 7.89(2H, d, J=8.8 Hz, H-2, 6),
7.11(2H, d, J=8.8 Hz, H-3, 5), 5.48(1H, d,
J=1.8 Hz, H-1'), 3.84 (1H, m, H-2'), 3.64
(1H, dd, J=9.3, 3.2 Hz, H-3"), 3.39 (1H, m,
H-5'),3.29 (1H, t, J=9.3 Hz, H4'), 1.09
(3H, d, J=6.2 Hz, H-6") ,; C-NMR (150 MHz,
DMSO-d,) &: 167.0(C-7), 159.6(C-1), 131.3
(C-3,5), 124.2(C-4), 116.0(C-2, 6), 98.2(C-
1), 71.7(C-2"), 70.4(C-4"), 70.1(C-3"), 69.8
(C-5"), 17.9(C-6") , DL FXuds 5 Sck (254 1
85,2014) #EiE — 3, BOE A 10 4 1-hydroxy-
benzoyl-4-0-a-L-rhamnopyranoside,

G 11 TR SR (FEBE) . HR-ESI-
MS m/z: 299.076 7 [ M-H ] ."H-NMR (600 MHz,
DMSO-d,) &: 7.88(2H, d, J=8.8 Hz, H-2, 6),
7.09(2H, d, J=8.8 Hz, H-3, 5), 4.98(1H, d,
J =17.4 Hz, H-1"); “C-NMR ( 150 MHz,
DMSO-d,) 8: 60.6(C-6"), 69.6(C-4"), 73.2(C-
2'), 76.5(C-5"), 77.1(C-3"), 99.8 (C-1"),
115.8 (C-3,5), 124.2(C-1), 131.2(C-2,6),
160.8(C-4), 167.0(C-7) . i I %k# 5 3C ik (5
JRBUR RS, 2018) il — 3, MUE 2 AW 11
St ¥ 30K W R - B - D - ik e A 2 R IR T (p-
hydroxy-benzoyl-8-D-glucopyranoside ) ,

G 12 Bk R (HEE) " H-NMR (600
MHz, CD,0D)8: 7.86(1H, d, J=2.1 Hz, H-2'),
7.52(1H, dd, J=8.0, 2.0 Hz, H-6'), 6.89 (1H,
d, J=8.0 Hz, H-5"), 6.49 (1H, d, J=2.0 Hz,
H-8), 6.20 (1H, d, J=2.0 Hz, H-6); “C-NMR
(150 MHz, CD,0D) & 176.8(C-4), 165.8(C-
7), 160.8 (C-5), 157.8 (C-9), 147.2(C-2),
146.4(C-4"), 145.7(C-3"), 136.8(C-3), 122.6
(C-1"), 121.3(C-6"), 115.7(C-2"), 117.2(C-
5') o VA EUR 5 SCHR (% 24 805%,2019) i iE —
B, B A A Y 12 it R (quercetin)

&Y 13 B AR (NI ) ., HR-ESI-MS
m/z: 329.0647 [M-H] .'H-NMR (600 MHz,

DMSO-d,) &: 7.32 (2H, s, H-2', 6"), 6.97(1H,
s, H-3), 6.54(1H, s, H-8), 6.19(1H, s, H-6),
3.88(6H, s, 3’, 5-OCH,) ; “C-NMR (150 MHz,
DMSO-d,) &: 181.8(C-4), 164.6(C-7), 163.6
(C-2), 161.4(C-9), 157.4(C-5), 148.2(C-3',
5'), 139.9(C-4"), 120.4(C-1"), 104.4(C-2',
6'), 103.4(C-3), 99.0(C-6), 94.3(C-8), 56.4
(3", 5'-0CH;) ., VA -%ds 5 SCHk (40 5578 Fn2E 48
A5 ,2010) il —3%, A B B9 13 /N R
(‘tricin) ,

&Y 14 EEF KR (TSR ) ' H-NMR (600
MHz, CD,0D) &: 7.76(1H, d, J=8.5 Hz, H-6') ,
7.74(1H, d, J=2.0 Hz, H-2'), 7.06(1H, d, J=
8.5 Hz, H-5"), 6.40(1H, d, J=2.0 Hz, H-8),
6.19(1H, d, J=2.0 Hz, H-6), 3.93(3H, s,
4'-0CH,); “C-NMR (150 MHz, CD, OD) 3.
177.5(C-4), 165.7(C-7), 162.6 (C-5), 158.3
(C-9), 150.7(C-4"), 147.4(C-3"), 137.7(C-3) ,
121.5(C-1"), 115.7(C-5", 6'), 112.2(C-2"),
104.6(C-10), 99.3(C-6), 94.4(C-8), 56.4(C-
OCH;) . DA%l 5 Sk (X822 35 4, 2008 ) iz i
— 3, B AL Y 14 R NI E (tamarixetin)

&Y 15 B AR AR (H ), HR-ESI-MS
m/z; 315.0493 [M-H] .' H-NMR (600 MHz,
DMSO-d,) &: 7.66 (1H, d, J=2.2 Hz, H-2'),
7.64(dd, J=8.7, 2.2 Hz, H-6'), 7.07(1H, d,
J=8.6 Hz, H-5"), 6.41 (1H, d, J=2.0 Hz, H-
8), 6.18(1H, d, J=2.0 Hz, H-6), 3.83(3H, s,
3’-0CH,); “C-NMR (150 MHz, DMSO-d,) §&:
55.6(3'-OCH;), 93.4(C-8), 98.2(C-6), 103.0
(C-10), 111.8(C-2"), 114.6 (C-5"), 119.7 ( C-
1), 123.4(C-6"), 136.2(C-3), 146.2(C-2),
146.3(C-3"), 149.3 (C-4'), 156.2(C-9), 160.7
(C-5), 164.0(C-7), 175.9(C-4) . LI ¥R 5 X
ik (R AE- 45, 2018) il — 2, ME e kAW 1S
5 B2 2 (isorhamnetin) .

k&% 16 H AR (HEE) . HR-ESI-MS
m/z: 301.0697 [M-H] ' H-NMR (600 MHz,
DMSO-d,) 8: 6.74 - 6.87(3H, m, H-2",5",6"),
6.74(d, J=2.1 Hz, 2H), 6.07(2H, m, H-6, 8),
5.41(1H, dd, J=12.6, 3.0 Hz, H-2), 3.78(3H,
s, 7-OCH;) , 3.23(2H, m, H-3); "C-NMR (150
MHz, DMSO-d,) &: 197.0 (C-4), 167.4(C-7),
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163.2(C-5), 162.8(C-9), 145.8 (C-4"), 145.2
(C-3"), 129.3(C-1"), 118.0 (C-6"), 115.3(C-
5"), 114.4(C-2"), 102.6 (C-10), 94.6 (C-6),
93.8(C-8), 78.7(C-2), 55.9(7-0CH,), 42.1(C-
3) . PL RS S0k RO PR A, 2005 ) i — 2K,
WA Y16 R 5, 37, 4/ - = FR 5k -7 - H A 3
— & ¥ M (5, 3, 4'-trihydroxy-7-methoxy-
flavanone)

&Y 17 B EARR (W EE) . HR-ESI-MS
m/z; 299.0540 [M-H] ,' H-NMR (600 MHz,
DMSO-d,) 8. 7.46(1H, d, J=2.0 Hz, H-2"),
7.44(1H, dd, J=8.0, 2.0 Hz, H-6"), 6.88(1H,
d, J=8.3 Hz, H-5"), 6.72(2H, s, H-3, 8), 6.37
(1H, d, J=2.0 Hz, H-6), 3.87(3H, s, 7'-
OCH,); "C-NMR (150 MHz, DMSO-d,) &: 181.8
(C-4), 165.1(C-2), 164.3(C-7), 161.2(C-5),
157.2(C-9), 150.3(C-4"), 145.9(C-3"), 121.1
(C-1"), 119.2(C-6"), 116.0(C-5"), 113.4(C-
2"), 104.7 (C-10), 102.9(C-3), 98.0(C-6),
92.6 (C-8), 56.1(7'-OCH,) . Vi I %4 5 Sk
(5K LRI H 5222, 2006) 410 — 2, i E LS W)
17 5 7-0-H F 2Ll (7-0-Methyleroidictyol )

eGP 18 RAE Y 5 (W IE) . HR-
ESI-MS m/z; 223.132 5 [M-H] ,'H-NMR (600
MHz, DMSO-d,) 8. 6.97(1H, d, J=15.8 Hz, H-
1), 6.27(1H, d, J=15.8 Hz, H-2"), 5.86(1H,
s, H-2), 2.63(1H, d, J=17.0 Hz, H-6), 2.26
(3H, s, H-4"), 2.16(1H, d, J=17.0 Hz, H-6),
1.80(3H, d, /J=1.4 Hz, H-7), 0.96(3H, d, J=
25.1 Hz, H-8), 0.92(3H, s, H-9) ; "C-NMR( 150
MHz, DMSO-d.) 8. 198.2(C-3"), 197.0(C-1),
161.7(C-3), 147.2(C-1"), 130.5(C-2"), 126.6
(C-2), 78.1(C-4), 41.2(C-5), 27.2(C-4"),
24.2(C-9), 49.3(C-6), 23.2(C-8), 18.6(C-7),
DA B0 5 S0k (Yi et al.,2012) 4238 — 5, H %
EAY 18 N[ (E)-4-(1S,3R,4R) -1-hydroxy-4,
5, 5-trimethyl-7-oxabicyclo [ 4.1.0 ] heptan-1-yl ] but-
1-en-3-0-ne,

WwEY 19 LEim Y () . HR-ESI-
MS m/z: 269.118 2 [ M+HCOO] .' H-NMR (600
MHz, DMSO-d,) & 5.77(1H, s, H-4), 5.67(1H,
m, H-7), 5.65(1H, m, H-8), 4.98(1H, m, H-9),
2.35(1H, d, J=16.7 Hz, H-2a), 2.07~2.01(1H,

m, H-2B), 1.79(3H, d, J=1.4 Hz, H-13), 1.10
(3H, d, J=6.4 Hz, H-10), 0.92(3H, s, H-12),
0.90(3H, s, H-11); “C-NMR (150 MHz, DMSO-
dy) 8:19.0(C-13), 23.1(C-11), 24.0(C-12), 24.1
(C-10), 41.0(C-1), 49.4(C-2), 66.1(C-9), 125.5
(C-4), 127.9(C-8), 135.9(C-7), 197.4(C-3), LA
B SR (8 AR AE, 2017 ) il — B, Bl e
A% 19 4 blumenol A

&Y 20 Jot ey B (P EE) ' H-NMR
(600 MHz, CD,0D) &: 7.81(1H, s, H-6), 6.27
(1H, t, J=6.8 Hz, H-1'), 4.39(1H, m, H4"),
3.89(1H, m, H-3"), 3.79(1H, m, H-5a), 3.72
(1H, m, H-5B), 2.26 ~2.15(2H, m, H-2"),
1.87(3H, s, CH,); "C-NMR (150 MHz, CD,0D)
8. 12.4(CH,), 41.2(C-2"), 62.8(C-5"), 72.2
(C-3"), 86.2(C-2"), 88.8(C-1"), 111.5(C-5),
138.2(C-6), 152.4(C-2), 166.4(C-4), UL ¥
P 5 SCaik (A 45,2003 ) Hi 8 — 25, s E LA
Py 20 Sy i i s WE i 4EA% HF (thymidine )

3 Wt

AT DN H I 4 B 15 51 20 MMEA W,
G 11 AR EY 6 MR GY .2 4
fEfmi e S 1 SRS, AW 1-
4.6 9-11.13-16 .18 1 20 ¥ K &5 M H i nt
ST AR,

RUARESE o, HRE T B Bt R B (/N
,2013), H (k&9 1 F LR EE B A M %
SEAE (Zhou et al., 2005) ;4bA 4 6 Xt R LA H
1 T A E A 22 A8 5, AR FH AL 5 02 22F 9 Bz 2
JH B T 2575 32 [T~ VEGF-A Il BDNF A % (151
85,2019) 4B 12 M R EAHURIEN , 6B
PO NF-xB (1475 Ak , 2 17 400 il 40 A B A0 b i
R T B9 BB ( Guazelli et al., 2018) ;b5 W) 15
FRAER B AR FMEM (Lee & Kim,2018) , 7]
A 3 Vel A AR A 7 8, % A 6 S S I R X L-02 24
M S BRI, BT NF-E2 MG F 2 3
AR AR R HE T EEAE A (RS, 2021 ),
HREr B BA RSN UM AE R, R 2 TR R
By 2 Herp i 32 BT MR A (XB R M4, 2010)
fi PG 24k & W A B e i ok (5, 2019)
ARG 53 85 B 0 B 43 T IR AL A R i 28 a4y, (1
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Abstract; In order to explore the effects of nitrogen (N) deficiency and compensation of nitrogen (N) nutrient on growth
and root morphology of banana. In this experiment, two main cultivated variety genome types (AAA and ABB) were used as
materials, plant height, leaf length, leaf width, number of new green leaves, fresh weight and dry matter mass of shoot and
roots, root length, root surface area and root volume were studied by using quartz sand matrix culture combined with N
deficiency and compensation treatment. The results were as follows: (1) The plant height, leaf length, leaf width and
number of new green leaves decreased significantly, after 30 d N deficiency of varieties I and II, dry matter mass of roots
increased by 64.71% and 87.50%, and root-shoot ratio increased, total root surface area and volume increased by 4.38%
and 11.85%,71.78% and 66.55%, respectively. (2) After 68 d N deficiency of varieties I and I, dry matter mass of the
whole plant decreased by 33.74% and 42.04%, and there was no significant differences between the deficiency treatment
and the conventional treatment. The change trend of root morphological parameters was consistent with that of mild
deficiency. (3) After the deficiency, N supply was compensated, the symptom of N deficiency disappeared, and the plant
growth indexes returned to normal level. The dry matter mass of the varieties I and Il increased by 51.22% and 52.38%, and
the root-shoot ratio was significantly higher than that of the conventional treatments. Roots tended to grow in normal shape,
and total root volume increased by 61.80% and 45.92%, respectively. The dry matter mass and volume of roots increased
significantly than the conventional treatments and the plant growth vigor was better when the N compensation was timely

after mild N deficiency. To sum up, the method of deficiency compensation can be comprehensively used in the production

TR . A AR U U3 5 i AR R AR K RIR RO 25 9 52 i 1893

to promote the growth of banana seedlings in the field.

Key words: nitrogen (N), deficiency, compensation effect, banana, root morphology
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2010;Wu et al., 2018) ,FF5] & ™5 K IR 85 75 Y 7]
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W (B AR, 2012) P A R i TR AR Y i
NEN 2 | 16 A% I R M5 (pH<5.5) , A7 HIL 5T S ik
ft A =K (<20 Ml<100 mg - kg') , T HEAC S8
5 IR) R (R ST %4, 2012) o AUIE ) P R i
PR , B8 EA G 77 (Ju et al., 2009) , % Z 80 #5 bl
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BEMAE ARG LT,
1.2 iR iE

R B R R 3 AR R AL
FH B¢ Hoagland 5¢ 4278 IR W ; =7 SR Ab PR 58 B &S 7
W5 AME AL PG e Bk BB SRR, R R IR A
R0 (MR A BB ) 5 B Te
EIRM, BRI R 1 s, AR 7 d B
200 mL IR, HoA S 42 L gE — B 3L, 19 Ab 3
30 #K%, A 3K, RERMEC SR A MR R B ERAE , 24
T kA B IR B 4% B AR 7 BRI R AR A
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®1 BREER

Nutrient solution formula

Table 1

¥ Concentration (mg - L)

WiH flﬁf FERERW AW
liem formula Complete N deficiency
nutrient nutrient
solution solution
KiETLE MgSO0, - 7H,0 616.18 616.18
Macro-element 1 by, 272.18 272.18
KNO, 505.55 —
KCl — 372.80
Ca(NO,), - 4H,0 1 180.75 —
CaCl, — 555.00
WL TE R MnSO, + H,0 1.14 1.14
Micro-element . o). . 51,0 0.08 0.08
ZnS0, - 7TH,0 0.22 0.22
H,BO, 2.86 2.86
H,MoO, 0.09 0.09
EDTA - FeNa 8.42 8.42

1.3 #@RNE

PHUCHE il R AR J, 45 Ak P 128 2R 4 85— B
B S BREA 3R IR BB 1 e e )R
B2 I SN R I B T E2 I 4 G 7 RE S S RVVE E 2

b b FRAAR R 43 FFUSCAR , Bk o b b AR R Y fif
ML A R R IR AR
Fo. MR ARMETRT, R LA2400 MR 2 H X
WinRHIZO B 4400 22 | 43 B i AR 45 AR 3R 19 A
£ MR AR AR, % B4 <2.0 mm . 2.0 ~
4.5 mm ,>4.5 mm FRAER A0 AR AR,
1.4 #HEL IR

K FAAE Excel 2010 F1 SPSS 16.0 X i 56 %
AT M FIAE L, LA Duncan’ s 37 52 % 25 1%
HATZE L,

2 HER 5

2.1 RESHMSHEMERENEES £ KT

THERAEIE 10 d J5, AR T AN BIAR R B eI
BT I e S 3R IR A PR T S i B A
R, RIS E I Sk (0, Bl B AR AR, B4k
By e & g B v b R, s R AR A R
w7 GR R ARVGE R PR R Al 1 #EIR 5~7 d, R
TR A A2 AR AU A RE T . AR T A AR
AR AZBR, 5 F AL AR AR AR L T B b B R B
R/, R B ER T i A I A A B R AR A
BLZE AN R 2 P, B R AR B AT AR v B 44 I AR
SRS OB T N BN | =1 S N A W LB 3]
25.40% ,10.60% ; i A= it - BH 5 A8 /)N | it 43 51
o AL BT 17.55% (17.23% , W55 43 5 1 40
AbFR7E 14.85% ,29.01% ; M 7 il A= 80 B 358w B Ak
PHIFAG | B 1 S v 45 L RLAL B 0.6 ~0.7 F

AMEALBE 38 d 5, 45 Ab BEAE BE AR A DL 25 R
R 3 PN, # 2 Ab 38 7 A A bR 2R KR IE W
VIS 3= o SN i A DN T S - RS
P E 25, MR, 7 s ab PR pk R b =
BE R URE IR, b 5 3K G, AR LT 45,
I 7 OB LE 7 =1 1 N o S W L T 39
40.87% .29.20% ; #1 4h A= I F K 43 1) be o R A 28
$2 34.68% . 34.45% , M vi 43 W) LR R Ak 38 A
32.60% \43.81% ; #7 3 & i 55 24 Lo F AL 3 /0
2.50 fr I H s A ZE0 T,
2 AETHMSHRENEHREVETEE TR
FRERRm

B2 R R 5 Bl B A R R R R AE IR T
S5 WL AR I A X0 AR T 5T A R 3R o ™ A Y
M, S5 R WK 4, BRRER R T, A I TR
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Table 2 Growth of banana seedlings at mild N deficiency stage
m Qb3 B RS i G £ 4L
Variety Treatment Plant height (cm) Leaf length (cm) Leaf width (c¢m) Number of new green leaves
I H L Conventional 10.20+0.31a 13.22+0.42a 5.59+0.21a 5.00+0.40a
5 ik Deficiecy 7.61+£0.22h 10.90+0.31b 4.76+0.34b 4.33+0.34b
I H # Conventional 10.85+0.23a 16.31+0.21a 5.48+0.23a 4.90+£0.31a
7 6t Deficiecy 9.70+0.42h 13.50+0.35b 3.89+0.31b 4.20+0.21b
RSV R WA R NS FRERIRTE 0.05 KF ERE2ER, TR,
Note : Different small letters in the same column indicate significant differences at 0.05 level. The same below.
3 RESTHEIMEHREREK
Table 3 Growth of N compensation banana seedlings after N deficiency
m A Qb3 P RS i G £ -4
Variety Treatment Plant height (cm) Leaf length (cm) Leaf width (cm) Number of new green leaves
I % Conventional 20.60+0.25a 26.70+0.40a 11.29+0.18a 5.10+0.15a
5 G Deficiecy 12.18+0.22h 17.44+0.34b 7.61+£0.25b 2.63+0.14b
M Compensation 20.70+0.30a 25.61+0.21a 11.02+0.24a 5.00+£0.20a
1 H L Conventional 21.92+0.23a 32.95+0.21a 11.07+£0.25a 5.08+0.13a
5 ik Deficiecy 15.52+0.20b 21.60+0.35b 6.22+0.14b 2.53+0.30b
M Compensation 22.02+0.31a 31.58+0.25a 10.78+0.22a 5.02+0.14a

5 B HERE AR B RN 4 AR 4 S 34 0
5 R RN B OO0 W 2 25 S IR R T TR R
153 B 0 A8 1, 45 7 il b BEAR R AR R T W 5 T
D TR AL A3 R 64.71% . 87.50%
e b 2 T AL B 4 B 89.66% |
100.00% , # 2 B9 T4 5 £ R ] B R A AR A M AR
(R R I Bl A B MR AR R T4 I A R 0
P& RN U = B = N e = S
RE ST JELIA U3 =7 Ak L 3 0 ) 1 R AR X K
Sy IR T, AE R B K B IR TR AL B
G N | N = N = 0 S LB L 38
1.57% 2.02% , 3 & % 7K 12 LR B0 Ak 34 43 531) B4 A1
1.81% .3.81% , 24k 7 7K 1 Fb & B4 B 53 51 B A%
1.71% ,2.76% , R It , AE PR 75 7K B2 B2 A1 2 Ak 25 o
555 A6 i SR R B R A

AbFHE 68 d, £ Ab BT P AR RAF DL A SR S
Jin ., A AR RE TP 0 R B A7 B BH A
a1 T1 = ffe &b BHURE e 100 Jo o o A 5 R A 2
FREAR, M B ER 4 5 o R AIC 44.26% .51.65%
SRR T ) 0T T i R AR 33.74% 42.04% , A E T
HXTR R T A R RS E R A B, R AR

T4 b 5 R HLAL B B 3 22 R {H T e kb
FEARAR IR LG AT S 25 v T FLAR B, O 5 kb 2 4k
PR EZES A E T BRI i A AR XK 2 1
WAL, 45 i Ak B PR M 138 AR 2R R4 R A K
I E T WAL B, BER, £ A T S 4
PR R AL FRAE R T4 R R R S AR T T A
A PHRAE AR 00 0 R X A e A B RGO M
- EB T R A 80.88% . 104.55% AR T
J AN 55.0% (81.13% , 2 kk i 14 Ji 5+ 184
i 71.30% ,94.37% , 55 WAL FEAR L, AR 2= T4 i
it B E N 51.22% 52.38% , R 1L W& = T
WAL B, R RR K R T Ak B E B, My
SR AN 1.53% .2.85% , M &R F K w0
1.78% 2.32% , 2 kR &K BN 1.64% 2.60% , -
LERSEC SIS PRV NTE
23IRESHMSHEHEREXNEEERER
IR

BB R AL S AL R &1 fE
2 AL, AR T I H AL B AE AR R <2 mm A4
AR K L] 9 90.66% .90.08% , 7 5 1 By AR 2 B
B, BERE TR, SRR Em
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Table 4  Dry matter mass and water content of banana seedlings at mild N deficiency stage
T B K&
i by Average dry matter mass (g - planl'l ) Content of water ( % ) R*Eﬁ}l:lﬁ
. oot-shoot
Variety Treatment H 17 B Lotk 13 B 2 bk ratio
Shoot Root Plant Shoot Root Plant
1 R 0.59+0.02a 0.17+£0.01b 0.76+£0.04a 92.41+0.08a 92.39+0.12a  92.39+0.15a 0.29b
Conventional
7 i 0.51+£0.03a 0.28+0.02a 0.79+0.04a 90.84+0.11b  90.58+0.19b 90.68+0.12b 0.55a
Deficiecy
I R 0.78+0.04a 0.24+0.04b 1.02+0.04a 92.12+0.12a  93.74+0.10a  92.70+0.11a 0.31b
Conventional
7 i 0.73+0.03a 0.45+0.03a 1.18+0.02a 90.10+£0.10b  89.93+0.16b  89.94+0.12b 0.62a
Deficiecy
k5 AESHREHEHRETEETYRREMEKE
Table 5 Dry matter mass and water content of N compensation banana seedlings after N deficiency
RECRE/ iV oK
B b Average dry matter mass (g) Content of water ( % ) Mt
Variety Treatment ; ’ ; ROOt»S.hOOt
Ho -3 iEER ESe7S Hh -3 [itES ESe7S ratio
Shoot Root Plant Shoot Root Plant
1 R 1.22+0.08a 0.41+0.02b 1.63+0.10a 92.22+0.13a  93.94+0.08a 93.72+0.12a 0.34b
Conventional
7 i 0.68+0.03b 0.40+0.02b 1.08+0.07b 90.50+0.30b  90.43+0.07b  90.48+0.16b 0.59a
Deficiecy
M 1.23+0.08a 0.62+0.03a 1.85+0.11a 92.03+0.14a 92.21x0.15a 92.12+0.23a 0.50a
Compensation
I R 1.82+0.08a 0.63+0.05b 2.45+0.12a 92.91+0.22a 92.27+0.31a 92.36+0.11a 0.35b
Conventional
= 0.88+0.04b 0.53+0.03b 1.42+0.08a 89.73+0.30b  90.08+0.16b  89.85+0.12b 0.60a
Deficiecy
Az 1.80£0.10a  0.96+0.03a  2.76+0.15a  92.58+0.12a  92.40+0.17a  92.45+0.16a 0.53a

Compensation

il 7 A AL T ANARAR K 3G 0, AR AR K B SRR AR,
i Fl T I0 AR AR 2 501) Eb o B0 A B R £1529.32%
13.68% , WA AR 73 5 B AR 18.91% (13.12%, ik
AN HA>2 mm 19 R AU AR AR K 7 14
I, d AR T AR R AR R &8 L A B 3
i, AR I AR R AR AR A iS5 B AL BT, 25 57
AN, BEMEIE TR R R AR, SR T
T AH AR 2 T AR 40 J31) Bb 8 R A 388 48 38 19 61.20%
326.49% , S AR 3R R 2 A b w R A B BE
4.38% 11.85% , SRAAESE TR R KRB A G, b
R RELAR DA B A A RS 8 S 1, R T T o
FRARAR 43 591 Eb 5 AL BRIE N 72.73% . 90.83% , #
HRAARFR 23591 b & HUAL BRI 114.52% 37.96% , &
MR TR A5 500 Lo B A BRI AT 71.78% .66.55% , A
U, S R T AR AR AR AR AR Y R TR L

FARTRB G 0, B F A AE AR 7 84T 3 hn
TR SRR SO AR R A At

HAHFH AR A AL LK 3 MK
4 AJH A AME A BEAR AR AR R E AR R —
FERAMERL N, ARl T I AMEEAL BRANAR | AR K
SRR 24 7 B Ak BRI S 1, Horh BUR K
HEAN 71.06% [ 70.54% , H A AR HLARAR K 5 5 B
AbF2E SN 3 (H AR B AR AR KA B E LT
HRIA P 5 R A B R AR R AR R AR 3R TR
SRR 3 K H AR Ak S R Kb 3R] 22 S A W
R HELAR R R R AR s i R Ach L 6 5 358 i, He v
FRAARFR 3 B4 61.80% 45.92% , 3 HANA KLAR
KOBMRRFLS 5 G kb BRI 252 5 R B3, BbAt, A
F o7 A A AR AR R A K A2 B W S e 4HAR | rh
R R ARG I 2 A, e T IS AR A 4 1) Bl i
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Different small letters indicate significant differences between

treatments of the same diameter at 0.05 level. The same below.

Bl 1 BRERERTHRNAEEHRREE(RM )
Fig. 1 Roots morphology of banana seedlings at
mild N deficiency stage ( Variety I)

FAL PR 48.17% 40.50% , 5 W %5 4% J3 ke 280 it
WITF R 29.26% .27.38% ; IR R R TH RS 5 W
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i, AR A R 43 L H R A B RS i 61.23% |
47.20% , 3 W 35 5% g a0 Hs 391 93 301 R B 10.55%
19.35%, LA b 25300, A [m] il 0 F2 B o) 45 1 AR

K2 BERARZHRNEEHRZESCRF)
Fig. 2 Root morphology of banana seedlings at
mild N deficiency stage ( Variety II)
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K3 ARZTHEMEERFERRBIBECRMT)
Fig. 3 Root morphology of N compensation banana
seedlings after N deficiency ( Variety 1)

AR 7 AN AL EERAAR R AR K, T o
R T R, MR H 38 0 ( Lizarazo et al., 2013)
AR A TR 7 GRS, 25 S Fh 4 A R R
AR EUIE AR, B L G I B R R e i E Y B
HREAL, SR T 6 5 BEAE R
P ) A 3 A AR AR AR | HL A TR it 52 IR AU RE T
iX 5 ABB BUKy££ 5 Rl F B i RUR BOSCRI A I fE

AKX, AU R I, B AR 7 B T 9 o iy
FMEIE RIS, BSR4 R B P X T

K4 RARZTHFEAMREEERAILE A
Fig. 4 Root morphology of N compensation banana
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Effects of allelochemical strawberry acid from Allium
tuberosum on Fusarium oxysporum f. sp. cubense

TENG Qiumei' , YANG Xiaodong®, HE Chengxin'
ZHANG Denan', SUN Yingjie'

, XU Guangping'’, HUANG Yuqing*,
MOU Haifei’, WEI Shaolong’, ZHOU Longwu' "
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(1. Guangxi Key Laboratory of Plant Conservationand Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi Zhuang
Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China; 2. Luhe middle school of Luhe County, Shanwei
516700, Guangdong, China; 3. Key Laboratory of Karst Dynamics, MNR & GZAR, Institute of Karst Geology, CAGS, Guilin 541004,

Guangxi, China; 4. Key Laboratory of Environment Change and Resources Use in Beibu Gulf, Nanning Normal University, Nanning

530001, China; 5. Biotechnology Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China )

Abstract; Banana Fusarium oxysporum f. sp. cubense is a soil-borne disease, which seriously threatens the sustainable
development of banana industry. In order to seek an economic, effective and environmental protection measures, plate
and pot experiments were carried out by using allelochemical strawberry acid (SA) to investigate the effects on hypha
growth, disease severity index of banana wilt, soil microorganism quantity and soil enzyme activity. The results were as
follows: (1) With the increase of SA concentration, the colony growth diameter of Foc4 decreased significantly, which
decreased by 49.15% and 70.89% when SA concentrations were 300 pL - L™ and 450 pL - L compared with 150 pL -

L', respectively, on the fifth day. The number of spores were significantly lower than that of the control treatment ( more
than 470 times) when SA concentration was 600 wL + L under liquid medium condition. SA had a better inhibitory
effect on Foc4 at pH 5 and was significantly better than that at pH 7 and pH 9. (2) As time going, the disease severity
index of banana seedlings was significantly lower than that of the control after adding SA. (3) The numbers of soil
bacteria, fungi and the total amount of microorganisms were all the highest when SA was 600 wL - L"; The number of
Foc4 decreased with the increase of SA concentration, and significantly decreased when SA concentration was 1 200
pL - L. (4) The soil enzyme activity was higher when SA concentration was 600 pL + L', and was significantly
decreased when SA concentration was 1 200 wL + L, the activity of catalase and polyphenol oxidase were lower by
41.88% and 54.82% compared with the control, respectively. (5) Correlation analysis showed that the total amount of
soil microorganisms was extremely significantly positively correlated with the numbers of bacteria and fungi. Soil fungi
was significantly negatively correlated with actinomycetes. The numbers of soil bacteria, fungi and actinomycetes were all
significantly positively correlated with invertase and polyphenol oxidase. Invertase and urease, catalase and polyphenol
oxidase were all significantly positively correlated. In general, adding SA at a concentration of 600 pL - L' can better
inhibit the hypha growth of Foc4, increase its inhibition rate, and significantly reduce the disease severity index.
Meanwhile, it can improve the growth environment of bananas. This study provides an academic reference for the
effective use of SA to control banana wilt.

Key words: strawberry acid, allelochemical, banana wilt, Foc4, soil microbial quantity, soil enzyme activity
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J&i , RS WA W BTG 1R 7K B 52 AT 181 %, KR s
(3 38 14 A A T B Focd (936 F B JE T K b, o v
J& , RO e s 1R A A, A B IR 5 2 5
FH M ER T EONR , Ge Tt B T 96 7 =, JC TR KR R
JE AT B2 10 efu - mL', HAW (B
ML A S R ) FPAE TR 1.25 kg HAR £ (oA
Zh SRR B /NAE A A R R 2 0 o i TR R FH
MR, LRWITA 4 A, 25598 CK A,
B.C, BN A 50 mL Focd B, F- 0
A 100 mL ¥ FE 435124 0,300,600 .1 200 pL - L
() SA VW, Hod CK 9 0 pL - L' RATE R KA B,
JiE I SA RYALERAERG 4 d 1R, HAALEL 10 2
AW, A H 5 SR8 % HR B 45 A 3 Y 4 58
FERG I A+ ek Y8R  Focd B0 A8 {1 4 12
g5 1k

- A T | LA RN 4R B A 58 A A R
Mt Bk (VPEHERIBEE TS, 1986 ) M i , >k HI A 3%
FHGHAFRFEAKR AR EK 15 (R
500 mg + L) A1 h T ( Martin ) o5 I 7 21 - 55 55 &
(HEHE 30 mg - L), HEIE(HE 10°4 - ¢!
T4, B5E 10°4 - ' T4, i E 10°4 - o' F
+) RO R A =R — R R LR E R A
P& - BB ARG EL . Focd Ui (1 € 22 7% Smith
ZE(2008) WY, R Al Komada 2R B B 37 26, BI85
FH W 4 N KH, PO, 1 g, Fe-Na-EDTA 0.01 g,
MgSO, - 7H,0 0.5 ¢ L- R T& Wi 2 ¢ D1 FLb
15g KWK L;PUAERERN MER 1 g 4N
0.5 o JUBNEREN 1 ¢ BRIREERE R 0.3 g, iRtk
P pH £(3.820.2) , Ll cfu - g' P+ FR,

- SR | M A R MR RS R A R
LS | 2 W S A I 3% P 10 00 52 43 1) R 1 44 L
ik 3,5- R E KR H vk BERR K AN

VB T Tk v e TR BT R A U L U A T
( KHA,1986) .
1.3 HiES

] Excel 2016 B PFIEATSETH 20 H7 ;s F SPSS
22.0 B4 AT B R Jr 2 43 B (one-way
ANOVA) , 3 F &/ i 35 22 B0, (least significant
difference , LSD ) #£17 22 55 8 35 PR A 56 ( Wk 25 P K F
W R a<0.05, P EKFRE R a<0.01) , R H
S IR Fk (Pearson ) 2 HEATAH G 43 #T o

2 H#ER5440

2.1 AEIEFRET SA 3t Focd B 224 KHI S

0(CK) .150.300.450 600 pL - L'fY SA 76
M A EE 7 d EE R E 1 AR 1 R, 4 CK,
A BRI C AbFRJS , Bl B[] 9 2B K []— e i 8
T Focd W 7% B W EWE (P < 0.05) % 5
KM WE 3 K5I T 41.43% . 48.20% .
58.36% .57.14% ; 7F [F] — ¥5 SR 0[], B SA WeJE
3G N, Focd T V& BRI 2 8/N (P < 0.05) , 5
5 KEF,B.C A 513> T 49.15% .70.89% .,
22 D ALBEJS | Focd TR V& ELAE Bl 5 B[] (%) 38 n 341 %
FARL, UBAHH % SA W B X 7 A5 Rk 2290 9 T T Y TR
BT B AR
2.2 ANEEFERET SA 3t Focd HIHI 1 4E A

P 2 AT BE A SA AL B MR B G T A
YERMOR ;55 3 KAF,B.C. D A FE AR 1 A 4b
PRI T 49.21% 55.47% . 57.29% , H. 4% itt
22 B 35 (P < 0.05) ;55 1 RESH 7 K ,SA
WER D B 6] AR 255 100%, 734, il & 1
FRIF ) ZEH , SA XF Focd [ 30 il 1 FH Bl 22 8 55 , HL
I SA MR FE BN R AR R 5 T R
BF L WeBE R A B C ALBE A IR 2R 4 Kar5I T
M T 62.22% 32.41% 23.15% , 4520, SA X}
Focd [ PR R0 Bl 4 15 35 6] [R] 208 K 1T 9k 553
2.3 BIKIEFEEHET, SA 3t Focd B £ MM FF=
=1:0b- AU

1% 2 ALHL VARG 35 251 T U Ik B2 R 600
pL - LY SA J& , Focd 76 F 40 I KT CK Ab3
(F2£ 470 Z4%) , 2T E N 0.008 g, vi B =
A= TR 22 AL TR D R BES I SA S 3 ] T R
22 TG INFE > T B R b T R
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CK NXI B, KA SA; A B.C.D %3 SA W 4512 150,300.,450.600 pl - L', T,
CK is the control without SA; A, B, C and D represent SA concentrations of 150, 300, 450, 600 wL « L', respectively. The same below.

