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Abstract ; Marine plants and their co-epiphytic microorganisms are important compositions of marine organisms, and can
produce many secondary metabolites with novel structures and unique activities and have various physiological and
ecological functions. The Beibu Gulf is rich in marine plant species resources. According to statistics, there are 43
species of marine plants in three phyla. This paper reviews the research progress of the secondary metabolites of marine
plants and their co-epiphytic microorganisms in the Beibu Gulf since 2002. A total of 59 new compounds and 35 known
active compounds were obtained from 11 species of mangrove plants and seven species of co-epiphytic microorganisms,
and three new compounds and seven known active compounds were obtained from three species of seagrass plants. A total
of 25 new compounds and eight known active compounds were obtained from six species of algae plants and one species
of co-epiphytic microorganism, which mainly involved terpenoids, alkaloids, flavonoids and sterols, most of which had
good anti-bacterial, anti-oxidation, anti-tumor, anti-inflammatory and enhancing the body immunity. Based on the above

results, further research suggestions are put forward. The review provides a reference for further study and utilization of

42 %

marine plants and their co-epiphytic microorganisms in the Beibu Gulf.

Key words: Beibu Gulf, marine plant, marine microorganism, secondary metabolite, biological activity
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Pt HLAG IR 0 A2 Z AR R 2019 ARAR T,
IR A ) o 4 B S5 B 32 000 S ET LA W,
Ay R B AR AL A ) ( Carroll et al., 2021) , HFTE
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JET B2 (K 3 S, 2018 7 TR AR TV L RK
2021) , PUL, W AR P S H 36 A B A 0 ok R T 1
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S NIRRT, o R A TN T
PO R L K 55 [ T 7 R 08 1 8 i I 3 7 DX
JETRIE LA AR LRI DX 32 BEAT ) P4 B L 2R bR
FH ARG DR G HE R 3 R OR3P IX i
T AR 2L A0 bR B 2 1 SR DR AP DI 9 05 £ B vk
Mg A SRR I AR VL LD AR E K % B AR PR
DA, TEOAARAL T £ o XL e Tl 9t SR A1 R
SEARETS Ve B PR R, DA 1o Al {21 A 4 B G
SERRF AR Gl A A b e A K SR AR RO A
KB EERFT R AT RPACHT ) (Wu et al., 2008; Li
et al., 2009) ,

1.1 E LT84 B B 2 B A A ok R X 7= 4
111 AR R ERH =M WAL (Aegiceras
corniculatum ) J& T 58 4 5 RHE AR & | 25 0L A A0
SLL LY, W BRI R B K H DU (TN
45,2013) , E4EFRSE (2006a) T PEIL IR 4 11
AR AEAR A v AT Y S 0 (1) X T B R
AL AR o T 8 B 2 IR R 1B (PTPIB) WoR
B A0 A 3 1 1G5, {4 (9.15+2.48) mmol -
L ALE W 1 S RO G T 45 X IR LA
Fe, RT3 mm i1 o Hicit s b T 2 83% , R AL
G OGP RE 5 1, X 17 36 W 8 A B A T ( Morten
etal., 2017) . FIZEPTRE(2) 2 4K (2006a)
A FERS b 345 19 S — AR AT PR, 2 —
Fft KR0S AL ( Salehib et al., 2018) , EA il B
OSBRI O S5 AR 9 ] A RE A (Su et al.
2019; Alrafashr et al., 2020), JT4F3€, F L2 W58
A A ) SRR AT F R R
WAEFE ., WP 1 B, T AR 25 (2020) UG 4
BE AR R S R JRURE, SETE BRI A% 4 TR RN IR R
A RIS FOE 25 O | B R R R R R
SRS N RN RS A GRS E AN T )
Tl G B AR SOCR IE 40% , BAT 388 1 Tl ik
A PRI AEANAE . AR A0 M B R B R BOR IR AR
JRAAR 7 i B g SRR K R T A B
BTl Az 7= R A B B O vk (4R HESE,2009)

Vinh %5 (2020) MR 1 #7745 B AR AL B 1
FHIRSE 1 A8 2 H 3-0- [ a-L-rhamnopy-ranosyl-
(1 — 2 )-a-L-rhamnopy-ranosyl-( 1 — 2 )-8-D-
ealactopyranosyl-( 1 — 3 ) -B-D-glucopy-ranosyl-( 1 —
2)B-D-( 6'-O-methyl ) glucuronopyranosyl ]-138, 28-
epoxy-38, 16a-dihydr-oxyolean (3) 1 3 /> B HIfL &
Y1(3B,16a,20a) - 3,16 ,28-trihydroxyolean-12-en-29-

oic acid 3-{ 0-B-D-glucopyranosyl (1—2)-0-[ B-D-
glucopyranosyl ( 1 —4) ] -a-larabinopyranoside | (4) .
aegicoroside A (5) sakurasosaponin (6), L&) 4.
5 YN S AE H F TL-12p40  TL-6 , TNF-o ) %5 411
50, 1C B4k 2.37+0.46 .5.12+0.58 .2.38+0.31
pwmol + LA M 2.37+0.46.5.12+0.58,2.38+0.31
pmol « L™, A4 %1 3.6 15 10 wmol - LAY AE
#E BI6F10 R0 K 40 i U8 1, B JF R iiif¥7 R
ORI T, EY 5.6 BATHUMRIGE,
Xt MCF7 ,A549 Fl HCT116 41 il 7 FL A7 42 i 1) 240
Bk, IC, HILHI A (2.89 + 0.02) ~ (9.86 + 0.21)
pmol + L' (Vinh et al., 2017)

112 ZAHEMARED RERBM ZH  ER
# (Acanthus ilicifolius ) b By R B R @AY, &
LA TE TR R )V AR A, B R T
i 6T R A S AR T (T /N 4F, 2013)
Cai 5§ (2017) MJPGLL LR AR R 37 X 3 B
B A BN A B E Talaromyces stipitatus AR 2
N H LAY talaromyones A-B (7-8) 12 1~ E L
AW purpactin A (9) F tenellic acids A (10), 1k
GV 8.9 .10 I H A o HE S 2 1C,
Bl Ky 48.4~99.8 wmol « L', LA W) 8 XAk 2L
ZEAUFT 8 ( Bacillus subtilis ) 547 $U# 16 P, MIC {4
HF12.5 ng - mL”', LAY 9 & TMEMI6A A S/
Cl3 B I 7], 1C5, fEZ R 2 wmol - L, AT fig
B T30 97 5 6 5 43 W AH G 1Y 299 ( Chantapol et
al., 2021) , L& 4 10 HA A9 40 1 7 1
IC, [ 62.1 ug - ml" (IREESE,2006)

113 @ FRAL EMAMAENRERHZH 1
‘B 33E (Avicennia marina ) 45 T H ME | by T ¥ w1 R
TR RHE J A, B A REZEAE D 8 T TR T R
BRI B G B 5T LX) Y L i i
AR 1 R S R S P BT SR A L EAT T IR AESE, A
PR 4 DR L BEH marinoids F-T1 (11-14) (Yi
et al., 2014) I 4 AN H AL A Y marinoids J-M
(15-18) (Gao et al., 2014) , 1 A~ Fr 0 R 15 28 4
maricaffeolylide A (19) 1 1 4> £ e fi1 £ W
maricyclohexene A (20) ( Xie et al., 2015) , i& /]
AL (CAA) MAPT AL e R B, L5 W) 14,
16 .17 19 75 it 28 LA AL T P, EC, (5 7051 N
26.23.0+0.71.36.2+1.83 .24+0.3 pumol - L',
PERFGY B, LA 15 vl 80805 VD R B IA
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K1 AEMEER LG gL (THF45, 2020)

Fig. 1

HIBE S, 7E 500 mg - kg IR YT VD R RUE, KR
MDA 7K - B& A% 27.53% NO /K - B A 20.41%
GSH-Px W& PE#2 /i 11.26% ,SOD 1 P42 5 20.38%
(Yietal., 2020b) .

MAEAFFELL (Pan et al., 2010) )L H 1
FIE AR 53 B LB Phoma sp. HARAE 1 /N8N
fig 1, 8-dihydroxy-10-methoxy-3-methyldibenzo [ b, e ]
oxepine-6, 11-dione (21) F1 2 4~:57 Wk nfi {254k & )
1-hydroxy-8- ( hydroxymethyl ) -6-methoxy-3-methyl-9H-
xanthen-9-one (22) | 1-hydroxy-8-( hydroxymethyl ) -3-
methoxy-6-methyl-9H-xanthen-9-one (23), b &%
21,22 XF N 3R B FE R 40 KB F1 KBv200 2458
I EETE
114 RBER L S W A A KB =4 A
( Bruguiera gymnorhiza) i £ B AR @ Y0, 5
TS A TS R RO e (TR AR,
2018) o FRERARATFELH XS DT A HEVL ) PG Ll 1T 4L
REARLR 7 X 58 b R A 1 AR M 25 0 v 3148 T R B
T EE(24) AW \BREE(25) (trans-3,3 '-dihydroxy-1,
5,1, 5-tetrathiacy-clodecane ( 26 ) | cis-3, 3'-dihydroxy-
1,5, 1", 5'-tetrathiacyclodecane (27 ) . gymnorrhizol

Chemical synthesis of resveratrol

(28) (Sun & Guo, 2004; X F]%5,2008 ; Huang et
al., 2009) F— RINEHH AN TG, fh
Yy 24 28 JH R PTP1B #IHI5) , 1C, {4535 17.5
14.9 pmol « L', X&) 28 194 & it 1T iF
5%, {8 FH Bunte £k FIGT B 1Y 4 46 S e 2 B ) il
BTAEY 28, AUV ILIE 2, [, TR AR
FACE PR A R Sy BB R R DU A S
T AME B EE ( Chen et al., 2013) , BAR LA 3, 3
BRAE A BATES AL &9 28 (it b 58] T — & 4
iy, Horh 5a XI5 TCPTP 16 N i) Hifth PTP1B
T B e REE 75 R SR Y PTP 1B 401
1EPE IC, fER 4.54 pmol - L' (Gong et al., 2007) .

Wi B (2006 ) DA 75 A3 E R AR B9 AR Kz th
AATTI S EE (29) HAT A5 1P 5 1, 1C5, A
92 ng + mL"', fL& Y 29 BEIN I o7 %5 W A
HMG-CoA i Ji i , % o7 25 4 11 B Al HMG-CoA if
BRI 1C,, {435 °M 68.75 44.99 ug - mL' (k%
4 2021) .,

e AR VA TE LN P A6 0] R 4R 9 AR A5 R
b ARAS BT AE B8 gymnorrhizin A (30) X 4
W R I PUIR (HbsAg) AIZTIFR e B (HbeAg)
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Kl 2 gymnorrhizol A& A4k
Fig. 2 Synthesis of gymnorrhizol (Gong et al., 2007)

Br
(0] 0 S
Br a OH b o~Br e O/E/\S d
OQ_/ I Br\)\/Br S —_— — =
Br Br
0]

0
§£0

Reagents and conditions: (a) 40% aqueous HBr, CH2Clz, 0 °C, 5 h, 85%; (b) 4-bromobenzene carboxylic acid, EDCI, DMAP, CH,Cla, rt, 12 h, 88%; (c)
Na,S, cat. TBAB,CHCIs, rt, 5 h, 60%; (d) Oxone, NaHCOs, acetone, 2 h, 81%.

K3 ARH B EE R A R
Fig. 3 Synthesis of bruguiesulfurol (Chen et al., 2013)

() TC5, 1 43 31 Ky 4.37 ,4.89 mmol - L™, 3477 45 5L
(TD) {E50911 0% 2.68 .2.40 (R 3% ,2016) , 34T
MO RS (31) R FEMTRIER
(32) . lyoniresinol-3a-0-B-D-glucopyranosides ( 33)
XTI Je 20 L AR AS549 S 7 55 4 IS 1 1C (B 43
514 290.2.323.0,209.3 wg - mL" ( 5 M 75 55,
2013a) , brugymnoside A (34) &7~ H & Pi AL TG
P EC,fE A (11.79 + 0.78) wmol - L' ( Yao et al.,
2017) o 4 NHFC I LNENTAEY) menisdaurins B-E
(35-38) A 12 & YL & TR 5 16 1, EC, (G F
(5.1 £ 0.2) ~(87.7 + 5.8) pg - mL" (Yi et al.,
2015) ,
ARABAITFE LN P AR MERE 5% 0 85 B A A L
Aspergillus terreus T3S 1 L&) 8-hydroxyl-
2-[ 1-hydroxyethy ]-5, 7-dimethoxynaphtho [ 2, 3-b ]
thiophene-4, 9-dione (39) fil 5 ~E H itk & W
anhydrojavanici (40 ) , 8-O-methylbostrycoidin (41) |

38,5a-dihydroxy-( 22FE ,24R ) -ergosta-7 ,22-dien-6-one
(42) . NGAO187 (43) . beauvericin (44)., L&Y
40-41 LAY 43-44 X o- £ B AR A g il L (. 3%
P VE L, 1C,, {43 % 2 2.01,6.71,1.89, 3.09
pwmol - L' fL& ¥ 42 44 X} MCF-7,A549 Hela #il
KB 20 A5 40 i 35 1, 1C, (43 51 0 4.98 umol - L
#12.02 wmol - L' ( MCF-7) .1.95 pmol - L' F1 0.82
pmol - L' (A549) .0.68 pwmol - L' A1 1.14 pwmol - L
(Hela) ,1.50 pmol - L' A1 1.10 wmol - L' (KB)
(Deng et al., 2013a ) . JFZEWTSEERTS 1 LA
botryosphaerin F (45) , /b &%) 45 %f MCF-7 F1 HL-60
S A A KA IR IC fB M 4.49 3,43 pumol -
L' (Deng et al., 2013b ), Chen % (2007) )\ J"PHA
PEAIARR T 5 )R N A2 BB Penicillium thomi 1 3R13
1 AR 2L & W) 47 5-dihydroxy-2, 3-dimethoxy-4
( hydroxypropyl ) -biphenyl (46 ) , X fif J&8 40 it B
A549 HepG2 il HT29 43 4 L 35 1 14 , 1C, {553 51 Ky
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10.1.,12.2.8.9 wmol - L' FNARMTAFFELL ) PH 1L
FZLA AR B A AR BEI J rh 20 g 1) — bk 1 (B B
W ( Streptomyces albidoflavus ) T AR1FAL S W (2R, 38,
6S, 7R, 8R ) -8-butyl-3-( 3-formamido-2-hydroxybenza-
mido )-2, 6-dimethyl-4, 9-dioxo-1, 5-dioxonan-7-
ylace-tate (47 ), fb & ¥ 47 X M 5 Jx 2 9% A
(Alternaria alternata ) . & Hii JK %% % W ( Botrytis
cinerea) M1 & i 559K W ( Alternaria solani) B MIC
{43514 0.01.0.06.0.03 mg - mL™", fit T 7 &h &%
FARZFR (Yan et al., 2010) . a2 IR H 3k
1919 5,8- 0 T DU TR (48) A 5% AR 4k UG, 7 =
N 27.3 mg « LI 55 W B A 4k HUA TR 1 1C, (8
7 162.8 mg - L' (Tao et al., 2012)

1.1.5 SR B AW A M AN RERM Z W 1R
( Excoecaria agallocha) N RKEFHEZEEHEY) , % HT
TBITAERL Rt T 2 R, I Ahid BA R )
BT /N4, 2013) . Wang Al Guo (2005) A K
Wang 55 (2005,2006 ) M7 P4 1L 1 £LA AR R K 9% A
SRARA X B TR R4S 10 AT ik 2R 59N
agallochaols A —J (49 - 58) . 25 Jk H 4 (2010)
MTPEIE U R AR B U T AR A 1 A B -
(3,5-dimethoxy-4-hydroxybenzyl ) -6-0-galloyl-1-0-3-
D-glucopyranoside (59)

Li 55(2016) M) A< HEVLZ0A0 bR [ 5 90 AR
PR MIEFA D Ty B 1 R ARIR N AE B
Lasiodiplodia sp."4f1% 1T 4 SH RN R 13-hydroxy-
15-methoxy-3-methyl-3, 4, 5, 6, 9, 10-hexahydro-1H-
benzo[ ¢ ][ 1] oxacyclododecine-1,7 (8H )-dione (60) ,
15-hydroxy-17-methoxy-3-methyl-3, 4, 5, 6, 9, 10-
octahydro-1H-benzo [ ¢ ] [ 1] oxacyclododecine-1, 11
(12H) -dione(61) , 15-methoxy-3-methyl-3,4,5,6,7,8,
9,10-octahydro-1H-benzo [ ¢ ][ 1] oxacyclododecine- 1,
12, 13-trione ( 62 ), ethyl-2, 4-dihydroxy-6-( 8'-
hydroxynony 1)-Benzoate (63) ., L5 %) 63 X A\ F A%
20 R 96K L9 40 B Rk THP T s R kLR 54 i
I A0 LR MDA-MB-435 A FE /1N 41 it it 9 200 it Ak
AS549 40 i 96 40 I kR HepG2 1N 45 1 i i 4il
JfIBk HCT-116 A7 vh &5 40 it 25 16 1, Hoflfb & 9
H S 1) 4 2 T 1
1.1.6 #k 36 A Jh S W A A S R BRH =4 B
Jili ( Kandelia candel ) 2 2L BBk b & A4 , 72 f it
FEMLLRAR D) RIS 7E B LA S rp [T 2R ()76
MR S MU AT )z 3 A W TR ki 2 45 A

WIRAE TS R (T/NESF,2013) o BRERE A A%
5L(2006) PSP L 1 AR A Rk 25 B o3 B Y Ak
AR (64) Fr B AR (65) X CNE-1 41
FLA 55 40 i 25 75 M, 1C,, 20 9 o 8 1923 532
pg - mL7,

Liu %5 (2020) M J 78 L1 1772 A0 Bk it R il 43 25
BN A= B Talaromyces sp. T3S T 2 b &
¥) talanaphthoquinone A—B (66,67) fil 1 4~E H
1t &%) 6-[ 1-( acetyloxy ) ethyl ]-5-hydroxy-2, 7-
dimethoxy-1,4-naphthalenedione (68) ., fL& %) 68
REFEIRME R A FHAMEA R 1 HA AR 6
Mg SR A IR 7 ( TNF ) -a % 35 PRI K *F- . Huang s
(2013) TP 111 1 52 R LR BR AR 4 IXR B 1Y
B AR BB Penicillium sp. WH 345 1 4S84k
B oM MG R TR U505 45 arigsugacin 1 (69) LA K 2
NEHILEY) arigsugacins F (70) fl territrem B
(71) . 3 DALE WA U £ Bt I8 69 5 Bl 1% 1
IC, fH 5 0.64+0.08 .0.37+0.11.7.03+0.20
wmol - L',

1.1.7 B EZ= B R H 7~ % M2 ( Lumnizera
racemosa) N T BN ZE TR MY, & ¥ H TI697
WD TS JER (T/NESE,2013) . E4EHRSE
(2006b ) A2 43 89 2 1y 2 AT PR G AR ™
¥ 2-methyl-1,3-dihydroxy-5-tridecylbenzene (72) Fll
1,3-dihydroxy-5-undecylbenzene (73) X} & H % &
FRWERARE 1B ( PTPIB) 7 41 il 36 4 , 1€, {H 20 51
7 13.38+1.98 .10.40+0.88 pmol - L',

1.1.8 & & B KRB AR =4 L5 (Sonneratia
paracaseolaris ) FITC G Z& (S. apetala) Bk 4 1R H
G RPHERIBEYY . RIADR IR 3R S35 12 OB AR
PR (b M sG6 7 1 A7, et 28 AR 52 F K JICR] £
JN B2 (5 #6545, 2013b) . Chen 55 (2011)
T AR VRV R B 1 2L A0 4007 5% 25 1 i) FH B A6 i
WIARAS o TIRTR N ER I AR (74) , FOXBURE 51
B8 TR il 2 0 o AR & ) 9 7T R IC, BN 6. 44
pwmol - L' o Gyl gG 5 2 T PE LS9 0 R
TeHeHE AR I Iy B S E I S AR (75) (R HER
(76) FEIRMR (77) %t HepG2 W/ P AT M, I
EC, [H43 51 25.8+1.3 62.1£3.5.45.22.8 mmol -
L' (4%, 2013b) . JoeiE 58 R SR I RE AT
RGN LI 5 2 R 8 e e ) (R R4,
2019; 7 #5455, 2019 ), i 2o X T 55 2R 52 rhle
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FEGE RO HEAT IR AFZ I, KL T 4 Db s
¥ sonneradons A-D (78-81) , k&4 78 XF £k i H.
A RFRIPURE A, 7EHEZ 100,300 pmol -
LI, 7 S Sk U A A7 6 8] 4 30.83%+0.74%
34.48%+0.92% , ILAL, LAY 78 if RE B 3 iR £k
HURE T A AR N b R G 78 18
buoag & oy m B A AR KN 0 T, X
(molecular docking) B HSF-1 il 1% 1l g 2L &%)
78 LA A CAEE I (Yi et al., 2020a) .
1.2 FLIRAE Y R H Bt A R A R BRI =4
1.2.1 HERREBERHZ4H WAR (Cerbera
manghas) , XA MEP2 & TR ATHEEHE AR R, &
BT IREW) AR VRGO T
15N L RHIVESNRLE 25 FURRI 245 . Deng % (2014)
AT PG )7 I R B 1) T 2 SR P R IR 1 i 0K
(-)-17B-Neriifolin (82) , £k 82 X 2T Witk 1) i jig
iy A0 B LA I R 24 b I 1C,,
{E41 5014 0.28 .0.29 .0.28 .1.45 mg * mlL",
122 FHMER L EWARAEYRERB =W F
Al ( Myoporum bontioides) jﬂgﬁfi{é*jﬁﬁﬂﬁ

HAWRK S EH (EH,2014) A SCHET
SRR AT 7548 T8 M 2 5 ) 75 A - v 28 5 1)

&y 5,7-— 0 = A (83) X R I AT B A
B0 4 BR AT — 7 A A T, MIC {50 62.50
pg - mL(EAT, 2013 2R AR 4E  2014) , RS R
(84) EHHER (85) &I Z5 Wi (86) (AR H R
(87) A5 H b L ELAT BEAP R M, 1C., (5
5°h 271.99 159.22 .192.67 .81.10 pg » mL™",

Wang 45 (2015) M [ a7 g0 2 5 B9 v Al
FRA AR B 1 #k N A B Alternaria sp. 1315
HHIIRC MR () -(4R *,58 *,6S *) -3-amino-4, 5,
6- trihydroxy-2-methoxy-5-methyl-2-cyclohexen-1-one
(88) 1 ¥4 [ & B A5 AE W) (£)-(4S *, 58 *)-
trihydroxy-3-methoxy-4-meth-oxycarbonyl-5-methyl-2-
cyclopentenl-one (89) ,2 /™ #r 1 Ii i i 71 4= 9 4-
chloro-1, 5-dihydroxy-3-hydroxymethyl-6-methoxycar-
bonyl-xanthen-9-one ( 90) Fl 2, 8-dimethoxy-1, 6-
dimethoxy-carbonyl-xanthen9-one (91) , L34 88 .
89 MR Hi A R ABTS W5 BRI ¥, EC,, {23 51 0
8.19+0.15.16.09+0.01 pmol - L™, L4547 89 .90
XA A% B f TR Y MIC {E 53 5l O 215.52.,107. 14
pmol - L ,péé’% 90 HT A A S L TR 1Y MIC (B K
214.29 pmol - L

1.2.3 /K% BT A A M RBRM =4 KB
( Pongamia pinnata ) J& TWICAERIK 5 Kz & | 4 H
T | EE ST FIIG T2 OB RO S (T /INE AF
2013), TREESE(2018) B 5 K BUOK 8 % B2 A
MRIATS B DU145 PC3 AHAEIEGE M VE . )
VO 7K B B2 2R SN AE LIS Nigrospora sp. R S 3 4
FHIAEA ) 6-0-desmethyldechlorogriseofulvin (92) |
6'-hydroxygriseofulvin (93 ) F1 2, 3-didehydro-19a-
hydr-oxyl-14-epicochlioquinone B(94) ., L5494 X}
NFUBRE A AR MCF-7 BRI 40 L bk SW1990 JiT
AR SMMCT7721 2 ELA7 58 240 M 25 135 4 , 1C,, A
Sk 4.5.7 weg - mL”'(Zhou et al., 2012)

2 dLE e ERRNA W

T (seagrass ) A2 AE KT HHT AR HE 4807 7K
TR AR ), BRI RLA 72 B ( Duffy et al.,
2019) , P E BAT MR 22 Fh L SRR T 4 BL10 8, 2
7 BRI B AN ASENY 30% , T EIRGAR I A
AN TR AT S A P B A S A
(Kim et al., 2021), HHr, 322 %6 & & h
SR S YN o I A L o e b S
BB B B R AR B R AT T ESE (B
oA 2013) , AHE(2015) AT PEAL IR A H 4L
AT 2 AR S4B )T 3 R -T-0-B-HE A B
T (95) FIPHFIR-7-0-8-F 45 W51 (96) . (LG
95 .96 #EA R IE A th BEAURE J1 , 1C, {H 7301
90.53 .0.44 pg - mL', Li Fl Peng(2013) BF 5% %
B b5 95 b h Tfﬂﬂ?J HIV ik 7 &2 ), B AT 41
HIV 58 i AEIE T . 8 AR A 5% 20 AT 48 R
SE W) B ( Enhalus acoroides) PRSI AR BRI E
(87) WA N (97) A Fox T (98) fi o H 41
wE, L& W) 97,98 A 1l i VE A0 Loktanella
honghongensis [R5 4 , 41 12 Bl 7331 4 3.10+0.59
4.25+0.67 mm, L5 87 .98 FIA R G K -4 Hj 4
PHIEBR AT (99) X Pseudoalteromonas piscida Rhodovulum
sp.. Ruegeria sp. . Vibrio alginolyticus. V. furnissi. V.
halioticoli V. harveyi 7 £ 1 ¥ 15 5 48 7~ B4 2w ) 55
JO 6 P 3B B BRI ZE (2.00 + 0.17) ~ (3.34 +
0.44)mm Z [H], LG 99 Wow W2 M i 5 6
B EC,,fH M 0.52 g » mL'( Qi et al., 2008) ,
LEAh , NI R A B 7K BoR AR AR R RE R p B T 1
K O A A9 (S) -methoxy-( 37, 5" -dimethoxy-
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4'-hydroxyphenyl ) ethaneiol ( 100 ) ( Qi et al.,
2012) , Wang %5 (2019) MG E i TP 43 25 5] 2 A5
A 1 enhoidin A (101) F1 enhoidin B(102) ,fb &
Y1 101 ELAT B AR A 200 Jf 2 0 1 1C5 (Y L Oy 40 ~
100 wg - mL™" ALA 4 102 JC20 35 15 1, 10, (i >
77 wg - mL"'. Zhu 55 (2019) I &5 53 2515 3]
# luteolin-7-0-glucuronide ( 103) H. 45 & # I 1,
EC, fH M 34.29 wg - mL™", HAGVE A8 A8 e 5 1Y
TWETER A,

3o O RO A B
KRR B

RIS BRI 2 IR AT,
P BT 3T, b A R R e
PR R I (T 22 7-5,2014)

3.0 BRITEXREAMEMEYRRRE=Y

2 ( Sargassum confusum ) J& T # i ] 1R
B SRR, Bk R B AR A
LETHRE AW 2 M (Li et al., 2017), ¥
IS5 (2002) M\ PG b T 19 4 o SR 5 R (S
carpophyllum) "1 5> B A5 E) KK 3¢ N(104) (13 ~2S-
FRIEMEE 4 a(105) B4 a(106) . 1k
AW 104-106 #5475 5 Fo R W 278 TR I M i
INFTE U FE 43 ) A 157 282,287 umol - L', 104
RE N 2 4hk7 40 B 14 1% HL-60, 1C4, fH K 4.8
wg - mL”', LA 105 106 7£ 20 pg + mL' B XF A
LRI A R MCF-7 2653 51k 43% . 10% , %
bR 9 A0 B AS49 AU IR 24% 9%, 1k
A4 106 ATHIH 2R AR 14 ) - em™?
SEAR SR, AN [ 28 7Y ) 95 40 i 38 17 7 56 3h S Rz,
IC,,fE 4 70~200 nmol - L™, 45 5 & 1E BU Ay 51 I3 9
Jy TR AR KA S0, B A PDT IR Y7 Ak BT
H B s 40 M PC-3M, A6 2 10 3 R B 2 10%
(S E45,2021) o #1455 (2002) AT PE AL
BRL S RBE (S. polycystcum) AR AL &) 56 -
3B-F% HE-5, 23, 25-= M (107), BE # (S.
thunbergii ) i A6 -7F V6 FB KA 10 B8 7 Ml i, 7
FEIL A EEEN LS WM, &%
(2011 ) M i e Ifs /&5 BT 22 4E U SRR B (S
thunbergii) L4 Y)Y h 43 B 45 B A pa U EAE T
M S 2- [ (3S,7S,118) -3-hydroxy-3,7,11,

15-tetramethylhexadecyl ]1-3, 5, 6-trimethylcyclohexa
2,5-diene-1,4-dione (108) &k # i [l ( 109) | i 5
EAHEE(110) , 3 MESYTEWE T 25 pg -
mL " I R BOIE R0 B 54.3% (44.5% (45.5% .
EEY 110 38 A rh i BE 1) 5 5 fa iR i SO0 9 1
72 h 9 EC,ffiH 21.7 pg - mL', Peng % (2018)
MR 2 B AU ER S U R B4 5 (S, naozhouenes ) 43
B LRI A AT Y sargassumone (111)
FEL NG540 () B 52 58 — M5 (+) -epiloliolid (112),
A4 111 X DPPH H H 519 EC, fH R 17+0.35
mmol - L, H X &3k H ( Candida albicans) it
VY PR B €0 A BK B ( MRSA) | K AT
( Escherichia coil ) ) 40 B B8 43 51 A 6.50 + 0. 20,
8.20+£0.11.7.00£0.20 mm,

Yang 55 (2006) M HF AR 1 AR 3 5 R
¥ ( Sargassum ) W= BT ( Sargassum sp. ) 3% 2
N K N BE 6-oxo-de-O-methyllasiodiplodin
(113) 1 ( E) -9-etheno-lasiodiplodin (114) ,
32 ABITEERER =0

IR (2020) DA™ 2R VT T A e AT S0 AL £
Wi & (Acanthophora spicifera) W ARA5H i i A= 4 B
(R, E ) -4-ethylidene-3-hydroxy-3-methylpyrrolidine-2,
5-dione (115) F1 357 BALE N TE isololiolide A (116) .
LG 116 HA i st | BRSP4 caspase-3 .
AL Bel-2 7K 7 3 p53 335 A1 PARP Y) IS
JF9 40 il 98 7= ( Catarina et al., 2016), Lin 4§
(2020) P[] — b, 5t 1) SR ASE #0475 v R A I it - i
W), acanthophoraine A (117)
3.3 FRITRERENE W

XISEARLEE (2012) DA HY ) AR WL VI e VA Vg R
LEI) SR BR 3 ( Caulerpa racemose) H1 3K 45 racemosols
A-C (118-120) .racemosol D (121)  racemosins A—
C (122-124) . caulerchlorin (125) ,(23E)-B Sitost-
23-ene-28-one (126) . (8E,12Z,157)-10-hydroxy-8,
12, 15-octadecatrien-4, 6 diynoic acid ( 127 ),
caulerterpenoids A-B(128-129) 12 ™ Hiib &%, 1k
EY) 125 X5 BB ER 7 ( Cryptococcus neofrmans )
—RE MG, ZEAUE AR (2020) AT AR HEIT
mife B SRR E D > EAER 6 MEiLE Y
caulerpalide A (130) | ( +)-caulerpalide B (131) |
(= )-caulerpalide B (132) . caulerine A (133)
caulerspiro A-B (134-135) , ursolic acid (136) X
FIHERTE ( Enterococcus faecalis) F1 4 75 €0, %5 4 BK 1
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( Staphylococcus aureus ) A it 3% 41 i ¥ 58 /E H
MIC {54354 8 .32 pg - mL™,

4 i

LR i sl 2 T ] A W) 22 R e o ) T e
Z— PR ) R I B A= TRl A W 9 R 3 [
TEGCIR A B B G oy . AN Sl 1 Z8 R AL S T
FRAE B L B A 3l A 0 Uk A 7™ 0 ) F 5 ik
J& ILARAT 136 MEA Y, I 11 FRZIR AR YY) 3R A5
37 AECE A 24 DE R E Y, N T BRELRIL
WA= P ARAS 22 4B e E A 1L A BTG
G, I\ 3 Bl FAEY) RS 3 ASEHL a7
NEATETEL A, I 6 Fhifgst kA5 23 8L &
PR 8 AT W, MOIEEE I B AR A ) R AR A
QA E Y. ANTEL 4 B Sk Jb S i PR AL ) S
HEILR A= R G A P R et 3 W1, 20 B 3t
WA A A A R A A AR T 9 L, R A Rl = )
o bR R, 35 W RO AR R AL T DR R 17
A A T2 1 R R 25 HI SRR AT O, 7 5 TR 35
SOIER A SR W O I SRR X D T IR ] BE A T
BRI R T 1k | R SR i B IR M T A R
R A THARAE T, DAL N R 22 30 T R
FETNEA — 5 WIRZ A, 18 Ao XoF T 3 % T3 B A Al
AR GACHT P BCR e R B, BRI 5T A
W (RO 0 5 o L e, BB BN ¥ 5 L
SHAL B A A= WD A T 50 T AR R e 28 | T ol 28 v
P S HIL A E DB AW T, AT, XS IR 1
FERIR WIS — AN EE 2T ),

A Ao 0 A T2 e A A0 B G RS A A2
FAH W Ak S OB Gt B (18 5,8 6)
IRGARH Wy U 26 BB 2E N IR R B
Bk 93 PR IS 55 i 22 () A — 4 48 g i 0 R0 1P A 3
(P45 1 ik S 5 42 i HH O, X 55 T P AL A e HE 3
A A Bl A 0 o Ak v s i B AR 4 T T B B
A, T B U W 25 o 2 B AR A
THZARE, SR TEHETEAR ) SO IC I AR U Y
(U A 7= ) 45 4 5 36 AR Sl R, LR R
FAET R ZHHA BRI PUR A IR T
AL PO IRT O L B LA R S e R Y ) g
SR, LR GA S PR R B
PR 1) AR ) A AL BB 7 S 18] 22 25 TAC 28, BT
NG LA R BE AT A% ST W 4 A 5, A ARG

L ZLR; 2. ZORSSERREBUEY) s 3. 50 4. 158 5. TR
UM A A
1. Mangrove; 2. Mangrove co-epiphytic microorganisms; 3.

Seagrass; 4. Algae; 5. Algae co-epiphytic microorganisms.

4 IR B L IE RN AR AR B AR ) R
Fig. 4 Number of secondary metabolites of marine plants
and their co-epiphytic microorganisms

TE R BAT I AR 75 2 U, U R A iR 47
IR AIC R, b 85 Bt S RUTF R TG PR A A2 )
PRAIIE I A & W, W21 R IRLA 36 7 Bl DR B9 2
R, A T 43 88 B PTIB R 0 1 346 1 1) 55 44 Ak
Y. EE R R A PR ROR AR R
DB, N B TR ST AL TR AT 7K £
TRAB B AL G5 LOW R T2 o B2y
MG PERBE T RV 2 25 R DT 58 5 0T K fe it T &
BRIV N R RPN T R SIS
P, A 43 B3 9 PTPB S5, (1 v
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Abstract: The grid inventory-based approach is helpful for diagnosing vegetation properties of a given region, and
provides support to explore the methods of vegetation classification. In this study, Dajinshan Island in Shanghai City was
selected to conduct vegetation classification and vegetation mapping according to the methods of Tabulation and Two-Way
Indicator Species Analysis. We divided this island into 140 regular grids (40 m x 40 m) based on an unmanned aerial
vehicle image, and then surveyed community composition by using the Braun-Blanquet method and quadrat-based census
across the grids. Under the newly revised three-level vegetation classification system, the first level of classification
(i.e., vegetation type) included deciduous broad-leaved forest, evergreen and deciduous broad-leaved mixed forest,
evergreen broad-leaved forest, deciduous broad-leaved shrubland, evergreen and deciduous broad-leaved mixed
shrubland, evergreen broad-leaved shrubland, and grassland. According to the dominant species and floristic
characteristics, the second level of classification included 15 types of associations or communities. The third level
included 22 types of communities based on physiognomy and community age. These results indicate that Dajinshan Island
is not only a species-richest region in Shanghai, but also possesses the most typical and diverse natural or semi-nature
forest communities across islands in East China. In terms of vegetation status, zonal forest communities develop to the
middle and late successional stages, but a few secondary vegetation still stop in the early successional stage, which
encounter to the ecological problems such as development stagnation caused by monkey disturbance. With respect to the

vegetation classification methods, the grid inventory-based technique can fully reveal the phenomena of intermittent and

42 %

transitional communities in the continuity of flora.
Key words:

community diversity,

vegetation properties
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Table 1 Basic characteristics of 13 typical plant communities on Dajinshan Island
TeARZE HERZE
i B BT
v 23y 7 AR Ry e R Species peid TS A
Y RETR i . Average Average . FE .
. Latitude Longitude Area . . density . Vegetation
Plant community (N) (E) (m?) height  height ( species - Species L
m of ree  of shrub *°F 2) richness ype
layer layer m
(m) (m)
T XEREER 1 30°41'34.40" 121°25'00.23"  20%20 6.05 2.41 0.77 17 B i AR
Cyclobalanopsis glauca community 1 Evergreen broad-
leaved forest
B XIHRRE 2 30°41'31.75"  121°25'09.17” 20x20  9.09 2.28 0.17 8 4 A A
Cyclobalanopsis glauca community 2 Evergreen broad-
leaved forest
HXERARE 3 30°41'31.29"  121°25'13.65" 20x20  5.52 2.37 0.55 10 LRI AR
Cyclobalanopsis glauca community 3 Evergreen broad-
leaved forest
RFERETE 30°41'31.42"  121°25'12.71”  10x20  5.83 2.89  0.39 7 Wt R
Cinnamomum japonicum community Evergreen broad-
leaved forest
BRI I 30°41'33.37"  121°24'56.01” 10x10  6.67 2.22 0.34 28 AR
Quercus acutissima community Deciduous broad-
leaved forest
PR 1 30°41'34.10" 121°24'56.94" 2020 5.51 2.23 0.36 13 PE I R
Mallotus tenuifolius community 1 Deciduous broad-
leaved forest
HFAR R 2 30°41'34.57"  121°24'58.71"  20x20  5.96  2.28  0.48 21 T i bk
Mallotus tenuifolius community 2 Deciduous broad-
leaved forest
AR RV 3 30°41'32.02" 121°24'58.72"  10x40 5.55 2.00 0.54 20 FE I [
Mallotus tenuifolius community 3 Deciduous broad-
leaved forest
H AR~ ARV 30°41'34.23"  121°25'03.41”  20x20  6.35 2.34 0.61 18 7 bk
Zanthoxylum ailanthoides-Eurya Deciduous broad-
Japonica community leaved forest
KR 30°41'32.40"  121°25'07.65" 20x20  7.77  2.00  0.42 17 AN IO
Celtis sinensis community Deciduous broad-
leaved forest
INM L DTRE VR 30°41'31.47"  121°25'05.69” 10x10  5.32 2.36 0.36 11 S ERTE
Ligustrum quihoui community Evergreen shrubland
LT 30°41'34.87"  121°25'05.69”  20x20  8.93 229 0.21 8 H L R
Machilus thunbergii community Evergreen broad-
leaved forest
2L ARRE 30°41'29.25"  121°25'16.12" 20x20  6.06  2.31  0.37 15 H VA

Euonymus maackii community

Deciduous shrubland

Japonicus) % 5 Y IZFEN B T+ K JZ 80K Z 4
A5 0 B R, 78 1A 7 i RO BB B R A R 2 A
o HE I AEBURIRM Sy 0 SR T 75 S B TE R 4
Ly & 5 Ay BORD AR 9 5 1 A AR 2 B LG A8, TR B
4 FRE SR R EAFE T . O MU
Vo o R4 L L AR ) i e R L SR A T L
SORE TR AT g M M VR N R, TR AR )2 R
WIR R 6.5 m, HE LA AL 1L & W (Albizia
kalkora) 2243 A ( Euonymus maackill ) %, #EAK)Z

PLREFIA WA B BT (Glochidion puberum) | J& I
£15E K ( Rhaphiolepis umbellata) (A% K F1/Ni 2 bl
PR 3.5 mo MR REAE A RS AR/ N
L UTAE IERER AL T S W, QO AR+ AR
RIRESE AR TP EAL YL & e R Z SR 7 m,
DEFT hy e - AEAUFIANRS 5 HE R JZ = 2.6 m,
BHMAR R FRES, (Ficus pumila) 55 AR JZ F 2
A T AR ( Cyrtomium fortunei) F124& A1 55 O+
ETE . e A AR FEAE R . Hor )2 4G



8 1]

VRIAINAE IR Ll By AR 00 26 5 o] PR —— i 7 A A A 7 1%

1277

x2
Table 2
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Importance values of woody species of 13 typical plant communities on Dajinshan Island

F IR
HhK 2
Cycloba-

lanopsis

FFIXIER
% 3
Cycloba-

R
B

Cinnamo-

TR
1
Cycloba-

JERER
Quercus

lanopsis mum

HEAER-
FoACRES
Zanthoxylum
ailanthoides-

Lag]
&1
Mallotus

PR
g2

Mallotus

Lag]
Mallotus

AMY
e
Celtis

NS LT
mE BEE %ﬁ"yfff

lanopsis
glauca
community 1

glauca
com-
munity 3

glauca
com-
munity 2

Japonicum
com-
munity

com-
munily

Ligustrum  Machilus ..
BUstTUT .. maackii
quihoui  thunbergii X

. . i community

community community community

Y
com-
munity 1

Y
com-
munity 3

Eurya sinensis
Japonica

community

com-
munity 2

[BL::)
Symplocos paniculata
Rk — —

Ailanthus altissima
HEHAERL — —
Zanthoxylum ailanthoides
2N — — — — _
Aralia elata

0.044 0.195 0.038 0.09% 0.048

0.026 — —

0.183 0.118 —

e - - — . .
Pyrus calleryana
i — - - — —
Pittosporum tobira
ML — — — — —
Clerodendrum trichotomum
1 — — — — ~
Machilus thunbergii
T — — — —
Elaeagnus pungens
itk - — —
Pistacia chinensis
Bl
Dalbergia hupeana
Fok
Eurya japonica
JRBR — — — —
Quercus acutissima
T - - - = =
Elaeagnus umbellata
g —
Celtis sinensis
TR
Cyclobalanopsis glauca
e 0.143 — — — —
Morus alba
Akk — —
Lithocarpus glaber
stk - _ — _ _
Euonymus maackii
aT - - - - -
Glochidion puberum
KA — — — — —
Ficus erecta
KA
Cinnamomum japonicum
At
Cinnamomum camphora
/B
Ligustrum sinense
stz gt — —
Ligustrum quihoui
A
Rhus chinensis
W

Mallotus tenuifolius

0239
0439 —
0.069 —

0.148 — 0.262

0.120 0.047
0.095
0.165

0.027 — —

0.109 0.230 0.092

0.032 — —

0.159 0.116

0.051 — — — —
0.092 — —
0.169 — 0.048
0.159 — — — —

0.146 0.051 0.030

0.073 0.071

0.176 0.034 — — — 0.028 — —

— 0.030 — 0.240 — —

0.181 — —

0.148 — — — 0.053 — —

0279 — 0.288 — — —

0.030 —

0.140 — 0.206 —

— 0.129 — — — 0.112 — —

0.124 — — — 0.063 — —

— 0133 — — — — — —

0.093

0.026 — — 0.185

— 0.128 — 0.093

0.099 — — 0.148

0.135

0213 —

0.120 0.130 0.093

0.168 0.102 0.581 0.167 0.288 0.064 0.233 0.093

MWL T ARJZF B B 6 m, £ A=A H AR IR
( Melia azedarach) ; HEAR JZ LA FPEE 2 | A 5H AT
( Elaeagnus pungens) FABF UM 5 1L ( Clerodendrum
trichotomum ) M1 22 43 K55 YR 2.6 m, @Fh
PETETE < 2 4 L By B A 1) b TR AFE 9%, 23 A Thl
R K, FEARIRY S P LR, AR AR O B

SR RRER . RERAL TR PR B, WA A A,
TeAR 2 B R 6.5 m, IR A A BT M 5 40
( Sapium sebiferum) 55 ; ERJZ ELR AW & T
(Rosa laevigata) AT AR F/ N2 0755 LA 2
FEA WG JE 3% (Solanum nigrum) | BEHK 5 i
EXUNPI N



1278 L i 7| 42 %
x3 KReELDEWEBHSEER
Table 3 Results of vegetation classification of Dajinshan Island
& XA TR =LA
The first class The second class The third class
1 4 B BN B EENREE
Vegetation type Association or community Successional community
75 Il I TR =5 45 4/ B AL B+ K MR HE DA s AEARE VR

Deciduous broad-leaved forest

B kR R SRR
Evergreen and deciduous
broad-leaved mixed forest

T S A

Evergreen broad-leaved forest

& I ] T A

Deciduous broad-leaved shrubland
B LR VE N R R3S HE
Evergreen and deciduous
broad-leaved mixed shrubland

B 2t ] T A
Evergreen broad-leaved shrubland
5

Grassland

Eurya japonica—Ardisia japonica/Zanthoxylum
atlanthoides + Celtis sinensis association

FRAR 05 B0 B/ 22 45 K + B 7 ACHE A
Cudrania tricuspidata—Commelina communis/
Euonymus maackii+Pistacia chinensis association

Quercus acutissima community

HERE %
Dalbergia hupeana community
Logiokiie
Mallotus tenuifolius community

NI L o+ W A R

Ligustrum quihoui+Mallotus tenuifolius community

H IR+ B A v
Cyclobalanopsis glauca+Mallotus
tenuifolius community

T XIERTE T

Cyclobalanopsis glauca community

RERERETR

Cinnamomum japonicum community
AR R

Machilus thunbergii community
i

Cinnamomum camphora community
AR

Rosa cymose community

S A + A A 7

Mallotus tenuifolius+Pittosporum tobira community

A REVE

Pittosporum tobira community
T REE

Miscanthus floridulus community
BEEALTET

Calystegia soldanella community

Zanthoxylum ailanthoides community

T I AR+ A E VR

Zanthoxylum ailanthoides+ Celtis sinensis community

HMR + SRRV

Celtis sinensis+Morus alba community

FMR R

Celtis sinensis community

LU AR+ BE AR I TR

Euonymus maackii+Mallotus tenuifolius community

2o SRR+ B Yy K

Euonymus maackii+Mallotus tenuifolius young forest
BT R+ B  AH v

Pistacia chinensis+Mallotus tenuifolius community

LAY

Pistacia chinensis young forest

JRBRRE

Quercus acutissima community

gk
Dalbergia hupeana community
AR R 7
Mallotus tenuifolius community

AN L gT+ AR VR

Ligustrum quihoui+Mallotus tenuifolius community

H IR+ B 1 7%
Cyclobalanopsis glauca+Mallotus
tenuifolius community

T X

Cyclobalanopsis glauca community

REFEREE

Cinnamomum japonicum community
LLIRRE R

Machilus thunbergii community

TRHETE

Cinnamomum camphora community

INRFE R TETE Rosa cymose community

S+ VA A 7

Mallotus tenuifolius+Pittosporum tobira community

A REVE

Pittosporum tobira community
TR

Miscanthus floridulus community
TEREETET

Calystegia soldanella community
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(2) FhA -G by B/ 2 245 K + B 3% AR A

T DA B DB KR 22 45 AR N P e A e
AN RV R P 2 B 7 AR I M e e v, Hrp g
PR R IZIE AT R FE R, B AR 22 24K
YR e e v i AR R MR, R E S
YA A AN (6] L 49), A PT I i 4 b g 2 A0 H 2 3
FRAEANT o DZ2 20 AR+ M B V% ¢ T 200 A1 78 B 1K
ORI R 3, T A2 A Az s I AR B AR R A AR 55
TN 6 my HEARJZ B R 2.5 m, A7 M
(A VIR C o N N - i A N U - G R (]
(Ampelopsis sinica ) {F R ZIMEAFI, 2 5 252 IR i
LT b BEARJZ TP 2B — | L% A7 FIE IR
N, QLLE A+ B o 22 4K + B A B 7
PR T T S0 28 Y, 0 A TR AR R g B, P
N3 m, EEYIFO 2R B BER O 2K 4
HETAF . B A+EF AT T . A A 7E 1 E B
T b7 N PR U I PR TR TR JZE A B
i Sy AR AN B A SRR T m A AR
T 222 AR MRS HEARZ AT D i AR A
JRABEIK R 50 WG B B AF . D BE R4 43
A IXECECAL , B T KT, Mok k B e, b T
BRI, PR E R 5.5 m, BRI N EEA,
P A /I 2 DT MR RN 7 55 5 AR 2 A ) AR
( Cynodon dactylon) | #¥ Bt % ( Ophiopogon bodinieri)
FBTARAR

(3) BRERRE

R4l I R AR S N TR A, 4 A A6 AR T8
MR8 B Jl R, T AP iR, R R A 7 T2 TR 45 4 B
B ARBZ B ERN 8 m, UK, L& T
( Sapindus mukorossi) F1 RA& (Ailanthus altissima) K
T A EARZ &L 4.5 m, FEA /D

TR /N T R R N F L R AR A B A

7] PV A 7 5 TS 2 W R AL B — | DL A TG B
L1 55 % B Bk ( Dryopteris erythrosora) N 3,

(4) EHRETE

O3AT T R AR RN TR A BRER R
TEARZPEI BN 6.5 m, TR AEA B AN B A
W AR s BEARZ - 2 8 B 2.5 m, /DR 7%
F/NI L o 3 BE 25, () I )2 A1 53 A BB 4 4
g B 2 2 5 AR JE AT R SR BT WG B B 4K 0 FR T
A A ( Peucedanum japonicum ) 55

(5) ErafHEvE

RV B oy A T AR BOR JU AR L e AT 3%
DO JE A TE A oy B RY A T 3R PR, R

BRI, REREAEOE W, TR Z PSR 5
m, ¥ 4 A ¥ W ( Broussonetia papyrifera ) . H 18
( Symplocos paniculat) F1/NI 2 07 %5 ; K 234
=N 2.6 m, £ 4 F A B A % ( Ampelopsis
brevipedunculata) . ¥ A )2 W W B K B ( Oxalis
corniculata) 441 ( Trachelospermum jasminoides) 1
4V ( Lygodium japonicum ) 55
2,12 FEE T EAT RN ZMEERET I
i My DX 1% R A 1 RO, RECA LA AN
A, O/ L ot + B BV < 0 A TR By IR AR B
REFR T MR, AR Z B 5.5 m, DLH
HEARF N2 U S s HEAR R 2.5
m AR R AR A B Z BR 26 A 41 55 5 B K
SR LA IR A /N2 0T A, @75 X
MR+ EF AR V% R 7 2R AR R O e B iR b B,
FETRSE R fa] 5 R A B — %MK RT3 AR R
KRB BE R 6 m, LLEF A F0 5 X BR S f 35 ;
HEARZLAR) F PR 2.3 m,
2.1.3 ek vt Ak KAl B 9 H Sk | O b
TEETIT O — A7 B 02K B AR b PR A e, SRR,
T IBRRE 7 LD R v R A2 M i v R AR 9%
FREVERRIEINT . OF WBRREE o040 78 B PR AR
IR LA e AR B TR, AR N T 6%, A7 R R
TEARZ VI m R 7.7 m, 75 XIAR & 400 35
KRBV R 2.5 m, FRAEARA KL B
A B A RN R B S WA R R BRI A
T 0% RN A2 XS, QL0
e A TP e AU 3 TR A BE Y B T, AR N B, A7
ABERE A1, REESTHZRARE W2, TR AR)ZF
YRR 12.5 m A7 R LA 5 HE A 271
2.6 m, EEA /N T AR AR FNRFTEF AR 2
AR JZE B FE 4 ( Crossostephium chinense) | 1o
TSN F 0 B E, QR AR . o A T AR
BUIN, RETC AT B0 W Rh B — | TRR 2P 2 2
H 6.5 m, KA b 4 0 TR A A D i B A ;9
ARZF-HI R EE N 2.9 m, 42 AR A A O SR ; L
FERAFA, OFRBEE AR R/ DR, F
TEZR BRI AR, AR o> B — TR AR R B Bl 8
m A5 5 AR A HEARR AR
0.45 m , WIFh AT 2% 41 LG 8BRS
2.1.4 Fetid et A it A O A fE I 1
FLPE, Z AT IE A, T i it 3 LI/
TR R DT 23 A 1 B PR, RO BEEL AR
WA, BEARZ N 2.8 m, FEAEA 544
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42 %

L TS24 07 NI =Y 1 O A7 NI 3 1 g e
2.1.5 waEE TR EA VR MR
A2 THE DN LT ) 0 A A A 35 A3 A T AR I+
2R RGE A K, R B, KA T RS
TV PR Bl 4.5 m, fEAE 22 2 R FL S 40 4 5
RIZH FEHA BEWE AT (Dianthus chinensis)
IR —k s AL
2.1.6 FEE M T A H SRR I A 322 DL A
BETE AR A3 A 78 By R 00 R e W 45 4E
B ARG i3 W P, HE VR A5 A L BT o (A T
ARHCE A RKEE, FRFEEEN 1.6 m,
VEVA VAN %?}"&\{E%\(Eurya emarginata ) R A B
ARG BRI A AR T
2.1.7 FA  REINBFEALRRGAAZ, LI
T A BT, A R s B DA R JiE AR B
Horp, i P R RAER TS IS A i, B2
AT, FIEEAE L% (Rubus corchorifolius) | F
¥ (Imperata cylindrica) 55 | 18 % UL H A R A< B+
Yy, — O 0.5 my, TR HEAL HE N LR BEAE
LT A AR JEE A B 5 55 48 45 7E w3
B Z=pal (iR pEEs (i
22 R&EWSEHE

WKL 2 FroR, K4 LS R AL R sk | 3% ot o] i A
FEo A T L T B AL S B, I AR -5
G 2F /K AL R AR R DA SR S 5 JRRAR AR A A
SPARAE T Z X ISR B AN e W
o Y It I TR S AR 43 A1 A T S A b 3 ) L 3
Mo BE (L AR,k R AR A T
Sy AR, Hb A - 30 - HEARIR ; H S ] i A
A /NRAGBREVE o3 Av M /D B T A R SR BE Y X
B, H AR TR S E NS T R A A
WAL, TR | AR R RINAR 28, M 0%
i Lk ] I A A R 9 AR R D AU A TR B AR
RN DX s, B AR A AN A A T i A
Jiik,

3 W54 ®

3.1 X& L BEE RIS

R4 1l Iy g2 10l T ) Bl 2 R M A ) X3,
BV O ToKkiE 1470 #, Ho B FAEY) 72 B 267
P, BEERE Y 19 Bl 35 F BR2EHE Y 14 Bl 26 F,
FRAE 3K Uk 3 T A% AL 78 A, R K 41l B 91 A 46
ARG S e A I ZRE 0 B AR F AR ARV,

A A B TR T 7% Sy ik o ot Il YR SE AR L IR
T b BE AL o BN kg b bk, K& L B0 f
HETR I By E — 9 KR A R Ve ——ZL AR v L 22
HARHETE MBIV 55, BT, b 1 1o
WA T V% 22 40 T2 R 46 AR A G 20 4R | s 1 4K
B AR FE VB XIAR AR B T Py s i E R Bae 1
PO, 40T A R B B, BEVE AR E . KA /)
M2z 0T 22 43 AR AL T TR 5 09 Uk A R S S
Br, 52, K4 1l 5 46 R o Mo B i) A 9t b
T PR B AR A I O A T AR R K

B ESSF AN T e 5 T 25 1, R4 Ll S A g
T AT 5 A5 T i A 2 R R 55—, Mo PR THOA i
BINBIE K LLRERETS MR I AERURE Vs R AR
% N L UV R VR A, R TG BB D S AR
T PESE R T IGE T 2K o Gl L 2000 4F 2012
AF 2018 AF AP I A8 45 28 (B 7K 1145, 20025 35 |
R4 ,2014) , K 22 4 K-S BT REve O HERE S |
TR AR AR AR, B,
WA FRE MBI L, KRElBAIETERNHmA
Pyl A8 55 A7 0 A AR L, A0 B AR AR R e
( Cololejeunea raduliloba) 55 JL-F-1H KIS ME—AY 1
PREF A= S 1113 AR 221 ( Neolitsea sericea ) H T LA i
AT, AR HRE T A ECA Z 0 Lk, Bk
AR, REH: 208 S0 A7 FIRE R E 8
WA/ o B = AR TE N ™ R AR R T, K
LB PRUBRAGE RN 0, A TR R R 1, AR ]
AT U A AR R = BH AR ol | LA B J5 A AR A L 356 A
SR RARRE A BT AR, A, A S H S 2
PIRZ P E, Rel B HEFEZERMERN G
R M5 9 S el R R HE R Sk TR R AE L
Ko WP IS, HIR 28 BN S S0 AW
NRIGMRAEAE, WAL SRR E , Ke 1l i
G BAT LT B K — A8 A A5 AR RS, G H
ER BB K,
32 XELSHEES LN —LEE

BT EE T WA AL T A 07 %, 8 K&l B 4l
BEI o R 7 AR AR, 16 FhEE ABICHE T AN 22 FhE
B T 88 BEARE B4R 7R T R 4 Ll ) AR
M A ERRIE FRE T Z R0 FEAR AT 25 b K
DAFIHEVE A A Rl 28 70 R0 43 1 S AR B, 02 AR
fiE Fl . % 51 A ( diagnostic  species ) T bR i FP
(indicative species) AR BN ) 3 284 Hls . X5
(& A B 4 2 FEAE ) v B B DA SCBEA AR AT (R
ACE 2011 3 KK B 45 2013) , W5 Rk S 45 (2017)
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E{# Legend

. FAEFEWESE Cinnamomum japonicum
community

. FP B BE Celtis sinensis community
. LLRHREHE Machilus thunbergii community . HAATESE Evonymus maackii community
’;J\H-j; DIREYE Ligustrum quihoui commnni:yAEﬁﬁ WE¥% Mallotus tenuifolius community
0 FEBEME TS Quercus acutissima community A s - AEL—AP W BE & Zanthoxylum ailanthoides—

Eurya japonica community
K T HBERES Cyelobalanopsis glauca community

| REURE PSR
0 50 100m

K1 R 140 MEREAR K 13 A SRR v

Fig. 1 Distribution of 140 vegetation grids and 13 typical plant communities on Dajinshan Island

JIr s VSR K e T o 28 B PR R R B T
R R AR, DU R OC S A R b2 4
AR —F I AR FR SR AL R IR 2 58
ARG, X R AR S A — B0 Sl 23 07 vk ] f
EdR /N 2 LR N BT — B A SRR AR B
FAFFEN SRR R CRAK B ,2017) o LR D & 4y
A T R R K 4 P R AR B O 9], A8 K -5 ok
e I AL R+ AR AR DA I 6 55 F) A It AR AU 6 A it
FERECH AR I v AR + 5 JE 5 FIURMARE 30 v 1 o 6
B, ORI W 2R L AN ] LA I AE R
KM i 4 R 45 10 v ) DL 382 R, e v T 25 ) 2
AHAL, # AR IR LR TE AR B LS, REA R 5
AR NI AT AR AR BT, AR, B -
e S e/ 222 20 K + B S R M AR BT 1 el -
o, RIS TR He A9 22 200 R A8 0 AR A 32 A, LAY
i) A HE A S A T AN [ e v 6 2R

ARUAE T I 5 18 T REVR AR W AE 73 2K P Y
RS, DA T S R Ly 3t 98 A 2 A1 35 4
Oy R HENE AN H 5 AR 2 YA T DR I (] 35
BP9 L AR ARG bR, ST RR AR 7 1 0T (]
P AN (R A4, 19805 A IMTAE,2018) o IHIE,
AU 32 36 T L 1Rt A7 1 DXl X i,
Ab T A7) B0 A O AR T NI Sk Ak i 22
AR+ EFHR AR AR SR, 520 B8 % T
JrR SR A 255 S, R A SR K G DAy TR DA 1 2 R A
K073 R HE N AR IR B B B LT T S A I
AN RRMRTEURS [ B 1y i B 2 2 i o UVREA | 35
A5 DA (I 4ol 114 5 2o ] - 98 DA R L2 /N 2 58 7 BT
A 25 DAy DI o £ 7 I o] - THE B

A A5 B SR A A% A0 3% 22 37 A5 5 vk
L VR B v 1) 14 5 PR ] D P [ e AR T
Plex, ddad EBAR U LLFE A9 R 6 T B AE w70 26
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L

42 %

WA &M FA R 22 8k Evergreen and deciduous broad-leaved mixed forest

i@k Deciduous broad-leaved forest

B sEbERES Quarcus acutissima community
B i HLRE¥% Dalbergia hupeana community
- BFHEIBE % Mallotus tenuifolius community
W4 @Ak Evergreen broad-leaved forest
5 R bR % Qyclobalanopsis glauca community
B k8 3% Cinnamomum japonicum community §E M Grassland
SLAEBETE Machilus thunbergii community
- BBt Ginnamomum camphoracommunity

N GBI RE I Ligustrum quihoui+ Mallotus tenuifolivs community
U A R BR+BFHBE Y Cyclobalanopsis glauca Mallotus tenuifolius community

T T
B A4 42 S HenE AE B R B BE M Ewrva japonica —Ardisia japonica / Zanthoxylum ailanthoides+Celtis sinensis association
A B/ 2 g R+ WOE AR BE M Cudrania tricuspidata—Commelina communis / Evonvmus maackii+Pistacia chinensis association
0 FR i M Deciduous shrubland
- AN HEHE BRE T4 Rosa cymose community
W Gk R 28 M Evergreen and deciduous broad-leaved mixed shrubland
| BFARHEBETE Mallotus tenuifolius+ Pittosporum tobira community
W & g v A\ Evergreen broad-leaved shrubland
B it 3% Pittosporum tobira community
r

» 0
TSR Miscanthus flori dulus community
B i e AL BE 3 Calvstegia soldanella community

"
o
\’\\_\.\ B

%,

A

1
100 200 400 m

P B R A Rk

Number represents contour line in the vegetation map.