1 RIFEVEEE SA XJ Focd W& KM (7 d)

Fig. 1

K1 FMAREIRE SAJE Foed BEERKNTW
Table 1

adding different concentrations of SA

Changes of Foc4 colony growth after

4k B 7% B 1% Colony diameter (cm)

Treatment 3d 54 7d
CK 4.41+0.17a  7.5320.06a  9.01£0.62a
A 2.74+0.39b  5.29+0.43b  7.810.35b
B 1.12+0.14¢ 2.69£0.15¢  4.64£0.39¢
C 0.66+0.01d 1.54£0.09d  3.13z0.12d
D 0.50+0d 0.50=0e 0.50=0e

0. RE/NG FHRFR AL EAE 0.05 KFE2ERRE, FH,
Note: Different small letters indicate significant differences

among treatments at 0.05 level. The same below.

R 2 SAXI Focd TFHEMHLTENM
Table 2 Effects of SA on spore number
and hypha dry weight of Foc4

CiR ey RN
b ;
Treatment Number of spores Dry weight of hypha
e (cfu - mL") (2)
CK (7.58+1.03)x10a 0.300+0.03a
SA (1.6£0.29) x10°b 0.008+0.00013b

2.4 A[E pH &4 T SA 3 Focd B2 4E KA

A& 3 A, Mk EE A 300 wl - L' . pH A S
B, SA X Focd B 22 i 4 il 7 FH fe K, i & pH 3
T, IR 0 25 R R, pH A 9 B B I B R 4L pH A
5 BHIK 52.68% ; 24 SA ¥KFEH 600 wL - L' \pH A 5
I AR AT ) St R B 5 (100% ) . AT 0L, pH AN, SA
Xf Focd T 22 I A 22 57, HIRWMR MR T
(pH 24 5) By H0HIVE T 5

Effects of different concentrations of SA on colony growth of Foc4 (7 d)

ANFENE FREFOR AL BIAE 0.05 K P27 EBE, TR,
Different small letters indicate significant differences among

treatments at 0.05 level. The same below.

B2 BIARTIHEE SA J& Focd 41 SRR ] (1925 1k
Fig. 2 Changes of the inhibition rate of Foc4 with time
after adding different concentrations of SA

2.5 SA MEESHEHRERRERBNZM
B Ao ) ) S A R R R Ok
HE4:A) SRR W (& 4.8), HE
FALHE 48 h B, CK M FEL I B EE W
W SA Byt R AR IE R (AZER) R TEEOH L
CK PR T 60% ; AbFH 96 h I}, CK FE B 2 1™ T 25
B REARER o3 i R A LA AR O I R 1 T
T SA B R TEFE B E LT CK AR #E 96 h F1120 h
i CK A BIREIR T 41.67% .40.00% , 56 WV /il SA
FEARRFRE T FEAIR T & ALV AG 2500 1 R AR
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3 AIE) pH BEE T HRAN SA J5 Focd 4] 3 (1 25 4k,
Fig. 3 Changes of the inhibition rate of Foc4 after adding
SA under different pH conditions

Wit 455 L Disease severity index (%)

2.6 SA X HIEREMBEN N
AIRIZEAI A M BUR Bl SA W AR L R B
ZsE(BI 5 H L) K L), A e (K 5:H)
FE SA W A R B B I ZE TR, C AL B W AR F
CK.A B AbEE, A% (& 5.1) fRIME 5
YRR, S CK A, AR BCE AR SA VRN
A B TS B W IR R (B (5 CK A L iR
20.67%) , C M BE b 2 REAIG, A [R] v B ) 11 2 S 340 Bk
#H(P<0.05), HWHR (K 5:))7E A WREE IR
HY5 CK L% 25, B WE B3 T+ & IF ik i KME
(3R R 19.34%) , C W BE AR T oA MR B, AN T[]
WY 22 57 4 i3 (P<0.05) . R $i (&
5:K) WIS A VB B 3E TE i (FH . CK 3G I
42.58%) ,B.C WEERFARH Y B Z 8T CK, A
T, AU LA R T R B AE C OV B A B Y
WEART CK, X Rk BN SA X HIEHUEW A
PHIVER , BB T R Y B
100

90 +
80

B

10} 5

0 1 1 1 1 J
24 48 72 96 120

W] Time (h)

B4 BT SA XA AT A 1 (A) MR AR A 22 09 9 155 46 20 (B) B 52
Fig. 4 Effects of SA addition on seedling growth (A) and wilt disease severity index (B) of banana

SA Jiti 8| Focd-HHE - HIERG ML R LY,
Focd Kt (F 5. L) BE SA ¥ B A B hn i FRAIG , 24k
JEIRF] C(1200 pL - L) B, Focd BYHR W 1%
F CK(FEAR T 26.75%) , 5B SA REAN ] Focd %
SIS A 10 o o
2.7 SA Xt HIEREE R R

BN SA J5 , R RS F I R (B 6: M N,
0.P.Q.R) . TIENREG TR RV IR e AR
filg G P AL R IE — 20, FE A B AbERI R TR,
FAETE B ALFRET A P 4R & (P<0.05) , 8 CK 43

R T 18.52% 36.20% 28.57% .14.29% , C 4b34
4 S R A, T AE A AL BR A 4 15 A Tk &R A
Z M E ARG PR R S T3 K (B B A3 34
TN, C AR BRE 34 1 R 5 CK A L C b 2R
FAME 43K 41.88% (54.82% (P<0.05) , MafAk |, 435
RGBS SA Y B AR AL S B AR = ek B
2.8 THEMAMHES TIEHEFEENBEXESH
FEHAT Focd (5T N SA J5 & 42 + 1%
il A 0 e T A 3l 9 M 22 TR A A — RE A A S T
(F3), LEMAEDEESME B FHREN D
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CK Jyxt B, RIS SA s BALPRH Y A B C R3% SA ¥ IEZ 3512 300,600,1 200pL - L', T,
CK was the control without SA; A, B and C represent SA concentrations of 300, 600 and 1 200 pL - L', respectively. The same below.

K5 INAEMEE SA 5 + 3k Yy 8es: 1Y mm py

Fig. 5 Responses of soil microbial quantities after adding different concentrations of SA

FHIEAHR (P<0.01) , 5 TR0 Bl | R M Wl 1R 1 | 22 T
AL B 35 E A G (P<0.05) . HIEAN T A S5
WH B R o R 6, 22 M 4801k I I 35 1E A OC (P<
0.05) , + 3 B 5 4k B B 3% UM 26 (P<0.05)
5PN | 2 W A AL N PE B S IE A5G (P<0.05) 4
L S R AR R 2 I L T T
I IEAH G (P<0.05) , FEME G5 IR W 2 1F A0 5
(P<0.05) , SRR G 2 W S AL B4 2 17 A
K (P<0.05) ;2 Ak AU 5 2 W Ak il D 25 A
K(P<0.05) , X e A= M 85 Fn - S i S
PEEARSZ W (A 37 4 e AR P X 3R A AR 9 15
Focd MR 5A0H LW MAEY S EBA D%
MIIEAR DG SE 2, 1M 5 HoAth 6 il il A1 3 5 10 A0 56
EPNITE

3 W5 &w

FEKRE AR 2R 43 W o, B2 BRI A 8% ) Jo %)
JIAH 290 B B 98 T JE R %2 5 40 0 7 FH ( Ren et
al.,2016) ,2,4-—RUT FEOR 1 W & ) 1 2 o
B9 R R B PR 224 K (R 6 0145 ,2013)
ARG E FRBFFEAE I, DAHT I S50 Ml
SRR 53 B I AL B I 2 - -2 - I 1Y
A4 ——SA A #BH( Zhang et al. ,2013) , A5
SEILRW]  SA B EINE T Focd B 2L A K, HHXT
TR RE UGS I SA M T Foed W 224K WU/
T Focd M PETAE ELAZ DL R AR T 1872500, Ul W SA
XF Focd T 22 A HA — & ARV, SA 7T g
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3.0r™M e
=
= R &
= - %
> # g
T e B

Tl O-u 4+
2 1 -H
£z B -+
= =0 ]
£ g 'E
2 £ 3,
e = 3
= = <
0

CK A B C
A A Treatment

CK

0.4(P 041Q,
= ~ L
3 o
sy [}
= -+ 03pF
3 & #2
< 28 T
#=e 2
m2 Wz g2b
o S X E
2 -
e
5 =
e g O0IfF
(-9

CK A B C
PR Treatment

CK
b B Treatment

K 6

A

AP Treatment

A

B C CK A B C

4B Treatment

= o = =
+ L o8 ~1

% Wt AAL Rl I

Polyphenol oxidase activity (mg-g'-24h")

(=]
(5]

=

=

B C

CK A B C
KPP Treatment

IMASTR) e B SA 5 4 S 60 4 7 g i

Fig. 6 Responses of soil enzyme activities after adding different concentrations of SA

S 3E A Focd B 22 19 A 4 DL KA il 78 1 450 1Y)
S, DA B ARG A 46 R 225 1 & AR BUE A, ABF
S5 Zhang % (2013 ) FIE K LT 45 (2011) 5L
Bl e — 8, UE— 25 UE B S A0 B TR A A A
FEIRI R A —E AR, SA XF Focd T4 #£
HA —E M EAEH, R TR 2R )E T
AEAY) , AR B b & A AL B W% Focd HA
THIVE ] (W #2645 ,2014; Gao et al.,2020) ,

Al Iy TR T B A AR R B — s AT I 1
R, B AL 2% 3 400 1 4 R LF- 48 5 vk B
* (Kravchenko et al.,2003) , A [F¥JE SA X Focd
FR I LA BT 22 5, Focd T 7K/ E K H ARG SA
VAR T 1 1 0 S S DN 0 R B = T T A R
ZMFF SA WK 600 pl - LAY AT 8B AT
TXFRE, B SA 5 1F 3R IIR A J5 W BEAE 600 pL -
L S Uk _F B Foed 410 i 30 e A, 78 /N T b vk
JESRAETT , Bifi 25 52 96 B[] Y 5 22, SA X Focd (1411

SR U s . e SR — O TS R A Focd
ARG LE R A O, SA IKAR BN Focd (11
T BEIE X T SA PR AE P X —
W BE B SR SV REID ) Focd TR 22 4= K M 96 74K
SN, DT B A R X AT R R B AR R A AK
B 9 T FE A 220 1) E 2L

FAN , RAEEE (2010) (IRFFE EBH, pH S 5 B
il A Focd T 2244, 7F pH 6 ~7 BI 22 4E K
e, AR, AT pH £ 44T, SA X} Foc4
W22 A TRIVE AR 22 5%, 24 pH Ry 5 IR 32 . 35
KF pH R 7 A9, U8 pH Sy 5 B ( RIVER 1 34 85
T) SA X Focd W& 22 (W4l VE FH AT RETE 4T, 7E SZ bR
P, FREEE SR 5 e Rk, i
W Focd #In TAKAE MR IR EE WA oAk
BT SA R FEM R kL, H SA )2
FERGE A Focd B 22 K ) 2% 1 R A5 B4 AR
XA BRI B IR L EAA R0 0 H mr 5,



11
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ARBIFFEA RS2, X TR 22 A K T 16 1Y SA B 280k
FEHF] 600 pl - L, 456 5 M SE IR g 5, N 2 7
600 L « LG IR RH B ; H3HT T SA X Focd
PRI 7 DA 22 DA S 960 50 a5 W A 65 5L 1 384 I 4
T8 K SERR 25 0 o BT, LA ASAIF 5T P 28 O 4 1
SA RARE LY P AT EY, e 5
(Zhang et al.,2013) , X 5t T2 SA X Focd 1YL 5
RN RE S KA B R AR L T e AE . A T R SA
(AT R, 64 J5 I AR 7= S e b T AR 5 SA BUIR
RACFEAR , TAR T HEMZIRABTE .

TIEHAE YR S R A B R AR A
AR %R (B KM A, 2020), = A
(2016) W55 K R, A G AR Z AL IR W) 35 52 ) £ 1
EECR A RS AR Ak, AP A R EW,
FEHA Focd MZMT, 5 AR B INfL &Y 5t SA AH
Eb, S SA J5 A A AN B | BB AR TR Y
o R R o 2 AL LAY SA XA A
HEIX R BATARIEELN , SA W BE R [R], X6 AS ] Fif
TR A Y BRI 25 R o R A
7E 300 wL - LA 2R 5 35 ot i, LAt b 2R B 0 2
AR R 1T 40 T AN L 2 AE 600wl - L7 AL 3
WETHE 1200 Wl - L7 AL FE 5 FEAR, 540,
Focd HYEEFE SA Y B T = R PR A 34, 1k
SE R 5 BHA (2013) RYBIF 7T 45 R 2, HwF o &
AH o3 BE T Z000R 22 A SR 8 T 8 I - 398 440 1R R
SRR B, R AR T Bl A0 TR Y B i R M A
(2010) LA ZEBIAY 2538 . A5, TTRER SA
EA LIS XSRS A Y B AR, T RE 4
BN — 2L 25 TR RE A IR W AT T R R O B A
[F) s TR - 39 ol A= 0 DX R 0% - A 1 55 ST BR A
i PR RN AT 35 DA A 5 BUVE R, DT 52 i) A2 4 B
FEY) 500 W 0 BAE 3 R fE R 0 2% A AR G 2
KA Z —, 5 Zhou % (2012) Z5 i HH— 2L,
L, i — 20 AR TR B SA X 75 45+ 8 A4 ) b
BRAb 240 2 T A S B T — 2
AT SA fIBAE H I HLIE

SA Xf - RIS M A AE — s, 5 R
A Y BCEARRL, SIS [RIVR B SA |, 75 #5 el 15 1
Bl SA Ve B A 34 fin T B, 3k B — o W R T RE,
I ARE = I IS, GABEGR 45 AR,
XISEAE (2013) WA FE 48 A6 AR BT AR 1K 19 1 S il
T PR 5 i G 05 1R AL B A R B R
Ab PR i 2 BRI, 1T 6 A M 5 (2010) | Chen 5%

(2009) 5T 45 5 A7 BT AN [R], JL 4G 4 B % M b
B W AL T R G T R 5RO [ E O
SR 22 5, — 7 1 n] BE R T A 04 Ak SR R N
FEYIARTR] 3 55 — 5 1 v] fE A 1 HE A 9 e £ HE
(1) R IR 22—, LR 19 A8 1k v] BE 2 5 ) £ 1
FitgvE ME el AR ARBESE P, 2 SA WREECH 1200
Lo« LA A - S B | B R R TR A B 2
S REAR , X 5 R T A B S M R A A
— B, FLAH R4 B A, A0 B | BB A 2k
TR R 2 5 R | 22 M 4R AK B A5 B3 IR DG I
Mo ah R 5 e H A (2012) ML, H ik, RAWF5
ALY T SA X A £ - HE A A W RN TS M 38
eI e B KON B 25 S e, ko R A A KA R i T
B2 A E M R E 2R A R B,

PRI 5 HUR R P AEAE AR e . RAR &
ST RE A = R W 2R X R 2 T
(R A B 0 g PR T (I AR 45, 2014) , 2R 5
E(2009) FRFSGE I, B 1% e BE AL AN AT ik
JEE 110 TG 7 i R 2 P 1 X 08 TR 250 T 2
O o 2 AR R T A B R PO
SRR R R T A, S 2 W A T
AL U DK I B T I R OE A O (R A
2013) . ST A B0 5T 45 Rk A AR, A B 5T
Focd %5 i Bl SA W& B 19 7t = 22 B AIK 1 s 34, %)
1200 pL « L' S 25 BEAI, AT WL BE SA X Focd
FLA G A RO M S A BT R W VR T SA 5
13 Focd B 5N LW SUEY BEHA W
FAHOCHE 5 A G A TR 0 AH OC MR 8 B B
IR A R A R 1) 32 R R (CAAT
1986) , Gl Ak W i (1) A0 AR 2 A FE A 20 AR
Jo B B (RS EAE 2011) T 7 AE A 2 2
Hi Focd R F RS R GE M R G F, H N
Focd TIEMBFHE S HEAFBRERIEML (R
/NHEZE 2013) , FITLL Focd B 1 s /0 76 AR K FE JiE
U A A A 2 Y R R AE R AR, R T
Ji SA FE— 8 R BE b A R A 250 HAA BRI VE
AN, AR5 AE ST MR SE B, 2 SA MR SR 600
wL - LEFXT Focd B TR 22 A4 K B AT W28 A% 30 41 %
B MITE AR 256 v, 5 06 BEAH EE 24 % 0k B Ak
BRI, FHERAE Y R AN B R A B T
{5, 1M Focd M To R 25,2 SA W1 200
pL - LTI, Focd 1940 W2 FEAR, AT UL, SA %I
Focd M52 M B L A [ A 22 5% . AT RBZ Y SA
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Table 3 Correlation analysis of soil microorganism quantities and soil enzyme activities
» o 1733 . Z W
- e N - LIPSy 3 T ) o4 .
5 @ owkw fy  PCEBIRE WA RERERS BRRES EAM e L
. g . Total of Focd X X SN
Ttem Bacteria Actinomyces  Fungi . Urease Invertase Acid Proteinase Polyphenol
microbes Catalase h
phosphatase oxidase
il 1
Bacteria
e 0.134 1
Actinomyces
HIA 0.968  -0.034% 1
Fungi
(GRS 1.000%%  0.926 0.968+*% 1
Total of microbes
Foc4 0.847* 0.307%* 0.884 0.846* 1
Ok P 0.908 0.412 0.888 0.907 0.974 1
Urease
TEME G 0.989%  0.195%  0.972*  0.989*  0.916 0.957% 1
Invertase
iR M e R T 0.985%  0.236 0.911 0.985%  0.791 0.887  -0.964% 1
Acid phosphatase
ARl 0.782 0.695* 0.693 0.778 0.868 0.939 0.835 0.810 1
Proteinase
it S AL A 0.164 0.886 0.107 0.161 0.539 0.544 0.281 0.195 0.733 1
Catalase
Z W AALHG 0.199%  0.942*%  0.099*  0.887*  0.507 0.545  -0.293%  0.244 0.762  -0.990*% 1

Polyphenolo xidase

. * P<0.05, ** P<0.01,
Note ; * P<0.05, ** P<0.01.

HEA Y, K G U WA Ay A R
M) 5 400 DL B A P RN 0 AR LA R (B A
2 2012) 5 PR 85 3R 0 4 38 2 AN A ) 1 L R
JITLL SA BB ERCR TR ZEN E— RS A AR,
ARTIFGE So e B 95 3k 3R SA & 451 A Y ol Tk
RN T (R B T RIS Y 0.5 £
A2 A —R ), #F— PR SA X 1A
BB, AR R KEM,600 wL - L' L
B R SA Xt Focd WIBE 2248 K MEE AT —
FE BN IAE A, X S8 A 9 e O e A
2 (H B 2556 145 H % SA XF Focd 5% M 1) fi
W S E R AT e~ Kk, SA X
Focd 76K M SE 36 T 0 e A 3 B ik 5 i#F — 20 I
5%,

g5 Lk B SRR & Y B SA BB A A i
T FEA 2295 I B 1 2B K RS I P AR Y B 32
HL Wit F 5 75 5 B i, XE R e e /N, M AT &
ARG T B BB, Z PRI Focd I R H A
BERMEIER, UGS T HFE L RES RGN,

AT DA AR 2 4 2 A1 — i v 3 BTG B 1 R AR TR R
W, b T REMSTE A 7= L KT BLHE T SA H;
AR B4 FEAG 2L, SA A 4 38 Ak W 3% M o
P A A i 3 Ve B e L -1 FH AL B 45 T B2 0 —
LT

AR IR 55 R A A AE 250 T, SA X
Focd B EAG RSN , Ui B ALY 5T SA 7 7 LA
R HE B IE LB — N 1, SA Ik
BRI Foed T 22 5 A K 300 A8 FH Bt 22 38 it
TRERYE ST SA XT Focd 40 1 280 5 T 4 | s fin
SA J5 i F AR T AEEL M AR IETE 5, 600 pL -
L' L YR EE Y SA X Focd (T 224 K BA R
AN, SA W EE IR B 1 200 wl - LA, 4 1
T Focd MECR 1 35 BEAR, 330 P 50a i 35
FEEE PR R P2 = g W 2 T, T R
BTARERNEMRL, H SA B 5K A 11
R R A PR O TR R v BE A ] Focd IURURAE
BN RS FL A IR 0 AT LSS PR 3 1
RO
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Abstract; In this study, three banana varieties, ‘Nantianhuang’ Zhongjiao 9’ and ‘ Hongxiangjiao’ were studied as
experimental materials to study the effects of sodium selenate solution on the plant growth, yield, fruit quality,contents of
MDA, proline and selenium. The results were as follows: (1) The application of 0.25 and 0.50 g + plant” sodium selenate
could significantly increase plant height of three banana varieties and the growth of basal stem circumference of
‘ Nantianhuang’ and  Hongxiangjiao’ , but not ‘Zhongjiao 9’. (2) The application of selenium had little effect on MDA
content in leaves during vegetative growth, and MDA content increased or decreased significantly only in part time. The
proline content in leaves of the three banana varieties were significantly reduced at 0.25 and 0.50 g - plant” sodium
selenate. Selenium had a significant effect on selenium content in leaves. The higher selenium concentration, the higher the
selenium content in leaves. (3) The application of selenium could significantly increase the yield of banana and the single
fruit weight of ‘Zhongjiao 9’ and ‘ Hongxiangjiao’ . The yield per plant and single fruit weight of ‘ Zhongjiao 9* at 0.25 g -
plant” sodium selenate were 24.38 kg and 165.86 g, which were 12.80% and 14.69% higher than those of the check
(CK). The suitable concentration of sodium selenite could effectively increase the content of vitamin C and potassium in
fruits. (4) The highest vitamin C contents of ‘Nantianhuang’ ‘Zhongjiao 9’ and ‘ Hongxiangjiao’ were 12.7, 13.9 and 10.6
mg - 100g", which were 12.72%, 18.84% and 29.39% higher than CK. And the highest contents of potassium were 349, 279
and 397 mg - 100g", which were 29.62%, 33.28% and 47.77% higher than CK. (5) The higher the concentration of
selenium treatment, the higher the content of selenium in fruits. The selenium content of fruits in CK did not reach the
standard of selenium enrichment. The three banana varieties reached the standard of selenium enrichment after treatment
with 0.25 and 0.50 g - plant™ sodium selenate. In conclusion, the application of sodium selenate solution in soil can increase
the content of selenium in banana fruits, promote the plant growth, improve fruit quality of banana, and decrease the
content of MDA and proline in leaves. However, there are differences in the effects of various banana varieties. These
findings will provide a theoretical basis for the production and cultivation of selenium enriched banana.

Key words: banana, selenium, growth index, physiological property, fruit quality
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Fig. 1 Effects of selenium application on plant

height of three banana varieties
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Fig. 2 Effects of selenium application on basal stem
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d B, R e R e IR T N, At s ) B
5 N1 2% AR 03 ;N4 403 30 d i), & R & = b
FET N1 AR 150 d AP KT N1, X ihAE 9
5 LA A5 B TE) B i R e i 2 R i AT
W&, 72 Ab ¥ 30~ 150 d Bl 08 & 2 W E KT 71
73 RbFE 30~ 120 d Bl 2R & W AT 21, X
CUTFAE FH H2 AL PR 30~90 d B AR & & T
FLT HI1; H3 &3 30~ 120 d B, IR & & 5
FART H1 AR 150 d B 4% il A b BE 5 ) i 22 5
AN AT UL it A T R AT = A A A A e rh
IR e BA W WOk, Bk hE S
PLRERE 0.25 ¢ BT R B b BSUR B fe, A /5
PLEERR 0.50 g o7 R 40 b B M B,
25 AEEHEAEN=AFERMHTAPESE
SEA!

WA S Fs Al e =42 4 S Ap it A ol &
ot A RGN it 0 o R R g G A R — A A
s e R ] ) ) B 45 A B ) 2 5 W 3 — AN A
Fifr % &b 333 S A A o B e i G ) AR A R
— 0, Ab P 30 d BRI 2 A R, b B 60 ~
IR THAaRER, ZFEBTTFE, “THE9
5 £ Tt TG A 3 A B ] B i R R A e AN T
SRR RN LA v L AR I v i A B B
1 AR A R R
2.6 X =N FEMM~EM I

WE 6 firzs %< m R BT F N2 A BB pR 7
T NL, O 21.49 kg, X PR AL B 78,34 %
‘PR A AL PR S X 2 RN B
72 Kb P PARR P A T Z1, Ol 24.38 kg, HEXTHE
RhFEHR R 12.80% ; % < ThAE 9 50 H 72 b s e R
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&3 A [ e il Ak 38X = A 5t o
U o MDA BR300
Fig. 3 Effects of selenium application on MDA

content in leaves of three banana varieties

TR EET 21, 5 165.86 g, b % R &b P 32 55
14.69% . “ LLFFE° il A b B (1 BBk 7= 2 AL
REH N E T HL, b H4 B BRRR ™ & A R
A, I 12.78 kg 122.20 g, Ho X} AR &b B
1 12.12% 18.64% , v UL, 3 & e fifh X = 4> & #E
i R ELRR R A HE N EL A 2 A AR R
95 LA PR E ML HEE ]
27 BN =AEERMREIRRHZ I

MR R, ¢ mE R it il Ak B AR S oa]

P4 A [ i i A B G =1 3 45
e =R e B 5 T
Fig. 4 Effects of selenium application on proline

content in leaves of three banana varieties

B S R B ERT NS ER C SRS
AR B — B, N2 AR PR E T N1 A At
J i A B N3 Ab B 2R T N bl f5 7 A5 R 5
HeER C BRSBTS 12.7 349 mg - 100g,
Lo X HE A B0 S 42 R 12.72% . 29.62% , %} ¢ rhAE
9% M Z3 M RLPHEERCHFRRERT 21
(N 13.9 mg - 100g™ ) , b Xt BE 4b P2 55 18.84 %,
72 .74 WP 5 71 22RO N 373 74 bR ST
PR T 21,23 AR PRA S R 279 mg -
100g™, Xy BEAL 3 )5 52 155 33.28% , X < 4L
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K5 ARG AR S =S AR A Pl & 52
Fig. 5 Effects of selenium application on Se content

in leaves of three banana varieties

FH H4 gb P 5 S50 b AT PR i E R T I
H2 H3Ab¥ 5 HI 2R AR E;fERCEHERS
H3 4bPRJ5 3 1 X0 BRI A it At b 28 (R 10.6
mg + 100g™) , Fb X B AL BEEE 57 29.39% , H2 Ab B &
T HL A5 i 4 35 S b () B i 3
T HL it A o B s B0 % it BR e , H b PR A
HIk 397 mg - 100g™, HuXF B AL PR 4R 5 47.77%
AT A S L S e P e e G e 4 i
e, 45 it A Ak 3L W s T BR AT L it
R E (RN PR S e A AR = = A E AR AR S
YR CBP AN X MR B RS
AL PERE S R n i B W AR R

3 W54

3.1 X HEEEKREKNT T

TR AR RE S (R R A K R il ik
Bk A A K H A 0 /E H ((Guerrero et
al., 2014) it A R B % A P A= K 0 42 1A
FEANZE N SR A OB (A AAE 2011
MHAF 2018) , FHAEME N KB AM Y, Mk A
KAt A A T PoE R s 917 B R, A oF
g B RE 0 0.25.0.50 g YAl R B 6 ¢ B R
BOChAE 9 S CAFE S AHEMMIRS
R AR UEVE W3 R R FH R 4 B R) A A 22
5o TRAR X = A A5 Bl 3k 25 R0 52 e A A 22
S, BtE R A X R A 2K
R B R U B, X AR 9 S JEZE Y
HAEA R, KA F 4 (2020) B 58 3R W10 &
(1) 45 i AE AT A2 1 7 TG 4 J5 O 2R A WG e, 2 i
AR 2 PG T a5 RS AR i, AR SR R,
() Al 2 40 RE 3 IR E = A AR R T B P
M, R A 9 B BERRIEAG Y 7E 0.25 ¢
BF = i e, ¢ LD A AR A AT Ak B i 2 SN
Fo MAXS R R R E N B X
EoY ‘aAFfE pEAHERNE WA S EM
Bl 3 id BH 3 it A B A AN 0 O A AR AR AR AR K
fattt, s RS i,
3.2 X EEMNF R AEEERN R

TP T B 5 Pl E SR B B, &k
A L AR T, 7= A2 () MDA 43 56 A 9 5 s
JEE A, MDA R R it 2 25 AR Bt 3 g ) Ml
Prbeadivh . 05 I 38 B 5 2 AR 0K oY i 2 R
FUERE L n] DL 2o il 2208 F i ) 1) 48 Ak o &
ARBL . RUBEIE A5 (2014 ) BF 5% 2 BH M8 it 16 3¢ 8 A1 1
TR 4M 1T [ A AL iF - MDA T 420 R A0 &5+
ARAFFEH, L EER AT B R ED 4 F/ A A
MDA & 5 AF1E — 28 5 00, 76 AR R AR 1Kl 7 v i) 38
Sy R B AR B 0.50 ¢ fifi b BRI A MDA 75 5 2
FREAR, AT < HhAE 9 5 i i MDA 5 B
AN it A () G R XS R AR — A
AR e R O i 2 LA B AOR K
0.25 g MTTRGNALBEAE < T AE 9 5 AN E IR
A R I 2208 1 Sk 0 A, H At A 7 A
Fofr U] B A A3 A A B B M 2 R kR
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Fig. 6 Effects of selenium application on yield of three banana varieties

®1 HEEN=AEFERMHRIHRZM

Table 1  Effects of selenium application on fruit quality of three banana varieties
Ab 3 BN R 4R C H B By il
Treatment  Soluble sugar (%)  Total acid (g - 100g”)  VC (mg - 100g") Protein (g - 100g™) K (mg- 100g") Se (pg - kg')
N1 17.0+0.7b 0.287+0.031 11.3+0.6¢ 1.15+0.11 269+17¢ 2.80+0.44d
N2 18.5+£0.4a 0.237 +0.023 12.7+0.6a 1.08+0.06 349+23a 34.0+9.9¢
N3 18.5+£0.6a 0.267+0.040 12.0+0.5b 1.24+0.09 317+11b 64.7+10.0b
N4 18.8+0.5a 0.260+0.020 11.4+0.5be 1.17+£0.10 247+16¢ 108+13a
Z1 18.0+0.3 0.333+0.023 11.7+0.5b 1.33+0.10 209+13b 5.60+1.15d
72 18.4+0.7 0.397+0.053 12.1+0.6b 1.33+0.04 218+9b 34.0+6.2¢
73 18.2+0.9 0.360+0.036 13.9+0.5a 1.36+0.09 279+16a 76.0+9.2b
74 17.5£0.2 0.337+0.025 12.3+0.5b 1.31+£0.04 272+14a 103+15a
H1 19.8+0.8a 0.147+0.012 8.2+0.7¢ 1.63+0.09 269+17¢ 5.97+0.51¢
H2 20.5+0.8a 0.150+0.010 9.7+0.6ab 1.64+£0.04 350+12b 30.0+7.9¢
H3 20.2£0.5a 0.140+0.017 10.6+0.4a 1.56+0.05 389+11a 73.0+5.3b
H4 18.2+0.6b 0.137+0.006 8.9+0.3be 1.47+0.12 397+7a 160+26a

0. FPERIREAR/ING FRERE R R E (P<0.05), TFHSUH AR FEHNFRERARRZE

Note; Different lowercase letters after the same column data indicate significant differences ( P<0.05) , while no letters or the same letters

indicate insignificant differences.

3.3 WX EE R KRN

oA X SRR SR S R W A R B —E
{RFEAEH , X T g 510 2 5 0 W R 0 A= B A 4k
PUAT G, BT 45 (2020) AiFF 53 i T8 it Al %o = 4> i
265 ity P SR S JBT S ) A Oy i T 2 R e A
s PP 2 R S R £ i BT, S 3 B v T M LT
RS TSRS, B A LR
JRCTE JRAE (2019) WFFEIA My it il e S 25 i e P Pk SR
SEHEAE C A, BEAR AT A R 7 A, X ]k L
T2 AN i3 5 A BI5GB W 5 2 v
EAFEMMR L PYEAE R C M AR, D ER
R OR B R AT R S L M S A

ARSI SRR AR S AR AN B A
5# RICE A TE A BAE A, sk 14 (2020) #F 5%
NN AN Se 38 18 XU P [7] 75 A4 #F 28 52 Zn (Y1
W, BXF R FDE A8 R & i RS
HAFAERZ M A ST N by, 18 B A A vk 3 e R T A
PRSI T R AR,
34 BEMNEEH R RRIWERANZ N

it AT B A A R AR S b A G
AT R R, R R R S R R
AT O OB AR IR A AR B A K Y i A Ak EE
Ml AR 0.47 mg - kg, BN 2.63
mg + kg™, 350 3 T O0F BRAL B0 AR S L AR
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DB45/T 1061—2014 , & Al 7K 518 Bl % &4 10 ~
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SN A R S R S Ak B e A A A B
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R I A O
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BRUBERETER GA3ox ERWE S MRIE S
WS, FRE, HH#, B 4, BT

( TTPERE R¥BE, BT 530005 )

W OE. FEMNRRA AT B A A L AR S 2 — (H AR 0 4 PR s ALEE H R R
WFFEIERE 5 1T PN U5 205 55 3R 2 S ML ) K s 19 B B0 R 2 — , GA3-SEU AL il 2 R 85 3R AR W0 6 WS 0 1Y) O B g
RIRTE GA3-SE AT Gt i 3 DR G B A AL 1) 0 T IR s AR i 9 DAL T B6 9% Ak 50 A48 Rk R HL I A AU SR AR
JyRF L, AT RT-PCR $ A Fe AT 245 40 B 48 e LB A= BUSE AR GA3ow FEFR (124 cDNA 541, X6 FL A 19
IR TN AT LR 5047, R R qRT-PCR B ARSF GA3ox FEPRTEAS [ 41 21 (4 3 38 7K 22 it A5 007
LR . (1) BT CA3ox-A FEF A BIFFE GA30x-G B ORF K JE K 864 bp, Y 4mh 287 MR ILRR , &
JEH) LEX 5B ke B A5 S 358 3 9 Z (B AEAE 5 A s 2 57, Wi~ AE B A AR R E T, (2) &%
15 15 30 [RPE BT 3R B B AL £2 GA3ox AL T4 5 ihAs I BT i [R5 & . (3) qRT-PCR &
N, GA3ox FERITEREALAR B0 Fr FIZE AT i () R IR KO 3 AR FAR T BF A= A, Horh GABox TEBFAE AU ZEFF g R
KA RIBAAE R 2.2~ 3245, 45 LHEMN, GA3ox FEPH W] REXT & A ZEAT OB LS = LA S AR E
MR G5 RN B R A AR AL AR I T WL S i R R B AR R 25 T &Rl

KEER . HRE, BIAES, GA3-EALEE, N, RiEoW

RESES . Q943 XEARIRA: A XEHES: 1000-3142(2022)11-1921-08

Structural characteristics and expression analysis of
GA3ox gene in dwarf and wild type bananas

LIN Jiaqi, LI Yanpei, XIAO Shixiang, FENG Dou, XUAN Weiyan "

( College of Agriculture, Guangxi University , Nanning 530005, China )

Abstract: Dwarf mutation is one of the most common phenotypic variations in bananas reproduce asexually, but its
variation regulation mechanism has not been studied clearly. Endogenous gibberellin is one of the important hormones

affecting plant height, and GA3-oxidase is the key enzyme in the late biosynthesis of gibberellin. In order to investigate
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the molecular regulation mechanism of GA3-oxidase encoding gene on banana dwarfing, the full-length ¢cDNA sequences

of GA3ox gene from Williams B6 dwarfing mutant and its wild type parent were cloned by RT-PCR, and their presumed

amino acid sequence were compared and analyzed. Meanwhile, the expression level of the GA30x gene in different tissues

of dwarf banana and its wild type were analyzed by qRT-PCR. The results were as follows: (1) The ORF lengths of the
dwarf banana GA30x-A and the wild type GA3ox-G were both 864 bp, and are all encoded with 287 amino acids. The

comparison of the two amino acid sequences showed that there were five differences, which resulted in proteins with

different properties. (2) Amino acid sequence homology analysis showed that the amino acid sequences of dwarf banana

GA3ox had the highest homology with oil palm, date palm and coconut. (3) The qRT-PCR showed that the expression

levels of GA3ox in dwarf banana leaves and stems were lower than those of wild type. The expression level of GA3ox in

wild type stems was 2.2 to 32 times as high as that in dwarf plants. Therefore, these results illustrate that GA3ox gene

may play an important role in regulating the dwarfing variation of banana stem.

Key words: banana, dwarf variation, GA3-oxidase, gene cloning, expression analysis

FREZEERNERKEARMEY, FE0M40F
AT R BT b DX, 75 A5 77 b 2 oA b DX [ 5K
BB LT IR Z — (Singh et al., 2016) , 7E3 H
HE T Ml DX A A 7 SR T AR B 58 R K
Kk, fEA BT U RENEMIX BT
Fr AR = K e i P UM RE 22 T8 B R EL
P X7 G T2 5 9™ & AR & i
A7 A7 F R R (R HESE ,2016) , PR R
SZAEY UK R =E 7= MR B ZE A 2 MR AR
Wy | ek M R R LT AR R 1 B R 2= (T % S
2019) , PHIL, s A 600 B 0 8& 4k iR h FUET
PR YT E MM EE Bbr, KW, Btk T
FE IR 15 i R0 Y AR TR 22 B0 AT R g A
I, B AT AR MR o 2% A2 B R el RO A bR
PEAR S (HJR 38 2o 7 35 PR B 35 DA 2 8 B R AT DA K
B BB i 2 Ak 1Y) 7 A BT i AR OB B BT (4 B AR
ok, 20175 T #8 ZE F#X 42 2018 2= W) & 45,
2020) 5 177 R FH e 5 DR b 56 A s 6 1 R G AR iE AT A
FERR R AL T T 47 R, S B RS A
T APk i A R AL TR A2 38 5 7R R R AR G
) DG B A 9 B A

TP bR e A B2 NIRRT R, o
78 3 (gibberellin, GA ) J2 A8 ) 4= K & B o B o)
PR AR K ) B K IR (M58 3% 5%, 2015
AL RS, 2019), Hil, EE M AEERA 136
Pl Horh B AT AR Y ISR R R A GAL, GA3,
GA4 GA7 (Hedden & Thomas, 2012), Xk B F
AEWTE R I R B R AEAR ) AR K R B S B BB &
HERELEENM, it Jr e ik RLLF

% (Hu et al., 2018) , VFZ Y W KK & 32 IR R
(GAs) A= W& B AR 5 ik 72 v AR OC 1l 5k P % 3
P, oty £ B R A 6 55 4] (copay diphospate
synthase, CPS) . N R — I 52 ¥ M & i i 3% A
(kaurene synthase, KS) . AR — D1 52 #2 I 4 1k i &
Al ( kaurene oxidase, KO) .GA3 & {k i F£ A ( GA3
oxidation enzyme , GA30x) Fll GA2 ‘A AL FE K ( GA2
oxidation enzyme, GA20x) % ( Hedden & Pnillips,
2000; Yamaguchi, 2008) ., HHl, REHFHEES
IR AR Y O Bt il TR A 22 B AR ) v B Bl E 58 A
SE, WAERL R T (Helliwel et al., 1998) % K ( Chen
et al., 2014) JKFH ( Ashikari et al., 2002 ; Sasaki et
al., 2002) 15 52 (Ait-Ali et al., 1997 ; Davidson et
al., 2004) SFHEY P H LR TIFZ M THRERE
il A T A P B 28 S U AL 3R B A A G
TR PR, 2R 5 3R A W6 oA A G B il 6 AT 1Y
WA D AL DL b+

GA3-F AL (CA3ox) 2 1E M R & R &7
v i J 2 SR Y OC B I, 2 vh 22 6 PR 0 G B 1Y 3L
Tl , H IR 2 A 5 — > 3B A AT H] GA9
I GA20 b K TCAW0iE LR GA9 Il GA20 fEALTE
WEAAEYTE MR GAL,GA4 1 GAs( Yamaguchi,
2008 ; P4 Al A 45, 2014a) o A7 GA3ox JEIH K& A 5%
A AT ARG R A TR R R YR
A AZ BN AT P BRI R B B, A T
VFZRBAL SRR R B MRS PEIR S GABox J
PR 2238 7K - 28 VI AH G, 2 GA3ox JE PR Y 3k K
Sz AE R 2 W B A PR ( Roumeliotis et
al., 2013) . P, BF9T GA3ox HE PR 454 75 4k B FL
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I E R (B R4 2014b) . (H 2, FAE N E LS
SRS GA3ox KN Y 45 H TN 2 3k K OF i A A
5%, H A A WA W 5T 4

AHIEFE VLR T B6 K% Ak 28 A8 1Ak Ko HL BT A A
FEA R T RT-PCR AR oo (515 2 R 1L 7 2
FHEPAERISEAR GA3ox KB 4K cDNA FF51, Jf:
FIH qRT-PCR AR X} GA3ox FERAE AR L Y
TR T AT M, BRI, (1) Bb
FETNEY A A GA3ox B A W] PR | 2Rk 4y
BT (2) BEAb AL RN Y AL AU A GA3ox & LR T 51
I L5HI 22 A0 HT 5 (3) GA3ox JE PRI TE AL 75 25 )0 B
A R RO R 2 b i 3R GR KT 22 00 B, A Bt
FEER BN IR I AR 1 4 F HL T 5 i
VAL R R B A bk &R 29 ALt

1 #MHEF*

1.1 ##4

VLB B6 Ak 58 AR A K I B A AU SR AR Ay ik
BARE, ¥R 1 TP KA AR A B A B R b R I
=, W TOR B BRI S A N R
ARFREM S 2 bR, 43RBT A5 4R K & R0 |
R ZERE T T 36 K se pe S koM, BT MR
85 SE R B ARAT, -80 CUKARTRAF 25
1.2 ik
1.2.1 GA3ox A B L K50 5 KA TIANGEN £
WEZ WA ) 5 RNA $2 G &, 32 0CF 2 %)) ot
A RNA, #5208 M-MuLV 55 —%E ¢<DNA & ik
T2 T T 5 5 T B A | SRR B 1) RNA IR
B8 cDNA 5 —4# | DL cDNA B, AR5 NCBI Lk
K Z2M) Musa acuminata subsp. malaccensis ] GA3ox
i 3L K 1) ORF ( XM_009398371.2) ¥&it 1 X 45
o5l W, 5l W OF 4 R GA3ox-F: 5'-
ATGAATCCCAATCCAACGAC-3’, GA3ox-R; 5'-
TTAACAACAAATCCCTTCG-3', KB R taq B
#E4T RT-PCR 1%, PCR W A2 :95 °C 3 min;95
°C 155,55 °C 155,72 °C 5 min, 35 MEH ;72 C

FEAf 10 min, 4 CHRAF, P8P 4 1% BEE it
Ji& Hi Dk A 0 T 8 5, A8 ] SanPrep A1 2 DNA fiit 5]
Wi R & f B i R Be Il i 2l 4k, #1805
PUCI-Blunt 5ef 8 AR A E IR, 8 2 g AR T2
7/ )5 o

1.2.2 GA3ox A B £ A 54 FIH qRT-PCR 4 #r
GA3ox H N TEIE A 5 AL R K B A2 T A AR A Rl 41 41
HRARIBAE L, I3 ) SR AR SR AL A A R B A B AR AR
5510 B8 15 7 BB 20 B BB 25 3 I S &
XEIE B 3 B R 25 WAL R I B B0 RNA A
PrimeScript'™ RT reagent Kit with gDNA Eraser
1 RNAFEZ 1L O cDNA | JF AR ¥ e B 15 21 /9 %% 1k
T AEME A TR N GA3ox 2K cDNA JFFiX 1T
o5 M Sl W, )Tl W S GA3ox-qF: 5'-
CTGGATCACGCCCTCAAGCTC-3" 1 GA3ox-qR:5'-
TCAACTGCAACACGGCGGACA-3', ¥ 1 i Bt K JiF
203 bp; LAFFHE Actin YE NS FE A, 7E GenBank
RS AB022041, 51 ¥ ¥ %) h Actin-F: 5'-
GCCATACAGTGCCAATCTACGAGG-3" #l1 Actin-R ;
5'-ATGTCACGAACAATTTCCCGCTCA-3", ¥~ 1% K
BOKE R 157 bp, #EAT B By R b & . K
H 2XUniversal SYBR GreenFast qPCR Mix 4% ¥} iji
W4 BE 4T #:4F, QRT-PCR Wi A2 4 — 4 95 C 3
min; 5 2K 95 C 55,60 C 34 5,40 MG ; 5
=R 2 95 °C 15 5,60 °C 1 min, 95
C15s, MARMER 3R, ERKH 27" ik
THRE B A X Kb i,

1.2.3 53 54 H A NCBI 5035 £ f4 Blastp #E4T
GA3ox @ IEMR T FARIYE 43T 5 38 i ExPASy 7E4k
A4 (https : //web. expasy. org/protparam ) ¥f GA3ox
HE BT A R R T A B A
J5r ik A7 3 A AU A SignalP (http://www.
cbs. dtu. dk/services/SignalP ) F1 TMHMM Server
V.2.0 (http://www. cbs. dtu. dk/services/ TMHMM )
IIHT GA3ox MR ¥ 51 14 85 I 25 4 FAT 5 ik

2 HER 54

21 BEEZEURTHEHER GA3ox EEKFTI
b XF 53 47

DAREAL A A5 R0 Y A B AL IO 19 cDNA g 82
M, BT primer 5.0 FAFBETT GA3ox HEPH Y R S5
I H#EAT PCR 978, §7 48 7 Wy id it 19 Bl b ik
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JE HL DK R AT ARSI, A5 2 W % 1 000 bp A2 A 4 S
P (B 1), T IR aX 2 ARSI R 4 K3k
1 096 bp, ¥ 3 155 1k 58 22 1K GA3ox HH 4w 24 R
GA30x-A BFH BRI GA3ox FeH Ay % H GA30x-G
3 715 2] GA3ox-A Fl GA3ox-G B &K 751134
1 096 bp, GA3ox-A Fll GA30x-G 1] ORF ¥k 864
bp,5'-UTR ¥J°8 232 bp, ¥) 4wt 287 ME Iz

M. DL5000 Maker; A. GA30x-A; B. GA30x-G,

Bl 1 A RS BT AR GA3ox JE[H PCR 97387
Fig. 1 PCR amplification products of the GA3ox gene
from dwarf banana and wild type banana

X GA3ox-A Fl GA3ox-G [ Z IR 551 H X 43
Mras R Bos , WA & LR 7 9 22 18] 1 [a) — 1 i ik
98.26% , A7 1E 5 MBI 2E 5, 2 B T4 29 17,
5 38 if 5 84 fir 5 196 A NG 259 i (& 2)
22 FEBURTHEESH AR GA3ox EAREWK
MR R AR SFE M T

AL S AR R 5 B A R 4 GA3ox L ILTR )T H)
BB AL P 5 o BT 45 2R B R, GA3ox-A Fll GA3ox-G
éj\¥itﬁ%”j‘7 Cl338H2152N402039SSl7 il C1332H2150N402
040,56, 2 143 T 1 43 % & 30 735.28 Da #1 30
661.14 Da, IS5 G348 9.78, Hf GA3ox-A
F GA3ox-G & 1 171 L faf 1) 5% 56 S 4K (Asp+Glu) 1
Sk 20 A, IE L far (4 5% BE RV (Arg+ Lys) Y908 32
A3 GA30x-A Fil GA30x-G & [ 1 4 5 48 5045 31
h 67.46 F1 68.79, ¥ )@ T A Fa & & (1 I8 Wi 5 5k
S5 R 76.90 Fl 78.61 ;5 3 K -4 F B oyl Sk -
0.240 F1-0.236, 4 NCBI 75k 4k 1F % 4 5 25 15
By 45 3843 B & B, GA30x-G 1 GA3ox-A ELA 2-
] 13 R A A 1) SU 48U B 5 Fe™ 25 & I AR T 45
P, 5 HARIYI B GA3ox B FHAHIF

23 FEBURTHEHAE GA3ox EARBER
LR R ESREETN 5 1

B B IR AL 05 4> M 45 R B R, GA3ox-A Al
GA3ox-G HE ¥ & A L AR . 7 2 8 A 2 R 3
o 2 35 R W PR A 37 25, GA3ox-A 1 GA30x-G 43 )
A L E R 22 AR 24 A AR T S 8 A, g
SR 2 44, EBIEEEH AT R GA3ox-A Fll
GA3ox-G ZSE1R )75 it A 28 43 51 4 0.037 29 Fil
0.028 98, #4170 15 I [X 45§,

FIH SOPMA 7ELL B A4 GA3ox-A Fl GA3ox-
G A B S5 T 43 A7 45 R B, GA3ox-G
EHEA 4 W%, 145 28.57% 1 -2 JiE
16.38% MY EMHBE 3.48% 11 B-5% A Al 51.57% G
HU A (K 3) 5 GA3ox-A HH&A 4 MR, o
N 26.13% A - MR TE  17.42% B ZE 4% 3.48%
fh) B-% £11 AT 52.969% 14 TG R I 4 il (&1 4)
24 BEBURTHEH A GA3ox S EBKF T
=] i 1 bb 33 4 17

FI ] NCBI "4 Blastp 43 H7 %8 1k 28 725 14 5
A IR GA3ox B R ILIR )T 51, A B 55 A
Yy i 2 3 1R 0 [ RV B & SR R B, AR AL A
B OGA3ox M & R ¥ 4 5 W A (XP _
010915137.1) | #F % ( XP _008811603.3) . #f ¥
(ARI45601.1) 1 [R)WE1E B s, e 20 () 50 43 0 oy
62.5% .62.5% M 61.5% , ZJ7H| X &, & 5%
P2 A R R BT AR RISE AR GA3ox IR IR T 51 78
N A Uiy Fe b AR A FER T 3 A AE Y 9 GA3ox 2
T 63 ANEHEEMR, C R T 7 AEER (K S) .
25 BEBURTEHEH AR GA3ox ERMRIE
R

FIHT qRT-PCR £EARWI Y GA3ox BERITE AL
AR A K B A TR T B 2R R A K B AS [R) S 309 1 R A
T, I 6 AT, GA3ox JE R 7R R AL 58 28 1K K B
A A BN R T A i e R B AKCE R TR] . AE
5510 MFNEE 15 M ] GA3ox 1 B AR AU FE 1
TR Rk R TR E A HAESE 20 HEAI
55 25 IR I % 30 T AR A A A 0 R b 9 R X R 0A
W ERTERARFE, EETAREET R,
GA3ox TEES 15 M I 1 32 38 KOV Je v, LGSR
10 M- 430 AR5 20 AN 25 i i Y s
KA, 55 10 HEFIES 15 I 8 A 9 3R 3K 7K F-
Bt 308 T4 20 WRAISS 25 w9, I A 5 20
A 25 MR IR R REE R AR E; Rk
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Fig. 2 Comparison and analysis of GA3ox amino acid sequence from dwarf banana and wild type banana
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Red. Extended chain; Blue. a-helix; Purple. Random coil ; Green. B-turn. The same below.
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Fig. 3 Secondary structure prediction of GA30x-G protein

I ! |
‘ H Hl||1|IH”HII||mHu|I||:||1||.I|||H|HH‘ HHHHI H Hi‘mmnn‘

m|m\m\WHHHuuwulwnwuuummmwuuuwmunumwmu\\\

50 200

|II|IIIII]lIIIIJIIIIIIHHII IIIII[I]”“IIIII II[II[II]II'II[H

Bl 4 GA3ox-A HH 5K Bl
Fig. 4 Secondary structure prediction of GA3o0x-A protein

FARR, GA3ox RS 15 WHFIEE 25 i 8 Y 3% R, B 20 TR LUK, RS 20 RIS 25 i
IRTRAV S B 3 R T AR 10 M AIERS 20 MR ﬂfﬁ%%ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ*&ﬁ%%?% 10 i Al

I IR K | MRS 10 RIS 20 HE 3430 2
[ RBEERADE,

TEREZET , GA3ox N 18 Ak 28 728 1K K BF
A R AN [A] i 0 1 2R R KR ], 7R M A AR
T FEZEFF R, GA3ox TEEF 20 I I 3 B 35 2k 7K 7
e, 55 25 A R R FESE 10 ORISR 15 0t
I8 1A AR Ak IR 2, 3T HAESS 20 0 it
TR IR 7K f 2 Bl 2 v T A % 1 5
EAL AR GA3ox TEEE 25 I I % 1 22 3K /K S

5515 IR 30T s Y 2 K KO AE S 10 i RTA
15 Mg Z [ A RIA E R AR E . [FIET, GA3ox
FERALAE AR ZEFT P 0 268 1 38 I 25 sl il B 5 KT
HPAERL FCA RS 10 mE i 1 A AR R 2K A op
GA3ox 13635 B BTG 32 £i%, 7655 15 nh i
WP A R ZEFF o GA3ox B R IA KRB AL L) 7
5, FES 20 I % 300 B B 2 TR A PR ZE AT GA3 o
(13I8 K38 ey, HER IR AKCE R B 1 2.2
fE(ET) .
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Black shaded and other shaded boxes show identical and similar amino acids.
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Fig. 5 Sequence comparison and analysis of dwarf banana and wild type banana GA3ox with other plants homologous proteins

3 WikG4#

HEZEEEMHEYER KT EEEYEE
Z— KPR Y TE MR RS R 0 S 5 B0
YIEAL , GA3-SE AL (GA3ox) & R 8 R A W&
AR P B, GA3ox (1 EE BTN BE R LAWY
TWPER) GA9 F GA20 fi# 1k I Al H A5 A W 1 M 1
GA1 1 GA4 ( Yamaguchi, 2008) . H i, € 7£ 155
7F ( Helliwell et al., 1998) . 7K 4 ( Sasaki et al.,
2002) .%i 5/ ( Reinecke et al., 2013 ) %548 fk if % 2
153 GA3-4aU A il Xof HE 9 25 FF 1) 4 Ak LA 3 22 1Y) i)
AR AE— 39T GA3ox W3 FE ALY 4 T

PHEEALE] , AW 5 5 AT 2055 10 7 45 I 07 A AL A
B GA30x HIA 1K cDNA 751 3 0F 2 3= 18 e 1)
AT A E B =50, 45 R R W], GA3ox-A H
GA3ox-G YR TA R E & A, BA =K, I
H GA3ox-A Fll GA30x-G & I 2 45 iy ¥ B 4
Al %, 8 H W IR AL &L 50 BT B R GA3ox-A
GA3ox-G S ¥ & A 22 7 2 IR M 2 1R 3
Pl SR R TR TL AV A, ASIIF 5% &5 SR 55 /K R (B /N
45,2019) HBE (EHE 55, 2020) 19 GA3ox &
SIMTLE T —B0, & IR R R HL X 4 b & B, R Ak
T R H B A4 GA3ox M IR Y 51 5 A% 1
A B[R e

1K A (224 1E4E 2007) . 54 2 ( Roumeliotis



_
=
Rz

MAERFAE . RRA T R B LB LE A GABox B[R] I 25 46 i i P R840 A 1927

2 4.0
3 335t °E DL Dwarfbanana
O 30 £ 57 4 2 75 4 Wildtype banana

Qs >

®E 2S5

''Z 20

=B

€5

Z5 10

== 05 @
E ¢ ﬁli}lll s ”«’Uil[ ' q-.,nl

10th leaf 15thleaf  20th leaf
%34 Leaf age period

251h leaf

INEFIR S FBE53 313878 0.01 Fil 0.05 K- 3%
H2S, TR,

Lowercase and uppercase letters indicate significant
differences at the 0.01 and 0.05 levels. The same below.
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Fig. 6 Expression levels of GA30x in dwarf
banana and wild type banana leaves
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Fig. 7 Expression levels of GA30x in dwarf

banana and wild type banana pseudo stems

et al., 2013) 276 & 75 ( Dalmadi et al., 2008) #ll
PYJK (Sun et al., 2020) SE/E Y 58 & B, 4
GA3ox B Az 52 A8 I 25 5 SO 4 A5 7= 1 1) ) 1
Bde HWIRIN GAL Fl GA4 & & A%, 5 B0 bk
RHHIEER, KBBR8 H il F
0sGA30x2 FEHEE 2 MAME FH I — SIS (G)
YRR B0 T 2 A, 5 3 0sGA30x2 T BE A it
& HAAE R R I B e M (2= 4R 55,2007) 5
TE D2 T StGA30x2 HE R (1 5878 | 1 RUAE A
7875 44 ( Roumeliotis et al., 2013) , M P2 A= %%
LRI B B T8 B AL R AR R T MsGA3ox 23k

1% 551 & A 5278 1 E MsGA3ox [ IhBEIT S 80U
%% 1k ( Dalmadi et al., 2008); 7E 7§ K ' iy T
GA3ox TIRERYER L BHIET T GA4 B & 1L, S BRI
IREE R O PR, A AR 2R B0 & A MR (Sun et
al., 2020) . AHFGEXT R B BO J& b 28 A8 1A
YA B SE A GA3ow 19 cDNA JEF I b %43 BT & 3R,
BAL AR ) GA3ox FIEF A I GA3ox B cds K
FHI) (R G 05 7= ) ) S SE R )y B v AR A S A
SRS, I, I GA3ox 4544 25 5] E 25|
EHFEEFBRMEFREENHE,

GA3ox S F3k R SHEYI MR K B H I
Ko, HAEl 2 7FE D4 2 ( Roumeliotis et al.,
2013) 1AMk (B1) A %5, 2021) A1 5 ( Reinecke
et al., 2013) Z /Y & B, GA3ox F 35 H YA 1L
EﬂrilTifE%*fkm PER, SR E D, BT
StGA30x2 HYFIE T IR, PR I 28 25 1A M Bk 2 BR M
7N Y[R3 06 45 6 7 ( Roumeliotis et al., 2013) ; 7E
kb, i i 35 CeGA3ox ﬁl@ﬁ%dﬁﬂ%ﬁ =
(B M4, 2021) ; Bi 5 PsGA3ox1 [Hid Rk T
HOGAL T 3G, D4R S T B S R AR
( Reinecke et al., 2013) , AWFFE LI, GA3ox TEFHF
FEIRAL 28 A8 R ZEFF v 1 32 1K KO B 3K T B AR
R XSRS B 1L A% B A A A 1) 3R R AR
AFARL, B GABow F PRI (1% 3 34 18 23 5 R R 400 kv
M GA3ox FE IR T R IR A 2 B0 HE T () 46 il R
fRAE R,

25 LTI I b A A 2 Y AR S D I ]
AESE GA3ox WY T I 2 1k AR T8 H i 7= )
GA3ox M) BE & A AR 5 ol H 3% 38 /K OF FRAIR 3
3 GA3ox MBEIGPEDIBEREAR, (A AE A NI GAL/
GA4 7 TR, T2 T 25 FF A0 H A 28 5 A A
KAK, X E GA3ox FH Y 2 AL 3R 38 K (1)
AR T B R ) R A aTﬁEEﬁEEE’Jﬂ

PAEH . 18R, GA3ox 178 RN 15 7K - B AR 2
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LR A T BER A E
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Construction of model framework for invasion prediction
of alien plants based on functional traits

WANG Shixiong"**, HE Yuejun', WANG Wenying’

(1. Research Center for Forest Ecology, College of Foresiry, Guizhou University, Guiyang 550025, China; 2. College of
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Abstract: Predicting the potential invasiveness of alien plants is important for biodiversity conservation study. The

phylogenetic relationship between alien plants and native species is usually used to predict invasion, however, Darwin’s
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naturalization conundrum predicts two completely different results (i.e. Darwin’ s naturalization hypothesis and Darwin’ s
preadaptation hypothesis ). In this study, we analyzed the connotation of Darwin’ s naturalization conundrum and
suggested that the base of invasion prediction should be changed from a pairwise phylogenetic relationship between alien
plants and native plants to the functional similarity between alien plants and native communities. The interspecific
differentiation and intraspecific variation of functional traits may be different but not contradictory strategies of alien
plants to achieve successful invasion. On this basis, this study constructed the functional similarity between alien plants
and native communities through the multidimensional hypervolume of traits and putted forward the research framework
and basic flow for invasion prediction based on the similarity. This construction of mechanism model framework helps
understand the invasion mechanism and provides practical guidance for potential invasion prediction of alien plants.
However, to accurate prediction of alien plants not only depends on the selection of functional traits, but also on the
invasive habitat independence, the importance of spatial scales, and even the invasiveness of native communities. Future
research is necessary to verify and improve the model through control experiments.

Key words: biotic resistance, Darwin’ s naturalization conundrum, functional similarity, phylogenetic relationship,
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trait plasticity

BB RGIEE T B AT ARA WA Z K
AR AL, Ah ok Wy B 9 AR S B A SR 3 ) 2 —
(Hulme, 2012; Simberloff et al., 2013; #74k fl 2=
1#,2017; Munro et al., 2019) , U &P kAl 4y 1
TENARE E BN A2 W) Z2 AR OR3P 1Y B BRI 58 N 45
(Mack et al., 2000; #RHSE, 2018) , A5 4T
(biotic resistance ) &R AE Z KA Y HE S I AAZ 1)
B, BY S - Wy Fhoxt S0 ) Fh 2 50 149 35 4 24007
(Conti et al., 2018) , J&] EZAFTE X IELE AL 1Y)
—ANEEHIRBERE, SRRl AL 5 R A WS,
AR HEMINAIE (Nereu et al., 2018) ., FEFTA H
AR E AR BT, BRI A= Wy R ORIk o
R AR LN, I8 R SO S E B Ak Y S
Z YT ] 1 55 2 0C 22 % AP SR A W 1T A= 1
SR, IR T 3k R SCH AR 3 ( Darwin’s
naturalization hypothesis, DNH ) F1 i & N & i
(Darwin’ s preadaptation hypothesis, DPH) ( Darwin,
1859) . BifiAE 1% F AR A 22 0 | 33K T A B 2
BRI AN RAE YN Z - YR E] Y 26 4% 06 & 5 4
KAEY) BE A5 AL T AAR B HE BRI K 4 ( Strauss et
al., 2006; T34 2009; Castro et al., 2014) ,iX Ky
HPRAEYI AR B S A T A5

1 38 /R SO b R AL
575 BB 3 (DNH) WA 76 75 41 L %

TR Z B TT, SR A KA S i S A 3R
HEFF Y AT R LB R ( Daehler, 2001) , X H 4 4

TR FE 2 OC RO R I BOR W W FhOAE L
(Burns & Strauss, 2011) , 2 W& 17 16 i) Z1 Y Fi 7]
s A LA B R H LA SRR AL B4 e i T A ) S
W AR RIS A O, W ] AR L e A
A EBAHARL, T8 A HE P B ZU W b A %) e S B
Ko FRGIAIRIPEAR 5 ( limiting similarity hypothesis )
Ny, TEA7 40 Tl 18 A7 7 IR ) AH AL 1 DA 0 9 2 Y
Fif 18] 52 4 ( Macarthur & Levins, 1967) . #4) {514,
HAF T 6] — A 25 R G AR AR I 2 8 57 (traiit
divergence) , #1555 & L HEVE A [FPEIR 10 40 kA Y
W EABRKIARE T, B A AL 73 A5 (niche
differentiation hypothesis) ( Lambdon et al., 2008) ,
[, IR SCRR B AR E S AR 2 F s £
TR R PRI AR AT RERY . R AR
T ) S S PR B IR R o A TR S A T DL AR G B
e, B 2R B A BT E G AT AR R AP R A )
MAZ X B FR 2 Sk A B 2ok 8 {0 (habitat filtering
hypothesis) ( Kraft et al., 2015) , HITHYEZ K R
R AL B0 A2 255 5K S R AE Wy X 24 b B 8
RS I s < 5 R VAR 1 < B . A% RN
(Proches et al., 2008) , R il idi b B i5d ( DPH) , 14
i, FREFNAE S BT SN A 28 26 B TR R AR A
PRI L 2 0L, PR e 3R L 5 2 43 A1 i A R A
PR T AL L B W A FE BRI VT D) R
DXL 43 A1 B A AR AE P A T s 6 U B ) b o L
BRI 20 4E, 22 FATTN 3 WA 6 Sz A A i
T TAR Z 50 50, A A5 3] T AR A — 3oy 45 R
(Jones et al., 2013; Li et al., 2014; Qian &
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Sandel, 2017) . P13 7R SC U A M1 v A1 190 1
i B & FK R Ik IR SCIH Ak HfE B ( Darwin s
naturalization conundrum ) ( Diez et al., 2008 ; Park
et al., 2020) . FH T 357K 3CHY WL 502 56 T W Fp iy
FRYGE R E AN P Wy Fh 3 A7 014 D) 58 1 RAH A
PEA SCIR R — M, PRI 2 2% 56 & ] IRy
ARAFAL M B9 A B 7 7 2 43k o8 R B 1k i MR A
oo R, WA LI, SE5% Kk RE VMY
FRAEZ YR AR PE R SCBEMIR B AR e B 25 5
(Funk & Vitousek, 2007) , M\ T BE IR 1) £ B PR A7
A PIPE AT e — A AT A= A9 754 ( Yannelli et
al., 2017) ,

2 TR E R M

NREPEIR TR SE T W) TSR W AE 5 A R B
BE (Adler et al., 2014) , LA K 4 F 6] 40 B 4E FH A9 55
FEFFRE (Kunstler et al., 2016) , #3& #% £ 69 4F
P B ik ey A 5 W b DL K W) e 5 A 85 ) AH B
VEFH 4 77 8 2% 1) 40 ol %) 2 6 1R AR T AR 2 44K
T BT 4252285 M: (Violle et al., 2007 ; Levine,
2016; Pérez-Ramos et al., 2019), Yannelli %%
(2017) WFFE M, 2 % 5C 3 B W) 1 00 IR
TEARAE S oK W) b B9 AAR v R 4% T B B E AR T
SR, ZhARE MR A AeT 52 i 49 o S £ LA K the 5 Ab R
YA, BT Z b 7 T Re AR 5 4k
R T) B 5C 2% AT B0 AP Sk A8 W B9 A AR, D Sh KAl
PRI AR Bl S B A

Yy ) D REME R — O T PR AF TRk B A PR E
P, o5 —J7 AR ol S8 T RE IR Y A ) 23
1k ( interspecific differentiation ) 7SI S =
(intraspecific variation ) f2 ¥ Fh 52 B8 X 7% 34 55 16
IO7 LA R 6] A ) e 4 W 7 18 T 2 A 25 SRS
2.1 Thig K aY sl 434k

SRRAEYIN & L REIE AR B E 2 11
ORI AR TG R TE A e 72 Sh ok
T B9 AR 00 SR P Bl AT R BT TR e 25, LU,
Py a] 4 AR 25 53 A 72 AP R AR W 52 I AR Y
— e, AEP AR A PEAR A e — E R e
% F W AR 2 A A4, S BOM W AE B VR N 1Y 38 A
JIE 22 S, R A2 B AP RAE ) 0 I A= . W) R ]
F18 A 25 73 A AT B Ay 5 R T AR IO M) 5 i A
KB T BB M AR 434k ( Wright et al., 2004) . [@] ],

55 IR SR W AH OC 1 B RE MR 2 [R) A TR B A
LR ACATL ) 119 5% U5 4R BURT 1 F A% ( Reich et al.,
2003 ; Aubin et al., 2016) .
22 MEEMRKHFHRNESR

PR B A A AR S o T TR A 0 B DT R
(FEHEH%,2016; He et al., 2018), [[{l—¥F#Y
AN TR [ A 72 W f 4 D e PR A2 S ) B AR mT
FHVE (trait plasticity ) , 3PS 5 0T DUA R50kE 90 8l 5
S PR N B A S W R AR A SR O AL, BAT )
AT 2% B L (Mackay et al., 2009)
S AN, MR AT S8 0 A ) RE 6% 107 %o BR B S B M, O
A REFE R |12 A EE T 447 (Palma et al., 2021)
PR AT B P P RE (AP RAE Y AN & W) B A2 35
AL S die /b, DT 4 5 Hb ke A8 ) L2 A A= 89 HE
K (Bennett et al., 2016) . KEHRAGFF N FSIA
HERAEI AR T AAUA] AR K 2 &5 ) il AR BL
TR ) R AR (Jung et al., 2010; Paine et al.,
2011) , 1M H. 0T LAA 35048 7 W1 AP AAZ AL ( Albert et
al., 2011; Clark et al., 2011) ., AT, 1EE
U5 A R PR 58 v, MR 7T 98 M R A% 2 S A SR A )
Xof 1 14 3R IBCRE T3 B R 280 s Ak ke AF ) 1
A AR B BE, DT 3 ik HC b R 52 4+ BE ) (Leicht-
Young et al., 2007; Funk, 2008). 5 £ T Hi¥H
Fo, AR AE W H R B BRI MR AT 8
( Daehler, 2003 ; Mozdzer et al., 2012; & FfF455,
2017) , 2945 50% NA=AE P A A= 6 ) 5 H vk ]
IAPER: (Ren & Zhang, 2009; X4 2010, %5
JRFTANEESL,2018) o SR, BEVEAE S R T
HALPHR A R ] 24k, 20200 1 N R S )
P TR B b 8] 2346 5 b P 22 S5 02 Ah ok A W i
TR S5 3t A A58 S B I AR ) TR e A ] A 28 R g
(Helsen et al., 2020) , Ht, 7EARESFH K
TEAB AR ST A A AUAN R P IR B ol ) 43 58 5 Ay
7 S R A8 X /N TG A A R X B R LA
BRR

3 ShRAEM N R BIB9S A

IR IR SCU PR RS 38 5t 2 R AR A 51 ACHE AT A
R A AR B, H—, B CRM
UL — S PP AR AT o R R A R A 2 A
BRI J7 2R ) BAR ST, W R B A A 2 o 25
Fr A0S A ML REVER B REVE T, 85I A B4k
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T ST 8 3 4 R 1 B A= B R 09 AT RE 1R 4 e D
(Daehler, 2001) , BRIk /R SCHAB B, H =, 4k
YIS L W) Fb B AT AHAL B9 Zh BE PR R AR AL, X BE
PR T5 2K B AR —Z (Hooper & Vitousek, 1997 ; Naeem
et al., 2000; Symstad, 2000; Dukes, 2001; Young
et al., 2009) , i H6F 24 M 20 55 A7 4 B 4 1) 3k 0 1
A AT 2 I A BCE A=, B BE R U
( Daehler, 2001 ; Diez et al., 2008) , ik/RCIHk
s 1555 8] F1%) 2 40 Al (] 9 A B AR R i 95 1 AR 5
SR Y S W) AP 6 AR B A 3R] 75 SR (Skora et al.
2015) , SR RARYIRE A MU A A MM T 2R B 75 R
Fofr ) AR B ASA T 3K Ao ASOAT G 2R S T A R
Y5 & LR R AU

VLA HE T W Fh ] 56 2R B AR BIFSE I T —
SE T S R (HIX SE RIS AR TP RSN OR MY
2 T Fh 34 0] i) 3 2% 5 2R 5 T ( Carmona et al.
2019; van Klink et al., 2019; Dong et al., 2020) ,Jf
HETERLERMMRLSERET S ARSKIE TR
S B DR MR R RE, AR
W O 22 JFAS 2 167 B0 9 7 1] ) 0 o G 2% T 2 4
KAV 5 & L REE A PR E A — X 28 K R,
(), — X 22 o A ] OG 28 5 A 55 7 19 799 i) 40 7o O %
M1, AR & RE T A A 6] /Y ) Fh 2 4
PE AR B DI RERE AL AN [ A9 ) R 22 BE A% )R 553X
SRR AE T A ke 4 ) 1 AARE T 406 25T DR 7 7K
V- BERE R R, BEREANSRAE Y R S R R
GRS A RS R A 1Y SC R BZ SR A Y 5
Z LR R R GO R L AR S &
+BEE R A AH LI 56 & (Skora et al., 2015), @it
MEESNSEAE Y 5 & BT 8] A AR AU OC 2R R AT
HPRAEY AR TR, 1205 AR |- 2% B AR S
SRR E A OC R, HFBR THREFEICR (NS 1
REVE RIS A ) XF AR B S , 3k fdi 45 Tt
S5 R BN A A T

J T VRSN RAEY) 5 © A T TR B A AL,
IV 31 W/NE S5 RPN - & R NI SR = i (P 3 = R
(functional similarity index, FSI) ., AR ¥ 4>k 45 %)
52 L% R AR 3SR AR Y ¢
Z 52 (Skora et al., 2015) , B $8 Bod =X 0 X B0i
LB, BRI RSN RIEY S & LTS
] AR DL PR R, BIAN R M) S R 282 -9
T REEIRAIL, FE LA T, QSR AP A Y 1 2
AR, AT B2 B R ik R SCHLE B i 336 ( DPH) | T

AAZ RG] B8 2 i 33k R SCH AR AR ( DNH)
MEAL ARSI RALY) 5 & BT 8] 5 AH B
BN ENAN ORI 5 4 R 2 50 S Wy b 2 RE 1R
AL FEZBL T W SR AR Sk A ) B AR AT g
J2 PR R iR IR SCE AR (B UE ( DNH) | T A 4R 25 0 ) mT
A 1 T L& W R Ui (DPH)

AT IR MR AR 5 & RV 1]
AR AR , AN A AT LAAT 2510 0 b o A8 ) 68 75 1 2
A=, T HL AT DL e A Vs 2 B8 MR 1 722 Ak 48 7R A
RAEYIAARBLH , XF BORE T B LI A, Fia]
AR AR, ST ) Fh IR BT RER I
103 R S A A (VA Qs 2 BN A
FEANRAE YT AR 9 AT BEHLH ( Lambdon et al.
2008 ; Dong et al., 2020) ; 35 H B 20 F A9 L 2h A
1=, B e 1 Wb ] A9 26 [R] AR B 5 5K, AR R
SEBLSEN AR PR 0 R P A8 S 0 02 32 BTk
Ho R R B AT T IR 0 RN S S e 8
P e IR AE W X8 B R %) AR AR g KR AR T
TR AP A ) 00 A A T BB, AT g 5 A R SE 4
AEJT, P LG 3 00 2% 2 Hh SR AH W) L2 A AR B W fiE
ML ( Sax & Brown, 2000; Leicht-Young et al.,
2007 ; Funk, 2008) .