K2 Rl B pe Rl
Fig. 2 Vegetation types of Dajinshan Island
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(RIKBFE,2017) o X FARMALYEN 5 , 18 Lo A
A T A VR AT AE B (P /M AF L 2018) ¢
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FEAS WA R I S, RDTER R U | DA TR
FR O E R BT I B R DA DR 5 1 2, {HL G 734
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Seasonal changes of leaf physiological characteristics
of Ipomoea pes-caprae in coastal sand

JIN Yun, ZHU Ligiong, ZHAO Lijun’, HUA Bin, QUAN Jiahui, LIU Jinchi

( Forestry College of Guangxi University, Guangxi Key Laboratory of Forest Ecology and Conservation, Nanning 530004 )

Abstract; Poor conditions, and quite differences in seasonal climate environment in coastal sandy land makes it difficult
for plants to survive. Ipomoea pes-caprae is an important sand-fixing plant widely distributed in southern coastal sandy
land. In order to explore the adaptation mechanism of 1. pes-caprae to environmental changes in different seasons, the

seasonal changes of its leaf physiological traits were studied. In this paper, I. pes-caprae grown up naturally in coastal
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sand of Guangxi was taken as experimental material, and the physiological indexes such as the contents of chlorophyll,
the contents of osmotic substance, antioxidant enzyme activities and chlorophyll fluorescence parameters of the 1. pes-
caprae leaves in different seasons were measured, and the correlation analysis and principal component analysis were also
carried out. The results were as follows: (1) Chlorophyll contents had the same trend with season changes, which was
significantly higher in spring than those in other three seasons, but chlorophyll a/b had no significant change among
seasons. (2) F /F, and F /F, of chlorophyll fluorescence parameters also had the same change trends, which were
significantly higher in summer and winter than those in spring and autumn. (3) Proline content increased gradually with
seasons, and reached the highest level in winter. Soluble sugar content in winter was significantly higher than those in
other three seasons. There was no significant differences in malondialdehyde (MDA) contents among seasons. (4) The
activities of superoxide dismutase (SOD) and catalase (CAT) in spring were significantly higher than those in other
seasons, but there was no significant differences among summer, autumn and winter. There was no significant differences
in peroxidase (POD) activities among seasons. (5) There was a certain correlation between physiological indexes and
climate factors by correlation analysis and principal component analysis. Temperature and sunshine duration significantly
affected the contents of soluble sugar. Chlorophyll contents and antioxidant enzyme activities could better reflect the
response of I. pes-caprae leaves to seasonal climate change. To sum up, the chlorophyll a/b can be kept stable by
adjusting the contents of chlorophyll a and chlorophyll b, and meanwhile, the contents of osmotic adjustment substances

and the activities of antioxidant enzymes can improve it to adapt to seasonal changes, among which photosynthesis and

antioxidant enzymes system are the key factors affecting its seasonal adaptability.

Key words: Ipomoea pes-caprae, leaf, physiological index, seasonal changes, adaptability

VR VD b Ak I i A2 b ) RE AR b
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VD Ml A 25 ARG ) B A G, I R AR A AR
FEH ORI EAE ] (B = 55,2014 ), Hox SR 55 A8
A I 1 TG 1 S W A T AR A 2R A A A )
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il , WnE A ZE T 2 st e IV A Y A
VEFIRCR A, AL 7 5 P AR 3 4 4 kit ik 2 2
KRR (BEKAESE, 20145 5 7 #5 5F, 2018) ;
LR T2 T P 7 350 & i M A
SOD ,POD Al CAT fyIGPEE & g L R £
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al., 2014 ; K FKTF5%5,2019; Carlo et al., 2019) % iX
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2013; FEFHIESE,2020)

JE I ( Ipomoea pes-caprae) X 45 Ty ¥ g | R e AL
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FERW R A KA € R B A 2T a] K
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(Jung et al., 2020) . 4 3 , A X T HET 5 W
( Kamakura & Furukawa, 2008) .Mt Eh HLEE (A H &
25,2011 ; Liu et al., 2020) & [ & 25 {6 55 5 1
M55 1 A i 8 (5 /N B A, 20185 A R A,
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1.1 R X EHER

WG T 74 By 3l s R 24 VP e 4
ME(108°12'—108°18" E,21°51'—21°53" N) ,J& 4
VAT TR 2 XU, A YR 22,6 °C L P AE
I = R 36.5 C L AR R 2.8 C L, AERFEK &
250 2 890.5 mm, T 6—8 H, 2y 5 & 4E W
i 68% AP H ANl 1 494.3 h, HHERAI
TR+ (R ) ,pH 6.69, S A MUK 3.96 g -
ke' , 2R 0.19 ¢ - kg, & 0.11 g - kg, &4
3.09 g - kg, X PNAHLBE DL AR RE K O BEVR

P Fh A % BT ( Spinifex littoreus) | B &
| ( Vitex rotundifolia ) . 25 & B 3k W ( Fimbristylis
sericea ) 55 o
1.2 HFmRE

R 4l 4 T b DX A 2215 400 4 (T K, 1994 ),
Sl 2017 A4 A (B%) 7T H(E%) .9 H (k&
) 1 (&Z) TR R A AR AR TR
ZRMEWR 1, TEMFSE BN s B AR ER
JEREREVE R E 34 10 m x 10 m FOREHL, B FE D
NHEPE 5 bR AR KOIR B AH B, & 3 — iy J5 e il 24
FE AR, Xof R 30 TO g 1) B2 P e R AT i 2 R O
W, HREE 5~8 A A VKESLRAT , VA5 0] 52 56
T A A AR A

F1 2017 EHWBERERFETEFHERENCE

Table 1 ~ Seasonal averages and variation ranges of environmental factors in Fangchenggang in 2017
HZ Spring E Z Summer FkZE Autumn 225 Winter
S
Environmental AR Ak 6 AR A AR AL AR A
S A [ = S ORI EN S 44 =2l OV(EN S A [ =2l OV[EN S A 5= £ O¥EN
factor P Variation P Variation P Variation T Variation
Average Average Average Average
range range range range
[k 55.1 34.0~76.2 542.2 174.0~849.0 213.2 203.0~223.3 46.4 20.3~69.2
Rainfall (mm)
SRR 20.7 18.6~22.7 27.3 25.9~27.8 25.9 23.9~28.0 17.0 15.2~19.6
Average temperature (°C)
H %L 76.9 40.3~113.4 150.7 135.9~168.7 188.0 183.7~197.2 89.3 61.9~105.8

Sunshine duration (h)

T BB GORSRIR T B ks ST AR 2

Note: The data come from Fangchenggang City Statistical Yearbook.
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fiti (SOD ) 776 M, w5 i 2 441V 2 vk 0 2 1 4R 1k AL il
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B4 R Excel 2013 #4984 7 5008 48 11 &
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TR /NG TR IR AN R Z2 5 [ A7 AR 25 28 52 (P<0.05) . Tl

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

SR EEY P INl2 S Sy E ot

Fig. 1 Seasonal changes of chlorophyll contents in Ipomoea pes-caprae leaves
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0.05), R F X EREr i Xz 2
AR HE U | (R AR R R 1 SRR AL
22 EBEMHAMEERASHNST TN

PS M KICREFE AL (F /F,) F1 PS T &
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EXER(P>0.05), B&Em THEEMKE(P<
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Fig. 2 Seasonal changes of chlorophyll fluorescence parameters in Ipomoea pes-caprae leaves
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K3 EEEBEY T R

Fig. 3 Seasonal changes of osmotic substances contents in Ipomoea pes-caprae leaves

Kl 4 JEREPUA B T AR

Fig. 4 Seasonal changes of antioxidant enzyme activities in Ipomoea pes-caprae leaves
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WAL A KR T . IR N T B A S R AR )

ANE B A W A ER R AR 25 A5 A N AR DA
N A EEAE AL

Mg BOA R R Ot RE 9 MR it
GREZEENCAIMEHEEHML (llze & Antons,
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Table 2 Correlation analysis of physiological indexes of Ipomoea pes-caprae leaves
AT v S phy A= 3E .
st R o R EEEM s bR bR R bk
Proline Soluble  TUEE oot AM BiEE e b atb /b F/F, F/F, T Sunshine
roune =olble - popy CAT ~ SOD  Chla  Chlb  Chlath Chla/b amtatt TemPeT g ration
sugar rature
il & B2 Proline 1
GIRGEcR
Soluble 0.460 1
sugar
i E AL Y
oD 0.545  0.298 1
N
MDA -0.296 0.206 -0.052 1
MR oo )
CAT 0.607 0.038 0.311 0.534 1
ALY
514 -0.556 -0.043 -0.367 0.596% 0.942%% |
SOD
ey
ulﬁf“ -0.725%% 0,002 -0.374 0.522 0.922%* 0.830%% |
a
R
ulif b -0.687* -0.001 -0.312 0.635% 0.962%* (.935%* (.954%x* 1
5
“*iﬁ?*b —0.721%% 0.001 -0.361 0.557 0.941%% 0.865% 0.997#% 0.975%% |
nla )
4
TEER ab 530 0023 -0360 0.004  0.517 0316 0.756%% 0.528 0.703% 1
Chla/b
F,/F, 0.152  0.413  0.112 -0.547 -0.425 -0.596* -0.312 -0.457 -0.353 0.136 1
F,/F, 0.157  0.419  0.083 -0.495 -0.459 —0.644% -0.328 -0.489 -0.374 0.149 0.976%% 1
FEK -0.430 -0.497 -0.110 -0.406 -0.375 -0.489 =-0.167 =-0.304 =-0.205 0.194 0.466 0.510 1
Raintull . . . . . . . ) ) . . .
AR
Average -0.359 -0.919%* —0.111 -0.212 -0.308 -0.219 -0.202 -0.202 -0.204 -0.129 -0.235 -0.236 0.653* 1
temperature
H R
Sunshine -0.208 —0.898%*% —0,068 -0.092 -0.243 -0.077 -0.209 -0.146 -0.194 -0.275 -0.496 -0.516 0.343 0.934%* 1
duration

T FRRTE 0.01 K- (BUR) AHHERSE; * RonTE 0.05 K-F- (WU ) M IE B3,

Note; ** indicates significant correlation at the 0.01 level (two-tailed)

B B ¢ RATYRAEFE S 1L, BETN (2013 ) A M iH 4 %
TERARTEERMWCARE NI ER, AR AL,
JEREE T RNR N AR g RS &I & H 50k
BYEFAE F /F, F /F, FUA] 5 PR 2 i 48 b5
REAG, T I 7 23 0 2 25 5 12 1) 189 0 mT BB AN 23 T i
JEBERDEAIER, T2 i T RE T YB3
FEBG AN T 0 R AR A S SEE R 3k, o =
YR R K B S W B, 5 46 (2018)
FIEKIG S (2016 ) FUBFST 45 RAHZEDL, 4K a FI
ek E b A EH h I ag A Rl % Wy 55 (2013)
PEH LR ZE a/b AYAE W] DL R 20 K7 4L 9 10 B 5 R
J1, TR T % a/b BYAE 78 Ak i B B/ | fl
YT REE sk, R AR E R
BhOAZEWHEWEM L, DB MRS RT
B, 23R a I N RRIE BSR4 b 19 3 4%, vT Rk
TR T A R %Wk 5 5 = 4 ROS, 78

* indicates significant correlation at the 0.05 level (two-tailed).

ROS TEF T4 % a HLIT4 5 b 5 9 fift 3R
(Rt 855,2017) o M43 a/b IR KR E
HART AR BB E (3 - 1), R E A
AR BT R RN IS N P T ORI A R R RN
OS2 i TG RE Y 05 3 (9K 4 3255, 20175 Ayumi &
Ryouichi, 2019)

28 R OO0 G AE T RS AT o] 2R 45 1A
TR R FH B 52w #8 aT LLGE 5 2R 2K 5 8l )
SR R BCH TS s R (BKCAR A
%,2014), F/F ARERT PS DWW, F/F, 2%
FAFAE ) 2 75 57 ) P45 W 30 9 FE ZE 48 B ( Kalaji et
al., 2016) . 16 HRMEEh  JEH#E F /F, TEHZ= A
FRZERRIREA B, 823 PS 11 &z #00l 18, mT L
BB PS I 03z 2406, PS T 7E
TEPERAR (H PS MR ZENHIH, XATREREH T
HBEEREAEERMEX PS TN o 454

ST =N
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Table 3

Initial factor loading matrix of leaf physiological

indexes for Ipomoea pes-caprae

e . . N
tk,yﬁ*.", HiAr 1 B4y 2 w4y 3
Physiological . . .
. Ingredient 1  Ingredient 2 Ingredient 3
index
F/F, -0.707 -0.270 0.635
F,/F, -0.719 -0.277 0.625
& /R Proline -0.621 0.678 -0.126
W[ PEME Soluble sugar  —0.164 0.590 0.757
TA LI POD -0.392 0.672 -0.046
N MDA 0.697 0.439 0.106
i E LA CAT 0.912 -.034 0.308
B A LD AL SOD 0.964 0.031 0.088
4% 2 a Chla 0.855 -0.189 0.378
M4:2 b Chib 0.929 0.266 0.177
Contribution rate (%) 54.208 17.100 16.741
EY A e
Cumulative contribution 54.208 71.309 88.050
rate (%)

MINREA — & ORI AE T (5™ R 1 1 5 3R 58 5%
AR AE PS T s hiy Hpracs A T 4 R 2 (O I
45 2018) , TERKZE T 5 15 m, T 5 a8 15 3] 22
il ) TRV IR e 3 8 O 2% 1 T TR e P 3R 0 B AL
RAEMAE 54 R a/b BH T B, JE B IKAE
BOCH AR A 7O RGEAEN, 5 5 R
S (2018) WFFT 45 A —3K

e iR CIRERS d% i P IR SR IR 378 i X7
Jor, e AR AT LA v A 0 M 2 0 T B
568 2 1) WA AT R 7K BB 7, SR AR A ISR 0 5 b 3 1Y
AR PP ALE] (49 A5 ,2020) o WRSER B,
SR AR # ( Casuarina equisetifolia ) i 12 ¥ 58 75 i
AT BB 7 RV R Al aok A8 Ak AR F 345 0 A1 S A B
AL (ZERG5E,2019) |, Bt &5 7 7R T AR
F1%) it 202 2 410 ) 240 B B g o 401 0 4 4 440 i S A
A R AR (A B S ,2013) . TEAHSE
JEL T - v T 2 TR A R AR I = R R B
T MDA 57 5 B 7R ik B O 2 3% A2 Ak, 10 B JRE Jgk
A 3 A R R Y2 Y ) SO ke e A i B R AR
JE A A, X F AR AR BT T BR T S Ak 3 I A v
IOL P 5 T A 2 R B it Bl 2 AR Ak A 7R A ZR IR F
e e, RIZK 43 7™ 8 5 A AR A 2215, I AR
Pk RRK IR, — 1 R 83 W AE
G o3 WO ORAP AR ) AR N 2R BT, o5 — 7 T
AT DAY 3 PR SR 7 AR R B, DR 9P A B R 45 4
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Diversity and biological activity of culturable bacteria
in three true mangrove plants of Guangxi
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(' Institutes of Marine Drugs/ Faculty of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200, China )

Abstract; This study aims to explore potential new bacterial species and bioactive substances in true mangrove plants,
which can enrich the diversity of mangrove microorganisms and provide strain resources for the development of new active

products. A total of 22 samples were collected from three true mangrove plants of Kandelia candel, Bruguiera
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gymnorrhiza , Rhizophora stylosa, and their habitats, in Guangxi coastal area. Then 22 samples were divided according to

different parts such as roots, stems, leaves, flowers, fruits and soils. Eight different culture media were used to isolate

culturable bacteria, and 16S rRNA gene sequences were used to identify bacteria and analyze diversity. For cultured

bacteria, the antibacterial and enzyme activities of fermented crude extracts were screened with Kirby-Bauer method and

spot planting method, respectively. The results were as follows: (1) Based on sequencing results of 16S rRNA gene, a

total of 35 strains of culturable bacteria were isolated, belonging to 28 genera and 23 families. Bacillus accounted for

14.3% of the total bacteria, which was the dominant bacteria. Meanwhile, 11 potential new bacterial species were

found. (2)Four strains of bacteria showed antibacterial activities, 16 strains had enzyme activities, and Bacillus was the

dominant strain in enzyme activities. The above results show that Guangxi true mangrove plants are rich in bacterial

diversity, and some bacteria show antibacterial activities and enzyme activities. The new bacterial species and active

strains had certain development potential in the new antibiotics and enzymes application.

Key words: true mangrove plants, bacteria, species diversity, antibacterial activity, enzyme activity
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Wi ( Bruguiera gymnorrhiza ) 1 1. 16 # ( Rhizophora
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Table 1  Information of collected samples
(F A A GiER7/EEi| R AL G
Sample code Plant type Sample part Longitude and latitude
F1 KM 1 LI = o 108°42'06 £ ,21°39'04 N
Kandelia cande 1 Root, leaf, stem, soil
F2 kit 2 R 25+ 108°31'25 E,21°53'15 N
K. cande 2 Root, leaf, stem, soil
F3 A1 A ZE 108°13'47 E,21°36'57 N
Bruguiera gymnorrhiza 1 Fruit, leaf, stem
F4 At 2 ALY 108°13'47 E, 21°36'57 N
B. gymnorrhiza 2 Flower, leaf, stem
F5 AR 3 NN N 108°13'47 E 21°36'57 N
B. gymnorrhiza 3 Fruit, root, leaf, stem, soil
F6 FARE) M 2K R 108°13'47 E 21°36'57 N
Rhizophora stylosa Leaf, stem, root
1.1.2 3K A 16S rRNA LR P G WX} 27F (5'-  HERKMPETE, 75% LB HIZH0 5 min, JGHE K #h

AGAGTTTGATCCTGGCTCAG-3") H1 1492R ( 5'-
GGTTACCTTGTTACGACTT-3") W+ 44 LY H
ARA M2 (P E, JE ) ; Chelex-100 # g, 2 x
Easy Taq Supermix BioRad 4 F BioRad /A w] ( 3£
) 559 4 ¢ S8 TR B0 7 0 T T3 48 I8 DO 2 00 A
FRA R (P UM ) 5 A 350 X oAy [ 7 43 B
1.1.3 Bk DREgRat . 2% 3% % (2020) U7
B 3% & P3 P7,.AGG M5, M7 M9 MI10.
M11, KEERGFRHEE. MR ISP2 MRS 52 58, WS
PEGH 2 35 7% 5L . S 2% Ok 25 (2018) s IR,
ST UEREOH VERT IR 3L LB B 32 3L h oA 1% 19 R
FILLTAE R A A 1.5% B9 BUNR . V€ M) Tl O ik 3% %
B LB FiRER A 1% 3R 1.5% 55, HEH
it 05 1B 35 77 B AR W kY 1%, # & B 1%, Bl
1.5%,

1.1.4 38 = A Jo L B BK B ( Streptococcus
agalactiae) NCTC 8181 ¥ IKEEIK I ( S. iniae) CAIM
527 WPTTERH ( Salmonella) . VA I 48 7~ B ¥4 i 4¢
i Al R 5 I B DR A R AL

1.2 EWHE

1.2.1 #enth a3 SHREE(2020) Tk, H
ZIRRLYIRE ] 5% 0 AR BNV R L 8 min, JC

VER T OBEN, WL LR 2 o TR,
TN 2 mL JC B KBS BDAR R, 5% 2955
(2018) By ik, e B AE B 25 4% T, B2 2.0 ¢ T
247 20 mL TCBEK (A BEIE 2R ) B HETE iR,
AFERFES], 5840 ¥ R B A5 R, FF AT R O R
BT 4 COKFERAE, I M7 P7 M11 ,M10 M5,
AGG . P3 M9 8 Ft 7 B 45 35 Ik HORE i i 10780
100 L WA (255 % ,2020)

122 TAMBNU S B ST BB SER
FRA(2017) Wk By B A Al E T 28 C
TEIRIGFRAE R AR 2~ 8 i, KA TR S, PRIBUTT H '
T BT TR, = LR ILTAE ISP2 4lifb 1 37 34y s alifl
ELEARAF AL B AR , 10 5% P AR B0 B S RRAE
27 Chelex-100 % (JXUH S ,2010) $EECC 2lifb 20
HIIERZH DNA |, 218 Walsh 25 (1991) i85 % 40
HHEE 240 DNA BEFT PCR BEEEY 14 19 3505 A 5t
Jig FEL ARG 0 BH 1 A 184 7 W) ZE 4G b SE T A W B 2
HBEARABRA TIN5 A G #EATI)F, 22 DNA Star
BF B 16S rRNA 3 B 45 5, 8 E &
EzBioCloud ( http ; //www.eztaxon.org/ ) (2009) A Blast
WS AT AR e, 4l Ak i BRI AR R T 20% (V/
V) HmaE o B T -80 °C AL IR VKA T RAE
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1.2.3 20 R B A3 4 04 76 ML f ik
1.2.3.1 i LB LMY IR S HEFES
(2020) By 7 ¥E R WE AT 5 S5 40 T, 2500 MU AR 1 R T
W HERTRN L R LR A B, WU 28 T R & T
2 I B e Wi 4 4% 1 PP et B A 4 7 T R 42
Y, ET 4 COKFRAA&H
1.2.3.2 I E L K RE 4. S5
8 (2016) W7 # AR K R AT I35 7R TR 2 R 125
A 50 mL & KB LB W AR5 55 10 = M, 180
r - min FEIREGFR 9 h A5 2 X EAE K B HE R R R
B BUR B K G LT 55 CH LB(A) #5
FREE BN 0.3% MR B, KB LB [E KK
FRHAE BB R ML, BE S P — )2 A 1
7N BRI R R A AR LR ] R4S 4G 2 A

A0 B O AT 0 TR O PR A I . 2 0 R A
SRR (2019) 1Y 7 ¥, F H B2 335 A T 1 20 mg -
mL " A A TR A IR AR, I S pl EEHAE N 6 mm
ITCHEIEAE A (A 5 L BB A g 48 A 18 B A
XTHR) FE W M TR E AR R, T 37 CHE R
24 h, ETF L M BB Y K/ SEle A 3 Ik, i
AR
1.2.3.3 SpE TG PSR 0 W0 Tk T R I Tk . 2
BN AE (2015) 1 77 1%, SR 00 X $loA: K
F14) 24 BT 2l T R I D e 3 1 S M G SR 3 28 C
TR IR TR 4~6 d, WA T A 1 B0 RN 7% A L2
T BLE Y], L E R 3 K,

2 R E M

21 ZHEIMENATIEFERESHEES T

T IE L A HE T A 16S tRNA 5 BRI FE %o
O30T, LR 35 BRVTREFRAN TR, 35 A% B Bk o A AE
23 MR 28 A&, 35 Bk T IR A1 R R AL I & 2
s, Hodr, 2ER AT B8 ( Bacillus ) 5 B AR B 8L
14.3% , )& T e $ i Jd | e 25 31 5 Hofth 27 3 1F 55 A
] (AR 2020) |, 3X R B ZF AT B o Z0 A A
YA G ia A . Kim 25 (2014) 1Al 16S rRNA
NSRRI /N T-98.65% B AR AT 80% N T 1E
FFR X =P LA R TT B 3R G B T A
PEG BT, KB 35 MR A 11 BRAH A 1Y 16S
rRNA % K7 510 A1 L1 K F 98.65%, 45 3l K
GXIMD 7462 .GXIMD 7066 .GXIMD 7477 .GXIMD 7064 .
GXIMD 7063 .GXIMD 7115 .GXIMD 7761 .GXIMD 7498 ,

GXIMD 7121 ,GXIMD 7463 .GXIMD 7518, 7 BE A ¥ 1
BrIRR BT A AR T T A LR A e X TR TR Y
N-J RGEHALR , 11 DBEFH YRR T 9 B 11
J& , Horh GXIMD 7477 F1 GXIMD 7761 433l 55 £F 4
PR TR R Y B S 4T AT 4 5 1R ( Cellulomonas
pakistanensis ) F1 Marmoricola J& 1] Marmoricola
korecus *H{u&“:%%,ﬂﬁﬁjﬂfﬁﬁﬁﬁéfo A=
IR A] B IR AN 2 AR R, v AR AR
T PR o i it B4 1 T AR T U
2235 R EEAE EAREY EWRBARIEF
EHRmam

A [ A T 288 B AS ) A8 ) A= 5 52 i HG il 8 5
P F s B, W 2 Fros, I REE & 4y
IS 2 40 8 2 AR OO ARME 3> 20> Bkoni 2>
B 1> ARHE 2> AKRHE 1, 3 BRACHEE R 4 T Bl Ik
W AEL 73 B9 21 00 T AR 28 S B0 AN [, 7T RE T A
Wy R B I 114 2 TR B T MR %) A 40 2H 8RS 22 S
FIREC, PR RO 23 5] R R T I v i S8 A SR A
AR SRR b AN — B, 43 B B A TR R s R
Pl 2R, B L(FL) 20 215 300 8 Bk 41 A
B E B (Algoriphagus halophilus)  Aurantimonas
coralicida F¥ LR ZEFFT 18 ( Bacillus tequilensis) #5
T ZE FT B (B, vietnamensis) 8 7K 28 [R B ( Jiella
aquimaris ) . Labrenzia sp.. ¥ ¥ M % Bk H
( Micrococcus endophyticus ) . 7 it 3] 8 {4 5 Mg 14
(Aurantimonas coralicida) ,@(ﬁﬁ 2(F2) B IRAR
M R LK T BT B (Achromobacter ruhlandii)
Asticcacaulis solisilvae . 1 & ZF #1 T ( Bacillus
siamensis ) M5 KT ( B. vanillea) | Fictibacillus
Mycobacterium
conceptionense ,  Paenibacillus  wurinalis,  Shinella
daejeonensis , P IRl A8 40 A7 20 T i Oy 24 F AT 1A
J& AR & H R A 8, i ] WL B LR AR
YA KA TR] B Be S HE ) A 855 22 5 ] Y 3 52 o HG AT
iR i AR

NGRS IV IEZ S N [P N IR S PN
6 DI HEM A L 25 h oy B3RS 11 AR AT BE FR 40 i, SR
BT 9NE 4 MY AHLR b R0 10 B
MR T 9 A8 ;3 e LA B 15 2/ 10
PRANTESRIR T 7 1N E s 6 A A 2t rh 4y B 45 2]
() 8 MRAN BRI T 8 N 5 1 Iy L UL R o B
1B 2 PRANE SIS T 2 A8 52 RS oy B G
B 1 BRANTE . ABEIE MAEP S 2K oy B AR B

halophilus .  Marmoricola  korecus |
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Table 2 Species composition of 35 strains of culturable bacteria
L7 ¥ R p 3 BB S AHIE A AHABLEE
Strain code Origin Culture medium Similar species Similarity ( %)
GXIMD 7462 F2 #2 F2 root M10 Asticcacaulis solisilvae 96.88
GXIMD 7066 F1 %% F1 stem P3 Aurantimonas coralicida 98.05
GXIMD 7477 F3 I F3 leaf AGG [ R 30 1 2T o 2 g T 96.72
Cellulomonas pakistanensis
GXIMD 7064 F1 2% F1 stem AGG.P3 P R AT T 98.58
Erythrobacter citreus
GXIMD 7063 F1 Z£ Flstem P3 KL IR 96.61
Jiella aquimaris
GXIMD 7115 F6 4 F6 root P7 ik Nk deh A 94.72
Kordiimonas lipolytica
GXIMD 7761 F2 it F2 leaf P3 Marmoricola korecus 98.56
GXIMD 7498 F5 2 F5 stem M9 Massilia oculi 97.91
GXIMD 7121 F6 #R F6 root M9 M10 M11 Rhizobium helanshanense 96.62
GXIMD 7463 F2 & F2 root P3 Shinella daejeonensis 96.33
GXIMD 7518 F4 1 F4 leaf M5 BRI T 96.66
Sphingomonas panni
GXIMD 7789 F4 ¢ F4 flower M7 Achromobacter denitrificans 99.87
GXIMD 7762 F1 M F1 leaf M11 EVARN Wk ol ) 99.87
A. ruhlandii
GXIMD 7147 F1 ¥+ F5 %1 F1 soil, FS soil P3 BRI A 99.22
Algoriphagus halophilus
GXIMD 7146 F5 &1 F5 soil AGG A S IR AN 99.22
Altererythrobacter epoxidivorans
GXIMD 7838 F4 25 F4 stem M9 Bacillus qingshengii 99.34
GXIMD 7132 FS e+ F2 25 F6 MR P7 M7 .P3 'L A 99.61
F5 soil, F2 stem, F6 root B. siamensis
GXIMD 7017 F1 8+ F1 soil M11 TR AT 99.87
B. tequilensis
GXIMD 7743 F6 25 F6 stem M10 i B ZF ST T 99.04
B. vanillea
GXIMD 7027 F1 gt F1 soil P3 ARG 2 AT R 98.7
B. vietnamensis
GXIMD 7117 F6 ¥+ F6 soil M10 KRB EIRE 99.35
Croceicoccus pelagius
GXIMD 7792 F4 7% F2 e - F4 flower, F2 soil M10.AGG Fictibacillus halophilus 100
GXIMD 7143 F1 25 F5 &+ F1 stem, F5 soil M5 Labrenzia sp. 100
GXIMD 7615 F6 4 | F5 J 1+ F6 root, F5 soil AGG MI11 . M10  HEARAGERICHE 99.09
L. alba
GXIMD 7120 F6 4] F6 root M1l EhRLAT S R IR 99.22
L. salina
GXIMD 7123 F6 4] F6 root M9 PR G B ER T 98.71
Luteococcus sediminum
GXIMD 7130 F5 8+ F5 soil M7 (DGRE) 99.34
Microbacterium thalassium
GXIMD 7834 F1 I F1 leaf M9 P7 HEH) A BOR T 99.74
Micrococcus endophyticus
GXIMD 7442 F2 Jet F2 soil AGG Mycobacterium conceptionense 98.97
GXIMD 7744 F6 2% F6 stem M11 Paenibacillus urinalis 99.59
GXIMD 7402 F5 I FS leaf M1l b [ R BR 99.74
Paracoccus marcusit
GXIMD 7499 F5 25 il F5 stem, leaf M5 M11 b RGN 99.61
Pseudomonas putida
GXIMD 7747 F5 3 F5 fruit M10 L IERITE 99.87
Psychrobacter nivimaris
GXIMD 7516 F5 2% F5 stem M10 BN E LT IR T 99.74
Rhodococcus pyridinivorans
GXIMD 7116 F6 4 F6 root M10 DG BER 99.09

Streptomyces levis
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Bl 1 WEAEBTIR Y 16S tRNA B[ 751 N-J R 40 % &
Fig. 1 N-J phylogenetic tree of 16S rRNA gene sequences of potential new bacteria
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Fig. 2 Distribution of culturable bacteria

isolated from different plants

R ECE S 2R R 2, WOR ST B AR B Y
ML
AR K 37 5 o B A 2 B 40 T 2 R AR OO

M10 > M11 = P3 > AGG > M9 > P7 >M5 > M7
(P 4) . o TT L, M1 CRDR RS - L- 21 R 45 35

B ) M1 ML (520 8 — K ik i 28 B SR 2 ) B R 2600
P ARA 14 4 1 K0 AN B 22 B 2R B I A
e, ATRESE L-41 2 R R TR /K fifk 1% 3% 55 ) o RE 6 2

B3 TR 2 2 A 80 A T % 1% A B 0 A1 19 L
Fig. 3 Distribution of culturable bacteria

isolated from different parts

A KSR R, HWE RS HAb = FH W5
H T IX B, 22845 (2020) M IRE R P I R 20 B ARAE
A= RE) 50 B B B B R, M7 R 97 A5 S A9 i 4k
@ﬁ 2 M M1 55575655 85 B 0 2 T i 2D

Al F T 0 B N A TR AR K T 1 0 R 4
:Nﬂéﬁﬂﬁ%meoﬂMuﬁﬁgﬁﬁﬁ
LR T SAR IR E R DR S e R O
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42 %

P 4 [R5 5L 43 e 45 20 i T % 35 40 B 53 A1 15 B0
Fig. 4 Distribution of culturable bacteria

isolated from different media

x3 4EENEFHEATNTEENE R
Table 3  Results of antibacterial test of four

antibacterial active bacteria

ES)EPNGN

19 M T ik Size of
Active strain antibacterial
circle (mm)

N
Indicator bacteria

ToFLEERK T GXIMD 7027 12.1+0.263
Streptococcus agalactiae

GXIMD 7747 12.2+0.289

GXIMD 7518 11.3+0.252

T K Bk GXIMD 7027 11.4+0.116

Streptococcus iniae

GXIMD 7498 12.3+0.252

GXIMD 7747 16.4+0.153

GXIMD 7518 17.4£0.115

YITICH Salmonella GXIMD 7498 10.2+0.058

23I=MEAMEYTIEFARHRY ED TS
ST

23.1 TERFMEAMITHER SN LI
I KR K e N B R R BOW I, BT 45 K R
B 1 B L KA R T e A AT 5 B0 B % A 9
WL RAEREE . B TIUE RN, TR B R
X B 2 il e ) FH R I R B R A T 2
X — (] R A0 i e, FHOE AR R 3 B0 X 4 B A T
FHARYY , SEAT I TR % PR 0 3k, L0 R ARAT 4 bR AT 8E

FRANTE ) R WL 9, Horh 2= /DX — R s T8 A
PG, MR R 11.4%, W13 3 FfoR, Bk
GXIMD 7747 .GXIMD 7027 Fl1 GXIMD 7518 [F]A %}
TCFL BE Bk T MO K BE OBR W OA B HAE
GXIMD 7498 [ i Xt 0 "] R T A1V K S 2K T A 410 7
YERH . TEPERERE GXIMD 7498 55 ¥k Massilia oculi
B AR 29 97.91% K J5T A M 3(F5) 1)
25, GXIMD 7518 5 B AR B & B oA O W
( Sphingomonas panni) F = FHRLEE N 98.31% , >R i
TARME 2(F4) BYMF, 3% PIRK 6 P T K AT RE O 78
TERTIR, 158 W3 07 28 A Ak e 42 48 B 1L & 1 U AL
A EEWIT R E

2.3.2 TERAMEA G ER S E AN T
AR B2 A WG TEY BT, 5 N5 3 % U1 AH
KOEEZ G X T F S EAE KT Y
W7 I I I PR AN T, AT RO A e I
A M 2T R A BT B, AR
)T B 5% 200 O TG PR 2 R R 4 o R ARG
16 bk 2 /DA — il 35 P 0 AT 35 SR A0 A, BH PR
45.7% , 2 FELFT T X il 0% 1 LU B HURR R PR 2
ZFFRT I AR ZE A T R L L 2 JR AT T A RO
B ( Microbacterium thalassium ) [A] Bt EL A& JE 4y i 25
Rl R 2T 4 2 T o O M S TR AR 25%
16 PR 1 B AR b, 2 #k W] i 2 A 2 AE By
it 15 1, o TR R R AR D 12.5% (1 S) o 1 BRIFI S
HLA VE By Tl RN £ 4E 2 W TS R, S R R Y
6.25% ;A 2 R L L RETG VR AR AT 7 Bk, o S
PEVE R 119 43.75% ; B A3 £F 4k 2 05 M 10 1A bk i
Z A 13 B, LR PR R 81.25% ; HA H
FTE By Wl 3% 1 Y B RR 2 O 7 B, o PR A AR
43.75% . VA b2 BRI ELLRAEY) W] 55 55 4 7R 2
AW ARG, UL e R B LA R R
SEIE A K o S5 A, AT DL AR 7 i 3 P 1
T By R KA T A,

3ot g AR

Wt 5 i M 5 D50 % S TR O iz, 5 e RS T B
AT R T35 P A T RO B TR X, DRIt 2
MRRFIR AR 5T P A Gl A ) B R 5 R IE 7 Y 5%
TE . AWTFEAIHT 8 FlAS [R5 57 il o3 14 73 15 4 o 2
Xt 22 {7y EL L1 AR ) 2 2R R AR B 94 T T 85 37 40 1R
PEAT oy B Al AT RE AR R B AR R S R LA
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Table 4

Results of enzyme activities of culturable

bacteria in mangrove plants

Wk S5 AHABL ) e EHM ENE AR
Strain code Similar species Protease Amylase Cellulase
GXIMD 7063 7K 22 R - - +
Jiella aquimaris
GXIMD 7516 ErNLIELT BRI - + +
Rhodococcus
pyridinivorans
GXIMD 7499 % SU{BLEHTE - - +
Pseudomonas
putida
GXIMD 7123 PR BBk - - +
Luteococcus
sediminum
GXIMD 7743 A 2E AU 1 + + +
Bacillus vanillea
GXIMD 7132 8% ZFffF i + + +
B. sitamensis
GXIMD 7120 #hHIAERICTE - - +
Labrenzia salina
GXIMD 7518 H& BEEa T - - +
Sphingomonas
hankookensis
GXIMD 7017 #¢3EHi 27T I + + +
Bacillus
tequilensis
GXIMD 7116 PiR)E R AT - - +
Streptomyces levis
GXIMD 7121 Rhizobium - - +
helanshanense
GXIMD 7130 PRI + + +
Microbacterium
thalassium
GXIMD 7442 Mycobacterium - - +
conceptionense
GXIMD 7027  Hpg 2 ALAT B + + -
Bacillus
vietnamensts
GXIMD 7792 Fictibacillus + + -
halophilus
GXIMD7143 Labrenzia sp. + - -

. +Fon Yk -FonPitk,

Note; + means positive; — means negative.

TAEY B IR  JLARAT 35 MREARE , 20 i 7E 23 4B 28
ANJE o P RR BRI 43 3R FE T A6 i 38 A SR R
ST B B 0 2 T R B A R R R R
PRI 2 21 PR 3K 109 B 5 30 T 4 TR 5 20 B A 4 2t
A bSO TA] 20 A AR AR 35 S5 i 25 51, RS )
i 51 11 [] — b 20 A 4 T 5% 5 A0 o L AT M R
V£, AEIE o RE 4 41 20 25 vh 43 5 45 31 1) 40 B 4
MR 2 VIR S Ay B AR B A0 R e
OISR S ERZE (2010)  FERIGSE(2017)

#-HE A/ Cellulase

8
(50%)
1 0
(6.25%) 4 (0%)
(25%)
0 1
0% 2 (6.25%) 2 1/
i 0% (12.5%) _
Diastase Proteinase

PS5 S A 25 2 0 A 2 R8I

Fig. 5 Venn diagram of enzyme activity result analysis

K2R A (2020) WFRE A5 A Fr 200, P RE = e T
AR it SR A b 6 TR 2 745 52 i) AN [ A 40 2H 240 TR 1Y 2
FEME (FREHE,2007) , 10T BB 356 A FEL 9 2 208K
125 e M A BT SR 0GB X P T ) —
Tob L 2T AL 0 A 20 6 G AT 55 35 A B ) 4 A S AR
FRHEE R AR S, AT — PR, W
PoRiwr #PE 53 BT, 53 B AR AR 11 BRI TR 16S rRNA
S AR RUPE AR T 98.65% 1) T 76 37 181 #h L 43 A1
TR AR RN ZE ARG ) i DL K 21V 1 9 AR A7
¥ WIFE M7 P7 M11 M10 M5 AGG . P3 M9 155
BRI MOk, o AT 5 bR DNSEE IR 0 S B B
REEFRHL P3 LB 35 A4S, Ul BH 20 A PRORE B A 1
o A AR 2 SR E SR AN, P3 B IR T LIME A A
BRI AR E ) EESH R, Rt
TETERT T AT Z I 53 FE 5 58 | P R 42 4 07 9 0
e E WAL

i Fk GXIMD 7477 .GXIMD 7027 il GXIMD 7518
2 T R 9 [ I Xof TG L % Bk o1 P VA K BR BT A 41
H/EH, GXIMD 7518 [w] Bt EL A 300 B R0l 65 1k, 3
Ul B A T A A 1 v oa] Re R I AR A B 2 AR T
PR W), AT Re & — A AL & W ZFhis 1 J5 22
AFRAHE— 25 89T, 1 P TR R GXIMD 7498 5 1 B
Massilia oculi F 55 F L JE R 97.91% , N K # 3
(F5)ZEZ0210 M9 35 37 56 v 43 2945 21, 0 0 1% P
W AR GXIMD 7518 5 B Bk M5 & BE R OM
( Sphingomonas panni) f i ML R 98.31% , AR
HE 2 (F4) M2 ZU0) M5 35353600 20 B3 51, 3 P RR TR
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PETR PR AT BE MW TE BT A . U0 WA X 4l TR 2R KT
WA IR AT 8 I T 22 FhOAS (] B 43 Y 8 5% B 4y B
SALAS[RIRE S AT BE SR AR, A S B A5 B R
BRI ARG o b, A ABIESE K B, e 1
Fk GXIMD 7132 3 % ZE 1 5 AE 7= A= e A )
He K Y 5] W 2 R ( Suliasih & Widawati, 2020) , Al
FAAVE T B 700, X BT 77 Ui 20 o A AR RS O R AN R
(Awan et al., 2020) . HILA] WL A5 43 2515 5
(T PR TR R A T R 124 1 R AR ) B R 7 i B
F1o T VEE LRI 0T K5 35 40 P R 2 R
& 5 Sl AT P T AR R WAk s AL o
B Ay B Y rh 2R BT A R IS R T, Rl
SR SE R B F T R K 7 SR B 24 ) B A B
2R T, AR R 2 DL R A T A T A
—E IR IERE,

SE .
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Impact factors on seed germination and seedling survival
in Casuarina equisetifolia natural habitat

WANG Yu, HAO Qingyu”

(' Ministry of Education Key Laboratory for Ecology of Tropical Islands, Key Laboratory of Tropical Animal and Plant
Ecology of Hainan Province, College of Life Sciences, Hainan Normal University , Haikou 571158, China )

Abstract; The sustainable protective efficiency of Casuarina equisetifolia coastal protection forest ( CCPF) in Hainan
Island has been seriously affected as C. equisetifolia itself can not regenerate naturally. In this paper, Haikou CCPF was
taken as the test area of the natural habitat, and a total of 36 treatment combinations were designed by using 5-factor 2-
level factor test method to explore the impact factors and barrier factors of C. equisetifolia seed germination and seedling

survival. The results were as follows; (1) The treatment combination with the highest seed germination rate of C.
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equisetifolia was canopy gap—not watering—sandy soil —water retention—covering soil (GJOSBM), with 37.33% of the
germination rate, which was significantly higher than those of other treatment combinations (P<0.05). The treatment
combination with the highest average plant height was canopy gap—watering—red soil-no water retention—not covering soil
(GJRBOMO) , with the plant height of 6.43 em in 53 d, which was significantly higher than those of other treatment
combinations (P<0.05). The treatment combination with the highest survival rate was canopy gap—watering—sandy soil—
water retention—covering soil (GJSBM) , with 79.00% of the survival rate for 73 d, which was significantly higher than
those of other treatment combinations (P<0.05). (2) Stand light conditions and covering soil patterns were the impact
factors for seed germination rate and germination potential of C. equisetifolia , while water retention patterns had
significant effects on seed germination speed. (3) Stand light conditions were the impact factors for C. equisetifolia
seedling plant height. (4) Watering treatment was the main factor affecting the survival rate of C. equisetifolia
seedlings. In summary, the barrier mechanism of C. equisetifolia natural regeneration unable to survive in Hainan dry
season is not for the seed germination, but for the lack of necessary water, resulting in the failure of C. equisetifolia itself
natural regeneration.

Key words: Casuarina equisetifolia coastal protection forest ( CCPF) , natural habitat test, seed germination, seedling

survival, Hainan Island

AWK ( Casuarina equisetifolia ) J2&: 16 Fd 55 N T.
B AR B A, 76 1 823 km AU R LR, IR
JRREE g AR A B T U 5 4P AT R 24 1 450 km, THTAR
i5 5.6 J3 hm® (XUSRATIK L, 2002 ) , AR B B Ak
22 T A T T 85 B AU 0 R AR A A Y R AR
FrBE . AR AR KRG (5K B8 AE,2017) , BL A TT R,
i SR, ARV B R 24 4 00 b el o 1
RATTRISRE T, © sk T w5 15 18 B XU 0 4 £
B AEERFI (Chen et al., 2018) ., #RIM, RBEEAE R
SRR Tt £ A — 2 2 28 XU S K 4K B B o A
FESFIE, 40 . AT B R BRI R E , AN 5
O, 5 AR K IR A (RRTE R4, 2020) ; AJRR B
BB R WA IR, Ja 7 HE AL AR o SR 9K BB R 4
(R HE AR, AR 15.1% (A 55,2020b) .

FAR AT 1 B B 58 68 1 LR —
AR N PO ST R 7/ DA i o A ML T/
B & 40 v A A A K A5 S B (Harper, 1977) , He
Hh il 1 i A0 1 R R AR AR T S A Ry DG B
i 55 849 2 4 i3 #2 ( Nathan & Muller-Landau, 2000) .,
KER T & AR [ AR 2898 10 8 2 5 0] 2 Ak
MRORTHR S 228 1A BOR 1R (R ERBN4F,2020) . K
RECZ SR, N TR 75 i ot S HoR
P L A (BT U Rl I T 1 S I R AR TR, ALt
TE V5 A 7N A R 5 VA B AR DI 12 S B R AR BT Y
BERFAIL T, DAE B4 2 45 HOK SE i B 9 Ak RE . A&
AR SR SR R AR Sy 52 %, B T ok B R R BRI (b
BT ) LI R B R =S SRR (1) R A R TS

AR R A5 (2) 88 B A B AR B (B2 AL
55,2004 ) 5 (3) &)y v A2l A8 R0 Eh A 09 AR 3 R A
(EES,2020) , HFFERM, A RR B 5 R & 78
£ (712.60~1 765 grain - m™ - a™) , HUE B ] 55 K
(9 M) B fh 7 i it R4, &2 5N 58.43% , Al
IR A (1) Tl AN J2 A JRR B K 4K T3 iy BR i) A1 7
(% ,2019; Yang et al.,2020) , b T HE—F
FEARAF (2) A 5 2% 1 0 15 A7 7 BR o] 1~ 1 & 1Y
FIRETE, 7RS0T T M BR A S
FOSEH, 4 R R BT pH  Fh BE I B X AR R B 1
REAFRITC W W, A PEG ¥ MR B K 5K Ji
JEEXSARR B A T 2R B B3, R WK 4y
R TR EENRZ — ( EE5,2020)
DG RN R] | 56 R 5 32 0 51 Jo 28 5% KRR B8 A 5 i
WA R (B FREAK, 1984) o ## 45 (2020a) W 5T
FEHH AU PR 7 A RR B AR 5 B MR JRR B U 7 )
FRR it J2 52 W) A JRR B V6 B3 AR AR S AR (4 L4
W) RARTT i FZE R R, AR & A 2 Fh A &
Wy I, Xk A [v) A ) o 5 1 R e 4 B B AR LA
il AR 25 SUE AR T B s KRR B 7K IR WO T R
( Vatica mangachapoi ) Fi ¥ 1) 85 % B4 1 il /E F
(BB ,2012) XA A S 500 S il 1
FH(E E5F,2020) 5 AR B K2 W XTHZ AR ( Litsea
glutinosa ) i B9 KA 1E FEVE R (BRIBEFHSE ,2013) ,
(EL/INAS B2 BBy ) . 2 40 ) A BB 8 41 B Y A G (AR
2HEAF1996) o X BEAIF ST 45 R R B KRR BTk R
XF B R AR SR Y S0 R AE A R R x5 e 2
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LI VR AT B0 A 2R A AR A AN I TR 2R, AT o —
A 7R AR RR B 1 By T UL AR ST A BRI HIL A,
R BT 7 bR B 7K 22 228 Je N AR [ 3 AR AR
7 11} e A B A R R A AR S

1 HRREBMAE HRF &

1.1 FAXXHER

A5 DA T 1 e 44 08 11 71 J5 R AT o A R
FRECV I B 974K, 110°26730.71" E,20°02'36.73"
N, J& TR = A%, 24 H BRI R 58 57
BRI H R B2 000 h DL E A PHEE 55
A 35460 548 ~50 241.6 J - em™ - a™' . 4EPHRIR
H24.3 C L mE FHRIR R 28 C AL, B AR
AWK 18 CLA . AFFBREKEHR 2 067 mm, 4F
S ZE R TN 1 834 mm, F AR KU DL AR B KR AR
LA F AR XGE R 3.4 m - 57 RG],
AR EE R 25.3~19.0 °C % S e s TR M 34.5 ~
31.2 C, ¥ FEK RN 224.4 ~34.9 mm, [EKK
Bl 12,5 ~7.3 d, P REK 2.5 ~2.4 m - s (I
157 s KA TR AF 18], 2019) o R 56 90 9 S F 2=
e 2 g e W o B B R,
HONEWEY R, pH N 6.1, HIEHRESH
BB AN 16.559 mg - kg, A RLHE N 11.606
mg kg_l JEALH N 10,742 mg - kg'lo VN N
SN 1750.00 plant - hm™ | SFH 048R 7.27 em,
IR 9.33 m, JTE RN 6.00 cm, AR ]
FER 0.80, SEHEEE M1 524 1x,
1.2 iRt RARFE

SRARGEA R BT 5 A B3 T W e S 40 i A I Y
A G K R &R A il g ok H B 7 1l
BT 7, BB R AR RR B A 0 & ELAT W AE 5
(G RE BEK PRK | FE T A 5 AR N Ab B R 3R,

R RN 56 Ak TR S ) b T e 8 O
KBTI 2, AR50 R 25 % A 2 4~ i
Yol Horh bR (V0 ) Sk R A LR T AR
B & M A A K O, A A I AL B, &
A LEAE T i R A AR B AR SR AR | ik
B AR N UEAT ARG, T AR b X R 2 6 2 48 KRR
WA LI HOR R A b, X A9 N 18 em,
HAH 9 em MSBIAR . FR P9 BT B B 24 0 12
cm, BEsHEIT RS HZE 2 KFE, (1) EHREA).
PRE R T, H P AR B R A BRA A o A R
BAESRE N B AL 8 m, MOE T Ay AL B &
W)k ~F A JFR MRS B RE B A5 T (2) BT A
AbFR . 5 AR SR A b R R 0.3~0.5
em, (3)FRAKALER . RK FIASLR K, Horb i 50 258 4%
JEEBBFL AL 2 A A5 7K A B3 AS 1AL g 4 7K Ak 3
TRAPE N B AR O R AR (B2 VD £ ) AR AR
TR BRI o (4) BEIK AL B . BETK FIAS e K,
HAORPEK AL B 5E 2 ARS8 H AR FEFE , il ik F2 A
PEATAT AR DK BE/K AR BEBR T A SR BRI A1, 18 52 30
TSy, IR A 3 A R A RR B R A BT IR
0 — YK, 2 I MR b FE K 4, K DL S
s e, (5) . VMgt b+ 5
Vo AR, PRAKPELL £ i Fb 4 0 MR X IRl
ANHEATATAT GE AR FAR AR AL B, 53tk 2 L& 2 7K
S A3 R O B S A AN FP T 55 AR BE 2 AN K ]
e HA IR VD b, PR e K R K Ak B 5 BT
M A B2 53 51 R T VD H S e K R T b A £
K, BN 2° =32 N BRA A MR AL Ry 22 =4
ANEFA G2 MR A I 36 AN HEL A KR
WERHATEN R 1, BAMASKE I NREE,F
EREFEHSO KT, AT T 2019 4 10 A4
K FE C1JE R BREIT A A IR S5 0 B

TAN AT G RN s K K R G 2 R P Y
Tl FEAR AR DRERE AR T 2 em A HLIR K /ML,
TR AR NS /AWK, 2 MR A %
B SRR DLB L AR P R R ECRE #A0 2H
AR RN R
1.3 BRI A1 5 o H

P85 2 B #h i A KR8 R 46 T 2019 4F 10
H 13 H,ZE 2019412 A 25 H&5H , 33173 d,—
M E 3 KA 5 — KB i & B4 i A TR AR (A
RIS R, RIBE I K 20 d, BLA BT 85 K i ) R F
FTN T BT TN 4 A7 30 R A 5 )
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Table 1  Treatment factors and test combinations for the seed germination test

St A
%f;f %ﬁiﬁeﬁ ?‘?gh\t PE7K Watering “%E\?x Walel{*%rz‘{{emion it Covering soil P
Teatment o binaion MG HOE Bk Rk Wt gt v ok ARk wE AEt O
G c J Jo S R D B BO M MO

1 GJSBM vV vV vV Vi v/ sea
2 GISBMO vV vV vV Vi vV Container

3 GISBOM  V vV vV v v sroup
4 GISBOMO  V vV vV Vi \/

5 GJRBM vV vV Vi Vi v/

6 GJRBMO vV vV vV Vi v/

7 GJRBOM vV VvV Vi Vv v

8 GIRBOMO  V vV Vi v/ V

9 GJOSBM vV vV Vi Vv v

10 GJOSBMO  V v vV Vi v

11 GIosBOM  V v vV Vi Vi

12 GJOSBOMO v vV Vi \/

13 GJORBM vV vV v Vi v/

14 GJORBMO  V vV vV Vi \/

15 GJORBOM  V vV v Vi Vi

16 GIORBOMO  V/ vV v Vi \/

17 CISBM vV vV vV Vi Vi

18 CISBMO vV vV vV v v/

19 CJSBOM vV V4 vV v/ Vv

20 CISBOMO vV vV vV v Vi

21 CJRBM vV vV Vi Vi v/

22 CJRBMO vV vV V4 v Vi

23 CJRBOM vV Vv v/ v/ Vv

24 CJRBOMO vV vV vV v Vi

25 CJOSBM vV vV vV v v/

26 CJOSBMO vV vV vV v v/

27 CJOSBOM vV vV vV v Vi

28 CJOSBOMO vV vV vV v v/

29 CJORBM vV vV vV v Vi

30 CIORBMO vV vV vV v Vi

31 CJORBOM vV vV v v Vi

32 CJORBOMO vV vV vV Vi vV

33 GIoDBOM  V vV vV Vi Vi Fob
34 GlopBOMO  V vV Vi Vi v Fm;ztul;md
35 CJODBOM vV vV Vi Vi vV

36 CJODBOMO v vV Vi v/ Vv

M G, B ; CMGE; J. FEK; JO. AFEK; S. vb+; RZL+; D. ¥il; B f#K; Bo. Ak, M. %+, M0. A%+, TH,
Note: G. Canopy gap; C. Crown canopy; J. Watering; JO. Not watering; S. Sandy soil; R. Red soil; D. Sand; B. Water retention;

BO0. Not water retention; M. Covering soil; M0. Not covering soil. The same below.