4 ShRAE Y NE TN BT AR

BB, g 7 kT D BE MR 59 SR R A WA
T, KAk EREELT 3 A EA SR (A 2) . —
JE I RETEAR A I 52 55 0 0L s — e R T I REE ARG
TR S & LR A AR, = R T2
REME DR A 8] 2P0 A0 B P9 AE 53t 19 23 i R ST A1 SR A
ARl BEA AR BILTH
4.1 TR E 5 IF ik

AWEFER WY, I AN I B A B PR AR I 5 R
TR A 2R 25 T RE , MR A 08 F 06 2T T AR
M THEE A ST R RAEPLE . & B A PR
EFE—%5 JE VAR T 18] 70 A6 A b 9 722 52—l BE 2 4
PEE B0 28 FE—Ih BE IR 5 AR 25 T fig A RUEE DT
P JE 4 v ) ol 2 e RO A 2 T RE I A9 A 5K
FBE(Liu et al., 2021) , J& 26 PR B R 00 5 A1
IR R E EAE SR AR T K
HEZAEM, /AR O BT S i, Sh
AR A AR B9 A AR T7 30, IR T AN TR A 4
WHE . Blan, —seffk (k7 B ) AR
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100 A MAZ R4 Hh Successful invasion species 100 5 AU Failed invasion species

—~ 80 ~ 80

S g

S 60 2 60

5] g

& 40 = 40

% 3%

& 20 & 2

0 0

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2. 3 4 5 6
ANKA 5 2 AR A A T RE M oLk 45 2% APKHIY 5 S LA il (4 Sh AR AH ALk 5
Functional similarity grade between alien plants Functional similarity grade between alien plants
and native species and native species

DNH 7R % /R 3C)MEABUE ; DPH 7R 3% /R SCHUE BB BE . T 1A, 51 B 27 3CHk (Skora et al., 2015) , A1,
DNH indicates Darwin’ s naturalization hypothesis; DPH indicates Darwin’ s preadaptation hypothesis. The same below. Figure modified from

the reference (Skéra et al., 2015).

K1 T IEEAR A SR 5 & LR AR LE S AR S

Fig. 1 Chart of similarity between alien plants and native communities based on functional traits and its invasive results

Bl 2 BT I REMEIR 09 Sh AR M AR T A 7 R A

Fig. 2 Flow chart of invasion prediction of alien plants based on functional traits

AFEBrBR B T2 RSB A R ERWNE )5 YRR A A E B B I Y A K S
ZAEHI(Palma et al., 2021) o I, DIREMRIRAYEE 20k LK —Slufl DI A4 B PARAR L 5 | A 25
FERNGHE 8 BN T AR A TN A B, 4 SERIEBEM(Liv et al., 2021),
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4.2 SREYE & LB ZEBRHEMNES

HAT, SM kMY 5 £ L B 3% ] (%) D) 6e AH L
P g 2 A T b L — RO T AR S S
AT v g ) ARARUAAE T S 1 R AR S5
T oy — PR T RARBUAE S AL H n gEPE R 2 ]
KB AR TR Z [ A B B K/, T 38 TRk
PAESNL 2SR Z 0, JF R Y A & 1 /3% ()
R RR AR B 22 S P I 32 [) I 025 22 S MR Ay
& (Geange et al., 2011; Blonder et al., 2014;
Bittebiere et al., 2019) . Xk, A< B 5% #E 75 il FH 46
TR R AT ANRAE Y 5 & A B T 1] Y A L1
P,

Hutchinson 1 n 2 i 142 FEURE 480K A= 25 07 fff ¢
R IUARTEAR | by 225 2 25 25 I A 27 0 S (] 430 3 1
WF5R # At T7 Ee Al ( Hutchinson, 1957) . X L6 R
A DA e A Ry A A A A A B A TR g A ] R
VEASH AR o %O A A VR AR SR AR — W BT
o7 5 1 2 R R AR A R A ROk o Ak AR A A 2 ] ]
AF PR R R B T DB e 3 A ] ) e s )
(AR AR LL 51 L R A~ A 1 o S e A R 03 4
(Rt n PR RS A FEU R 08 T 0 ) o (1) 90 o P B8
JEEBA R RN AN IRETTR (ES)
It ELREHE W7 AH OC A2 28 1 A%, 55 4 HE T A A= 2540
4k (de la Riva et al., 2018) . HAT, MR B AR
7N DIV N TR AN B T S S E A i
BT AR S TIB S BN, BT 2 O B A T
A7 ( Mouillot et al., 2005; Mason et al., 2008 ;
Blonder et al., 2014 ) A4 F 1 4R 4 R B 45 74 o DTl
SR AR SR IT Z A SN ES, I RA
ARG A BOR TN 3

THRE AR AR B 2 5, W LAGE i 155 2 4
PR 23 [ o A BRSO 22 8] A K EG R 2 | 1>
PRBR B A — A B 3 85 LA B AR R 46 ) 22 ) 1)
Jaccard AHARLPE SR PEAN 4R 46 4R 1B AR FR 254 2
5] %) )3 BE AH AL P ( functional similarity ) A1 4 2537 8
BEOL ., o, Jaccard AHALTE & XA P AN B AR R
Gk 22 5 0 MR FRLIER LA T A 8 R R 25 H T AR
LA
4.3 MEERNFHES U ERATRSHF

Sy T VAR PR Y R R 234k AR P AS 5 X D) g
PR 25 [] A A T R AT DA ol P AR A S O i 1
ACRSZI (Leps et al., 2011) , HETE A TE U1 cati”
HZ RIES BT LU SE B ( Taudiere &

Violle, 2016) , HIEAD BRI . 55k, TR QE
FETT 6]l P4 28 S A0 b o B MR BV 5 Ty T
WE AL 5 AN [ B D5 (BBR I8 ) Hh g ) s e, o A0 9
ANTRVREDT (BRI ) Hh []— o Aol ) P AR AL A Ao 9 2
Sto BRJE T BT R D5 R R — PR g PR (R, 3
AR5 T, IR ERER T R — PR i Fp
AR5 BT UL T, R ALEE iy RE T 8] ) b 5 i 5 1S )
PERAE S fm @k TR TR T, 2 2% AT LA T
PN PERAS S T BN R/ TR AT

s
T, = ZPi XX, habitat 3
i=1

T, = i p; X x; 3

ry=1T -T,,

e p NS LAY R LB xR [ E T R
AREDT A L AP0 PR A 5 g TR
AR ) A= 555 v 0 A MR S S RV R Y
Yy S

5 HIREZR

Rt 51 A AL AN R 5 &
AV (R AR BE 0 T A TR MR Y
Aofr ] 23 A6 FI R PN 228 S 1) 20 A UL R 4 7R A R A A
AL T RE iR AR . IS X S AT AP ok A
Py A\ A T i) A (H R 3 2 SR A Y A
T I 4 —SE A
5.1 NEREE KRB

RGN EEERTED R AAZ P T 2
MIVE T (B S SR A W) 2 6 T AR, 1 2 2 58
DCIRPR B A BRI, AF 358 2% AN A2 Wi A1 R AL ) 1Y)
N, H AW £ W Fh %) 20 5 ( Richardson &
Pysek, 2012; Pearson et al., 2018) , #5314 €K
BRI RE AR BL A 1y b 45 07 8 EARH I B9 A
AL, R N & PR MR ] (Bazzaz, 1991;
Lavorel & Garnier, 2002) , )2 , 3 4+ HE & 2 {di 15
Az ZSALARAL 18 1 b TG ¥ 3 A7 T 6] — R 5 TR 7
YR 25 2% OC 2R B, 36 I 4% 1 A ) IR
Ha & HL(Webb et al., 2002; Ackerly & Cornwell,
2007) . FREEREUEAA: YRS PO AR IR E T A
RAEYPEARFFAE 0 3 A A% SR . — MO U, #1 B8 r
FEBTIR (WO Ko 5 ) BB D E T YR U fE
PR 1) 43 47 Y8 Fl ( Fargione & Tilman, 2005; Kraft
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et al., 2015) , M AEPIFHEHLHIE T PRl PR 2L 7 7Y
Jr RN AR B, AP ORAE W A AR o R R R B A
U8 FP] S A RN N IR AR S AR 0 2
g, X AL R T 5B 0 W 5T R B 7 BE IR A o PR
IAREE SR A1 & - P Fh A ok AR AL, 3X
AR T IR OR SCTAE AR ( DPH) o SR, 7E B A
AHXT & B FR BT AR A N S A W A IR
AL, S RAE R B BB AR PR PR (2E
e R B T AR M b AR R ) X IR IR S
IS4k AR Ut ( DNH) $2 fit T 3 #F ( El-Barougy et al.,
2020) , FEXS PRI ML XY 6 Fb AN [ A 45 2 Y
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Dormancy type and germination of
Epimedium sagittatum seeds
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Abstract: Epimedium sagittatum plants have an important medicinal value and a huge market demand, but the
characteristics on dormancy and germination of their seeds are still unclear, which seriously affects its industrial seedling

production and cultivation. In order to verify the type of seed dormancy and the optimal way to release and promote
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dormacy, using the mature seeds of E. sagittatum as experimental materials, we investigated the water uptake and the
desiccation tolerance of seeds, as well as the effects of temperature, stratification and phytohormone on seed dormancy
and germination. The results were as follows: (1) E. sagittatum seeds had no physical dormancy but had desiccation
tolerance. (2) The germination percentage of seeds was zero at 4—25 °C and darkness, and these seeds had dormancy
characteristics. (3) The embryo/seed ratio was very small, as well as embryo growth and development and seed
germination rate and germination percentage were increased by stratification at 4 “C, 10 °C percentage rate and
fluctuating temperature stratification. (4) Gibberellin and fluridone significantly increased the germination rate and
germination percentage of seeds. In sum, all the above results indicate that the dormancy type of E. sagittatum seeds is
morphophysiological dormancy, and the optimal method to release dormancy and promote germination is to stratify the
seeds at 10 °C for 30 d and then transfer to the environment of 4 °C. This study provides the reference for industrial
culturing seedlings of E. sagittatum.

Key words: desiccation tolerance, Epimedium sagittaium seed, germination, morphophysiological dormancy, stratification
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il (physical dormancy) FIZH&IRHR ( combinational
dormancy) ( Baskin & Baskin, 2004 ,2014; Iwasaki
etal., 2022) , PD fF1E T HA T K F LA
A T2 SR AT 2 o3 v AR Y A
YA KM= 5l &5 (Chen et al.,
2010) , PD J& e i AR IRIE =X, AT 43 TR BEE (rh
BERNERAE BRI, 2 A TR F R T £
B4k 7MY b (Baskin & Baskin, 2004, 2014;
Finch-Savage & Leubner-Metzger, 2006) , MD [ #f
TN (REF A HE 0k, F 7 8w kA
T B TR IR 1 T Ak B L5 AR e [R] 1 R AR
KE BRI, Z 5%, MPD 1R A KK
H 584 A: AR A9 I, o 7~ 1 & i R il Ak

HR AL B, MPD Y Ff 5 s 1) A R/ i AR 28 1l b
Fe T ELRBF[E] E MD B R A

Y ZE ISR (abscisic acid, ABA) HIZRE
Z (gibberellin, GA) =5 FhFIKIR F1H5 & #0326l
( Weitbrecht et al., 2011; Iwasaki et al., 2022),
Dong %5 (2012) & B, FBEER (fluridone, Flu, ABA
AP BRI FGA i 2RI 58 B Fh i &
AFRARHRS , T 45 MR ( diniconazole, ABA 73 f# AL 15}
g ABA 8'-¥% fb W (9 90 &l F ) A1 £ Ak
(paclobutrazol, GA A=A Bag& AR AR ) B4 S5
BT K BRI . 78 B AR B B b 107 & Y 4
PRI, Z2 25me BT Y Sk 435 e S0 I 1 4 T 9
WE B EA W E G GA,IIER] . FliE ABA Fl GA
IR 2Z 18] ) ~F- 5 K 4% A R4S 5 i e 175 A4
FriR IR DL K £ 3 W iy 8 45 b i 2 AR Y
( Finkelstein et al., 2008; Graeber et al., 2012; ¥
A, 2020a, b) o MM BT IRHR B B — L 3R 5T K]
RR, e 2 AR IR /R E R SO A B
{RE T Ff (Baskin & Baskin, 2004, 2014; Black
et al., 2006; Finch-Savage & Leubner-Metzger, 2006) ,

HEE R (Epimedium L. ) fH %) Ry /)N BE R}
(Berberidaceae) Z4F A4 AR Y)Y, % & MY 29 55
i, & E A 45 M, Hoh R ( Epimedium
brevicornum) \FiMIEFZE (E. sagittatum) FKEBEF
%2 (E. pubescens) FHEEIEFEZE (E. koreanum) FIHE
IR EFE (E. wushanense) H{HAENERILHEZ
By BT (R 5142 ,2020)  TREAENE
ey, e g8 MR AR R 2 ) | BAT RN
BERBRIR Z T4 TR Im R b 2 3 9 TR 97
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TR WM R LR RO IRIR SR 5 0 L Y 1941

B RGA EAE 28 A AE L5 b B | i el
WA YA R AR A R SR ) U BT
g BRSSO 2R B
R 43, FEAHE SIS Y, £
B RIE R Al — 2L 55 A i L HR (Kang et al.,
2012; ZEERER AR, 2020) , KA LIOR, Fl 71 & 1A
MR R AR K 2 R F A2 WU A A AR R AT 43 o
e, (EH B8 2R B0, I o B A e R v g T ™
eI, JEARESK, B T 5 e R B K B, i 37
P A U A 2 R T AT B0, I A O R, A
FFFHEAT R 2 F O R 2 = e Ak 55 b
AR figf R O St ) A

VR T A W AE SR S AT B IR R B AN 5
G T L — B A 4 2 R B0A iR 2 FUA B
W&, AR MIRIRI G (KL%, 2010; 7
KB4, 2012; Mm%, 2015; 7R H 4, 2016;
Rhie & Lee, 2020) ., GA, &b F{ ¥F A% 1172 28
(HBLAE, 2016) F1EH & % £ 48 (Rhie & Lee,
2020) PR YA, FR0RE B b 2 R D 2 48 0 AR 1L
FFEM TR RRE (RS, 2016) , HmREE
(2015) I FH & L85 A 1o 56 A Rz B 42 0 o R A 0
il BB AR 025 W 5% T 5 R R R R R R
Mo BRI, R S R R 0 R B R B & R AT
AT HE L AR SC LA B A ) F R R R RO A
BEWFFE T R X 7K 2 (0 WO B 14 JE K it 4 L
KR FE 2 FURIAE By 38 2 0 b 1 5 & (0 S i 3 &
PRI I8 2 0 DR BIR I 78 R G s AR IR
TR & MIE B, A B RS

1 MBS 7 &*

1.1 #l

TME 2 (Epimedium sagittatum) 1) iR
SEF 2020 4F 6 H SR HIKRE R /NKR AL (110°07" E |
29°77' N, 1302 m) AR FHRE /N T 9.9 C L Bk
BHN1A EHRE3.5~43 C, AT H,
SR EE 26.3 ~ 28 °C 3 AE TR 2 300 mm, 5
% (4—6 ) W2, 240 48%, Kl 5 4
ST (2543) CHI(50£5) DAIRHREE T [ K T4,
FERhF MR IER VK 5, TR T &K 2 (9.7
0.49) % ,— B 53 Fp F FI 1 LK 2L 2 #r , 55 — 34
FhF1E 4 °C R A

EoK 958 (Zea ways ¢ Zhengdan 9587)

FKFG © HAW ( Oryza sativa  japonica’ ) Ffi 1
T AR A8 AL Bl 27 e Al AE 1 5 DR e i o % R
Sg AR
1.2 il Bt 7k 1 5 4

W5 KA A 9.7 % 1 T 7 1 e o 9 R
BT RA TIREER A TS, K 0.2 .4,
8.12.24 36 h J& ,— &5l 5 H T I05E &K, 7
— AT AE 4 CFRBL60 d J57E 10 CHIR
A TR .
1.3 &/kENE

¥~ 7K 2t 1) D o 2 BT s o A 6 2 1Y)
J7 1% (International Seed Testing Association, 1999)
DA E A E 3 LR
1.4 FilF 34 7k 53 B9 IR L

(L REE S =L A N S/ R Rl | W/ 2 L s
FEANTE A TR B AR JE SR P, A 7 mL 2518
K, T 25 C ORI ERIE b 3 00 W JH AN [+ ek [0 = 0 5 b
TRy &K &, Bl & K & R B A S ok
TR,
1.5 ETRAIE

BERIETCIE B, B, B2 A1 Ak
AKABR B, 121 CH KA 30 min, & HUF A
BB b I A SE & B JC K, %R R CE 20
min J5 , K 2 4 K, JLUR 8 5 K
H9. 7% M MR T H5RENE RS (V/
V=1:10) 7E AEAEPREIRE K5, 7 0I1E 4,
10.(4+10) (10+4) (4+10+4) CHIEEZMT
B, e, EBRAR B R4 AR, B, —F
SrAT R OLYMPUS (SZ61) MRzt i s Wi g ik
LA, 40 R 5 R/ (embryo/seed , E/
S) Y] (R BE/ Fh 1 A I BE ) 5 55— o3 A
AR AR W A A i A RN R
1.6 HFHR

LB A7 0.1% (V/V) NaClO K
W 15 min J5 , G 7EECE T2 08 4R 00 55 3= L
A 6 mL ZE /KB [R) e B R DR A BURUNE
MR | 2 5 76 v B I B R RS A A R k. DUIR
HRIEWEFPFZ 2 mm VR85 & BRI
1.7 &Zit o

JIE AT B0 35 18 FH SPSS 20.0 3R B H 3 7
Z P (one-way ANOVA model) #4750 #7,
2 5 8 3 R Student-Newman-Keuls
(S-N-K) Kz $ i & (P=0.05) .
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2 HREHHH

2.1 FF 337k 5 B9 R Uk

H TR  BA Y BRI, R 3R A
i 5 R AR EORFUK R AP 4E 25 C FIERE
I AK 0~72 h, FRATIEL R, &7 01 7 FF2EFpF
HA 2 BBy KWl BB BE T (0~4 h) 1
P K B 1T (4~72 h) BIZ18 W K B3 &
W, TERYEE T, B K 2 9. 7% 1 in F
52% ;7 By Br IU, B 7 19 % K & DN 529% 35 i %)
56.7% . FEKRFIKFEA AWK 2R 538 3 4
BB, BB B 1 e b st e Ak Ay B I 9 2% 12 Wi K
DL B B 78 & J5 Gl oK (B 1:A)

FEWAKIR 72 W P, AR ULER B i i 22 2R Fp
W s MH R, B R RN K R b il 25 T 7K 2 1) 38 i %
Wik, ERFUKFERN T35 2 10% 1 & 5 11 B a]
S3904 22 h F133 h, ik 3 509% B & R 1) B[R] 43 5
34 h F142 h, HZAK 72 h B, R FUKAE R T
I & R K F] 979%F1 93% (K 1:B)
2.2 Pk 3t FhF & B 220

ST ET R 2 R T K R K
N 9.7% (EEE IR MBI EEMTTE T
A T e 3 T E AN [) A R D0 — 25 B K B K A
W RS KR R R, Z SR g T R, Wt
K2 h B BRI KRBT 18.9% ; A /K 8 h
2K 12 h, FAKRBEMNTRET 4.2% (E2:A),

7K 4 h F1 8 h, 457K EM 9.7% T F5517.3%
5. 7%0F, Fh 1 (224 CIERL60 d J5) AYiH & i
s BEE HE—25 WK, B B B &R RS T B B4
XTI, SRS EES (K 2.B), K
Jei B R bR oA 28 B K 0 i A
RALHIE 155 d B4R & 1285 K 0 Fp 7
W R ANS 105 d BYIFUREE & (RFERMEE) .
23 BREXNMFHEANEIG

Shy B IR SR R S W R IR
SRS WHT TR A1 43 BITE 4 10,15 .20 .25 C Al
RIS T WK 30 d, il &R IEFE (RFRIIEL
i) o B2 164 CHI10 CRISKMT , Fl 120 5I1E
WK 115 d A1 145 d FFERE A&, Bl 4 WK 15 8] 7
B, B R R A BN S R K 240 d B R
(I R 9K 55% F1 44% (&1 3:A), THTE 15,
20.25 CHIAMT , Bk 240 d, B 1R & %

R 2% 0 F1 0, FF7E4 CHI 10 CHISAMIT
RENE 0 &, 7E 4 °C R A 2 3 R A & R 1
BET10C (K3:A),

Sy it — 25 3 B0 A7 09 38 B R IR K AE 10
CEM60dEHERF 4 CHEM30 d M8
TR B AT E, 45REI, 4,
10,15.20.25 C T, F +F B9 85 & 2 53 518 88% .
85% 3% 2% F1 0, i B A9 i & I & 4 °C A1 10
C., TEBI R, Bl 776 10 °C R & 8RR i
T4 °C{HBEE W AR 3 I, 78 4 CF A
e RN AR = T 10 € (E13:B),

2.4 ERAEXFEEKINFFIHAZ NI

2.4.1 BARIRE A K o9 R E R SR M T
MERIERLIE I, BT P IR R RN RERIE IR, B/
S FLHAY N 0.07 (F 4:A,B), BEEZLE4 CHI10 C
rh SRS ] 4 38 0, R A BROE IR & & 20 IR
=Rl | A N 2 O N AR N N
m(E 4)

MR FAE 4 C P E B, AR ZFL 0~ 60 d B AR
K218 (E/S WK/, BEH 60 d B E/S HE
9 0.09; 7EZ R 61 ~90 d HIEZE A=K, # 2
90 d i} E/S FLMH M 0.14; 7EZFH 90 d Ji R i A=
K, BE 165 d I E/S R 0.88 (K 4:C),

MR FAE 10 °C H 2 B, IR Y A K T b
K HE 165 d i, H E/S N 0.8 (K 4.D) .
TATHEE], 75 10 CHEBRBM 7, H E/S A
WEKTAE 4 CH 2RI, 778 10 C
ZR160 d B9 E/S WAH (0.24) LLTE 4 CHEFUH
[Fi] B[] B9 EEAEL(0.09) 35T 167% (K1 4:D) .

MFTAE 4 CHERL30 d JFHEBE 10 Ch )2
TR, PRI A KR L — A 4 CH 2 RA K TR,
B, N4 CHIJZF 30 d J5HF) 10 °C rhgkg: 2
60 d iFhF, H E/S HUfH (0.25) [b7E 4 CHER
90 d FPF (0.144) M T 2y 74% ; 7F 4 CH)ZH
60 d JE#RE] 10 CH)Z BRI E/S WETEZ
WIS —EAE 4 CH 2R 20, A 7E 10
C HZ PRI a]) AU ZE K, H E/S s A Brséhn (1 4.
C), FFF7E10 CH)Z 30 d 5 60 d J5H % 4
CHIZN, H E/S IEH R E KT —HTE 10 C
thERR TR E/S HfE, B, B F—EHAE 10 C
HJZF90 d i, H E/S WWIEK 0.4;7F 10 CHZE
30 d J5¥E#530 4 CHIERL60 d, H E/S HAEM0.83;
7E 10 CHJZFL 60 d J5# R3] 4 CH)ZRL30 d, H
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7] 1 4
5 wdl o = t/
(3] Phase I o =5 o] ] -3 2
o || Phasel o g $vrrr>” N 5 ¢ ¢ —— @"I ;?I'[Lﬁ? .
= 8 E —@— MR = 40 /] Epimedium sagittatum
- b, . g =
= * ¥ Epimedium sagittatum ] / o EX
1 - o e ¥ Zea mays
o 20 | P 3 &} :
7 Zea mays % 20 - - [ v K )
& | — gm -.‘RI{ . Orvza sativa
ryza sativa 1
0- : : : __ -. T mewoesoeoeobeccecooe o
0 12 24 36 48 60 72 0 12 24 36 48 60 72

W% Bk ] Imbibition time (h)

W% BB ] Imbibition time (h)

TRTAE 25 °C AR PR RIS (], A5 33 K AN R R o AR b B2 2 mm AR D58 RO & AR . BT AT 9

BUHA 100 KA T HE 3 WA T HH bR DR

Water content and germination of seeds were determined after dry seeds were imbibed at 25 °C and darkness for different time. A radicle length

of 2 mm was used as the criterion for germination completion. All values were x+s_ of three replicates for 100 seeds each.

K 1
Fig. 1
A
A
- 1
S B
“,; 8 — . C
E ..
= D
)
2 47
% 2
4o
0 T T T T T T T
0 2 4 8 12 24 36

e 7K i ] Dehydration time (h)

iR A FORFURREF TR 5K (A) 5ik% (B)

Water content (A) and germination percentage (B) of Epimedium sagittatum, Zea mays and Oryza sativa seeds

= g0 B
£ A
ety A
[-+]
2 T L
5 60 — AB AB AB
5- B :[Ii'_ SPE SR SR
= =T
g 40—
E
o
% 20 -
B
0 I T | | T T i
0 2 4 8 12 24 36

Jii A i} ] Dehydration time (h)

a. FKEIAEL; b BRI, M TE TR NBKR R RS, D i Sk k2, Bk R RRh15E
1E 4 CTER60 d SRIGTE 10 CHUBRE AP R 72 do IRARE AP EZ 2 mm ARS8 U A FRIE, BITA 1B 9 50 Rifh 4 1k
HEWPE = bR, TR, ZBE EAFER RS FREER R R B 2 [R5 R 1225 (S-N-K, P=0.05),

a. Change of water content; b. Change of germination percentage. Water content and germination percentage of seeds were determined after

seeds were dehydrated at surface of dry silica gel for different time. Dehydrated seeds were first stratified at 4 °C for 60 d, and then

germinated at 10 C and darkness for 72 d. A radicle length of 2 mm was used as the criterion for completion of germination. All values are

xxs. of four replicates of 50 seeds each. The same below. The same uppercase letters above bars represent no significant differences among

different treatments ( S-N-K, P=0.05).

K 2

i I S A T I K B B

Fig. 2 Response of Epimedium sagittatum seeds to dehydration

E/S N 0.67 (K 4.D) .,
Fh7E 4 CJERL 30 d F1 10 CJEZF 90 d J5 5%
BE 4 CH)Z 8 TE 4 CJRF 60 d i1 10 CJ2ZH

60 d Jaik s 4 CH)ZF IR (E/S) Al
P AR R B ka3 T e )2 R 75 ~ 135 d B, /S 9
RS R RS FE 136~ 165 d i, —F )4k
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i 4z I ] Germination time (d) Wi 2 W) Germination time (d)

A REERGHTE T AT B. 10 CJZHR 60 d iR H] 4°CJZH 30 d BRI T,
A. Freshly-collected dry seeds; B. Seeds stratified at 10 °C for 60 d and transfered to 4 °C for 30 d.

P 3 IR A R SR AR T i K R R

Fig. 3 Effects of temperature on germination of Epimedium sagitiatum seeds

1 mm =

120d
120d 165d
LR -
i 6 1507 4 C(30d)+10 T (90d)+4C '
' C ] D . v 0.8 ® 4 C(60d)+10 T(60d)+4C/ 7
w8 - *°C P w08 5P Sy @ 3
> e 4TEH0T /8 6.4 4 i 0.6 P
pe 0.6 ¥4 Ce0dy+10 C ¥ M| . &= 2
31 & ; . & = 0.4 /®
& §.4- ¥y d T S04 _I;,.q_. = 6
o i ) =$ 1 = i / ® 0T : &
0.2 . _;' ¥ 0.2 P 3 * |0 T{30d)+4 C 0. 2:- r e
- S ¥ 10 T(60d)+4 C ¢ —o—F
LIS N R s S R e | T T T 71 T T | P e e (e W ) WRE) LI ) )
0 15 45 75 105 135 165 0 15 45 75 105 135 165 0 15 45 75 105 135 165
JZ ] Stratification time (d) JZFLN ) Stratification time (d) J2RIR ) Stratification time (d)

SRR I 6 T AR T A (] B L A5 T2 AR W A I 85, P A = B B L AN 5 R K/ A IR RT3 B/S U, AL BL 7
4 CHI 10 CIRRERTIRIESZM; C-E. ZEARNREHGZE PO E/S HAEM AL, 18] P Sk 3R7m MR BE A2 £ Y I 1)
A BRI S 10 KRR 3 TR T S (E R e 1R

The freshly-collected dry seeds were stratified in different temperature combinations for an indicated time, and the embryo size was then
observed, measured, and photographed by stereomicroscope, and the E/S ratio was calculated. A,B. Morphological change of embryo during
stratification at 4 C and 10 °C , respectively; C—E. Change of E/S ratio during stratification at different temperature combinations. The arrow in

the figure indicates the time point of temperature change. All values are x+ s of three replicates of 10 seeds each.

Kl 4 AREJZBUE B R R AR R (/B T, E/S) BRI

Fig. 4 Effects of different stratification treatments on embryo growth (embryo/seed, E/S) of Epimedium sagittatum seeds
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31007 5 1007 B S 100 ¢
o | —e—4 T(30d) . o o on—D
é’: 80 ~ 10 T(60d) .:‘_}-‘- %50 80 : .EQ 80+ /__.J\; ®
60 ' 2 60 g 2 60 v
B % 3 2 ¥ %2 7
&5 40 g =gl | «5 40 g
¥S = :.L =g :’ =28
,E. 20 l - | .P E 20 ) o 10 T(30d) E 204 l _}:)' -4 C(30d)+ 10 C(90d]
E 5 5 ﬁd <= 10 [mnd; 5 ~= o4 T(60d)+ 10 'T(60d)
¢ o® o . A O
O () +—ooon000o0ces—eee— o 0 £ Qo 0 gools ;
20 40 60 80 100 120 140 160 20 40 6(1 30 IOU [2\'1 |4U 160 20 40 60 80 IUO 120 140
#fj % Wi Germination time (d) i % i il Germination time (d) i % ] Germination time (d)

AL FiFAE 4 CHARHEBL30 d F60 d, ZJ5AE 10 CHRIBREEARMF T % B. #7176 10 CrHho35I)2 B30 d 160 d, ZJ5 1E 4 C
BB R TWI R C. M TTE 4 CHEM 30 d FHEFH 10 CPIELEZE 90 d, BTE 4 CHIZE 60 d JFH A E] 10 C hgkz)z
60 d, ZJaE 4 CRUBRE AT A . FAE KRR T I IR AR (AT T, AR A EZ 2 mm £ 2 B0 T 52 )T K B4 1
A KBRS 50 KR+ 4 EE T HEbRERR , FIE ),

A. Seeds were stratified at 4 “C for 30 and 60 d, respectively, and then germinated at 10 °C and darkness; B. Seeds were stratified at 10
C for 30 and 60 d, respectively, and then germinated at 4 “C and darkness; C. Seeds are stratified at 4 °C for 30 d and transfered 10 C
for 90 d or at 4 °C for 60 d and at 10 C for 60 d, and then germinated at 4 C and darkness. The arrow in the figure indicates the time
point at which the seed begins to germinate. A radicle length of 2 mm was used as the criterion for completion of germination. All values are

xxs; of four replicates of 50 seeds each. The same below.

Bl 5 AN [l E AR B # i 75 1 B A B B2 )

Fig. 5 Effects of different stratification treatments on germination of Epimedium sagittatum seeds

2100 1 S S \
5eid oot A 2 A A A ;
%80' Eﬂlﬂ(} E}IO(} 4 7 AA A
% 60 BC B } B = 80 1 = 80 <
i . [F] o
e g £ T T S 60 8 604 c | 4
& 401 [ 11 %8 I #2 i
& g & 2 40 & o 40
B2 20 - ﬁ:g g2 20
2 g 2
"'E' 0 [ - i [ ] [ — . — 'é E 0 - . il bl - I il -
= 0 1 10 100100010000 E 5 50 100 500 £ 010100 0 10100 0 10 100
&} GA, ik s O S R e &} GA+0Flu GA#+10Flu GA+00Flu

GA, concentration (umol-L ") Flu concentration (umol-L™") GA 7k i
GA, concentration (umol-L ")

FFAE 10 CHIZERE P EA 120 d, ZJE AR GA,(A) [Flu (B) 1 GA,+ Flu 414 (C) LK 4 CHEKEPHI A 60 d,
Seeds were stratified at 10 °C and darkness for 120 d, and then germinated in different concentrations of GA;(A), Flu (B) and GA,+ Flu
combinations (C) as well as at 4 C and darkness for 60 d.