REHEHR Gy( %)= N,/Nx100, H i N AR BIRhF & 28 B il 22 19 - 3 i 8], D S R 7 Bkl
FTRERE, N AR 7 ki gk, kZEH B BRI n WHNS HIER EFERE, EFH
G,=> (Dxn)/>n(d), Hrf 6, }9 V-3 %k 3, G.(%)=N,/Nx100,Hr N RFh+ & 2F ik 8 e 5
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W ZERLEL ., MXT R ZFE G (%)= N,/N,x
100, Hr Ny ¢ B Z0FPF R ZERLEL, 410 A7 T R
St & 2 RN M ], N, & G AR TR {5 N, R
s 221 4 1 AT B

25K I 2l ] GIM B AR B 25 o b
(Duncan Z ) . E & it i 2 FE Excel
2019 #1 SPSS 17.0 F 58 i

2 RGN

21 AREREEMFHENYMESE

HI 1 A1, 36 AL BRZH & P, &k 2 3R A 5]
AR R o R 2 R i s A (GJOSBM) H i
K414 (CIRBMO) 255 471.64% . ARYEIT 2243 Mr 4
W36 MACBRAL A 430 3 41, RIS & 2F R IR 4l
AW ELERA S MRS HSERFERRES
HEXLBEZSHAT MEEAR) M5 KR
RIL EAGHAREERH 4 NMEHAS) .,
Forp 763X 15 N R ZFRBARM AL B A T, Mo
i 88.00% , ANBEIK 5 73.33% , UbHb 5 26.67% ( bk
o B2 423, v e £ 45 40.00% F
33.33% , AME/K it 60.00% , A5t 5 73.33%, 7F
17 DRZFERE GBI A b R 82.35%,
ek W 4 ARK Ab B 3 0l & 52.94% , 3
64.71%

M 2 2 4 T, 745 Fp AL BE A Vb b 2 B
EIRTAEMBMNFF R ERME FH LRl
VOB e AN, bR Rl 2 K 2R SRR, (Y
1 2.83% , B EAL T AR A VK I TV R ZER
(20.79%) (P<0.01) , TEAAHAEAH T, CIRIFAF
A 7 SRR AR SRR SR 2 A
ROk 7 52 e % 28 R b R 2 ROR R 2
FOOMETEERTHRET, LB ES T AR
d o TR B 7T AU [F AR K O AFTE B

S, Ho gk oy U B8 AR K
22 AREREESHERKNYMES

M52 Al B 2 53 d ), 36 ML &
W WY BT A7 5 19 Ak BRAH A U 15 A, A7 19 b
PRLA RN K 41.67% , TEAETG Y 15 Db PR &
b S ARE e v Ak B4 A ( GJRBOMO) B 3
T340k = f /N AL B2 A (CJORBM) |, 7 2 4H 22
2.88 4%, Horb 75 5V bk f s i A R AH A TG
WEZFNS NOIA S T, BeKA S 100%,

21+ LR 214045 7 80% , EAS T[] B Ak 2 £
A A RECRAE AR 22 5 B 3 o S5 AR TE Ak
B Z 4 E (GISBM) JC i 3 22 51 5 S A B4
A PR R DK AL BEAS 7 1009 , 21+ FE AR
PRIK AL P4 5 60% , 55 H AL BR & 80%

D5 EE R AE 5 AL ER R R 08
HESR AR RN AR 7K Ah B2 5% i 4 B AR = 1 2 SRR
LA R bk = S AR R T MGE R, N R K
Ab 3 T ORK A (ELS) .

23 EERENEZMESER

23.1 G A EFEFAAS HUEIERE R, 36
AR FRZE A AR 8 N4 A Y A R B 4V AR AT
WL EYITEIG RN 39.79% , Hoh 1730 R R4 &
IR —BEK -1 £ -SRIk - 55+ (GISBOM) |, 7716
BN 9.33% , 716 o di i (AL G MR B - Bk -1
+ k35 (GISBM) , f715 KA 79.00% , B4 AH
2 8.47 15 (F 6) , TEIX 8 A7 R fEiE %
I 1 GISBM h& B i i P, — ELARFF R S 1Y
SEAFIE 2 AR IS AR I — R I s s, A7
TR AR GISBOM HHZR I HYE 3 Y, HAh A7
T IR U LA 1A F A0 3t AR AR Y 2 SR h 42
Z I, RS AR L, 8 NI AL A, DK T
K 100% , 70 L3RBT + 2048 & 75% , ME T
i 62.5% ,RIKFIAIRIK S 5 50% . 534h, CIRBOM |
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Experimental treatment combination

Different letters show significant differences among different treatment combinations at 0.05 level.

A1
Fig. 1

AL B R /NG R R TE 0.05 KF B R B#E 2R,
T,
Different lowercase letters in different treatments show significant

differences at 0.05 level. The same below.

K2 AELLBET AR T2 R 2F R
Fig. 2 Average seed germination rates of

different treatment methods

IKACEE) (P<0.05) . PRIIL, A5/ 5K Iy
B Y HALTE R 2 MR &K,

AR

A [FIAR BRL & T S 2

Average seed germination rates of different treatment combinations

Bl 3 AN A BT o Bl 1 2 e 2F 3
Fig. 3 Average seed germination potentials of

different treatment methods

233 Btb R R A HERGY A BRI
MaE, R FFHTEFREEFREE W (P<
0.05) , {H X fe 2 14 40 v A7 16 SR 0 O S 52 . Mo
2 S h kA AL Aok B MR Hh T B A7 15 il

2 pa R MO T A B - 2%, (AR LR 2



1310 OO0 M W

42 %

4 TRV AL BT YL o 2 e 2
Fig. 4 Average seed germination speeds of

different treatment methods

xK2 KKREYEHHEZS3I dBHEKRBER
Table 2 Growth of Casuarina equisetifolia
seedlings after 53 d

I e L N Ao o ey
Trea-tme-nt Av?rage plant plant sample
combination height (cm) number number
CJORBM 2.23a 3.50ab 2
CJRBM 2.62a 6.33abed 3
GJSBOMO 2.76ab 6.33abed 3
CJSBM 2.78ab 6.00abc 3
GJSBMO 2.95 2.00 1
CJSBMO 3.33abe 1.50a 2
CJRBOM 3.59abe 6.00abc 3
CJORBMO 3.82abe 2.00a 2
GJSBOM 4.03abc 6.00abc 2
GJSBM 4.06abc 12.33e 3
GJRBMO 4.38abced 6.33abed 3
GJRBM 4.88bcd 12.00de 3
CJSBOM 5.06¢d 8.00bcde 2
GJRBOM 6.23d 10.00cde 3
GJRBOMO 6.43d 9.00bcde 2
AT Total 3.96 6.97 37
T AP 5 A R 5 bR R TR 0.05 K 1 &2
BFEER,

Note: Different letters of different treatment combinations in each

column indicate significant differences at the 0.05 level.

Bl 5 N[l A B35 2 40 2 Rk
Fig. 5 Average seedling heights of

different treatment methods

USRI, AR B FIAR e T 9 401 R AT R O T 4
i, HEZ RT3 22 7 (P>0.05) (K 8:A),
Vb A LT A FE 5 P 7 A X K 2R R L) 1 A7 R
KREm TR, BV M+ 2 FEie
Tl B AE X A 2 28 RN 40 v W AE 05 R T 3 22
(P>0.05) (K 8:B),

i T A B B AH X K 2R W (P<
0.05) , [H X} J5 W14l 1 A7 6 R B AR WA s, R
o6 AR R A 2 SR A AR TR R A AR R
SEATEEIR ), A Z (8] 22 0 AP R R 2
FAER & 2Z 55 ME s (& 8:C), W 8:D ]
AT, AL 2 AR K Ak B T A G K 2E R )
BRI B Em T U AR KA B (P<0.05)
TRIK AR FRIY 2 45 il 42 A8 W (B A5 26 N 7 7 AR X &
RN BACE ETHIAR A, 2 4% i 4R BOAR A A 42
AR R Z T ANZ G AN R K T =0 5
AR & 2R R L 22 57 (P<0.05) o MIGAEL A5 A5 ]
PIAEI R I 26 ok, R 7K Ak B A AN FR K Ak 3 1)
Y AEIE R M A AR T O 22 (R AR R, IR
IKGARLRAKAL SR ) B A 0 T W 22 7 (P>
0.05) . SR PR 7K Ab B X &0y 1 A7 5 5 1Y 52 i /SR
FERIA . A5G TR K AR B
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6 ANIEIALBRALE B FR T RIS A2 28 R K22 73 d WA R

Fig. 6 Relative seed germination rates and seeding survival rates of different treatment combinations for 73 d

7 BRARA B Bl A 2 2 4 S Al AT TG R B R )
Fig. 7 Effects of watering treatments on relative

seed germination and seeding survival rates

3 WikE4E#

3 ARAEHNESIERBEER M AKEM T
RGN EFE
W A 52 e AR AR 22, (H R AE P A2 S A

BEAIR], il 29 PR 28 AN [, JHG v A o 1 32
il F 3 IK 43 1 A RCPE RN IS B O BE A (3R
4,2015) . TRXFT7E B 5 0 LTE 208, 1%
2 TR | 5K Ay RN T TR R (R A
2016) . AJBREE T 15 & 09 e AR AL BRAL A S MR -
ARGIK-10 £~ 1Rk -3 1 (GIOSBM) |, 1M F 11 & 1Y
PR G N MO - Pe K -4+ - R K- A+
(CJRBMO) , — & my b3 )7 XL AH i, & BH A W) b
A G R L AR RRE A R, 55,
1T AN SRR AL BRAH A b T LR B F T
AR Fh 17 A 09 R N R BN IR AR |
+ BEAKERAR B - AR B 4 A 0 R AEAL
FRLHA SFF I & AL B A& TR TR, H
BLXSE B K I AR ], 3R B B 7K AL B ) AN [R] 52
W) (%) 8 A FNAE TG o JH 32 2 i DR v 1 00
R R K AN SR i R I 20 B R
AT LEBEK A Ry B2 KA T
WIAEE I 2R DK, o, 3T 4
AU R S AL PR A (2 R B A TR
JRR B &7 A 17 1) R DR B/ MR IR R B K a8 36 -
G SRR 4 o 4 N
2 AREFREERBERAMNFARAREMNFH
ERGNEFER

H T2 a8 AN UE K 5 bRt Xt R 21 A HE Ak v
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A G IEAE FR AN 5 2 A R Al B AT A A 5 B R O B TR S 2R R A A AR B 5 C. 3 AR B BT
FERS 2 25 54 R Ay A6 AR OS2 5 . AR A BE X b TR X 42 28 38 B 400 A R B S

A. Effects of light treatment on relative seed germination rate and seedling survival rate; B. Effects of three kinds of matrix on relative seed

germination rate and seedling survival rate; C. Effects of soil covering treatment on relative seed germination rate and seedling survival rate;

D. Effects of water retention treatment on relative seed germination rate and seedling survival rate.

K8 AN [R] Ak B T5 20 1R RS S 2 230 e A1 B A 3 A 52 )

Fig. 8 Effects of different treatment methods on relative seed germination and seeding survival rates

T A7 A6 AN [, DR JH P %o FR 2 10 % 25 3R g 5 I T
AR GEK T AL, 156 B 3 o 04 £ 7K X R 1Y
KEFEARERN, X5 T E5%(2020) fEEH
(2007 ) WRFFT 45 S — 30, AR BT J5 AR 55 MKy
VD £ AR KRR 2 | TR A I KRR 3 Fp 1
(W A B Al B A7 o SR, DR 7K A B X 25 2% 4 Fh
THAFRLEEZESS , HEZ R R A4l 2
F R 7 2 PR K P 25 S/ NI 2
33MARBES ELTFKXEEMAKERTR
FEREFHENHMEER

B A R - & 2 A b ) B AR SR

T2 — (EPRIESE,2001) , FRE AR EAR
FOCRESEF TR RS FF R ZFRER B E JFH
RE AT R TR 1 & X 5 R B R 2 R bl
S HEC [] Tl AR s B B 1 g B e (R R AR
1984) [BIFFE 25 FAH— 2, R B IEAA R PH K
FREFFI AN EES N —, B 58 &E T
TR 0 A 8 A RS e, ) iR 45
(2016) WFFT R, MARFh T8 & R 8 & o & 2
B I T R R 1S  RSERNS F R
P, AR R, 55 07 A E R R R AT
M & 252 M R 2 34 L 2 58 07 SXOh B
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KA T A A VR B R, A AL AR K B e
IR AL ER X F 7 K 2R A R e, R R AT R
SRR &R A 10 H 4y S iR BT 2, H B
KEE 2 (12.5 d), AW &EEh 7 2 (224.4
mm ) [ 2 (I F D7 s KA TR If),2019)
34 O XBEUREMARESERSHNEERE
) 4 3 % O BRI 75 SR B 2% BURK A [
Ffox S B 5 SR A A TR (B ESE,2002) o AR
LT bR A AR T B S T MGE R SR
ARBRE RN T 00 &AW, Hahm A K B 5k
P, X5 A M ( Dalbergia odorifera) %1 T ] H
TEARJCIRIREE T A KA — B (B4 ,2016) , 4
K E (1 time - 37 - d) B, T KDL, N
IR K AL BRFEAS | X6k e T 3 e, PR
B S AEA T, 2R KA H 80% R 21
- T, 26 W PR K FINAT A B T R &) v bk s B —
SER, AN AR 2 MK E AT, &
WA MOE -1+ - RK A A RUIFEABEKIEN T,
K A3 1k BRI R, A E K o3 78 R 38 Y M
T AR AR X A e i 41 FE R I AR K O 5
MIZEEVE T, A8 B KRR B2 i B8 A BR A 7K 4, i
W UAEE AR, XA A B AR 22 R 4 T R
X AR PR 1) 70 T S 0], S5 (R F S A U (X R 2
5,2018) , B, FEMIAKR R ST, Sk =X
AR TF 4 H AT I bR
3SEAARREMSYEEEERNETERSE
FEXNTE 22 8 B B, 38K 433 5 2 5 i Al )
AT 0 BRI T, 2 HOK Az &%
JEFEAN AT Y R R (R ST RN 2R IR
2003) . ARk, 55 07 S0 S B4 i A
TG R BEEAV A S, KL 5T O B %A R 7K Ah B0t
Hgma 5 AN (A 5K O XA 35 ), Hk
B A A0 (1 Ab R 2H A a0 R Be ok 7 X, R £
B 43 R AR B ) 1 A 05 1 R ZERR R 7, FEAK
T 2L AU A AN [ 58 5 4 A R G B
S (P>0.05) s TERRE v, Q) 4705 28 0 A v 4
[ 2 i T AL R AR BT (P<0.05) o IXEERERW], Jk
JORT &) A0 S e O IR O, 4t
W B B ARG W 75% , H R AT
RERTEIELE 2 KA N WAL, %11 76 5 A 1)
W AER S AT+ h B G O AR BT v Y A
KT o Bk T A5 M AR JRR B &) 1 A7 R R
R S 4l i A K ) (11—12 ) 4b T 1Y

TR [ R RN AR R BB, 4 R 81.3 ~34.9
mm F17.9~7.3 d(CE P58 KA A ,2019)
AR TR AT R & e i i T LLER
W A AT R R S W RS 2 H AN
RN YA 5 (U 1 D R R AR B A 9, 2019)
XEAARRE L YT 28R 5, £ 2%
1 R A (A W 2k 6~ 15 d B TE I T 4
PRIXE

ZE ik, v b i R K S S e AR BE D
T &R IR S B 25 4 B bR =, DK
J7 200 I 3 5 e 407 ¥ A S R R I AT DA
ARREE [ B T0T R SR B BT 119 Fo A L o) A 2 b 7 1
A Al T A= o R S TN

S

CHANG W, WU JG, LIU YH, 2007. Research advance in seed
germination of desert woody plants [ J]. Chin J Appl Ecol,
(2): 436-444. [ Foffi, SAEE, XHLL, 2007 FLBAA
TR T R Bt TSR [J]. BLHI A 24k, (2):
436-444.]

CHEN XY, YANG M, 2018. Ecological response of Casuarina
equisetifolia to environmental stress in coastal dunes in China
[J]. ] For Res, 23(3). 173-182. [ R0 FA, % #,
2013. ARJFRE KRB T4l i A K sz [J]. 2R
AR, 19(9) : 39-41.]

DENG LG, KONG CH, LUO SM, 1996. Isolation and
identification of extract from Casuarina equisetifolia branchlet
and its allelopathy on seedling growth [J]. Chin J Appl
Ecol, 7(2): 145-149. [ X 22, fL 3R, 5% i 1],
1996. AR B/ NECHR I B 53 85 4 5 K X 41 A 1 I
YERT [T]. REFAEZS A4, 7(2) « 145-149.]

GUAN KL, 1984. A physiological study on the seed light
germination of Casuarina equisetifolia [ J]. ] Zhejiang For
Coll, 1: 89-95. [ HeMk, 1984, AJRRE AT MGl % 2E
ST [J]. WA E B4, 1. 89-95.]

Haikou historical weather forecast query _Haikou weather record
in October 2019 _ report after weather [ online ] Available:
http://www. tiangihoubao. com/lishi  /haikou/month/
201910.html ( May 7, 2020). [ ¥ 15 s KA Fi 4k 2 ifl _
2019 4F 10 A i B R A id 5% _ R A5 i [ online ]
Available; http://www. tiangihoubao. com/lishi/haikou/
month/201910.html ( May 7, 2020).]

HAO QY, YANG B, ZHOU YP, 2020. CQuantitative
characteristics and impact factors of litter accumulation for
Casuarina equisetifolia [J]. J For Environ, 40(4) . 356-
362. [V, B, JH I, 2020. AR B JH V&P BLAT
G R SGE RN R [J]. RS IAR, 40(4)
356-362. ]

HARPER JL, 1977. The population biology of plants [ M ].
NewYork: New York Academic Press.



1314 OO M W

42 %

HUANG 7Y, ZHANG XS, YITZCHAK G, et al., 2001.
Influence of Light, temperature and salinity on the seed
germinationof  Haloxylon — ammodendron [ J ]. Acta
Phytophysiol Sin, 27(3): 275-280. [ & #R 3%, 5K HHT,
YITZCHAK G, 4%, 2001. JGH& 3 B2 AIER 70X Hepe b1
KIgEm [J]. A A AR, 27(3) ¢ 275-280.]

LIU CJ, GUO X, WANG KL, et al., 2018. Ecophysiological
responses of Camellia japonica (Naidong) to different light
and water conditions [ J]. Chin J Appl Ecol, 29(4) : 1125-
1132, [XUARA, 005, £48F, 45, 2018, M IR
[FDCHRFN K 73 0 AR AR 252w o [0 ). N AR 2554l
29(4) . 1125-1132.]

LIU Q, ZHANG YH, 2002. Investigation of root nodules and
discussion of the factors which affect nodulation in Casuarina
equisetifolia plantations in Haikou [ J]. Sci Silv Sin, 38(5) .
175-180. [ XI5k, 5KIFHE, 2002. i F b X A JBREE AR
P K5 R 2596 1 AR [T MOl BR#, 38(5) -
175-180. ]

LIU YH, MA ZH, 2016. Influencing factors on seed germination
of Juniperus rigida from Helan Mountain [J]. J NW Argic
For Univ (Nat Sci Ed) , 44(6) : 62-70. [ X7k, DRpdE,
2016. B 2= IAANRI -l AR B R R BT [J]. Padbk
PR FRFIERR) | 44(6) : 62-70.]

LONG LQ, LI XR, 2003. Effects of soil microbiotic crusts on
seedling survival and seedling growth of two annual plants
[J].J Des Res, (6): 53-57. [JEAIRE, 282, 2003. L
SR 2 e %o P e — A A AR ) &0y P A0 AR A K RS
[J]. PEYPEL, (6): 53-57.]

NATHAN R, MULLER-LANDAU HC, 2000. Spatial patterns of
seed dispersal, their determinants and consequences for
recruitment [ J]. Trends Ecol Evol, 15(7) : 278-285.

PENG SJ, HUANG ZL, PENG SL, et al., 2004. Factors
influencing mortality of seed and seedling in plant nature
regeneration process | J]. Guihaia, 24(2) ; 113-121. [ 2[4
T, SRR, /0B, S, 2004, MY KR HH AR T AR
T E LT R [J]. )Y, 24(2):
113-121.]

RICHARDSON DM, PYSEK P, REJMANEK M, et al.,
2000. Naturalization and invasion of alien plant; Concepts
and definitions [ J]. Divers Distrib, 6(2) : 93-107.

TANG JX, JIA HY, ZENG J, et al., 2020. Effects of cutting
methods on natural regeneration of Mytilaria laosensis
plantation [ J]. J Beijing For Univ, 42(8): 12-21. [ fE4k
W, A, WEE, A 2020, Rtk A K EHEA T AL
RARFF A sy [J]. b mtpoll Rz 27 4, 42(8):
12-21.]

WANG Y, YANG B, HAO QY, 2020. Limiting ecological
factors for seed germination of Casuarina equisetifolia
[J]. Guihaia, 40(3): 403-411. [ LE, B, MK E,
2020. AJPREFP T K p R AR S (1] PR,
40(3) . 403-411.]

WANG CQ, LIU Q, ZHANG Y], et al., 2012.Isolation and
identification of the aqueous extract from Casuarina
equisetifolia and allelopathy effects on the seed germination of
Vatica mangachapoi [J]. J NW For Univ, 27 (3): 80—
86. [ &M, XI5k, sKiA, 45, 2012 AR E KR AT

A AN [J]. PRI AR B 2= AR, 27(3) .
80-86.]

WAND Y, SU XH, PENG ZH, 2002. Review of studies on
plant shade-tolerance [J]. For Res, 15 (3): 349-353. [ £
e, IR, R, 2002, AV BITEDTEIERE [J]. bR
W RLERTSE, 15(3) ; 349-353.]

WANG F, WU DJ, ZANG LP, et al., 2015.Seed intensive
germination in Platycladus orientalis plantation [ J ].
Shandong For Sci Technol, 45(6): 1-8. [ £3, Rff
JERIE S, A5, 2015, U AG AR M Bl 5 B2 R T R Y A AT
(1] IWZRMOL RS, 45(6) « 1-8. ]

YANG B, WANG Y, HAO QY, 2019. Spatial and temporal
dynamics of seed rain of Casuarina equisetifolia coastal
protection forest [ J]. J Trop Subtrop Bot, 27(4). 367 -
375. (W, TE, M E, 2019, AR EIGB AR T
s s g A (0] B S Bl A 2R, 27 (4):
367-375.]

YANG B, WANG Y, HAO QY, 2020a. Natural regeneration
characteristics and selection of regeneration tree species of
Casuarina equisetifolia coastal windbreaks in Hainan Island
[J]. Guihaia, 40(3): 412-421. [ i, £E, HBEE,
2020a. 161 5 ARR BB AR SR ST AR AIE K2 B ) Ao
B [T]. 7OV, 40(3) ; 412-421.]

YANG B, WANG Y, HAO QY, 2020b. Impact factors of
undergrowth natural regeneration for Casuarina equisetifolia
forests in Hainan Island [ J]. Guihaia, 40 (3). 422 -
432, [, F&, M5 E, 2020b. MR AR T
F AR P R A WE5E [J]. 7 PUkEY), 40(3) .
422-432.]

YANG B, HAO QY, 2020. Selection of mixed species of
Casuarina equisefifolia L. based on natural regeneration
properties [J]. Plant Sei J, 38(2) : 221-232. [ ##, i
E, 2020. 3T FARTEH M REH L RE &) AR D MR
SR (1], HYIRLA, 38(2) : 221-232.]

YANG B, WANG Y, HAO QY, 2020. Seasonal dynamics and
spatial distribution pattern of seed rain in a monocultural
Casuarina equisetifolia coastal protection forest [ C]. Krabi,
Thailand, 2019, Thailan; Kasetsart Agricultural and Agro-
Industrial ~ Product
University: 80-90.

ZHENG J, WU ZH, CHEN QX, et al., 2016. Influence of
shading on growth and physiology of Dalbergia odorifera
seedlings [J]. Sci Silv Sin, 52(12): 50-57. [ AFIg, 5]
HE, BRBKI, A%, 2016, EBTHFE A B 4l AR R AR B
HIsZIR [J]. MolkBbaE, 52(12) ; 50-57.]

ZHANG Y, ZHONG CL, CHEN Y, et al., 2017. Studies on
growth processes of Casuarina clones in Hainan Island
[J]. For Res, 30(4): 588-594. [ 3K 55, Mhasht, BRI,
S, 2017, HERAARRBTTICME R AE RS BRATSE [J]. Aol B}
FWFE, 30(4) : 588-594.]

ZHENG YR, XIE ZX, GAO Y, et al., 2003. Ecological

restoration in northern china; germination characteristics of 9

Improvement  Institute,  Kasetsart

key species in relation to air seeding [ J]. Belgian Bot,

136(2) . 129-138.

(RfERE F #)



f'&ﬁ@ Guihaia Aug. 2022, 42(8): 1315-1324 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202012048

TN, BER, fE/0HE, AF RRRETAM BRSO T e A P B A o ()], 7P, 2022, 42(8)  1315-1324.
WANG XY, XUE Y, SU SF, et al. Effects of pure and mixed plantations of Casuarina equisetifolia on soil profile physico-chemical
properties [ J]. Guihaia, 2022, 42(8) . 1315-1324.

AFEEANRE IR HIES BRI
T B O, mOR, Kz, TR, TAELY

( L MR MOl RLA I TE B (R B LLMARATIERE ) , 11 5711005 2. IERIE A2, #0 571100 )

8 OE. BRSSO A SRR AR A EAC e 2% SRR R 5 GBI I VD M AR R B SR A RR B -
By T VR AR AR B — R AH SR ASHR 3 Flbi /2 A, 3 1 R A - B3 i RE &, TS A8 B2 .0~ 100 em £
A R B BRACPE BT S AT RFIE B ARG T 22 57 S5 RERHT . (1) F Ak L, ﬂtﬁﬁéﬁ&—fﬁ}%?ﬁ%@iﬁﬂﬂ%
PR T TZ LUK 20~40 em T3 pH, HIES90 6.119%H1 5.97% ., (2) S5AAH L, A RR 8 35 B Vg TR A4S
ARRIA JFR B — R SE TR S8 PR 34 g 3 2 5 45 2 - S8 A0 A BB N 4 R0 3 8, A BB 55 B 338 B 43 90 R 69.8% ~
358.3%%11 90.2% ~908.3% , 2=, & B ISR/ D M 44.1% ~ 160.7% F 31.4% ~210.7% ; 55 41 , AR B — 370 =2 g IR A2
MR G245 0~ 100 em 45 T2 10 20 & 1, B IR 20.8% ~39.6% , T A JFR 85 — K i AH JELE S8 AR Ttk 35 4
20~ 100 em 45 T 228 & i YIRS 25.0% ~39.6% ;/Mﬁ@ﬁf—j:ﬂﬁﬁ%i{ﬁéﬁc%%‘ﬁ*"iﬁ)ﬁ%_xﬁ%ﬁﬁﬁﬁ%aﬁz%
B TR AR AT 8 24 i a5 1 R AU & i (3) Ty 2o MR WY AR BN - R TR EE X AR AT AL
e R B AR SRS A S BN AR E NS B R, 28 LERUCH R E IR AT
IR ELA O G L PG A JRR B iy RUBRESS 7 7 25 FER S M JE 2 5 Rt A S TR B8 Ak
AP AR R B A M B T 3B T, AR AT RS A

KR AR, RACHK, R, EERI, PP

FESZES: Q948 XEFRIRE: A XEHS: 1000-3142(2022)08-1315-10

Effects of pure and mixed plantations of Casuarina
equisetifolia on soil profile physico-chemical properties

WANG Xiaoyan', XUE Yang', SU Shaofeng', LIN Zhipan',
LEI Xiangling”, WANG Yaoshan®"

(' 1. Hainan Academy of Foresiry (Hainan Academy of Mangrove) , Haikou 571100, China; 2. Hainan Agricultural School, Haikou 571100, China )

Abstract: In order to clarify the improvement effect of mixed plantations on soil fertility of Casuarina equisetifolia

plantations, three forest plantations were selected, i.e. pure plantation of Casuarina equisetifolia, mixed plantation with
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Casuarina equisetifolia and Calophyllum inophyllum, mixed plantation with Casuarina equisetifolia and Acacia
auriculiformis in coastal sandy land at Northern Hainan Island. By collecting soil profile samples from different
plantations, the distribution characteristics of soil physico-chemical properties and their differences among plantations
were discussed. The results were as follows: (1) Compared with the pure plantation of Casuarina equisetifolia, the mixed
plantation with Casuarina equisetifolia and Calophyllum inophyllum significantly increased pH by 6.11% and 5.97% at
the humus horizon and 20 -40 cm soil depth, respectively. (2) Compared with the pure plantation of Casuarina
equisetifolia, the contents of soil organic carbon (SOC) was increased by 69.8%—358.3% and 90.2%-908.3% , and the
contents of soil total nitrogen (TN) was increased by 44.1%—160.7% and 31.4%-210.7% in different soil depths of two
mixed plantations, respectively; The contents of soil total phosphorus (TP) increased by 20.8%—39.6% in different soil
depths from 0—100 c¢m in mixed plantation with Casuarina equisetifolia and Calophyllum inophyllum, and increased by
25.0%-39.6% of 20—100 cm soil depth of mixed plantation with Casuarina equisetifolia and Acacia auriculiformis; The
mixed plantation with Casuarina equisetifolia and Acacia auriculiformis showed the better improving effect on available
nutrients in humus horizon than the other plantations, while both mixed plantations could significantly increase the
available potassium contents in different soil depths. (3) Variance analysis showed that plantation type and soil depth
had significantly interactive effects on the contents of SOC, TN, TP, available phosphorus ( AP ), nitrate nitrogen
(NO,”-N) and ammonium nitrogen ( NH,”-N). In conclusion, the mixed Casuarina equisetifolia plantations can

significantly improve the soil fertility. Hence, in order to ensure the sustainable production, more attention should be

0%

paid to the mixed plantation structures, especially with Acacia auriculiformis, to get better fertility.

Key words: Casuarina equisetifolia, mixed plantation, Hainan Island, soil profile, physico-chemical property

AWK ( Casuarina equisetifolia ) J5 ;= T8 K F|
W e S, A 20 tE 42 50 TR A TR E L
o, Bk B AR e VR T 7 B ) 2 A R AR
HRR R, HOFOR AL 30 7 hm® (RS AR
25,2005) , AR HA A K IGE | B KUE VR BT
TRV B AR B VU AR S R BRI M SR AR
F, 2858 AR AR B | B 5 B A Y 4 1 Ml 0 R
P4 ( Chen et al., 2018; ## FABIE £ ,2020) , I+ H
B IEsh T X &R kR R T U
T P AR AR TR (R S5 AF,2014) TR B 7
TR E R, HAT 1 528.4 km By L, Horp
T K35 1105 km, 24 5 S R ZR K1
72.03% (WkIBEH4E 2013 ) o AR & B 47 bR 7E Vg e
53V R 2 A T B A, 4 8 XU i ) R AR
BT e (R RIS ,2013)

HI T A JBR B N TR B 28 B B — b ™ L 2
P TC B AN 2, 2 A R A3 5 R 35 R T B
AR B ARZE T B T 2 A A R R, A MR R
SEHEMA Y Z R TR A Bt ZREMREIC R
AR K PR H I ) RE 5 | 3 AR R ) 0
1B B Rk R U 5, A AR S B A L
( Leelamanie, 2016; F ¥ 5%, 2017; 4 & & 4,
2018) , {LEI5E(2016) 8 o AfF 78 HEA 44 5 A R

FITR SRR, e A IO 5 AR 22 | R 7% 400 25 AL
A REAR T AR &l A AE TR R I s e A
ERET ., EEFES(2009) BF5T & B, AR 1k
B T E B & AR B A R
AL o A R bR M - 3 5 o R R A SR i
B R B H 5 0 N ME R E R N, Zhou 5§
(2019) WFFE e, 4 HH 4l iy Fep A A2 = hn fl 1 oK
JPR TR AR B 4 M 1 Bl A 35 2k i, O B S BRI T 1
UE RIS 254, v Rk, B ET R A
B R AR TR S MOR 4R N TARAE W 2 FE v R A
AR B A S5 i, T EL A 7 b R A B R
T % AR ( @ﬂgﬂ'ﬁ, 2018 ; Pereira et al.,
2019) . Zi b Frak B H AT A RR 2bR 3 4548 B —
T A AR AR A () B, AR F 5T AR 6 e L
T R ERE I T 3 Bl AT ST (A PR 5 Sl bR, A RR B
GALBEY= = a7 N N2 N L N £S5 R N
HP BT R VA G R I R L L I S R LA R T B
WS Rl) i 3 o A AR 1 T B R Ay
AR RRAE B FC AR 43 (6] 1) 25 5, 08 35F B 77 R4 4 X
HEAE T4 b 04 52, DL K 1) 1 MY AR 1 R
B DI REE S s A I H Y, I Ao TR
] 2 i VR T SRR 5 B 47 PR A R e B AL AR A 26
FHC B
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1 #HEF®

1.1 FF R XHRR

WE5E DX T e 45 i T R LR B A 2
T A AR AL AR B MRS 115°58731.07
E,40°27'35.5" N, % X 38 i 94 oF 31, 10 4k 5 JEE A
8~10 m Z[H], J& B I = RS, D T X
DX, R W AR BRI & 1 684 mm, £
£ T 5—9 A AEXRIEN 23.8 €, HIEA
T A MK R IE 5 E ) B B i 41, LI AL B
IKNE AR 2
1.2 Eifm iR T HERERME

RS B HGZ XA R 3 FbRs: 255 4351
R AR BE 4R ( Casuarina equisetifolia, Cas.) (AWK
- B E W %R 8 M ( Casuarina equisetifolia X
Calophyllum inophyllum, Cas. X Cal.) A MKEE - KN

A1 B IR 22 MK ( Casuarina  equisetifolia X Acacia

auriculiformis, Cas. X Aca.) , FEHUFEAMEA K 1
Jrm MR FER ARG RN 2 o, K
RUBORE TV AN 1 s  FELA B 3 Rk vh a5 i
3420 m x 20 m MR MTTIEHEDT A2 R T5
TEPRACRAE Y T 8 A B, 24250 1 4> 0~ 100 em
SR T, BR 25 W v )2 05 R RO 2 (JE BRI
JZ).0~20 ¢m . 20~40 c¢m 40 ~60 cm Fl 60~ 100 cm
LJROYEMGRA A, 3t 45 A A b
S IS A ) (Ul RS ) SRR
BATWIR 22 5 B AT RE Sl Al (] S50 %, 2 KT
FEAR L 0 5, BT A 3 AR MR B e (B an
2000) o F3R FH HL AL YA TN 5 pHL, H1 4% R B0 - Ah
PRI s A LR, 2 i R BRI E R, TRV —4H
UL ORI E AW B BRI — KO DG R T
JERH AR Bray 1 S I-SRBEHTMOLOG R 200 & A
RO &, SRR R AR — SRR T A D s A
B, AR $ - 1 S B A A0 I E A S A
SR & &

R 1 EEMEAHR

Table 1  Basic general situation of experimental sites

LT A7) T SUT B N A U L

o = Ay
b B & Y I i) Average Average Avera}be Herbage 5 {;
Sample site Family Genus Species Planting  diameter height crown coverage et
time (em) (m) width (%) thickness
(m X m) (em)
AR E LA ABRERE  OARREER KRR 2009 17.2 11.3 4.0x3.7  50~55 5.1
Casuarina equisetifolia ( Cas.) Casuarinaceae  Casuarina Casuarina
equisetifolia
AR PR — Bt R i TR S K ARBRERE AR AR 2004 20.5 10.0 3.8x3.5
Casuarina  equisetifolia X  Casuarmceae  Casuarina Casuarina
Calophyllum inophyllum equisetifolia
(Cas.x Cal.) . s
THE B R LUESTIE BUEIEHE 2005 2.0 2.2 0.6x1.1 75~80 8.1
Calophyllaceae  Calophyllum  Calophyllum
inophyllum
AR RREE — R A SRR S b ABRERE  KBRHR RIRFE 2007 12.5 9.2 3.0x3.2
Casuarina  equisetifolia X Casuarmceae  Casuarina Casuarina
Acacia auriculiformis equisetifolia
(Cas.x Aca.) .
ERES EawE  RMAE 2007 10.5 8.0 3.5x3.8  50~55 6.2
Fabaceae Acacia Acacia
auriculiformis

1.3 St oth

% F Microsoft Excel 2010 &4 k474505 3 3¢ |
SPSS 18.0 AKX H i #E AT ge 1150, B 3R 22
O3B HRER 3 FpAR 3 2 [R]— 4 2 - 3R A o ) 22
SR, R /N 25 5 W 2 v (LSD) X % /K P Tl 7y

2E AT AT, ISR 2R T5 225307 3 Fhbksr260 R
[ £ )2 X £ 3 PRAL M TR () 38 B &2 W), ] Pearson #H
IR - SR PR AR A Jo 8] 4 A DGV R AT 0 AT, S
K- P<0.05, GEitEfdH Origin 8.0 k{43
friilfe
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Table 2 Herbaceous vegetation types of experimental sites under forest

AR AlbR AR B Bl B 1 SRR S0 AR AR 2~ R AR R TR S AR
Casuarina equisetifolia Casuarina equisetifolia X Calophyllum inophyllum Casuarina equisetifolia X Acacia auriculiformis
& & i & & i B & i
Family Genus Species Family Genus Species Family Genus Species
AT JiéEaR ) JHEAT 2] AT JiéEaR ) JHE£1 % RAF 1A RIE 1 7F M
Asteraceae Ageratum Ageratum Asteraceae Ageratum Ageratum Poaceae Cynodon Cynodon dactylon
conyzoides conyzoides
ey RHLAE BT R BT
Chromolaena ~ Chromolaena Axonopus Axonopus compressus
odorata
2R RHLAE R itk 77 Bk £ RS
Chromolaena ~ Chromolaena  Euphorbiaceae  Sebastiania Sebastiania Panicum Panicum repens
odorata chamaelea
NS )R &R T R 2R e I R HHE
Vernonia ~ Vernonia cinerea Phyllanthus Phyllanthus Ischaemum Ischaemum ciliare
urinaria
—R4)E — 4L PEHR X PR T ) X bR e G ISR 15
Emilia  Emilia sonchifolia Rubiaceae Paederia Paederia Fabaceae Canavalia Canavalia maritima
Joetida
RAH} e LS FAEHE FAEH IR E A} IR B R BEARRE
Poaceae Panicum Panicum brevifolium Borreria Borreria stricta  Xyridaceae Xyris Xyris indica
LR GREH RAR} AR T4 4R EREEE % Jm i
Zoysia Zoysia japonica Poaceae Cynodon Cynodon Droseraceae Drosera Drosera burmanni
dactylon
PR} FETR FAEE PR} PR E)R T B FHXR FHE
Rubiaceae Borreria Borreria stricta  Passifloraceae Passiflora  Passiflora foetida Drosera Drosera peltata
SR L] EE A e A A I R PR WA
Fabaceae Mimosa Mimosa pudica Amaranthaceae  Achyranthes Achyranthes Cyperaceae Cyperus Cyperus rotundus
bidentata
HRZER ALK B bk W8 b s S B R KA 8 By W B KA
Malvaceae Sida Sida acuta  Commelinaceae ~ Murdannia Murdannia ~ Commelinaceae ~ Murdannia ~ Murdannia triguetra
triguetra
K A= T 2k N7 A = T 2k
Euphorbiaceae  Phyllanthus Phyllanthus Euphorbiaceae  Phyllanthus ~ Phyllanthus urinaria
urinaria
HE i B T8 5 KA
Commelinaceae ~ Murdannia Murdannia
triguetra

2 HERE54H

2.1 RNEIM S 28 T 158 pH 2 41T

L2 AT AR AR 53T A58 pH Bl 1) T R
FIA) 14 00 2 328 ¥ 14 i 1 i A JHG v R R AR | R R
BB R T SR TR AS AR R JRR B — R A JELR A2 Ak pH
ARNE 535 K 4.47~5.50 4.75~5.90 4.60~5.65, 3 Ff
MR AEARLE] pH /NI S AR B8 - B 2 T TR 28
MRS AR BT — A TR SR R R gk, Hor,
TEJES B T2 M1 20~ 40 em + )2 F & Hk4) pH 8] 22 55
3 (P<0.05)  FENEBE BT)2 | A JRR 88— Bl e Vg S TR 28

R 2 v T A P R AR ) R R ZlbR i 0.27 A
B IR TR 6.11% , B A RR B — KA TR S8 M s
0.15 NEAAL W IE K 3.26% ;20 ~ 40 em T2, KK
B - TR R A MRS AR R B 4l AR 7 0.32 A B,
BEWRA 5.97% , 383 7 22 5387 & B0, MRy 2 BL RN
TR BE S pH A 8 25 52 ( P<0.01) , BRI AN
TR R B 1 22 BAE FHGS pH G I 5
2.2 TEHTANBRINE RS HISE

ANTRI RG340 A LA AN 4 S B A S C/N
SAARFRIEQNE 3 iR, BB 3 a3 MLk A
G G A I ) T O B ) 48 o B R PRI P R
LR AR JRR B 21 bR | AC R 5 — 3T 2 T HE TR 3 MR L AR IR
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* ? ¥ indicate Casuarina equisetifolia, Calophyllum inophyllum and Acacia auriculiformis, respectively; A indicates the soil profile

sampling sites.

BT AR SR AR R 1A

Fig. 1 Planting diagram of different plantations

T FoRMRIr AL D 2o LIFERITHRE , = 03 ) RR TR
0.05 10.01 /KF EZRRE, T,

T indicates plantation type; D indicates soil profile depth. * and
** indicate significant differences at 0.05 and 0. 01 levels,

respectivety. The same below.

Bl 2 ASIRIbR G328+ 30 I pH 43 A RAE
Fig. 2 pH distribution characteristics of soil
profile in different plantations

B~ R A SR S AR b A LA i R 23 0l
0.08 ~8.80.0.37~20.80,0.79~24.62 ¢ - kg , =R &

AR 43914 0.03 ~0.48 ,0.05~0.69 ,0.08 ~0.83 g -
ke 3 ik JE A A] E A LR A 2 A R IR
I A A A IR B — A P A SEUTR S8 PR > A IR B - 35
BBV TR A MRS ACJRR B 2l bR, L O[] )2 45 My
8] 2 S 3K 5] i K (P<0.05) o 5 A PR B 4l bk
ATEE , AR5 — Bl R 3 S TR A MR 4% J2 - 38 HLBR A
AR R 2 0 b 69. 8% ~ 358. 3% Fl
44.1% ~160.7% , A R g = AH SEUTR S8 MR i 3 [
351N 90.2% ~908.3% Fl 31.4% ~210.7% , 45 HLER
TR T REMIE, N C/N HRE MR NG
B I 2 e A 2 AR RR B - A TR S AR
Fim TARBRELGEAR, W7 22508 AT LU Y, PR 28
Y TR BE DA B — 35 10 38 BAE G 8 LAk &
AR SEUL C/N BAW D EL,
2.3 TEHEEBEFE5 fFE

P Pl 4 R, - 39 4l R A A e 45 ) T R
JE ()38 0 S AR A R e AR RR BT PR | A JRR B - 3
J= (53R nR N N s Ry N W DR vy N T e
LW SRR 4> 0 0.107 ~ 0.287 ,0.137 ~ 0.300
0.149 ~ 0.337 g - kg, 280 & & 45 & 4> 5 N
0.098% ~ 0. 133% . 0. 112% ~ 0. 142% . 0. 120% ~
0.150% ,3 Fbksr 2 Al i) + 38 g F a8 & i K
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K3 AN[EAR S 23 - S0 T A LR 75
AR SR C/N SRR
Fig. 3 Soil organic carbon contents, total nitrogen
contents and C/N distribution characteristics

of soil profile in different plantations

JINJITL Y 5 A4 3 TR A A PR B Al A/ N T AR 2 — K A
SRS PORIA JRR 8 - By 2 Vg HE RS AR, i =
M ,0~20 em TJ2 T, ABRET B 2 15 S TR S AR I
15 T ARRR B 21 AR RN A JBR B — K A SETR A AR, 1
43538 39.6% Fl 23.4% , T 4E 20~ 100 cm 45+ )2
TIARIBR TR A2 PR 0 2 R T AR R B AR AR PR -
TR T TR A PRI I 20.8% ~ 28.2% , AR JFR - K
AR R ARG 18 N 25.09% ~ 39.6% ; 5l 480 & e i

5 ,40~60 cm )2, AR — KA IR 3K i
FE TR AR, B IR N 20.6% , M5 £ M 4
TORFE MRS R B A 0T 4 ol R A B Y
W R T A8 A R A A A R
i E 0 (P<0.01)

2.4 TEHEIRBIFED D HIFIE

ANTRIRSY T A 49850 T A8 R 4043 A R iE A &L S
JR7R o 3 FivbR o3-S A 2R 5 70 W 43 ) kg A JRR
4libK 1.30~1.74 mg - kg A BREL - 350 B2 17 S TR S K
1.66~2.09 mg - kg™ ABRE - KA EIR S HK1.29 ~
2.21 mg - kg, o R RREE 4K Y 5 5T 2 AT 8L
B S AT A 2 TV A T S R %) i 7 )2 )
v A A 2, LB 50 T R 1% 3 2 R AR Y
e, (RIS, AR S MR 7 5T )22 i 2 v TR JRR B
AR, B8 W8 43 51 Sk 60.5% F170.2% , 8K T B IR JE IR
(20~100 em) 3T ABRET KA IR SSHRA 2K
B S ARSI PO R AR B AR, T 2200 e
MRAPZEIY TR BE DL K — 3% 28 TR FH 34 %5 A 550wk
TERAWNEERZM(P<0.01),

e 5 TR R B P 380, 45 PR3 A i 1 S B
TRAYREH 3 FbRs» S0 + 398 Sl 00 5 A8 Il A
PR BT ZlbK 2.05~13.58 mg - kg AR 8 — 350 A Vg 3
TRACHK 2.47 ~14.23 mg - kg  ARREEE - M- AHEIR
TR 3.70~16.22 mg - kg ; %%+ 2 A& R
IR Ry AR JBR B — A R JEL TR B8 MR > AR R 9 — B8 1A SR
SEMRS AR AR, 5 A SRR 8 AR LE | A JRR 35 - 3
JEE T VR SSMRORIA R 2 — R I AH TR AS R + 2k
RO & BRI 4.8% ~ 87.2% Fl 19.4% ~
98.2% ., J1ZE4 BT R, ARG 2 RN ) 1T IR B E X
LR B AR SR (P<0.01) 1 =3 22 BAE
FHXH TG 25 5

W ) T R 3 0, A S RS S A E Y R
B BRI, 5 2 B T 2
FA T2 T 1045 R 18] R e S R M S/ & i 2
S0 R OR R - R A IR M B & T
AR PR B PRI A JRR 8 — Bt B 1 TR S MR, IS AL
AR 23 00 A 21.8% 1 21.0% , % 25 A & 2 19 I 7y
BN 162.6% F1 66.8% , J7 2543 BT & B, k43250
IR L X — 58 HAE A A A S A
TERANEERZM(P<0.01),

2.5 TEHEEBAEREXST

WIS 3 FIARGT 55 T AS R BRAG IR 22 [ 1Y)

MRXREM(EI), LEpH 5HMH . 2H . &
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SRR REIEESR,
DS indicates no significant differences.
Bl 4 AN[RIbKR 2SS Y A S T 2 W 5 f5 M 55 20 A R iR

Fig. 4 Total phosphorus and total potassium contents distribution characteristics of soil profile in different plantations

B 5 ANTRIAR 3 26 0 S ) 1A 25l A0 i A SRR B A S i A A Ak
Fig. 5 Available phosphorus, available potassium, nitrate nitrogen and ammonium nitrogen

contents distribution characteristics of soil profile in different plantations
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Table 3 Correlation coefficients between soil physico-chemical properties of different plantations
TiH A LAk A N el AR A AR HAER
Item pH SOC TN TP TK AP AK NIN AMN
pH 1
ALK soc -0.749 % 1
2% TN —0.807%:* 0.968 ** 1
2T TP —0.773 %% 0.830%* 0.895 #* 1
24 TK —0.436%* 0.582 % 0.664 ** 0.687 ** 1
ARk AP -0.295%* 0.639 % 0.582%#: 0.476%* 0.387 1
AT AK —0.785%%* 0.917 % 0.934 %3 0.868 *:* 0.604 3 0.410%* 1
HZAS A NIN —0.832%* 0.937 % 0.939 %3 0.832%: 0.532%#: 0.462 % 0.962 1
B AMN -0.769 % 0.973 % 0.962 %3 0.843 %3 0.600 %3 0.641 % 0.904 3 0.925 %3 1

R B RLE 0.05 1 0.01 K-8 EA K, SOC. HIEA LK ; TN. 2% ; TP. &8F; TK. £4; AP. H3U; AK. SR,

NIN. fi§7Z5%; AMN. 25 %,

Note: * and ** indicate significant correlations at 0.05 and 0.01 levels, respectively. SOC. Soil organic carbon; TN. Total nitrogen;
TP. Total phousphorus; TK. Total potassium; AP. Available phousphorus; AK. Available potassium; NIN. Nitrate nitrogen; AMN.

Ammonium nitrogen.

W BT A O | AR | S R B A R Y
I O I SO OGSE R LAt H R i
() 14 1 A 2 ot o 5 ) TE AT SR S & Hep A LA
i e AR L B B A U R R A 5 R AR
T HABSEAR

3 Wik 54

M FRLE RFW], 5 AR B SRAR LE , AR 2 -
DR T SR A MR T A Ak o R L R A5 )2 1
18 pH, T A JBR 3% — A I AH VTR 38 M5 A JRR B 4l bk ]
TWEES, BRE, RS s 1% pH
AIFEFBLEI T REA LR = RN, 25—, B s
S I BT 1 Ak T 2 — | SRR R o
WA TP A SIS T TR A 5T 1) R At R IR AR T
PR & e 5 4 pH 2 TG, B, 5 4l AR
LU, TR SRR R [ A9 AH A TS5 1 AR 2R 20 W 1Y
T3 R I i, oE T 23 1398 pH (B9, 2016) 5
55 TR AP 5 W 7 A R R T AR (R e
W5 ,2015) , DT ™= A B 22 11 v (6] 7= 49 R 5 B I,
A AIL BT H Y R M BE AT (- COOH) 4 it 1 i 1Y B
B2 A A5, A T W 3 A R TR 2 Y BH B
T RT3 SR T DR R R 1L (VRS e A
PRAERE 1992) 5 50 =, A 3 A W IR AS MR Fh Al 2 38
T HET 3 pH I T ) AR A AL, X R A A
YRR A BRI (ST, 2014) . LR ETIR, &

PRAIR S AR A — R E B AT sl 2 AR B A
AR IR

A PUTUR A R AR L HEE J7 i B AR,
HEZDRIR T M EARSvP)  FAR R A A
JEAR 8 IS T 5 RR Y OGB4 AR (1 R AR,
2016) o ANIFFER M, AN R ACJRR 3 MR 73 S 1Y 4 S A7
BB 2 B SR B 1 JZ IR 5 T B 3, i 4
2 AL A I v T A A% R e, 3R
PR R G, HBR A R AR S A
PR BT S AR 3 Fof B G 50 AR R B AR ] 8, —
JiThL AR Ve VA i B - S PR T R A
&, Mt FE 28 i, RO R, —F e
FEBA W AR VR A T B A Z M 55— T T
TRZSHR AU EL , TR 5 0 ) A i R 28 i
T HOM A R BETAT R T T AT Lk
TR SRR E R, A M TR M Y
A MR BORSSE (B B 45,2012) . PAFP IR S AR AR
FE , AR B — R AR R TR A MR JZ P S A, — T
TET 55 DRI A SEL SR S M ¥ 7 i v T B R T R TR
M (e AR, 2014) 5 5 — T AT RS2 TR
I AL REL F) AR R T [T 20, 0 R R SRR L
TR (FEE B 45, 2012) . DAFERFRERW], K
AN AR A A e A i, ik TR AROR, A 7 7 o
e ELo i DR, 37 73 DU R RE S B PR BEAT R G N1
B HERE AL 7, TR 3 vl A A0 AR KU 1 55 54
XU, 4 e bRy B 37 D RE (9 AN 55, 2014) o 2R
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P EAS T R R S, R I A JEAR R T R 7E KRR B
A TR RS RN , S5 4 AW o 28 45247 114
ATHEIE X i 2K, DL ikt e A JBR 25 A2 2] JEE B 1 5% M) A=
1, BE AE A S WX R AR SR GE S A& BT s>
b m) A eE ) i 7 B (MRAEAE ,2003)

ARMFFE K B, 5 AR B SRR L, P A TR 58 AR
X A AR ) O RO B R AT, R R
A—EMARTHER, FEH T EE Y AR KR
AE 125, Iz B A P HLR, s i P R S T
FRW VBT (T ARS8, 2016) , il TR 3SR
PR P LASE e w7 5 B, A BB AR AR 5 53 4h,
AT I 7 AR R R A P A B HE i
AR R AR R R e e
SRR G, B S AMESA & EEAN
AR 28T R R B W B A« R B4, £ 2R
PR S 5 o 2 A0 2 = S v A BT A, R
T HBSR A BERE TN T )2 e, i i+
SRR 2 0] AR e & B, 8 pH S5 MUK
SR A UL R Ay B R A R
2 ARURA G T - SR 43 R 1 2k 2 A ) I A
Ko DMERFFEIAN  FEIE YRR 1+ 58 pH FEHL T,
PEREFRA A, T ARG N TOAR A £ 3 A o 8
i, F T R M S A S R B (R AR A,
2015) . Z5 b JriR , AJRREEAS [R] bR 43 25 7R 1Y) 4 g
PRAE A AE 25 5, AR 77 S b, AT DUE o B Y
TR MR SR A0 R oA A i 40 %) A 8 S e I, AS
P RIS o - R A TR 4
JIES 7, 2 T A5 A Vg 0 b A R 5 B XU g T R A
FERUE R,

S
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Site selection and plant diversity conservation of
national park in Guizhou Province
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( 1. School of Geography and Enviroment Sciences, Guizhou Normal University, Guiyang 550001, China; 2. Guizhou
Key Laboratory of Mountainous Resources and Environment Remote Sensing, Guiyang 550000, China )

Abstract; Guizhou Province is rich in ecological resources, and the establishment of national park is conducive to
centralized and standardized management of ecological resources. In order to analyze the spatial distribution
characteristics of national nature reserves in Guizhou Province, and to screen out the advantageous landscape resource

gathering areas for the selection of national parks, we analyzed the spatial distribution characteristics of 113 protected
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areas in five categories by ArcGis spatial analysis tool, and screened out the candidate areas of national park pilots and
evaluated their resources. The results are as follows: (1) The national nature reserves in Guizhou Province are
distributed in a cohesive way with a high degree of overlap, and eight national park pilot candidate areas are delimited by
taking the reserve gathering area as the landscape advantage area. (2) Based on the analysis of the main representative
resources of the gathering areas and the experts’ scores, the concentration areas with higher scores can be recommended
as the national park pilot areas, and the highest score in Chishui-Xishui area can be selected as the national park
experimental area. (3) The national representativeness, suitability, state-owned and social feasibility of Chishui-Xishui
area resources can meet the basic principle of setting up national parks with priority to integrate the overlapping protected
areas, and its plant diversity conservation is of great value. The results of this study provide a new idea for choosing
location of national parks and a reference for the establishment of national parks based on nature reserve system and the
conservation of plant diversity in national parks.