K6 MPBMENFRER (GA,) FIHEIEN (Flu) XFEFZEMTH L1520
Fig. 6 Effects of phytohormone gibberellin (GA,) and fluridone (Flu) on germination of Epimedium sagittatum seeds

KEAHEZES 2EF 165 d i, “HEM E/S . BYWH L E R &Rt L AE 4 CHZF 30 d 5% 60
BB KT 0.8 (Bl 4.E), d J57E 10 C T AFFmia2 (K5.A,B), #i
2.4.2 BERAPF O L gt FhrAE4 Crp .4 CHEFL30 d A1 60 d B FALE 10 °C Pk
MR 30 d 8L 60 d J5, B T 10 CAIRME ] WIWg A E S350 125 d F190 d, 7E 1] & 150 d I (1Y
K WA ZFRET ] K B R B R A R IR 22.5% F1 67% 5 7E 10 C H1)ZF 30 d
REEWM (FS5:A), FhPAE 10 CHIZF30d  H60 d IR TAE 4 °CH R & IR R 45 d,

60 dJE, BT 4 CHERRTE L, FFRdLH®  7EdA 150 d B A Z 0518 93%F1 96 %, 1E 4
TR R CRW B ER N, £ 10 CHER30dmM  CHER60 dFF7E 10 CHii & ik T 50%11
60 d HITEFIRCRZERL (K 5:B) . BFf] A 135 d,1fAE 10 CHZF 30 d FhF7E 4 Crp

FFTE10 CHZEF30d 860 d JF7E4 CH BARIRF] 50% KRR 60 d(F 5:A,B)
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PR AR IRZF (4 CZFL30d + 10 CZFL 90
dEi 4 CJZFL60 d + 10 CIEZFL60 d) #RAE W& 1
INFRFAE 4 °C g & R 2RI & % i kKR8 F
50% SRR 70 d (1 5.C) 3 578 10 CHZRL
30 d 3 60 d J57E 4 CHE AP LU, A1 g
R RN &R EEAL, H L AE 4 CHh 230 d
% 60 d J57E 10 CH LM miEZE (K5),
2.5 REEMERA M FHELZNREER

R T AR R AR GA I
G R AR TR S, ol S AE 10 °C AR E AL 120 d
R B B, FAEA IR BE R GA, FRUERR AT GA,+
FEM P&, Z5H R, 1,10 pmol + L GA, X}
Tl 7 A 8 & A VE T, 100 ~ 10 000 pmol + L GA,
A 3 A 9F A 75 &, 10 000 wmol + L' GA, {2
BEE R K F1 000 wmol - L GA,, L & Fh T 1Y
W& RARIE T 70% (K 6:A), 5~500 wmol -
LS e b 5 b 12 4 b 8 &, LW R R T
90% , ¥ L X R 46% M VI & (Kl 6:B), FEi
B 10,100 wmol - L GA, 8 [7] B, 3 % %8 10
pmol -+ L'af 100 pmol - L FY 98 E B | B 1 B9 B A&
B (CRRUIEAE) Ay & 2R L Sk s i AH =]
WRE GA, =R Z IR R AR 95% (Kl 6.C),

3 TR

3.1 S ZFERF K5 BRI

b8 A B 7K 23 W WOT B, 25 IR 98 Bl b Bz
W & 45 (Bewley et al., 2013) , #iM R F2EM T
7R 3 W e B A s K (BB 1) FIZE 18 I ok
(BrBcIl) WASBBe, = K B9 55 W B, 7R B
L3R 35 7K bl e in 2 529% , 2 B i v
AR RO R H R K Y, AN B Y BRI, B 1
A9 7K 43 W UACIE: F A BT 3¢ ( matrix potential ) DR 31
AT F K BAE# K (Obroucheva & Antipova,
1997) . BBl MoK BH 72 h (HEEER R
RUER) Je/K o lnai s, DL ESSR S A
FEFAE TP T K 2 WORCR Bl (B K 25, 2010)
B 1L A 7K 3 W AT s o 1 2 5 | RS 9 5 T K 7Y
72 h N, R AR T RO R R B LR
BRI I BL, 78 25 C T, FRFK R
TR B B B T 0 pesin oK, B Be T
BoE WK A K B B A s W 7K, K R K R

T AR B 2 3R Bt 2 W 7 0 338 00, 43 ) 7 W TG O
34 h 142 h k%] 50%5 % %,
3.2 Bk X T HE & B 0

G AR IR TR PR T (orthodox seed) K H
AR S e TERE AT (JB0) BRI IR AF v DG B
VER (RS 2022) . Bl E2Em 71 &K
M 9.7% NIER 4.6% ,Fi 4 4 CJZFR 60 d J5 1Y
1Y & RATR K 56.3% , R W FP 7 HA M LK%, (H
FRERERY R, B i K BT 60% , ANt TRl
MK AT TR TE 4°C 2 60 d K BE5E 4 i bR Fh
TR Rtk AR 92 25 58 0y 1 75 @ A ) b 7
{14 g B G ol I 9 U0 A R 0 O A 4 0 T T K 1)
WA
33 REXMFHANZI

B E 2 Fp R B IR R 2
— WP RE R & A BE R R IR TR TR
w14 F/E R A2 AR BR ( Brandel 2004 ; Baskin &
Baskin, 2014) , M EFEM 73517 4.10.15,
20,25 CHIRBEAAE T WK 30 d, Hdi &R AE,
TP T HATIRIRERME . SR, #E 4 C A1 10 C 1Y
ZMR Ao e K 115 d A 145 d B GR S
K B K 240 d B Bl B9 85 & 34505008 55% Fil
44% ;78 15 .20 .25 CHFMT, 20K 240 d B,
Fh—F R & 53 5 2% .0 F1 0, 3% 3 B i i 22
FAEM T B R IR R R B A
B %, A S 4~10 C o] REZET R LR P 2 1
W, R (2016) MIBFSEEEREW AL
M T HEBTEMUR (4 °C) Pk, ARETEZ
I (10 C/20 C) HH %,

10 CIZFL 60 d J55#5) 4 CHh)ZEF 30 d
HIFRT- 7E 4 10,15 .20 .25 °C F B & 50 0N
88% 85% 3% 2% 1 0, & I Fh 1) 1k B A % I
H4~10 C,

3.4 ERAEIFEE RN FIHEZNZ N

Graeber 55 (2012) $2H, IRHR & —Fp B 1
AR HIRBE R & B IR AR L, 904 R R 7
PRI FE B R AY , 7E A B Ik B AR K
WS TEREE BT (S5 BUR B R Rl a4k
IR BE 3B i /K ( Finch-Savage & Leubner-Metzger,
2006; Holdsworth et al., 2008) . i M FAZ R0 T
TEIE T rh R AR BB/ (E/S HU{E 0.07) ;5 Fifi
HRFAE 4,10 °C 2 BT [E] A3 I, I3z i AEKE
MR E R OIE M AR IER AR (E/S AR



11

TR WM R LR R IRIR SR S5 05 L Y 1947

F0.8) ;X K HIHT 2 F M T HA TR SRR, 76
410 CEBERE D RS EE A RK AT, Hins
S5 (2015) WS BN 45 3 B 52 & 7 v o
FERDTF BRS04k, 45 B e BROE IR By B, 76 5 G
B RSB L KT, RN, S EE
E(EMS, 2013) MARINTEFERE (BE L%,
2010) A EA UG REME, 75 2 40t — g 1) [A]
MZFA REAE IR A AR, X S 25 2L 55 5 ff 2 o
FEAET ) 25 1 F IR AR 4 L i & Al i 9 0 e —
., WIEEREEM TR LT, £ 1B KT AE
6—9 HH1 MR K HMN 9 H FAIE 11 AR
sAER B 12 AWIIRE SR IR B L) iR
KEERSM T 16 15 FpFAE AR 3 A&, B & Fik
84.4% (Rhie & Lee, 2020) .

MEFAE 4 CHIZF 30 d JFHERE] 10 C
JZRRS IR A KR — B 4 CHRE A K
B E 10 CH 2R F T, 2 E/S HE B K
T4 CHZBMAF, XK 10 C)ZRAAF
THRBAERKET ., A, 4FT7E 10 CHJEH 30
d 3% 60 d J5i %3] 4 Crh 2T, K E/S Y
BERKT—HE 10 CHERFTFH E/S I, %
BH R/ B IR P vl BE A7 7E S 2 AR R B ) T, 7
4 CHZEFELTE 10°C HZBUE A F F X e A K1)
A T Y BRI B ARG, AR A R R, AR
2 A F T #f R MR A K A F . Rhie
Fl Lee (2020) &3, a2 L5 Fh—F7E 20 °C 8§
15 C a3 FRaT LA ER

TE10 CHIR AT, i MR E AP T 1 i ko
RN K& R A TE 4 °C v JZ BRI ) A SE 4 T dnb 534
. [FFE FE 4 CHIRSMET Bz F =M1 iy
RN & AR 7E 10 °C 2 B ] A9 SE
I S 3538 0 5 W 7E 10 °C )28 30 d 3 60 d J57E 4
C H P17 & SR 3R R AL = THE 4 Crp
JE30 d 5 60 d J57E 10 °C TFfRMFT , XLk
W & 25 5 R R E X B/S HAE R 2, )
KB (2012) i, AR EERF1E 15 Cp
AFE 1 ~7 D EHER R 4 °C P WRE A K AR 715
KA RN (HREZE 15 °C 2B ) 0 T K Fh
(R 2 R B0, T AD 7 i B A& R T %

4 CIZ30d+ 10 CJZF 90 da 4 CEM
60 d + 10 CZFL 60 d 17 i JZ FU#R BE W 35 3
Fh 78 4 °C b (81 & sl AR &% X 528 R 2
B E/S HE 52 M 2540,

3.5 REZMRCEX M FHLZHEREER

ABA JZKRHIRIE T 5 4 5 09 1E W 4= K 2R
T & B GORAE N T 1T GA, RERCIRIR 4 0E
KAFETT ABA BN, B AT B AKE LS 5 5 [ 4
PR B A 8 & A T ZAEF ( Hauvermale
et al., 2012; R EE, 2020a, b; Iwasaki et al.,
2022) , XTAE 10 CHIEREH)E 120 d 19 (IR
B B R EZERR T, 1,10 wmol - L GA X Ff
T B R A VEH,100~10 000 wmol L™ GA,H i
PR FEFP 15 % (B R0 1 B & RATRAET 70%
X F B GA, BB 2 HE R T W &, 5 ~ 500
pmol + L™ 5L NE [ d 2 {2 1 Fh - A W &, LW kR
BIRT 90% ; X FHFp 098 & ,10 pmol - L5 100
pmol + L™ A U E B X GA, A3 I BLAE H . 75 48 46
(2016) FIFHZR#E (10 °C/20 °C) JZFL90 d 1A
LR 22 R 1 A bR, AR 25 T 300 I A B 3%
X AR LR 2 28 Fh PR AR A 3% 19 52 ), 2% 30 9 WE T
IVE P | 78 25 A VR e 55, I L 360 1 mT LA
PEFEAEAR IR P AN REHE & AP F i & . Rhie Ml Lee
(2020) WRELHE], GA,4b HIRE 3 Jin i £ 2 = 26 Fp 1
IR A B 8 & AR E A AN B R R
KT 10% , X LL25 SLARK W], ABA 75 4 i & i 77
FEEM T AP RE A EEEM,

4 b

T R 2 RS T B R R 3B K N B ) AR
I ; b7 5L T O K 1, BB AR 5 K AR TR A 5
PFE R0 7 4 ~25 C RIS T, P RO &
FNEE/S HAEAER /N, 4 .10 °C A4S i 2 e 12
EAR IR K LA S8 N 7 00 0 & R &
5 GAFHFRUE B fii dnb 2 185 A~ 1 Wi & 3 3
% Z . HHE Baskin 1 Baskin (2004, 2014) Finch-
Savage il Leubner-Metzger (2006) W &5 ASBF 5%
INH, B R SRR A I RIR ZE AL MPD , BEIR
W R B & 1Y) Foe il Jr vk 2 Fh 1 5B 7E 10 ¢
JER 30 d, HET 4 CHREEhiEHB L,

SE .
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KEZEAFEMKZREBEEMFRELAMERHNELRIER
fokfl, # 2 AAE, BKE, & T, W #, % &, EEF

( WL R R bharlE 22240, idb Bt 445000 )

OE WIS IR T P B A AR 2 15 2 5 M LR SR TR A A DR 3R %SGR T 8 Rl OK A B i I
I SR U T840 KR AR B JEE 200.100,50.,20 10,521 g - L F CK, 43 H7 A [7) 2 20 A [i] ok 2 8 9% 40 7K 1
PEWATIKAZFh 1 2 FAE R A AL I 52, S5 3R WY . (1) ZKAZ T 6 8 9 ) 7K I 4 W X 7K RS b & 28
SRR ZEHFE AN B2 (P>0.05) , %) & ZEFRE0CH B % ( P<0.05) ,1,100,200 g « L™ B 01 7 & 25
IKAZ A SRR TE DK BB K AZ RN T & 3 D8R4 A 35 (P>0.05) 1B 5.,10,50,200 g - L
P I RN o (2) AKAZHhF 2 RSl A 32 MR 8 34 7 AN [ e 5 %) 39 6 A 1) SR K AZ 08 % 1 7K 8 W )
%S (P<0.05) , IFFEE KR BRI BRI (=10 g - L) TE WA, JEHUR 50~200 g - L5 [ 4
AR e, (3) BT EE A F SROKAZ PR TE D /K IR B0 B S D15 & S5 A 1 0 0 4V FH A 351 X6 b= 1
Kk, I ELAT IR IE ) AL BB N A B KT B RIS . (4) R E R A KR bR b AR B XL
BT R N Fe R, (5) KR PR R AE KSR G« S” B A K M Z (R? =0.988) . B2, /KIZ T
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MR U7, LIRS K AZ B RE Y AR,
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Abstract; To explore whether the allelopathy of Metasequoia glyptostroboides litter is an obstacle to its natural
regeneration, eight concentrations (200, 100, 50, 20, 10, 5, 2, 1 g - L' and CK) of aqueous extracts from fresh and
natural litter of M. glyptostroboides were set to analyze the allelopathic effects of aqueous extracts of different types and
concentrations on seed germination and growth of M. glyptostroboides. The results were as follows: (1) The aqueous
extract of the fresh M. glyptostroboides litter had no significant effects on seed germination rate and germination energy
(P>0.05), but had significant effects on germination index ( P<0.05), and seed germination was significantly inhibited
by 1, 100, 200 g - L™ treatments. The effects of aqueous extracts of the natural M. glyptostroboides litter on three indexes
of seed germination were not significant (P>0.05) , but the inhibitory effect was reflected in 5, 10, 50, 200 g - L. (2)
The shoot length, hypocotyl length and main root length of M. glyptostroboides seeds were significantly different between
different concentrations of fresh and natural litter aqueous extracts (P<0.05) , and decreased gradually with the increase
of aqueous extract concentrations (=10 g - L") | especially in the range from 50 to 200 g - L. (3) Compared with
seed germination, the aqueous extracts of fresh and natural M. glyptostroboides litters had stronger inhibitory effect on the
growth of seeds after germination, and the allelopathic effect of fresh litter was stronger than that of natural litter. (4)
The main root length was the most sensitive to allelochemicals among seeds germination and growth indexes. (5) The
dynamic change of shoot length growth of M. glyptosiroboides seeds accords with the “S” type growth curve (R* =
0.988). In summary, the litter of M. glypiosiroboides has a certain allelopathic inhibitory effect on its own seed
germination and growth, which affects the natural regeneration of its population. It is suggested that the litter under the

forest should be properly cleaned to promote the natural renewal of the M. glyptostroboides population in the management

42 5

of M. glyptostroboides populations.

Key words: Metasequoia glyptostroboides , litter, natural regeneration, allelopathy, autotoxicity, aqueous extract

AL o 32 R S A ) o e AR PR 43 W TR
JK bk AR e S Ty R TICR PR BT v 1 K R ) B
(Rice, 1984 ;Kimura et al., 2015) , H-th & ¥) =&
MRAAR A 5 (%) B 2R I 2 — |, FLAE 43 fidf ok 7 v
FETICN & W Jo0 B A R AR Wy, DT o A i
AN B AR 7 A2 S T A RO IR 9K B R
it 1Y 4 [ ] 22 — (Caviers et al., 2007 ; Muturi et
al., 2017; Aguilera et al., 2017) . J&7% 410 AE M
F1R) Ve J3E A4 17 2 B 3R I X AL A - K 2F R A
F G “ARARE o 407 B EE KON (2R B AF, 20105 IE
S5,2017) , B vk JSE T v A 48 5 ) < 00 1) 2k
JO7 7, DA 3 50 K 9K R L B A (o B A
2016; FIRMEE,2019) , ASFHBLL 43k B B I 7%
Yt B A A A A AL BN ( Fernandez et al., 2006
Huang et al., 2019),

K 2 ( Metasequoia glyptostroboides ) ¥ F}
( Cupressaceae ) /K #2 J& ( Metasequoia ) F 5 ALY , &
YRR wmea” b EREA R E R T gk
WP, BRAE K AZ IS A B AR AL A T 1 A 4 A1
7RS4 et B AR P A A B 2 R e g i =
F XN AUAF 5 696 B, AKAZ UL B R S0 AR R
LA T ZINAT 2K A2 B 45 B ) T Aol B 27

I AT N T8 B 35~42 a tE K2 M R R 7
rh, YARME e BUAT TR K SR 4 K AZ &y v K 4l A
TE(PRBE A ,2017) , X — B G1E F AR A X K2
AR Bl B B BEH R OCTE, P2 LR
P MK AZ A BRI S T 0 (B e S AR T
1948 s AR5 45,2017 ; BRIR 55, 2020) R 5 igt 15 25
(/A 20205 XI/NEL,2020) (SEFCS 8 HORS S
(BR3C3C,2016) 5505 AT TR E, 53 5 IOKAZ
TR EE AT TR S, WK AZ R A R
AN R T R 25 S (R 1B 5 2020) VIR E (2
555 ,2004) DEHR (ZRAK A SE,2018) /K43 ( Fan et
al., 2020) (fili JC 3R (FBKH A5, 2018) AT 1
(R0 55, 2012) SE XK A2 R0 8 L 52 mm . (H
S, HETKAZ KR 5 R A AL AT AN 56 4 B

T TR K AZ B 32 B O A DU A R I, KA
M AEREMEY, AU 1~2 BRoKEZ4E, K
AV FPRE R RARE B2 AR IERT B A
PRASWT 7= A= 1 A P A5 DL AT AT K By
2, T~ 117 2 1L 30 1l v B B o A ) K 9K B I
o SR TS B B, 3X PR B BB 32 RRCTS E V
He AL EAE FH B9 52 00 ( Aliskan et al., 2015) , JF H Ak
JRRAA N TE AN () i B I A 88 T3 1) A1 2% ni 728 A T 7%
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TRAANEE » AKAZ U8 T 9 K I 2 %o A 1 28 R A= K g AR 1951

A, ( Fernandez et al., 2008) . 7KAZEEA & F 2R
PRI 0T 7 1 A S FH 2 75 23 TR K A2 R R T
FEEAF IR R Sl A S8 B X [ 2 B K AZ B
R U Y A [ vk B ) 7K R B WRORT K A i 1 i
Frg Ak 5, DUIR 58 K AZ I 7 W) A S8 FH X 7K A2
T & 5 A s e, Ry i — 2D A WK AZ R AR
ST PR M B At PR A AR

1 #HHEF*

1.1 #FFFEZEYRKES b E

RIS B FHK A2 0728 2020 4F 11 A WK AZ R
HEBERFL 0765 (B 118 a, B 5 31 m, 942 87.6
em, A K HA7 B &y 108°35'45.1” E ,30°07/20.5"
N, 1 114 m) RE, M+ E5KEN 9.78% +
1.13% , T-Ri & K (2.57+0.17) g,

AR TR S 0 I g AR R M, ZE I A R
MOl BRI 58 T 2K AZ B Bl N 4 AR Fg S L v
A5 153 30 A DX 3k B B A 1 0 T 0 B E R A
2020 4F 10 H R, RAEKAZEERE I H SR TE 1Y 2 2=
P T5 W R B B P, B R A G L R A
Mk R AR AW ;2020 4E 11 AR KK
MR LR T BRI, AR R )=
P E Ao R E RO R R SRR A Y. T A
KA M1k 1 0 P 38 2o = 08 T A il i2E 4T A
DR LS
1.2 ik
1.2.1 ARz ERHE Bk, BHIEtmEYy
FE SR P78 o0 I AT KR (k100 H ) |, DAZE
WK IR, FRHR L 1 5 I A ZE Bk, TR
M F ¥R 48 hy #R 5,10 000 r + min” B .0 10
min, H iR EIA 200 g - L7 AGRE, 4351 S0 s e
JHIEWIR AR (bR FL) . AR & W2 1R
(ARiCA NL) B Ja , B VKA - 18 CH R FE
1.2.2 A F 8 K Fe £ KX B XF FLONL Y% 8
Fhif B . 200,100 .50 .20 .10 .5 2.1 g - L, LAZEIE
KAXFRE(CK) , 317 AL PR, AL B 3 IR
HURFRL A (R K AZ Tl 2 51 HED TG 2 2 U8 4K
(IS FRML(® 9 em, ffi FHFTT 180 CIHF 2 h) Hr,
BRI 50 KL, 200 A 4 mL AR IR W, B 20 C
(=% EH KGR B ORI T 1
YIS, 20 °C) 4 R (37 75 5, 20045 55 Bk 5
4 2018) By SPX-30085H- 11 A4k 3 9546, 48 3 d

HuE ARSI 4 mL B9 X R b B D) PR IR R 4 W
W, HIKEZR 83 IRTT IR, 1R 24 h WEIC %
RHNE DL, VO AR B i A bn i, R i1k 3
Je A A 150 A T BE AL A 10 LA 0 2
IS 2 T Rl R 2 52 N, 29 20 dJE I E
FOWRAh (7t E A SR AR — BOER R ) KB A
AR CH IRAR & I B 1 AR )+ BE (5 M, 2005) o R
P 5 I DUTHR D 5 25 38 R TR 2R 8
MRAEFD - 2F DA SR MY A 1 B0 53 A0 Bk
VK O iR (allelopathy sensitivity index, RI') ik
JBLE A BN $5 B ( Synthetical effect of allelopathy
index,SE) , Hat5 AR F

G
(1) BHE, (;r=5“x100%o
K. G, N IE W & ZF 0T 15 G, o0 il A
T
G
(2) RHF#H.G,= G"'“xlOO%O
K6 HNEFBIRZ AW R ZFM TG,
WoR AW b g8
G
(3) ﬁ%%‘aiﬁzzciic—”o

St 6,0 5 G A9 69T 3 R 6,
NRZFREL

(4) A BN B AR B (RI) (Williamson &
Richardson, 1988) .

C X C
RI= 1—7( T=C) 1, Rl=7—1(T<C) .

Krp . € HRTIRE ; T g AL BRAE ; RIS0 R {2 i,
RI<O J AW, RI 4858 0 K/ N5 4F i B — 3,

(5) FHIRERA RN 55 (SE ) S WAk S 1Y)
5 555, S48 [A] — &b R X [R] — 2 (R A 0 H RE
AR Y, B

SE = (K5 RI+ R RI+ K A8 HL RI+2F
K RI+RH RI+FH RI) / 6,
1.2.3 a8 XPA[FEWE FLONL 23R K42
Bl 8 & R0 A K BEAT 7 22 40 B K £ L
(Duncan) ; {fi JT] SPSS 18.0 Zk {4 %A [\l 2k B R /K42
PP 2R K A A K AR AL 4T Logistic 52 14815 Fl it
KRS (HES5,2011; R1EF5E 2020) , H)
e R 2 M A= K 3 & (maximum linear growth rate,
MGR, BIVE H A K i e KB AE KA etk
3K (linear growth rate, LGR , BIZ& P A4E KT N 1Y
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SR K R ) 2R A K & (total linear growth,
TLG, BN MEAE RN I R K ) kA Ko oy
SAMERKENA R, BERHEAXNT .,
Logistic ARG 72 .
_k
y_1+ea—bt ;

MGR=v _=ibk;LGR=£bk;TLG=£ o
- 5 a5
Ko,y WK BIHE R b FRMA R
AR, R KR s 0 B b P R

2 HREH4H

2.1 BRI KT FiE K IS

L AT, A TR 2 AL 1) I8 75 0 12 e v Ak B S
KR F i R 2 —E 22 50, AR E FL
XIFPF & ZFFRECA W35 52 ( P<0.05) , X & 2R %
R ZESF A 2.3 (P>0.05) , FLALERS , F
FRER KR L 25 B 5 v B T 2
W sh e HITE 50 ¢ - L AL PRI g Mize 1 g -
L7 Ab 3 & 25 4R R 2R HR A 3 L CK 43 ) 2D
36.842% .32.677% , NFEWE NL Xt & 2R K2
PHR PR BCE A B3 (P>0.05) ,F 1 g - L'k
R, LEFR RFHRG KRBT CK, K
KEFP(36%) BEH 10 g - L5 2.349 f5, EAK
KFE AL FLHE K 50 g - LB X KEZR 70 R A
—EfEHEAEAT, TAE 1,100,200 g - L7 EF A — &
PIHIVER s NL ARBE TR SN 1 g - LB B8 —
SEMEFEVERT, T 5.10.200 g - L7 WU Ff 717 %2
2.2 YRR KT FEKB
2.2.1 BHEMERR RN IAFT ARG F R
&l 2 W Rl FL X 454 IRl AR K
SEMAAL 2 (P<0.01) , IF H Fr A Zead FL A2 F
FAEKR 3 MEFRMEY/NT CK, MW E ST 10
g« LI, Bifi 35 Vi B2 09 T, 4% 6 A (T B 3 B
K MARTF IR BT, 3 AR TR KR A (i 2 Bk 3l
A, ARV EE NL X 2 AR KA A b 25 52
(P<0.01) X RH K 52 M 8 3% (P<0.05) , - HLiX 3
ANFRFAE KR PR TE CK A A i K AH (45.000
11.767 .28.867 mm) , Hyk h 10 g - L', 3 HIK &
T 10 g - LB, & AR K T8 b (E BE Tk B2 T 5 38 20 B
fIG; 76 1~5 ¢ « LB, 2R RIIR Al 52 0350 7
IR RS, 32 AR T 3 B0 A S R AR - T v, ik 2

Fl—KMEEYHARNEG FHERERDE (P<
0.05), T,

Different lowercase letters of the same type of litter indicate

significant differences ( P<0.05). The same below.

K1 KA T YR AR A B R & 1 5
Fig. 1 Influence of Metasequoia glyptostroboides litter

extract on its own seed germination

It 5 PR R A3, b AR R R B — R BTk
FERBRENHIME . 223 FL 1 NL AbFES A [F] 26 78
AN TR L £ 1 v 0 158 40 R4 %o ZK A2 Ao A O Y
AR BB —E MR, Y& T 20 g - L
I, AR B LR B
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K2 JKAZ PR SR WON A B R A K 52 e
Fig. 2 Influence of Metasequoia glyptostroboides litter

extract on its own seed growth

222 AEMRRBANFARBEREG Y w K2
T =7 11 25 A6 0 0 1) %) A R SR B R O IR A 27
18, 2R R —ElE, VETZE, HE
AR, AT R ARG ES" BAK
MR 45 5, R ] Logistic BB &, i 1 7]
1, FL Al NL ZbBE R Ff - 2F K Logistic f15 J7 f£ 19
RE R BN 0.988~0.998 , 73k 3] T ik 2 AH LK
S B 2 R VIR R R R B RO BN, ZE KA

A 2R 27, 2F A TE 2R AR K 3 A% e ]
(& 3) , MRk 53] 100,200 ¢ - LA,
FL AR PR 25K 19 2 K i 26 B AT NL AR FE R i
AR, DA B R FL X 28K AR K R AR A
TR S e, P 3R 2 AT, FL R NL AR B S, /K
R F2E K MGR F1 LGR Y5 Fifi 35 ¥ &£ 14 38 i 3% 7
TBE,1~5 g - LBF @ T CK, T2 v B2 18 im 2] 50
g - L' DL EBf, MGR Rl LGR 4/NF CK; TLG /)N
F CK, Bk 2.5 g - L' AbEAN A A B Bl 35 1k
3G R ARG AR R B S B AERKRENE
I3 HHN 55.263% ~64.683%
2.3 AR AR 3T K A2 B L B R IE M

H % 3 Al FL AR BR S, F 7 A 38 A 10 1k J8%
BV ABURFE B (R #E 1~5 ¢+ L7 A1 100~200 g -
L AbBER y f 4k, RO SR B, o 1 g -
LA & 25 28R R 2F 3 i B 5k, 200 g - L
X K ZEHE RO HI B, 0 10~50 g - LA AR EHK
FEHEAERT. NL7E 1.2 g - Lo B 4b B A Bl T i
RAGKRI RI N IEMH, BN — &R HEH
Jer , Wit 25 e R T v, 3 B TGt R A R A
HIVER . FL A1 NL &b 3 X} K 2 80 728 KRG K
MERK G HEAEN, EWE =10 ¢ - L',k
R v A A DB ) B o R R A 4 R
= TR R 2R

RERAE T AT IR V6 15 B2 IR KA Fh - W & N
AR AR, AT A0 BB 25 A HE L (SE ) 3
B AR WA 3, FL 45 Vi 3 35 100 ol b 1 1 & AR
£ (-0.001~0.562) ,#WHIFEHERIL A 1~10 ¢ - L
T NE B TR, 10~50 g - L7 58 B FHF RS
(%, 100~200 g « L P06 5 s NL XK A2 7
R A A 1 52 ) Ay < I A2 v 40 A LR AR 1
g LB — R HEAE A (0.044) , ¥k B & F
1 g - LBl 4E A, I L v B bk va 410 il 6 5
ZRERFE , FL XK AZ Tl 8 R A= K i) 00 ) 5
KT NL, I HAS TR e B2 52 B0 AS [R] (0 410 1 50 28

3 W54

ol i A S A A T ST B B B, O HL A
A2 B I v ) 04 P SR S 0, DA TR S o R e
F A 7 A BRI (X107 2R 4, 2017 ) ASBFSEAIE S K
KPR KR T B8 A 5 A KA — E T Y
HIVERT, BEUIIKAZBER U8 75 M0 120 1 1 K 4%
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Table 1  Fitting parameters of shoot length growth curves equation of Metasequoia glyptostroboides
seeds treated with different concentrations of litter extract
WA H RS Logistic equation parameter
R -
HAl Extract AR KA BRE i R i R g R AL B
Type concentration Growth Undetermined Undetermined Determination T L‘Lt'li ! P{H
(g- L") limitation coefficient coefficient coefficient es( FV; ue P value
value (k) (a) (b) (R%)
FL 1 42.849 7.529 0.656 0.996 4 233.826 0.000
2 38.887 7.913 0.702 0.997 13 792.179 0.000
5 42.665 7.496 0.639 0.994 2 588.208 0.000
10 40.442 7.424 0.641 0.997 5013.820 0.000
20 38.380 7.810 0.659 0.995 2 987.653 0.000
50 34.630 6.399 0.507 0.992 1763.241 0.000
100 31.294 6.457 0.423 0.993 1 622.249 0.000
200 25.026 7.276 0.482 0.994 1 693.297 0.000
NL 1 41.409 7.642 0.672 0.996 3 982.635 0.000
2 39.903 7.443 0.642 0.996 3 640.507 0.000
5 41.356 7.939 0.664 0.998 6 931.014 0.000
10 38.893 7.212 0.628 0.993 2 344.793 0.000
20 38.096 7.107 0.597 0.994 2 663.327 0.000
50 34.848 7.012 0.537 0.988 1112.769 0.000
100 28.808 7.433 0.586 0.995 2 910.335 0.000
200 26.066 6.970 0.504 0.993 1769.117 0.000
CK 44.883 6.571 0.563 0.996 4 380.008 0.000
~ 507 507 507
= t _a b= } —_ b
= | = E =] | -
E40- 18 S 40+ 2eL 240 5gL’ . S-Sl
S ah T i A+
%“mi“ou( 300 acK §n3ﬂrzﬁ‘k {."‘
- o t o t /i
- o 2] A
520 '2205' ) 4 42'20: },/
7] | = =} L y /4
« 10 ;t; 10!' / ;. 1(}il ‘%‘/
RO ¥ | - . % L = .
46 8 1012 1416 182022% Oy g g 101214 16 18 20 22 ¥, %4 6 8§ 10 12 14 16 18 20 22
it ] Time (d) b} ] Time (d) [ 1] Time (d)
7 0 250 B .
E = | ' a = = P
= 407 10gL" S40} 20gL AT = 40[ 0elL
£ |m fL = wiL G £ : . /’{ :
= L % NL Eoqn | * NL A 2 oant *N =3
LR 230 3 /. E300 30K //’H
£ 20 g2 ,,-'j/ £ 20, / Y.
a £ 5 :
10 AL 4 3 10 ,i,/
g []l_ I . AT T T BV R A w0l ..i-"'?'-‘j/ i i i i i iR Gi F= = i ) \ )
4 6 8§ 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22
I 1) Time (d) IRl Time (d) I A Time (d)
= 50 =501
E e S E [ P o1
=407 jppg1 ‘,/,/* = 40" 200" A
£y FL T i FL /
2301 *NL 8 5 230+ % NL e
2 a CK / T = I cd
220 : -~ g 20/ J/ W ek
= / 2“7 S
w 10 1'/./_"/ o @ 10 &
L - N D= ol s .
4 6 8 10 12 14 16 18 20 22 4 6 8 10 12 14 16 18 20 22

[ ] Time (d) i i) Time (d)

1=A
7

K3 AN [ e JBE A 7 iR R 00 ZKAZ b1 24 AR K 2 i 52 0

Fig. 3 Effects of different concentrations of litter extracts on shoot length growth curves of Metasequoia glyptosiroboides seeds
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Table 2 Growth parameters of shoot length of
Metasequoia glyptostroboides seeds treated with

different concentrations of litter extracts

ORI K
S EL s vk B BEMA KR
R gt itk s AR
B3| ” KR R ERKE Ratio of
Type concen- MGR LGR TLG  linear growth to

tration

Loy (mm - d"Y(mm-d') (mm) total linear
(gL growth
(%)
FL 1 7.027 6.246 24.739 57.801
2 6.825 6.066 22.451 58.114
5 6.816 6.058 24.633 58.280
10 6.481 5.761 23.349 57.795
20 6.323 5.621 22.159 57.856
50 4.389 3.902 19.994 58.927
100 3.309 2.942 18.068 64.683
200 3.016 2.681 14.449 61.051
NL 1 6.957 6.184 23.907 58.826
2 6.404 5.693 23.038 58.423
5 6.865 6.102 23.877 60.499
10 6.106 5.428 22.455 55.263
20 5.686 5.054 21.995 58.705
50 4.678 4.159 20.120 56.149
100 4.220 3.751 16.632 58.154
200 3.284 2.919 15.049 61.342
CK 6.317 5.615 25.913 57.584

SERATAE— AN . B B U Y ) i $i v AE
R (1 g - L) BFRELAS Fh F & 2, iX 55 Macias
(1995) BWT T —2, ] fE 258 it I8 75 b & A &=
X WRIE B LB B, TR AR T N AR B Y
AR, 0 200 i 53 2 A S B35 7 1 4 3 T B
T Rh i A, PR b 3 30 AR v 38 ) o i ke LAY
SR HIAE . (H 2, 5 30 2 W Ak 8y o ke A
B4 fpik— 20T, B U (100,200 g - L)
Ak 3L ) i ] Y ) i B RN KRS A RN AR K
B — @ ke R, X 58 2R 45 (2020) BFSE %
F#% ( Castanopsis kawakami) K 53 J2 12 $2 W AE =
e BB A6 A2 K ( Cunninghamia lanceolata) # &
MR B MBI Z 0 R R, A
YA R W T AR B — e B & R EU R
27 )W IR ( Mahdavikia et al., 2017 ) , M\ T 52 Wi A
Yyxos 7K o3 FVE 9y o W SO Sfd A T 2 F AR

KAZFNRE . K2 B IR T W) IR 42 O K AZ A1
REAFR RFFRTRFRRBOL WA W E R TR
H1 g LTSI —E AL T Ah, R B o m
HilER, JF H AR 5 v & 30 s v BE Y A SR VR W
RIEM AR ATl & . Garnett 55 (2004) BIF5Y &
BB VG N WA | 58 S ( Gaylussacia bacatta) Fl
5 B FABR ( Quercus alba ) 3 Tl = SR (14 4 7% ) 14
XTI 7 M IR 18 b 5 & 2F T, X 2 202 A
J HAR Y 2 T AR A R AR
(RS2, S 35CH AR SR ) BT 1% M A — 5 B K ( Arraniti
et al., 2016) , /AR UL BE 2 535 .

I BCAE A Y R A RS e B OCE M
2R DR 2 L0 &)y v Y e W B B, H s 2
FIARZ 2R 052 0 (7 A S, 2011) o K AZ B
FE SR I 0 42 W X A 2 IRl R AR
K JEHIRWREE & T 20 g - L7 AR AR T Fh 7
KIEWAE K, X5 E LMW (Toona ciliata var.
pubescens) PN KR BT T 2045 4 i AR KA e
FHAHTR] ( FRIRESE,2019) o AH Y U4 % W) BT i) Ak
/Wil R N E S AN I FE S
(Aguilera et al., 2017) , BEAR G 7K 43 FIVE 2 W) o 1)
WAL, BELA A7 AL Jo 1) ik AR 2R ) DT 3 BOK AZ i
TR AZ BB 5 0, S5 245 W oK AZ &0 i A P
TS ) M SE S RE ) X AE — o R BHAS T
IKAZFIRE R SR TR, AR & 3R, 7K AZ A V% W 1=
P Rt J3E Xof S AR B 41 o 4 v T R R R 2 K
AR Xt i —2PAIESE T Chon 45 (2002) Y
R aE R, BVE 75 ( Medicago sativa) #R & FL 85
R AR A6 2% A B 5T 1% B vy BE U i
TP 2 I A A 1) A BRI R RE
i, RO 2 i 2 52 380 52 ) L 52 e AR B 1L G At
SR 2 (A, 2013)

“S7RIA R M A AR R — RS2 A [ AR
AR AR (5 AR, 2002) , AR AR 5T & B, K AZ Fh
THRMARKDELABFFE S WA K ML (R
=0.988)  Jf HARWE (<20 g - L) & MR
WAE— o A BE b AR 7 28 00 A 8 b o iR B
DR 2 B9 A= G 32 i O v A A SR T ) o
MO I )l Y, ARV BE AR R i AR AR T 2
H SRR AR RS T 2 LAR AN BB, 2k
JE A Y B3R T RE ) A B E I, sz B 8 Ak
M HIVE FH B B . ( Craine & Dybzinski, 2013) .
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Table 3 Allelopathy sensitivity index and synthetical effect of allelopathy index of Metasequoia glyptostroboides

litter extracts on its own seed germination and growth

Vo] REZFIRRL

2L FEL P vk BE Zi‘%%z e S y
ey &%Egamr; RI I R Rt Eas R ER s o -
271 xtract RIE RIE RIH Htouels T
. RI value of  RI value of  RI value of . . G IVE 37
Type concentration . L L RI value of  RI value of  RI value of Average
1 germination germination germination . SE
(g-L7) . shoot length hypocotyl main root
rate energy index
FL 1 -0.436 -0.414 -0.268 -0.051 -0.071 -0.057 -0.216 -0.224
2 -0.261 -0.212 -0.108 -0.165 -0.191 -0.257 -0.199
5 -0.055 -0.061 -0.003 -0.065 -0.036 -0.125 -0.057
10 0.093 0.002 0.128 -0.114 -0.104 -0.009 -0.001
20 -0.231 0.002 -0.104 -0.175 -0.130 -0.298 -0.156
50 0.192 0.172 0.157 -0.326 -0.269 -0.583 -0.110
100 -0.014 -0.171 -0.226 -0.611 -0.605 -1.338 -0.494
200 -0.014 -0.029 -0.370 -0.901 -0.892 -1.166 -0.562
NL 1 0.124 0.371 0.196 -0.107 -0.083 -0.239 0.044 -0.217
2 0.109 0.211 0.141 -0.141 -0.113 -0.313 -0.018
5 -0.077 -0.257 -0.067 -0.140 -0.156 -0.193 -0.148
10 -0.077 -0.476 -0.030 -0.107 -0.040 -0.189 -0.153
20 0.024 0.172 0.088 -0.201 -0.128 -0.401 -0.074
50 0.006 -0.061 -0.044 -0.256 -0.121 -1.193 -0.278
100 0.152 0.130 0.080 -0.573 -0.338 -1.943 -0.415
200 0.006 0.030 -0.108 -0.834 -0.498 -2.756 -0.694

AN AR A A K R et AR K R
AR 53R AE 55% LA L i — P IE SRR 2
TEAR R S5 A R 2ot AR R IR 2 K A2 A K AR P Y
CHE I (R FE A ,2020)

A SRR B A B A A B 5 B 1)
BEEbR A WIE 5T K BB B 0 A S8 U 7% W 1R 4 WA
Fofr ¥ K S5 A AR 52 ) DR T X b T R R S
— 75 T2 A O 25 55 A S Jo B o, LA fd Y
R ) e 1, A SR i A T R B BA 25 55 — Dy, i
ERGUS R AL bR S (I @ DO
YRR w1 A — 2 #% B2 A9 5 J5 ( Devaney et al.,
2018) , AN[F)ZEBUA [R] e 52 A I 9% = 12 WX
AT~ 2 R0 AR K R 5 e AN [R] A6 2R 00 FR
B 7R KA BB P Ve )R SR WO K AZ B 1 1 R R
A 2R B R T A AR A VR MR R, X 5 5
EAHESE (2018) FIXIT7 B AF (2017) HYIF ST 45 R —
B, YRR S S E R T AR &),
HH Bk M B G TT E 2: UA V W TE AN 8] O3 ik B B R
18 A 2 Jo Ao 288 B AN T) DA 32 il A SRR
122 5 Ak . AT T A 45 SRR TE = N S S5 T
ot AFTE—E JR BR 1, 75 245 & W ] 56 i — 2P

TRVT R K AZ P8 3 W0 XK AZ KRB kS TR
WAL, Besh, IR HURT 2 B % A ARIA L (IR
B e Ok Ve AE) (N R CRAR TR
S5) MR E SRR (BT 35 0 BRI SRR
AL RIS MY A5 ) S5 22 TN R, AT A 28t 2 K
K2R IR GFT b 5 i — L LR WE 5T

ol R B A R R AR T R T B
B, ABIETE K K AZ B S R 9% R 9 WK R B
PR B BT BT R A A A T AR O HL
VPRI  — E WA AT S8R T K AZ JA Vs )
AP AR O 52 W K AZ 2R 4K B 9 B 1 I R 2
— o HITIKAZ AT I I 8] W 7 BRR 02 RiT
Ja , A TR TEARAZ BER AP 5 SR A B h il
TER T TR ey W 30 i 25 T BEOKAZ A 95 W, LAk B
PO 5w B, O Bl e R4 A AR I I
PRIE , DT 34 7K AZ il i R SR HE08T

S

AGUILERA N, GUEDES LM, BECERRA ], et al., 2017. Is

autotoxicity responsible for inhibition growth of new
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Abstract; In order to understand the effects of Cr® stress on the photosynthetic characteristics and trace element
absorption of Coix lacryma-jobi, we investigated the effects of Cr stress on the growth, photosynthetic characteristics,
antioxidant enzyme activity and microelement absorption of C. lacryma-jobi by constructing a miniature vertical flow
C. lacryma-jobi artificial wetland with 1/2 Hoagland’ s nutrient solution containing 0, 5, 20, 40 mg - L' Cr* wastewater
as irrigation water. The results were as follows: (1) Low concentration (5 mg - L") of Cr* had no significant effects on
plant height, stem thickness and tillering of C. lacryma-jobi, while high concentrations (20, 40 mg - L") of Cr™
significantly inhibited the growth of C. lacryma-jobi. (2) Net photosynthetic rate (P, ), stomatal conductance (G,) and
transpiration rate (T.) of C. lacryma-jobi leaves were increased to different degrees under low Cr® treatment, with the
increases ranging from 6.8% to 54.8%, from 13.0% to 40.3% and from 9.1% to 36.4%, respectively. Under the high

concentration of Cr® treatment, the P,, G, and T, of leaves decreased significantly, but the intercellular CO,

concentration (C;) increased significantly. (3) Both superoxide dismutase (SOD) and peroxidase (POD) activities of
C. lacryma-jobi leaves increased with increasing treatment time; SOD activity of C. lacryma-jobi leaves did not
significantly differ from the control under low Cr® treatment, and was significantly inhibited under high Cr®
treatment. The POD activity and malondialdehyde (MDA) content of C. lacryma-jobi leaves increased with the increase
of Cr*treatment concentration. (4) The absorption of Cu, Fe, Mn and Zn by roots, stems and leaves was significantly
inhibited by high concentration of Cr®" treatment. (5) The removal rate of Cr™ by the artificial wetland was up to 99%
under 5 and 20 mg - 1" Cr®" treatments, and 86% under 40 mg + 1" Cr*" treatment. All the results indicate that Cr®*
stress leads to a significant decrease in the absorption of Fe, Mn, Zn and Cu, hinders photosynthesis, impairs

antioxidant systems and inhibits plant growth, which ultimately leads to a decrease in the ability of the artificial wetland

42 5

to treat Cr® containing wastewaler.

Key words: chromium (Cr), constructed wetland, photosynthesis, trace element, antioxidative enzyme

BB RE NS T B W BE R AR U ALY 3h AT
AR, TR TR 2R, MR B Xof A 25 3R B R A {4 ft
R 1 453 % ( Wenzel et al., 2003 ; Rajkumar et al.,
2009 ; BEZEDE 2013) , #% ( Cr) 76 PR 5 /0 3 WM
AA Ce(I) A1 Cr( VD), Hep Cr (D) FEHERAL,
JE NIRRT B IC K Z — ;i Cr( VD) 38 5 DA%
MR Eh sl AR PR B T B NS | A &, Ak
P K RIS 1 1 e AR A AR v E A Ce (VD)
W EA (£ % 5%, 2012; Alahmad et al. |
2019) , &)z R T HU D ARl S 47l 13X
SEAFAll T T HE B 52 K R B 15 Y AL 1 1 IR
7 AT ER G Y UL, e & 8 R K IR B
AR AR HE I B G B 285 5 G AL A R 1 9
TR B TR

ATABFIE &L, 328 AL 2% 4k ik b2 fa e 1
e AR R B 58 vk RV A R AR
ARAT R Ze B i5 7K A (E K 26 4 AR A7 FE A 8 5
BB 8 FURGE TARMEE Cr( VD) 15 K 14 ik 2
(LG Hr 45,2014 5 B /NF AL Z= £, 2017 ) 45 0]
N T i 2 A ) — B B B 1B B — A& S A
3, RHRAT FERE /D AL EA — 5 14 SR 35 1

FERLBOA N A E RIS B B A SRR
(Rivastava et al.,2009; Zhuang et al.,2019; Xu et
al.,2020) . A R8T & 8% V5 K B B 0 ¥ Ak
BOR, 2 3 R4 (2010) BF 58 & L, 359 ( Coi
lacryma-jobi ) N\ T 10 i RE % 5 24 25 B 2B T V5 7K AR
WRHE Cr® (<10 mg - L), ELAE W) 3R 30 i1 A X 45 o
(AT 32 1 T g VA B2 Cr®* (30 mg + L) Jolpad D) X6 385
B A KA B I . e G 1 5 5 2
EHEYAERKRS EERG, RO Edma TR
T i 2 K 43 ik, 156 A 3 K (net photosynthetic
rate, P, ) . L F J& ( stomatal conductance, G,) . 7%
[ 3 R ( transpiration rate, T.) Fl i [8] CO, ¥ JE
(intercelluar CO, concentration, C,) A A BRIS A5
TR, A FEMEY WA K Z B WM
( Choudhury et al.,2012; 8 = %,2012) , Hip 4H
YOG 3R T A e S BOL G B 7% ik o f2
HL A2 40 0,01 W VA& S 39, DA 5 | e fi
g1 E AL , 7§ ¥ ( malondialdehyde, MDA ) 7E /& P
P AR (A5 A WA 1 2% S AR B 32 B
BHLAS 2 20 8 (A 32—, 2021 ), AH 4 AT i 2 5
ALY AL ( superoxide dismutase, SOD) Flid
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HOAR 4 Jm 15 VR (B RAKSE,2019) . EAR,
FE AR PN 72 A 1 A o 1 2R 1 4595 38 A Y ) B s ]
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1.1 iK% i&
RIS T 2020 4E1 5—8 H BT P K 2p Ak 2
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HEAT . HHARF BN 22.0 °C 8 I 3G 5K
S AR R A 1 300~2 000 mm,
HEPUEARABL (Poaceae) | PUE ( Coix) HHH)
TN TR E 2R R AR B e AR R, A TR
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YRR R TV R 2R R B S, S
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MRS, BEECE R OV EARR R 71,45 61
em SRR, TAE R 2 ARSI E 4 10
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2 R RAE 29 10 em &b 22258 K Jo sk Vo HE K
F, RN 6 R KR 20 em HK I35 1
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PIFRAE & O( X IR, CK) 5,20 .40 mg - L' JE Cr®
57K ANk B R AN Ab B AT 3 1K,
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WA TIRH, 5 H 14 HIFGR AT AR E e Ak
B2 WIS (2018) BT s, SR B ] X gk 7k
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A B 2S4E 8 H 30 Hikhas i,

1.2 HEmXRE
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RAE . BUBAEMRIEREAR ZEA PR T, — 5
M 5 e FH T 300 58 A B bR 00 I 52 5 53 — 4 48
R ZEFRI 2 HF ACHERE 105 C %7 30 min, 70
CHLZH 50, B E ik 60 H 0 5 2% 4R R A
FE
1.3 MEF %

1.3.1 #35A R Ig4re9m & I SOD 3 MR
TR BRI ) A AE ; POD IS PRI E S AR Sk
(2000) , R F A A A B3 3h g 2% 5 57 s MDA & &
I 5 2 BRI bR S5 (2015) , % I BRAC EL 1L Z /R 1
ik,

1.3.2 ke A=A 2 55T G A BS K
551055 30, %% 60 F15% 100 KW EF 9. 00—
11:301# FH LI-6400XTR Y& -& 7E I @ AL (7=
% :LI-COR, 7 Hh . ) , S8 58— I e grat (it iy
BET LR B PR R Ay R ) 0 O A i
HAHE SALFE KW H R AR CO, Wk T8
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JGCHR B M) R (16 +£0.5) h, AH X IR B AR 7E
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1.33 MEAEH & A aRgsshne
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W R 20 mmol - LAY Na,-EDTA W 30 min
SR I i 7 s o, DA Ik 2 W o 7 AR 3% 18 0
B OB AR ZE R BRSBTS B R ad 100 H
ST Z 25 (2012) M7k, FWRH IR 5 & &R
Fed  1(Vv/V=4: 1) ITEIEATIE A, I H BB
B 55 B R SR AR IE AL (RS 1ICP-5000, A=
PRI R AU BOERME A BR A A 7 b v ) I
B A5 Cr Fe .Cu Mn Fl Zn JTER & i,
1.3.4 REFB KM Z 55T G AFEH 10 56
30 .26 60 FIZE 100 K, I 5 8 00 25 bk i (A3
0 2 TR A — > ml DL 38 ) o BESL
1.3.5 kP 4 sm e ZRIFKFT(2016) 1
J5 i, o AR Bk — R 43 D 0l B I S H K e
Cr® i, Hop T L8 249 1 10% i filf iR 5 7
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K H# A Microsoft Excel 2010 347 %5 2 4b ¥
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AR E TR A E | 5 CK
SRR o BERCRE Cr% R B B 3G i s b 5
mg -+ L7 Cr® &b 38 n] {2 8 35 50 53 8%, 20 mg - L7 Al
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MR 2 Al B R A PR TORE Cr® Ab B
R [B] (19 428 K T 2 S TS BRI e, G b B S d,
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FRT CK,Cr™ AbBE 30 d, P, FI T 3k 3 &t &, 23 5l
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i A B[] 4 2B K, CK Y G52 T i s Ak
5mg - L' Cr*™ A FEF, it 6K T CK, 4 o i 2
FE 16.7% ~26.7% Z 8], T = W BE 1 Cr® it (20 ~
40 mg + L) T, B C® &b B 10 d B G, RT3 B 4D
20 mg - L' Cr* 40 FE G, 5 CK 254K, 1M 40 mg -
L' Cr hb 3 G 6 W) B 2 KT CK, B AR W B 7
27.2% ~60% Z ] ; 55T B EL 5 mg - L' Cr® b 2R
A C 5 CKZRAK, LR R C, # W
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23 AEAEBETERM R FEEEEERTL
231 ARAZETEZ R SOD Fhey L H
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SOD E MR EFHH ., 5 mg - L Cr® Ab BN
SOD KF CK;20 mg - L™ Cr™ 4b B T B SOD
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232 REAE T E LN POD EH T/
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AR EE 3 B B, 7E 5,20 mg - LT G 4b
FEFTIA 30 d N, POD I&MES CK 22 7K W3 (HIE
Cr® Zb FRET ] (9 ZE K-, Cr™ Xt iE B POD &M 2
FIEFEAE T, Cr® Ab B 60~ 100 d, 5 CK M, 5 .20
mg - L’ Cr® Ab ¥ M POD &y iR & T
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AEFETR AE Cr* A BRI (10 d) it A POD iEPES
CK 253 A3 (0 Cr* 4B 30 d J5, ™ A POD i
PR R T HoAth v B AL HE 38 T 29.5% ~40.6%
M126.6%~31.3%,

233 RRERE G EZ A MDA &2 6%
 H B3 AL B 5 MDA & R TE 9.12 ~
48.83 wmol « g Z ], B Cr® AbHHAF ] 4 ZE K | 0
F MDA & & 2 THE B, G 43 30 d
B, £ 4B MDA 5 535 B 5 mE, 30 d J5 2 F %
B, Smg - L' G AH T, A MDA &5 CK
MR AR B E 1M 20,40 mg - L' Ce™ Ab i B
MDA (&80 5 KT CK K 5 mg - L' Cr* 40 B
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Table 1

Changes of plant height, stem diameter and tiller number of Coix lacryma-jobi

treated with different concentrations of Cr®

RSN ES

b P ] AL B = . Eviil ok
o %
Treatment time Cr®" treatment Plant height . Pl?m.helz’ht. Stem diameter . Ir IR
R inhibition ratio Tiller number

(d) (mg - L") (em) (%) (em)

10 0 87.4+4.04a — 1.25+0.06ab 18+0.63a
5 88.4+6.54a — 1.28+0.04a 18+0.89a
20 72.8+7.66b 16.7 1.17£0.08bc 5£0.75b
40 66.6+7.50b 23.8 1.24+0.05ab 4+0.52b

30 0 120.33+10.23a — 1.28+0.19a 51+3.45a
5 124.17+£10.34a — 1.25+0.10a 39+1.38a
20 109.83+11.48b 8.7 1.18+0.13a 16+1.97b
40 74.67+16.55¢ 37.9 1.21+0.11a 7+1.17b

60 0 178.20+25.97a — 1.27+0.12a 54+2.53a
5 194.40+15.79a — 1.29+0.09a 44+2.16a
20 168.00+23.19a 5.7 1.19+0.12a 39+2.26a
40 108.60+9.29b 39.1 1.19+£0.07a 14+1.97b

100 0 222.67+15.56a — 1.37+0.21a 62+2.66a
5 232.83+16.18a — 1.35+0.06a 63+2.59a
20 184.33+26.93b 17.2 1.27+0.11a 60+2.90a
40 132.00+23.25¢ 40.7 1.25+0.10a 14+1.86b

TE: A2 (% ) = (o N AL BEAY R 2 — 5% A BEAY R 5 ) /38 IR Ab B A B R x 100, 3R PR O S (B = b o 22, [ 90 AR Rl /NG 57 B

FoRBEZER(P<0.05),

Note : Inhibition rate (% )= ( plant height of control treatment-plant height of chromium treatment)/plant height of control treatmentx

100. Data in the table are x+s, different lowercase letters in the same column indicate significant differences ( P<0.05).

(9, A MDA & HBE Cr™ e B K5 ETF, BEAb
PRI [E] A9 4, R[]V B Co®* A FRLI B MDA 5 &=
25 BRI
2AREREC"HENRBMETERIEN
A

H 3R 3 AL, B DU RRAR (25 Y Fe % 853
WIAE 450.36 ~ 1 996.30 mg + kg . 39.37 ~ 172.44
mg « kg F1 198.33 ~382.81 mg - kg Z [a] , A [A] &6
B Fe Fim RAMRIR ARSI >25 ) 4b#E 30 d A, 5
mg + L7 Cr¥ ZbFEAR 25 0 Fe & E I HLARFE 10 d
F A AN [ A B2 R 38, H64 I i B2 7.8% ~29.2%
Forp 2R Fe 5 o 38 00 oK IR IR Z, AR
M, T 20,40 mg « L' Cr™ b B AR (25 1 Fe
TR TR T RRRE R KRR 20 mg - L
Cr Rb AR, T BRI B Ry 24.6% ; ANA) Cr® Ak 3
WA LA BRS mg - L' Crf Ab ¥ 5 CK 25 A 8
FOh, HoAth vk B Co® Ah BRI I E REAIK T AR R X Fe
A, 5 CK AH B, BE DR K98 40 mg - L' Cr®™

Lb 3 R R 47.5% .

PR R M Mo & & fiem, HRORZE RAKm
(£ 4), BRCK S5 mg - L'Cr* 403 30 d Y
ZE Mn KT 10 d 4 BRAL ) BEE b P A [R] () SE
Ko, HoM A Cro Ab BN B EUR 25 X Mn & i
I R R T REH ., 5 CK AT, 7E 20 .40
mg L' Cr¥ AbBER B EAR R X T Mn B9 & o 3%
TR, B 3 BIAE 4.4% ~ 10.6% F1 20.0% ~
42.6% 22 [0] , BEAS AT AR T Cr 4B 10,40 .60
d BB A Mo 5 R B Coe™ ¥R B T
R

H 2% 5 Al SRR MR RN Zn & Y
I A B S ) 7 A2 T 52 R B B e AN TR AL Zin
B R/MERCN R > >28 25 Zn 55 B B b B
B 1) 2 R R N RSN AR AN e Zn SRR
A — B A,

R RAR ZERT A Cu 7 5 5 9 1E 4.69 ~
15.83 mg - kg, 2.12~5.23 mg - kg, 2.89~5.29
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Table 2 Changes of P,, G, T, and C, in the leaves of Coix lacryma-jobi treated with different concentrations of Cr®

Aib P 5[] B Ab B LA HE ZE I AR AL MalE] CO, ¥k
Treatment time Cr®" treatment P, T G C,
(d) (mg - L") (pmol » m? « s7) (mmol + m* + s ™) (mol + m? +s ™) (mol - mol™)
10 0 12.87+0.81b 1.85+0.14b 0.17+0.03¢ 241.92+15.77¢
5 16.95+1.39a 2.25+0.13a 0.20+0.01b 232.31+11.65¢
20 8.80+1.39¢ 1.50+0.08¢ 0.23+£0.03a 299.60+33.64bc
40 4.57+0.98d 1.23+£0.07¢ 0.23+0.02a 347.97+£15.29b
30 0 18.89+0.84b 2.33+£0.26b 0.11+£0.01a 185.82+17.30b
5 22.71+0.44a 3.27+0.15a 0.12+0.01a 194.21+11.28ab
20 14.60+£0.59¢ 2.38+0.12b 0.11+0.15a 244.90+22.12a
40 9.30+0.55d 1.68+0.17¢ 0.06+0.01b 244.78+9.01a
60 0 14.32+2.35h 2.95+0.36b 0.11+0.01b 157.82+15.78b
5 20.17+1.26a 3.88+0.24a 0.15+0.01a 127.54+£6.97b
20 13.93+0.93b 2.83+0.16b 0.10+0.01b 151.57+9.72b
40 8.14+0.95¢ 2.24+0.15¢ 0.08+0.01b 214.78+11.04a
100 0 12.04+2.10ab 1.77£0.19a 0.05+£0.01a 108.07+5.08a
5 15.09+1.22a 2.00+£0.13a 0.06+0.01a 104.08+14.36ab
20 11.30+£0.69b 1.27+0.05b 0.04+0.01b 129.34+11.19a
40 4.05+0.11¢ 0.78+0.08¢ 0.02+0.01¢ 138.36+7.67a

T PR I E bR e 22, [R5 PR [Rl/ING 7 BERIR A ) KA [7) Ak B ) 22 5 R 254 (P<0.05) , R,

Notes: Data in the table are x+ s, different lowercase letters in the same column indicate significant differences among different treatments

on the same number of days ( P<0.05). The same below.

oOmgL'Cr" @aSmgL'Cr™
220 mg-L ' Cr* @40 mg-L ' Cr*
160 aba abh
a T b Ta
140 L bELL T Bl o
.::-_F" ]"0 I - =3 .

AL AR T
y (U-g'
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SOD activity
e
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(=]
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=

10 30 60 100
AEPEATH Treatment time (d)

1) S B 3 3 A T R BOAS [m) b B ) 22 S 1 35 1 (P <0.05)
T,
Different letters indicate significant differences between different

treatments for the same number of days (P<0.05). The same below.
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Fig. 1 Changes of SOD activities in the leaves of Coix

lacryma-jobi treated with different concentrations of Cr®"
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Fig. 2 Changes of POD activities in the leaves of Coix

lacryma-jobi treated with different concentrations of Cr®"
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PN S >2E ) PR R 4% 00 & i BE Cr* b H ik
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Fig. 3 Changes of MDA contents in the leaves of Coix

lacryma-jobi treated with different concentrations of Cr®*

e 22 N W 25, LA T R Y O W2 AR A
Cro* Zb BRI FE 40 mg - L' Cr® A0 BRE DI ZE 5T T
% R AT I R SR TR R e, b B 30 d T,
40 mg + L Cr™ FF B0 X8 5 2 i e i i T
510 d MBI T 35.19% ;1M 30 d {2 dE1E
KRG, RIN T M, 43 100 d 530 d
FH LG U X8 S i U R R T 26.6%
25 AEAETHK Cr"SE2T K

& 4 TT%0,5.20 mg - L™ Cr® Ab 38R 10 Hb
K Cr®™ ARG, 2 R et = nT 3k 99% , Bl 4% b 3
Ak 8] B ZE K, AR N T IR X Cr® 1 L B R R R,
{EAE Ak 28 5 11 25 B 3 B A 5 38 89% ., 1T 40
mg + L Cr ZbHEXT Cr* () £ B %5 5,20 mg - L
Cr™ Ab A L 25 57 1 3 H R BRACR AN B, HoAE 30
d IR e, N 86% ,30 d Ja K T,

3 Wt

HIE AR & B, AR v J32 8 I 38wl 41 33 74 22 4k
A= T R VR R IR 00 2 7 A AR (R OF
7%,2014) . AWFFRIN KB, AR E 5 mg - L Cr*
AE PR T R IRR R 520 mg - LTRL ERE O Ak
B DD 3 U =5 AT IR R B Cr® v B A v
TR I 5 E S A 3 38 1 ) SR LR e S K
FELL Ry BEBUBE Co® A 3 M BE B i e 20 40
mg « L Cr® $I6i4E 2 3%

A IR 5 0 A ) e AR i A o BT A

T R A HOR RAL TR MR COL MR
e A E R R b, AR RN, E
AR TR m A A R R A A Ot
HhedT Y A K (Bonet et al., 1991 ; Kk BH U
WA, 2010) 5 17 3k Tk 74 % Foih 301 2 D0 35 RS AT 47 35 4
ISR A7, SRR IR AR AR 10 & R
AT A FH AT, DA T 410 ) A 4 A, e T &2
WS HAY LT (Lu et al., 2013 ; 1 F 1E %5,
2014; £ EE S ,2016) o JGE VR R R i i 32 2
Z 3 CO, Mk B Hy ¥ TS ALF BE 2 ) CO, 152 R
(BEEESE,2015)  FEARBES T, B R G B AL
BRI () A 4 T R, R IR e S g R M A
IR A, TR (AL OGP, 38k ¢, R, 2k i
Sl A R BEAL, A &, IR E M S
mg « L' CrO b BRAESE S0t B PR TR R T
R 40 mg - L Co® A HH U] 6 B A 100 4 A, A
WHERKMERIR S ESHEN B —3, R &k
JE Cr* e ] B2l M B SR AR 51 R
A VA Z A0 b2 6 Pk AR, DT 7 A 1 dk
I, A B A K Z B

4B XA A 7 E LB 2 — T R )
IR0 B WO, W SRAFL ) A PN 04 37 4~ A (468 R g
W %:,1996) , Fe Mn.Zn Fl Cu ZAEYIK N S 51
T P 0 Tl 21 2l B 00 A i T M s AR R, 2
AR AL SR AR 52 ) 25 A I AR G A
FHR L AR TR, 340 R 2 5 1 4 6] 396 35 i 5 1Y)
PUPE (FRKAR,2016)  ASWFSE &2 B, VR 1 Cr®
JHiriE (20 ~40 mg - L) 5 35 300 1) 3 S0 AR 25 A X
Fe Mn 1 Zn (WIS, 1 HL 300 il %502 Bl 25 Ak B A A)
M ER TN, & aa 4 TR ST E FRITTR N
Wi iz i, HL PR AT R R K A 9 v T A AR
I 240 ff i 5 Joi S i ) B S T 22 TR0 A ELVE D ek
AT L RS 4 F DL B S L A, DT i A5 28 A i
IREITEYE & A T AR Ak, i TE 4 R A OR TR E
B TEESREAR T 22 M BH B 16 AR B )2 40 i )i ok
PR 2k, DA 52 e WAL 5 b A1, s A T R 2 4%
BFS5&EME R ME 8608, e
S FEIC R RS A L S, TP Fe ,\Mn  Zn
SEEFRITR MW, R e R A% 20 fefT A A 0 R R
H HEEFDGA R T T R, 1 il o A i 47, AT
SHEMERAZCHE YR TR, R ARG A
W) RN B8 AR A AR R ot BB
TR SR BOE Y A AL (RAR RS, 2015) .
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Table 3  Effects of different concentrations of Cr® treatments on Fe contents in root,

stem and leaf of Coix lacryma-jobi (Unit; mg - kg™)

. Crfﬁtﬁfiem RE PR E] Treatment time (d)
Plant part 0
(mg- L") 10 30 60 100
R 0 1 996.30+35.77a 1 066.90+31.55b 529.11+£2.02a 521.76+0.69a
Root 5 1 473.71+8.78b 1 669.25+24.23a 519.35+1.77h 492.16+1.49¢
20 1 190.22+22.34¢ 897.64+4.40c¢ 494.82+1.90¢ 502.71+1.26b
40 1012.38+21.06d 902.88+10.23¢ 474.32+2.51 d 450.36+0.38d
£ 0 140.23+14.49b 172.44+4.54a 103.95+2.30a 54.38+2.96a
Stem 5 130.65+2.21bc 168.75+1.20a 91.98+5.29h 44.77+1.65b
20 112.67+14.63¢ 118.11£2.00b 82.34+2.71c 41.30+3.58b
40 122.25+12.50b 103.14+£3.14 b 87.89+2.32bc 39.37+2.58¢
- 0 313.17+3.18a 215.33+£7.06e 202.03+17.08ab 284.61+£2.47a
Leaf 5 271.93+£2.74b 293.04+3.46b 198.61+5.55b 235.65+6.20b
20 235.63+9.59¢ 238.60+0.33d 218.53+3.75a 215.62+9.30c¢
40 301.68+13.70a 382.81+14.23a 198.33+£1.01b 224.47+2.18bc
x4 AEARECrRAEXMENR ZEMHESENZM (LA mg - kg')
Table 4 Effects of different concentrations of Cr®" treatments on Mn contents in root,
stem and leaf of Coix lacryma-jobi ( Unit: mg - kg'l)
PEERT ] Treatment time (d
part (mg- L") 10 30 60 100
it 0 432.59+11.34b 241.97+6.80a 147.42+7.88ab 154.26+3.47a
Root 5 450.92+12.84a 248.10+£6.19a 156.02+5.15a 131.30+£4.92b
20 148.46+1.78¢ 141.91+£4.51b 126.82+1.49¢ 112.41+11.10b
40 122.97+1.95d 139.86+10.20b 111.87+3.12b 64.25+6.02¢
ES 0 137.17+4.24b 161.60+2.57h 141.91+£6.92b 97.43+3.91b
Stem 5 151.84+1.52a 175.36+0.64a 161.53x4.41a 121.04x4.43a
20 84.07+0.60c¢ 82.85+3.22¢ 90.81+4.24¢ 107.80+10.43b
40 86.65+1.85¢ 51.19+1.54d 41.71+2.76d 39.47+0.82¢
it 0 94.44+4.75a 38.30+0.93¢ 82.44+3.50a 39.56+1.79b
Leaf 5 80.53+1.61b 47.04+1.80b 69.27+2.92h 47.86+2.20a
20 57.61+3.76d 23.17+0.23d 38.72+0.60c¢ 29.38+2.28¢
40 41.07+0.79¢ 24.01+1.95d 13.83+1.44d 18.65+0.51d

Fe Mn FI Zn 2 A8 Y 1E # A= i 1 2h B 26 75 A9 3
JUER , TEAR YA N 2 15 P45 2 35 0, IR 1 A )
PRI CO, AL ST R ot F B pHL, AT 52 W) 210 4B )
FR G A R S8 A o st S o7 45 i 8 A P R (A
B RANK K ,2008) o i B Cr'" FEL Fe ,Mn Al
Zn WROSCEE YR B, 0] RE S BUE PO BUR FIPTAR

PR GEXS 1 P A T T BE T N R R A AR R
(A 32 R

TR @ W8 R, AW 40 PN 481k s i A
BEREIR | DA T 3 SEORE e v 3 P A T S G, 5
M) RS 5 P AR R 2R g e I P R T BR BE
SPEOEA A A B EAL, DA — 20 0 4
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Table 5 Effects of different concentrations of Cr® treatments on Zn contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg - kg™)
; PHEAF [E] Treatment time (d
w0 - ”
part (mg- L") 10 30 60 100
R 0 34.20+4.70a 18.07+0.38b 11.09+0.86¢ 11.86+0.18a
Root 5 29.85+1.04h 25.33+3.46a 12.55+0.18b 11.7020.93a
20 25.58+0.55¢ 14.12+0.90¢ 12.00+0.72be 10.29+0.27b
40 29.71+0.65b 16.47+0.32bc 11.26+0.33¢ 9.71£2.56h
= 0 13.65+0.46b 13.01+0.88a 11.24+0.88a 11.67+1.35a
Stem 5 12.59+0.86b 11.82+0.48b 8.88+0.69b 7.09+0.99b
20 9.16+0.60c 8.10+0.08d 6.78+1.01¢ 5.87+0.95h
40 12.42+1.98b 9.63+0.30c 6.12+0.34¢ 5.78+0.51b
I 0 13.59+0.47¢ 18.08+0.08¢ 14.86+1.29b 13.06+0.02a
Leaf 5 13.52+0.13¢ 19.24+1.20¢ 17.54+0.72a 12.29+0.76b
20 17.15+1.69b 20.86+0.43b 15.39+1.39b 9.27+0.76b
40 16.67+0.33b 26.25+1.70a 17.08+1.31a 8.97+1.37¢
x6 ARRECr"QAEXNENR . Z MHESEMHM (LA mg - kg')
Table 6 Effects of different concentrations of Cr® treatments on Cu contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg - kg™)
PEERT ] Treatment time (d
part (mg- L") 10 30 60 100
it 0 15.80+0.48a 7.97+0.10b 6.71+0.08a 6.16+0.09a
Root 5 15.83+0.30a 11.63+0.61a 5.90+0.20¢ 5.69+0.29h
20 9.28+0.09d 7.40+0.11e 5.46+0.06d 5.19+0.30b
40 8.92+0.30¢ 7.62+0.14d 5.44+0.18d 4.69+0.07¢
ES 0 5.23+0.91b 5.01+£0.13b 4.36+0.15a 4.02+0.20a
Stem 5 4.53£0.07he 3.60+0.07c 3.41£0.13b 3.24+0.05h
20 3.58+0.77¢ 3.02+0.20cd 2.40+0.24¢ 2.12+0.16¢
40 3.58+0.16¢ 2.86+0.06d 2.70+£0.03¢ 2.36+0.22h
it 0 5.29+0.32¢ 5.01+£0.09a 4.59+0.04b 5.32+0.21a
Leal 5 5.13+0.19¢ 4.99+0.17a 4.80+0.02a 4.94£0.09a
20 5.04+0.44d 4.94+0.34a 4.44+0.17¢ 4.34+0.23b
40 5.01+£0.13b 4.25+0.09b 3.64+0.12d 2.89+0.21¢
A0 AR ) A (R A BE A SE Al ,2003) o RN EE A PUAAL T, PR BN IS BR A A 2 4R