Key words: Guizhou Province, national park site, national natural protected area, space distribution, plant diversity

conservation, analytic hierarchy process ( AHP)
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Table 1

Nearest neighbor index of national natural

protected areas in Guizhou Province

F 28 Y B [EA

Protected area - Area r Ty R
Number N

type (km*)

ER/FTiabi i 113 9507.17 0.17 0.20 0.84

Natural protected

area

A SRR X 11 307093 0.8 0.56  1.42

Natural reserve

K544 BE X 18 3773.89  0.71 0.48  1.49

Landscape and

famous scenery

5T 2 9 108.86  0.94 0.54 1.76

Geopark

FRAR 30 1870.22 0.37 0.33  1.10

Forest park

b 2 el 45 683.27 0.40 0.30  1.31

Wetland park
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Table 2 Evaluation index of site selection in national park pilot areas

- i 7 . e )
L T o (N 2T BT
Firstly-level index econdaty-teve Evaluation content Weight
index
L, I, HADFFEN RS BERALH) A 28500 0.051'5
P Y [ EP/S= U] There is no artificial disturbance or degradation of the natural landscape
FFEMHE Natural landscape
National representation I, AASRGE REVE A BT LA R Sl e i e S kR R Y X 0.082 0
of resources He W 2R Types of ecosystems, communities, habitats, and biological species or areas with
Biodiversity high abundance
L B WGV NG b oA IX 8 0.091 7
Bk By AR Concentrated distribution area of rare and endangered biological species
Special species protection
L, i[5 B9 4 R e S L A B AT T SR AP RIIE S 1 4 DX 0.031 2
Hi T HE SR Geological and geomorphological areas with important protection and research value
Geological landscape globally or nationwide
I AR IR 5 Ay (0 18 A E R T A 3 30 Y DX 0.050 3
A e i It has an area representing the ancient biological relics of the evolution process of the
Paleontological relics earth and living things
I HARLADE A ARG X IR 0.092 0
BlEH9Y Areas with scientific research value
Scientific research
I, LA 7 S 20 A (N T S X 0.061 5
i s 2 A E An area with historical memorial value and significance
Historical value
I, L, STEFA/NT 100 km? 0.073 3
R A ML Area Area not less than 100 km®
Suiabily L, (RIS 8 D 0.082 8
ol Tesources {530 Hi 2 A An area with rich types of protected areas and complete functions
Type of protected area
L, TR SE A%, AFXT 4 i A B9 X 0.043 3
%3 [A] Space Complete range, relatively concentrated connected area
I, 155 TR AE Y 1X 45 0.063 4
1%+ Boundary Boundary easy to identify and identify
L L, BUBTEHE , A TR S 0.082 8
BRI E A e TS The ownership is clear and there is no dispute
Nationalization Resource tenure
of resources L, o B KN T B TR RRAE 60% LA L 0.078 2
[E A /P It accounts for more than 60% of the total area of the national park
State soil/forest land
I I N B BRI TAAE T 200 A, JCEHLL B 0.023 7
PR A A T Population Population density is not more than 200 person + km™, no city above county level
ATl 4 s
SAMTHE L, T AT Tl Al 5 0.020 3
Som‘al feasibility 72 Industry No large heavy industry, agricultural construction
of resources N
L, Bt A1) 0.021 0
A2l Traffic Convenient transportation
I 23 el H AR A e 2Z 4, BT LA 53150 0.051 0
[t 37 The park has other more unique features that can add points

Additional item
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Fig. 1 Spatial distribution of national natural protected areas in Guizhou Province
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Fig. 2 Core kernel density distribution of national natural protected areas in Guizhou Province
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Fig. 3 Areas kernel density distribution of national natural protected areas in Guizhou Province
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I. Chishui-Xishui area; II. Shibing-Shiqian area; III. Leishan-Taijiang area; IV. Guanling-Xixiu area; V. Duyun-Guiding-Fuquan area;
VL. Guiyang-Qingzhen area; VIL. Jiangkou-Yinjiang area; VIIL. Xingyi-Malinghe area. The same below.
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Fig. 4 Candidate areas of national park in Guizhou Province
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Fig. 5 Distribution of the national key protected plant species in county units of Guizhou Province

B 5l Legend

GDP
({2 7 hundred million yuan)
| <100

. 100~200
[ 200300
[ 300~400
B 400~500
B 500600

B 600
BARFIBREX

Natural reserve
gathering area
Y ExARR®K
National park
candidate
0 2550 100 150 200
km

Bl 6 BtJH4 2018 4F GDP i 43 1ii [l
Fig. 6 Distribution map of Guizhou Province’s GDP in 2018
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Fig. 7 Population density distribution map of Guizhou Province in 2018

SENE YGRS A E
PR GERHL g ) o B0 A5 T A NG, Al A B HE
Y 807 A, Hoh W2 60 A 4T 99 Ff 152
403 Ff I LIS 134 Ff 2B M THEY A 196 B
1 40043 )& 35 5 000 i, o3k X AR B K K H 4K
TR R EREX JLE T KRENEE Y
IR, MNFR 3 T LU i 3 DX AR R 1 s o0 B U
FE L ELARFEWAAERG 5, Y 2 etk

BRI A AN S 2 B TR ML X R TV (6
WE—PEF5 X)) |V (ERAT -5 -t SR X)) Fl VI( 5% fH -
TR DX ) ik 32 X ) A 3 5 O 9 B g I T G
b ) A Tl i 51X % Y5 AT A X 4 55
232 R Y SN WERMNEERE
SUUR T AR R W R B A A B (& B AR,
2019) #Z MBS gt BAR LR 5, &l 5 AT
BN B KSR AR A G T, BT
CUAA SR B AR A A 42 B 66 JE (85
i, oo g 0 B 3 A R bR T B B S AR
S AR AE W ) b 43 A R AR R T 1) v S O
W ERTEE ALl 2 O A AL ST LA W R R A

25 ~33 P[] 5 1M 5% BH A0 22— LA B Jb 3B L
T AR B M AR 3B KA B 48 B iy & s AR
JrF R AR W B A3 AT B IR, A R AE 1~ 6
Pz e, (HA5EE M, ARy g £
1) EL BT AT B R Rk X, R IR AE T
Hor A i BN R A SR DR b 1) 3R A 7 3 A
% ANFF B A0 B U % U 2R 4 X R I, W] DL
TE T S AR R Y ) T 45 2 1 L S ST R R 1 A
PR X, s XY Z R IR E . NE K
el B 36 XA T BRI OR B TV (R -V 5 X)) | VI
(Bt PH =5 B X)) i 35 DX 91 161 PN 1) 2 R 4 B A A
Y e/ TE 1~ 6 Bl ], A3 X Ir o A
1 EL B SR AR W R AR AE 15 A DL b
5Y— D — A S DX PR P B 8 R 4 A A 4 b 3
65 Flt, i S — A [ DX Fl Y 3 62 i, VI - EIVLIX
A -5 35k 38 B, AR 7K - 20 K XAl
LN AL 37 Fifr, 2% - Th 08y X3 6] N AR 3 B 90
PR AR (2R 31 ) .

233 MR ZFAREAKAF LNy BRAT
LAY 2018 4F GDP gt A BLhl, iE4T 0 2 It



8 1 WA . SN E 5 A bl etk K HA ) Z R T ST 1333
R3 ERAEGEZERHNITERZESUER (B57)

Table 3  Representative landscape resources in the national park candidate area ( Part)

o IX. BTN AR SR L TR
Candidate area Main representative and unique landscape resources
1 “rp R PRER A A AR R )R SR Al R AR (ALTIAZ SO RS

“China Danxia” world natural heritage site, the widest evergreen broad-leaved forest belt at the same latitude, Alsophila
spinulosa, Fokienia hodginsi, Taxus chinensis, Cephalotaxus fortunei, Liriodendron chinense, etc.

1 R OT I ITRE S A RGBT VI R AR AR A R G AR WU R TR T R RN SF G S A
“Southern Karst” world natural heritage site, karst forest ecosystem, Ginkgo biloba, Phoebe zhennan, Dipteronia sinensis,
Capricornis sumatraensis, Andrias davidianus, Viverridae

111 BMAESRG MW FEAZ AR R0 SRR B 2L MRS
Forest ecosystem, holy land of Miao, Taiwania cryptomerioides, Emmenoplerys henryt, Calocedrus macrolepis, Rhoiptelea
chiliantha, Macaca, Manis pentadactyla, Moschus berezovskii, etc.

v MM ARG RS RG A

Wetland ecosystem, forest ecosystem, fossil group

Vv WHAES RS RMAS RS Wetland ecosystem, forest ecosystem
VI B HbAE S R 4GE Wetland ecosystem
VI “REEL IS E AR BB L BRARAE S R G B AP EOR AR SRS B B Lk AR R B

“Mount Fanjing” World natural heritage site, Buddhlbl mountains, forest ecosystem, Davidia involucrata, Bretschneidera
sinensts , Abies fanjingshanensis, Rhinopithecus brelichi, Panthera tigris amoyensis, Neofelis nebulosa, etc.

Vi W SRR IR AT S | W TR YA AR TR AR L AR | SN A Bk

Karst canyon landform, karst fenglin, valley rainforest, Macaranga tanarius, Cycas guizhouensis

x4 ANEERL2ERERBEZREHITESE

Table 4 Expert rating form for potential resources in candidate areas of national parks in Guizhou Province

— A5 bR g8 7

Fir§tly—level Vgﬁt Secoerary—level \X/'Zﬁn I I 11 v A% VI vl Vil
index index

I, 0.460 2 L, 0.051 5 0.23 0.23 0.21 0.19 0.19 0.19 0.20 0.19

I, 0.082 0 0.59 0.57 0.54 0.48 0.48 0.47 0.50 0.48

I 0.091 7 0.74 0.71 0.68 0.60 0.60 0.59 0.63 0.61

I, 0.031 2 0.09 0.08 0.08 0.07 0.07 0.07 0.07 0.07

Is 0.050 3 0.22 0.22 0.20 0.18 0.18 0.18 0.19 0.18

L 0.092 0 0.74 0.72 0.69 0.60 0.60 0.59 0.63 0.61

I, 0.061 5 0.33 0.32 0.31 0.27 0.27 0.26 0.28 0.27

1, 0.262 8 L, 0.073 3 0.47 0.46 0.44 0.38 0.38 0.38 0.40 0.39

L, 0.082 8 0.60 0.58 0.56 0.49 0.49 0.48 0.51 0.49

L, 0.043 3 0.16 0.16 0.15 0.13 0.13 0.13 0.14 0.13

L, 0.063 4 0.35 0.34 0.33 0.29 0.29 0.28 0.30 0.29

1, 0.161 0 L 0.082 8 0.60 0.58 0.56 0.49 0.49 0.48 0.51 0.49

L, 0.078 2 0.54 0.52 0.50 0.43 0.43 0.43 0.46 0.44

1, 0.065 0 L, 0.023 7 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04

I, 0.020 3 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03

Iy 0.021 0 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03

I 0.051 0 I 0.051 0 0.23 0.22 0.21 0.18 0.18 0.18 0.20 0.19

B H Total value 1 6.04 5.83 5.56 4.87 4.87 4.81 5.15 4.94

%ﬁﬂﬁ%i%ﬁi&%%@%ﬂ%“ﬁlﬁiﬁl:,,ﬂli TEZ5 8] L 1 23 A0 B AN 2 2, ok B 52 2 F 1) 7
WIE 6, tiFE 6 Al Bt/ 4 2018 4E R GDP Gk JLIZ ¥ 3 A4 e B, 4 4 B B0 OF 5 GDP ol
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Association analysis of orchid diversity and habitat
in main land nature reserves in Hainan
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Abstract: To grasp the current status of orchid diversity in main land nature reserves in Hainan and the key habitat

factor restricting their development, conducted an investigation of orchid resource in the study area and analyzed the
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spatial distribution pattern of orchid diversity, the canonical correspondence analysis (CCA) was used to explore the
influence of habitat factors on the composition of orchid, and finally the negative binomial regression under the
framework of generalized linear model (GLM) was used to fit the response of the richness and abundance of orchid to
habitat variation. The results are as follows: (1) A total of 193 species in 67 genera of orchids are found in the study
area, which is the absolute center of the distribution of orchid in Hainan. (2) In the horizontal direction, Bawangling
has high richness of orchid but relatively crowded population, while the largest elevation difference in Wuzhishan brings
more diversified niche types and wide living spaces, giving birth to a rich and even distribution of orchid. (3) In the
vertical direction, orchids are the most rich in mid-elevation area and the inter-species competition is fierce, while high-
elevation area have obvious dominant groups. (4) The elevation factor has a very high explanatory rate for the variation
of orchid composition, and the significant influence of karst and river valley landform can also not be ignored. (5) The
comprehensive effect of multiple factors affects the diversity of orchid, among them, the significant positive effect of
slope, valley landform, and karst landform and the significant negative effect of Liquidambar formosana forest are less
affected by other covariate, which is the key habitat factor that drives change in the richness and abundance of orchid. In
summary, middle and high elevation areas and special landforms (such as river valley and karst) should be considered
as priority protection area for orchid diversity.

Key words: orchid diversity, habitat, canonical correspondence analysis ( CCA), generalized liner model (GLM) ,

42 3

nature reserve

2B — M A T IR B R e XU EL R
SRR A MR E T B A AN 1Y
IV KV Ty 32 AR vp AR BT KO AT L X T
ELJ5 1) b DAL Ay A s TR TR 45T SR DX )
% 434 ( Crain & Melania, 2020) . Ak, 22 RHEY)
A = SR b S A B A SR R R R b A
FKEEHA) 2 BN RE b i T g 2k
TR AR T SRR AR FIRR R 09 2E B 75 5K (Michae &
Mark, 2009; Schidelbauerova et al., 2009) , 2 DL/
PRSI A B A AR W) R A o i =2 A=
BB AL 53225 () B ( Nigel & Kingsley, 2009)

A AR I 22 57, S B0 [R] I BR 22 B )
PP 20 W RN A it 22 SE A Wb 355 10 22 001), 7 50 1) 4
I B A 22 AR BT IR PR R HEAR, t, &
45 4T 3 A = R ) 2 FEvE 5 BAR AR B 1
KEBA BT T ik 52w H 20 R P78 Ak Y OC B A
2, BRI D S B PR DR AP R e, AR OR R
F WA Z2 AR 1 SC B PR 1 8 BIF 5 328 17 iy 4K
S A DB TR | B AR R P A | S S R
F RN TGN S ( Traxmandlova et al., 2018) .
IR BT, 78R REE K F- | DXl R ) b B
e M PR 2R R B s AR IR B AR K (H
BEXTHE— 4 8 W A Y 2 AR MR 0 BK Bl [H & AT AR
2 B XA AR (Kreft et al., 2008) , A =A& 4
th, WA J3 A T AR AR B R AT B BIK Sl R IR L

iﬂfi@%*ﬁg%ﬁﬂ\yﬂ%fggﬁﬂ%%(Price &
Wagner, 2004; Kisel & Barraclough, 2010;
Franklin et al., 2013) , 1 5l J& 156 1] AR A B a5 A 55
WEMEE RS YR SRR FEAR
(Triantis et al., 2003) , 7E& U5 2 BHEY) Z LS
A BRI 5C ZR AT ST T AR A f R R0 PR R
%) v JEE ik R 0 DA S 3 A0 i 2 ) (Y 5 AH OC 1 R
WY, Wit o T AR 380, Fl A R b TR e S e () 26
AR S Z AR PR3 e BE 2 M A S I AROC R Y &
RSN F1 (Keppel et al., 2016) . #K 82 AUk 3
fe il AR 2R IR S T 22 RHE Y 2 AR 4L
TENRPBEKP B & R B R Ak, & R
Z (8] R AR H 2 A F 9 = BB ) Z AR AR bR
X 2 K 2% B9 L J7 0] ( Triantis et al., 2012), H
I, W58 B R A A2 15 IR - J2 154K ( Traveset et al. ,
2014; Zhang et al., 2015) , i 4> Bk M 19 IF 5 B 95
JBE 08 S ST {45 b b 35 AN S R T AR 5 T i Ak
IR, =35 %0 BIF 5T 34 85, (Stein et al., 2014)
R g R A BT S RS 40 Ak Y 2= BHE ) 24
PES A58 ZRE PR A G OG22, B AR 22 B )
BRI E S TR PR X fE R .

R EY A 2 R P B IR 2 HE PR ST AR D 4
REHLE ACHR 53 A5 78 By 15 19 vh 38 R g 348 1L X, 3
WAE AR TR 500~ 1 500 m 18 A9 HGHE 2R AR
1 (Hu et al., 2015) , A BF5E 3 1z F B 300
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ST (DCA) 88 J5 ¥, X 35 T 08 AR X AN [] ZR RS AL
H B B A 2 A 4 0 22 R R oy A LA T T F
5%, LRBE A3 B & B 53 A1 T 3430 TR A I 7 AR bR IS A
H %) B A =R R B L b ORI L TR bR
B AR 2= AT A AR ABL I /51 35 88.9% , B i TR AR 1) 3
T RRARZE Y ( Ly 1 TR AR | L R SbK | L T8 )
O AEZRHEY N E EMZ R E S TR
TRHFAR A 3 Tl AR bR S HY (BT 2= T bR A b 7R R
AT EF IR | 33 2 B U 4R RN 2R AR IS B 1 A8 £k X 1%
Hi DX BRFAE 22 B RE Y 2 PR B B R
SBT3 A DG (X)) AR AR, 2010) , T
%(2018)%% 3S H AR F1 MaxEnt ¥ Ff 43 A £ 40
W14 B T B W WG B 48 A B ( Dendrobium
sinense ) X T 43S A5 A b T M 50 TR 7 1) 3 7 A, 9F
DA 4 H v A 3 o A R 8k T R R 2
SIRA T H IR AE 1000 m LA R F e, {5
BRI R TR S ZRHE Y 2 T ¢
A FT SRR AN 2, BB 58 X4 SR 4 i, v Fl
Bz ik H— b K N 2 AR AL R
KT LR A IEGE .

VEAF R, A 4 22 1 1 i e A= 35 1 IR A Ok i B
KB, PR3P TAE A LR A B, 5% X Bl 55 1
MR 6 N EE ARRY M, A T 2
TN FE R AR, b TR 2 86 3T
P S B B A BT R IR 1 5 55 P A R S e
X I A W) 22 R AR T AT/ Bl IR TR AR
TS B (4 7 2% R 3C, e b B4 A ) 2 R AR B
TAEIETEJE B, 1 22 B P 19 22 08 1 n] 7 — o
JE 1 R e DX M 1 AR ) 2 R P A R RO oIk
(AR5 ,2011; HIWEESE,2013) . FEXFE R
BT ZWF IR X e 32 2 i sk A AR AR b i
BF AR 2 B Y T R S b B YR R A, LRI DL R
SR, (1) 22 RHAE B 0 VR 0 P o 22 A AR A A
JR B 5 (2) 5200 24 BHE Y Z A8 1 B AR B R 7
AWRLL  FIRBFSE S RN B T IR A R I X
() 2= B B FRRE /N BRI A AR A A PR B A
FUEESE | S AH OC B il 2 =2 BHAT ) R 3R W 4 it
ARG RIBL AR

1 HtR 7 E

1.1 ARXHER
W RE 7 AR T 16 e H R 0§ E 08 E A

RERGA X (BW) (RIS [ KK H R X
(JF) SRR E R g AR X (YG) | fidg L [
FEH ARG X (WZ) LI 2 1 E R [ KR
P1IX(DL) FERE 1A K B R RY X (IM) 6 4~ F
BRI LN, NIRRT 1 400 m A9 105
ATAE1 (1867 m) B EFIS (1 812 m)  MEHRIE
(1655 m) HIA(1560m) =FMII(1499 m) 2R
WEIS (1 412 m) BEREILI(1 411 m) 5§, S AEIEH
R P IR 2R KU, TR R 40 W AR R
i 22.5~26.0 C AR 1 759 mm, 11
R UGt 21 5 3, BV 3R b 3 W 2 U Dl ol
ZLUE LSRN L TR ) 4 £ 2 A X
W TR A T, O X TR A i s AR
TR AT 3% R T AR B R BRGSO PR Y 32 2 4
BB, 52 2% % M BT R A R R AR Rl sk T
W R, R R REA A IR O A T
HP AR Z W2 Wifan) = BHEY)

1.2 BFSMEE

1.2.1 &5 EE 2020 47 H & 2020 4F 12
AT T A a0 B A & TR, e K
B AR AL L 2R A5 IR SR A
SEREE ARNE R A BRI R A SRR A
REETER M B ALk . BEARBORINT . (1) FEL
KEEARSEPREOL T E , — A /N T 1 000 m; (2) F
7 BERBCEAEFEL PN 20 m NIALE, & FE
J7 Z BIE B AR/NT 10 m; (3) Al e —Le g7
PR BRAE Y [ SRR DY | 0 1 1 b 45 Bt 14
FETT 5 (4)RETTR/ANR 5 m x5 m, BEAR N 56 08 A/
F5mx5mMTeAR, EALERLW 753K HEm
KW KA AV ET RS Ul 0 H | /M
FESERHE A BRI R H R Y A
L 2 e AR L A5 M A 15 92 A5FEZR, 1 840
AFETT (K1) FEJr B B A A YaFEl 111~1 867 m,
1.22 AFRE Dk ERHEY R A A RS
A B UL K e s FE T AR SR R AR R TR
SN R e R AR A [ I A2 A Z A A DN s
FRBE A5 2 s AT BEXERD 19 D AR ACR 2R IR R- 90
B, RS BRI SRAREINT R, (1) M4
G ISR, 500 4 FhAETE AL b A b A/
a4 KR R A A A ST AAE SR, (2)
TFARBEE . H, (100 ~300 m) \H,(300~500 m) H,
(500~700 m) ,H,(700~900 m) ,H (900~ 1 100
m) H (1 100~1 300 m) H,(1300 m~1 500 m) .
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Fig. 1 Diagram of the plots in the study area

Ho(>1 500 m) , (3) MBS A BT Z AR | R
I HFRIAR AR A AR FAHT L b FR B | 38T 1L b 2
MR TRER AR, (4) HuJE Mg AR Fe e L b Ll o
H TP SR W AR . (5) BT A T
RS R AR BRI E LT, (6) B
] B (AE) (BB (CARJE P ZR) (2E B
(V9 KM U RS ) (FH3 (R ¥, (7) 4R T
PR T4 BT B T R TR
(8) THEL IR AE A 3B 43 A= T L 8A A b i 22 Bl
Wy, ELA B 25 %) o B T ) A B 2E A 5 ) 4 R
PR B 2R SRR 25 B B AT IR, (9) 22 BHE
Yan MR RESH (P EE A 2R Y 5 A
B ) (43 fe5,2019)

1.3 HES

1.3.1 $#de8 HEis M Excel 2019 #E17
KGR BE L B Y R 2B I SE T, R
Gleason F & FE45%0(D,,;) .Shannon-Wiener 2 F£ 4
FEE(H') \Pielou H2]EEF5 %L (E) Simpson {L#

A (B ,1994) B AT .

S-1
D, = ~—
() MG lnN’
S
(2)H' ==Y PlnP,;
=1
H’
3VE= —
(3) s
> Ni(Ni_l)

(4) A = zm

K. S HYFEH; P, 8 N/N;N, KoRH i
AT ANAL N FRon BT A 22 BHE P RS B8
1.3.2 AR 5 A E F# X & CCA HA R
FH B 0 A5 AY rh (1 2 o M HE R - B9 X 1 S B
( canonical correspondece analysis, CCA) ¥ & 4= 1%
N7 5 W) Bh 20 2 18] 1) G &, 1 b 8030 6 P il
193 Ff 2 RHEYILE 1 840 MHETT NIIAFAES TR (0,
1) 2R, AR 1 840 47193 B, As d5 M4 4
H1 5 A0 8] A v i si A8 A g R X 7 ) S A 5 R
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THHE AN, 75 18 3 A B SIS A RN I R S A G
P, VR S A0 AR IR 1, 53 oh A BT
FREE R 3 AR R 55 I 3l A [W] A B, %k ) b 20
JC R BB AR R AR IR, WA F BTN e & 3k
PV OB S0 B e ) R AR P B 6
AMEBEE T H R 1840 17 x 6 41, 1% 4T IR
Jh b R (T 242K ] Canoco 5 3P

133 HAFEEAS AL LA T GLM & )2
o FET)T LR Y (generalized liner model
GLM) B Z 9 & 1 J7 1k nl LA B ff Ml e 8 4 b =
FEEC W (A0 45 £ ) B9 43 B 4 ( Benesh &
Kalbe, 2016) , A5 K H R i F Mvabund £k
UG T LAY, T R AR 358 R % A 5 IXC
S AR 22 BB R R 2 R R R, e
1 840 ML W Fh F & BE R Z RO, 5B R
TR, AT & 0 30000 A, B S5 A B
Z A AT A B RS, 2 5 7 R AR B I (A
PR iR M A S R AR P T
PR ) SLELE AR, O T AR A 45 2R, Ak
SrHTEET9 999Kk F K Al A

2 R 594

2.1 =RHEYI R TR AR E R

AW SME AL T xR T 4 SRR 67
J& 193 Bl 22 BHHY) (bR 25 R % 5E H AR, TRANA SRk
VLB, 2300 o BT i R R B AR 2 R AE ) S
(102 J& 317 #i) 1Y 65.7% F 60.9% , ¥ 2 Geit2h
IR, J7 A 22 5 AR == 15 ( Podochileae ) #f 4
1110 AN, H A 2 K 22 RO s T LR A B
PR AE B 2 RAE Y, TE W B B b T O0 AL A
ZTEESR HA 3 &  (HAEFh 28 A & A A 3 O
ATz, NETHMEHREREKE,
SERNE 5 LA 47.8% , B AR R 7R DL AE 22 K
( Arethusea) DA S 7 AR 220 s R 28 0 o b e R &
2~5 FhEg/NE | LLKr 25 2% % ( Cranichideae ) FIAA &
W F A 922 )® (Bulbophyllum ) A fitE |
22 J& ( Cymbidium) FNFEEE 2 )& ( Cleisostoma ) S5 7E N
1Y JLAME e K8 TEA YR A rh 15 9K o e e ok, o
FE ML 37.8%

A IZE; B YE2E; CoMZ=0R; D. SURBZJE; E. 2011205 F. B 2R, G 2220k, H F20E; 1L 2%, J. =2
s K. 220 Lo W20, M. W25, N WIS 28, 0. Jift ik,

A. Apostasia; B. Paphiopedilum; C. Cranichideae; D. Diurideae; E. Orchidinae; F. Neottieae; G. Tropidieae; H. Nervilieae; 1. Arethuseae;
J. Malaxideae; K. Cymbidieae; L. Epidendreae; M. Collabieae; N. Podochileae; O. Vandeae.

B2 2 RHEYI A B e ARh i o A

Fig. 2 Distribution of the genera and species of orchid in various races

22 ZRHEY ZHEMKESHIRE

K 4 P Z2 P 45 BOK 38 BF 5T X 8 22 R
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TEARSE X FaB A AW, 5 U A 22 B )
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A TAE /T TR /N AR B X, 204 F T 22 Bl
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Table 1

Statistical result of numbers of genera

and species of orchid

54 L P

. Number of Number of
Grade of genus .

genera species

1A 32(47.8%) 32(16.6%)
Containing 1 species
T 2~5Fh 29(43.3%) 81(42.0%)
Containing 2-5 species
& 6~10 T 1(1.5%) 7(3.6%)
Containing 6—10 species
T 11~20 Ff 5(7.5%) 73(37.8%)
Containing 11-20 species
T2 F UL 0(0% ) 0(0%)
Containing 21 species and more than
At Total 67(100.0%) 193(100.0% )

TE: 55 BT 2500 0 2R 25 G JB B (SR ) o A A
B 22 B SR (SRR RO B

Note: Percentages in the brackets represent the ratio of genus
number (or species number) in each grade of total genus number

(or total species number) of orchid.

IR B F 6 ERBUR R (D, =3.790 7)) , B8RRI 1
ok 2 18 B B B KR — A5 L Bk, A PG R 1) AR AL SE
J 185 B 8 7R PG FR Y o3 BRI SR 2 XULE 2 L
ARSI A BEPS T 2 38 5% BB 15 6055, (H TE & X
TS AR R IR AR 32 22 A W 5 %%, AR T 1 1
23 SRITAT 8 A 0 T ) T A8 1A B AR == A ) 1
Kk, WA/ a4 BB MR L, £ W
T80 E SR AL L oAt A= 3 B By, Hrh B RR L A AR
WA OV A X 35 /0N | BB L 405 B e vy, R B R AN 3
TR BT« B AR/ A A T 22 B ) I AR A TS U
e 3ty X Ab T TEF T I W S e T AR ) M DX i 22 AR
e W i A AL A, e ATV A M DX R 3 A i T
BRALEM R BT, /B = RHE Y
F- 5 B T8 B e KAE ) B AE W 4R T 25 e R L Ag
W, 8% 7 3.839 2, B T H AL R d i, ¢
Az /A A B S R B AR B RAE AT AR B
P L0 X HUAT T ) i R B b, Wb B
S A2 WA =R T 0 W B R o R
K4y, HHEK B 47, BEM 2 )& ( Goodyera) 715 J& 2 )
( Tainia) N 2% J& ( Calanthe ) 55 J& ()35 4 24 FBHE
S/ PENER AN Y] 8

Shannon-Wiener ZHEMEFEE(H' ) N FEWE 4N
UL —FE I8 N 22 FH Y 1Y 2 55 30 AR &= 1 v 1Y
ST PR R — A R R i SR bR, S A

TR ECEE W IR G, B 2 A M 8 BB 1 7 )
) S Jo P 0B K, A B g 4 50 Pielou 2] 45
BE)WEER, MR KE, it lm 245
W) ZREEF B = (H =3.705 7) , B8 EFIA IR 2
(H'=3.625 3) , JRuUgie B /N F H A 9, A
2.495 5, AR KT SR WA U 1) 2= FLAE W) e o R LA
FELE WL I 9 O 35Tl | i 52 b 3 A 235 S AT 2R e 0y
HF R BT AP 5 2R = FHEY , T 0 b
B WA A A R RHE Y S A T
(Bulbophyllum depressum ) , 75 75 41 %3. % ( Bulbophyllum
ambrosia ) F TERRLER 0 5 A Lol F A AR bl R 48
A BRI DRI 2 R T A RO X )
FEBCER AR, 3 izt B A=/ A B = RHE Y Y
ZREPEfR BRI S B B RE B (H' =2.226 2,
E=0.55006),

Simpson fLFVEHERL (A ) 515 B8 B2 W]
TURASC , TR DU B2 e 7% DL 35 i) AR AR B, — AR A
PR TR K S EA 2 R o AW A 45
W7, 5 08 b A B 22 R ) ) e R (A =
0.635 1) Wt v T HAt O3 3t , S LR, 22202
PR R T8 A I b XA A R ) 21 A6 3 i 2= ( Goodlyera
rubicunda ) JETE | WA T FE /INEETR (O 32 TE 1
i 2 LUK 2 v e AR AR G Ll e B A T R
BIAT I 2% (Arundina graminifolia) JERES AR, 53 /b —
I HRE 2% ( Calanthe speciosa ) 55 5 9% = K AF 5 1
PRI A A BE 2 ) = B S s T —
TE M RUAE AL S DRI AE © M/ 2R Rl e
A BRI SETER(1=0.605 9) ,

23 ZRENEHEEES TEE

XF AR B S BB Y Y 22 06 P HEAT T A AR
GE 2B W) 20 L 22 A 345 B DL RO A T
RSB EH(R3) . NER2ATLUER, &
BRI b Az 16 B SE 2= RHE Y)  F W AR
BOHRAE 1 TR B B AR, o) 99 000 22 fof ) ) 3K 2%
18 TR, X 5 A 2R B T
W AR 2L B W8 2 B AR S 22 B W, H,
T P4 B 1Y 22 FE R 98 B0 O e (H = 3.686 5,
3.461 3) . A SR, H, ik B HCAH B H,
MR B Z AR PR RO &, X 5 F W B R ) R
INERANTE, K78 H, B H, 099 F 5 5P 2/ —
Sl T AR RS A 2 B A W 7E B R Y L A B
A IR B R E (1 =2.669 8) , Ui B Ik
F AP BAR WA PR Bl B, HRE S
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Table 2 Diversity indexes of orchid in different reserves
R gy FEPEC WIEEC IR e o PSR BSIEN (RA
Life type Rserve umber umber o umber o Dy A
of plots species individuals
Sk IM 81 94 41 064 8.754 7 3.139 4 0.691 0 0.085 1
Total BW 323 156 102 697 13.432 1 3.578 1 0.708 6 0.046 7
JF 234 122 84 882 10.661 7 2.495 5 0.5195 0.207 6
YG 566 138 60 394 12.444 8 3.625 3 0.735 8 0.054 0
Wz 394 127 29 848 12.228 4 3.705 7 0.765 0 0.045 3
DL 247 112 38 343 10.517 0 3.286 3 0.696 5 0.059 1
B2 M 13 22 4484 2.497 5 1.978 3 0.640 0 0.196 4
Epihytic BW 48 32 5059 3.634 7 2.849 9 0.822 3 0.078 1
JF 16 28 1357 3.743 2 2.216 6 0.665 2 0.189 2
YG 73 33 4636 3.790 7 2.475 6 0.708 0 0.122 6
Wz 48 25 2314 3.098 1 2.5816 0.802 0 0.106 7
DL 23 22 1447 2.8857 2.0812 0.673 3 0.182 2
A A LM 52 46 34 257 4.309 7 2.6755 0.698 8 0.118 2
Epihytic/Lithophytic™ 191 65 86 913 5.627 5 3.171 6 0.759 8 0.061 5
JF 166 57 79 748 4.961 6 2.226 2 0.550 6 0.234 8
YG 310 60 50 764 5.445 3 3.1557 0.770 8 0.074 4
Wz 233 55 25 362 5.324 9 3.242 1 0.809 0 0.061 3
DL 153 57 34 740 5.356 0 3.027 9 0.748 9 0.069 9
A= LM 7 9 387 1.342 6 1.771 7 0.806 3 0.207 7
Temestrial BW 37 28 5873 3.1113 0.959 4 0.287 9 0.635 1
JF 20 18 461 27717 2.409 1 0.833 5 0.113 9
YG 90 21 2 054 2.622 1 2.370 0 0.778 4 0.117 8
Wz 50 26 673 3.839 2 2.6277 0.806 5 0.106 7
DL 27 17 312 2.786 0 2.3422 0.826 7 0.120 2
‘A A LM 9 17 1938 2.113 8 1.9859 0.700 9 0.200 6
Terestrial/Lithophytic” 47 31 4852 3.534 8 2.151 8 0.626 6 0.179 8
JF 32 19 3316 2.220 4 1.938 0 0.658 2 0.193 8
YG 93 24 2 940 2.880 0 1.991 1 0.626 5 0.250 0
Wz 63 21 1499 2.7350 2.373 3 0.779 5 0.122 0
DL 44 16 1844 1.994 8 0.984 4 0.355 1 0.605 9
) H gk Be A AR S ) Fh | B2, B2l s JFRE W & 908 B R 20 A 19 2 48 i 2% (Acampe

Jo A A B e A O R ES B T IR AN
BEEAED,

D O o i ol | A Sy N L Rl s 2R (V=3 ¥ B
F8H5 A $45E H5 BOX R A G I 8 BT 7E H K
B & H 05 /M ME (0.582 8.0.595 9) Fl & KAH
<0 166 7.0.187 4) , BiZ ifg 4 Bt 19 > Bl Al ¥ BE 7%

D = I N T el TP =3 R TV E I b
ﬁ!,ﬂﬁ@%ﬁaﬁﬁmﬁ B AE R 22 BHE ) 3X —
FRAF SN B B, 45 & SC BRI 0 T AT, HL R B Y

rigida) 1 A A1 fft ( Dendrobium hainanense) &1
f#t( Dendrobium spatella) 55 , 115 & i ¥l T A &
B R RN A R A A A AL i 2 T H A 2= 4R
FLRAE LA, T B 25y R R
KAH (0.755 3.,0.802 1) #f th BLAE fi /= 09 H 4K
B X B A RHEY) 8 BRI, A e ME
(0.041 0.,0.048 4) M| [E] A H, Wk Bt , AT R S5 R E
SRIZMFRE AP Y o 35, 2 ny Mk
F R 55 1 R R AR
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Table 3  Diversity index of orchid at different elevational bands
e R B R WERH TEBC g SRR AR (R
Life type Elevational band Npmber Numb(?r of 'Nur'n}.)er of D, H E A
of plots species individuals
Jadk H, 93 57 6 600 6.367 4 2.9213 0.722'5 0.094 1
Total H, 326 116 46 993 10.690 0 3.2527 0.684 3 0.088 4
H, 524 147 108 475 12.592 4 2.920 6 0.585 2 0.166 7
H, 351 160 63 766 14.372 3 3.686 5 0.726 4 0.041 0
H, 266 122 47735 11.231 3 3.406 7 0.709 1 0.061 0
H, 198 86 50 694 7.846 0 2.945 4 0.661 2 0.085 4
H, 72 60 31 045 5.704 2 2.536 0 0.619 4 0.120 4
H, 15 15 1920 1.8518 2.045 5 0.755 3 0.164 1
Bt | B A H, 87 44 5388 5.004 7 2.648 0 0.699 7 0.126 2
Epihlyﬁﬁl;p;l}yzﬁf}yﬁ“/ H, 279 84 43 523 7.770 8 3.028 3 0.683 5 0.102 2
H, 426 94 10 2175 8.062 8 2.707 4 0.5959 0.187 4
H, 266 100 57183 9.037 8 3.4613 0.751 6 0.048 4
H, 198 82 42 450 7.601 3 3.168 1 0.718 9 0.073 7
H, 156 52 48 465 47272 2.769 5 0.700 9 0.093 2
H, 53 43 30 112 4.0727 2.407 2 0.640 0 0.127 9
H, 9 10 1797 1.2010 1.846 9 0.802 1 0.185 7
Mok A H, 18 13 1212 1.690 1 1.539°5 0.600 2 0.297 0
Terresrial, H, 105 32 3 470 3.802 8 2.499 3 0.721 1 0.134 0
Terrestrial/ °
Lithophytic’ H, 196 53 6 300 5.944 0 2.563 3 0.645 6 0.146 3
H, 154 60 6583 6.710 5 2.425 4 0.592 4 0.195 5
H, 120 40 51285 4.549 4 2.179 5 0.590 8 0.219 6
H, 101 34 2229 4.280'5 2.669 8 0.757 1 0.103 5
H, 43 17 933 23397 2.204 4 0.778 1 0.132 1
H, 7 5 123 0.831 2 1.2324 0.765 7 0.355 6

AR RS 2= B W) Y X 2 BE RO 3 8 o A
WIRA AT, B, AR B2 ) 22 B &)
TEBY 22 57 I A R PR Ok i 2B Y A 2= BHAE W)
T AN R B A= R T e AT AL R A
TR ISR, %) b v BB B2 72 A Ok ) R 45 AR AL 1Y
RO A X B2, 1 500 m LA 1 (9 1l 00 R b
Mo 22 Fh 2O 2 Hovp DL g ik BE 22 ( Goodyera
velutina) . /N & J& 2% ( Platanthera minor) . == M =
( Nephelaphyllum tenuiflorum ) %5 1 2% B H AR B0 i
HFE BN 2 Rl A 2= 4E X 52 H K
B e AR S E (1 =0.355 6)

24 ZRHEMAR S EERFHXER

MR 4 AT LUE i, CCA HF 7 45 Rl e T W b
ZH R S 6.2% , HE T T A B0 R AE (B 22 FY
SRE R BB B 5 A 56 A R 3 (P =0.002) , X
I 7S 2= R 20 1A% Jm 5 BT 1k A 855 PR 1 =2 Tl i B
RIAISEICZR . CCA HTPIRIA LLEs 3 A% 4 B

FI4FAFEE (0.658 3.0.370 9) , 3 BH i 9 il 76 XF )
FhZH AR 5 00 f B v ke = AR, B AT o0 ol i R
TYMAREAE TN 1.19% M1 0.67% , MBS H
5 B A 22 R Y A OC ZR E0RT LATE i A B
e ol R DL R S A 1 Bl
A (-0.891 0,-0.737 4 .-0.474 0) , il 4+ .
I Ly Fr B i 01w Hr A b S5 U] 5 2 I S IE M SR
(0.486 8 .0.315 7.,0.200 6) , Y %M 25 & ek T
VAR T M3 DL B 3 A7 () e B3 AHL 2 B T 4R R
Hi B b 55 (R A AH G FR B0 5 W TR SR L P b )
DL 3 B 55 2 gt IE A 9C (0.683 6.,0.276 5,
0.244 7) , I 45 Hb 550 A2 o33 007 U] 5 25 2 iy f A4 O
(-0.405 9, —-0.261 4) , Pa B4 £ 2 e T B
HARE B[] B S B T 3 A B ) R R R
ST SRR 1% AL e 1R 560 45 SRR, B
I A7 I 1) PR 24 R AE A AR S B R R R R
S7ae | R 2] N ) NP = /g2 o617 R R o 2/l T 1 2
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Table 4 Correlation coefficient between habitat
factor and the first four CCA ordination
axis and ordination summary

A58 IR B
Summary of habitat factor
and ordination

S 1Eh H2h W3Eh 4%
Axis 1 Axis 2 Axis 3 Axis 4

WK -0.8910 0.1529 -0.078 2 0.020 6
Elevation

A 0.486 8 -0.4059 -0.240 6 -0.223 2
River valley

GRINITE:) -0.7374 -0.0346 02043 0.074 8
Middle mountainous

I Ll Fr b 0.3157 0.0494 03535 0.313 1
Low mountainous

% 3 0.2006 0.6836 —0.209 1 0.008 0
Karst

il -0.0727 0.1974  0.1327 -0.307 2
Middle

-l 0.140 1 -0.196 0 -0.128 2 -0.063 6
Flat ground

R -0.4740 0.1848 -0.0402 0.204 8
Lower middle

LR 0.1105 0.0211 0.1320 0.0138
Upper middle

i -0.090 5 0.2345 -0.230 1 0.226 0
Hilltop

i -0.057 1 -0.0403 0.0237 -0.0417
Ridge

T 0.2979 0.0162 0.1235 0.278 4
Lower

i 0.2506 -0.2614 0.0488 -0.1827
Valley

iy -0.0527 0.1366 -0.0947 0.165 2
West

RALH 0.0016 0.0099 -0.2136 0.1327
Northeast

KMTT 0.0847 -0.0197 0.1328 0.1146
Southeast

R 0.0392 -0.0724 0.146 4 -0.006 5
South

KK 0.0015 -0.0937 -0.0637-0.102 1
East

[y -0.186 4 -0.0366 0.094 3 -0.003 7
Southwest

ikl -0.0191 02765 0.0625 -0.2423
Northwest

b7 0.0594 -0.0986 0.0200 -0.0153
North

T K 1hl 0.0605 -0.1459 -0.137 4-0.027 5
Non-direction

358 -0.0762 0.2447 0.0793 0.0757
Slope

IS A -0.0782 0.0794 03321 -0.1118
Canopy density

FRHE(E 0.6583 0.3709 0.2809 0.2555
Eigenvalues

Prh 2 U S R AR 1.19 1.86 2.36 2.82
Explained variation ( cumulative)

of species composition

LYl g AR G 0.9191 0.7698 0.699 1 0.660 5
Pseudo-canonical correlation

Prh -8 R BB R R 19.15 29.94 38.11  45.54

Explained fitted variation
(‘cumulative) of species-
environment

H e A MR W E PR S R Pseudo-F=2.0, P=0.000 2,
Note : Significant tests of all canonical axes are Pseudo-F=2.0,

P=0.000 2.

TR Y A R AR R o R R R R R 2 Y
SRR (1.29% ) , FR NV 5 s AT 43 M3 (0.6 %
0.4%) , 53 SN PIRI I AR PAT EE LA K v 3 4 3t 3
LR T —E R UL 5 (3£ 5)

VAT HERE 43 AT Y 193 Fp 22 B Y o, 4 A
B mF A Ak ( Pholidota chinensis) %% 46 A fih
( Dendrobium densiflorum ) . 5 B A1 fif 4l 6, J7 48 22
( Vanda subconcolor ) . K M 2F ¥ % ( Robiquetia
spatulata) 55 , KA FEIT BRI T 100 A, 23 55
BB R B 8.97% . 8.04% . 6.36% ,6.09% FlI
5.65% . H I3 A5 FETT B 1 M A7 2 o 3k 3
T 31 Fh G AL = (Acanthephippium sylhetense) |
VLGB 22 ( Panisea moi) | — (O HE 4+ 2% ( Robiquetia
insectifera) > & 2% ( Tainia cordifolia) |, H.38 111
1 5. 2% ( Bulbophyllum wuzhishanense) | "4 35 4% >
( Acanthephippium gougahense) %5 . ST (& 3)
Jr 7 1Y 32 A B PR 5 el e W 2 1Y 30 Fh 22 RHAE )
AT DLBH R4 R DU A /N 3R — 2 A 3 SR BE
2RI A 522 (Bulbophyllum ledungense) | FE 345
2% (B. retusiusculum var. tigridum) 2 OHZSEEERE
3 AT E TS 18 v L L 38 FOATR A i a vh HL
$H ) PG g 1o P A i 3 5 B A R B R
A€ ( Habenaria rhodocheila ) . K ¥ *% ( Renanthera
coccinea) RS FE MM 2= ( Phalaenopsis deliciosa) | K
25 22 55 BTG 1) A1 A TP AR PR SR T o
AR IX AR P B LI AR RS 85 /N 5 B = 20 A4 4l
RS BT (Luisia morsei) (ZAEME > K25
H#i ( Liparis viridiflora) M I 4 A ( Dendrobium
plicatile) , T 553 A7 78 1 P A AR L o B 34 1Y)
BBEMERRE I, HE B — i 7 HE A 5 55 10 41
DX v S A L B A R S A i e 1, RS S
mJ*JE(Pholidom yunnanensis ) AW/ 5 e =L I
>% ( Calanthe alismatifolia ) . U3 W J&§ % ( Tainia
longiscapa) ., ¥ 7 W % >~ ( Phalaenopsis hainanensis )
S HA R 7 10 R ER 3 2 i BAE HE T P v oc
AR AT ) A 52 30 A B8 PR 19 235 5 TR AR G
BN,
25 ZRENMFEESERETFHXR

EEXF 1 840 AMETT Y 193 B 22 BHEY) , B 5L
30T T AR R T 5 2 B R A ] PR G
R(E4), BEMEHRR 3 B (Gl b # gpk
H R AR L TRUZ AR ) A RS B rh 2= B ) 5 2
SRR BT BT L MR SR b A B 22
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Table 5 Interpretation rate of habitat

factor on species composition

WRR TR

Interpre- Contri-

/‘:Et% % tation bution Pseudo-F P
Habitat factor

rate rate

(%) (%)
5273 1.2 18.6 7.6 0.002
Elevation
% iy 0.6 10.4 4.3 0.002
Karst
bE e 0.4 6.9 2.8 0.002
River valley
LR 0.3 5.5 2.3 0.002
Middle
&1 B 0.3 5.1 2.1 0.004
Low mountainous
oyl 0.3 5.1 2.1 0.002
Middle mountainous
AR A 0.3 4.9 2.0 0.002
Canopy density
A 0.3 5.0 2.1 0.002
Valley
T 0.2 4.0 1.7 0.030
Lower
[i'E|¥ 0.2 3.9 1.6 0.002
Northwest
e B 0.2 3.8 1.6 0.004
Slope
15 0.2 3.7 1.6 0.068
Hilltop
o R 0.2 3.6 1.5 0.052
Upper middle
GRS 0.2 3.2 1.3 0.03
Lower middle
[Nz 0.2 3.3 1.4 0.06
Southwest
RALT 0.2 3.2 1.3 0.082
Northeast
VNt 0.2 3.1 1.3 0.072
Southeast
T 7 1n] 0.2 3.0 1.2 0.064
Non-direction
b 0.1 2.4 1.0 0.478
North
[y 0.1 2.2 0.9 0.700
West
1 0.1 2.2 0.9 0.478
Ridge
RHT 0.1 2.2 0.9 0.562
East
M 0.1 2.2 0.9 0.666
South
Eoei 6.2 100 2.0 0.000 2
Total

T RN TS ME S S CCA Rl CCA HEIF I 9 999 R
SRR R I BEHIL e AG 30 U E

Note: The significance of the interpretation rate is determined by
the 9 999 Monte Carlo permutation tests when ranking CCA and
partial CCA respectively.

=
|
|
|
\:+
\ 7 + /
1 s/
-; H b, rfe
=X
o
L
=
~
=
-
=
I

™ 180 CCA Axis | 0.6

A VR B YR, C.ARMIEE; D. s, E. W4,
F. %3k, G R kg, H. Wi, L o9 3, J. A,
K. FR#8; L. F#b; M. Fib; NI O. 54 P &
J7; Q. P, RO ;S db s T. ZRdb s U. Ry
VUG W PR X B, L PR ER 2L 2. 41
B2, 3. BERERAL; 4. WEEWIEK 2, 5. R
=56 BWAM; 7. sEaiigk; 8. EEAE =, 9. 4if
TR 100 ZAEMEE 11 KZRFEHGR; 12, W& At
13, BUF I 140 kM55 15, RIF2FR 225 16, AP )i
=517, B E KL 18, S A 225 19, 81 A4 il
20. REEUEME 2 21, WO DURE Y 220 SEERRIER 2 ; 23, 4
Aifit; 24, SirtBE 22 25, RIS 2 26, Hh2%; 27, MHZEE
2 28 JRBEEME; 29. B2, 30 RARAE 2, #UK
Yikh, ik A A RRA A T,

A. Elevation; B. Slope; C. Canopy density; D. Middle mountain;
E. River valley; F. Karst; G. Low mountain and hill; H. Hilltop;
L. Upper middle; J. Middle; K. Lower middle; M. Flat ground;
N. Ridge; O. Valley; P. East; Q. West; R. South; S. North;
T. Northeast; U. Southeast; V. Southwest; W. Northwest;
X. Non-direction. 1. Calanthe alismaefolia; 2. Goodyera grandis;
3. Habenaria ciliolaris; 4. Phalaenopsis hainanensis; 5. Tainia
ovifolia; 6. Dendrobium denneanum; 7. Pholidota yunnanensis;
8. Gastrochilus obliquus; 9. Vanda subconcolor; 10. Acampe rigida;
11. Liparis viridiflora; 12. Dendrobium plicatile; 13. Luisia morsei ;
14. Renanthera coccinea; 15. Robiquetia spatulata; 16. Phalaenopsis
deliciosa; 17. Habenaria rhodocheila; 18. Bulbophyllum Depressum;
19. Dendrobium spatella; 20. Bulbophyllum spathulatum
21. Coelogyne  fimbriata;  22.  Cleisostoma  birmanicum
23. Dendrobium sinense; 24. Goodyera velutina; 25. Dendrobium
mariae; 26. Campanulorchis thao; 27. Pinalia amica; 28.
Bulbophyllum retusiusculum var. tigridum; 29. Cephalantheropsis
gracilis; 30. Bulbophyllum ledungense. ¥ represents species,

arror and A represent habitat factors.

K3 2 RHEYAH RS RS T 1 CCA XUFH
Fig. 3 CCA bi-plot of orchid composition
and habitat factor
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FHEY ) 4= o B2 2 25 8 T BRI 4k ) B A b
BT P ZRIAR i SRR e X 22 R A
Yo iy = a8 BE f v ELRE DT 22 1) 28 S 880/ T A48 L IX
2 RHE ) Y R W AR g, A L Ee B A L il
ZIRTC R 2 25 e HAF R K 2 AR T R
Ho O FhYLm 2R AR /Y E B A A R oL T
AR IR ORI g e L B 28 P R O RE T vh 22
P 4= 5 B et — E LB, T 3 1wl ) R T
ZRHEY) P R T A AR TR
FEMHETMEFEY EEEER AN R, 53
il B — R BE AU A1 LTI AN BE SN a] P4 o€ 42
SRR HL ks 22 RLAE Yy LIS B R 40 AT B A AT
WA, R E R, U Bt sl
YRR A O A A B B AR, B AR TR
T7 22 WA R R HETR IR BT i A e O TR RY
LRI 1 DU A SR WL (RPAEARAR /D), BT EX 3
F A58 75 = RHE ) 42 5 B Z ] R RE AN fE o 42
P B — ST M G RO R 3 ob, Tl B 07 22
oy BT RBEEAT & A B R T 52 Wi T AR DT 22 R )
B BE 22 S LO B, T I kP W AR 5 TR e A T =2
FHEY) F w8 S A s R

PR >R T T GLM HEZE T 1 f7 — 30 [ 9 >
O3 G AR B TR X 22 B F R R R 0 S AL
N, MFR 6 T LUF i, A8 B S A M e M3 | 3 1n)
DLR W B 4 A4S B 7 19 0 S 2800 B g2 i I 35 Y
(Wald=5.896, P=3e-04; Wald=9.407, P=1le-
04; Wald=5.811, P=3e-04; Wald=4.372, P=
le=04) , iX F WI7E 20 HABAT AT Pp A2 A9 520 T
ZRHEY) F R RS BTG, BRAR L B A Y
HoAty 3 i B 2 55 PR 1 X 22 B W) & R A7 AR B
ARV, DA SR S B o 3 ] AR R
T 0.85, RpurPmal TR TGS EL
it 2B W) 2 B T I, X 5 ] R 22 M A R 2R
L, BESEIRIAERERS fle BERE 7 b 2 BHE Y 5 /Y
B, 4 R BB SN AR R A L
SRMIH A IE 7] 13 & % (regression coefficient, RC
RC=0.17) ,HAFEFHK B TR AR T4 L R ARAT
FAAE—E IOV, 55 I 5 )5 =& N iR
RAT G, H AT R B A=, 8 3k 728 A0 7R 0 S A 1Y
HOXS 22 B ) B RE RS N B3 R TR
Tofs B F1%) . 285 00N T B A A PR 0 3 ) 2
5o BRI  Z mER AUS AR B TR 20T
2RI R R LR 5T 22 DY 2R 3 ) A R 45 2R

&7 o LIE 5 — oo AR TR i 4k T
FY 52 RN 3K 2 T 2 3 K (Wald = 2.160, P =
0.0404, RC=3.319 1e—04) , Ui B 7E B 4P 52 PR 451
T HERES E AR e S L B 0 s AR
PR I S X S SO WA AT A S BRI
DB, AP B AN S BT PR B JC I8 2 76 4l 37 A
RUAJRAE A B R v R 2 30 % B AR Y
HEE R X AT fE R R R A A 193 B 2 B Y
AR A AR AR M T 22 T X AR A Bk
FRARAE B2 AR Ak 2 5T A 2% (0 A B PR R 5 4h,
T Y AT A Al A B SR AZ I B ) 2 R
FE) 8 B B AR
26 ZREVSESEBERFHXER

PRI P, Y S R LS S o
SIVERR AR A 22 o i, ZE R EA L EE E
T BEHUCRAIE , B AT 50 4 O B TS O
GETtOrEEin ¢ Ky ue | — 4 M AT R A 0 X LAGE
PRI, A 9% BLEE R FH T AR MR RUAE 22 R 19 17
TIENESE T H W RUA . £ 8 PE X —
ARSI R BR TR P B (Wald = 3.102,
P=0.065 4) T4 E (Wald=3.936, P=0.123)
IOV AN 8 3 DL A | At A 155 DR 7 ) 4 A 0 347 3k
BT KO, o R S R 1 AR Ak BE 5 B
AR 0 22 B W) 2 B KIS LU MR SRR L
TOUER AR 01 U5 22 5000 51 R 0.68 #1075, B & X M
PR B AT b e D B 2, SR = R Y 2
1, 5 ZAH S & AR AR (Wald =8.191, P=
0.000 1, RC=-2.238 6) , 7£ TL 48 1L 148 &F 04 (1)
RO A 5 L b, 25 B AR R A, HE
R TEEA NN S kK OR TEL REWIR A= A
0 % ( Cleisostoma paniculatum ) %5 J3 A% 2 5 kA4 % |
JJZ I LA T =2 J 38 43 Bl A 3 3 BUBR 43 2 B 5
— T 532 B SR A2 A8 N R i B i M T
2R Y 22 2 i AR, BRAR L B B A Y 3 Fel it
TV b 55 IR B 6 22 B A28 Ak A7 FE A 0 2 1 IE RN
W ST b 3 A L 2 R A /N B A IR T 3R
TAIAF 70 A2 1 7K AR U e U 3 L bl XU R G LS
SN ERAEAE IS A oy = R W Y K i B Y
A5, B 1) PR 19 15 5% i ) (Wald = 5.343,
P=0.000 4, RC=-0.850 4) N & iy JCHk [ 18 - 2%
DXl Sfe 1, FR O T ARG T B B B £ M sl L ik
() 11 38 U SR 3l = B ) 22 B ARARAIR, AH X B —
1) MR GESE AR T 22 BRI B A, D)
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FF. A, SF. #if Ak, LE. Bl (LA, ME. (1% 28 bk MF. #UH7 0RE AR, EF. D T0UE AR LML R 2 52
RV. %4 ; KAR. B8R ; MM, il ; ND. JEJ7m ; IL 3 T48 5 SL 2648 NL BT ML T4, fLEERR
TALECANES 25/75 A LKL, ofll e RN R . WM I RE FEAHR 568K ZHK 2G4 REHFEER,

FF. Liquidambar formosana forest; SF. Tropical monsoon forest; LF. Tropical lowland rain forest; ME. Tropical mountain evergreen forest;
MF. Tropical montane rain forest; EF. Tropical elfin forest; LM. Low mountain; RV. River valley; KAR. Karst; MM. Middle mountain;
ND. Non-direction; II. Intensity interference; SI. Slightly interference; NI. No interference; MI. Moderate interference. Boxes represents the
median and the 25th/75th percentile, oand % indicate outliers. Whether the capital letters in the figure are the same or not indicates whether

there is significant difference between the two.