TEARWFFE ) Co* Ab PR, & B i MDA % & ffl
o AR ) 8 R AR s () 1 A T S B T B A
ot MDA & i, Ul B Ce® W38 T 2 i e
Jig sk A KO i B2 4 A2 4 43 R B TR, A 1)
PO PR ES (B 45, 2017) , SOD il POD 244

PrE b W an (% ML5E,2010) , AW K, 1E 5
mg - L'Cr® 2B, B - SOD Al POD i 1 i
F GO A MG BR A A 2 bt Boh MDA Y
R DT 2 g 38 R0 4% W3 38 B 7 5 17 40 myg -
L7 Cr®™ e o J3E 6 Jop 30 0 80 0003 8 17 7 10 4 R
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649.52+42.45b
990.05+11.72a
1 050.36+52.31a
148.07+13.07¢
163.63+8.68b
182.66+5.24a
110.15+23.73b
164.27+16.49b
176.40+13.13a

1968 U0 MW
x7 AEARECr"QEMENR . EMHBESEMEM (246 mg - kg')
Table 7 Effects of different concentrations of Cr® treatments on Cr contents in root,
stem and leaf of Coix lacryma-jobi (Unit; mg - kg™)
’ PEEHFA] Treatment time (d
R - ”
(mg- L") 10 30 60
e} 5 577.77+90.32b 660.80+39.37d 428.34+55.82c
Root 20 637.92109.96h 1 105.87£4.03¢ 884.95+87.51b
40 692.05+34.41b 1 839.52+101.21b 1 399.3766.59a
% 5 51.73+2.33¢ 74.75£4.25d 86.08+5.80b
Stem 20 73.15+9.60c¢ 91.073.46¢ 98.28+8.58h
40 139.54+4.35h 233.16+6.63b 204.88+14.13a
s 5 66.19+17.16¢ 101.21£17.25¢ 93.42+9.25h
Leaf 20 115.4928.44be 108.56+3.22¢ 105.78+4.77h
40 155.89+44.85ab 240.29+32.91h 202.23+30.93a
A3 BC AN T W0 1% Bl , DA 2 i BN T3 i X Cre
p i e b it (VD) J2 T3 AR 4 0 2 KB 0 5 % T 4
o & b B R B % B A B W% R (Vymanl &
;:;. 80 | a : Brezinova,2016) , ASHWF5T Hh  AIRHE B Co* JihiE T,
%: @l DT ABH K 5 Cr B, % Cr 2B
wg jg ik, A RE AR BE Cr% e R TR RS
S8l YR B B, R O 2% I R v (1 T
5 fg [ JR A
0 10 30 60 100
AbFRAT ] Treatment time (d) 4 é:rl:r: i@
4 AR Co b EER K G ARk

Fig. 4 Changes of Cr” in effluent treated

with different concentrations of Cr®

6, BE T E AL R R R, B A T SOD
POD T BR4 1 SLHEPT A AL 38 i BE A
i SOD 75 5 A 55 i 16 1, {5 ] B8 Fh 3 M 4R A2 il
W2, S0D KA KIEBR, I A MDA A= Jf & 4&
Fr L I 40 mg - L7 Ce®™ 38 R 3 A B0 T R
R, HAKZRMmE, X450 5% 8%
(2018) FIR 75 24145 (2017 ) BYBF 98 45 3 — 5,
B Cr Wi e 1A R B A AL R S, IF HoAE R X
AN E AR e TGRS T RO

N AR X5 7K Cr( VL) B9 2 BR 5 R 5 9 I
B AT R AR 2 2 ) T 2 2 DDA S T A 4 1
6 Bh B R W BN TR b AR T SR A AT LR

25 L RTIR  ASHIEAY R B R R B e s e T
E MR Fe Mn  Zn F1 Cu 55 5566 ML A
Ak 55 A B ) e %% U0 AH O 1 A et T 3R WO o R e B
TR, SECE POL A R T B LA RS2
TS 6 80 ) A A 52 B 0 i 2 BN T b
AEERE Cr RK I RE ) R, (EJE R BE Ce® i
B A EE TN T M 6B 8 24 45 AR X 8 1 R
BT Cr® ZBRACRK R
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Abstract; In order to guide the rational fertilization of potted Hydrangea macrophylla, the effects of nitrogen (N),
phosphorus (P) and potassium (K) at four levels (N, K,0: 0, 4, 8, 12 g - plant”; P,0,: 0, 1.5, 3.0, 4.5 ¢ -
plan") on growth and nutrient status of two-year-old potted H. macrophylla ¢ Hanatemari’ were investigated by the
balanced fertilization design of “3414” method. The optimal fertilization dosage was determined by critical concentration
method to provide evidence for rational fertilization of potted © Hanatemari’. The results were as follows: (1) N
fertilization treatments, all of the seedling height, canopy diameter, plant growth index (PGI) , aboveground and whole
plant biomasses of ‘ Hanatemari’ increased with the increasing of N fertilization dosage, while these parameters did not
change significantly or slightly decreased as the N fertilization dosage exceeded Level 2. (2) Low-level fertilization
treatments of P (P1) and K (K1) were beneficial to the biomass accumulation of ‘ Hanatemari’. (3) The nutrient
contents in leaves and stems of H. macrophylla ‘ Hanatemari’ increased with the increasing of N, P and K fertilization
dosages. However, the contents of K in roots did not change significantly with the increasing of K fertilization levels, and
there were no significant differences from the control. (4) According to the critical concentration method, the suitable
contents of N in H. macrophylla ‘ Hanatemari’ leaves ranged from 35.31 to 46.64 g - kg™, and P ranged from 1.88 to
2.28 g - kg''. Considering nutrient content, PGI and production cost, the optimal fertilization dosages of N, P and K for
H. macrophylla  Hanatemari’ are N2 (8 g N « plant™ ), P1 (1.5 g P,0, - plant™) and K1 (4 g K,O - plant™),
respectively.

Key words: Hydrangea macrophylla ‘ Hanatemari’ , nitrogen, phosphorous and potassium, “3414” balanced
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fertilization, growth, nutrient content

4% Bk ( Hydrangea macrophylla) R 45 Bk 1€ Bt
( Hydrangeaceae ) 45 BRJ& ( Hydrangea ) 75 W #E A,
EFE AEFFRUR, & KR I 5 2 1Y —Fh W5 A
Pr(# vk, 2016; BRA 2017 ; Alexander, 2017)
SR R TIT 37 0 23R 45 K P SR n A JB A i
FR A 7 A B TS e — 0 ) A A

TAE 2 B AR YR N 37 S i A KRB Y
AR (3K SR, 2012) o Hifr, A (nitrogen, N) |
1% ( phosphorus , P) 8 ( potassium , K ) 2 [l M AE 9 4=
KEE T = KU EFICE (Kasuya et al.,
2017) o =FPACELH & BEECHE PT LOE SRR P A KR
B SAEMRBURRE J1 , 2 g Fel AR LB R 22
Ter i (AR S 3Chs 2012) . AR5 (2020)
XAERS LI ZE ( Camellia azalea) THWIJTTR AT T 12
Wr, K BRALAS T 1L N IEAT KRB B Fexs PoE
ok E R, X RS (2019) XA A 2 (Rosa
chinensis minima ) W5 45 R B ZE A [R] AE AR =X
WP FRCR & B A KSR B S, W
o WA iR g, U FEN EE
( Chrysanthemum morifolium ¢ Qinhuaiyulian ’ ) iff 3¢
o OREKSERS NP K 43 N2P1K2 il N3P2K1
SRS EA AL B DI AE 48 1Y A K BT R R 53 A ROR] ]
A (J7 B E 4, 2020) Rk, RO R A 3 A
I SO T R AR ) A A RN 3R 03 i SRR AR,

P v Tl AR L B RN 28 55 AL, A R el MR 4 1)
RGN A AR RS AR

ULAEK 5 45 BRAH 56 0 A 53 22 46 vh 76 4E €5 A
IR (23800 T (B B B4 2020 %48, 2020) |
S A R B (SR, 2015) R E (ZEn ALt
2020) UIFE AR (7 5 HE S, 2018) A5 U7 T, it A
(AR ST 5 32 2 4 v 78 T i JIERE X §10 46 i 5 1) 52
Wi ( E 8555 ,2019) 3 N AR XS5 Bk 4= K F3E 4 W 0 Y
S0 (Bi et al., 2008; Li et al., 2019) ; 2% P i
XoF 5 BR A K B2 ( Shreckhise et al., 2019) ;N Fl
K 7KV B 28 HAE FH X046 25 BR A= K RIT A6 5% i 11
FH 1] 52 5% ( Thaneshwari & Gupta, 2017) . ] i€ &=
58 N P K =R IE R} i) it A 25017, R ) s 4 AR 55
BRI 55 B 5% 0 AR B X — R R AT
G5 BRAUSEAL AL 7= AR

“34147 it AR IR BT E 2232 b T ARAEY
Rt AT 5 v, 7 Tl MR 40 ot I B A T o2 (3
SCHAE 2009 4 F % 2021) , AR KT AT E
17 2R 22 PR R R REON 2 BT, 8 A NP
KB f 3 B 2, A B 58 A R R 4 F
( Hydrangea macrophylla ‘ Hanatemari’ ) , /25| H H
AP R SR ESL R AR 2N, s R A
HEM AT E AL RS BRI ROk (R So,
2018) , i HLA B AP (W T 46,2021 % 56 55
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2021) . AW R “34147 R 5%, iF58 N P,
KB XS 4% 25 BR AE A RN 3% 3 vk BE 1Y) 5% i), R 5 it
JE 55 AE AR AR R 45 5 B AR R B G R B 2 S
BRACER M IEF80° il ) N P K Bt K F,
NN NEERE S EH L NP K K
e 75 it S i AR AR B

1 #EE &

1.1 &

ARt AL IS T 2020 4F 3 H £ 8 H1E Lig)=
LLAE ) el B 55 1 8P (121°487 E,31°22" N) JB T,
Yy AN 1 1 T P R S AR VL X R T o 2
DA , AE 4R 18.5 G, 1 56 30 19] i ] 1) 9 3 9
FEl }y 8~36 C .,

BEM BN T8 ( Hydrangea macrophylla
‘ Hanatemari’ ) WI4FAE 1 | W4 00 JH 1 35 Fholk 2 7]
BALR 0 O EA 26 em, B HHAZ 20 em, &5
26 em, B R IEFTE IR E 20 em, 754 &5 o M
T B BERE = 36 LUK (2K
2 2004) , FEFRAYFEARBILME R N pH 6.68, 4 N
30.03 mg - kg .4 P 8.31 mg - kg .4 K 654.07
mg + kg B A# N 13.93 mg - kg L P 1.36
mg + kg L K 14.99 mg - kg, KA H N AE
HIRZE (& N 46.6%) , P HE Jy i W B2 45 (& P, 0,
14.5%) ,K REABRERE (& K,0 54.1%) , W4T E 24
S ¥ A 2E e Bl AR R AR W 0 AR KT AR
RE} ) By B R NORE AT K AR 7 R, U T K G e
AL HERRTEIRRZ R 15 d, P ARG 3 4k, ARG A , H
HRE — IR AE R FE A0 R P IR Y 50% , J5 P IR
S AERIAE I RN B AL, #50A 25% . R T B ik
T 7K A5 Al B 35 DR 3R e i A TS e 2 5 ) R 4%
e B A T A, 4R E T 00 R 8 KU B
R, 7 LA 509% 3 1 5 A9 38 17 1],

1.2 W HE

1.2.1 R+ RA“34147 RRHA R %1, N,
P K3NHER, BMHREA0.1.2.374 DMK, 4t
14D (R 1) Hdr, <27 K2 i i ik
B e R &, <17 KR 27 KR —2 L 437 K
27 KSR 1.5 A (R R HRAE,2002) , SR HTRE
MUK BT, B b s 3 MEHEE B ER 10
PRI, 23t 420 Bk, HAR R A it T b 2 ik 5 15
THAAER = LR 1,

£1 “M4ERKEIEITSEREAE
Table 1

“3414” fertilizing experimental design

and fertilization dosages

A REK - Jite L

Fertilization Fertilizing amount
Gy AbE level (g - plant™)
Code Treatment

N  P,0, K,0 N  P,0, K,0
TI  NOPOKO 0 0 0 0 0 0
T2 NOP2K2 0 2 2 0 3 8
T3 NIP2K2 | 2 2 4 3 8
T4 N2POK2 2 0 2 8 0 8
TS N2PIK2 2 1 2 8 1.5 8
T6 N2P2K2 2 2 2 8 3 8
T7 N2P3K2 2 3 2 8 4.5 8
T8 N2P2K0O 2 2 0 8 3 0
T9 N2P2KI 2 2 1 8 3 4
TIO N2P2K3 2 2 3 8 3 12
TI1 N3P2K2 3 2 2 12 3 8
TI2 NIPIK2 | 1 2 4 1.5 8
TI3 NIP2KI 1 2 1 4 3 4
TI4 N2PIKI 2 1 1 8 1.5 4
1.2.2 AKFEaRay 2 2 BORK & FE R

Fhag—WKEEEDSH (8 H 4 BH) JFE 7,
) 5 38 A7 B 328 8 79 1 2 7 1), H e — A SRy e B
(7 1), SR HF 3448

FEAALBRECA: K R AR RERE 6 Bk, JLIURE 84
MR, AT ZE AR R E

M e =Y+ ZE YR,

FE WA K 8 50 (plant growth index, PGI) = (£
R ER 1412 2) /3,

M L =T &R AE Y/ I A
123 fodEzns HUETEHR ZE T
Sy RRES ik 100 H i, FREL 0.2 g, VBRI TH i,
FILEE F A A P FE b ) N i (Kjeltee
8100,FOSS A ), FH2 ) . W F IR 1H it it U&=
K EF WIS AL (PE 2 A, SE ) XA 4 -
2 R P A K S TIE,

1.3 #ES

¥ H Excel 2019 X R ip Z s dE A7) 20 B 3 5 i
FH SPSS 25.0 #E47 B K )57 22 40 (ANOVA) , If:
4T Duncan £ 5 L M Person #1470 Hr, R
H Origin Pro 8.5 4,

AR AE Y &R N P K & &iE—IT
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TRTRR AT BE R 1B 95% B KA
PRA P XF N 1) 45 2% B 95 40 7 i1, N G B vk B
VEERGE AR T M A i IR (2 R R A
2021) .

2 HR 54

2.1 MEABXT EF 8’ BHAREKNF T

I 2 AT, N R A R %) A v Bt ot FES 36 2
I A I S T X B AL B (P<0.05) , IR FE
N3 KBS e K fE L, 5 N1 AT N2 A3 2% 5% K &
F(P>0.05) , FifiZ it A0 B @9 384 A0, 3 42 PGT &
SeTtE a AR A, BR NO AbBEAN , FoAl N AE 4b
PR A4 HE 03 8 v M PR T 42 I PGL(P<0.05) , IR 7E
N2 7K - 35 2] 5 KAH, 43 5l b X B 87..04% Fil
86.03% ., N AEAYIfH W& FE S T 4L T8 b L3
Iy R KR AE W) (P<0.05) , H ¥ 7E N3 kb 2 B A5
ARAH, 27 “37 K 22 5 A8 3 (P>0.05) . Fifi
#F N AEF A 88, AR 5l bE 52 3o Ui %, BR NO Ak
PHAR S L 0 25 8 T X IR A (P<0.05) |, Hofth b BEAR
5ok L 34 0 2 AR T X AR B (P<0.05) , BE Wit ] N
JE AR 35 43 B 22 Ml [ Ml 1 35 4343 BC, DT 3G b |
WA B —E NI R A 3E BN (NO ~
N2) MR AW IR BE RN (P>0.05) , AT
TR R

RiE P RE S 038 0, AR B & L PGL Ml
Sy R SRR AR A W B R B TR R BRI
PFOHBAE PL KT B B KA, B B4 51
117.65% .102.86% 218.26% 1 143.60% , 5 %I #
FLE, P AE AR B A AR 6 L 2 5 B K (P<0.05) 5 1T 72
A P AN TC R E 2R (P>0.05), BLH PR
FHEAIEZ M LT 520 L R &R

AR KB 0 AR AR PGL AR GE 34
WERW(P>0.05), WHEKK AT, KIEH
AR T AR —PEHEERNE,
2.2 MEREXY  EFE H ZE RFESSENTIT
2.2.1 st e FH ot A Ao ETHHm M
B el %0, bEE NP K B H =AM, < £ F %>
I v A ) 35 43 i Bl 2 B, ¥R < 37 KT A
KM, 507 KFAEL, N3 b A N & &
PEE T 361.51%, P3 Ab B P & & T
123.47% ,K3 4b PR K & 45 1 258.19% . J7
M R 07 AKSEAh , HoAt 7 it JE 4k

A 300 s Y 03 = TR R (P<0.05) , it
AP ALK S RAE“2” F1“37 K0 25 A B35 (P>
0.05) , i N S RAESACE R A B2,
222 e T ERSAETHH R AT
B ZEhg R RS R 2 R, WEEER A
A, AN TR SR R, X
NP GBI 3" KR EZRANEE (P>
0.05), 2+ N P K &1 W5 KAE 500l ok 27.33
3.77.22.62 g - kg, SXF AL B E T
468.08% 315.2% 1 104.40%
223 Fufest T WO AN A TN YR HES3
AL AR N B AR NO Ab B 6 BEAb B R] G 3%
5 (P>0.05) , HAth N AR &b #0052 w5 T X R
(P<0.05),N2 5 N3 Ab s JC & & 22 % (P>
0.05), M P SEHE P ICHER NS EIH
76 P2 A FHA 3 e i (8, P2 F1 P3 AL 34 ) G i 3% 2%
5 (P>0.05) ,{H¥ 5 2% T X (P<0.05) , KO~
K3 b H AR K B0 T 0 B KOS A9 FH A8 Ak
XA K &80 R E MW (P>0.05)
23 FH EEHIEENTHTE

FIHHFH S NP KSESEYE
K PGI il B &, IR & R 48 bn 5 4R 1 i A
PGI B—J 0 R (K 4) , MR 4 FIZE 3 A4,
Ty R T R 0 45 R 2R G FI W, oS A T R o
A N &R SHEEAY R & PGP & 5k AEY
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plant™) o K AEAH ST BR PG 10 il 46 56 RN I 3
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F TR KB A 8 B0 A KA AR A K
PR,

3 Wi

N2 P2 30 MIAZ R 45 AR AR ) R TR 28 0 T )
AR RHAEYI A RO T AT EAER], 58k
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x2 AEKFER. B FERLEBER LFH ERKUEER
Table 2 Comparisons of different growth performances of Hydrangea macrophylla
‘ Hanatemari’ under different fertilization levels of N, P and K
=44 Biomass (g)
MW B g gL
Treatment e (lzfn)mg ! dnulzyc:nl;l meter PGI iy 34y i F 354 B Root/Shoot
Above ground Under ground Total
T1(CK) 22.67+2.19¢ 41.17+£0.33¢ 35.00+0.51c 35.59+2.33¢ 15.12+1.09a 50.72+3.21b 0.43+0.02b
T2(NO) 32.00+1.53b 43.83+1.86¢ 39.89+1.25¢ 25.4+1.65¢ 14.83+1.96a 40.23+3.59b 0.58+0.04a
T3(N1) 41.33+0.88a 66.17+1.09b 57.89+0.87b 86.44+4.69b 18.73+1.62a 105.17+6.29a 0.22+0.01c
T6(N2) 41.33+1.20a 77.00+4.31a 65.11+3.07a 99.71+£5.53ab 13.08+3.06ab 112.79+7.62a 0.13+0.03cd
T11(N3) 42.67+0.33a 75.00+3.62a 64.22+2.31a 105.47+5.94a 8.09+1.94b 113.55+5.94a 0.08+0.02d
TI1(CK) 22.67+2.19¢ 41.17+£0.33b 35.00+0.51b 35.59+2.33¢ 15.12+1.09a 50.72+3.21¢ 0.43+0.02a
T4(PO) 39.00+2.08b 78.83+2.03a 65.56+2.02a 92.77+1.31b 8.60+1.89b 101.37+2.26b 0.09+0.02b
T5(P1) 49.33+1.45a 81.83+2.19a 71.00£2.22a 113.26+3.35a 10.29+0.68ab 123.55+3.76a 0.09+0.01b
T6(P2) 41.33+1.20b 77.00+4.31a 65.11+3.07a 99.71+£5.53b 13.08+3.06ab 112.79+7.62ab 0.13+0.03b
T7(P3) 41.33+2.40b 77.33+5.95a 65.33+4.70a 89.69+4.12b 11.78+1.48ab 101.47+2.65b 0.13+0.02b
T1(CK) 22.67+2.19b 41.17+0.33b 35.00+0.51b 35.60+2.33d 15.12+1.09a 50.72+3.21d 0.43+0.02a
T8(KO) 41.33+1.86a 75.00+2.02a 63.78+1.74a 90.30+2.36¢ 12.93+1.30a 103.23+1.08¢ 0.14+0.02b
T9(K1) 38.67+2.03a 76.50+2.75a 63.89+2.50a 124.53+3.14a 12.29+0.62a 136.82+2.57a 0.10+0.01b
T6(K2) 41.33+1.20a 77.00+4.31a 65.11+3.07a 99.71+5.53bc 13.08+3.06a 112.79+7.62bc 0.13+0.03b
TI0(K3) 45.67+3.48a 84.17+3.67a 71.33+£3.53a 112.46+9.05ab 13.09+0.80a 125.55+9.85ab 0.12+0.01b

W FSIANE/NG PR R 22 5 8 3 (P<0.05)

Note: Different lowercase letters within the same column indicate significant differences (P<0.05).

AEFRIRIAN R /NE SRER IR 22 57 3 (P<0.05) 5 R 2ZELAREARER L6, T,

Different lowercase letters indicate significant differences between different treatments (P<0.05) ; Error bars represent standard errors. The same

below.

Fig. 1
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Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ leaves under different fertilization treatments

SRR Z AR R, g TR N B SR R
( Thaneshwari & Gupta, 2017) , ZEAMFH N AE
WERIE T AT AR, fE—E NIEH&EE
FELIA, PR A PGL A8 AR KR FRBE NS H 2 9 185 i 5
EBHG A, N2 I N3 Ab A K AR bR A 22 5 A8 1 3

B N HE I NEERR 8 g Y= AE R 12 g B, %)
TETFH IR RERAREE, SR S
B Bt AR g i AT AL P 25 R & AR K AR PR E
FErm N Ab 3 b b 250 AR N B4R B, {H 15,20
mmol « L& T PGl I T HEZEF AL (Li et
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Fig. 2 Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ stems under different fertilization treatments
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Fig. 3 Nutrient contents of Hydrangea macrophylla ‘ Hanatemari’ roots under different fertilization treatments

al., 2019), It 245 3R 78 #t B9 f€ ( Rhododendron
“Cannon’ s Double” ) HH LA & ( Bi et al., 2007)

P IR (RE YT |l A 0 S R
A DA AR 5T AN 2T 4E R AR Y B, S AR A )
EREEWCMBIITR” . TEARMTE T, P LR S5
BRAET-H Mtk etk AW = A W R E
FHTE PL AR IR 3 e KAE 5 1T P IEALRTHLT 3546
NEEERTE S A IIPORIR N A E T NG
45,2005 ) 5 %2 TURAL PHSALIE 1 w1 AR (A0
55,2014) LU IR0 P OIEA A R B4 0

K Z 58 F A& R H ORGP
TR, 2 5 P 40 M 53 24 R0 43 Ak . K OE i 1T X6
ek K BAT W (LR T, A ik A ) i TR AR K
K Ab PR (K1) W BUAS Bk KAH ., Thaneshwari £l
Gupta(2017) 3 & BlidE & ) K AE o] 42 45 3R Y 4
Ko Britk [ (2009) 76 H: 18 84 L OF 58 b & B, K
JIES 18 3 88 T 2 532 Wi G Al 53 0 W A g T 6 75 5%
I3 VAR SR T AR i B, PR FE i R B N
JE B[R] A, 2235 & it K IEF POIE .

FRor & WM MY R KW S bR

( Graciano et al., 2006; Oliet et al., 2009) , I F g
BH G S e 55 o (L R 1 10, 76 SR 2 Wb i R
FRAROL 2 e A AL AR AR (555 ,2005) . “ 4E
FH° 0k N B B A 7K P T v T e 2 B
P K ZbHEI: 5 e A Y G R AR <27 <37 KR
() 2= SR 3 B “ 27 KOSF 1) P K i IE & ] 3
AEAETH X P K K,

AWEFEH, 4 N S 27 K
N B F% 50 Wk ORE T, AR O
hns ks POIE AR, 3750 & i i (A AR B
TEE P1ARBES = A 225 P I K IES PR
AEACLEY R A, 0 7E K1 Ab B Ab H B0 A Wy i 0 5% Ay
R, X AT Timmer( 1997) $ H 1R 8 7 A5 70 3
WA RE . 72 B0 W7 (dificiency) , fHY) B9 42
Py AV N 10 37 3 AR 3R A 14 it S 1 o 5
WA E]“ SR TR (sufficiency ) IR, MG, £F
SLARMLTR O R RIS IS R A B
AL R TR 35 0 R B 45 22 T i o MG N A 490 i A
“HEIFEIEAE” (luxury consumption ) By Bt , 7€ L By Bt
FRRAR R T SR MBI, T4 m A W) A i B
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K4 SR AETH A NP K SESEYEM PCIAYLHR
Fig. 4 Quadratic relationships between biomass and PGI and N, P, K contents of leaves

in Hydrangea macrophylla ‘ Hanatemari’ seedlings
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Table 3 Regressive equations between biomass or PGI and N, P, K contents of leaves

in Hydrangea macrophylla ‘ Hanatemari’ seedlings

R A5 FAs MIHT R (n=12) RA{H i
Dependent variable Independent variable Regressive equation (n=12) R value Significance

A=Yy i N Y, =-0.046N*+4.293N+18.319 0.959 P<0.01

Biomass () P Y, =—38.827P*+177.154P—80.009 0.752 P<0.01

K Y, =-0.046K>+4.293K+18.319 0.403 P>0.05

WA KR4 N Y, =-0.025N*+2.030P+23.456 0.915 P<0.01

PCL(Y) P Y, =-13.600P*+66.108P—9.202 0.506 P<0.05

K Y, =-0.004K>+0.974K+39.941 0.415 P>0.05
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Advances in tissue culture techniques of Magnoliaceae
HUAN Zhiqun', XU Xiaorong’, GENG Xingmin'*, TANG Ming’

(1. College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, China;
2. College of Life Sciences, Guizhou Normal University, Guiyang 550001, China )

Abstract; Magnoliaceae plants in China have a long history of cultivation and rich species of Magnoliaceae plants have
high scientific, ornamental, ecological and economic values. However, the existence of many Magnoliaceae plants is
threatened due to the limited self-reproductive capacity and habitat destruction. The traditional propagation method is
inefficient. Tissue culture technology promotes the conservation and utilization of Magnoliaceae plants. It can be applied

in the conservation of endangered resources, breeding and commercial production of clonal seedlings. There are many
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studies on the in vitro shoot propagation, and the system is relatively perfect. Some studies can achieve rooting seedlings

through this way. However, there are few studies on organogenesis, and the problems of callus induction and adventitious

bud differentiation have not been solved effectively. Also, there are few studies on the somatic embryogenesis in

China. This paper reviewed the research on different regeneration ways of Magnoliaceae plants such as in witro shoot

propagation, organogenesis and somatic embryogenesis. The influences of explant selection, medium selection, growth

regulator concentration and culture conditions on in vitro growth of Magnoliaceae plants were analyzed. Meanwhile, the

paper summarized the problems and the solutions of rooting and browning, and prospected the future research

directions. It will provide theoretical basis and technical reference for rapid propagation of Magnoliaceae plants.

Key words: Magnoliaceae, tissue culture, rooting, browning, in vitro shoot propagation
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FMFAE,2018) o AR =R ZAHY) A SR 45 SRR
(MBS, 2019) , JF HAETE SR 17 5 A A=
5, WA SRR RIS O AR, 4 E AR 21
FEA5) (1991) 1028, AR 22 R rh gl 51 oy [ 5 s {3
MERWSEAY A 39 2 B MY h 2 2
T R 2 e 22 R AR b R AR ) 2 AR AL
Bk - BRI (2013) 08k, AR 22 BHE Y T AE
TE5 f& (VU) 40 B B fé; (EN) 27 # B f& (CR) 9
Pl GEFE(NT) 6 Fft M IX K45 (RE) 1 Fl, A 2F
FE W) 00 A PR BB A R R 2 28I R iR R ke g [ A

WO B g S B A E A T e E i,
I B AR AR RIME ( ERREE,2013 5 5K 355 ,2016)

HABEFRHEARRA LBHEY R IR E XK
AR, Tl A B R R R E MY
PTG R, Tl ad T fb 7 v b e bR gk AL 4R {1t
KA A LA G B AR BRI A TR ok . AR IR E R
2= PR 0 B oA b ST fE R AR R 2R ) TR
BT —E MR ARG B, &4 5T T
JoARAE St O H AL R P AR E R AL AR AR N
M A0 20 2 Ak TR S R OR TR) B, AR SO R
2 BHE Y AN [R) B A2 38 48 00 A SE I R R AT T iR R,
SGE 2 B Ak e v g A A AR A 2B AR IR A
AR5 i DA it LA SR R 2= B 0 Y
A R ST RS A

1 EWAENITERE

RAKEY) H L85 32 A T R BT 4 A4 B R
A RAE IR R AR AR IR, BNR ZRHEY)
LGSR D T ATl R R R 2 . B
K22 )& (Magnolia) T 2 J& ( Michelia ) 1 #8453 Fh 2
el 7B AR R ERSEA R, 15 &R
B 453 1 S A AR PRT 25 3 A X AU AT oK 7 30 ik o
HoAth i K 3% J& ( Manglietia ) . 81 ¥ £ K % )&
( Parakmeria ) S LA IR A W58, H K Z 40 FH)
HARRB B
1.1 TEERMEL

HMEAA A BE R HUB B 1) A By S W
2O S A T TR R R S A LA B R

AR =2 B W) 1 TG TR A AT 47— R R AR
A R 2 110 40 o2 B T2 N 25 4 R S A A (R
1) o BT A 20N & A 0 T LA K 269 5 1
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42 5

FE F AR IR B 2B A B[R] 5 4K A AR 40 A Rk 20 TR ot 32
B AT A 5% T00 0 1) 25 1 25 BE 3k S8 35437 75 e 5 AN
M AR XHIE | A7 1 A0 XT3 (Maria, 20125 4
A 2014)

AR I OB B[] AR A A b 5 i) 25 24 45 1
T g MR 5 H 3% WG 5 I8 = R
TE O B — ek U, R = BHE Y A= (78
J10) BOMA () S A M4 A ™ B (B 2245, 2013) IR
I (12 3 22841 1) B i SR AR TS e R 45
A FEAH N B (AR 55, 2013 5 Maria, 2012) , 1
BB (5 H) REMPMRIMERIE S & 1
Jrai, Ja 3R 5 5 ( Konopkova et al., 2020) .

AR b P 7 OR TR 25 5% i g gh 85 3% 10 25
Ho T HE 2 BH A BRCEE 1 8 R WU, AN )2 B
AP € SN A 1SN P S kY =]
ZBRATCI A IO ZE AME AR B Ja sh % e sh R T2
KA T X IR (250855 ,2014) oAb, TRHAE
(2015 ) WF5% 2 B ) st A7 114 25 B A1 A A 35 22 it A
OB AR e vk 10 25 B, M 2F W & 2 2 il B 5
ik .

2 ZEBAMERPIE R LL 0.1% HeCl, MEE,
KT R ) 22 AR I A AR 1% SR B2 I [ 4 R B R
B, PRI LA A9 S 44 T 25 B ) R o8 1 A K
UM 14, %y P AR A T RE IR ) 7 ARG T Y
(#RI54F,2013) o X T K RER AP V5 g ™
AT LA S HLRH O P9 A A T O 0 3 R R S R vk
JE BN RS = IR
1.2 BEiEFR

e R e o NS R P A ) B
KHER R, WF 1] LIE H, MS 532 3002 K 2R
FE ) 2RI ZE B sl 35 55 10 R Rl B 57 35 . 6-BA
{14 FH 8 6) 25 1 15 5 B A K ) 52 A R, A R 1R 1Y
Ji B AR AR BE 6-BA Vi % 18 i T 48 T ( #R b
G5,2013) , FefE 6-BA W BE U THE SR B P e
RAELBI LB, 6-BA  HEME A LKA E A 2S5
#1k ( Wojtania et al., 2015) . 6-BA F¥3& ‘H. 1 & —
MR 0.5~2 mg - L', I 55 NAA(0.05~0.2
mg + L") IBA(0.05~0.2 mg - L") &/ KXW 4
(R 1), FHahdEgRd, — LR 250 68 47 78
EWEPE BRI A, SR 6-BA A 2 DLl 28 A=
K, AT I AGE =B AR EE R (GA,) (0.1~2
mg * L) R FTWEARER, 5 3] 38 28 A% A= 1K ( Wojtania
et al., 2019;Cui et al., 2019) , HAE SR KM T

MS #5555 i 1 FERE 5 A ER 19 L ( Wojtania et al. |
2015),
1.3 I EF

LAl IR L A R I Y ) [ A S 5 e Y A R
FRMCHPF R, MS Hi g i e 2 T AR =R
YR R AR R AL (R 1), B2, A
R 2 R it ol ) B I B XoF R A % % R 2 g
3R J& Bk A 4R R PE A9 ( Konopkova et al., 2020) .
Sokolov 45 (2014 ) B 7% 2 B H FH T 4 45 55 74 256
() VM 553755 5 5 F TRk I A A 45 i R 3
A ) DKW 35 77 3 G 51 8y — L6 258 1Y) 1 5 2 52 1
FHEIRTT R, 5 MS BA MMM EN, ZEAR =R
0 1) 386 B I B B AT I I

H AT, fe i A A == BHE ) 3 56 15 77 19 40 0 4
SLFIE 6-BA N 22 FR 22 ROR 3% ot b I 2 4 5 2
HL I 2% (Parris et al., 2012; Sokolov et al., 2014) ,
e dp e B2 DR L PR B g AN TR T AN [m] SRy 0.25 ~
5 mg - L' ( Wojtania et al., 2015), {H/Z&,6-BA &
SEURSOOR 2L 2 AR RS A I Y B A, O
A AR . MT( meta-Topolin) /& —F1 5 6-BA 451
AEARLA) 20 B 53 24 3R, ) LAV /D AR 22 i ¢ Ann” 3% 3
AL B9 P2 A2 (Parris et al., 2012) . MeAh, AR IR
A5y 243 CPPU J& 6-BA ZE)I5 PR 10~ 100 f5
H AR SR, 7 A AE Y 0 AL 35 rh a2 T AR
BEMZE AL S AR AR A (PMBE 55,2020 ), 7E AR 22
BHH Wy i ok WL T, AT 2% 085 MT AR 4 79 44
K (3 AF,2017) AR 6-BA BRI H
TR LR Y 0 38 5 s 5 1 A B R T 4
i Ak, 7 20 W 2 70 I W A Y IR 6-BA
¥ & ( Konopkova et al., 2020) H X B 565 ( J& I
H5E2002)

A 22 B SR 1A 1 3 5 A8 ) B R R AL AR
5P (Sokolov et al., 2014) , /A [A] & & #Y 58 K 2= B}
) ) 38 58 G A E By B B AN — ) 78 [A) B 1) 3 o ik
5/ KIEWHZMHT, Z T E 2% ( Mognolia X
sallangiana) W M FH R B & F H £ 2% (M.
denudata) F145E £ % ( M. liliflora) ( ZEH655,2005) ,
MR AEAR S (M. stellata) HEZF BIBEH R T A
2% (Maria, 2012),

1.4 £iRIEFH

TEAR Z B i A= AR B R # b o 3d o
TRICHL 0 W B2 i 8] % JHE 7R 5% 5% 56 41 ok e 3k 2E
MR, TCHLER & i HA S 38 58 55 5% i 1 — 2 | BT il
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BT . OR 2P Y 4 85 55 5 AR o ik 1983

A AR 3R BT R R 0 (XB I SCAE, 2018) o 1/2MS
R 502 H TR Z 80K 22 B ) 1k 25 1 AE AR 8% 57
B AME AR A ARV T 7T BE A2 B A B 7 R A Y
/N (Sokolov et al., 2014) , H E 2 7E 1/2MS
B FRFE LA L 174M8 B F L b AR RE AR AR, DI B A
ARAFIAE AR B ZE A K (d % ,2005) .