K4 ABEHT5 2 PHEY R R

Fig. 4 Relationship between different habitat factors and the richness of orchid

Sh,IAELEA I (IR ) BT W s (R 9) . B G, BRI 3 (Wald = 22.88,
RONE, BV IR 22 S B A R B R A& E AR B A8 5, P=0.001 1), 3X 56 W i e 2 455 IX 7 1 2555 4 T
BEIS U BE 58 i == BR AW 09 A A7 =S W M2 O IR B S R 22 R Y B 22 T L X 22 R Y
i, AT 1 22 M Y K B fifp e B TR E A R R, S RN

XFAERN TR 20 & A S 4R R RS SRR FR G A TR LTI
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Table 6  Significance of habitat factor in the univariate GLM of richness of orchid
AT Wald 4t i1t Pr HIEER
Habitat factor Wald value (>wald) Regression coefficient
LGS Koy e 5.896 3e—04 ik
Vegetation type Full model
RN 3.497 0.003 Q% -0.602 3
Liquidambar formosana forest
HAT 2R AR 2.535 0.024 9% -0.111 2
Tropical monsoon forest
P L H bk 2.396 0.029 7% 0.168 6
Tropical mountain evergreen forest
FRAHT 1L TR 0.322 0.773 1 0.032 3
Tropical elfin forest
Ay 1L M R AR 2.498 0.022 3% -0.1312
Tropical montane rain forest
{5273 A AEAY Full model 1.774 0.112 0.000 1
Elevation
Hu T i 55 4R Full model 9.407 le—04 sk
Topography W[4 River valley 4.952 0.000 1% 0.3712
w4 Karst 7.653 0.000 1] 0.852 9
Al il Middle mountainous 2.332 0.034 2% 0.174 0
i ) SRR Full model 5.811 3e—04 0k
As
spect %L 77 Northeast 0.729 0.506 8 0.068 4
ZRIT East 1.888 0.085 0° 0.226 3
ZRFJ7 Southeast 3.548 0.001 Qs 0.314 6
/7 South 1.214 0.270 1 0.102 0
J&J5 1) Non-direction 0.155 0.889 4 -0.013 5
Padt 77 Northwest 0.774 0.483 0 0.067 9
PE7r West 1.415 0.208 6 0.136 9
oz LAY Full model 4.372 Le—04 ek 0.003 1
Slope
IS A B2 £ A5 Full model 0.77 0.452 0 -0.000 3
Canopy closure
PR AAFER Full model 2.255 0.248
Degree of interference
2T Slightly interference 2.008 0.074 9° 0.123 2
Jo T4k No interference 0.339 0.759 5 -0.049 9
F1JE T4 Moderate interference 1.680 0.131 8 0.082 5

T OFR P<0.1; #38% P<0.05; *F% P<0.01; #4775 P<0.001, F,

Note: © indicates P<0.1; * indicates P<0.05; ** indicates P<0.01; *** indicates P<0.001. The same below.

Hh L DL R 3 1) R ) A5 S B S
FGERANR AT S 28 EFHE, U LY
RULHERF AP LR AR A, Z R Z MR A
Y L[R5 i) 22 B 9 (0 Z2 12 3 43 TR A9 52 i)
AP R A N RS TR, N R B
2 B R DR R 3 1IEAUY (RC=0.000 9;
0.008 7) FHAAFRAY 2 3 T 300 (RC =-2.554 2)
2 Hofth A5 355 P 752 M AN

3 W54 #

3.0 =REMY TSN

ARG T8 3 2 A A (8] W7 0 S M B R U Ax | )
) i P I TRl A AR DR N Y B AR 2 R
PR S AT T — R . KRBT Bl 4 IR
2% ( Gastrochilus acinacifolius) Y5> 755 ( Liparis
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Table 7  Significance of habitat factor in the multiple GLM of richness of orchid

A 3% R T Wald G4k Pr MR 4
Habitat factor Wald value (>wald) Regression coefficient
S Full model 15.03 Le—04 s
FH RIS WA Liquidambar formosana forest 4.456 0.000 1 #k* -7.57717
Vegetation type
8 v 7 ZEFR AR Tropical monsoon forest 3.029 0.006 6% -1.662 7
FAHF 111 i H £R AR Tropical mountain evergreen forest 1.661 0.1157 1.725 5
P I THEAR Tropical elfin forest 0.287 0.791 7 -3.984 9
7 1L MM AR Tropical montane rain forest 2.159 0.044 9* -1.516 7
gk 2.160 0.040 4 3.319 1
Elevation
HUE 5 T4+ River valley 4.413 0.000 2k 3.410 1
Topography
W TR Karst 6.637 0.000 1 7.847 5
rfrily 1l Middle mountainous 0.772 0.475 0 -6.974 8
W] ZAtJ7 Northeast 0.324 0.760 7 2.986 0
Aspect %7 Fast 1.375 0.201 2 1.604 1
R 7 Southeast 3.594 0.001 Qs 3.110 8
R J5 South 1.352 0.203 3 1.105 2
JEH W Non-direction 0.086 0.933 3 -7.698 6
PEAL T Northwest 0.012 0.991 2 -9.900 0
P West 0.365 0.730 9 3.465 6
ez 2.874 0.008 0 2.306 9
Slope
I PA 2 0.107 0.913 4 3.175 3
Canopy closure
THRFREE BT Slightly interference 1.234 0.252 1 7.647 6
Degree of interference T4t No interference 0.448 0.673 5 6.474 8
HEE T4 Moderate interference 0.335 0.758 6 -1.654 5

bautingensis) .22 K % ( Cymbidium lit) %5 16 B F¢ A
A A R A S0 AT ) = R 3 19 Fh 5 BT H
HIAIC BT M R A R 0T — 2 (B R X
&,2016), H ik N = 5 F ( Cymbidium
eburneum) | 3 1£ % ( C. insigne) . 2 ¥k %% ( C.
Nanulum) | >%W57 2% ( Nervilia lanyuensis) | 9P My
J& 2 FB WS RN, FhE 3 A b /N LR O 32
(BRPEHm AR b e LA KIE A 2 22 R
IR 19 B, AR A =R AR 16 F, 5 2
B 5 I DL 2 BE AN R (AR SCHIL,2014) X —J7 I
U] BB IUAN 8 B = B A A S )T, 5 —
77 T B W TS DX T R R 22 AR Y o0 A
() 58 Tpls | /2 R TR AR

5 e By LATE e A Iy s SRR L, 0 Y A
58 SR 2 5% TG A U R A W e ) Ah At £ 4 b G T

22 B W BT IR AR S A A AR B R I e il
2 (it E B, 2008 5 74 WI4F,2018) o 3 4h, 5IRE
2R R S BRI b X A AR AR B i 3
() 22 LA 4 95 R0 HE 2 B (FE AR 4, 2015)  BFSE
DI 22 B ) & B S TR R LA I
Pl PR ArT o, B AR — o AR 2R T A DX 1 AR
B, H R o — R B b 1 25 B Y ]
FERZGIRTS , 25 DT A 58 XSO A2 15 R 5
2R Y o0 A B 4 X s TR RE R TR T AT ST A
WAV RN FEE X Z —,
32 BHRTFEREYSHEEMNZMm

MM SHERZENXER -HE24EY
LRI 5T (A 3RS Tn) AL, PR SR 78 A0 b /)N ) B 8 AR
5N WA BRI AR A8 46 ) B (Acharya et al.
2011) . ©A V2 W RGN R &6
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Table 8  Significance of habitat factor in the univariate GLM of abundance of orchid
A 3% R T Wald G4k Pr MR 4
Habitat factor Wald value (>wald) Regression coefficient
B R AR Full model 10.75 Le—04
Vegetation type
WA Liquidambar formosana forest 8.191 0.000 1 #s: -2.2386
7 ZEFR AR Tropical monsoon forest 0.103 0.9512 -0.008 7
Al 1L HbF LR AR Tropical mountain evergreen forest 4.759 0.005 5% 0.678 8
s 1 TRIE AR Tropical elfin forest 3.836 0.021 6% 0.754 6
7 1 LT AR Tropical montane rain forest 0.360 0.8339 0.035 8
557 2 Full model 8.154 le—04 0.000 9
Elevation
HIE 55 SAFER Full model 8.167 le—04
T h N
oPoStapY W[4 River valley 7.708 le—04 5% 1.031 0
W W Karst 5.854 3e—04 ek 1.384 6
Hrily 1l 3 Middle mountainous 6.265 3e—04 #** 0.825 3
W17 LA Full model 8.643 Le—04 sk
A 't
e %4677 Northeast 1.401 0.3818 -0.243 4
ZRJ5 Fast 1.679 0.286 2 -0.388 1
KRB 77 Southeast 0.446 0.777 1 0.075 0
7 South 1.285 0.423 7 -0.199 6
JEH 1] Non-direction 5.343 0.000 4 #kx -0.850 4
PG4t Northwest 2.332 0.139 7 -0.378 0
PYJ7 West 2.119 0.177 2 -0.383 6
Wz SR Full model 6.23 6e—04 0.008 7
Slope
I P EZ 2 AR Full model 3.102 0.065 4° -0.001 9
Canopy closure
TR SR Full model 3.936 0.123 0
Degree of interferenc " N . .
egree of Interlerence BT Slightly interference 0.103 0.954 4 -0.012 1
J& T4k No interference 0.011 0.994 1 -0.003 0
H T3 Moderate interference 2.966 0.071 8° 0.273 3

R R 2 22 b BP0 DR 7 09 255 A Al (2RI
J5,2017) , 554 2 4 i R E — E Y BN 8
W7 ) 32 B A0 SN 0 B 2 i B R
(Kevin, 2000) . BF5% X8R 22 B9 F & B AE 1
W F s fE By« Je g B U2 &8k iz ik
SEE — B LK 4> A5 ¥ JR) ( Lorenzo et al., 2007;
Sherman et al., 2008 ; Zhang et al., 2015) , 4k
b DCHH A 38 35 R TR BE B K DR A R Z
B BHEY) B 4k K (Tang & Ohsawa, 1997) , A it
Pt 5 (R #1055 ,2004) . FATTIE EZI, AR
AT 2 B Y B B A R A e AL H2
90 58 R BE A TE — 0 25 o, 3 T BB A Ay v vl 4k B

MO ZO B Ry NI 48 13 A b AR T B
2RHE Y A KK 3 O IR b DL R R Bl SR A
HAS B A 1 8 22 B ) 0T T/ A 3 R AN S AH
[, i L Al b 1 Hh i 0 22 v S BUR AR 55 A F
A (AR MR, 2008) , (137 B A&,
T GLM [R5 53 B7 (0 25 5 W s i R00) T 2= FHE )
L A5 0 I AE 3 S A A TR 7 G b e M A
R FAAE R B 00 T A 35 52, 3 i — 25 1 ]
TR T 2R A R R — A AR
ZEAAE L R, H A T R R R AT T RO
ARk F UGS ) i BRI AR T e (UK o FTRE
i) Ab, b EEAFEE A, JUABRE ( Geometric
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Table 9  Significance of habitat factor in the multiple GLM of abundance of orchid
AT Wald 4t i1t Pr HIEER
Habitat factor Wald value (>wald) Regression coefficient
2 Full model 22.88 0.001 1
FE B 2 AL WA Liquidambar formosana forest 9.700 0.000 9k -2.554 2
Vegetation type
7 ZEFR AR Tropical monsoon forest 0.685 0.661 3 -0.070 4
Al 1L HbF LR AR Tropical mountain evergreen forest 0.378 0.797 6 -0.0753
s 1 TRIE AR Tropical elfin forest 1.124 0.452 8 -0.297 4
HHT L HL YK Tropical montane rain forest 2.616 0.080 8° -0.332'1
IR 8.234 0.001 1% 0.002 4
Elevation
HLIE H 5 M4+ River valley 6.118 0.001 3 0.811 8
Topography WE AR Karst 3.707 0.013 2% 0.876 1
il Middle mountainous 2.061 0.172 2 -0.322 8
W rm) ZR4t 7 Northeast 1.542 0.307 9 -0.255 5
A >
spect %7 East 0.987 0.507 6 ~0.216 4
R/ Southeast 2.338 0.118 6 0.372 7
M South 1.232 0.416 2 -0.180 7
J&J5 18] Non-direction 2.915 0.050 2° -0.464 9
P§L 77 Northwest 2.119 0.153 9 -0.326 4
PYJ5 West 2.564 0.090 0° -0.443 8
i 5.755 0.001 2% 0.008 8
Slope
IS pA) 2 2.475 0.054 1° -0.001 4
Canopy closure
TP fe BT Slightly interference 0.794 0.599 1 0.091 0
Deg f interferenc o A
egree of Interlerence FF4E No interference 1.585 0.298 0 0.409 5
H1 T4 Moderate interference 0.361 0.812 5 -0.032 4

constraints ) 5 ( Tang & Ohsawa, 1997 ;4% 153 Al T
FEF-,2013) , i Ik A 7 1l TR |l 45 DX AT g R v AR
FEE—EMHXKR, BRFEEZIN, 2R Y
H AL E W] B IR 5, CCA HEF 45 R BoR A
[] Vg A B ) A 7 IN 22 R ) 2H A7 R B S AN ]
T AR AT I I B A v, (B I T A XU 2 2
3 DT AR 22 22 A0 W 1Y o] PR v T AR IR
FERAR W R K O B SRR BT Al X T 22 R R
oy 245 22 i 1Y) R 43 o SIS A % MG PR T v v 4k B dE
PR AT B A2 M, DL L MR MR 3 iR L 46
Gy BT ER R A MU Y A B AR AR R VR B RN
HRAR =, G IR KR AR rh i B i 2 2 22
PHEY B4R . GLM [BlH 534 s 2 FHE ) 2 2
W52 B Bk X 0 0 385 50 ) | R S e A —
FREE BN &2 Hof A= 5 K g BR 1, R W] = BHAE W)

22 R A 22 18] B G 22 AT AEAE AT fi] B — 28 fH =2
FHEY) 2 B 52 30 THEOT 2 BRI 31 E0Rs B 2%
ZFPR R B2, EBCHE A T B BSOS I AR S
(Benesh & Kalbe, 2016) , KL ] BT BT | AL
FEIE BN S 48— A 14007 v iz A REAS B
HER 25 R
3 AFREMN=ZREY S HEENRN

A 1 R 22 S A AN ] 22 BRAF ) X0 A B2 45 1 1Y
BORAREMNE R, ZHWATEELRE S T
A H T TR 22 BT ) A b B 53 AT b 00 R G 1 R AN 3
A1k, AT BTSSR AT LU IR, 6 1 15 7 1) - 4
ol A= 15 Y A 22 RHAE ) B SR R AE T IR b X0 A
R B B A A R R R
AL, EMNZE TAME A 2R F
Horlg T8 28 (Malaxis) WaEE 208 DL K& &
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)& (Eria) ,— AR KAE#R 87 A A sUH A 9 B
AN S 7 A T 4 s 43 i 300 2F K 7
25 S R &5 i T8 % i ( Benzing, 1990) , 3% 5 8
i 28 [T 14 RS R AR, AR 25 B 52 B B 3% FK Gy
PR G = 0 i, PR I B 68 3 17 3 — A= 267 119 22
AEXT B A= 0 58 1Y R AR &, T — B R R
AR AY Y f B O 4 h (5 55, 2010) o AS IR £
Hh e R A M DX (%) TR 45 0 30 AR O BR FE L
KGR, BRAE N 22 AR P2 4t 50 /2 (7K 43, SLkk
o 7 REK 2P, X HARE A0
SCE BT AR LA A R A K R < B A/
VAR v Ak I EL N EWE A i =N
WLk ks R AR HE B R
( Bulbophyllum delitescens ) %5 , T A£G 25 ] 2% B L1
Febg, 2260 Z FE A X 3R, R BT I, 4
G 2% ( Cleisostoma filiforme) S M 8T
YA 1 DX BE AR, AL 28 S R | & o it A
S AR R A A T ok {98 2K AT Y v PR
B IR 1) B 2, M 2R R AR 2 RHE
AR L — A8 IR IR AR B, 78 B AR 2= R By
Az KNS rh BAT 2 AE ] (Khee et al., 2000) ;
Lyt S AR AR L T % Rt DX IR AR, < 3 32 %)
G BRI, 8 2% ( Campanulorchis thao) It 73 U1
=% (Coelogyne fimbriata) EARE S EA S L
A2 - H55 (Liparis cespitosa) FF0 28 KA pR AR /N B4
AR ZE | B A0 18 R A O A O X
— DI, U2 220k 20T 205 28
by R A AU 22 R ) 5 IR 58 A AN [ 1 4 A A
JRy X2 22 AR TC W I o A i e, BN B — A E
g ] an 2% J& | & 2% ( Cymbidium kanran) | 2 %
( C. sinense) J#>%(C. ensifolium) 3 B340 18 &
RN T 2 i W Al 1 R b, 648 =2 IR =
(C. cyperifolium ) %5 W B W0 A6 78 T 0 o8 3 HLIB JEE
Fo R B TR OLLE BCE L T R R B2 R
B BRET 2% & F1 B R 2% &8 ( Hetaeria ) = FHE Y 0 38
R TR B RS R R Y b AR B TR R
M 42 28 2% J& ( Anoectochilus ) B 75 73 A1 76 H & 1 4 H
PR F A bR R R B b mOA A b M 22 (Ludisia
discolor ) W& w1 437 78 W AR TR 44 o) $1 0 T 45 3
AHEZ L,
3.4 Htt AR EF 3t = RHEY & H RS0

L 28 B0 5 T AR OC 2R 0 R B DT, AS ) A 4
B AGAEA 6] SR B, — e R b AT L33

SEMFR AR YEE T AE B A Z Rk (R 48 4
2010) , {EAE A A ok 1 22 55 AN AR T H v 4K
P2 IR S IR K5 55 i UK th A P ) F 2
JSLR A3 MRIER S22 45 48 5 1 ' R A A S A o B 1Y
Ak (ZE 1S FUEE [ 2004) o BRI TEAR BRI
B S RUAE 22 RO W) 1 3 5 B RN 2 B T A2 AE R
PR RS | A 114 5 35 60 388 7, T L 2 A A4 50 0 3 2
SAFTERY, RS 2 RN T 2R Y £
FEE I 52 W AS B f/] B9 45 I 3R A8 1k, B8 42 44
MIZEAAE R BE AR R AR SE . W T RE b 30 AR
AR5 DX 3 - 43 B 11 TR b S5 A R 4y, B A A
HEZ R /INVEBE IR (5P = 9545 ,2014) |, iX
ZR LA AR R A, LR B R
ZFEHERA NI R W 1k, A v g R U A s X —
MEJT e Z RB IR B 17 B 22 RBHE Y, CCA HE)JF AN
GLM [111H 43 By 1) 25 S # f7 1 HAE 22 FH4E ) 4
WEEE 2R EEZW, WX LR
Y= B R 2 B 0 52 ) A R AT R T W A A b
S, ST LR DR T2 T B A T AR 4 o R T R K
Sy TZE N B AR 22 B P 4 AR T Y 9 K A 4t
INF T A T DB 698 e XU R 7K S 38 T b 1% 16 1
FAN AR RE—E R LA A KR, A
FHEBRF A Y 2 B G < REMET T, A R T
A I ) A XL 25 R A 4 BEKORE 2% 14
FHARKZE R HIRAE 2015) ,3X 0] e S A 4 £
FEMER EE N ER EE 2R, R —
HI AR B A PR L 158 25 4 R B JRL L, 1 A Ik
BHFHZE, AR T AESFE T CCA HEP 45
FIR B LA =2 A Y A 35067 288 R X 22 BHAE )
2 7 S T A R R R DT R R AT A B T I 2 K LA
b A I MU T AN [ 9 B3 A T B A A R
PR 7K A /DN A 58 25 A2 T =2 R A 40 A o8 728 A 50 it 114 K
Sk S ] R R S o R A 85 ) IR R RN B HE

SR FP AL R, — M 0 PH 3% L B 3 % I 2%
SR B, E A 4 K R A R AR X AR (Leps &
Smilauer, 2003) . ZWFFEEE X 24 BHE Y 3 & B A
Z B GLM [543 87 Hh 4 Hh T 3 1) i S 2 800
HrP R O W 1) 6 25 AT ) T ) AE 1) B )
REGERY, BIE— TR A L ou ki B p | BLAT AR
e R 7 B HE IR AR R TR B s Y == R )
B R E TR Y, R A, B
Bh 5 A2 B 2R w5 BRI AU B DG I, o 2= B AE A 4
BET AR S, A T A Y 1S A £ 22 R
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T E Fl . HTEZ 8 73 Hr i) 2 oo 8 vh ) B[]
PRl 32 Ho At B3 A% S 52 R AR, O R R B 3 Ak
JO7 I R R 2 A2 ) 1 4R S R T Y S W R
FETE G KR AR, v A R AT B2 18 =it B BEL B, PRI ot of
Z WS A BT T R BESE Y 3 b A K 43
B HHAPK R4 & G R 2 B R 5 AR 22
BHED A TXE T B A AL 22 BHAE PR 0, 3 B
ERAE REIRAG B 200 IR (iR 55 ,2013) , 7E 3K
MTARIWTSE v, B B XS 22 B W F & B F0 22 )% 10 5
M) 08 I 08 3 1), 6 00 2 A 2 Ak b o AT e Y
BERE ) H O AT L 3R A 38 R H B R AR T
/N SR JCTTT 17 2 Y ) o e R T, T HLAT A
TR R R B O AR R B
M AR | A9 % 43 A5 S Hb 2 A v R o BT A ) 2
By FE K Z — (Huang et al., 2008 ; Tinya et al.,
2009) , s P J52 U 2 52 Wi S B B2 R4 S8 I ] o B
FERY PR 2R AR A R X AR AR W 2 4 P Y R 3 S )
EA M IZUESE (AR SE 2018 FUHESE,2019)
AW S H AR P 2 0 S X 22 RHAE Y 1 A — E
AN ERO S RE S8 SLIE A NI EY B R N T E N
J2 R R AN )RR AT JBE R /IR — /N AR SR b = B )
S B 1Y) PR B AR (E IR N BIORE 4l Y > Ak
TR FBCE K
35 BT XBEERFH=REYRRRE KK
AT TR A Z R A I T 2
) R BEAF 72 52 2% fAH BLAE ], XA ARl AT %) 1 ==
FHH W) 2 06 Ve 00 i B A 12 — 8 19 E & A0
( Tsiftsis, 2020) , fHIX AN RE 75 a2 3C H 45 H 19 A &
ABE R B B 38 R U A A A, FRAT
I8 A BT IR %) 22 B Ay 22 AR AT A [] A
Y R e rp DU B S A RN L Hh
SN T ROV By 3, AR = RHEY 2 S
Az B8 PR B AH B 25 R 4R — T R IR AR F R
W . (1) BIF5E DI A5 1 1 8 L 4 9 A0 A Bl 2
BRI R AR 2 RHMEY s E TS
ZARIE N 1Y AR AE PR o e v Ak B A L b R MRS
AW 0 22 B IR T i T AR B Y L M
W SRR L TOURE b v O A7 A 1) G 55 4 =5 A5 g
2% ( Paphiopedilum appletonianum ) | TLFg 111471 5. 2% %5
Prifa . Hi, 754 5 iR & LAE i &
JOORTE AR X AR B R P (2) W ST AR I
w R AR AE A W 2 R Y IR A5
i iz 3 R Bl 2= B A K ROk 1 OC B AR

B B R T X AR TR XA — AR
Pl X, A= BEAROR ™ E D S DR AR A At 2 Y
TFRAE 8l N3 8 T 40 22 5 MO A 42 4 B A=
PR HKE LA, LA SRR S K P8 T B R B30 30 5
SPEECHR I A1 I e L 3 A WU S AN A
RN HL, XA 22 B A 5T IR 2 A A 52 2
BB, SR XA KA e PR W A B8 KPR 4T ol
N5 2 A B B TE A A B 51 b E AR O
L o % S BR BRI 1) S5 i e 244 AT B 428 5 e 1
WZ L5 5, 10 T 22 AR ) 2 AR AT S M
P MRS+ or b 28, (3) 2R P R4 A
JeH HE—J10), BOZ B R g2 2, i B T
VRS UF AL R 1N B ) FE AR R T 3 i ke 3
HEBE ZR AR BEAT , IR R 45 A 85 19 R S0 AR B R
o 22 B W Xk A S5 A R AR X G
F— BT A, wit xfE LUK &2 3 e 00 19 R4 AR

SE .
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Attached table List of orchid in main land nature reserves in Hainan

i 5ot
. Biifa A N

endangered

category

2% Apostasia odorata — LC T 1 — —
Y122 Paphiopedilum appletonianum — EN T/L 1 1 1
LLAEBEN 2% Goodyera grandis — NT T — 1 —
LRAEBEN 2 6. viridiflora — LC /L — 1 —
B2 G. procera — LC T/L — 1 1
YEMBE 2% 6. velutina — LC T/L 1 1 1
WREERBET 22 6. seikoomontana — VU T/L 1 — —
HREBE % G. fumata — NT T — — —
122 Ludisia discolor — LC T/L 1 1 1
FRAE N HE2: Cheirostylis chinensis — LC /L 1 1 —
XA C. yunnanensis — LC T/L — 1 —
MR XK C. cochinchinensis — EN /L — — —
A/NXEES C. pusilla — NT T/L 1 — —
kX AE>% C. tortilacinia — NE T/L — 1 —
FHRENE 2% Hetaeria obliqua I LC T — 1 1
HERIHIE % H. rubens — 1L.C T 1 — —
VURRBHIR 2% H. biloba — LC T — — —
/NFr 3522 Rhomboda abbreviate — LC T/L — 1 —
WAL Zeuvine flava — LC T — — —
TR Z. affinis — LC T/L — — —
FIAELATE 22 Z. parvifolia — LC T/L 1 — —
428> Anoectochilus roxburghii — EN T/L 1 1 1
TR 4228 2% A. hainanensis | LC T/L — 1 1
Bt 22 Cryptostylis arachnites — LC T 1 — 1
/WNEI§ 2 Platanthera minor — LC T — 1 1
RIFEEE L Peristylus calcaratus — LC T — 1 1
#$# F RAE Habenaria rhodocheila — LC /L 1 1 1
B ERAE H. malintana — LC T/L — — 1
BEERIE H. ciliolaris i\ LC /L — 1 —
Teh 2% Aphyllorchis montana — LC T — — 1
JERETZE 2 Tropidia curculigoides — NT T — 1 1
Pr2£2% T. nipponica — NT T — 1 —
FRMAT252% T, angulosa — NT T — 1 —
15 KIBR Gastrodia punctata I NE T — 1 —
2205322 Nervilia lanyuensis — CR T — 1 —
2% Arundina graminifolia — LC /L 1 1 1
LA DUEE22 Coelogyne fimbriata — LC E/L 1 1 1
LAtk Pholidota chinensis — LC E/L 1 1 1
ZEAMME P. yunnanensis — NT E/L — 1 —
LG NE 2% Panisea moi I DD E 1 — —

g% P. tricallosa — LC E — — —
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18t Dendrobium nobile — VU E/L 1 1 1 — 1
LA D. loddigesii — VU E/L 1 — 1 — —
RAf Dendrobium lindleyi — LC E 1 — 1 — —
HPIRATEE D. aduncum — VU F/L 1 1 1 1 1
A D. hainanense I VU E/L 1 1 1 1 1
BB D. williamsonii — EN E/L 1 1 1 1 1
B D. denneanum — VU E 1 — — 1 —
JEI& % D. mariae — VU E/L 1 — — 1 —
1EL11 D. sinense — EN E 1 1 — 1 1
SIMLifEE D. acinaciforme — VU E/L 1 1 1 — 1
WHEAD. fimbriata — LC F/L 1 1 1 1 1
P& D. angustifolia — VU E 1 1 1 1 1
HALATL D, densiflorum — VU E/L 1 1 1 1 1
HJEAfE D. hercoglossum — NT E/L 1 1 1 1 1
B D. salaccense — VU E/L 1 — 1 1 1
HAELR D. chrysanthum — A E/L — — 1 — —
BE9 22 Bulbophyllum retusiusculum — LC E/L 1 1 1 1 1
HIBEM L B. delitescens — VU E/L 1 1 1 1 1
JEPEEIE % B. retusiusculum var. tigridum — EN E/L 1 1 1 1 1
I A T2 B. ambrosia — Ic E/L 1 1 1 1 1
HIBAT T2 B. affine — LC E/L 1 1 1 1 1
WISA 22 B. hastatum — LC E/L 1 1 1 — 1
SRIA 2L B. ledungense I DD E/L 1 1 1 — 1
HEATE 2% B. reptans — IC E/L 1 — — 1 —
WA E2% B. levinei — LC E 1 — 1 1 1
HALA E 2% B. odoratissimum — LC E/L 1 1 1 1 1
J"IRAE2E B. kwangtungense I LC E — — 1 1 —
B B, spathulatum — VU E/L 1 1 1 1 1
ERAEE B, rufinum — VU E 1 1 — — —
BT B. lepidum — DD F/L — 1 1 1 1
FAE A 2% B. wuzhishanense I VU E — — — 1 —
XUBHR % B. wallichii — VU E — — — 1 —
BEEA I B. pectenveneris — LC E — — — — 1
LU B. melanoglossum — NT E — — — — 1
HEAEEIEE B. hirundinis — NT E — — — — —
INTGAEHF Liparis delicatula — LC E/L 1 1 1 — —
PR HFF L. bootanensis — LC E/L 1 1 1 1 1
INVEEEFR L. cespitosa — LC E/L 1 1 1 1 1
BB AR L. stricklandiana — LC E/L 1 1 1 1 1
KACFHFE L. distans — LC T/L — 1 — — —
PRE2EHFR L bautingensis I VU E/L — 1 — — 1
KZEFHFR L. viridiflora — LC E/L 1 1 1 1 1
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ALEHF L nigra — VU T/L 1 — —
WAL HFR L luteola I VU E/L — — 1
WA 2% Malaxis acuminata — LC T/L — 1 1
ZAHBE M. finetii I EN /1 — 1 1
KA L M. calophylla — LC T/L 1 — —
ToHIR =% Dienia ophrydis — LC T 1 — 1
RAELF L Oberonia longibracteata I NT E/L 1 1 —
JHE 0. falconeri — LC E — — 1
RKHEFE2 0. anthropophora II LC E 1 — —
B2 0. iridifolia — LC E — — 1
HERE R 0. variabilis — LC E — — —
IR 0. rufilabris — EN E — — —
PI2% Cymbidium cyperifolium — VU T — 1 —
L2 C. dayanum — VU E 1 1 1
ZAE2% C. floribundum — VU E/L 1 1 1
FE2% C. kanran — VU T 1 1 —
FKHB 2% C. haematodes — NE T — 1 —
BIRIE C. nanulum — EN T — 1 —
ZEAE2% C. insigne I CR T/L 1 1 —
#4522 C. sinense — VU T 1 1 1
T 2% C. mannii — NT E — — 1
H->% C. lancifolium — LC T 1 1 1
M5 C. eburneum — EN E/L 1 1 —
LU~ C. aloifolium — NT E — — —
M 2% C. atropurpureum I LC E — — —
BILC L I CR E 1 — —
@22 C. ensifolium — VU T 1 — 1
FNHLE 22 Geodorum eulophioides — LC T — 1 —
ZAEME 2 G, recurvum — LC T — 1 —
Ri2% Agrostophyllum callosum — NT E/L — 1 1
FETN 25 M2 Nephelaphyllum pulchrum II DD L — — 1
=25 N, tenuiflorum — VU /L — 1 1
UINTA5IR 2% Tainia ovifolia — CR /L — 1 —
M B2 T. ruybarrettoi — EN T — — 1
R T, dunnii — NT T — 1 1
RS 2% T, latifolia — VU T — — —
DMATEE T, cordifolia — EN T — — 1
LEAE L 2E Ania penangiana — NT /L — 1 —
T4 2% A, hongkongensis — NT /L 1 1 1
> Cephalantheropsis gracilis — NT T 1 1 —
TEACES TN Phaius flavus — LC /L — 1 —

HEFGES TN % P. hainanensis I CR T/L 1 — —
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EST: P. tankervilliae — LC T/L 1 — — — —
Z IR > Calanthe triplicata — LC T/L 1 — 1 1 —
BIGIFE 2 C. alismaefolia — LC T/L 1 — 1 — —
BT 2% C. angustifolia — NT T — — — 1 1
FTHRA % C. lyroglossa — LC T 1 — — 1 1
ZFIMIRE % C. speciosa — LC /L 1 1 1 1 1
HRAEIRAE > Acanthephippium sinense — EN — — — —1
YRAE2% AL sylhetense — VU — — — — —
W% Collabium chinense — LC — 1 1 1 —
& J%2% Chrysoglossum ornatum — LC /L — — 1 — —
HAE R 2% Eria corneri — LC F/L 1 1 1 1 —
FUEL 2 E. gagnepainii — LC T/L 1 1 1 1 1
JEZEE L E. coronaria — LC /L 1 — 1 — —
Bh2% Campanulorchis thao — LC E/L 1 1 1 1 1
F2JEUA 2% Conchidium rhomboidale — NT E/L 1 1 — 1 1
&2% C. pusillum — LC E/L — 1 — 1 1
TR 2% Mycaranthes pannea — NT E/L 1 1 1 1 1
4422 Dendrolirium tomentosum — VU E/L 1 1 1 — —
FI4R482% D. lasiopetalum — VU E/L 1 1 1 1 1
KB Pinalia obvia — VU E/L 1 — 1 1 1
HMIZE3E2 P, amica — LC E/L 1 — 1 1 —
WA Oxystophyllum changjiangense I EN E/L 1 1 1 1 1
B 22 Ceratostylis subulata — vu E 1 1 1 1 1
M C. hainanensis I VU F/L 1 1 1 1 1
HBLARALE Cryptochilus roseus — LC E/L 1 1 1 1 1
INEAR K 2% Appendicula micrantha — LC E/L 1 — — 1 1
44524 A, cornuta — LC F/L 1 1 1 1 1
SENE2Z Thelasis pygmaea — LC E/L 1 — 1 1 1
#2% Phreatia formosana — VU — — 1 1 1
JARAF 22 Taeniophyllum complanatum — DD — — 1 — 1
SRR 22 T, pusillum — LC — 1 — — —
/IN#E2E Micropera poilanei II NT E/L — 1 1 — —
I 22 Diploprora championii — LC E/L — 1 1 1 1
EIRNEE Acampe ochracea — NT E/L — 1 1 — —
ZAENE > A. rigida — LC E/L 1 1 1 1 —
KJ#i2% Renanthera coccinea — EN E/L 1 1 1 — —
RLJE 2% Schoenorchis gemmata — LC E 1 1 1 1 1
WREE 2% Parapteroceras elobe — NT E 1 1 — 1 1
BYERRRE > Cleisostoma menghaiense — VU E 1 1 1 — —
SRERRIE > C. filiforme — Ic E 1 — 1 1 —
KIFREHE % C. paniculatum — LC E/L 1 1 1 1 1
BAERBIE 2 C. simondii var. guangdongense NE E/L 1 — — — 1
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LIAERARE % C. williamsonii — LC E 1 1 — 1 1 1
RUEBEIE 2 C. rostratum — LC E/L 1 1 1 1 1 1
BRI C. birmanicum — LC E/L 1 1 1 1 1 1
JEZERREE 22 C. parishii — LC E 1 1 1 1 1 1
SRR C. striatum — VU E/L 1 1 — 1 1 1
AEMIR % Esmeralda clarkei — VU E/L 1 1 1 1 1 1
IS MK % Arachnis labrosa — LC E/L 1 1 1 1 1 1
RS T, annamense — NT E 1 1 — 1 1 1
AU HSE T formosanum — LC E/L — — 1 — 1 1
[ 5.2% Thrixspermum centipeda — LC F/L 1 1 1 1 1 —
G IR 2% Vanda concolor — VU E/L — 1 1 1 1 —
it JTC2E V. subconcolor — EN F/L 1 1 1 1 1 1
EHARE V. pumila — VU E — 1 1 1 — —
MRS 22 Rhynchostylis gigantea I EN E — 1 — 1 — —
ZAABBHE 22 Robiquetia insectifera I DD E — — 1 — — —
FaAE 2% R. dentifera — EN E — — 1 — — —
KM R spatulata I LC E/L 1 1 1 1 1 1
AW R. succisa — LC E 1 1 — 1 1 —
KIRHEWIWE >% Phalaenopsis deliciosa Il VU E/L 1 1 1 1 1 —
TJE = P. pulcherrima I NE T/L — 1 1 — — —
VERTUHIE >% P. hainanensis — CR E — 1 — — — —
BT Luisia morsei — LC E/L — 1 1 1 — —
TCZEHME > Gastrochilus obliquus — vu E — 1 1 — — 1
B 250E > G. acinacifolius I VU E 1 1 1 1 1 1
Sl 2% Holcoglossum kimballianum — EN E 1 — — — — —
KJE>% Grosourdya appendiculata I VU E — 1 1 — 1 —

T LR R L P EE R A 40 L h EREA AR, EX. 40K ; EW. BPAMR4:; CR. Hifi; EN. ¥iife; VU. Bf; NT. #ifé; LC. 15fE;
DD. HEE=Z ; NE. KiFAM, T. #k; T/L. MEsA 4 E B E/L. B4, Be U AEAR I A o AT it A 404, P
22 BB a4 R GER BT IS8 GRS (2019) 4S5 A [ B A 22 BHE PR (R4

Note: I. Endemic species in Hainan; II. Only distributed in Hainan in China; IIl. Endemic species in China. EX. Extinct; EW. Extinct in the wild;
CR. Critically endangered; EN. Endangered; VU. Vulnerable; NT. Near threatened; LC. Low concern; DD. Data deficient; NE. Not evaluated. T.
Terrestrial ; T/L. Terrestrial or lithophytic; E. Epiphytic; E/L. Epiphytic or lithophytic. The number “1” represents that this type of protection is
distributed in this reserve. The naming and phylogenetic sequence of orchid in the table refer to the Atlas of Native Orchids in China compiled by JIN Xiaohua
et al. (2019).
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 OE. 04T 51 DNA JFF1AE L, 36 1] B85 EAMKE T DNA J351 RWLBAL 281k, 8w 50 R
WAL ZREEIE AR % SCR ] F-MSAP K5l 49 £330 1 DNA B Ak K S Fie XAtk 45 (1) F-
MSAP Rl RORE 520 DNA H R 2 8RR R, 2438 il LIFE R DNA (b 2280, (2) SRR MG L
FEPERCAR , B Al ™ 5, R A G A8 Sk U TR, B 3C B N A 28 R 1 2 a5t 1% 25 57, 2% 38 B i 4 b i) 2 08
WAEZESR . (3)49 30 DNA FEIL/KPaes , DA H IR0 32 ) A A MK DNA H 3Lk, 24288
it DNA HARBICAR RGN 17 28 R 4% P01 DNA HJRARIKT- . (4)49 0338040 B , S50 Hrfn = 1853 43
BTl RBA — 3 Je it o] TH IR EEACK S 06 R 4128, IR I F-MSAP 6 3.0 3R st % Z FE1E  $2
TSR A RORAER M it — 2D T R A4 sc B PR AL T B SRl R AR S

KEIR: X0, BAC, 438, R L2, F-MSAP, DNA H 24k

FESES: Q943 XEAARIRE, A XEHS: 1000-3142(2022)08-1357-10

Epigenetic diversity of Chinese flowering
cabbage revealed by F-MSAP

SHI Weidong *

( Vegetable Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China )

Abstract ; In addition to DNA sequence changes, the hybridization Chinese flowering cabbage may also cause epigenetic
changes that are independent of DNA sequence. In order to reveal the formation mechanism of epigenetic diversity in
Chinese flowering cabbage, the changes on the level and pattern of DNA methylation of 49 Chinese flowering cabbages
were tested by F-MSAP. The results were as follows: (1) The detection efficiency of F-MSAP was high, the DNA
methylation polymorphism of Chinese flowering cabbage was high, and hybridization could improve the DNA methylation
polymorphism. (2) The epigenetic diversity of cabbages was low, the homogenization was serious, and most of the

genetic variation was originated from within the species. Selfing increased the epigenetic differences between inbred

Wi BEA: 2022-03-17
ELTH: HE AR %I 4E (31360481) ; T PH AR M B} 24 B LA BLIF Al 55 % 301 (2015YT71,2021YT108) [ Supported by National
Natural Science Foundation of China (31360481); Basic Research Project of Guangxi Academy of Agricultural Sciences (2015YT71,
2021YT108) |,
E—EF: LIR1969-) 4 BIFE 5, RN G SRIE A E I T EY AT TAE, (E-mail ) shiwdd800@ 126.com,,

TREEE
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parents, hybridization increased the epigenetic difference of hybrids. (3) The DNA methylation level of 49 Chinese

flowering cabbages was relatively high, the pattern was mainly full methylation. Selfing decreased the DNA methylation

level, and hybridization increased the DNA methylation level of inbred hybrids through the change of DNA methylation

pattern. (4) The 49 Chinese flowering cabbages were divided into five categories. The results of cluster analysis and

principal component analysis were basically consistent. Hybrids tended to be classified according to female parent genetic

relationship. This study improves the identification efficiency and accuracy through the analysis of epigenetic diversity of

Chinese flowering cabbage, and provides theoretical basis and technical support for further cross-breeding.

Key words: Chinese flowering cabbage, selfing, hybridization, epigenetic diversity, F-MSAP, DNA methylation
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#U%y Hpa 11 Al Msp T #RASBERE VI 4 (0,0) , Fm 1
il 4 H Ak CCGG N s B U], AT RE 2 28 A8 L o5,
R AT POPGENE 1.32 #E4T 26 W8t 1% 2 RE 1 2>
B, geit Z BV H 5338 (P%) Nei’” s FEHF 24
PEFEHC  Shannon ZFETEFE B Nei” s AL 1 & 5t
RN AR B 5 R 55 . R AR MEGA 4.0 4%
M UPGMA Jr & 3 17 R 28 0 Mr. A 4K
GenAlEx 6.41 #E47 3 Bl 73 73 #r Al AMOVA 73 #r
Sl 2 & {5 B & ( polymorphism information
content, PIC) , AN PIC=1-Y 17,3\ IR
e SEE R

Fz 1 MSAP ¥ LS ¥ F %) (HM: Hpa II/Msp I)

Table 1

Adaptors and primer sequences used for MSAP amplifications ( HM: Hpa II/Msp I)

13k 75

Adaptor sequence

EcoR I-adapter 1 CTCGTAGACTGCGTACC

EcoR I-adapter II AATTGGTACGCAGTC

Hpa [l /Msp I -adapter I GATCATGAGTCCTGCT

Hpa [ /Msp [ -adapeter II CGAGCAGGACTCATGA

Wy 514
Pre-selective amplification primers
EcoR 1 +A GACTGCGTACCAATTCA

Hpall /Msp [ +0 GACTGCGTACCAATTCA

WG
Selective amplification primer
El GACTGCGTACCAATTCAAC
E2 GACTGCGTACCAATTCAAG
E4 GACTGCGTACCAATTCACT
E5 GACTGCGTACCAATTCACG
E7 GACTGCGTACCAATTCATC
H1 ATCATGAGTCCTGCTCGGTCG
H2 ATCATGAGTCCTGCTCGGTTA
H3 ATCATGAGTCCTGCTCGGTGA

2 R GHH

2.1 DNA BEH SEMES

FIH 8 X 45l 1 Wi il 2 B MR 1 5 | o kA7
49 33RO F-MSAP §38 , — Ly 1 728 47,
Hh 250 1479 4%, 280 1k 86% ., 8 Xt
SR 2 384 454 43 5k 196,186,200 ,173 188 ,
200,200, 178 2%, “F-#120 190 5%, 2 & 6 K
88% , PIC 18 43 %/ 0.230 4,0.201 2.0.247 8,

0.237 3.0.244 7.0.241 8 .0.234 0.0.224 6, ¥I{H K
0.232 7, 2V S 1) PIC EIAL T 0~0.5 Z ),
gLl o e IS vl T | B B B e o T
By T 0y A S R FEAR 8 A WL 38 B 4 17 1y
NS B N R STy LU DR T e P/ R )
LM BN 68.15% . 65.33% .68.55% .67.25% .
69.54% 70.09% , 7B F-MSAP K&l &5 R 45 8 , 320
DNA WAL Z 8 PR, 7 b Al DNA H JE4b 2
SYEL A 38R STy 2Ry DNA 238
PR EA T, 2428 AT LU = DNA W 3Efb 22880,
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2.2 RMIBESHMESHT

BAL ZREVE BT W, 49 13 3.0 B S 1
R 2 S5 A5, 6 DR A 38055 A8 3 PR, Shannon £
P % BB A A 3 o 1.702 0,1.201 0,
0.142 7.0.241 0,7 fy A R FEA 43514 1.668 0
1.190 0.0.135 4.,0.228 9, 8 11 X A 3¢ £ 2% Fl 43 il
1.682 9 .1.188 9.0.135 4.,0.230 1,17 {3 - A 3¢
Z 2 M9 1,707 5.1.212 0.,0.148 7.0.249 1,7
By g & A 2r 9 R 1.729 5, 1.202 0,0, 143 5,
0.243 4,10 43 7 & FP 24 Fh 405 2 1.712 1 ,1.200 0,
0.143 4.0.243 2 45 R W n, W H KL R AP 1Y
Shannon 2 FEVE $8 BRI 1) 22 2% & B2 3 0 45 T Rl R
THRRFEAR, RASLREMPHEHRT AR
SRS T R 5 R R 2 B AR AR AR N RIS
DRI Z FEPERAIR, A 38 & 24 iy 3R W 358 1%
ZREVELE R A, B A 38 R AR B R a5t 1% 2 4
PR H 28 & 2% Bl i, A2 S BE A 38 I A 32 & A A
P AL 22 5, 49 30 T Iy A S R A (8
AU 28 R 2P 17 £y 50 1 28 R 44 Fh 7 3 7S b
Pl 10 0 7T b P 2 A B 2 0 35t 1% BE B 4 il ok
0.009 4.0.009 5.0.009 4.0.009 4.0.008 6 F
0.009 6,45 R IR, A 28 FAEA Z 8] 1) 2 0 358 1% R
BIRT AR P AIR fh Al B OB 58 R A2 Fh 2
B AF [R) , (EL 387 /0N 7 3 ot P, o A 4% ol O T 1
Fifr, 2RI L ACHE N I 28 FRGEAS 1 3R W5t 1% B B, 44
IR b R 2 A LB AL B B, AMOVA 43
Mra i, Wit 4 28 S5 £ EORE TR N (96% ) , Fif
%/ (4%) (P=0.036) ., H:H i 48.681 5, KT
1, RSO ™ 8 8% ik 32 2P0, KEB
iR FORIE TR, R D i st % A8 5 A
FETF ]
2.3 DNA REWKL S

H ¢ 2 A0, DNA LA K430 7R /9 49
B30 T I AR EA 8 WA L R 17 1y
BUE S RGBT T LR 10 43 B A 2% o
FAL R 68.14% 65.26% .68.99% .67.39% .
69.86% .69.29% , DNA H KA AR 2070 Hr 7 il o
H3E Ak 5 5 9 N 31.86% ., 34.74% . 31. 01% |
32.61% .30. 14% . 30.71% , 2 H 3L b R 73 51 Ky
33.18% . 32. 54% . 37. 80% . 31. 09% . 33. 01% .
33.67% , 4= W 3 AL % 53 5l ok 34.96% . 32.72% .
31.20% .36.30% .36.85% .35.62% , %5 47x 49
3200 1) DNA H AL K-35y, 4 H AR K F 5

TR RACARE AL, IR ey 3, A
LRZEFIEY DNA B ALK e A &, Horp 7 4
H 28 Z oA ALK P T T 3 H AL KRG, 8
By RUH A F 2 Fh 5 W B ALK T, 17 3 F 52
F A4 W LA T s il AR T R, T A
fn PR 10 10 75 i B 2% B 9 DNAFH 3L fb 7K P Fr s
KAAR /N, R A 2208 I DNA HH R fhoK
L, e sgimat DNA FEAE AR AR3E m T H &2 &
ZRF ) DNA B BEAL K
2.4 BESH

WE 1 i, FIH UPGMA B2 ik, 4
16 Nei’ s AEHE B 0.42 40K 49 3 S04 S,
BT utE 15 .16 5 .18 5 19 5 20 5.,
205 M22 5 Kb 1 52195 205 215 22
SHREA, HETT 60 AR JE16 5 18 51
BEAC 52K 2 (S 38 BRI 44 5, 4452 7017
3R 38 THUAAHN 44 SAREAS B =2 14
W2 %5 .5%.6%5 .85 .95 105 11 %515
52375 35 %5 .36 5 .39 5 46 S 47 5 Hrh
2508 23 SEEA, 6 TR 35 5 36 S REA,
NI A ISR R 15 B 47 BIARA,
DU 11 B EE 12 514 517 5 24 5 37 5,
40 5 41 %5 42 %5 43 5 45 5 H148 5 Hirp < &
F 701" 415 425 43 SR 45 SHEEA, < &
T 701752 17 5 40 5 F1 37 SR, 14 52 48
SRR, HHE IS S 3 S 457513
5255 .26 5 .27 5 .28 5 29 5 30 5 31 5
325 335 34 5149 5 Hp 3572255 26
SHEEA 4 F0E 27 SEEA S SR 29 5 30
5315 325 33 50 34 (UREA < 45 7010 S
28 5 33 S 49 SAYA

14 A SR or O £ 25, 35 0 Z i 1) 4%
WRBEAR 5 OC R 4128, R Qe M T 2 b 5t 4% T B)
A DNA HIEARAR A, BEAR DNA H AR X e fh
W35t A% Z AP LA B,
2.5 EMH A

FIH GenAlEx 6.41 B A1 i) PCA BHGHAT
FR AT (E 2) 45 R BoR 49 133800 80
TILIIL IV AV B, iS5 RBES R
LR ILAR — 5, T W] F-MSAP K I 3% RAR &, e
BaE AR B — A = 32 A R Y BTk R4 N
19.44% F1 11.81% , 7] fif B 31.25% 1y & W 35t 1%

AR B
ETF o
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F2 M OHRNEESHMER DNA BEAL R 0K F

Table 2 Epigenetic diversity and DNA methylation pattern and level in 49 Chinese flowering cabbages

S

i SRR VR PR 3 fURR
Code P/ A/ 4 Fp 17 1% 1 7Y Total Tot ‘l“‘ ber of ERi-E 2 e
Ve 3.\ Variety/Parent/Hybrid Type I~ Type I  Type III number otal num ?er ° MSAP
Type of bands methylation (%)
P bands
1 B 008 AR 201 175 162 538 337 62.64
¢ Australia 008’
2 PRI B L 608° 110 126 112 348 238 68.39
¢ Australia 608’
3 CEUE 45 KRR 110 140 162 412 302 73.30
‘ Hong Kong 45 Days’
4 ihE 12 SR 144 127 142 413 269 65.13
‘ youqing No.12’
5 CHTVE 22 BN P JLSE 112 77 132 321 209 65.11
‘New Zealand sijiu’
6 C 24k 308 B ESE L 91 105 75 271 180 66.42
‘ mingyou 308 sweet’
7 PPN 145 90 105 340 195 57.35
‘¢ Australia’
8 SEF E R — A B G EE A 497 115 113 118 346 231 66.76
‘ caixingli sijiu’
9 ¢ SILIMAE R L 145 123 130 398 253 63.57
‘ sanjiu youqing’
10 “811 ERL’ 135 175 175 485 350 72.16
‘811 sweet’
11 I PO ILEE SR 60 150 226 436 376 86.24
‘ youqing sijiu’
12 IR AR 50 R 111 179 190 480 369 76.88
‘ youqing 50’
13 ‘Mgt 35 KSR 194 123 124 441 247 56.01
‘ liujianye 35’
14 R A AR 179 175 145 499 320 64.13
‘ Gui Liu October’
15 CIRSE 45 KiME RO x HEHIH A Mm-S 36 32 67 135 99 73.33
‘ Dong Guan 45 Days’ X ‘ Gui Liu October’
16 R 60 RELAEIEL x UIL-19 3 163 203 197 563 400 71.05
‘teqing 60 Days’ X ‘sijiu-19’
17 4 60 RMUFEHL x5 701° 121 149 132 402 281 69.90
‘teqing 60 Days’ X ‘lvbao 701’
18 CRER 60 RHLAASE D x HEMIE M2 176 179 220 575 399 69.39
‘teqing 60 Days’ X ‘ Gui Liu October’
19 B 008 AR X AR5E 45 RIME 0 184 212 193 589 405 68.76
‘ Australia 008’ x ‘ Dong Guan 45 Days’
20 CPPN 008 AFTMERTE L x WIL-19 T’ 180 176 180 536 356 66.42
¢ Australia 008 x *sijiu-19’
21 T 008 A4 IEREH 3007 x ¢ H7 VG 22 # i PUJLg 165 197 201 563 398 70.69
‘ Australia 008’ x ‘ New Zealand sijiu’
22 S 008 EAIMAEEHIZE L x GE 7017 169 156 208 533 364 68.29
¢ Australia 008’ X ‘lvbao 701’
23 WML 608 x AR5E 45 KIME R’ 117 71 88 276 159 57.61
‘ Australia 608° X ‘ Dong Guan 45 Days’
24 PPN 608 x ¢ HT VG 24 E 0t P LR 180 186 141 507 327 64.50
¢ Australia 608° X ‘ New Zealand sijiu’
25 U 45 KM R < R5E 45 Rl k0 133 152 183 468 335 71.58

‘ Hong Kong 45 Days’ X ‘ Dong Guan 45 Days’
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gx2
" BT
Gy A iyt e o
Code  fhFh/EA/ 4 Fh 1! 1T %4 IIT 4 Total Tot 1 ber of LAY i
Ve 3.1 Variety/Parent/Hybrid Type I~ Type I Type III number otal number o MSAP
T £ bands methylation (%)
ype [0) andas bands 0
26 CFEHE 45 RIMF IS x B 22 e py JusEy 114 177 170 461 347 75.27
‘ Hong Kong 45 Days’ X ‘ New Zealand sijiu’
27 ST 12 SRS X REE 45 RGO 96 120 171 387 291 75.19
‘youqing No.12” X ‘ Dong Guan 45 Days’
28 ‘POJL-19 B3 x G 701 140 147 184 471 331 70.28
“sijiu-19" x *lvbao 701’
29 CHPE LB PU LR X RBE 45 RIE L 136 139 194 469 333 71.00
‘ New Zealand sijiu’ X ‘ Dong Guan 45 Days’
30 CHVE 2Z H PO LR x B 60 ML 131 172 151 454 323 71.15
‘ New Zealand sijiu’ X ‘teqing 60 Days’
31 CRTVE 2B PU LSRG x < 4400 308 MR 161 127 145 433 272 62.82
‘ New Zealand sijiu’ X ‘ mingyou 308 sweet’
32 CHTPG L E P LR x PR 28 KT RS 162 137 157 456 294 64.47
‘New Zealand sijiu’ x ‘kuaida 28 Days’
33 CHP LM PUSLEL x5 7010 133 126 126 385 252 65.45
‘ New Zealand sijiu’ X ‘lvbao 701’
34 CHTVE 2L B PO LR xRN A Mg 81 155 101 337 256 75.96
‘New Zealand Sijiu’ X ‘ Gui Liu October’
35 C AT 308 HERH IO F X ARBE 45 KMEFHL 91 100 79 270 179 66.30
‘ mingyou 308 sweet’ X ‘Dong Guan 45 Days’
36 C A 308 HITER SO x I 22 B Y L 71 73 60 204 133 65.20
‘ mingyou 308 sweet’ X ‘New Zealand sijiu’
37 44 308 BUEEERG T < 45 701 168 138 189 495 327 66.06
‘ mingyou 308 sweet’ x ‘lvbao 701’
38 S 50 AL AR L x gk E 7017 214 150 166 530 316 59.62
¢ Australia 50 Days’ x *lvbao 701’
39 SRR 28 KIME B0 x  HvE 22 B0 P L3R 82 95 184 361 279 77.29
‘ kuaida 28 Days’ x ‘ New Zealand sijiu’
40 PR 28 RIMEHIZEL x &% 7017 147 139 191 477 330 69.18
‘ kuaida 28 Days’ x *lvbao 701’
41 CERFE 7017 X AREE 45 RIME L’ 135 204 138 477 342 71.70
‘lvbao 701’ X ‘ Dong Guan 45 Days’
42 CLRTFE 7017 xCRETE 60 KA 149 155 102 406 257 63.30
‘lvbao 701’ X ‘teqing 60 Days’
43 CLEE 7017 x P 008 AR IR R L 132 149 186 467 335 71.73
‘lvbao 701° x ¢ Australia 008’
44 CEEFE 01 x4 308 MBI L T 192 142 206 540 348 64.44
‘lvbao 701’ X ‘ mingyou 308 sweet’
45 CEEFE 7010 x TN S0 AL AR 150 123 158 431 281 65.20
“lvbao 701’ X * Australia 50 Days’
46 S 7010 x PR 28 KM R 33 83 36 152 119 78.29
‘lvbao 701’ X * Kuaida 28 Days’
47 CPRPZE > AR T S 72 81 46 199 127 63.82
¢ Australia’ X ‘ Gui Liu October’
48 CREM A ISR x ¢ HT G 22 E P LR 147 212 133 492 345 70.12
 Gui Liu October’ X ‘ New Zealand sijiu’
49 CHEMI A RS X gk 701 153 105 125 383 230 60.05
¢ Gui Liu October’ x ‘lvbao 701
49 3. -5 8L 134 140 147 421 287 —
49 Chinese Average number of bands
flowering AR 6566 6840 7206 20612 14 046 —
cabbages

Total number of bands
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4% B Ll wapuue
Code iRl SRR R 1 # 11 # IIT #4 Total Total mumber of 7 HEEME
Ve 3.1 Variety/Parent/Hybrid Type I Type 11 Type III number otal number o MSAP
T ’ £ bands methylation (%)
ype oI bands bands ©
GIE SR 31.86 33.18 34.96 — 68.14 68.15
Percentage of methylation (%)
TH A SRR 135 127 128 390 254 —
FREAR Average number of bands
Seven ‘::lbfe‘i IoSitg 948 888 893 2729 1781 —
barents Total number of bands
GIE SR 34.74 32.54 32.72 — 65.26 65.33
Percentage of methylation (% )
SMMALFR P 124 151 125 400 276 —
H Average number of bands
.hﬁgh(; ‘:l“‘f)b.]j‘ B 991 1208 997 3196 2205 —
mbred fybrids Total number of bands
b R 31.01 37.80 31.20 — 68.99 68.55
Percentage of methylation (%)
1T HHRARR PR 143 137 160 439 296 —
7% Tl Average number of bands
T single ey 2293 2186 2552 7031 4738 —
inbred hybrids
Total number of bands
UIE SR 32.61 31.09 36.30 — 67.39 67.25
Percentage of methylation (% )
7 G R -2y R 129 141 158 428 299 —
Seven commercial Average number of bands
varieties B 904 990 1105 2999 2 095 —
Total number of bands
GIE SR 30.14 33.01 36.85 — 69.86 69.54
Percentage of methylation (%)
10 3R PEAEL 130 143 151 423 293 —
Z&Fif Average number of bands
Ton commercial s sy 1430 1568 1659 4657 3227 —
Y Total number of bands
S % 30.71 33.67 35.62 — 69.29 70.09

Percentage of methylation (% )

3 W54

3.1 DNA RENX S EMES

22 ML MSAP I FH 2R VA 45 5 Jrig 45 Ji¢ P Dk Az 1
DNA H LAk 22850 F-MSAP W& F H 2¢ ehnic 51
Y24 6 A0 A H TR DU AT Lk 0 0 R A R A
ELAEE KB, 1 45 (2005) F) FH F-MSAP 4 ]
RN F AP A2 SR NH 95% K A %
A AR S B B BT 2 5% , ZEREAE (2014) KB
F-MSAP 54 5 (9 205 & MSAP 19 2 f5 0k |, 2
ASHRRIET T 9%, F-MSAP A& Z AbJ2: Hfg
BUNFE AL CCGG s, ANRERE I CHG J3 41| LA

KAEXTFREY CHH J3 81, 52 s i B 56 AL 7K S A i ik
fiti (McClelland et al., 1994; Salmon et al., 2008) ,
38 MSAP e AFLP ORI & Kl () 2 28540 A
BN TR, 5 FF AR EEED AL, 49
By ) DNA B 364k Z 8 v i, @ F il pa JF
(24% ~34%) | 1R %) 1 2592 (30.42%) | H ¥
(53.3% ~ 60.7%) . =& Fh ¥ (15.7%) | I7 #&
(47%) HERME R B A &R (33.4% ~39.8%)
i DNA H AL Z 251 (Cervera et al., 2002;Li et
al., 2002 ; ffi Y6 £ 4, 2005 ; Salmon et al., 2008 ; 52
T4 % ,2012; Zhang et al., 2013) , i & F 3% O
ISSR(56.31% ) SRAP (40.2%) .SCoT (36% ) i J&
RI2H 2250 (P H355,2010,; R HE AR 55, 20125 582
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See Table 2 for specific numbers. The same below.