AR R AR MR R A 5 A K b i G B AR
M, 28R P H S IAE R R A SR B &4
R IBA S i TR 22 B W AR iR R i 2R K
R(FR 1), AR IBA BN TET P2 AR R 50E
5K ¥ (Kamenicka et al., 2000) , A 222544 # B4
AR IBA FEERE KT | X MR K AEAS ) 5L A
B2 [a] & AN ] 1, & 2% 4 B ¢ Elizabeth” © Burgundy’
‘Spectrum’ 7E7%5 45 6 mg + L' IBA F130 g - L' BEME Y
1/2MS 15 3% 3 A AR 2R B U ( Wojtania et al.,
2019) o XF T A AR PROHE B Fh S 00 3 ik 0 A AR R
Fr WY A A 0 A2 AR J7 2055 B 18 it R 2 2 2R
MR (BT LT 3CFE 5.2 4R o
1.5 BHREH

DGR TR pH (B SR HE % A5 A I S R 22 B
YIS K AN EE RN R, TEAR ZRHL S h
P e R R HEME Ve B pHL | B SRR T O ISR B2 A
RIS AH 22 AN K, 20 Bl 2 ERE 20~40 g - LT pH
5.6 ~ 6.7( AR ZBHE Yy O b oM ) B AR IR R
23~28 C JEHIRE 1 000 ~3 000 Ix .t B[R]
10~16 h - d",

AH G 5 5 AR [R) 35 732 B B 5 AN [ 5k R A
MIAE Y A Pl 22 S A B AT S BLORAR B, 40,
WE I AR A W) 21 2855 7 vh dsc i T B9 B ( Wojtania
et al., 2019) , 1fj Kamenicka 4§ (1998 ) % ¥ b |
RN NP S e e SR S R TS
FOUE REME . 55 5% b R T Bk R R 0 R I Bk
(FeSO,) , Ti Sokolov 45 (2015 ) HF 5% 3¢ W ¢ & 4
NaFeEDTA il Fe(111) AC tAEZE A 8k FeSO, - 7TH,0
FAEENT E 2 (M. grandiflora) Fl — 7% K 214
eI AR AR B SR e v Y 2R UR . S [R) ' BT FT Rl i 52
W A7 51652 A 1) 3% A 3 T 52 e BB 2R KT, LT 52
WA AR R T . BT L6 AT DGR i 3
AR DG IR LD 6 I AT DA b R ER A AR K (1
HEMEAE ,2016) , PRI AT L 2% JEAE JR 2l R0 4 5 [ Be
i I, 78 A5 AR B Bl P 30 O' Rz 210 ok £ A
HIEEH AR,

2 BERLEERBRE

KZRHEYI A E & A BRI B i H R
TR G A& E G A @ 4 405 5 F
M B AN 7 25 434 TR M A ) AT 38 A 74 30 R A
e, ARERHEYIN R E KA SR RA B
B A B E ZEA (248 55,2005 ) , K25
]2 88 B B AR AR Je th AME R E LA 5 41 2,
A AL AR E 2
21 UG HERAFS

ARERHE Y AT LLGE B SR AR (T 2R B
MR AR R A E (FEFT B JE2) F BT
HAG AL E 2) , SN IR A, 45 440
iR MR R, — kU, T2 A ZE B by
HRHAHHL, HaG A s EKRRER Y, &
AN M. officinalis subsp. officinalis ) AN [5] BUAA F5 47 B
AT LHE T RN 25 B> T 28 > 1 A (5] e e 45
2017) ; M JEFN (M. officinalis subsp. biloba ) 4MH
PR A ARTE 1A 105 20 8R4 e 0 R /N R T2 R =25 Bt
> S > AE B > HE S SFE > R (Xt 55 2008)

SRR N SON I EEAG N e
EF ., MS 855730 BS 85 9% B i 1 TR 2= B
YRR S T (£ 2) . I UEW], MS K 57 4k
AR ZHORN LB Y 1 22 Fp S R 1 1 41 20
P o AER, X T A SRR S an AR | T SR AR Y
2 ZEBL, DL RCEE 22 5 5 ( Michelia champaca) F) I
FRSEAMIE M, MS 55 3236 NH, W BE A0, T RE &
XA 2 4 i LR, SR T AR K, BS B
FEFINE S H A A20E S (WM 4552013,
Shukla, 2014 ; 7% 2017)

R T A K 3 5 750 Ak B o 47 2 GG i S R AT
2R JFHBS AL RIEE ARKK
85 R, 126 25 I A4 K R R0 o 2 R LT B ) AN [ T
A (R #545,2010) , 2,4-D(1~5 mg - L) Al
6-BA(1~5 mg - L") EARZFHEY AL S
s A 2R (R 2) ., WHEHEERN 2,4-D
ol 6-BA 175 A 105 41 81T 7 B[R] S L A 4 4 41
KR4 (B %445 2013 ; Shukla, 2014) , 6-BA 5
2,4-D 5 KT [A] i 1 8 45 5 175 3 5 R A 45 41 80
T, B TESEAF (2010) X 55 K 22 AR [A] SME R
HWATR A LSS, NIESF R MG ROk E,
2,4-D4 mg - L'+6-BA 1 mg - L' S T A
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Table 1  In vitro shoot propagation in tissue culture of Magnoliaceae plants
A B R HME AR BB B B IRE S WA R EE PN
Species and cultivar Explant Culture stage ~ Medium (mg + L") Result Reference
A 22J& Magnolia
HE% PRIR ZF I.p MS+6-BA 0.5+NAA 0.05 RR 80% %% ,2005
M. denudata Dormant bud R 1/2MS+IBA 0.2 TR 90%
T JEE A 4BV (Rotten soil : Fine river
sand)=3: 1
g R ZEBL L.p MS+6-BA 1+NAA 0.1 PC 1.53 Fifi 75 7 45, 2009
M. lliflora Stem with bud R MS+NAA 2+6-BA 0.1 K55 3% RR 35%
(Dark culture)20 d Ja#E A 1/2MS
e e T ZF i ZF I MS+6-BA 0.1~1 +KT 0.1~ 1 PC 4.02 JEAIR A4 2002
M. liliflora Terminal bud, P MS+6-BA 2 + TAA 0.1 RR 90%
axillary bud R 1/2MS+IBA 2 + NAA 0.2 TR 85%
T Y5 River sand
KR = LB I.p B5+6-BA 0.5+IBA 0.3 IR 72% kXU 45, 2006
M. sieboldii Juvenile stem R 1/4MS+IBA 1+NAA 0.5 RR 70%
T B HE 45 (Moss : Vermiculite)=1 2 1 TR 85%
BAEAR Toi 2§ I LS+6-BA 0.7+NAA 1+GA, 0.1+ PC 10.7 Maria, 2012
M. stellata Terminal bud ASA 5+Vitamin RR 90%
P MS+6-BA 0.5+Miller vitamin
R 1/2MS+LS vitamin+GA, 0.1+IBA 4
ZREZ ik 2 I.P S+IBA 0.07+NAA 0.03 RR 96.2% Kamenicka %,
Magnolia X soulangiana  Axillary bud R 1/2MS+IBA 0.02~0.1 TR 90% 2000
T ¥ K (Sand : Peat)=2: 1
AW AT R BB I MS+6-BA 2+IAA 0.01+KT 1 RAFAE L A5, 2009
M. delavayt Shoot tip, stem P MS+6-BA 0.5 +NAA 0.01 Obtaining
adventitious
buds
JTEZ Y EE I 1/2MS+ZT 3 +NAA 0.2 IR 92% KIS 2017
M. grandiflora Juvenile stem P 1/2MS+6-BA 1 +NAA 0.1 PC 3
R 1/2MS+IBA 0.5 TR 100%
T e : BYS
(Peat : Perlite)=3 : 1
JEAR 2 I.P 1/2MS+6-BA 1+NAA 0.5 RR 65% 453 T I A1
M. officinalis Axillary bud R 1/2MS+NAA 1 E1 UL
2018
ey
Michelia
I Th 2 I MS+6-BA 1+NAA 0.2 RR 78% PRt
M. wilsonii Terminal bud P MS+6-BA 0.3+NAA 0.3 [/ N
R 1/2MS+ NAA 0.5+ IBA 0.5 2007
T & ENE O 1 1/3MS+6-BA 0.2+NAA 0.02 RR 93.2% ZEAAE 2005
M. macclurei Stem, shoot tip p 1/3MS+6-BA 0.3+NAA 0.2 TR 97.6%
1/3MS+AC 300
R 1/4MS+IBA 2+NAA 3
T Vb fRAE - ekt (Sand :
Coconut bran : Peat)=2:2: 1
REER iR I.p MS+6-BA 1+IBA 0.1 2 H #E55,2007
M. chapensis Stem with bud R 1/2MS+6-BA 0.4+IBA 0.6+NAA 0.8 RR 50%
E ViR WA AR I.P MS+6-BA 0.5+IBA 0.1 PC 3.5 REAESE,2009
M. crassipes Stem with bud R 1/2MS+NAA 3 +6-BA 0.1 I £ F7 ( Dark RR 33%
T culture) 15 d, 5 A 1/2MS TR 85%

Jem : BEE © MK (Peat :
Rice chaff ash)=3:2: 1

Perlite :
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i K b HME K BFRO B Medi FIRas R 275 3k
. . edium
Species and cultivar Explant Culture stage 4 Result Reference
(mg - L7)
TR S I MS+6-BA 0.5~2+NAA 0.1~0.3 PC 3.2 HRIEAE, 2013
M. ynnnanensis Winter bud p MS+6-BA 2+NAA 0.1
Vin] MS+6-BA 1 +NAA 0.3
Strong seedling
VAT E35 I 1/2MS+6-BA 1+NAA 0.1 IR 79.6% HRETIE 2017
M. shiluensis Stem
KIEE Manglietia
AEARGE WFZRBL I MS+6-BA 1.5+IBA 0.1~0.2 TEMELLTE 5 JLiE4F,2019
M. decidua Stem with bud Buds are difficult
to induce
IR i = NEy I MS+6-BA 0.5+NAA 0.1 IR 89.3% TeA 2013
M. glauca Stem with bud P MS+6-BA 0.3+NAA 0.05+KT 1 PC 2.7
R 1/2MS+NAA 2 RR 58.3%
FAYEAR 228 Kmeria
FAPEA 2 W 2F2EBL I MS+6-BA 2+KT 2+2,4-D 0.5 IR 70% WifEsE, 2017
K. septentrionalis Stem with bud
PUERPEAR 228 Parakmeria
PSRN R Y N HAFZER I MS+6-BA 0.5 +2, 4-D 0.1 +KT  FREAEH &4, 2010
P. yunnanensis Stem with bud P 0.5 1/2 MS+6-BA 0.5 +NAA 0.1 + Obtaining
GA, 0.1 adventitious
buds
SR B ESNRGHE = = I MS+6-BA 2 +IAA 0.01+KT 1 RR 80% W5 45,2005
P. yunnanensis Shoot tip, stem p MS+6-BA 0.5+NAA 0.01 TR 80%
with bud R 1/2MS+NAA 0.5+IBA 3
T 124 Vermiculite
SRR AR 22 2B I MS+6-BA 0.2+IBA 0.05 PARAELF T %2015
P. lotungensis Stem with bud Obtaining
adventitious
buds
dh A Cultivar
‘Ann’ i 2 I.P MS+6-BA 0.09 PC 3.2 Parris &, 2012
Axillary bud R 1/2MS+IBA 0.1+AC 1 000 RR 16%
* Vulean’ i =Nt I MS+6-BA 1 RR 91.3% Kim %, 2020
Stem with bud P MS+6-BA 0.5 TR 87.5%
R MS+IBA 6

T FIRBr B L P RUT 2000008 3l 95 AAR FERR Y BESCARS 5 AH X RL Y 3 77 45

AR BRI R BT

IR \PC . RR.TR 45 0 i 5% H7H 250,

Note; Culture stages I, P, R and T are the abbreviations of initiation, proliferation, rooting and transplanting, respectively; the corresponding

results IR, PC, RR and TR are the induction rate, proliferation coefficient, rooting rate and transplanting survival rate, respectively.

AL B OH AR T AR Y AR R MR 22 ( Magnolia
dealbata) M i AN AR FE MS+2,4-D 1.5 mg L'+
KT 1.5 mg - LAY 3E [ R4 BUR A
2021 ( Dominguez et al., 2010) ,

TERE TR B b B G R IO R A
F T — K 22 B W 1) A s B I A A K
W5 5% N 89 H A AN (M. obovata ) TH ZF SME AR L
JEREFRAEE T A A2, ELAE AR AR, s
22 I OR T OE R IR (AT = 55 ,2009) .

i P55 v JEE RN T 2 A AR 1Y) 473 41 21355 5 R L
JCRESEAE T B2 A 09 0 A BUR S S5 1 54T,
AR CAMTZMmEYRNHE, ZHEY
Jo R B SR AL T = A B Ak 2 R P A R )
[T, T B MERSE T (i B5 #5455 ,2010) .
22 AGALANEBES K

K 2EBHEYI A H R L e (% 2)
TR Z MBI S 00 15 20 20 )5 1 b 2 848 1k ™
0 IR ZORBE T, R AP W A s 2 AR
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B 2R E, ST AR R R A X, 2
H MR (2001) LEH T MS MS” [1/2MS [ GS
B 23X IR B & % ( Michelia chapensis) W R &4 41
ZUH s 25 S SR MS” SR B R A 41
AR B E T O

WL L T2 M HE SR EN
WSR2, GA 208 105 41 2145 1k by 25
A BORE, W 5024 & 6-BA . 2,4-D KT it &
ffiffl, #£ MS+6-BA 0.6 mg + L'+GA, 0.5 mg - L
RigiIt b RAK 22 (Magnolia sieboldii) il 25 R 45
LI 3 A ZF (PNER 5 55 ,2012) 5 7E MS” +6-
BA Img - L'+ GA; 2 mg - L%%%%J:,/’%Elé\%
R 0 2H 2 53 A B Y b R e (R e
XA ,2001)

RS T A 22 BHAE W) 0 2H 21531 TR X 1Y
[, N Y R R 2 T S 0 A S A A A
TP, A IO T A s A 2L B Ak o DR A5 2
PR AL 20 (0 B4, 0T B e Ak, i N i —
AR B FEA TG I 5 5 A KR I @ s 41 8504k
M5

3 K4 IR B SR

] AL RSS20 J IR 15 5 5% 3% 9 AH DG BIE 5 A2
N 238 T 3 bk ( Liriodendron X sinoamericanum ) )
A4 i R B 55 A BT DL TR0 . R4 25 (2003) LA
AACHGE MK IR Ty SME A, LURERE B 38 0 42 &
BIBIE E MS+1~4 mg - LR 3# 3% EARGAE S H
PRANIIE , AR A RIS 0.1 mg - L7 YA IR
2R (PSK) AT LA$R i o IR B9 I 23 A 30 5F BE AT AL
AR B R AN B9 R 45 50.5 mg - L7 A9 PSK BE i
HE VR A 20 2R TR IR B (R 4 5, 2013)
1 pmol + LB 5 i R FH B (MeJA) AT LLR Ry 24 58
G SRR A VR A A R AR | BRI R T U O A
#,2 mg - L ABA RERSIE5E MeJA 19 B IR0 (5L
Yed,2017)

FE] A0 A 22 Rk rh R 2% S A 0 IR A 17 35 53
FEMXT IR Z o Sl JR AR 22 R AH ) 36 F A AR R A A
AN, 3555 JE WK 22 ( Magnolia virginiana) &K
RAR2E (M. fraseri ) Rk AR % (M. acuminata) .4
T E % (M. pyramata) F1db 3 KK 22 (M.
macrophylla) FEPE T A 2% | FATEAR 822 &
% ( Michelia champaca ) #8358 2 A 55 24 Fh - B8 2y 175

S R0 i iR ( Merkle & Wiecko, 1990; Merkle &
Watson, 1993, 1994; Rosas et al., 2006; Kim et
al., 2007; Armiyanti, 2012; Park et al., 2012;
Cortazar et al., 2020) .

BLPIAY R IR BRI 0 AR O R A A0 i
WA A O R 3R TR0 R 5 B 77— e 4
TEW N —E WS 2,4-D(0.01~1 mg - L) 1Y WPM
K5 3% 3 I 47 ( Armiyanti, 2012; Cortazar et al.,
2020) . A BRI I A 22 B A IR 5 T 0 5 /Y
EIRW T, I AR K ) A ST M s I =
SR IR R MU d A R B I R O 4B S
3~4 Ji s B 37 B P U I RE R L TS i 4 pE B A
P20 B IR R B, FEWE B J5c 35 S I 2 3% (Kim et
al., 2007) ,

BRI 75 T 8 A 240 B R A A1 57 A5 B JC R )
Br e BRSO R U B2 A SR AN IR AE MS
Rigidk bW & %N 34% ( Armiyanti, 2012) , H A
JEAMA MR AE 1/2MS 5559536 F i % R AE 80% LA
b, IR AAE F A A FIAR (Park et al., 2012)

A 24 0 JVR 5 % A7 T 1 [ 2 AR IR 455 5 S5 R 4
AU AR AR, JF H e 275 5 th A 14 4t g e v
A A Y —ER I SR AN B & B N Y I JE IR (Merkle
& Wiecko, 1990; Merkle & Watson, 1993, 1994,
Kim et al., 2007) , &4 J5 B BF 5 v ik i ik — 20

4 BEFEF

ARZFHEVIIREE R R Z IR, T
o B Rz %) b R T B AN 2 D1, TR 0 482 iy o 200 1)
MRz, S KRBT AR T A A R 5 R Rz
(A, ST R R 0 73 e R AR (R A 4R
2008) , 0.1% HgCl, i W FF & % (M. macclurei)
FIIE 6~9 min, fEFASE 60% ~65% o1 H 1 5 %k )
AMEMR (XL, 2021) . KA LR TR 75%0
15 30 s+NaClO 10 min K 18 &5 5 4, 7716 F i
48% ( THi78,2016)

FEREA TG IR B BE R 7 1, BS 35 92 BL R id
B, HEANRAERFER Ca> K5 KEITTREM
T 2 (AL RUE 45,2006 5 T8 4%, 2016) , 7644
Yy HE R A SR B T, 6-BA IR 35 52 25 ) 1Y
Bl ,6-BA Fl NAA # ZT KT .IBA .2,4-D IAA ¥ i
HHAEZYIE AR R A R R, KRR
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Table 2 Organogenesis in tissue culture of Magnoliaceae plants
T e it b HMER B IR b B Rt gk 27 SR
Species and cultivar Explant Culture stage ~ Medium (mg + L) Result Reference
A 22J& Magnolia
R K= IS C MS+ZT 0.4+2,4-D 2.5 IR 78% VRIS 55,2012
M. sieboldii Juvenile stem B MS+GA, 0.5+BA 0.6 DR 64%
R 1/3MS+IBA 0.6+0.8 DA-6 0.5+NAA 0.5 RR 78%
I H-2F c MS+2,4-D 4.5 + NAA 3+ 6-BA 1.2 + IR 100% HETF 4, 2003
M. grandiflora Vegetative bud AC 800
JTE2 AEFE 2 C MS+2,4-D 4+6-BA 1+NAA 4 IR 100% LA 2001
M. grandiflora Torus, vegetative bud
[1r] - JEE A ey o B5+2,4-D 2+6-BA 1 IR 91.7% A, 2017
M. officinalis Stem
subsp. biloba
JEEAR LI C B5+6-BA 3+2,4-D 3 IR 70.7% W74, 2013
M. officinalis Juvenile stem
YIRS oy N Ny g C MS+2,4-D 1.5+KT 1.5 IR 95% Dominguez % ,
M. dealbata Young leaf B MS+TDZ 1.5+AC 250 2010
R MS+IAA 0.5
£x= L AE C MS+6-BA1+NAA 0.5 IR 31.1% BAARIEE 2009
M. liliflora Tender petal
B 2y C MS+6-BA 1+NAA 3 HREEOHA  BHSSE 2013
M. denudata Anther Obtalnlng callus
B Michelia
IEIIE S R R C MS+2,4-D 2+BA 3+NAA 0.2 IR 95% B R 4, 2000
M. maudiae Epicotyl, hypocotyl B MS+BA 2+NAA 0.2 DR 40%
R 1/2MS+NAA 0.5
T SRR FREE : 307 ¥ ( Plastic foam : TR 92%
Coconut bran : River sand)=2:2: 1
R EEES g C 1/2MS+NAA 0.5 IR 96.7% = e
M. chapensis Young leaf B MS+GA, 2+6-BA 1+IAA 0.1 DR 71% R ,2001
SREBER B C MS+6-BA 1.5+NAA 0.5+PVP 250 IR 50% W %45, 2005
M. chapensis Stem
nHEE5 ot C MS+6-BA 1+NAA 0.1 IR 60% X375 ,2011
M. yunnanensis Young leaf
LA -4k C 1/2MS+2,4-D 0~1.1+6-BA 0.02~0.2 FEEIhoghiE A Lai & Lee, 1994
M. champaca Rachis Oblammg callus
LR ] C B5+2,4-D 8 IR 38% Shukla, 2014
M. champaca Petiole
EL/‘%’% [ies C MS+IAA 0.1+2,4-D 0.1 BEl@miHS Abdelmageed 45,
M. champaca Axillary bud Obtaining callus 2012
KEE Manglietia
HEARE I C MS+6-BA 1.5+IBA 0.15 IR 38% JeiE4,2019
M. decidua Leaf

B3R B C B RT3 @i 2204k EMR AR IBE SCAR S 5 AT LAY B SR 4558 TR DR \RR TR 4351 5 3 01k
Eﬁdﬁ%ﬁ%ﬁﬁkﬁ%ﬂ’w&i%‘%o

Note: Culture stages C, B, R and T are the abbreviations of callus induction, bud differentiation, rooting and transplanting, respectively; the

corresponding results IR, DR, RR and TR are the induction rate, differentiation rate, rooting rate and transplanting survival rate, respectively.

L) VR B AR B 7 ) o 3 1 A B 9 KR 2 B5+6-BA 2
mg - L'+NAA 0.04 mg - L'+IBA 0.5 mg - L' +AC
1g- L', 8058 280 3.6( K5 FE%,2008) .,

A T SR AN ) B 57 3 A MS+6-BA 2.5 mg - L
+NAA 0.5 mg - L' HFH R BT 36 6.2 (o 424
2014) . H AR Y AT B 2P i & E K



1988 OO oW

42 5

Z H5 BB AL, N UL 7E B 3= JE AR R A AC
(BEiFHHE % ,2008) 5 4~8 g - LAY ZR 2 AL g
il (PVP) il HoAg 4k (X3, 2021)

TR 22 B P il B PR AR B 4 K AR IR
FER TR 7 (4 B R AR PR 8 R OR 2% R
Yy AP 5 3 B R BE IR B S AR b H T
UL 4238 & Sokolov %5 (2014) Xf ) F 4 il —F¢
2L BFFT, B A0 2 S A 2 RRLAL 3 30
d A1 90 d J5 P AT B AR 8E %, FoAh 7 8 R B R
A MS+6-BA 0.5 mg - L', i Z Mtk AE K R, )2
FRAL B 5 A D76 B AR S5 T 1Y & 25 58 R0 BT 2%
BT HAERE

5 HAHEE

5.1 Bk

WAL AE A 22 B AE W 60 20 35 2 72 v 3 0 A7 AE
HMER A AL I T 22 FhOR 22 BHE Y 209 0 &
A HE B 39 58 5 Al (R 240 0 5 B R 2007
Xt &4 2008) , BRI SCR A E, AR & T
2035 VR B %) A 7 (T HE A, 2008 5 T AR
2012) , XFFAR BRI ) 46 4k 5 18] &, i A ik
HMERERIBERE SR A2 B | M IR T Ak B
A BINBTEA  | E E 5R AR 2 R iR m LA
IFHUS T BRI ROR .

(1) FMERZEBIGERE . i T W AME R o 2 5
SALRE(PPO) 5 Wy 2K 45 5, L $E4IK PPO
T P AT M 288 B A 0 SR R T A 0 R AR A b R
B AR Lo AR 22 B 2RV R AMEAR B LR R 2
FCA A AR (#4045 ,2008 5 EAEF,2012)

(2) R AFZET R AW AE A [F) 2295 A GHE
A S, PPO BTG HEA BT A E , 40 E 22 SME IR
1B AW EUE PPO 15 Mk 55 R H 48 1k R
(A HZE 2008 ; F W4 ,2012)

(3) AME AR T AL 2 77 2 . H2 R0 % T Ak 2 4
F5 15 7 A R 5 3 T A L, G A 3 K R i 12
h LB (EA745,2009) fE 1 g - L'4EER C(VC)
B PVP MW TR ML 4 ~6 h( TR, 2012; T A5
,2017) 4 CARIEFALFE 5 ~7 d(REHLE,
2009) .8 °C K W 55 3% 4 d (X)) A5 B A
2007 ) &R ] LA O A AL

(4) BERE % . LIS BR8] LI PPO (10 36
BRI — 2 B[] 9 5 85 5% W DR I 4 1 2% ()]

AN HE %5 2008 ; F A%, 2012)

(5) Br R I AY, K 3R b NH, " vk B 3k = ]
e FEE L, WAHES T = W NH, ™19 MS B 5%
B, BS BE IR L REAR T K Lo K 22 A 1A 1 48 1k R
(E4E,2012)

(6) WA KR 7). 6-BA KT 45 40 Jf 43 54 %
REREAE 2 M 2 b & W i & B, SLRE L PPO B IE
P, 6-BA XF F% E 2L ZEh B 2 B e A B
PER  BEE 6-BA YRIEMTHS (0.2~1 mg - L),
By 2 o i 5t T3 (Wojtania et al., 2015) .

(7) Bt S A7) W B 7 e B R I b A
TR BE T AR [ IR R (CA) \VC TSR R
(AgNO,) 1B 570 (G PVP  AC) BEA &30 1 48
b, CA iEITFEAS POD JEMEk 45 & 5 g 5L b i 4
J& B PPO (T 1, By 1k B2 45 75 5 AgNO, il
TEBEAR MS K533 5 5 | B 2 o 7= A= 1) NHL,
FAM M AE M AC  PVP W) 2 38 i W ff A0 A A4 7=
Az ABRZE Y BRI 48 48 . 38 B A oA Ah ) R
PRI 7R 5 A R o 28 ) S [ T S ( B #55,2017)
U Na,S,0, . CA XF 1 2% SME A /) 3048 %R 4 T
PVP VC( AN #i%5,2008) , ifif PVP VC f K4k
2 HMEARBTE AR JV T4 ( EAREE 2012 4L
8 2017) . 5 T A 2% ( Magnolia sinostellata ) W
R AETT B AL F) Sl AgNO, , T 25 25 B Fl AR 3 14
PR AER N CA( FAEFSE,2017) . H T id s
WREER) PVP A AC 25910 i 25 14 3 5 A AR 19 T2 A%
(Parris et al., 2012) , R 75 BHR R P AL ) 7 3
BB, — M VC i Y Bl W D 500 mg -
L', PVP &%~ 1 000~1 500 mg - L', CA %
TEREE N 300 mg - L' (M 40EE4E,2017) ,AC W JE
PL0.5% Mt (B RE 42000, 7 45 ,2008)

H AT, A 22 B 9 4L 55 (0 48 Ak (7] 8 3 2 5 1o
FERGFRIL PO AR AL Sk A B T A B F
P RE AL TN, A AR R — 2 P A R | L-2F
MR | H 88 B T A AR R N TR 22 BHE Y
ML ATAE AR SR I SE g 223k, BLAh , A& R 2
DY R 88 (EDTA ) Al R A R 5 £ B A
TRBESEIEAT B A Wl /0 13 A S AR A FE 5 PAL 3100 46 571
2% Hk Bl W-2-JBF B2 ( 2-aminoindane-2-phosphonic
acid, AIP) AT DL 5o 90 R 9 20 08 A= 9 6 Bk s 20
#5725 (Jones & Saxena, 2013) ; REE T ILEEK
B FIRER (EGCG) o] LA a4 i PPO LA il 4 A%
(Saeleaw et al., 2017) ; = 7l 2 B 44 K e v LA B 1k
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BRI . R 2 BHE Y 2 UG SR HOR W 57 o e 1989

WAL IS (WA, 2017 ), 3% BEAS R B #E £b 570 X
e Ak A SR K SR A ORI I I IS 25
5.2 £REX

RAKE W) 21 22 855 37 35 38 A7 76 A MR FR wfe ) it
R AL & 22 ( Michelia crassipes ) 435 1 A AR R ALA
33% (ARFEAREF 2009) , 55 F LA R B AL R G AR
HRAA 35% (Fili 755 45%,2009) , £ 2% 5 Ff ¢ Ann”
B A AR HA 16% (Parris et al., 2012) , i 4 L6 Fh
FRE IR, RAEIEAT 23 58 15 7% B B (4587
%, 2017 ; 55,2017 ; LIS, 2019)

SEPRITR R | B % R S AR N BE SR 5
AR R R Fi A o M A AR R R 0 A
AR 5 AR AR it ke £ AR AR R R R
HR ) A K R 4 00l S R e B A R DA 1 AR AR
Xof DA AR MR A 22 R ¢ 8 5 nT DL ol BRI R
MR FR R A RERI B (20 g - L) SRR HEA RUE
R ( Wojtania et al., 2019) ; YSINRHE BEBY AC AT
FEAEAR SR (MR 4 RNt 25 2%, 2002 ; Parris et al. |
2012) ; B EE B AR AR R Qg BUAE ) 76 PR R DA-6
AR T R A R 22 485 0 A AR (PR 18 55, 2012)
Xif AR AR i 5 A MR R (1 — SR 2L B B %
AL CRIBEIRSE 2014) , AT LLE 24 0 % 5% 7 3
Oy T A 4L 2L, AR 2F RS G AR A T
A AR 3, AR A AME R IR AR R R R R
AR IR AR, F IR A5 (2008 ) F T Ah A AR
W ARG T MK AL B T A 2R AR R AR = 83.3%, b
A IR BRIR B S 97 R G0 R 3 AR Ok KRRk 1) —
FRRE A SR 35 R G, 2 AL e [ ik 8% 3%, B
B R s H SRR B R
TOAGE A5 (SR AN ZE,2020) , B T G 2R 42 5 Al 4R F
R,

6 HrREZR

FEFR AR 22 B A 1 L2 B SR 5 b, JE TR
FEBCH R AR Y PR AR R B AR 58 35, KT
S Bl BETE A AR A R SR 5 AR T R A R
A REWIE AR TR MR IR, T2F 5B
T HALSME A 5 T 245 B & R, 0w
BB e AR = RHE Y H A SR 1 3 2 A
AR, % B B 22 B I R e Y B A e o BT
RN BT

B R A R AR AR R e A A AR IR S AT X

WK fr B R AE IR AR T PR Y SR A S A R,
Mk b e T T35 S A L 2Ly i 40 PR 4
fRinidE LF = w4, OF HLACA B0 B Rl 2 e 5
LICPTE S EARE R o S N N 00N e S e e e ES
fif A RIS, I HAE A AR IR 5 5 25 0 43 Ak B R AR
(IR, e Ah , A == Bh A P 20 35 b 35 ik A7 7 45 1
55 A AR ME Y B R XE T, H A AR AR I A5 2
fi e 3t R A T ZH B R B R R

BEXT E A ], R R AR 22 LA W 1 2H 4L 5
7 FBISE LA T LA 7 T 8 R IF A5 (1) TR
R RIS [6) 4 W) b 26 0 A 285 5 Rl 2 K =2
J& R LA RIS i i 2H 8 0 R T B, IR
F7 55 2 ¥ i WAL 16 1) B A ol B B 05 X T E S T
AR R B A AT E— P A AR IR R 4R
EHERCR USTT ERZH., (2)REEL
PP S B S A B B AR A= SRR MR FE
PERE FEFE 7 5 AR AR S AN DL Y S0 A A Ao
Jeo (3) BT MY FE 05 8 AR A% 1) AL, AT L i
AT 5 1 B9 1) A 905 3R ) 72 A R 1 3 1% AD R
PR W S C L, JF 25 PR BR8P 7 40 i B O IR
X IEFEAIFER . (4) XTI B BRAR T S 4
AU 55 BORE I | A BT AN R 2 Y Bt 4Rk
FR R 3R X8 T A 1 0 BRSO 45 2R )
J5T \PPO S5 AH SR BTG PRI R | 45 5 48 4k S L Y I
Y, W A G AE A  o IR AL 3 — 2 8 R
Fey A AL | DA T 30 ok A 7 A 5 R DA ) 26 K MR 98
WA, (5) X5 T A AR PRI ME [R] R, R DA e ek
AR IR 0 A e AR AR By O RS N i
(R A AR R Sk £ 4 AR AR I 0 A AR i) 20 % i A B A
AR ARIEAT AT, 72 BL IRy 1 R A7 Mg ) 24 UL 2%, A
WA MRS SR AEARBLEE . (6) A4 Al A Jif 5 57
VER AR i AR 22—, T DAl A= AR PR e ) 1) 22 L
TE [ N AV BIETE WA AR IR I A

PEZH B BRI J7 T, R 22 R ) v 2 i
Wi 10 b 2R AR 22, D BORD I 5T K 22 (Magnolia
sinostellata) &R ( Manglietia decidua ) 55 B 2H 21
Bigw AT W) 20 WF 58 (A5 BAE, 2017; 69 A
2019) , LA B 45 4 W T B 38 A HOR AR R PR A7
“ Ashei’ K %2 ( Magnolia macrophylla var. ashei) &5
RZEISH ) F ( Folgado & Panis, 2019) , {H A =%}
T 22 1) W s ) e 8 e B 5 SR A AR 8 R IR
FE o AR ZEBprp— SO S SN R M - JEE AR S B A
B2 F (B, 2 U5 57 R 7 Al i R Y
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