Bl B TSI B 49 H3%.0 0 UPGMA KA
Fig. 1 UPGMA dendrogram of 49 Chinese flowering
cabbages based on Nei’ s genetic distance

T ,2015), 5320 AFLP H1 SCoT 43 HrAH 1,
F-MSAP pE— 2548 5 7 % & R M HE R 1 (Shi et
al. | 2011; 1 LK%, 2015) , F W5 70 Mt e e —
B, KW F-MSAP A LLAE g — A il .0 DNA
FEACIA ROT I WOR M3 5 5% 0 DNA 3R fR )
R I 50K R A
3.2 RWMIEESHEMESH

Shannon 2 £ 14 48 B2 BE A Fh 4 A0 FD (0] 35 1%

Kl 2 49 720 3 i o
Fig. 2 Principal coordinates analyses(PcoA) of
49 Chinese flowering cabbages

ZREVEACE B 46 B, AR BOR RoR 382 45 22 4 B
5,49 0y 32 0 1) F W Shannon £ FE 1 48 %
(0.1427) /N F % A 40 ISSR (0.229) ., AFLP
(0.472) Fl SCoT (0.217) i Shannon £ k¢ P 35 %1
(FNF5 M3 %5 2010; Shi et al., 2011; 52 T % %,
2015) , WAL FE 25 (0.009 4) /NT ISSR(0.029 ~
0.344) AFLP(0.112) .SCoT (0.428) % 3L [H 24 #
TC A4 B (PN AT, 20105 Shi et al., 2011;
HEAREE,2015) , 4 DL e DU 3% 0 3R W 35t A% 22 A
AR ELAR T 2 Y 41 35t 1% Z2 R 5 0T I B 2 0 35
1 22 B 1 KT 3K Y &5 SR AH — B (s TR A
2012) , 5V K AR AR B 3L DR 21 H 3k Ak 22k
PR T35t 1% 2 FF P 19 25 R A ] ( Nimmakayala et
al., 2011 ;3155 2014 /N7 45, 2021) , X Al fiE
SRR B e 07 A7 06, BT 58 5 AN [A] 4 2 1)
P 15 2 e RN 35 IR 4l i A% Z REVE R R B R Y
ZRAKX, KRB KIS0 AL R BRI R
S L SN N R T U I E b | W=D VI 3
VAT 8 T B 5, A R L 2
FEVE AR, (E RS S Fh 2 28 38 1 F Mgt i 2 A6
3.3 DNA BEAL S #7

R KIITEA R A SRR IT L 35% ~43%
) CCGG 37 54 DNA H AL SRR A7 B, 1 7E [F] —
A ST N U v R ST ( Cervera et al., 2002) , H &
mn AP B R B 2 09 AL B B (Salmon et al.
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2008) , H & RIS FL KA AR 52 90 s 4003 1) e FH
Ak (Zhang et al., 2013) , AT L H AL R E
ZNNE RSN R R SRR U NULE S
b PR A AR LB 45 o5 173 DL B H A
PR AT B it Bl 5 g, R B S0 DL 4 TP AR A8 X
R AL 5 I H B A AL AR A
b, X 2SR T FAARHEY RS 4, AR
WHoE,

S HAE R DNA R K FEAR, 5k A
KA FE N DNA HEEAL K- [ AR AH — 0 (Liu et
al., 2018) , D\ FT AL 20 A1 2 0 A S0 5 K F SRR
3 G FR BT, PR 2 A A ARL Y 2 W st 48 22 Ak, U
R AT 2 MY B AL A U AL 22 0 R AR AR SR AR Z 1]
it 22 5 B AL X 38 ( Greaves et al., 2012) , 26 AR Z
(i8] Fey P R A 22 S T BB 2 2 7 R % b 22 i) Y Ak 22
S FE R (Shen et al., 2012) , RO HALFR
Fe R FNXL [ 28 Z8 A i) B BE AR 7K PR He S A
53l IF C24/Landsberg F, 4% F i1 B 5k AL /K S 14
A — 5 ( Greaves et al., 2012) , {H # 4~ 2% Fft iy
DNA FIEAR AL AR A BT A [, BRL G 3 2R A A
ZEZRMGE AR DNA b 22 %, RO AKX R
B AW F A 2l G, FE R 2 2% & PRI, R I R
DNA VAL 7K - B AR AR F SR K P T R, 30
B A g T AR A SRR e B R, R
A WUEEA KV B m o 48 L HE I S0 B A8 R A
iy 4 H ARS8 m vl RS2 BT F 22 &R SR
P 28 1 Y, 5N IT IE A8 Fy i — A R AR 4R
{2 KL PR R B K k88 SR 5 — A SR AR A K
A ML Z A ( Greaves et al., 2012) , X H
SERM R B E K R A, 5N R
e SR AR SN Y & TR N =IR EPE FN
g2 Y 2 A K A A 8L 22 Ak (R 9 A5, 2018) .
DNA 2 HVEEAL 1) Zh RE FIAIL 1 2 A ) A 52 4 LY
WFFE AR, 76 BR Y DNA 2 Y 56 Ak 048 i 366 PR 20 1Y
LA AT AR B S, A A 2 Y 64k 1) 3 285
PR T O 15 A W 96 W PR 2 1 ] 9 e Al AR o
(Zhu et al., 2007) , FLEAZES  AILHALT]
5 DNA H AR XK P22 4k, 26 B 50 Bk
PRI 20 7T 98 1k AT R AR iR, 3R OU 35t 1% 22 AE PR TP B HIL BE
A TFRAMIE
3.4 X RN EE S SRR

RAVG Z F A ic BB o] IR DU S0 R 4 KR
B3 9 28 0 45 RO A o3 ARAE 7T R 1Yt R A

5 b PO R ) 35 A5 T B LA AR, FE R AL T AR
ICPEEA JE BANTE A, DA SR BB G I S 2 WA 33 1%
AL ARWTGT 49 13 320 1 TS5 5L 1 i vl &
14 53 300 i Pl 52 L3RI 6 W st A% A8 Ak, Horfr 7
AR EASBAESE D, 5 AL M 7 RN
IR A — 2, YW H SN T H A R EAN
TG 2257, W R IR T B 38 24l B AT 58
A A (] ) 35 1 0 R, 2% 38 I B A R A A 5 K] 2 T
AEAN 2 V-2 ) 24 DNA 3L Ak 19 A8 1k, 2% b
() F AL 98 0T B A I T 42 B AR % (Shen et al.,
2012) , ARWFSE 35 1 [ 28 F 22 Fh RS i 2% b 43
MES T Wi T BB ARE L LR, 5
2R H AR 5 REA B 1 25 S AR [R] (2155
2014) , 5 Ir AN [) 3 PR AR 1) B 6 Ak 22 5 AN A
KRG R R B BRI IR — R 2
ATA]( Cervera et al., 2002) , 5 15 I+ 1% 3L H T 56
U556 % % R BT 45 N M 0 45 AN )
(Matthew et al., 2007) , 3200 EEAS 35 2556 22 nl BEXT
ZeFh R 35 1% 22 1 B R s e, R ot 7 R
AN TR SR A T 2L B, B X R AS 1) 3% 4, R R
BEARRGKRZ X 22 Fh 5 el e sl 2 5k 1)
i A AR, 0 320 o T 9 JE T 58 R A A 2L A A
HEMIEFE L,

25 L AR, 3 b F-MSAP #5% 0 DNA F
TARAL  HE 7R T 30 W35 15 Z2 BRI TE R HLER , 43
BRSO T 2 Fh S AR W s 1L 25 R 4R T
SERCRAMEN P, it — T R 24 S B R A T
FRISFERE A AR SRR

SE Mk :
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Abstract: Pinus taiwanensis var. damingshanensis is a kind of endemic alpine pine of Guangxi and Guizhou, which has

high economic and ecological values. Its natural population has not been fully protected and utilized for a long time,
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which is not conducive to long-term stable development of this species. In order to rationally protect and exploit the
natural genetic resources of P. taiwanensis var. damingshanensis, 12 SSR markers were used to study the genetic
diversity of three natural populations of P. taiwanensis var. damingshanensis, and to analyze the genetic differentiation
and gene flow among populations, so as to provide reference for the protection strategy of this species. The results were as
follows: (1) A total of 37 alleles were detected by 12 pairs of primers, and the percentage of polymorphic loci was
100%. For every site, the average number of observed alleles ( Na) was 3.08, and the average number of effective
alleles (Ne) was 1.68. The number of effective alleles varied greatly among different loci. The average observed
heterozygosity (Ho) was 0.35, the average expected heterozygosity ( He) was 0.40, and the average polymorphism
information content (PIC) was 0.31 for every site. (2) The Shannon’ s information index of the three populations ranged
from 0.48 to 0.65, and the Nei’ s gene diversity ranged from 0.27 to 0.39. Compared with other related species of pines,
the genetic diversity was low. For each population, the average observed heterozygosity was 0.40, and the average
expected heterozygosity was 0.33,the average number of effective alleles was 1.58. The genetic differentiation coefficient
(Gst) among populations was 0.10. Most of the variation existed in the population and the genetic differentiation level
among populations was low. The range of gene flow (Nm) was 2.74, indicating that gene exchange between populations
is sufficient of P. taiwanensis var. damingshanensis. This study can provide an important reference for the protection of
biodiversity, and lay a foundation for the scientific utilization of P. taiwanensis var. damingshanensis.

Key words: Pinus taiwanensis var. damingshanensis, natural population, genetic diversity, genetic differentiation, SSR
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molecular marker

FKHEAFA ( Pinus taiwanensis var. damingshanensis )
MR Pinaceae ) #5J& ( Pinus) ¥4, A 1974 41
UAET VYR WY Ll & A% 44,1975 4F i b [R5
T 5362 2 TT 48 Al S [ 45 M 0 JF R R T (.
Wioy Koz ai) (FBIT #8145, 1975) o B B IR
( Pinus taiwanensis ) 7 3% [ P4 Fg 50 A X 39— >4 Ff
(R 27 Bt v A ) A e B 2 D1 2% 1978 R
A, 1994) |, BEATZ I 1 X 7E T K B M N 3 A
ot SR AR AR R T T LA HA A R 1 (A
[ AMIEELL AN, 1993) o KBARA £ 2004 T 1
MR 1000 m LA By @, A RS b s
PERR B Ll R B L B AT 22 Ll DL R Bt N Y 7R A
= B ARG VDTS M B AN % 2 AT
AR o RUIFSEOL, 1 W I3 28 R BRI
e LA 7 R KRG Y R e K B
L3 AR RAF bl (HAE OB 47 . R A Jo
WS E MR, AR R AR B b A ]
VERESN W FE BT 4 Tl JroRHAS | Sk P 1 e Vg K
b DX E 0 HRE 3 AR b, HOHRDE 2280058, I8
J2 T B SO A

H TR B AT 2280, RIARA I A R G
FIFH S04, FhAE o3 AR 352 1% Z AR EK P A
SREEHT BE ) ARk = R GE | BE M R I A S E ST
H AT, % R B S B AR D AL BT BESE (2019)

BB UN AR NI R /NN D= /N L R R VA (VA1
FABYFRSEEAR , 23 B 13X 4 RS A ) 5 0 3R I
SEHE R GEMRDL 5 1 PAE S5 (2019 ) XF ) P4 FI 5 JH Y
DR RAT 5 5 I R A7 98 A, i T BRI (X))
R IR TR 5 5% 4 7 A1 AR A, (5 B2 A7 0 LA A gt
PG ZREVE K E AT 20 B S, Bt a2 B
F R R B RARFEA G845 G IR R AT Z2 REPERIT ST
AL Z RV = A R K I HE A ), 2
HEARAESE AR R I, 35 5 20 A 1 35t
(R U R R B A: A B 8
PR, X H AT WF 58 A BT AR W AR 1 £ i 5 )
o HHET, 8 A% bRic & 6 98 5t 1% 2 0 1 B 1T
F-Bt, Hivp SSR (simple sequence repeat) Fric J& 2
SR, W N Tz g bRic . —.
W22 55 (2021) J 23 X SSR Z A5 W Xl & 1
54 il 2L A BT A RLEEAT PCR 973, 43 B 1 ax 2L
Bt U5 B 35 AL 22 hE R R SR 2 OC &R M B A 4
(2021) FIHI SSR 43 FFnicxt FIBR R SR B B F 17 35t
& Z RV I3 #r, S HORD B8 IR B 5 BT R 5 AR 4P
PRt 5 BRI AF (2020) A 10 X80T K B 5
PREESFHUAZ SSR 73 FAric, 20 Tl 7 N 7
A S AR K SRR A 1 35t 4% 22 AR P OKF s B bk A 5
(2020) FI H SSR 43 FAric B AR X B A A [ 3 77 Y
35 (3 fli 5T B YR IR AT 5 A% 2 AR 0 BT, Sy Al Y DR
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(PR | i Bl 3 58 Bt A% pl R B (A M 5 k0l

T, A SCHIH SSR 73 B ic X R WA K
IRBEATT R i AL Z BRI T, 20 A L 2 AR 1K P
Foagt A o A A% B0, K5 A 3 T s Xt #s A7 B b G £ 7
N fe it E M R v O 5 R AR IR B B, R
SRR A MR BT IRAT B IS LA, Pk, BESE
e [ el M DX R A K AR AR A I AL 2 eI LA
SR L,

1 AR5 77 %

1.1 &7

SEYR MRS 3 A KRR, 2 5 T P K
LA | 53 A e Ll B A | Bt M R v T A4 (3R
1), Horp KB IR (DM) BCE TP R L E %
% AR XA 6 (108°25'54"—108°25'58" E |
23°30'12"—23°30"13" N) , J& 7 . #7183 1

ZRA MK, TR 292~312 d, H BEF K, 6k
R, BIRAT, TR, AR R e
AR i (VS PEAE A, 2019)

A LR (FT) B 52 A L0 R 9 A 2R
4 XA 208 (108° 39’ 46"—108° 39’ 52" K.
27°54'45"—27°54'46" N) , J& v 3 #A i {2V 1 Hb
ZXEAE, TCFEW) 270 ~ 278 d, AH XTI EE OF 44 5k
80% (1L H,2019) ,

KIPWREAR (DS) HCA 53 K VBTN K 9% A SR
3 X 8T & (107° 35’ 04"—107° 35’ 09" E .
29°08'13"—29°08'22" N) , J& b 3. #4712 716 2= X
S, RUP B b ra %, fe SR 1 939.9 m,
F ARG 560 m, I 1 400 m, AHXTHEE 88%
(S FEAESE 2019)

TR REA T FBARIE 30 m, R4E 30 BRLL BAREAS,
PRI B LR A2 Tl B/ IS SR AR 31 26 B, BERAERY
BFIERE B0 SRR T TR A 3, (o TR A7

x1 KAARBEERER

Table 1  Population sample information of Pinus taiwanensis var. damingshanensis
o . A Rk
£ R KA HlL A, *ﬁ;& H e ARy Mean annual Mean annual
. . Sampling Average DBH Average e
Group name Sampling location b (em) height (m) temperature rainfall
number cm eight (m (C) (mm)
H
DM . rﬁkﬂm . 26 18.46 6.10 12.4~19.7 2 630
Guangxi Daming Mountain
HEL N Ay
FJ . m)”{qf(ﬁm . 35 21.47 6.21 13.1~14.7 1 100~2 600
Guizhou Fanjing Mountain
I e Y
DS Sl 33 23.35 12.96 8.0~16.4 1200~1 360

Guizhou Dashahe

H: DM. KB #HA; FI. ARG L REHA; DS, KRR, T,

Note: DM. Daming Mountain group; FJ. Fanjing Mountain group; DS. Dashahe group. The same below.

1.2 77k

1.2.1 K4 DNA #37% RAMKEAR CTAB
U —Tk R W Bt 5 ( Doyle & Doyle, 1990) £ Bt &
HHAAEE I DNA Jf-4i 4k, 38 338 B R 0 B8 1 FEL UK (1%
WP ) FARERG M EEAS DNA i, SR 405 6ot
FETHIE A FEA DNA W 25 —RE &
T =20 CHE R,

1.2.2 K ¥4 SSR 51 4 kR % PCR B &4 4
SEPTE A9 SSR 51 W & Al 4l 5 R A FE K 4 DNA
Wy B A e 9 e 1 A& iR A (S IR S, 2016) , JF
i 8 S KWIFS DNA KE S #4751 90 ok | e B 3
WA LA 28RS 12 X, FH AR 52 56 1
il Z 5T . 51t i L v 1 i 2 R

ARA BRA A WL, Taq Bf  NTPs W H %23 A

PCR & W & &2 4 10 wL; 10 mmol + L' pH
8.0Tris-HCI, 50 mmol - L' KCI, 2.5 mmol - L'
Mg2+,0.2 mmol « L dNTPs, 2.5 pmol %[%,0.08 U
Taq A, 10~20 ng DNA, ¥4 5 B A2 . 94 °C
4 min; 94 C 15 s,55~60 C15 5,72 C30 s,25
cycles; 72 °C ZEA# 20 min 453 PCR Jz N (4 5 1E
4 2016) .

B PCR P B8 P2 W) HEAT 8% B8 TN s Tk Vi 6 I Fl,
VK, IFR YR, SE 58 T S I A B A (2014) JF
AT,
1.2.3 4 3R 5H  SSR S HIiES iy it
5 (2014) Frik ity 3R15 SSR o BUEHE ), R
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POPGENE32 #f4:( Yeh et al., 1997) 1155 12 A7 4%
Mr o st Z SR 286 8A 5 R
( percentage of polymorphic loci, PPL) ; &5 B & &
( polymorphic information content, PIC) ; W% %543 F&
K%L ( number of observed alleles, Na) ; (55 2L
0 ( number of effective alleles, Ne) ( Hartl et al.,
1989) ;Shannon’ s 15 J. 78 %% ( Shannon’ s information
index, /) ( Shannon et al., 1949); W %% 4« & J&
(observed heterozygosity , Ho ) ; H B2 444 J& ( expected
heterozygosity , He) ( Nei et al., 1973) ;Nei’ s 3£ K £
FERE(h) o JFIET BRSO — DT R A RE 1A
RIS 8 5 (F) Lk o1k 2 80 (Gse) ik PR R
( Nm) Mgt & 55 ( genetic distance ,GD)

2 R E M

2.1 E-F#pia) i@ AR KB SSR 5| ik

FRAE 51 40 7 1 45 SR 3R A5 T K B b st 1% 2 4%
PERIN Y SSR 514 12 XF, PR 12 %5 97 K
AR AN (YR TEZE 2016) BEAAR] ) W22 450 &
PLECAT S0, KIARAT 6 X 51 4 0 5547 32 R 8k L 5 8
WD A 3 X5 S SRR, R 3 X514
PLEER B L B A 22, 1 34 0 5% 4 o 55 R 40K W
Fis (Ey AR 5390 3.08 F 3.50, i BH b R A A X 2
LS P EAFCHER BT (F£2),

2.2 KBAMKARBEEESHEESHT

M3 3 AIAL, 12 X 51978 3 D RFR 94 A
T B A R 37 A, A A E RN
100% ., 12 4 SSR o A5 S ¥ W 22 45 {37 35 PR %0k
3.08 , ARG S FE I BTE 1.16 ~2.87 Z 18] F3 K
1.68 , AS[F 3 i []AA RL S B B 2 e R, g
Z B FE BTG FEITE 0.14~0.66 2208, F-31 4 0.35;
W4 B M AE 0.12~0.92 2 ], -1 09 0.40,
AL B WA R ZESR . 12 1> SSR i
M5 Shannon’ s {5 B8 B 5 0.62, Nei” s FE KN £
FEREFH 2 0.35, Z28F B8 S EMELE 0.13 ~
0.58 Z[i], -3 /0.31, e i b PF695 43 1, Fe Ik
Jy PF464 {3 55,

M1 22 4 AT, 20 B Ge it 3 AN R IR REAR A 3t 14
RS, LRREIR RIS ZREMKT, 3 A8
AR 118 0055 36 Ao i DR I HE 3 o R U 4T i Ak >
A LA S KT LU BEA 1T 3 S BEIR I A 505
o7 36 R 8 W 22 4 5 | Shannon’ s {5 B 18505

Nei’ s B 24 B H i 2IICHE P 1 0 K UD il B 44>
WY LA > RE W LR A4 08 ] DR b YT 4 3t %
ZRM R | O RIS ARG LAk
Ak
23 KIARBEEEEMEERRS T

A T AR 00 Fh B - X 0 52 R B (Fie) A
~0.16, 2 S FREF- 23T 58 R B (Fis) }9-0.26, 3
HH R B B S Ml 25 15 ol — YR AP A - A, SR I 2
TR RBG . RIS SR 5 0C R M RE ] A9 F-
PIEsE R (Fst) 7 0.08 , FEARIBIAS 77 78 B 5 14 38
1L o3 A, 2T Fst AR TH I B A T 44 ) 5 PR 3t
(gene flow, Nm) , Nm {EAEAS [R5 p, 09 728 £k 35 B R
0.43~31.68 ,F-¥k 2.74 AT FNAEH AL 3 S BEARTE]
A 2 PR 22 0 L A R 47

T L 43 BT R W AR 109 388 4% 23 AR 15 B0 RT R
(£ 5), RUISEHARN B ZFEM: 5 87.64% ,
IR R AE ZRENE 5 12.36% ; LR ZRE A
PR AR TE] 1) 2 XL 431k R Bk 0. 10, 1 B A4 P 2 1A
ZFEVELUIE S 0.90, 3% 3R W, K WAL FE A (8] i dst
1L 3 AT IAR , KR53 78 S B AEAEREAR M
24 KA RABHGEEERSHN

KRS K ARFEAAR 8] 35 1% 7E 2 ( genetic distance,
GD<0.077 0) i/}, HLIAC B LI Y300 3 1 35t 42 B
BSHI X BT (GD = 0.026 9) 5 14K 8 14 — 8%
( genetic identity, GI>0.925 9) 3= (£ 6) .

3 W E4k

3.1 KA SR R 2N

BET 12 LR 37 SR B 138 AL Z R
EEE TN R /NP N R 2 PUIE S VAR S
2.33~2.83 Z[a], V3K 2.61; WLEEZL & JiF A ip) 22
ZA BEA AT 0.32~0.49 .0.28 ~0.40, - 2143 5]
A 0.40 F10.33; Shannon’ s 15 B F5 50N 0.54 Nei’ s
FER Z FE R 0.32, 1 Al-Rabab’ ah Fll Williams
(2002) WF5E K IEHS ( Pinus taeda ) F) WL ELAEA H K]
BOWEE ARG B e B B o 7.75.0.52,
0.65, Mehes % (2009) #ff 5¢ F ¥4 ( Pinus monticola)
I 3% = AN E 43 31 R 6.50,0.72.,0.81, Karhu %
(2006) W 75 58 5 #5 ( Pinus radiata) B W58 45 v Jk
PRIEC 25 e 4300 o 8.19 F10.73, 5 LA 1A
JEAP AR FLH , R DA T A 4% I 48 BORR IR, 382 1%
AR (£ 7) .
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Table 2 Comparison of allelic number between Pinus taiwanensis var. damingshanensis and P. massoniana
ixijfies PJ247 PF402  PF408 PF463 PF464 PF569 PF615 PF648  PF653  PF695  PK727  PF764
PNUZEA 2.00 4.00 3.00 4.00 3.00 3.00 2.00 3.00 2.00 4.00 4.00 3.00

Pinus taiwanensis var.
damingshanensts

=YY iN 3.00 5.00 5.00 4.00 2.00

P. massoniana

3.00 4.00 2.00 3.00 5.00 3.00 3.00

R3I KPABRABENEESHEESH

Table 3 Genetic diversity parameters of natural populations of Pinus taiwanensis var. damingshanensis

Jrmes o oweses Bt WY wekew mmien Ll CERS

Ne I h PIC
PJ247 2.00 1.26 0.36 0.21 0.12 0.20 0.18
PF402 4.00 1.43 0.61 0.30 0.28 0.30 0.28
PF408 3.00 1.68 0.66 0.41 0.54 0.40 0.34
PF463 4.00 1.28 0.48 0.22 0.24 0.22 0.21
PF464 3.00 1.16 0.31 0.14 0.12 0.14 0.13
PF569 3.00 1.26 0.42 0.21 0.23 0.21 0.19
PF615 2.00 1.69 0.60 0.41 0.57 0.41 0.32
PF648 3.00 1.18 0.33 0.16 0.17 0.15 0.15
PF653 2.00 1.78 0.63 0.44 0.51 0.44 0.34
PF695 4.00 2.87 1.12 0.66 0.52 0.65 0.58
PF727 4.00 1.96 0.90 0.49 0.64 0.49 0.44
PF764 3.00 2.57 1.00 0.62 0.92 0.61 0.53
EHI{H Mean 3.08 1.68 0.62 0.35 0.40 0.35 0.31

R4 KPAMRABRKEEESHFEILR
Table 4 Comparison of genetic diversities among natural

populations of Pinus taiwanensis var. damingshanensis

pUK =3 A% Shannon’ s

. e Nei’ s
N \ . . 1 %% b,
WRAR ey my e O BT
PGk SERBC fggr NI RERS g
name Ho He
Na Ne 1 h
DM 2.33 1.57 0.49 0.40 0.30 0.29
FJ 2.67 1.47 0.48 0.32 0.28 0.27
DS 2.83 1.70 0.65 0.49 0.40 0.39

2914 Mean  2.61 1.58 0.54 0.40  0.33 0.32

F AN, BRIz 2 ( Picea abies) 224/ 0.79
( Pfeiffer et al., 1997) , ¥ 42 ( Pseudotsuga menziesii)
Z& 4 B2k 0.67 ( Amarasinghe et al., 2002) , Rk
KR ( Quercus suber) 244 M 0.65 ( Hornero et al. |
2001) . HUL EARRERFP LA, KPR A G

FER B BRAR, — 71, X 0] Be S R B i B fk
P b RS A0 R A G, AR IR AR Y 3 AN R AR
PR XA 455/ 0N , A 31 PR AR X B /0 | N [) B 44k ]
iR B R, R G st A% AR S KA T I
R SRS SRR RS L T A S A A AR 2, 5
—J7 I, ASHF ST R B SSR 514 & I T R A JE A
AR FF A ), ol ) 3 P A 4 G 43 F A e H T A
JP AR FERE A PR , DA BRI 1 2 S MK
3.2 KA BHKIE MR 5 H4S1E

WF5E & B K B b BE IR O a1 R
(87.64% ) izt KT HEAR [H] i35t 45 48 57 (12.36% )
AR B] 19 358 42 43 Ak 7K P D A1, R 43 2 S B fE A
TR, BEOR R B PR Y o 2,74, K 3
RONCR VS 2 Nl 1518 5 Bl A A Vs S s R 7
J& T IRAL 3, 6Ky 5 A AR 56k %) 328 1 5 0 H% g
PR, 7C P 8 ol 25 B R T A B AU R[] g ik
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Table 5  Genetic differentiation of Pinus taiwanensis var. damingshanensis

. Shannon’ s - Nei’ s
i 3 B fits SRERES R
ndex I naex h
REVR I8 1% 22 FE 1 Hpop 0.54 REMR A1 LR Z R Hs 0.32
TEMR B85 Z M1 Hap 0.62 TR R R 2 R H 0.35
REVR A 38045 2 BV T &7 LU Hpop/ Hsp 0.88 FEIR Y B K 2 MM BT 5 LA Hs/ He 0.90
TR 1] 188 £ 22 #6147 o5 LUAH ( Hsp-Hpop ) / Hsp 0.12 B LR EL Gst 0.10

% 6 BEKEIN Nei’s BFEBMEE—HE
Table 6 Nei’ s genetic distance and genetic

identity between populations

DM — 0.925 9 0.973 5
FJ 0.077 0 — 0.928 4
DS 0.026 9 0.074 3 —

TE: Nei’s tfEHE R (F =/) Jife—BU%(L=4),
Note: Nei’ s genetic distance ( below diagonal ) and genetic
identity (above diagonal).

x7T MRENFEZESEESEILR
Table 7 Comparison of genetic diversity parameters

among Pinus species

W Fh WMELGFE R GG WG
Species Na Ho He
ENUEEA 2.61 0.40 0.33

P. taiwanensis var.
damingshanensis

PG ELIN 7.75 0.52 0.65
P. taeda
[SEN 6.50 0.72 0.81
P. monticola
LE RN 8.19 0.73 —
P. radiata

PR A8 i LA — e 1 BRI VR T AFL 3 R 5 SO 1 1)
W & A AL Al . 14T 2255 (2016) X 2 B My K AR
BRI S Z FE P 58 S s SORAE (2018 ) % i Fa
i % Z BEPEOF T it A5 L L &5 98 , m ok HE
W, KBS [ HE (A (8] 1) e B B AR 22 R AEAR K
FREE e R PR 5% 22 S5 0 B, 7 38 1% K T 38 R &
AR AL BRI, B R T B R Y R AR
FARAEFEME N AAE A BRI 8 RAEE AR R
PR A HRE S 32

IFSE it S B W R R R 1) L 00 23 5 88 R T
WG R 20 & T R A PG, 15 B R
FAREAR T BE A A= i AR FE N I A 8B . R W]
PSS B RN — AR A B R F i e T 1) A A
Fift (P PRIE 2, 2019 ) o 11 B L FA 5 T R A AL 77 A
FHEB LR (P UK, 2001 8 KA 4,2018)
PR, KA R A A AT RE 55 AR DX 3k Py o R P A 2
H#E
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(1 TTPEIRE AR AR, 0 Ak 541006 2. T PRHEE FHA KRR b
IS RS TR ARWIGE L, BT 530002 )

i OE: AOVORRERM RS A EN, S TR R BT IR R A AR Y R AR R
M S 2 Y 45 SR BT & EST-SSR 514, JF 75 88 S R VR  SRORHRJEL R R S5 3 G A8 o o i 4 38 I 23
Mro G55 (1) it &I 243 X594 171 XTRERE LTI 14 B 500 6 B 4 0 B O R VR SRR
AR MR AR BB R 24 0K 63.79% (33.75% 45.68% 41.56% 14.81% ; 2275 VE L2243 Bk 23.87%
12.20% .9.01% .3.96% .2.78% ;5 ™ Ap Al Y@ FH 51 978 18 %F, (2) B Bk L3458 F A4 SSR 245 MFr
0 37 A, B G R R R R 2 PR IE N 10 A4S BAME 28RS 4 S AR Z BN IS 1A (3) T
RIAG W EST-SSR FRict, AT LA & 5 B G UCRE AR 5t 1% 24 M OGP A 5 8, D70 38 S | i YA A 56 S0 A e
b B R 38 P RFSE S FIPE . 45 FIACK  EST-SSR ARIC AT 7E & 3K B TR R VERE SRR AR s K 45
BT 8 o 5 ¢ U 35 A 2 RE VRPN B R RL R S RIS . A SSIE R 40 0 A 55 T AL AT S8 i BF Y TR X
A5 R 5 B R A PR P R R T B SR S

KR HEW, EST-SSR, srFhric, WA, 284

FESES: Q943 XEAARIRE . A XEHS: 1000-3142(2022)08-1374-09

EST-SSR marker development and interspecific
generality of Albizia odoratissima

AN Qi', FENG Yuanheng’, YANG Zhangqi’*, HU La’

(1. College of Life Sciences, Guangxi Normal University, Guilin 541006, Guangxi, China; 2. Guangxi Autonomous Region
Forestry Research Institute, Masson Pine Engineering Technology Research Center of Guangxi, Nanning 530002, China )

Abstract; Albizia odoratissima is a unique rare timber tree specie in South China. In order to carry out group genetics
research on its germplasm resources, this study designed and developed EST-SSR markers of A. odoratissima based on
the transcriptome sequencing results. In addition, A. procera, A. falcataria, Acacia melanoxylon, Erythrophloeum fordii

and other related species were selected for analysis of interspecific generality. The results were as follows: (1) Among
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CEEMEE . BT, M, ORGSR AR, D7 19 A MOK 8% B R, (E-mail ) yangzhangqi@ 163.com,,
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the 243 pairs of developed primers, 171 pairs could be successfully amplified to the target bands, and the effective
amplification rates in Albizia odoratissima, A. procera, A. falcataria, Acacia melanoxylon and Erythrophloeum fordii were
63.79%, 33.75% , 45.68% , 41.56% and 14.81%, respectively, and the polymorphism ratios in them were 23.87%,
12.20%, 9.01%, 3.96% and 2.78%, respectively. There were 18 pairs of primers commonly used among Albizia
odoratissima, A. procera, A. falcataria, Acacia melanoxylon and Erythrophloeum fordii. (2) There were 37 SSR
polymorphism markers of Albizia odoratissima were obtained, ten polymorphism markers of A. procera and A. falcataria
four polymorphism markers of Acacia melanoxylon, and there was one polymorphism mark of Erythrophloeum fordii. (3)
The developed EST-SSR markers can meet the needs of population genetic studies of Albizia odoratissima, and have good
transferability and practicability in A. procera and A. falcataria and other related tree species. In conclusion, EST-SSR
markers can provide a reliable research tool for genetic diversity evaluation of germplasm resources, fingerprint
construction of breeding materials, and population mating system analysis of Albizia odoratissima, A. procera, A.

Jfalcataria, Acacia melanoxylon and Erythrophloeum fordii. It is of great significance for the protection and utilization of

Albizia odoratissima germplasm resource.

Key words: Albizia odoratissima, EST-SSR, molecular marker, transferability, polymorphism

WAL ZREVEAE I ORI AR W) A W TS AL O N 2
Z— AR Y, BRI L 2
PERIFFERE T PF A — A~ A X5 2R 52 722 16 119 3 7 RE
J1 3878 ) Fh A= W) 204 1 AR 25 R G Th RE 0 4
FEBL B 2 0 R 25, X632 o ol I % VR A A5
PR 5C SR W 1 1 S 2 OC H (ol 2 A, 2020)
AW (Albizia odoratissima) "N 5. F} ( Leguminosae )
& &5 B} ( Mimosaceae ) & W@ ( Albizia Durazz)
WERRIEAR AR ERRE J7AR 0 M =
VU R AR (X)) B oA (B8R 2 4R, 2020) o
FAWEA R R 3R R AR TR RE ) o
LA B B RR T 189 i B (8 3 AR A
WAk, BB UL AN m i 2 I E . IR AZY,
AP TR ST R OC 159 BR AT 4000 Q0 0 i 9
fiE SR IRAFAE IR (FK B, 1996 5 95 1% ,2003) , &
BUANE R m AT EM T, AR A 20 14 90 AR
W5 T A D2 B O B R 28 b R vk 20
BURFIE 25 M EER T S E AR BRE L, A
SCAZ il ol S5 6 5 A R AR 33t 4% 2 AT S b, O
= a] A T Anic .

BRI, B R b H AT 2 Fh b A 1 £
DEBT 1 A B Ff 0 G KR 1Y B SR (Albizia
procera) 4 & W& (Acacia) B9 2B AK A (Acacia
melanoxylon) | ¥ V£ W J& ( Falcataria ) W) F 1 W
( Falcataria falcata) ¥ K J& ( Erythrophleum ) )%
A ( Erythrophleum fordii) ., XJ1X 64 Fit (1) A S AIF 5%
[F)FE A TP TR B B AR TR 7 2H RN 73 A7 R AIE L 245 1]
Y BT 5T 55 D7 T, T A A 388 1 2 5 T A0+ 0 5

H AT, {48 G W8 2~ FF & Kt 82 %F SSR 514, i
HWE FETERE AR M R A A OC SSR B
a8, DT BR ] 1 X5 25 B o 43 35t A% 1) B TR A
oY, A AT e £ W R st A Z AR PE A | L
PRI 40 2 JE DR 3R 36 B3 1Y 4 28 45 0 - st 4% T 1Y
WESY 3 H o F ARG I R B AE AT, BREE
J¥%1] ( simple sequence repeats, SSR)#§H 1~6 &%
IR R H A2 Ao HR I A B A A R L A T R Y
WA, W i TR FRIC ( microsatellite ) ( Tautz,
1989) , KUH B 4= il A EL A% AR W R S SRR 4
Zatm EE ML A RS R AR
U2 B T Wy Fh st A% 24 1k | st A% 3% B ]
T AR AR | DR L RN A A e il B R SR I O
(Powell et al., 1996) . 4% H & i 7] 43 oy 5 P 20
SSR( G-SSR) H1 3 ik J3° 1| b5 4 SSR ( EST-SSR) M
Ze, H,G-SSR pRic £ T3P 4H 3 41, HoOT & it
B AR ARG EST-SSR 2 2 T R A JF
GRS I Al TR B — o B oy iR, B B A
G-SSR i AP s 41, i BA P A AR ST R 3 TE
T ) b 22 1) 38 FH M A 0 e (5K 1 3K R0 R S 5T
2010; = ¥ %4 B, 2017; Preethi et al.,
2020) , % T, AR SO T A A 0 SR 2L ) 45 R
FRA K F AR,

AR, RZ 5T 3R B, SSR 51 W 1E ) Fh J I
ISR ], EE 2 AR 2 Pl 5 8 T 2 ) i ) 3
HA — € Wyl e (B 805 2012) 7K A 55
(2020) & PGB EST-SSR 5|41 Jo & >4 & | 22 >
JRR e R e 32 JRR & v 3 FH P 3 1R 68% \52% il
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52%. BKH4E(2019) K 66.67% KKk EST-SSR
FITE SRR A Rt 2R, B A
(2018) % BAARAE SSR i iC 7 £1 bk Hh 14 38 FH P 0
53.5%, AW, fEE AP AR EST-SSR 51411
AR E AT, AR T A W Sk
P25 RV IT & EST-SSR 5147, % Hite & 4 3 8
DR RRAHH L VR AR A R b Y 3E P AT B
95, B IR 51 Y05 A B B SR SRR AR R AR
WA LG AP I, BE v A 20T 951 W T K AR
PEE SR R m] R A W B A R
ARAH T B PR R A B L Al — 2 3 2 1 B T
BRIRORA 8 A% 2 A M A AR GBI oY 4R 1L T 5 oy T
Fric,

1 #HH 57 ®

1.1 ##

TEH 30 13 5 WM AR R 75 05 | ) 2 25 1k
AR R R, 55 4b, B U A 30, B IR RO A
S VR A AT BT R A 4 Oy AE R e Tk
AR R (K 1) . Hd AR BASH R Y
K T MO BRI T, 4 0 7 A AR 5]
RV E AT AR R P A A AR b
D7 i R A SRV IE b T Bl T R AR W E R BT R, 4
Dy REVEREAA B 2 0 R H T AR A8 MRRFBE A A B |2
B3R B PERHTE A iR XML BABFIE BE, 4 0y 8 &
REAPEER B T P9 FIG XML R iR B, %
VIRV V075 SN 0 o = o S Tl =
B85 (8, PRI SR B I ST B ACR AR AR 1, B
PR =80 C VKFAHEAT IRAE 5 T 75 ORI R T
FROBARHR] Ay HURE 1 B 225 A e H BB 0K, it AR BR
B EERE S S R RE I TR AE
1.2 SSR #RiIEH &

XF AR W T AT B S AL Y, AR T O 4
B fdiH Novofinder B4 X} 7 & W F5 5% 41 38 107
2% Unigene H1 [ SSR 13 o5 4748 2%, Ui 158 1) s M
AR TREE I ITTHIRECN 5 KT 5
UFHK E TGl 18 ~ 26 bp, Sl ¥ T
N SEHEE W H AR A FRA |G
1.3 DNA 2B

TR A1 DNA (142 O fff i 0K 75 6
JHGE G Rl e B R ARIR SR Ezup A
AP HEE P 2H DNA fh #2050 & 42 B DNA, i F sk

F1 50 et HEBFHRER

Table 1  Germplasm information of 50 tested materials
%is B R Tl R PR 4
No. Tested material Germplasm source
1-30 BEW IOV R
Albizia odoratissima Longlin County, Baise, Guangxi
31-34 pigsk ) TTVRHE EA DML B2 052 B
A. procera Guangxi Autonomous Region
Forestry Research Institute
35-38 A BT MO R 5 T
Erythrophleum fordii Nanning Forestry Research Institute
39 EERN JPEGHARR
Albizia odoratissima Tiandong County, Baise, Guangxi
40 TFER I E PR
A. odoratissima Xilin County, Baise, Guangxi
41 LR/ T T IR WUy
A. odoratissima Jianfengling, Hainan
42 e eIk r R
A. odoratissima Bawangling, Hainan
43-44 BT JUIRMRHBER A el
Falcataria falcata Tree Garden of Guangdong Academy
of Forestry
45-46 PR VPR AR MO R S B
F. falcata Guangxi Autonomous Region
Forestry Research Institute
47-50 A BT TR BT Y

Acacia melanoxylon

Nanning Forestry Research Institute

ORI SR BUAF 9 DNA (¥R B R A7 A
BT =20 CKARAE
1.4 PCR ¥ 1%

PCR #" 4 5 ) BAAF 10 wL, % 1 wL DNA (60
ng + wL'),0.2 pL dNTPs, [ FHF5[44% 0.25 pL,
1 wL ) 10 x PCR Buffer, 0.1 pL f{ Taq DNA
Polymerase (5 U » nL'),7.2 wL #Y ddH,0, ¥ Bz
NiTE PCRAY LAy, § 3R T 94 °C W2 1% 4
min, 94 CAEPE 155,58 °C EAME 155,72 °C FEff
30 5,25 MEH ;72 °C ZEH 20 min, 12 CHRAT,
1.5 ¥ &= Hry

FH 8% (1) 2R TR s Tk e 35 e L UK 0 B8 9 384 7 40
£ 240 V fH T HLIK (— MR 50~ 55 min) , AT AR $E
RN =l N O R VA o - = 7 LT P = o 3
] dd H,0 15 ¥k 2 U5, 761 W [E 2 10 min,
Bif 5 BB R e FH 2% R KU Uk 2 Wk, R IR N R 2
min; R, B EE LA 0.15% AgNO, % W b e {4
6~7 min, H dd H,0 {3 2 K, BK 2 min, B 544
BERSA 52 W 245 T, dd H,0 %6k 2
WE B I
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1.6 #iiEgit 5408

FHN T30 19 5 e B B2 |l — 51 i 1
PP AL B, C - S5 K BE R BN AT 4
=, Kl Popgene 1.32 BT 30 43 FF 5 10 15 4%
ZREPEFREL,

5 Bt OSSR 51 #1 19 PIC ( polymorphism
information content ) (#7E E45,2004) , AN .

PIc=1-5p2-S S op2p? (1)

Rif1, PIC AT B AR PR P A
o A ASSFOLFRE R s n R 250 L R

SR R 3G 3R RE B A ) R 51
Bkt 5519 SCR Y LA

2 R 59

21 HEERFEREAD SSREE HLEKE

WX A 9 DMEARHETT RNA sk 200y
3 33 335 4~ SSR v 45, X SSR ) & Hor Al
HATGE T, R A PR AT RN R
FofEGIHITTEM(E2), Hp P TMER
KA SSR v 5 B 64.73% , KRB 2K
5 SSR 7 1 A ELY 20.64% , = KA R B 2K
i SSR 7 5 BRI 12.30% , VU 2 N HH R f 4 2%
U505 SSR A BB 1.62% .0.28% ,0.42%

x2 BERERAP SSRESRTHHHHFIE

Table 2 Distribution of the SSR repeat motifs in Albizia odoratissima transcriptome

B IR R A
Type of nucleotide repeat

SSR i
Number of SSR

|
Percentage (%)

THEELHAI (FH)

Main repeat motif ( number)

HA%FER Monucleotide 21 578 64.73
“HAF MR Dinucleotide 6 882 20.64
Z KR Trinucleotide 4 099 12.30
VY AF R Tetranucleotide 541 1.62
FAZFH R Pentanucleotide 95 0.28
AR Hexanucleotide 141 0.42
ST Total 33 335

T/A(9 726) A/T(9 652)

AT/AT(1168) TA/TA(987) AG/CT(855)

AAT/ATT(199) GAA/TTC(188) TTC/GAA(174)

AAAT/ATTT(54) TTTA/TAAA(49)
AAAAT/ATTTT(8) AAAAG/CTTTT(8)

GCCACC/GGTGGC(2) TGCCGC/GCGGCA(2)

MR 2 ATULE N TER IR B R AT T/A
(45.07%) Fc 2% , A/ T (44.73%) IR 22 ; KT IR H
SEA R IR f 1 AT (16.97%) , Hk 2
TA(14.34%) F1 AG/CT(12.42%) ; =T EE K
IR AAT/ATT(4.85% ) HHER IR e 5 , GAA/TTC
(4.59% ) F1 TTC/GAA (4.24% ) TR 2 5 DUAZ R H
ST AAAT/ATTT(9.98% ) Hi PR # % f v, e
A TTTA/TAAA (9.06% ) ., 1R T 8 2 M —dk
A 399 B, B L BRAL T IR B 2 AV DURN , AL IR
AR AT IR A A DUAX I R g A A |
HEATRE G A SETIRER RS 0H 12,
60.123 .65 135 it

SSR Y H = IKEE 5~68 Zal (£ 3), Hrh,
S5~11 REREHZ, 5 SSR N 4 M) 54.95%
12~ 18 W H & HETESH 7, 7 SSR i s B ELY
34.48% ;19 ~25 WHE K 5 SSR v s B EH 7.74%

BEEWHECE T 25 BB AN S S B
2.83%, TEFTAEEXRB P, 10 KELERZA
5792(17.38%) 4, ko 11 IKEE M 6 IREE
A 3 441 15(10.32%) F1 2 926 1~(8.78% )
2.2 HE X EST-SSR 3| #89E 3

M 4 FTLIE H7E 243 X &4 X EST-SSR 5|
Yih A 155 XFREEE R SR TPy . R H,
ANER O H 2R EST-SSR 51 W) (A 3L 14 %
A AR, o =R E G RS Y 1Sk
(N 66.34%) & T HAZ AT e 2 KA (K
64.71%) MU H IR HE X A8 (h 61.11%) 1Y
EST-SSR 5%,
23 SSRiriEZBHEER

243 X514 47 37 XHREMEAE A K P b
M2 BMELAN , 2B E N 23.87%,, ikl 10
XPAA I R L 2 ARSI, X 30 7
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&3 SSREEXRH¥ T A A BT AT 45 S5 R R W] 10 X551 Py e 3
Table 3 SSR repetition times 26 L5 (D) BRI 2.6 45
- S~11K 12~18 % 19~25%  »25% i Popgene 1.32 #4011 10 XF 5191089 2 #E 45
fem e W (A S) UM LI B Y 1,149 7
N7 A4 > . P Py Bk
Kok 18317 11493 2 581 944 2455 7, FHIEN 1.816 4;Nei” s ZEPH 2 PEAEEL
Number (H)BIEEH 0.130 2~0.592 8,418 40.420 9;
i 7 Hof51 54.95 34.48 7.74 2.83 Shannon f545% (1) fE 24 0.289 7~0.984 0,

Percentage (%)

{5 0.677 1; HHE Botstein 4% (1980) B IK4EH K

R4 TFEWEST-SSR 5|7 5 MHifhch g3 18 R

Table 4  Amplification results of EST-SSR primers of Albizia odoratissima in five tree species

ARG WEH

Number of effective primers

) -
SSR Hi K JIE
. 3 Ahe i el
Core motif of SSR primers E = 5'(}\ Tk R %ﬁﬂ%@ kAR
Albizia A i A. falcatari Acacia Erythrophleum
odoratissima - procera - Jakeatana melanoxylon Sfordii
=R Trinucleotide 101(72) 67 35 43 45 16
PUAZ R Tetranucleotide 108(76) 66 35 48 45 13
HAZH R Pentanucleotide 34(23) 22 13 18 12 7
&3t Total 243 155 83 109 102 36
x5 105 MEBEHEER
Table 5 Information on polymorphism of 10 pairs of primers
i’ " N o " SERSH
;elﬁ'&%g;ﬁ Shannon 5 £ ARG IEIN AL %01 jri)r hir;ﬂli
IRV B SIWFE (5'-3") Nei’ UE' Shannon Effective number . i: pl i
Primer name  Primer sequence (5'-3") e s gene index of allele fnlormation
diversity index 0 ( Ne) content
(H) ‘ (PIC)
A0-39 F:TAAGAAAAGGCAAGGCATCG 0.592 8 0.984 0 2.455 7 0.518 4
R:TTATAGCGTGAGAGTGGGGG
AO-53 F:AGGAGGAGGAGGCGTTGTAT 0.486 1 0.824 0 1.945 9 0.423 4
R:TTCAGCTCAGCCCTGATTTT
AO-62 F:TGCCTCACACTACACGCTTC 0.312 8 0.583 8 1.4551 0.285 6
R:GCGTTGCTTGAGGACTAAGG
AO-75 F: ATGCATGAGGAATGGAGGAG 0.5150 0.823 7 2.061 9 0.424 4
R:CCTCTCCTTATGCCTTTCCC
AO-130 F.AGCTCTAAAAGCAGGTGGCA 0.130 2 0.289 7 1.149 7 0.124 9
R:GCCTGTGTCATCATCGCTTA
AO-133 F: AGGATTAAGCAAAGCGCTGA 0.2311 0.392 7 1.300 6 0.204 4
R:CGGAGTTGGCAGTGGATATT
AO-166 F.:AGCCTGGAGCTGTACAGGAA 0.436 2 0.627 9 1.773 8 0.341 1
R:CGAACATGAACCACAGATGG
AO-184 F:TGGGGGAACAGTGGTTATGT 0.517 8 0.872 0 2.073 7 0.451 3
R:TCTCTGTTCGTCATTCGTCG
AO-188 F:ATGCAGGTTGCAATCAATCA 0.487 2 0.680 3 1.950 1 0.368 5
R:TTTGGGAATTGGGGATTACA
AO-199 F.TCATCAATGTGCTTCCCAAA 0.499 4 0.692 6 1.997 8 0.374 7
R:AGCTCAAGCAGCTCAGGAAC
SE-141{E Mean 0.420 9 0.677 1 1.816 4 0.3517
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1-30. A 30 hFA WA EL

1-30. 30 tested materials.

Bl 1 FHSI AO-53 (A) F1 AO-62 (B) Xt 30 34 & A T4 14 4% i 7€l
Fig. 1 Amplification bands of 30 Albizia odoratissima germplasms using primers AO-53 (A) and AO-62 (B)

PIC>0.5 W, 519 HA & 2 54,0.5<PI1C<0.25
B, 51 EA B 28 PIC<0.25 B 51 HA
LS, 10 X514 PIC (HRYIEF R 0.124

9~0.518 4, F¥{E K 0.351 7, & AO-130 Fil AO-

133 MR ZBET A, i e TrhmE 2 s
PES 1, 3R W1 T 0t 16 51 90 AT LA T 36 6 0CF [T 48t
& 2R 3 A LG SU RIS 2
2.4 F S EST-SSR 5| #1118 A

B 4 ATHL ZE RGN/ 171 X e, =
M TRE G BRI TR m il B E %
A By A Y 358 34.65% ., 42.57%
44.55% 15.84% ; VURZ T R 1 &2 S MU A 8 O 1
BE AN O N < DS S 7 NI S R S e 1
32.41% 44.44% 41.67% . 12.04% ; KR E &
AU B AN R TR R AR A R B R
PR H K 38.24% 52.94% 35.29% .20.59% ,
WAL, FA RIS E 51 18 X, B G #

TR TR L A AR S AR IC 2 B 26 X8
XF.5 KRR A AR R VE R S AR I

10 XFRBUSAE B T i i 3l s 2 AR AT,
RN 12.20% ,F 10 X RES7Em R h i
i 2, 2 SRR 9.01%, 5 4 X g
HETESRARA R P It 2 A M, 28R
H3.96% 4 1 X RESTEAR R h 38 i 28 &
WL, 2R MELER 2.78% ., A2 X5 YRR LE 3 4>
DL BB b5 s 2 A . W0 5 W AE 25
Ffr 4 s 45 SR WLIE 2,

BB W EST-SSR 5| W75 B A W S b A ol 7y
T PE LR = R B S Y 71.29%
VUAZ R B SRS WY 70.37% , WA H R B
BTG Y2 H 67.65% , FIUL, RO EE LK
AU A EST-SSR 5|9 38 A e 6], = 4%
TR 25 A EST-SSR 5|49 38 FIE bR & 1 1Y
AT R T 2 RS | Y A T TR 2 2R |4,
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1-4. B EH; 5-8. fAR; 9-12. FEW; 13-16. HFFHEL; 17-20. XARAI.,
1-4. Albizia procera; 5-8. Erythrophleum fordii; 9-12. Albizia odoratissima; 13-16. Falcataria falcata; 17-20. Acacia melanoxylon.

K2 518 A0-63 (A) FI5I4 AO-196 (B) TEA IR 3 A7 4]
Fig. 2 Amplification bands of primers AO-63 (A) and AO-196 (B) in different tree species

3 W54 n

3.1 &4 EST-SSR 5| #1#9i# A 1%

FEAEY T =R R 55 2 S ALY EST-SSR 514
B4 I B R T oAt A O BT T A R AL A B )
(Chen et al., 2005; Li et al., 2008 3C B & 4
2011;) , AW, SR ER RN E AR
EST-SSR 51 ¥ 38 FHPE L3R (O 71.29% ) & T DU #%
TR EE A (N 70.37% ) F T AZ 1 R 8 42 25 )
(R 67.65%) , RUIER G W, =% R E
52 R EST-SSR 51 4y 38 FH 4t fee 5

ARBFFERT T 243 X 7 4 W EST-SSR 5|
YA T R M O, R A AT R 70.37%
X5 Gao 5§ (2003) , 45 HE 45 (2004 ) F1 %0 F ik %
(2008) AfF5E 48 H Y, BIr % 1 EST-SSR 51 ¥ 1 %L
YRR AE 60% ~90% 2 (M) AW 4, R 0] fE
A LAUFJUAS 7 T — 2 S50 v i F 5 1 B AR 6 —

AR &5 5 e A5, AR AR Pf R b n] BB 2
FETE— S5 ST YA G 8 R A G A
BOY s O AR I A SR 4 I 5 R O T O
EST-SSR 51 ¥, vl g2t i it 5149 GC % &
b TR T IRAR B R B SR O, DA T R e 2R
A WEE 2 AT 51 WA Re Y3 A S0 B A B
(AP 5, 2012)

AT R BAE T 1 B A 171 %)
I A 26 X5 AEH A 4 Rk R OR B A
FAE 3% 5 8 BAF (2012) K BLA 216 X5 ¥ALTE
SR R R A A AL 1S 0 45 AR AL, L R AT R
JEIX L EST-SSR v 5 0 A MR A, X 2675 A 3
e VRG] Ry 6 0 BT AR P R I 2% ) Rl ) A
KM I RIS

SSR 51 W38 F M 5 3 2 4y S Z Rl T AL
N 77 50 1) DR P R Aol i b i T 22 T R
BRI, JE P gt X 40 (0 O <72 o 1 3F 2
51X, EST-SSR KI5 T 4 4 X 7 %1, 5 2 fig 3 K AH
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K, T EST-SSR FAIRSFPER FE 2 SSR i, A
I, EST-SSR %5 KE X 2H SSR A% 18 JH 1k v, H — e ist
R 0B 3R ) R ) g W R R R R
( Liewlaksaneeyanawin et al., 2004; Jk & & %,
2011; CHIE 45 2011) , Z2FHIIE(2012) KPR
124 % H A E 22 25 1 EST-SSR 5| 4 16 4% 44 v i
FAMERD 2 25000 9l 42.7% F1 56.6% ., Feng %
(2014) &3 318 XF Eh AN SSR 51¥153 54 15 X |
10 XFHT 10 X 7618 A i Lh i = A h 47 31
T 2B . RS (2016) AR KB =
A EST-SSR 51 ¥ e 4l = pa A% L S R i, =i 1l
Py AR 45 0 2 ) b b B A 038 I, A B
FEH A K EST-SSR 5| 9 76 45 44 F i) 38 FH % Hb %
FEM(63.79% ) > HEHE (45.68% ) > M A AH I
(41.56%) > G (33.75% ) > K (14.81%) .
H G AT BE 2 i ORE R R R R AR R R R T
T 25 F Bl ( Mimosaceae ) %), 1M1 4% A b 75 A E
B ( Caesalpinioideae ) ¥4 , ¥ G4 | B VR AT 2R K
AR T G W Z 8] 1 235 2% 00 R BCA% RT3, R
[ 5 22 4 3 s D A By, (B 7R
TR S AR B Y58 P LR T O 7
—ERRE L WURE R ARSI BRI
HRAFEE R, X508 % ERE R
TEE AN 58 4 — 3, IR e AL 43 28 2 1 B [ 4 A
RS R EA PR, T AR
Frig it s A R, IF RS & A WA EST-
SSR J¥ 41, A fig 23 XF 51 4 38 FH A 45 2R 3 il — 2 5%
Wi, A o 56 UE 5 420 100 (% 38 FH 4 R, 75 21 5
BHAZMAZEE B TR T, 5 J5 v e A oF
FERY AN LR S Z 5 e R A | W R R 8 A
Rz
3.2 HA W EST-SSR 3|0y & 514

— R UL, EST-SSR 51 2505 B & 2 nE
SHEYA R R DL AR iC $k H Y AR R
A AN (AR S ,2008) . AWM, TERFA
K14 h Z S A S WA 37 X (23.87%) ,
Y 30 G T A R TR 10 % M HE LT
() SSR 511 Z2 B 2EAT o0 4, X X B i
I 2B 2.6 45,1051 AO-130 Fil AO-133
FAREE ZBYE Y, FLE R AT RE S A5 BT H 30
A6 0 Bh BT 15 2 7 P4 A £ T AR L b s o, b
BB AE TS 22 SR/ AR E B DA G,
SR 1) T A v 2 a8 6 AN [R] 1) i I R A

POQUDTNIVE LR S L DS P A ¢ WS I TR L A
SRR SR A R P73 th 22 250k 25 1 51 40 40 Sl
A 10 %F(12.20%) .10 X} (9.01% ) .4 X} (3.96%) .
1%F(2.78%) o A HF5E Al B A0 2 A 5 W B 5L
CSINCERES DR L DI AR Suid e 2 SR E R PN e
RERE— 28 3 M e W05 | ) A AR AR BRI AR i 22
AN, TR 2D N 8 51 W B R R R HL
R AP AN [R]85 B AN [R] [l S0 T 4 7 A e A
EF S ONEE

FURT, 4 T A & 3R B A 7 1L 2R R A
A R AR R TR R 22 U (L AR A AR B e A B A
H R TR RIS AR B = AW ST 3R AT 1Y 3
PES | WFs g AR S TR AT e 5 B G 2 A1k 5 Fif
Jot G RO 4 A5 A9 S 4R I Bl ookt it — 2P fie i A
W — S 3T 2 ) ol L 28— S e G W Rl OJC LR B
SR INCERE S - IR N 5N 1< NI N R R L DR
ENIDEVE SR AN ST i (A2 & 3 6 T U S )
TP,
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T P BOR AR A S AP 91, BT SR AT 2 8P (SNP) /N Beddi A B2 (InDel ) FNZ5 978 5 (SV) A5 I
R PR S SE R AT DB RS, SRR WY L 4K B P R R A A 75 3] i B R AR S i &2, R 12 555 4
L2 BATREGAE FALEBUR D, R 11 923 54 AFERERA 7 000 24748 5 RL A BT eV ERE . GO MR
FAFEHM ML S F IR F A Yt B8 = A BE R D) Re o AR R 10 56 TRl fEAN ML F Ty E , R RS
JAHESE A 2 431 AN e B, 2 52808 N RGBSR ERA 754, 2 5E R A R T
IR LA B 22 A6 N LR BT R LR HM LI N A 80 1>, COG 432K W 255 H | H 4 ME & 5L
B 369 A A5 5 5 FALEI A IE R 291 4, 5 SERY AR SCIE R O 222 4, il KEGG i & & G b 73 Bt
SRR 2 508D 8 N REY TG R, WRADESE K 8 22 S5 5L A 45 i 42, L DNA UK
bR RBEAT AR AR S AL, AT ER AR BAT RN T 0 2 A M s A% AR S AR RO SRR B AT AN R] A
FI B R | D) Re SE R A int A% L
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Genomic sequence analysis of four culm variants of
Moso bamboo ( Phyllostachys edulis) on culm

MU Shaohua”, LI Juan, LI Xueping, GAO Jian

( Key Laboratory of Bamboo and Rattan Science and Technology, International Center for Bamboo and Rattan, Beijing 100102, China )

Abstract: As an important and economic bamboo species in China, Moso bamboo has performed lots of variations with
long-term cultivation conditions. For an overall understanding of the whole genome of four representative culm variations
Phyllostachys edulis f. holochrysa, P. edulis f. gracilis, P. edulis f. nabeshimana and P. edulis f. huamozhu, re-

sequencing was used for high-throughput sequencing to detect its variations by molecular data. The single nucleotide

Wi A 2021-01-14
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polymorphism (SNP) , insertion-deletion (InDel) and structure variation (SV) were detected and annotated, and the

mutant genes were compared with the functional databases. The results were as follows: Phyllostachys edulis f. gracilis

had the lowest number of mutation sites, that was 11 923, and P. edulis . huamozhu had the highest number 12 555, of

which more than 7 000 mutant genes were annotated. GO annotation classification included 56 functional groups of three

functional classification systems: cellular component, molecular function and biological processes. In terms of cell

components, there were 2 431 genes related to chlorophyll synthesis. In terms of biological processes, there were 75

genes involved in the synthesis of carotenoids and 80 ones involved in the regulation of anthocyanin synthesis and

anthocyanin accumulation in tissues under ultraviolet light. COG classification showed that 369 genes involved in

replication, recombination and repair, 291 ones in signal transduction mechanism, and 222 ones in transcription. The

metabolic pathways of flavonoids, carotenoids and other substances involved in the mutant genes were analyzed by KEGG

database. In-depth study of the regulatory pathways and interpretation of the variation mechanism on culm from the DNA

level, can provide a data basis for further exploration of the rich polymorphism and genetic variation of Moso bamboo,

and elucidate the genetic basis of gene family and functional genes of different variation types.

Key words: Moso bamhoo ( Phyllostachys edulis) , variant, whole genome re-sequencing, gene annotation

FEAT (Phyllostachys edulis) & ¥ FE A 89 1%
GATEATR (ILEE2002) , TG AT A
EMAER 20 ZF0 (T35 ,2014) . BATAERITE
A LRI EFHZEE, R Ry
I 25 SR AL BATFF 86, A A A
RN SRBL; MLk AL BT A4k, H 5 5]
BIRECMMPSLL, FEMAERRKKFEE T R
FFIE, R T MO, BT AT IR
(1353 4% 748 S R st A% B AP AR G M E

H i, 38 5 P B R v LL A b — AN P R
HHEAM M, CAT7ER T (Bai et al., 2013; B
/N 2019)  JKAE (Takagi et al., 2013) K&
(Qi et al., 2014; Zhou et al., 2015; 3K B2 B %%,
2016) BBk 35 (3K > 4, 2017) JEAN (FFE
5,2020) X5 (Jeremy et al., 2010) flFAfi (Lin
et al., 2014) Sy LR T 2N,

AR B 4> F AR 2 A H AR R,
EMEREA TN RIS AT (Peng et al., 2013),
— 30 5 AT MR M 06 Y 3 R, 40 AP2/ERF
(Wu et al., 2015) .SAUR( Bai et al., 2016) AQP
(Sun et al., 2016) ,SBP-like ( Pan et al., 2016) .
HD-Zip ( Chen et al., 2017) ., Hsp ( Xie et al.,
2019) .CO-Like (Liu et al., 2016) & T 47 % & F
IRERAE , (H R AE L N 412 1w b A ST 55 /0, 45 )
JE B ATAR TR €6 40 56 B AF 58 55, {0 B Al B AT
FVHE B AL BAT TS BAT AR R H 21 7 51 748 S b 45
WIEARR (R4 2020) , XT7E— & FBE FIR
il T BAT AL F RN &R IR K 4

AETH SR, B BT R RIE S 25
AR TR —, B, JF R B A A B A
PIZHAITSE , #8378 AT AL B 4 B P AH S 8 28 B 4R 5%
o A RS i TR s i il 25 A QR AR A SG R I, X i
BB AT 5w BIEAL AR DL R RAR G 1 33 4% 2
SHAEEE L,

ARWETE UL Je BAT A 4 DA AR TR AR
SFEITERUN PN R, BAT 2R AE NS H
DAL, R vy 108 00 P B g o 4 5 DR 2 Al
Vi R A W45 B2 00 07 125 %0 3R A5 B A% 1R 471
%, K JF R RO R 2 B M (single
nuclotide polymorphisms, SNP) | £5 #4745 5% ( structural
variation, SV ) Fl /N - Bt 4fi A ikt 2K (insertion and
deletion , InDel ) 55, 73 B¢ 48 S JE K T g, L B AL A
P IR , LA S DA 4k DR 2H K P B IR 53
BrBATRY B AL AL S O g B AR S I g A A

1 #R5 7%

1.1 #

B pPRHE B BRAT e O BORF i S vh
DR TR IR, BEEL 4 D BATAER(E 1) EEH
i 2 B i, 28 VR RURE T R TS A - 80 °C UK
FERFEE
1.2 Fik
1.2.1 A BE@an 5 BB 5 DNA $2
(Zidani et al., 2005) J& , 283 ¥T Wr 05 16 & K 3%
43k PCR B 4E | SCHE BT R, il i S
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z1 AP EMTRHERER
Table 1

variant samples of Moso bamboo

Brief introduction of four

T
S5 BH T4 Vomtulageal
ID Variant Latin name TPROIOBIC
characteristics
RO1 B Phyllostachys edulis FFAIR 45
f. holochrysa Culms and  branches
golden yellow
RO2  SZFANT  P. edulis f. gracilis PRk /IS, FF BE R R St

EORETIESS

Height short, culm walls
thick, basal internodes
longer

Freg (B9 ) A IR 0
AL

Culms green, internodes
with light yellow strips
FREE (0, A7 TE7E AN AR I
RO

Culms yellow with green
strips

RO3  ZRAEEAT P edulis f.

nabeshimana

RO4 EAT P. edulis

{. huamozhu

7 1lunima Hiseq 2500 /3 °F & L8 17 345 5 4R
s K B i g e 15 2 = o R

1.2.2 westrgeit i BWA # 4 (Li & Durbin,
2009 ) K00 P Bt beo S A7 310 2 D Y B AT AR
RS, G R AL R A 7 25 R R
1.2.3 # @ SNP . InDel #= SV i Ji| Picard %k {4
(Gordon et al., 2012) 2 & & Ml GATK %k {4
(Mckenna et al., 2010) T 4b 3 5, & I SNP #l
InDel 2% 5% . {# F§ BreakDancer % /4> ( Chen et al.,
2009) kW SV AR R, BAK Tk S M A AR
(2020) ,

1.2.4 7% SNP  InDel #= SV iz | SnpEff X 1
( Cingolani et al., 2012) {3 % SNP  InDel fil SV, H
&5k S I AR5 (2020)

1.2.5 =L ® iz H BLAST 8, % ik 15
WL R REMWERIFI S GO
( Ashburner et al., 2000) ., COG ( Tatusov et al.,
2000) Fil KEGG ( Minoru et al., 2004) = K I hE%
e, AT BLAST FRXT, A5 5 3L PR i R

2 HERE A
2.1 SEMEEAL

4 AN A A v A N AR BT s 4
22 BATREN (RO2) 3 385 B9 Clean Reads /b, N

82 276 884 bp; L EATHE ML (RO4) HY Clean Reads
%, 0 112 054 728 bp, BN BB SHRNAH
B 5 r A Clean Reads 2009 H 43 L 7E 99.45% L) I,
XUt 4 78 7 B AT 2 2% FL R 2 1 O FLEE 245 4
R B B9 9 A B9 5 BT A Clean Reads 20 H 7
LLTE 88% A dy , U 2 2% B N Al e #2 Gk, HAH G
LR FEAAELETT Y2, )T Reads M HOXT RS & T
0%, H40, LT RA 4 DMBARE BN S H I
PRI 2 2% OC 2R B3, 3k PR 41 4 2% o & o, it HL
Reads W7 5T £ . 4 /S 4F i 7 35 7 25 R 2 9 1E
102547 (£ 2) .
2.2 SNP 94l 5 iE ¥
2.2.1 SNP #&m 4 ASFBATHES AN S 3R1F SNP
MGt (% 3), Hb fEEBATHEG (RO4) 1Y SNP
BERZ , N1 691 715; 4 BT RS (RO3) Y
SNP it/ , 1 534 648, 4 PMEES 2 Al
(transition, Ti) SNP % 5 Wi #: 27 ( transversion,
Tv) SNP B (% Al Ti/Tv 7£3.05~3.10 Z 4], i3
HH 3 S T 1 AR B G o L e S A 5 R, Ak
# (heterozygosity, Het) SNP % im Ay &4l & 2& #l
( homozygosity, Homo) SNP & 19 10 f5 &£ 4, 42
HHE N 88.53% ~92.01%, Hih, #BATFE S
(RO4) 22 HR B i, oM 92.01% , YA H 24 & R
i R AEBITRE M (RO3) 225 R IRAR,
88.53% .

WG 4 DNBATHES 5 S5 LA T 45 5,
T ERE AL B SNP OG04 S 0L 3% 4 e S 50N
X R RS PN AR i 22 [R] B SNP %, MR o] LA
W, & 22 BAT(RO2) 55 [ AL BATHE i (RO3) [H] Y
SNP ¥t % .
2.2.2 SNP =& XF 4 DL SNP A7k, KA
HAR A SR AR R X IER AR (K 1), 4 DBATE
R A AE S % X (coding sequence, CDS) [X 45, A Y
SNP $it b7 F 35k 2% A2 A7, Hob [R) 578 (7 48%
Zedr AR SURAE b 519% 224+, AR TR LA R 5[]
MRARKHAEKR T 1, FURE A IE 0500
2.3 InDel 83 5 7%
2.3.1 InDel % X 4 A FEAAS 5 InDel $E47 55
TR S) AT LR B 4 ASF i 435 PR 431 BB ARG T
i) InDel S EGE Ky 271 648 ~292 253, Hrpifi A
FEI ) 53 A8 AR T Bl 2 5 A8 BB A A X
M) InDel SBCN 4 711 ~4 877, Hovp i A 5878
BBOHER ZEAE ) 6T% AT, A FER P, &
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Table 2 Output statistics among four samples

g IR B SEALHE X 52 it 1L - LAt B a5 T 5 B
5 . i R : : A

D ean Reads Mapped Properly mapped Ave_depth Cov_ratio_1X  Cov_ratio_5X Cov_ratio_10X

(bp) (%) (%) - (%) (%) (%)
RO1 103 490 495 99.6 88.91 11 97.02 80.74 55.11
RO2 82 276 884 99.45 88.03 9 97.22 78.74 46.89
RO3 83 316 245 99.50 87.92 9 95.40 71.64 44.06
RO4 112 054 728 99.49 89.21 13 97.25 85.40 64.55
%3 WAHR SNP ARG E
Table 3 SNP loci statistics in four samples
L o EAVANTA 3

% ‘ e ik B b dify AGILE

D SNP Transition Transversion Ti/T Het Hom Het-ratio

(Ti) (Tv) ' ‘ o (%)

RO1 1 628 624 1227 674 400 950 3.06 1 476 422 152 202 90.65
RO2 1 601 748 1 207 308 394 440 3.06 1 444 235 157 513 90.16
RO3 1 534 648 1161 232 373 416 3.10 1358 770 175 878 88.53
RO4 1691 715 1 274 890 416 825 3.05 1556 713 135 002 92.01

* 4 MAHMIER SNP Gtk
Table 4 Summary of SNPs detected between four samples
% 1D RO1 RO2 RO3 RO4
RO1 0
RO2 598 973 0
RO3 608 671 616 986 0
RO4 558 357 587 035 604 473 0

Y3 B 2l S AR B2 A AR B 2 A% G
5 X 2l AR B AR T 42 B RS EL

X 4 ASRE S A K InDel K #4758 1 K
WML Z I +1 -1+ 3, -3 R
MAENAGEFEAERZN+1 -1+ 2 -2 KRR
As o Hor  BUEACFE InDel YK (10 bp AKY) ;K
F 0 MIHA ;/NTF 0 K,

B 4 AEER Y InDel HEAT P HL4R, SE 1145
WL 6, 45 BUE R X 1 A4 R A R AR i 22 T )
InDel %4,

2.3.2 InDel =8 XFHLEBMSHILEA M ILF
CDS o7 #5587 B FE R FE dh InDel 7 55 1Y & AR 47
BUMKBES B REAS, BRE RS R E 2

PR o 4 DBATALRUL A TE S5 XA InDel £t 1y
TE 1. 7% %A . B2 7L ) InDel A 0] fE 2 5|k 5
Ky fE A el AE

2.4 SV & 5iEE

2.4.1 SV Al K 4 AEESL S 2 R 4L Y
i A (insertion, INS) | &l 2k (delection, DEL) | Jz ¥%
(inversion, INV ) 3¢ & K N & 5 1 ( intra-
chromosome translocation, ITX ) | %¢ 4 1K [6] 5 1\
(inter-chromosomal translocation, CTX) , 15 3| it 4% 2%
RSV Hugiit Wk 7, Horb 4 B AT BRI
PR AR SV R e 2, IR A e 1K N 5
(eSS

2.4.2 SV B K 4 RS SV AL EE R,
FEXTER A A AR R B 3 PP SR i 25 4 AR S5 3R AT
TR, 4 RRY, 4 D BAT AR BIAE 25 XA 1Y
SV VA L — B, TR B By A8 S B R H USRS
[F1) DX ) e 2K 2 Y i 22, HC Uk Ay S PR TR) X ) 47 A2
(£ 8),

25 TRERNEEERSSH

2.5.1 B ABEILE BG4 AR BYE R X
AR SNP LA K CDS X & 7k InDel Fl SV i 4E A
(R9), FHTRAEINRE LRI EEN , 74 DB
Preeah  AEBAT (RO4) BRI AFAE 12 555 P2
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Table 5 Summary of InDels detected in four samples
#ifih X CDS JEFA Genome
4+ 1D , N N
A ok A aig ER ' A [N e ais JER '
Insertion Deletion Het Homo Total Insertion Deletion Het Homo Total
RO1 2 991 1727 2 546 2172 4718 139 538 143 229 94 439 188 328 282 767
RO2 3 007 1729 2 568 2 168 4736 139 023 142 221 94 810 186 434 281 244
RO3 2 996 1715 2572 2139 4711 134 641 137 007 96 117 175 531 271 648
RO4 3071 1 806 2 553 2 324 4 877 144 687 147 566 92 976 199 277 292 253
* 6 EMZTEEM InDel it R ARSI COG R IE (K 4) HM BN
Table 6  Summary of InDels detected between COG INREAN 4 B 143 5 %6 107 i 451 2%, Ho P b K

variants of Moso bamboo

%5 ID RO1 RO2 RO3 RO4
RO1 0
RO2 86 523 0
RO3 87 700 88 813 0
RO4 80 450 83 204 86 660 0
ARG Ho AR R LR A8 SNP JE K 5 563 4,

InDel JE[H ly 4 006 4, SV RAS I FE R A 2 986 14,
SR BBOR SV AR LN 2, 1E 3 RAR
SIER AR X 748 SNP 3 N 3 £, InDel 3
AR IR 2, SV AR FE R e /b
252 BEF ARG AEAR EEEN S4%F
My B B AE B AT FUAE B AT T e 3 B8 12 v i AR
FEHB Ik 7 575 .7 5387 476 F1 7 728, AR
B GO ARGt 25 R E (F 3) h, oR e 3 K
FL DI RR Y R R (4> F I fE A0 2 14 A0 A ik
F2) 1 56 4432 P 25 Hp T 6 107 %) 36 DRRRORN 3L PR o
o o AR oy 2, 5 b g R A U G
EERA 2 431 D AR, 2 588
o NRARGS RN IR AF 75 4 E FURE 2
H 56T R A A LR AMDE T A LR
R ERMEIENAG 80 4, 4 A BAT AR RIAE A I
LR TR h AR IR ECH A 22 5, Blin . (&
WA 21 M5 SR AR L ; & 2 A
EH 17 AAHCIER 18 B2 BATA 18 I
PR, 35 R g R S 1) 25 57, mT BB 51 AH I 1) T g
Bk, AR GER K N RAETEE
BRCAH 5 3 A DA R e 2 S R R i) )] 42 , A A
T I DNA K I fif BEFT € 119 28 57

It o

wie

FIDHREVERE B s S 1l 40 1B 5 A5 5 B S HL
FRX LR s o FRAF A DI BREEREEE N N 1 630 4,
Z 55 A REZ BB NECN 369 4>, 1555
L] B BCR 291 A, B S A O S
222 1>,

KEGG #2848 70 Hr 4 4> B A7 7248 B A 2
W= e Wy e ad B2 P O DR, DL B B B AT
(RO1) RYSRE TR | o & TR I 5 5 IR A= W) 5 1l i
FERBICES)  TERER 57 MRS 5z i, K
23 MRS A Y SO A A R 1 — R
FULEAC T BEIE B, e HE N I8P AR enzyme (1
S, £1 0 BHEAQ R A O S R I

it

DR 2] I T DT LRI A 1 3 R A T
G IR -, %o HOAR ] 5 Bl i) 32 R 40 e 30k A7 00
TR AN A 5 3% 4 ) ) 22 5 M (Ley et al.,
2008) , FififF AT 4 R 4L 5 5 (9N I & 3% (Peng
et al., 2013) , AFFE BAT A [F] A48 Ffp il A8 7Y 56 K 4 )7
B 255 W TTRE 4 3 DR AL SR 0 R T ARG A 1R
(A R AL 7 910, 0 — 2 S A iR AR Kot
ARBE YDA O 1Y 748 S0 i (R AR D545 ,2017) . BAT
P b 25 A B R A AN [ AR S 2 R A S R
AT, ERA A S BT FER, DK
BRI [ R IAB AR T ERZ W T, BAT
PN = T AR Z A5 A8 5, 7 A 45 Fhoih R 1 45 44
B, BB £ & MW TR, g,
M AEBAT R AL B AT TR B T R R
(7] ) 72 S At JHC LA g 114 ol PROUE % A1

3
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Table 7 Quantity statistics of SVs detected in four samples
PR ERENE T DA PR ERENTER 7T DA
9 s8¢ A [N Internal Translocation HAth
1D Total Insertion Deletion Inversion chromosomal between Other
translocation chromosomes
RO1 83 901 17 212 33078 2 346 4 853 26 262 150
RO2 77 275 15183 32 946 1 499 4735 22 789 123
RO3 80 479 18 020 31 706 2 000 4 676 23 947 130
RO4 89 754 19 541 34 613 1166 5133 29 142 159
x8 MAEMTER SV EARELERSZITR
Table 8 SV annotations in four variants of Moso bamboo
A5 T IX Exon N F X Intron FE [A] a] X Intergenic
i
D [N A S Bk A S [N A S
Deletion Insertion Inversion Deletion Insertion Inversion Deletion Insertion Inversion
RO1 2 258 837 237 961 389 66 29 859 15 986 2 043
RO2 2129 707 176 990 333 42 29 827 14 143 1281
RO3 2114 953 205 942 427 44 28 650 16 640 1751
RO4 2 303 968 193 984 437 30 31 326 18 136 943
®9 MANEMATRNTREASITE AES MO AL i 5 BT A Z 2 5 9F B
Table 9  Summary of mutant genes in IS X A InDel 235 B AL 728 | 52 W JE [H T fiE
four variants of Moso bamboo SV Rz 3B A REE Shr 4 Fh R KR N
e R K BR R BBk Hdl A B S
AR 57 PN TN N
g o B T svaM SIPAN 25t A AW B ST, BB R
= sene wi N . s N
o e G Gee SRR (R ALK T LR 2 5 O
Synﬂ]’lymnus ™. P AT N N y
SNP InDel AT 25 SR, NI R B AT 18 7 4 st 1 B Al
‘ K] 9 3 B TR 95 4 (E A A
RO1 5 405 3 905 2 903 12 213 j‘ji%%:i} gﬁbﬁﬂ%'f;ﬁﬁjm%o A
20 {0 AR 2w Ik F AR
RO2 5344 3 620 2 659 11 933 %A@x#z:z*ﬁ%*?%kﬁ’]%%ix#,,\EP
; = I 4 5 I, B
s awe s e XCTKER I A SRR A 6
3 1 A % H- 4 4B
e e . BRSO KRRE A A R

XF 4 A BATAR SR A LR A B Y, A
Geitorth 7R AR, 5 AT S % 5 A
A7 FEXE, K60 H: SNP  InDel F1 SV, SNP 28 1 () 75
SOy R B A AR A P R 4 AN B AT RE S 0 B s H
e (Ti/Tv) By LUAE Y 2955 T 3, Ul B 2 48 28 74 L i
PRI T 25 5 & e, SNP ZR 4 He 1 24 K 90% | i3
HRE S A AR = 1 2 6 B, BRI [A] IR 4% € fR I SNP i/
ST AN [ 25 Y (4 B L LU B 5 o InDel 437 6 25 [R) A

if 140 S (R 2018) , AT FHHIEES R 3
KGR HERMIGHE MR, #ad REs
P X, X 4 A BATAR R A AR S R AT R
NREEREM M, GO Bl PR BRI T 8
My AR RUAEAS [R] Ty fig 20 4324 v 56 DR 55 E RS [R] 7 9)
B, o S AR S St g A b
RO T RO R A UM OGRS 5 G T X
LIATIHT ., COG B FETERE T 3 B =W 1) B &
IR 4328, N [] 43 280 7 1) 6 PR B 22 AR K,
W TSR] S5 T B AR B uR AR R 4F 4% . KEGG
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Fig. 2 InDel annotations pie of Phyllostachys edulis . holochrysa (RO1)

8308 P2 R 5 DR 22 o iR B 3%, A SR R A
BRI N R AW B B R
UGV EY &R MY BRESES 2500
BRI 2R A A 2 B AR . H AR W]
BN FRMAETT RSO A O OG5 AT B
RH G Y 32 AR
LEANRIRT 0 B A 748 B B A ) 2 R AR B
P, WFTE TR N A Y 51 (R 5 A S N A B T

IR K b i b HFF A SRR, A BEgE R
B, BMARFEAE R ATE R i B N
RSP AR EEES (HREESE,
2011) , BREYEL KW AL B AT Az B 48 A (E b 38 /N Y 11
AT S BT R(ZFA,2011), BATAER
ISSR Hl AFLP 43 F b ic 43 A1 2 B, A5 8 [B] i) 35 4%
AR SRR RE RS /N (BLE PR, 2008) , 1ES % BB AT
FIEE R AL AT FF (A8 52 6 40 78 AL 0 BF 5 45 21
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EEm 53 Mutant gene
AT All genes

4278
100.0 7 r 17757
S g
o, =
2 = =
) 427 iy
2 10.0 1775 g ©
a5 ]
= P W E
" : 1.0 42 <
s ¥ ‘ - 177
n- ‘
0.1 | ||| TR A 1
1 2 l 45 5 1' ] 9 10 l]. IZIS 14|5 16|'.|' 18192021 22232‘ 25262‘."2!1930“3133343536573!3940"424]ﬂli&ﬁ-‘?ﬂ‘smiiﬂﬁﬂﬂiﬁ
L - I 1 ] i
LR /buR 4 Jfa 11 b i)
Biological process Cellular component Molecular function

BEALAR GO BYZP RN AT NARBR B ZE MR SE R L A M SE R i, 1. AU R 5 2. 0B 75 3. XSl = 05 4. 49
VAT 5. AL 6. ENLEASL; 7. AL A I N 8. bR 9. ALY R 100 A 11, AETE R 12. 55
13. ZALUTEE; 14, K 15, RIER G RE; 16. BT 17. 4IHGTH 5 18 ARG R s 19, A 5 20 5 85 %5 21. BRI
;22,1550 23, HMIFET; 24 A5 25, ZHMLER Y5 26. 0 ; 27. AU 28. FE; 29. AHARAR ARy 30. BRERY; 31, migr T
SAEY; 32 MMEAMX L 33, BN 34. AUfZERE; 35 ANNEAMEET; 36. 264%; 37. EERLT; 38. ANNEAMEEGTAR ) 39. AL
SRECESSY s 40 FHEAL Ay s 41 G5 5 2. MEACIRTE; 43. JSHiG ) ; 4d. RETEHOR I I 1E ; 45. Sl oy i 46, T
ARG ; 47, BEVRTIGVE; 48, WG 3h 0 TAL IR 49, DUELTARTE; 50. ZRTETE; 51 &SRR TIEE; 52. B IR
P 53, BRI ; 54 B MAEIETE; 55, EE BRI, 56. WIE TG,

Abscissa is GO classification, the left side of the ordinate is the percentage of genes, and the right side is the number of genes. 1. Metabolic
process; 2. Celluar process; 3. Response to stimulus; 4. Biological regulation; 5. Localization; 6. Establishment of localization; 7. Cellular
component organization or biogenesis; 8. Developmental process; 9. Multicellular organismal process; 10. Reproduction; 11. Reproductive
process; 12. Signaling; 13. Multi-organism process; 14. Growth; 15. Immune system process; 16. Death; 17. Cell proliferation; 18. Biological
adhesion; 19. Rhythmic process; 20. Viral reproduction; 21. Pigmentation; 22. Locomotion; 23. Cell killing; 24. Carbon utilization; 25. Cell
part; 26. Cell; 27. Organelle; 28. Membrane ; 29. Organelle part; 30. Membrane part; 31. Macromolecular complex; 32. Extracellular region;
33. Membrane-enclosed lumen; 34. Cell junction; 35. Extracellular matrix; 36. Nucleoid; 37. Virion; 38. Extracellular matrix part; 39.
Extracellular region part; 40. Virion part; 41. Binding; 42. Catalytic activity; 43. Transporter activity; 44. Nucleic acid binding transcription
factor activity ; 45. Structural molecule activity; 46. Electron carrier activity ; 47. Enzyme regulator activity ; 48. Molecular transducer activity;
49. Antioxidant activity; 50. Receptor activity; 51. Protein binding transcription factor activity ; 52. Nutrient reservoir activity; 53. Translation
regulator activity; 54. Metallochaperone activity; 55. protein tag; 56. Channel regulator activity.
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Abstract: In order to investigate the good genes, cultivate the main superior cultivars and discover phylogenetic
relationships of Magnolia officinalis, M. officinalis subsp. biloba and M. hypoleuca, we compared the differences among
the ¢p (chloroplast) genomes of three Magnolia species and performed a phylogenetic tree of 14 species. Illumina HiSeq
platform was used to sequence and assemble the cp genome of M. hypoleuca. Then the cp genomes of three Magnolia
species were annotated by online platform and performed with three Magnolia species cp gene cycles. Moreover, the cp
genomes of other 11 Magnolia species were downloaded from the NCBI database and phylogenetic tree of 14 all species
cp genomes was constructed based on NJ method. The results were as follows: (1) Clean Reads of M. hypoleuca were
19 791 019, and Q30 was 91.33%. The total length of cp genome of M. hypoleuca was 160 051 bp, its GC content was
39.2%, including 37 tRNA and 8 rRNA. (2) Compared with the cp genome structures of three Magnolia species, three
Magnolia species were found to have similar IR, LSC and SSC structures, GC content and tRNA number, but there were
differences in the type and number of coding genes, the number and structure of introns and exons. (3) There were six
and four more functional gene numbers of M. hypoleuca than the other two Magnolia species, respectively, which
indicated that it had stronger viability, and the differential functional genes of three Magnolia species were mainly
located in LSC region and IR region, involving large ribosomal subunits, small ribosomal subunits and unknown
functional genes groups. (4) Based on NJ phylogenetic tree, M. hypoleuca was closely related to M. officinalis
subsp. biloba, next to M. officinalis. In this study, M. hypoleuca has more abundant c¢p genome structure, composition
and variation characteristics, which is the molecular mechanism of its adaptation to low light and low temperature
environment in high latitude area. And it will also provide strong guidance for molecular breeding of excellent Magnolia
varieties.

Key words: Magnolia officinalis, Magnolia officinalis subsp. biloba, Magnolia hypoleuca, chloroplast genome,

phylogenetic tree
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JX280401) . £ 4T E % (Y. denudata ‘ Lamp’
IN227740) \FAEE 2 (Y. zenii, MH607378) 45 &
22 (Y. lliiflora, JX280397) . K & K 22 ( Oyama
sieboldii, NC _ 041435), = ® L 8t A =
( Parakmeria yunnanensis, KF753638 ) . % % #fk
( Liriodendron chinense, NC_030504) .1t 3% &S 2 #k
(L. wlipifera, NC_008326) 3t 11 FhA 22 R 1Y
I 2o A ik DR 2 5080, G rp A 6 2 Rl 8 2 48 A )
FHAL 9 FpoR 2 RHEY, FIH MEGA X B, 5k
TRREE: (N) ) My H AR JEANEN 1Y 14 FR 22
FHEYI 0 R GE % T W, WEE I 0 B e A1 =22 8] i 5
é’%’i?&%(Yaﬂ et al., 2015),

2 ERE A

2.1 HEREEEAFER

i1 Tlumina HiSeq =i & U ¥ F & I 5 23K
HHAEANH LK 19 816 708 &5 JE A5, B &
Sk AR BT & 1Y Reads, 3£ 38 45 Clean Reads
19 791 0194%, Q30 4 91.33% , i i 76 Lk 41 %% &
P H A JEFME K 160 051 bp , 454 HETE FAYA >
FAE Yy - R AL R 4 R/ INE T (159 429 ~ 160 183
bp) , AN SRARIAA H AT EHA 2% 280 P 1) B R
FEHZH (160 183 bp) , 117 [T JE AN ) I 2 AR 3 R 21
160 099 bp,

PR P S A R AT X EL A LAY () [ 3 IX
S, Hod LSC 4351 88 210 bp (JEAN) .88 145 bp
(MR ) A1 88 156 bp ( H ASJEAR ), SSC 4351
18 843 .18 832 A1 18 771 bp,2 Bt/ [n] HANRE E K IR
X (IRA Fl IRB) 43 51°M 26 565 .26 566 126 562 bp,
=FPJEAN IR\ LSC A1 SSC X381 GC {HAFAE— E )
250, Horp GC & & di s 9 XA IR X, 439 K
43.2% A43.1% M 43.2% ,1.SC XK Z , ¥4 37.9% , 1]
SSC Xk (1) GC B He /N, 145331 K 34.2% . 34.3% Fll
34.3% , 5 H A Fp v G A I DR 20 AL %) 2, — ol
JEANT) yofl WE#T SSC A IRA X, Hof i F TRA
I LRI N 1279 bp  JEAN M0 JEAMF SSC X
WA 4 311 bp, b HAJEANK 51 bp, BRILZ
Gh, HARJEANREA 1Y yefl FERIAES 8T SSC Hl IRB
X, P BN 5300 29 .1 279 bp,

T ) B PR 2 S5 A LA, e B =R R RS i S 44
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() TRNA Fl tRNA 3 AR (3R 1) . 7RISR T
T, [T JEE AN AR HE R AN 22 2 A PR DL I i R 3
NAHARBEFRN R T 4 AF 6 A, 78 it X L
ST, MR AN S JEAME £ 2 A gaig X, i H

ARIEFECR B %, LUHT P& 70 51 2 8 A1 10 A,
X7 T RN -5 [T JEL A ) - S AR R [N 2 T BE AT
TER /N 285 K R D) RE 22 53, T H A JEE AR f) I 2 4
SR 25 A0 N D) RE n] BERCHAL 5 o £F

x1 —HEMNREERERER

Table 1  Basic chloroplast genes information of three Magnolia species
2K GC & it LR N TIPER ' pe .
%T}T Overall length GC content Total number of C ;:"jl]]ﬁ%rlxul " rRNA tRNA
ame (bp) (%) single copy genes ocing 1eglo
JEAR 160 183 39.2 126 82 8 37
M. officinalis
e AN 160 099 39.2 128 84 8 37
M. officinalis subsp. biloba
H A JE AR 160 051 39.2 132 92 8 37
M. hypoleuca

22 HEFNEFIEFIE

Xof = o JEE A R P 2 R 3 DR A R SR R AT A
B, A BRAE 3 A A AR 22 208 i 2 K 356 [ 28 g A 356 1A
19 MEENSF SNE T2 570 3 AR
WEF B THREMKETSSE -8(E2), #*
X 19 25 B JRAN 5 T RN Y 25 S 2
KN, HP IR BENERXTETENE
F(In I, EHRECE 2578 20 IN) ,2 e T2
WEF(Inll ,ZHRBEZFSTE2UN),EH 1
AT R BEAEAE T 2840 8 7 (rpl2" B9 EP 11,40 bp,
I DX Ay JEE A | Tt JEL R i R R PR 2 2 S i
KEYXIR) o FETHI P IEFN R, B A RN
TEE L 25 HE rnl-GAU R:HB 122N & T It
HIPEZ 920 MET1TRR, R 2R L T =faekik
AT REREN (rps22" yef 1™ Fl yef15°") (36 2) , X 88
S5 FLIR R JE AR 5 I JEE S ) i SR AR B R 4 2
(i) 719 22 S B /0N T H A JEE IS 114 I g A i R 2 7 45
FFN T RE 5 T B A2 BN

TE = FPEFNTERAR ) 2 4 rps12 FEH 1, — A~
EWESA 3NN T, M — AR T 14
F, IEIEHE RIE, AT RE N ARCEE A, A ) - o A 5
PRI 5 i AT DR 5 98 A8 T (B A sl 2R 45 ) I AF
RS, HL SRl e B 52 2% %) I ) B 42 45 3 A%, AR
WL &I =R IE AN rps12 (LA SM 1 K B2 1]
HEZ, B AR MY 2K, A% A /)N I 5 5 AT i ff 3
DRz A6 A ) b Ak 2ok 78 bl 21 8 ZE/E FH (Liu et
al., 2020) , Bl rps12 4% H 1R J7 91 1 22 55 ] Oy )&

ARG R AR E LS = FhE A4
K2 S i K yef3 FER H 25 7 IXBREGE 4 > (1
B MERNEFMIIE MBI ET), BAREFNY
TRANE N T 102 DR, A, HAR =2
) 1) - g A B PR 20 25 B B K -UUU | trnl 55 AH
LL, A T 58 B X0 = A 09 LG 8 o3 A K B ernd-
GAU .rps16 .rpoC1 .clpP .ndhA rpl2 SRR 10 AR B A
M F B MRS T RN D BOR =
R SRS AR IR

2.3 MG IREEE L&

TE 2R I RS L R 20 B, JREAN S A G
FHAHOCHEIR 46 > R R IRAR G 69 4~ HAth 5
6 N SARHINREHE 5 4> M JEEANRHE R A
FARFIER Z 2 A (rps3 F1 rps15) T H A JE AN EE
THIPIA AFTE 6 D225 | FRAR b TR K5k
AHIFE R R AT HEFE R, B rps3 rps15 yef1 yef15°°
Kmpl22( 3% 3) ik 2 5 2 BKIE A ( Pszezotkowska et
al., 2020) HIRESN, HAth 5 N ) A TG A7 A — 72 4+
W, yef15 F K 7E B 25 I8 (Amborella ) | -3 % &
( Nuphar) (5 "HF0% 35S 45 IR I ok AEL ) Th o2
IR, 2 N JE (Nllicium) B & (Acorus ) |
410 3 & ( Ceratophyllum) . & T & ( Ranunculus ) 55
MY B e &% 4 Ak T (Shi et al.,
2013) , 1M A 22 J& ( Magnolia ) FVEHUE ( Piper ) # %)
BEADREA T IX AL,

GAARXHNE T HIEF DIRe WM 451
SIRTEE IR SRR AN SRR L R 2 Y 22 S E By
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Table 2 Comparison of introns and exons of three Magnolia species chloroplast genomes
JEFR EINYEY H AR JEEAR
£ M. officinalis M. officinalis subsp. biloba M. hypoleuca
Gene
Ep 1 In1 Epll Il Epll EP 1 Inl Epll Inll  Epll Ep 1 In1 Epll Inll Epll
trnK-UUU 37 2498 35 — — 37 2492 35 — — 37 2493 35 — —
ps16 42 824 246 — — 42 824 246 — — 40 823 221 — —
atpF 145 709 410 — — 145 707 410 — — 144 709 411 — —
rpoC1 432 740 1614 — — 432 734 1614 — — 432 734 1614 — —
yef3 124 733 232 729 151 124 734 232 727 151 226 732 232 727 153
trnL-UAA 35 491 50 — — 35 491 50 — — 35 491 50 — —
trnV-UAC 39 584 37 39 585 37 39 584 37 o
mpl2" 391 661 431 — — 391 661 391 — — 397 661 431
rps12 114 536 232 — 26 114 526 232 — 26 114 536 232 — 26
clpP 71 786 291 629 246 71 781 291 628 246 71 781 291 628 246
petB 6 784 642 — — 6 784 642 — — 6 792 642 — —
petD" 8 701 475 — — 8 701 475 — — 8 701 475 — —
rpl16 9 969 399 — — 9 969 399 — — 9 969 399 — —
ndhB’ 775 700 758 — — 775 700 758 — — 776 700 755 — —
trnl-GAU* 42 937 35 — — 42 936 35 — — 42 936 35 — —
trnA-UGC" 38 800 35 — — 38 800 35 — — 38 799 35 — —
ndhA 553 1082 539 — — 553 1102 539 — — 552 1103 540 — —
trnA-UGC" 38 800 35 — — 38 800 35 — — 38 799 35 — —
trnl-GAU" 36 16 36 — — 36 16 36 — — 42 936 35 — —
ndhB* 775 700 758 — — 775 700 758 — — 776 700 755 — —
pl2” 391 661 431 — — 391 661 431 — — 397 661 431 — —
trnG-UC/ 24 770 48 — — 24 767 48 — — 23 768 47 — —
trnG-GCC

T trn. 5538 RNA; atp. ATP & 5 ; rps. HEAR/NFE; rpo. RNA BE T yef. TFICRITEAE; clp. B8 EE H /K845 FL Bl ; pet. £
ks ndh. NADH LS ; rpl. HEIARIIE; Ep. 4PEF; In. N F; a. IRAX; b. IRBX; L. 1SC X, T[d,
Note; trn. Transfer RNA; afp. ATP synthase; rps. Small ribosomal subunit; rpe. RNA polymerase; ycf. Open reading frame; clp.

Caseinolytic protease; pet. Polypeptide; ndh. NADH dehydrogenase; rpl. Large ribosomal subunit; Ep. Exon; In. Intron; a. IRA region;

b. IRB region; L. LSC region. The same below.

AT LSC X AN IR X, ¥5 KA B A 0 3L A% 0 1A
NI IR 0 T R 3 DR S, L R 2 R T
RE A R T A 22 J& v ax 2 e (L AE T RE 3k P 1 &5
FAREAE A8 57 R, DL K 5 38 A A 05 22 5 1 DG B
P A Rk — B WRAWESE
24 BOARZREYHELZXR

HIFE 1 AT, 76 14 Pl 204 Fh i S A R 41
FIEER) NI R BR85S SRR 7E 75% L 1)
T S BT A At 2 R 2 B v i T A ST 1
R, X5 ZATHRIE R B (BREL,2019) , FEH:
)Y 2 N IRBISFE R, =R R AN K L& oK 2% o
R RAEE R, Hod H AR JEAN 5 U0 R AR 55
GRR IR EY), R AN, HA )R 55 A —
MRBEOUFTE PR T E2 KX
2 RYES BEES BAES FHEEZE
115 =AM R 25 & il Szt

3 Wik 5 4k

A5 Al FH 4 35 DR 2 0 7 ok 2 256 R Lk 3 =
JEEAI ) I S A 35 PR 20, DA I OB 4 ) = R A 22 1]
ZR A e IR 25 BB R, IRIR AT,
FEL B e 52 B A0 G AR BRI G AR RO B E,
IR BB 12 5 B G 80% L COo, R T RDE R 58
I1 36, DA 52 M A 4 9 E W AR KRB (B8RS,
2020) , L =FEFNTLRIK AT RE LA HLd, &
IHAJERS psbC FERTER 5 ER ST WE G I T —
AL X ] BEZ% T psbC BRI ) B & & il psbC H
psbD JENCA R G0 1A O HE I R 91 /N 22 B s
LRIK pshC FEH A R A T 7% psbD ¥ 5 10 5 5%
A B psbD-pshC AW, E A0 % K32
FGIER, WA RGN AR G U 4E
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Table 3 Comparison of chloroplast functional genes of three Magnolia species

X ThHE B ERNEYI JEAR EIPEYI
Gene function Gene type M. hypoleuca M. officinalis M. officinalis subsp. biloba
YA VERH ATP AT 5 atpA, atpB, atpE, atpF, atpA, atpB, aipE, apF, atpA, atpB, atpE, atpF,
Photosynthesis ATP synthase subunit atpH , atpl atpH , atpl atpH , atpl

KA ARG I psaA, psaB, psaC, psal, psaA, psaB, psaC, psal, psaA, psaB, psaC, psal,

HPERE

Gene expression

FAbFER
Other genes

RATfEdE
Unknown
functional gene

Photosynthetic system I
subunit

HeB RGN 3
Photosynthetic system Il
subunit

NADH fiit U 5
NADH

dehydrogenase subunit

MR b/ A
Cytochrome b/f complex

T EIRA TR A
Ribulose diphosphate
carboxylase subunit
AR A

Large ribosomal subunit

A/ NI

Small ribosomal subunit

AT DNA 19 RNA
H AR
DNA-dependent RNA

polymerase subunit

A
RNA Ribosomal RNAs

CERAHT A FRACET

psal

psbA, psbB, psbC" | pshC",
psbD , psbE , psbF, psbl,
psbJ, psbK, psbL, psbM ,
psbT, psbZ, psbH

ndhA, ndhB*, ndhB", ndhC,
ndhD, ndhE, ndhF, ndhG,
ndhH, ndhl, ndhJ, ndhK"
ndhK*

petA, petB, petD", petD",
petG, petl, petN

rbeL

mpl14, rpll6, ml2", mi2",
mpl20, pl23*, mpl23" ,mpl32,
mpl33, ml36

mps1l, mps12°, rps12" | mps12",
rpsl4, rpslS, psl6, rpsl8,
ps19, rps2, ms3, rps4,
mps1", mpsT", rps8

oA, mpoB, rpoCl, rpoC2",
poC2"

16", rrn23, rrnd.5",
b b b
S, rraS”, 23", 16’

rm4.5"

)

accD

Acetyl-CoA carboxylase subunit

(oL iR ek e pR e

C-type cytochrome synthase
JEEZE 1 Membrane protein
FE 1M Protease
BIPERIA T

Translation initiation factor
SRR} Mature enzyme
LRST BT I S AE

Conservative open reading
frame

cesA

cemA
clpP
infA

matK

yef 1, yef1*, yef2", yef2',
¥ef3, yefa, yof15", yef15'

psal

psbA, psbB, psbC", psbD,
psbE, psbF, psbl, psb],
psbK, psbL, psbM, psbN,
psbT, psbZ, psbH

ndhA, ndhB*, ndhB" , ndhC,
ndhD, ndhE, ndhF, ndhG,
ndhH , ndhl, ndhJ, ndhK

petA, petB, petD", petG,
petL, petN

rbel.

ml14, rpll6, ml2", mpi2",
ml20, rpl23", ml23" mpl32,
pl33, rpl36

s, mps12°, mps12" rpsl4,
ps16, mpsl18, rps19, ps2,
mpsd, mpsT, mpsT", 1ps8

rpoA, rpoB, moCl, rpoC2

rrnl6”, 23", 23",
4. 5", rm5", 5’
23", 23", rml6’,
m4.5"

s )

accD
cesA

cemA
clpP

infA

matK

yof 1, yef2", yef2", yef3,
yef4

psal

psbA, psbB, psbC", psbD,
psbE, psbF, psbl, psb],
psbK, psbL, psbM, psbN ,
psbT, psbZ, psbH

ndhA, ndhB*, ndhB", ndhC,
ndhD, ndhE , ndhF, ndhG,
ndhH, ndhl, ndhJ, ndhK

petA, petB, petD" | petG,
petL, petN

rbel

pl14, rpll6, ml2", mpl2",
ml20, mpl23, pl23",
mpl32, rpl33, mpl36

s, mps12°, mps12" rpsl4,
rps15, rpsl6, rpsl18, rpsl9,
rps2, ps3, rps4, mpsT",
psT", mps8

rpoA , rpoB, rpoC1, rpoC2

! [ [
rrnS”, 23", rm23°,

) b
rrnl6”, rrn4.5" | rrnl6"
rrn23", rrn23" | rrm4.5",

rrnS*

,
accD
cesA

cemA
clpP

infA

matK

yef 1, yef2", yof2', yef3,
yef4

I psa. JeHA%; psb. SeBRGUENA ; rn. HEK RNA; ace. ZBERRE A FRILEE; rbe. —BERRAZERHRILEE; ces. C BUMAE AR A AL
HEP s cem. AR ; inf. BIPEEIGE T mat. BEATERER ; a. IRA X ; b. IRB X ; s-a. $ SSR XH1 IRA X ; s-b. 1585 SSR [X Al
IRB X,

Note: psa. Photosynthetic apparatus; psb. Photosystem I protein; rrrn. Ribosomal RNA; acc. Acetyl-CoA carboxylase; rbc. Ribulose
diphosphate carboxylase; ccs. C-type cytochrome synthesis gene; cem. Chloroplast envelope membrane protein; inf. Translation initiation factor;

mat. Mature enzyme gene; a. IRA region; b. IRB region; s-a. Across the SSR and IRA regions; s-b. Across the SSR and IRB regions.
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FAEE 2 Yulania zenii MH607378
SBAE T 2L Y stellata NC_039941
WML Y. biondii KY085894
B 2L Y sprengeri JX280401
R Y liliiflora JX280397
—— FEHT E 2% Y. denudata ‘Lamp’ IN227740

s a o oae, Parakmeria vunnanensis
TR | pos3638
fif 46 K 2% Magnolia grandiflora INB67584

KA A2 Ovama sieboldii NC_041435

Lk Magnolia officinalis NC_020316
Ul J5 AR M. officinalis subsp. biloba INS67581
H A& Lk M. hypoleuca
R4k Liriodendron chinense NC_030504
[ AL I AENE L. tulipifera NC_008326
IR 7 NS B 7L N W A i

Fig. 1 Phylogenetic tree of partial Magnoliaceae plants

FFRE 7, £ = i SR 19 & B BE ( Gamble et al.
1988; Gamble & Mullet, 1989) , M\ T 42 /& i ¢ 44
EA1E R, s mont A K EF ., It
Hh , psbD-psbC FE P Wp[a] e 5% (1) mRNAs 7] LA B8 7
A D2 1 CP43 1, 5 /W 0y D1, CP47 IR
EHEWER MR AT SE&EA, LM 50
GOt E R WG E W 188, TESRG &1 T
¥t G FRa 1 WYhe (JEIR$,2020) , psbD-
psbC B EREHEZS 506G RS 1 WA WL, 7
A K BE SRR B 25 S 1 it b R S R Yok
B RS wk D 5ROt F W AE H (Adachi et al.,
2012) XL RAT IS0 E R G 1 psbD B
PR F 9 rp i A9 BRIE S (VR VKT 55,2015 ) . BRI,
H A JE AN R I psbC e PH 26 W HE L4 B ik
£ psbD-psbC H G5 D2 H M 7, X A] BE
I H AR JER AR A B TP R A b A B b XA
TR ' T 38 PR 1 SRR 2 —

FE R AR S BRI DR SE R rp rpl22 S HOAR
JEAMR A, Ho T LSC X, J&8 T3 I kA e T
BESEIN, i FH T Fl %5 (Feng et al., 2019) , It
Ah ABIRGE K B =R R AN Y 22 S 3L R A T
rpl22 It @ WL KL v B AT AL mpl23 TR K
HSRHTT, BN EORR R E AW, AR A
B, ICHER DN FAE = Fh A P A AR 3 A5 22 55
pl23-1pl2-rps19-rpl22 ( H A JE AR ) -rps3 ( MTHE JE A |

H A J& D) -rpl16-rpl14-rps8-infA-rpl36-rps11-rpoA ,
I =AY SRS OC FR A M JEAN | H AR
FSIEAN AL R T BRI T ps19-mpll6 Z
[B] A B A% 1 R 25 BB IR B rps3 rpl22 FE A 5T,
() ) 36 R N 7 i 2 A T BE L R A I & 7 A i
TR A T 8w (90 ), PhEEE H R %L
AT A TR, Y SRR T O AE
FAN 3R 5r 2 5 E LR A% IR I 28 F1IE By 45
B A B L, SCHE A W ) AR o
IR (Namgung et al., 2021) , H RJEFNH 40 FE &
PIARZARAR L DR, X R BETE I T HEE 5 iAW)
PR

tRNA 4 4% IR 15 B K - R 2 1 5T 2 e K
43 P i , 7R AR 1 B B R A% ORI A
A6 52 el AL 490 4 14 1L B2 38 1. BB T ( Lorenz et al.,
2017) , AWFFE & B H A S tRNA-ALA L H: Al
PIRPISEAN 2 3 A, BA P 5 1z AR R N & R 1Y
T, T S S TN & TR RE IR 2 b Hh B3 B )
% ( Mustroph et al., 2014) , WNFEWH -+, B T4
RS, = FEAN SRR T (RNA XN 1) 28 5L TR
FhEBAE  H A AR g A S A 4 v o A B o b
Ui (AT S5 1 & ) A ) A, HC A B8 v 55 G AR AR
RS WA R A KR AR X RO IR B 3E
ZAF T (RNA A RE— 75 WA R 2 Y i B N &
W2 , 55— 5 THD B3 AT T 2 1 0 R 3 % O GE 2R
P55 B 1) KB IO 2 11 I )5 B (1 A8 YA
2002 ) , e 2l 5k 45 BE R A I S X K
JEAME R AR > TR A T R T 2%
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It EIBEM LIAGO1 BRI =E RIEREBIHFHH
BAB, BOE, TR, B %, 2BE, ZHE, ZXR

( BaUMOlk I MR 2 5 R R EOT M E A S22, M atMll s BEJ7 B MOk BT PG, FI AT 210037 )

W OE MR ARIE R0 2 B R A L A5 LA S RS M Ch A B, SR A RT-PCR Al
RACE 5 ARGRMS LAGOT ) cDNA 2K AUH ST 751 LD 6e , it RT-qPCR 73471 LIAGOT FERG Ak
B HSERBRE, FR, 2P0 E R DNA 58 RS ProAGO1 :: GUS WA BRI TR &R, IFiff— 2
XF T2 ACBHPERE VR HEA TR BSFN GUS LU =G M, S5 RRW] . (1) LAGOT1 FERELE 3 300 bp HYFF Ak 152
HE, Zifih 1 100 DZHERR , 73104 122.14 kD, BHESFHL &0 (pl) K 9.36, (2) BAEEMR)T 540 HT WoR LAGOL &
Gly-rich-AGO1 il Piwi W4~ 871 (1) AGO He R S5 4 30, [A] U6 P 43 B /s LIAGO1 2 1 5 UK FE AGOL A
(RWR84608.1) R X R, (3) HARBFE TSI IR LAGOL FEIb FEHE 2 WA [R) 2 2] (%) FH X 3= 3k
T HERS S AL 2 S S AL S I F S MERSS I 2F > 25 LIAGO1 EJL 68 BT AN 7] & & I B il A x5
- ZE Bl A > 2 M > 2L > A, AGO T TETE SRR Mk 19 2R 38 B v T I R 100 JE Al A7 L 55 3 ARk -
T BN 1) 2Rk i v AR A, (4) ZRAT e — A0y ) AT e — Tl g g AR PR SR | i Al O | ERIEAE L 9
R R, GUS ALY IR ProAGO1 JE 3l GUS FEDK7E M 2 T e 2238 HLAEHT 3 (L A | 28 558, 76 1
PIIZE - AEFR LS R P IR R R IR L LAGOL JEEN T GUS 1 M BE Ry i T 25 > 16 > 4E 45 o, X 5 52
ff s it PCR 455 — 2, £ BIAR, LAGOT BEPRITE T 43 A6 20 2R i 3Rk H A2 B Z R AR i i 2 5 2|
MRS B AT R, ZIRE RN T ML EREER LAGO1 IEH W HATRE X A= e k&
ML FEAE T HRIS 3R,
K8 dLERSEM, AGOT, MHME, GUS, ALK L
=
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Abstract: To study the morphogenesis mechanism of leaf primordium differentiation, we used Liriodendron tulipifera to
clone 2 001 bp upstream region of LtAGO1 CDS as the promoter by RT-PCR and RACE technology and predicted its
function, and we also used real-time PCR to investigate expression patterns in Liriodendron, obtained the transgenic
Arabidopsis thaliana of ProAGO1 :: GUS by resistance screening and DNA dentification, and then monitored phenotype
and GUS histochemical staining. The results were as follows: (1) The LIAGO1 gene included an open reading frame for
3 300 bp , encoding 1 100 amino acid , the molecular weight was 122.14 kD and theoretical isoelectric point (pl) was
9.36. (2) Amino acid sequence analysis showed that 1tAGO1 consisted of Gly-rich-AGO1 and Piwi conserved domains of
AGO family. Phylogenetic trees revealed that 1tAGO1 was closed to Cinnamomum micranthum ( RWR84608.1) in
evolutional relationship. (3)The specific tissue expression analysis demonstrated that the expression order was stamen>
floral bud>petal>calyx>leaf>pistil >leaf bud>stem among tissues, the expression order was leaf bud sprouting stage >
young leaf stage>senescence stage >mature stage among stages, it was highly expressed in the leaf margin of Liriodendron
L., and LiAGO1 gene expression in leaf tooth sinus was higher than that in leaf tooth tip of Liriodendron wulipifera. (4)
The transgenic strains leaf polarity of the medio-lateral and proximo-distal axis were absent with serrated leaf margin and
double petal flower. It was found that GUS staining was stably detected at the tip of leaf bud of transgenic seedlings, and
higher GUS activity was observed at newly differentiated petioles. ProAGO1 promoter drove GUS gene to accumulate
specifically in the vascular bundle of Arabidopsis thaliana leaf, flower, pod and stem, and GUS activity intensity order
was leaf tip bud > flower>vascular bundle among tissues, which was in accordance with the real-time PCR results.
Therefore, the LtAGO1 gene is predominantly expressed in apical meristem and is regulated by various pathways during

the development of leaf and flower. The results provide a theoretical basis for further functional research of the LtAGO1

gene in Liriodendron tulipifera and regulation mechanism of leaf shape development.

Key words: Liriodendron tulipifera, AGO1, leaf polarity, GUS, tissue expression

2 i SR AR P EAT O A VR RN ZE B AE i 2
BAYE R IR T 2T 73 A2 4H 21 (shoot apical
meristem, SAM) B9 JE0 DX, R4 ) 4 il o3 246 A
AR BT 2 el B v R A T At b
(Bowman & Eshed, 2000) ., AGO1 FE: K 12 2545 43
S R A A S 3 B B S — R A H
2 (Wu et al.,2009; Liu & Nonomura, 2016) ., £
K 3R (2019 ) 38 3 A5 58 A% BE 3K A9 $0L /e T Bk i 1Y
agol-27 RASRANE: I 2R E MY agol-38 AR,
A2 ZINAE(2014) X AIAGOT HBFRIBTHE] T M- 4R
PR AL I, 26 A XA AKORE N oK, SR i
R IR AGOT FER I B R ME B 58 AR R 19 7 7, )
B AGOT F PR i 25 AR /K R 1 445 S 3R R AE
¥y E M AGO1 SR i Fe R B i R 1E T i
PRESREAR (B 475, 2014; Li et al.,2019) ., &l
SImiR168 HBIA]JHE SIAGO1a FEH AU FRTA , Wah T %
Tot %o A 48 Bl 30 8 BT ME (Liu et al., 2020) 5 $G 5F
ago1-27 LT A= X s K AR, H7E IR T
M AGO4 FL R P29 W8 15 5 B9 i 1% 38 ( Elena et
al.,2020) , Bk (2021) B, HEE HiAGO1 %
B 2B AR DT AR S0 1 8 2 0 S v % 1 S EE

ISR & B, AGO1 JE A T R AR (JA) /55
3 % A DG DR 8 77 A DRI JA S A il i Jfp 3
(Liu et al.,2018) ., Al WL, AGO1 il d £FMiEit S5
FEYIBL I e o B 8 T R A, AG01d S 5/
FALZ AL AL KT (151 ,2018) , SR ST AR 43
A2 2T B AGOT WY Tk R 4E RF A A 2 5l
(Adrien et al.,2019) ., AGO1 K& [H 7EHI ¥ 2% B A
Ve SR A UL LAY E R E ORI i R A £
J7 i E PR

AU SEHE B 0k 5 G 5 CRR = DA B & e T
P32 R 45 €0 1) EL AT UL B o {1 ol KRS o, it e
HA =M AR 225, & 058 04 F ot
TE R R Ak B BRAR BT RE, AT 4ROk A%
5 (2014) MRS LG EM A 9 4> LiNAC HEH S
SRR E IR, Ma 25 (2018,2019) 5 B 8 %
PN RS ALt i 4 ATBIE S R B
T2, B SELL I BEBGAIE 10 4550 & & M G 22
S, K LeKNOX6 JE R ] {8158 5+ e 25 8L
MR IR R ANE SR, Hau st F b 58 K1 % Ay
R TG T8 LIS AN I 2, AGO1 B2 RS 5
THIE R E B, 50 951 5 Mok 28 Fn fe
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PRy NP N N

RSP AR R B R A7 A Rk
il J5 PR A i oK P A2 A 5 = A 4 1 ) B)
F52 0 (Dey et al.,2015) , #AFGIT AtADR Fl AtAIF
Ja s F AL AE 25 & E (Shih et al.,2014;
Dai et al.,2019) , W5 37652 WA 9 09 MR A
AT R RN, AR RACE
R H R R A5 b 26 38 % M LAco1 SR B 4 K
cDNA, Ff X H A7 A P15 B e Tl e 1 4125 7 3k
KA, W02 T RS IR D) RE O 5 5 OQHE LAGO1
NG s F R A R kg 5t B
R LAGO1 R 3 % A8 OG5 PRI 3 45 AL ) A
FE B HEA

U AR

1.1 &8}

111 RRE AR BAE 78R ROl K22 1 38 23
AP 51 50 bR R O i B e AR — A b S S
T (SE R R 2R g R ) RS AR (b
FRANFRIE) R BER R, 2018 4F 4 H 705k 4
RKERIFH 3 DR RO A8 3 DAL (2%
M- JEFRFNI TR ER ) BIAS i R A (2003) B9 T7
o (A, SR AR AL 2 58 A IR — mp 3 Y 8 > 2H 41
FEG (R 25 HESS MESE AL ZF B 2R IR
M) o 2018 4 3—8 I [H], 43 J1) >R 2 AU 56 38 5 4k
ZEET Sl 4l 0 s A A R
A, HBARS % M I8 (2014) B 07, Al R 4
T ARG B a e Al e SRS AR Sy b A d
H G MBS 3, € AR g e LR A HE T
MRy L, 76 7 A ARG E o B e
BAEFRAK, P, AT T 2018 4F 7 AR&E]L
FERE WA [/ K/ By i ) T 25 09 85 0 43 25k
mmE 1 g, LIRS H DN (2015) . BT A
in R BURE 3 WK, B T - 80 °C MR TG vk A Hh AR A
T FEHCRNA

1.1.2 A4CX A FEY)E RNA SO & | K
H ( TIANGEN) 4= #) 2y 7, PrimeScript™ RT Master
Mix ( Perfect Real Time) Jz ¥ 3 i # & . 3'-Full
RACE Core Set with PrimeScript™ RTase i 7 £ .
SMARTer® RACE 5'/3' Kit & % 5 i # & .
PrimeSTAR® Max DNA Polymerase ER AR DL 2
000 DNA marker fll SYBR Premix Ex Taq f#3JIly H

Takara 7y 7 , % R 42 B} Gel Stain, Easy Pure Quick
Gel Extraction Kit &5 2] i 57 & A1 Blunt 2% {434
AL 2 X B H ARG BRA A, ClonExpress®
Ultra One Step Cloning Kit H 2H [iff 1 H 145 M8 A= 4
N A, KB FF # ( Escherichia coli) T1 5 4 T
(Agrobacterium) GV3101 W 5 |- 7 ME Hb A= 90 N W),
R IRHAK PBII21-CUS fiASL I 4R 4 51914
JH T s 3T B 2w S, Hod o MR AL 1,
1.2 ik

1.2.1 Bk B e L ARG L 26 R 5 (L
tulipifera ) % 55 240 B0 95 J% (http : //ancangio. uga. edu/
content/ liriodendron-tulipifera ) , i & H 4 B 4 N
AGO1 J: A /) EST J¥ 41, # iF Oligo 7 K 1% it
PCR #3451 9y, DLAL 56 1 22 Ak it 2F (19 cDNA (3 /-
RACE #1 5'-RACE BT, ™18 LiAGO1 JER 1) 3
AHE B, PCRRRN 50 pL, F P98 C
3 min;98 °C 105,58 C 305,72 C 1 min, 3t 35 />
PEIR;72 CHIRIEM 5 min, FFHMW A B#EER
Blunt ZAR S5 HALKRIIT I T1 RS2 A0, PR %
I, FIH DNAMAN B PR 5 A4 K cDNA JF
51, ffi i NCBI ORF Finder 7E 28 %k {4 (htips://
www.ncbi.nlm. nih. gov/orffinder/ ) il 7 jif 5] 152 HE
VTS Yy, 56 Uk K P v B A0 IE B 1 . MK B R
I AGO1 FE P CDS Fe 41, 4 #& HE b3 v 3 1
Feol ., )R s 945 Bk B RS AR (S AR i)
NJFU-Lchi-2.0 & [K 20 9 J5* 45 2 ( Chen et al.,
2019) , FIFH [A)J8 oe B s i T H IR e 51 9, 51 90 )% 51
UL 1, B CTAB % (B4 ,2007) 42 BCR
FEALZUY DNA, DL B4R 53 tH £ 2 000 bp 1
JE 5 S A

1.2.2 LIAGO1 K B &9 £ 412 &% 547 {fi 1] NCBI
conserved domain TE £k & 4 ( https : //www. ncbi.
nlm. nih. gov/cdd ) T LtAGO1 £ F A £ 57 25 14
I, ff H ExPASy H' B9 Protparam T. H (https://
web. expasy. org/ protparam/ ) TE 28 73 #1 85 H it # 1k
PE B, i ] SOPMA 1E 2% %k 4 ( hitps://npsa-
prabi.ibep. fr/cgi-bin/npsa_automat. pl? page = npsa_
sopma. html ) Fl Phyre2 7E £ # 4 (http://www.
sbg.bio.ic. ac. uk/phyre2/html/page. cgi? id =index)
A3 T A R = = g5, A SignalP 5.0
Server ( http://www. cbs. dtu. dk/services/SignalP/)
PN 8 H e S & 5 5 K, B PSORT 7 2 1 7F
( https : //wolfpsort.hge.jp/ ) T & FH V.40 My 1) %€ 17



LIAGO1-qRT-R
LcActin97-F
LeActin97-R
Hind II-F
GUS-R
LIAGO1-QC-F

TCAACAGAATAGCGATCCGAA
TTCCCGTTCAGCAGTGGTCGTG
GTCGCACAACTGGTATCG
CACTCATTAGGCACCCCAGG
ATCCAGACTGAATGCCCAC
ATGGTGAGAAAGAGGAGAA

LIAGO1-QC-R TCAGCAGTAGAACATCACC

LtAGO1-Pro-F ATACCCAGCAGATAACGAA
LtAGO1-Pro—-R GATTACTCTCGCTTAGTCA
proLtAGO1-GUS-F

proLtAGO1-GUS-R

GACCATGATTACGCCAAGCTTATACCCAGCAGATAACGAA
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Table 1  Primer sequences
EIL/EA S JP3 (5'-3") ik
Primer name Sequence (5'-3") Application
LIAGO1-F CGTGGTGGTGGAGGATATCA epi] By i
Fragment amplification

LtAGO1-R AGCAGTGGGAGTTGTAACAG
LIAGO1-30uter CTGCTCTCAAGGACAATGTGAA 3'RACE
LIAGO1-3Inner ACTCTTTGCTGGACTTCTGCTATCCTGATG
LtAGO1-50uter GTGCAGCTCGGGATCAGACGGCCTATGAGA 5'RACE
LIAGO1-5Inner TGACACCACTGGAATGTTGA
LIAGO1-qRT-F AGGGCCAATTTTATCAGGTC PN

Fluorescent quantitative

WZ

Reference

UEE
Testing

T 1) BERE Y 384
ORF amplification

JR BT R

Promoter cloning

AR

Vector construction

ACCACCCGGGGATCCTCTAGAGATTACTCTCGCTTAGTCA

0L, 7E NCBI 4 /2 BLASTx Hh 4 0 [A) I e 51
fHH Clustal X #F43 H1 LLAGO1 2 11 IR 5 14 Al
MEGA 7 # {4 #4 & Neighbor-Joining % 4t ¥E L #
ffi A PlantCARE %% #& J% ( http ;//bioinformatics.
psb.ugent. be/webtools/plantcare/html ) X} 57, [ 15 5]
i )8 3l 4 AT I A I ST 3 A

1.2.3 LAGO1 A B & K& 547 ALY & RNA
S W) G ) i HBORS 20K i A [) K & e 38 g o
Fr BN IR EH 2L 8 RNA, JF S #% 5% & 8 cDNA 1Y
S — %k, W B 20 %55 1E O RT-qPCR B4R, 38 1
Oligo 7 A BIHHELE 5 PCR 519, 2B AL 5
ERYEM NS ILA Actin97 (Tu et al.,2019) FEF7 5L
i %E 4 qPCR SR, G190 F S 1, RO AR &R
20 pL, 439} SYBR Premix Ex Taq 1110 uL, |-'F
sl 4 0.4 pL(5 pwmol - L"), ROX Reference
Dye or Dye [10.4 pL, ik (100 ng)2 wL,RNAase-
free ddH,0 6.8 wL, ¥ HEHEJF .95 C FWiAE M 30 s;
95 CAEME 5 5,60 CR K 34 5,40 DG, X565
73 WA EE 272" (Livak et al.,2001)

T I3 b7 3 R A AR X e 5 0

1.2.4 MAEBARBEA G5k i Xbar 1 M1 Hind
T 7t 43 550 il VDR e TR 380k PBI121 ks, 28l ik B
w2 B bs =W e Yk, JF Bk B B R B
ProAGO1 , ) FH v i 5 [7] Y5 0 2 Jt oK iy g 437 55
) PCR H W 7= ¥+ 2 2 5 V) J5 1 3% 38 301k
PBI121 b 5 A RIGFFH Th 3, K45 GUS 3%
KA PBI121-ProAGO1-GUS, ¥4 PCR 4]
DU o 268 02 TE B Y GUS 6 31K A S s 5 1 A AT 1A
GV3101, 3 i i 78 ¥ 3% 4 & ( Clough & Bent,
1998 ) % YL 2 B A= RU4DL R I o B USRI A5 3 /9 TO
RAUFE IFF FHEFLE & 50 mg « L' RAFE H
(Kanamycin) 1 1/2MS 5585 | ik i B G HR
T 5 22 1 e S RUR AR, R S 0 7 DU 51 4 % T
RAUm ST A Y DNA #6477 PCR %558, DL B A= U A
R A B XS B K A A T 25 SR %) R DR 4k
b 2 T2 %, T GUS Bttt

1.25 AR M eIk A AR HIEEEK R
FIHEF A U400 RE I 1 Bl S8 05 28 75% K L 10% 1K
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AR EE A 3 IR KPR, Z JE#EFP7E1/2MS
R (pH=5.8)"h 4 CHEk2 d 5, BTEEN
25 C JEFWIN 16 h YLHE/8 h B AR N
5000 Ix N TOGREEE AN, SRR 10 d )5,
WA T A AR T id 5% 5 IRE A,

1.2.6 AR H Atk CUS AL F £ E S
& Solarbio 2% ) RV GUS 7] & ik WA 45, 40 1l %k
BUAE 172MS B3 B A K 4.6.9.12.16,20,25 d
ERTR ) BOAR R L SU §E ProAGO1 =2 GUS 1 T2
AU AR | % Jefferson ( 1987 ) 4 J7 HE i 3 s
g ta 37 CiE W H , 75% W5 K Uk % i
5~6 WRTERU B FH M, LI GV3101 & W
Ptz YL B A= BUADL R I R [P X R 35S 1 GUS 25 3%
AR G ) 0L R I A BH A % i

2 R G5

2.1 LIAGO1 EE £ 1K cDNA HIK:TF

AL SR 2 2 3R AT AGO1 e Bk
J 4 3 592 bp, I RACE 5 BE4I15 1K 2 440 bp
#1636 bp 1Y 5% Al 3" % F 51 (K 2:A) , & PF AT
#|4 258 bp [ ¢cDNA 2K JF 5], £ ORF finder il
M3 5" -UTR K JE R 78 bp,3'-UTR 53K &
J7 880 bp, % 13 /> polyA, ORF K& 4y 3 300 bp, 3t
Fifi% 1 100 NEIERR , XF ORF Pism it o ¥ 1
FEI 56 UE , 25 5 R R 2 AE A0 K R RN
5975 — 3, B R, BT
REZE A A 2 DIRSFEA L, B Gly-rich-
AGO1 1 Piwi, Hrp Piwi Z5H A7 T AGOL 1Y C
Uit , T A RNA 57 b & 07 s A mRNA A3 VI HI{E
FHETEMEAL S (K 2:B) o DL ES5 R EHE 1 i 5
cDNA JEAI I IERA 1 , SO %5 M 4w 44 0 LIAGO1
2.2 LtAGO1 A 2% = R L5+ A0 Th gE T il

Kl 2. C R, iz &E A W IE M EE (extended
strand) (o B2HE(h) (B F& A (v) ML F M (¢)
R, Hrp N Gt i 2, 5 52.14% ; IL4h, 5
RILTR)TH K 2 1) 2 o BRTE (28.57% ) FlIE fi i
(13.83%) ,B it/ (5.46%) , WIEAN T K
FI45H: X LAGOT Tl JF A48 2 11 = 45 4 (1A
2:D), 45 R LIAGO1 FEH 455 AGO2 H
oML, H OB 5 B 15 100%, # A SignalP 5.0
Server UM% 2] D H ({55 KW MES Y-max #9F
BIE) #/N (0.001 6) , #0032 55 A 4 5 1) 25 1A

TARS IR, MAE R . X LLAGO1 2 .41 i
SEALH T &5 R RN LIAGO1 4 (A T i L 41
JLA% 44t B S5 R 448 A RS 1) 53 1E 4393 4 0.3 ,0.3,0..1
0, U6 BHIZ 2R 10T BE A T 40 i A Fn i dds o
2.3 LtAGO1 ZE g [FiF M b Xt K i3t L 8 43 17

W LIAGO1 Ji i Y & I 1R 5 51 5 NCBT %09 ¢
g R A E X R B, 5 DT K B ( Cinnamomum
micranthum) M ( Phoenix dactylifera) F1/N5EHF 85
( Musa acuminata) 55 AGO1 & (A B IR , H AR
B (72.97% ~176.33%) . & %27 5 X} K& B
LIAGO1 A 5 H ALY Fl AGO1 [R] 5 25 (H &1k %
PR C B ARSF N d RSP R 2, BRI T 50
PIFEAE— RSP Y Piwi 25 H9 38 (1 3) . LtAGOL
EHS AR R ALY AGOL 5 1 FF 51 — Bk 85
15, W B % DR AT ) A i R L AR ST,
i SHABYIFN AGO1 [R] YR B A Eb X K A4 2 i 2t Ak
B & B, Jb /G M-S R DK R AGO1 &
(RWR84608.1) R7E— L, X% K R, 5iF &
(XP_008812792.1) /INFHFAL (XP_009386429.1)
B SRS R B, SR (XP_012079244.1) i
BB (XP _021670505. 1) 1) 3 2% 5 Z& A X 4%
L(K4),
2.4 LIAGO1 M ZERIEER S

FIH RT-qPCR K5l 73 7 LiAGOT TE AL 56 58 %
W8 N R Rk E, SR WE 5. A TR,
LIAGO1 TEJLFERG S Mk T A AL 21 b 359 =ik (0
FIKEAAE—E 25 5, Horb, M 38 R AE 28 0 AE 0
T, W m T HALA 2, HAR 2B, 78
TEHE JEZE h R0 ZE R R 0 2Rk i IR,
LIAGO1 TEUFERE AN [R) 4L 2L R] B AR X 2 38 12 Ry
HESESAEZFE > LIS LTS > S HESE S 2E>28 ) 3%
FERTEALER B R 5 235 D LiAGO1 W BETE AL
WERE P RS TR,

Sof LR R A #E 4T RT-qPCR A
g K 5. B Fin, L ERG E R, ACO1 AR
X R IR A Ry i S > W rp S > i S S 7R R Mk
AGOT XS FRib it by i 2% > i L350 > i e,
WAL AGOT AR 3G M AL S 3G 2 kot Fr v
(AR e 3k, HLi% 5 R 7E 8 S kot B BT 5
SE AR X % 36 o 349 v T b 95 3G ARG A X 3R
a0 LR T ARk i S R L A ek 2 R b
FRGEMAY 4.5~7.5 %, UL AGO1 78 WA~ F ] it
RS A B AAE SR
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X ZE T S A (T 1 RTEE I 2) | & (R
W 3) I (4 =k 6) A (i
7) Wt B 4T RT-qPCR &I, &5 & 5. C fr
N TEMZEET S 2 R LAGOT R R
2 18 3 M8 MR ATG ; 7E A K, LiAGOL i 3R35
B 50 R R/NR AR S S &, BL7E ki AR K
Bb 3k B AR ; 40 iE A B, LIAGOT 1 3R3k
AR RS IR s u s H LR R AR, BT
i ST B B 3o B LAGOT Y 33k T B T
WA AR, LAGOL 7EAL LR Mo i A ]
KB B B AR G 2 58 1A i 2E B 2 > 4 it > 5
LS A, UL LIAGOT 7E b 35 RS Mk o A 41
S R RE B A ISP 2k

XFIE it RS (RIEER L a, o Al e) TG &R
43 (b 1 d) #E4T RT-qPCR K, 45 540 5. D
7N, LAGOT 8 A9 11 FH X 2 3% o 378 185 F I A 58 47
()2 IA  , AHETT 5, %56 R 78 M BB R A7 (b)) AR
Xif ek dg i T AR (¢ ), SR AME HA A Fe A
AFiE, B, LAGOT b L RG FE kot v iy A1
Xof & 3k Bt Ry AR > VT RE > 22, BB LiAGOo1 W] B
FENAR BIE B ke 2 FE AR
2.5 LIAGO1 EH £ RIE ML

LIAGO1 & 3L R B ML BR (K 6),4601
ANAN 5 335 855 17 8% e v & R DCLs \RDR6 F11 SGS3 %
HEHAE, B 50F miRNA M AESE ) HENT
HYL1 JEPR A AR PE4s K BE 20~ 24 nt 19/)
RNA (sRNA) RE W )i 22 386 55 13 38 ( Chen et al.,
2002 ; Zhang et al.,2008) , H: sSRNA Ay 7= 4= 2 B 4K
i DCL,AGO F1 RDR %& K K % i 4 15 (/) & H
(Saito & Siomi , 2010 ), SGS3 5 RDR6 WHaI1E ]
AEHT BAGE RNA 555 dsRNA 5 5 77 2 e 5t
R B, B AR 9% R B A /& F ( Yoshikawa et al. |
2013) , IAh,RDR6 i 5 AGOT .SGS3 Fl DCL4 3&
[w] 4 trans-acting siRNA WK, H TN ES
55 IR il Ak 9 A= 4 2R e i R ( Peragine et al.,
2004) , fEMHEH  NbDCL1 T ER S B AR E /N,
MR mEF 2. HYLL il i 4 5 miRNA R 8 9
HD-ZIP 3L H () 3k, N 4Rk 19 F R & &
(Yu et al.,2005) . HEN1 5585 & BLANAE 2% B &
H A5 (Chen et al.,2002) , L g IF H 48 K 356 4>
miRNA ¥J5Z2 3] HEN1 (1845 ( Yu et al.,2006) , Fl
DCL1-3 —Ff HEN1 BEREVHIE X & , XEES 5 ABA
155 30 % 19 P8 45 (Park et al.,2002) ., AGO1 53X

SE IR AH BLPE F, U R R HE L R R B R R R
EHL,
2.6 LIAGO1 B FRiE RIEBENHERERE

DL b 26 8 Mk 5L X 4 DNA W A% i 98 47 RT-
PCR ¥4 434 = Wy e A 700 5 , 4551 2 001 bp 1Y
LAGOL R FIFHI (B T:A) o ¥ash 9 Y
ProAGO1 % 1 | # W) # 35 # 1k PBI121 | (& 7.
D), & YEAHE K PCR KW, KB & PCR -
HEF= /N R 2 000 bp 2247, 5 FH X BE 2% K
B 7. B) R I 2 SR 5 R
JFPo—3, W RIKE SR (K 7.C) B
71N, T A1 B4 il D) B 4% 2k, — AR/ Sk 12
758 bp M5k, 51— & LT 5 ProAGO1 K/h—3
B 51 4% 45 UL B LIAGO1 J3 B T i S #y # 5)
PBI121 FikF ik,
2.7 LLAGO1 BEh FIRKIER T4 #7

FIH PlantCARE K 4 %} LiAGO1 J3 3 T )7 %)
AT, RN SR 2 FR  LIAGOL JashFh & f
RNA 2 & B 11 & 16 5% 5% ff % 7% 1 CAAT-box
TATA-box JGF FI#E 2 (%) 6 0 [ 76 4 ( 41 Box 4 |
G-box .GT1-motif /1 MYB %) | It APk 411 55 5 By 1)
FHOG A w1 T A4 (4an BiF A8 50 3% o8 4 TC-rich
repeats, 2 # R H E& ) N 98 95 o 4 CGTCA/
TGACG-motif, 7K 1 & Wi 7 JC1F TCA-element, ABA
Ml 3 TG MYC, ¥ JHiE AR SC TT A as-1, IR 50
0k ARE) Al A KR 45 A0 oot (n sy AE A
FR WA ICHE CCGTCC-box | F 2K M5 % & 19 4% 1
W IR0, -site)
2.8 HEFEBEKRKE N R REWE

22 PCR K 5, 4R 13 ProAGO1 = GUS %% 3k
PIPBH MR RE 11 #R (D 8.C) , WeRh & T T2 105
FER MR, & B AR AL AR K (1.520.2) em, #%
FERIR K (0.520.2) em, AR A AR —FE &
k(8. D), W A B AR /N 5 X FL A T
v 1 BN Bk Z1 A Ak, 30 d i, 8000 H P Rh 3R
RIMIRR R, EERRAE N T A AR IE /N (8. F) , Fh
AW HA AT (R E AL, S 4338 e 3R 1
PP A AN (B 8 E) . Hp BRR 1A 1 Fm
Hh— Ay ) A A K R i SR B A i
Y HA 3 E BUS B A B — 2 B 20t
FETER A sty | e — 0 ) R = T 1] %) R
FRER . HRAR 2 S Jod BB AR R /b 2 Jr 0t
TE R ZIFEEE AR R 1 BOR, R 1 ki AR
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Table 2 The cis-acting elements in promoter sequence of LIAGO1
M= AR e W0 75 Bt s .
Cis-acting element Core sequence Number I Function
A-box CCGTCC 5 IR 5 T4 Cis-acting regulatory element
ABRE GCAACGTGTC 8 ABA %G1 ABA-responsive element
ARE AAACCA 5 IR 5 5 M4 JC1F Regulatory element for anaerobic induction
AT-rich ATAGAAATCAA 1 B AT (94547 2 AT-rich binding sites
Box 4 ATTAAT 2 YE0 B TG4 Light responsive element
Box II TCCGTGTACCA 1 5= 8 JCF Cis-acting regulatory element
CAAT-box CAAT/CAAAT 22 J B R 5 7 X% WX 7 FH JC#F Common cis-actiing elements in promoter and
enhancer regions
CCGTCC-box CCGTCC 5 S A FIR WA I Regulatory element related to meristem expression
CGTCA-motif CGTCA 6 AR IR A 157 1415 TG4 MeJA responsive regulatory element
G-box CACGTT 12 Jemw W JeF Light-responsive element
GT1-motif GGTTAAT 1 S B TG Light-responsive element
MYB AACCTAA 1 SEARE A MYB 2541 5 MYB binding sites involved in light response
MYC CATGTG 1 ABA 1 )i T/ ABA-responsive element
0,-site GATGACATGG 1 2 55 TR AR AR (0 55X 8 55 I F Cis-acting regulatory factors involved in
regulation of zeinmetabolism
TATA-box TATA 25 3 R T Transcription initiation element
TC-rich repeats ATTCTCTAAC 1 2 5 B A R 3E Wi B2 () TG /4 Element involved in defense and stress responsiveness
TCA-element CATGCATG 1 Z 5 K ¥ e & W B 3 AE ] JC #F Cis-acting element involved in salicylic
acid responsiveness
TGACG-motif TGACG 6 SR ] 172 i e O 97 49 TG4 MeJA-responsive regulatory element
as-1 TGACG 6 ¥ 0 A ICHE Element involved in chilling stress

A R 5~ 10 £, iR | i TR M PG 2
OB HA LB R, i) A Ky R E
00 7 [ S A 4 B S B i SR A& &, i
W, HEM LIAGOT Ji 3l 1 M 5 3 4 Ak 300 el
T Uf 52 o 400 1 2 1) it o v — A A B - T
J7 ] b % A AR 4% S AP 4y Ak, LB R I T
PR AS 5 1) R B o 2 il 2% i 0 1 3% AL A5 L)
IS
2.9 LIAGO1 BahFidtEs

B9 Won, B LAGOL JA 8 T4l GUS A
TEREAR R B R S B Bk ek . 7R K G AR
4 KRN 6 K, 4TI GUS TG TEAEL (K 9.B1-
B2) s EM ZE AL (55 9 KE 25 K), LIAGO]L
Ja 8 FIK S GUS 76 25 T i fa e R 3k, HLAEHT o
A B AR A ShiE P A (81 9. B3-B7) . TEAESE
AR B, A kR O RAR TR
WA A FE 0k, VR LIAGO1 TE BN AE 3%

- FIZE YRS R 3 33K (K1 9. B8-B11) , (It
LIAGO1 J3 8 F 19 GUS 7 1 5 B R 1 T 25 > 48 79
BSYEE W B T o H e SR s T

3 W54

BT v AT B AL LG M LeAGOo1 HEA i
i A YME BE i & B LIAGO1 FTHAL I Fh AGO1
AR R PEAR &, S 40 B T A A, X e B
ZELL AT (2018) FE AR T IR R A AR & . 4l
LU S T R B, LIAGOT 78 W 538 34k 3 i 3¢
ki B R TR R S, AR G i 2%
BBV R d Ak, I AE B A AR R A
ZmAGO1a 75 T K Gy i Kok 22 301 (1) e b 655
e (AR ,2014) , FL7E BB A= v wp i 2 38
mFEM (F8ES%,2014) , 7EACSERG 5 MA: JE AR
KB, LAGO1 TEMESE B 1 iy, FOR 24



8 BRI . ALEREEM LAGO1 FEN I TErE ik M S 8 0 1409

LR
Leaf margin
s i
Leaf middle
ik
Leaf b'l\c

BT b SERE AR AN S A I e AR AE A6

Fig. 1 Leaves and sampling parts of Liriodendron chinense and L. tulipifera
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A. a. 5'-RACE; b. 3’-RACE; c. FIA] 5 B, d. JFHCIEHE ; M1. Maker 2 000; M2. Maker 5 000; B. {£5F&5#kl,; C. 4454,
D. =45,

A. a. 5'-RACE segment; b. 3'-RACE segment; ¢. Middle segment; d. Open reading frame( ORF) fragment; M1. Maker 2 000; M2 . Maker
5 000; B. Conserved domain; C. Secondary structure; D. Tertiary structure.

B2 LAGOL fYFke 5454 73t
Fig. 2 Cloning and structure analysis of LtAGO1 proteins
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Fig. 3 Homology analysis of LtAGO1 protein

OS5 RIR (%22 ,2015) ER(FEH%,2013)
(A BURE S R R 45 S 2500, B AGO1 fE4)) v 1]
Z 50 R 3L 09 434k, T AR A B A AE T A0 i
Iy S KA HE RS AL 28 B v

J Bl SR B DR SR I O 4 s AR T 5 T
3 LAGO1 B G sh+ L&A 24t v R 7
S R FGE K AR AR Wy i e T i
— IR ProAGO1 RE LI IE 3 GUS £ ik, H

Fik BAT I 23 R SR . GUS 75 40 B 3 19 T 3 43 A=
LUK | Bl 2 T o 2 0 Ak OB A I e %R B
FALAERT AR AR b 2R 5K | J5 BT E B A8 2R
& M FZE R 4EE R P 3R3K . Vaucheret 55 (2006)
X ProAGO1 = GUS B4 I 7 T & B, AGO1 1E
BARE BRI, JUH A A S R
HAPRFRIBFE R G XU ACO1 RILA
AL T Sty 43 A= A0 20, A A oy A 4 21 ep 1 Ho A
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Fig. 4 Homology and phylogenetic analysis of LtAGO1 protein

A. AGO1 FEALFEREHEMA R AL LU R IR ; B. ACO1 FEIESHEMIE AN AL £ ; C. AGO1 7L 3 R HEAMAS R & 7 i3 nt o
932155 D. AGOL AEbFERG MK A AL P Y2k, 3RoR 2250 i % (P<0.01)

A. AGO1 gene expressions of different tissues in L.tulipifera; B. AGO1 gene expressions of different tissues in Liriodendron; C. AGO1 gene
expressions of different times of leaf in L.tulipifera; D. AGO1 gene expressions of different parts of leaf in L.tulipifera. ** means extremely
significant differences( P<0.01).

K5 AGOT [N 7E RS Sk A [ 21 A ) s X

Fig. 5 Expression patterns of AGO1 gene in different tissues of Liriodendron L.
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Fig. 6 Co-expression network of LtAGOI1 protein

AL, (H H R S DL ) 2 A HLBRAAR K DR
A P 3 A 2 i A J% A2 A M o A 15 5 T
A AH R SR A 3t TV A T — s il 3 — T A R
rh =l 3 AR M T ) A o AR Sk E T B
A a3 A2 (Du et al.,2018) . AW 5% 38 5 ¥
ProAGO1 :: GUS ik ZR /R 15 2 v 49 25 iy | i v —fi]
gl ) R - ToUh ) AR MRS R LR T AR R . FE TR
At T SIAGOT1 Rk, 2 FBoR hm 5 ik
SRR [ B B R AR, B R NI AR B R R
(Wang et al.,2015) , AN, LIAGOL J5 3 F Rk
REfE (il m T 78 & B b # b kA 500 o AR L 4L
T 3l B0l 0l g o ik SRR | i T i 2 20T
TEXT AGO1 Ty i il 2k 8 A8 4 i Al A 5% b, 2 R
AGOL By IR 23 (2 A AR P 1A 1y 265 ot AR B Ak &
ZESZ RN [ (Wu et al., 2009; Liu & Nonomura,
2016) , Kidner 55 (2005) ¥ i ik AGO1 FIXL 54
B IF A R IR, AGOT 238 3t 3T% STM JE A 4
7 40 6 T 58 DT B ) i A MR RGN, F e el
I, AGOT FE PR Sk 2 3k 3 3k # 2 AS [ 2 5 s 52
Wi A P R 2 25 BT AGOT AT RE 238 1k P A A [F]
IR RS 5 8RR, BHAT, XX

A. M. DNA marker DL5 000; ProAGO1. LIAGO1 J3 3T 51 ; B. # ik PCR #:ll; C. M1. DNA marker DL15 000; 1. Hind Il BAJ
Yl; 2. Hind WA Xbar 1 WEFYD ; + . LIAGOL J3 31T 751 ; D. PBI121-ProAGO1-GUS FiRZ M A F 2

A. M. DNA marker DL5 000; ProAGO1. LitAGO1 promoter sequence; B. PCR detection of Escherichia coli; C. M1. DNA marker DL15 000;
1. Single-digestion products by Hind Ill; 2. Double-digestion products by Hind Il and Xbarl; +. LtAGO1 promoter sequence; D. PBI121-

ProAGO1-GUS vector construction.

B 7  LAGOL 3 Bl F W 5a e M di A by

Fig. 7 Cloning and vector construction of LIAGO1 promoter
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Fig. 8 PCR identification and phenotype of transgenic ProAGO]1 :: GUS Arabidopsis thaliana plants
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Fig. 9 Promoter-GUS assay of transgenic Arabidopsts thaliana in different parts
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YR 2T E MBGT1I EEKSERRIEZSH
FEh, WAL, BLE, EAME, ETH, ATH, K A

(1. WrVEAR O A S 3T 55 01 A o a5 S 50 55/ A el MBI 60038 5 R P ) oMol A o i )y o S SR B %/
WA KSR SEES A e, AU 3113005 2. PaZeAEdbd, P4 710061 )

i E. UDP-ZEBIN 3-O- MM SR8 1 (3GT) BALE R AV G HUE RN E MG —, NI HTE %
EXHHERERTABGERPIER, ZCUIE E 22 R 90 FE (Magnolia liliflora * Hongyuanbao’ ) A1 #E, AR
PR SE AT ARG B 36T JF A 5149, I RT-PCR F R A E X ALY S BB A D4R
MIBGTL, I X HAEATAE Y E B MRBREA 0, 558K . (1) MIBGT1 SEF ) cDNA JF51K 2k 1 863 bp,
Horh B K I B2HE (ORF) 4 1 374 bp , it — 5% 457 aa BYJIKEE , AHXT 4310t 49.37 kDa, PS4 L 5 (pl)
h6.04, (2)Z BRI H LT b L EL A5 R (AR P A= = MRl SR S RS B A5 5 )7 91 (PSPG box) . (3) RAK
BOMEATRERY] MIBGTL HE 1 5/ME =2 a4 FEEYMN 36T I RAE—, (4)gRT-PCR 45 R R
MI3GT1 K () 335 HAT B 25 R St ZEAE b 1 2838 e i, ZE O g oy b g 3658 e AR A =5 vh LT
AR BEE R L T ,MIBGTT FH PRk i 2 B RAUS THm ias IFERE s ol ms . FiRGERE
Wl MI3GT1 FIHEZ 5K ET 3-0 MMEIEALIEIG , A DF 845 30 R 22 JE A W) A6 (L F FhBIFIE 2908 LAl

KGRI KR, b, B R, LN R, kT
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Cloning and expression analysis of MI3GT1 in
Magnolia liliflora ‘ Hongyuanbao’

WANG Zhuowei' , DAI Mengyi', CHENG Shaoyu', WANG Xiaode'
SHEN Yamei', ZHANG Chao'”

, WANG Yaling’,

(1. Zhejiang Provincial Key Laboratory of Germplasm Innovation and Utilization for Garden Plants/Key Laboratory of National Forestry and
Grassland Administration on Germplasm Innovation and Utilization for Southern Garden Plants/ College of Landscape Architecture
Zhejiang A & F University, Hangzhou 311300, Chinaj 2. Xi’ an Botanical Garden, Xi’ an 710061, China )

Abstract: UDP-flavonoid 3-0-glucosyltransferase (3GT) is one of the important catalytic enzymes in the anthocyanin
biosynthesis pathway. To study the function of 3GT in anthocyanin biosynthesis of Magnolia liliflora, M. lliflora
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¢ Hongyuanbao’ was employed as materials. Primers were designed based on the 3GT sequence obtained from the
transcriptome database of M. liliflora ‘ Hongyuanbao’ , and the structural gene MI3GT1 in anthocyanin biosynthesis
pathway was cloned by RT-PCR (reverse transcription-PCR), and its bioinformatics and expression pattern were
analyzed. The results were as follows: (1) The ¢cDNA sequence length of MI3GT1 was 1 863 bp, and the open reading
frame was 1374 bp, encoding 457 amino acid residues. The relative molecular weight of MI3GT1 was 49.37 kDa, and its
isoelectric point was 6.04. (2) The deduced amino acid sequence of MI3GT1 contains a conserved plant secondary
product glycosyltransferase signature sequence ( PSPG box). (3) Results of the phylogenetic analysis showed that
MI3GT1 protein was closely relative to 3GT proteins from Freesia hybrida, Petunia X hybrida, and Ipomoea batatas. (4)
Results of fluorescence quantitative PCR (qRT-PCR) revealed that MI3GT1 has spatio-temporal specificity, with the
highest expression level in flowers, the lower expression level in young leaves and old leaves, and little expression in
roots and stems; With the development of flowers, the expression level of MI3GT1 gene decreased first, then increased,
and showed the highest expression level at the fully-flowering period. These results suggest that MI3GT1 may be involved
in flavonoid 3-O-glycosylation. This study will lay a foundation for the flower and color breeding of Magnolia plants.

42 3

Key words: Magnolia liliflora, flower color, glycosyltransferase, gene cloning, expression analysis

BB Y EER SRR — I EFR
1 (anthocyanin ) J& H /£ 2 1 JC (anthocyanidin )
WELH R B, R e i) — R E AR YR
(BB 22 At He  2016) . HAT, R THABFTREY
BB TERIPTEC & R A . K1 BaRiEs =R
Y& RGE i LR 3 S8 AR G4 % (eyanidin) |
KAIEZE (pelargonidin) LA I K HE B 2R ( delphinidin) ,
REFGZR WA E AT 25 (K (peonidin) | JE 40,
K (petunidin ) F1H7 2% 4, (malvidin ) W] f QI K
ANTRIRERE 9 FR A T ok, AL [FIA AL T A AR B 6 B
FEHORCRINES,2012) . XFEHF R ooiifr
WEEAL B, P iR E WAL R AP 2 0 B
HEAEH (HFIES,2017)

TER YA I G FE b, UDP-2E B2 3-0-7 %
Wl 5L 17 7% 1 ( UDP-flavonoid 3-O-glucosyltransferase ,
3GT)EHAEM TEH R &M@t is—2, ik
g fiEfe UDP-# A b i o> TR BIE R 1Y €3
BRI b AR R A AR Oz B AR
SE AT F AT (Sui et al., 2011) , 7 RHEHRK
PENPEBUATRE , Byl b W51 3 5 MR A T R
( Nakatsuka et al., 2008) , ¥4 i A8 T 25 1 1) FObE = 2L
AREIWE B LR AR R R AR B (4
Te45,2018) . MARZE I R B 4S5 S35 T
FEFT 2R IR E TR KISV, B9 R IR TE C3
KA O-FlFAL, HROE: C5 (i HESE AL, BESEAL (1L
TR AR S A A BT i Ak 77 07 5 B B Wi
( Nakatsuka et al., 2008 , M\ I {5 B3 (0 Fs 1 1o 21 €0 5%
7% (Tanaka et al., 2008) , FHULAT UL 4 AL X A6 £

BT IS B SR

SRR AT DI AEE R C3 BRI
AL B 2K ( Zea mays) Bronze-1 (X13500) ,
TAEH R LRI | Bronze 28728 R U & H Y
{4, K. ( Dooner & Nelson, 1977; Larson & Coe,
1977), € 4 M 1k, 36T 3 W B & 1 % % 4
( Petunia hybrida) ( Jonsson et al., 1984) . —1£ ¢ fH
( Gentiana triflora) ( Tanaka et al., 1996) fif =& &
(Iris hollandica) ( Yoshihara et al., 2005) /N & =
( Freesia hybrida ) ( Sui et al., 2011) , J& 4t
( Paeonia delavayi) ( %% 55,2017 ) | i 4 K& 1
( Muscari armeniacum ) ( £t R U555 2017 ) 55 W5 AH
Yrb v B B, fE R ZHUHEY) T, 36T I 3RIK W
ST RN B IEMC, W FR3GT Ml MdUFGT,
SRMTEA ALY T, U0 Ze3 6T, HRKIF A IIE
A KA H (Ban et al., 2009;Sui et al., 2011; Hu
et al., 2016; Qian et al., 2021) , PeUFGT3 F£ 1
*% ( Phalaenopsis equestris ) 218 )& ¥ 1 AL 25 2 4E
H 0] PeUFGT3 M58 3 BET R F 1 B
TF%&(Chen et al., 2011) ., &FPKHi45 (2018) F]
VIGS 7 KR Ul #R 48 B 4t FF ( Paeonia suffruticosa )
PsUF3GT 21X, 3G BUMEH 1 3G5G RUBEHF AL A A
)R B (0 BEAI . Fh e o] WL, 36T 3k K 7R A 9 16 {4
e b BA B AR,

£ E X ‘4o £ liliflora
‘ Hongyuanbao’ ) & K % B} ( Magnoliaceae ) K % J&
( Magnolia ) W ZAF-A= 5 M HE R | & 458 K % ( Magnolia
liliflora)) MIARSE it B IZ M AE IR T2 R 22 0 PR

( Magnolia
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NN AT AINI e St | N A T S X
IS 4 e C3 = EHRT B W AL R,
Mk % % R 3-0-% & B #-5-0-1 4 b 7
(Cy3Ru5G) (R4 3 R 3-0-= /WY (Cy3Ru) (A
YR 3-0-= FMETF-5-0- 1 2 B 1T (Pn3Ru5G) AT24
2 3-0-2EF B (Pn3Ru) (Wang et al., 2019) . 4E
TR MY C3 L2 75 WE H A B i 20 W5 28 58 1, B e e
3GTHEHIT C3 i kA O-#i &M HeAk, Bl 5 SR A= H
H: % 1 ( 3-O-rhamnosyltransferase , 3RT) A4 1] UL ¥4 %%
O-FRZEHEH 5 O~ A9 4 11 AH ZE TE il = 75 Wl 1 56 A
( Yamazaki et al., 2002), Hit#ED 5 £ 2= ¢ 205
FAETE R R 36T FE X 4 b ZITNA
WHAEEANEN, ik — DR HIEE, A 50k
TG SR8, Tk i 36T FEA, I X k47 b
FFARII T W5 R R 22 TR AR AL (0 F LB
WFFE S A E AR A

1 #B 5T %

1.1 K56 41 #4

BEELOUE AR A S R T TR
AROR 2 SF I B R Hb (119° 427 54. 67" K|
30°15'50.09" N) , 3 4% A= 1< H HJG s R 5 A A
PR, T 2019 4 4 A RHUEFE W] (bud period) (S1) |
0 M (dew color period) (S2) . ¥ JF #H (initial
flowering period ) ( S3) . 2 FF # ( half-flowering
period) (S4) BT (fully-flowering period) (S5) 5
AR AN AL (I 2) |, B AR A B M AR
BRE, W TEE 2 Loons et R, [ R
B 2R B O S SO AL AR S R AT
-80 C VK4, FHT RNA $REUCRIZE A 54007
1.2 5 RNA BB &5 cDNA &K

i FH ¥ K B J UltraClean Polysaccharide and
phenol Plant RNA Purification Kit ( DNA free ) RNA
FEBGAH & (NHUC002S) , 8 BU% £ 2% 410§
S1~S5 W HHAEAAR 25 B o 25 20 2L AL Y
A RNA, ffifi] PrimeScript™ RT Master Mix ( Perfect
Real Time) (TaKaRa code: RRO36A) #4750 4% 55 [
N, SEESRIEASFRIE) cDNA fRAFTE-20 CUkA & H .
1.3 MI3GT1 B E T

R A SR80 20 i SO AL A 1) 58 > £00 5 Ak
TR SR B8 P (45 R R & 3%) |, LA anthocyanidin/
flavonoid 3-0-glucosyltransferase A% 2 1] , X v FE )

Nr( non-redundant protein database ) (¥ /2 it) 3 [A 73
BEHEAT IR , X5 75 2 (1% )7 51 CL3388. Contigl i#f— 4
i 1 NCBI A9 BLAST 3 fig ( https://blast. nchi.
nlm.nih.gov/Blast.cgi) #£47 blast FeX}, 765 52
HE (open reading frame, ORF) HE f%) % M {# FH Prime
Prime 5.0 FAFBGTTIM (R 1), 514 Bibi A B AR
PIARARAF G, HEEZ LA AT
(1) S1~85 415 ANIFIIAY cDNA 25 RORA) Fi ke 10 4%
YEMRINR , #E47 RT-PCR 4734, 20 pL PCR 2 Wi {4
ZWT . E RIS (10 pwmol - L") % 1 pL, cDNA
Bt 1 L, Premix Taq 10 pL,ddH,0 7 wL, W
J¥:95 CHENE 5 min JFi24T 35 AMEH (95 CAME
305,59.6 C 305,72 °C 2 min) ;72 C 10 min, 10 C
5 min, PCR RBLZEHR , i8It 19% (w/v) B EE
JBeHs vk o> B H By v Be, YIS, ff ] TaKaRa
MiniBEST Agarose Gel DNA Extraction Kit Ver.4.0
(TaKaRa code: No.9762) ia 71| &5 ¢ R (i FH 158 BH 43 12
I I, Inl e e, 03 & 0 [l e 7 ) o =
pMD™18-T Vector ( TaKaRa code: No.6011), %%
FEW AL RIGFTF I Escherichia coil DH5a Competent
Cells( TaKaRa code: No. 9057) , ¥4 1 3xF i 1% i $k B
SEREVEAT I T& PCR YE0E | 4500 IEA Y36 AT A
AW ARA PR A 3547 DNA )

R1 EFZ"LARLE’MBGTL EH
EERIFRXEEESIY
Table 1  Primers for cloning and real-time quantitative
PCR of MI3GT1 in Magnolia liliflora ‘ Hongyuanbao’

ElE/E N

Primor JF51(5'-3") JHi%
romer ’ ’ N 1
Sequence (5'-3") Function
name
MI3GT1-F  TACCCCAAACCCCATCCCACC ¥ H#% ORF
MI3GT1-R  CTTCTTCCGCTTCTTGCCCAT To amplify ORF
MI3GT1- GACCGCTTCGCCCACAAA S 9 RE
qPCR-F Real-time
MI3GT1- CAATCCCTCCCTCGCCTTCT quantitative
qPCR-R PCR
MbTEF-F  AGGTTGAGAATGGTGAGACTGT ¥ # &3t A
MbTEF-R TCACGCACGGAATCATTACATT To amplify

reference gene

1.4 M3GT1 ERMEWERF 0

i SnapGene 4.1.8 342 Brak ik ¥ 31, 345
3 5 315 £ ] DANMAN 7.0 3044 4 41 iR
e 0 B 1 1 45 R NCBIL $2 R Y ORF
finder (https://www.ncbi.nlm.nih.gov/orffinder/ ) 43
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BT 5 4% X5 KR CDD 8 [ OR <F 45 44 380 50 0
J& ( https://www. ncbi. nlm. nih. gov/Structure/cdd/
wrpsb. cgi ) 73 # & 1 09 & 5F 355 A ProtParam
( https://web. expasy. org/protparam/ ) TE £& X 14 X
BF 2 LI0E MIBCTL & FUF A 4 71 55l
L ANERE B D7 BOR S  K M S B AL T
PEAT T R A protscale 7E 2k W w43 AT 1% & H il
B3/ 8% 7K P (https : //web. expasy. org/ protscale/) ;
FIF SOPMA 7E2k 84 ( https ; //npsa-prabi.ibep. fr/
cgi-bin/secpred_sopma. pl ) il MI3GT1 & H J¥ 51
() = 9% 45 #y; B Al SWISS-MODEL 7 £& W it
( swissmodel. expasy. org) Tl MI3GT1 & H ) =2
45K ;{1 DNAMAN 7.0 B {F 347 2 )5 51 Lo Xt Of
i/l MEGA 6.0 # i H 3 R 50k & AL, REEAR
H BRI #8 JEAE Y 51 LU XS IS R 4B 50 )
( neighbor-joining,, NJ) , bootstrap HL & 1 000 K 3K 15
Oy SR
1.5 MI3GT1 e FF KA R B S AR R RIE 747
i Light Cycler 480 I ( Roche) 5EZ i 5 &=
PCR AT HE R R IR AR X S 1 40 AT . SO AR 5 < A
Me 2 pL, E RIS 9145 0.8 pl, %6 %k BCG Qper
Master Mix(2X) 10 pL 1 6.4 uL ddH,0, i@id P4
AT qRT-PCR, ¥ 427 95 C WA 30 s /5
BT 40 MR (95 °C 55,60 °C 30 s) , 2RI FFiE1T
(95 %C 55,60 °C 1 min,95 C 15s), X155
(%) cDNA 55l EAT 5 BRI B, L MOTEF
SN (ETHEE,2019) , BAFESICE 3 DY)
FEE, R 27T H R A R kA
fdi ] SigmaPlot 14.0 AR A TEE /3 T N 15

2 HEXRERM

2.1 MB3BGT1 EEARERF 545

22 4TI (19 RT-PCR 45 5 R, 9 4
P 1 863 bp (1l 3) Kl P A5 2 (1 7 51138 5 5
S 4 CL3388. Contigl HEAT LU AT, 4% 15 R ¥ 51
AL N 99.84% , F| ] NCBI (1) ORF finder 43 #f7
S B H e K IFCRIEHE 1 374 bp, gt 457 A& 3
2 S 1 2 R WY 9 5 i S A F A AR L R
100% , $5i%IEH Ay 4 A MI3GT1 , {F GenBank % 5%
5o MW454862,

i 2 NCBI %) CDD £ 1 R 57 45 48 58 4 22, %oF
PR 2L ILE MIBGTI & R ST X R A7 H , 2%

R MIBGT1 H A% JR W8 e — 1 IR - W L 55 5 il 245
F 38 (PLNO2670) , UDP -] 2 Al T8 12 ik / 65 40 W i i
RGO SFIL (UDPGT) , 2B MI3GT1 J& THE L4 75
A 0%, BAT GT1_Gif-like &5 F3sk , 32 WA g T4
PR R KB R | BESL RSB (GT1s) , #eIRAR
BT = AT B A=, B SE 3 B il T AR B0 43
GT-A GT-B #l GT-C = K& (Coutinho et al., 2003),
TSR BN, MIBGT1 i GT-B S S Rl

FI ] NCBI B9 7£ 4L Blastp M1 6E, ¥ MI3GTI1 (¥
IR 55 H A Y (1) & TR 7 5 AT IR 4R
XF, 45 B R B, MIBGT1 5 UL /K % ( Cinnamomum
micranthum ) 3GT B AL £ & , 15 60.35% , 5 fof
€ ( Nelumbo nucifera) A% H§ ( Morella rubra) | ¥ 2
( Phoenix dactylifera) 3% %5 %] ( Vitis labrusca) | B
WK ( Ricinus communis) 25 %) Fh 3GT B AL 42 &,
9 49.00% ~54.27% .

f#iFHH DNAMAN 7.0 346 MI3GT1 S 19 2
LR 75 5 ALY RN O & =1 3CT LR 7 5 it
T A X, B 4 455 Bon, MIBGT1 5/
IR EOK BB A S AEEE 3GT
B AR L P 2> B R 46.20% , 44.20%  41. 60% .
38.40% \47.20% .41.80% , H MI3GT1 5 HAth 36T
FEZEML,H oo A SRy 44 A2 LR 4
FIORSTEIF 5, RIVRE W) Ok A= 7= ) 0 6 5 B i A5 5 )%
51 ( PSPG box ) , 7 ] MI3GT1 H £ 1 ¥ b B 56 74
Mg FFAE , FTHE 2 5 W A A7 9 00 W R Ak 18 1
MI3GT1 () PSPG 3&£J5 5 WAPQTMVLGHVALGAFV
THCGWNSVMESITAGVPMICRPFFGDQ, E A 1 iff
FRY], AL AR S PERR S B PSPG & iR ) 2
LR AR FLH A, 25 Q Bt FH 46 28 B AR Sk R4
25 H OB fd A 2 FLBE (Kubo et al., 2004),
MI3GT1 B PSPG % )7 & f5 — M3k 30 Q, K W
MI3GT W] g J& F UDP-2& B i b5 5L 5% 7% il , {
UDP -4 2 A R A4
2.2 MI3GT1 EEMEYEBES

i# 1 ProtParam 7EZR X AF 0 A MI3GT1 & FE R
B BEAE PR T, 45 S R I MIBGT1 4wt 457 A~ & %%
ﬁf{ aéj\%itj‘j C2216 H3457 N601 0638 Szo s *H Xﬂ-ﬁ%ﬁ%
9 49.37 kDa, BLIR45EHL 53 (pl) 4 6.04, /T 7,15
WIS IR Pk 2R b Al B H far 2 B R AR O
(Asp + Glu) BCH 50,47 1F H fay 28 FE R % 5 (Arg +
Lys)$0h 45, WA R &%, di 10.9%, BEETR

a5 0.9%; ZEAATRERZECN 4071,
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A R
General phenypropanoid pathway
F IR p-7r E AT RRA 3x7H - RESIARA
Flavonoid pathway p-Coumaroy! CoA 3xmalnoyl-CoA
CHS
fill B 2 A /R FLS > DUMHEL
Naringenin chalcone Flavonols
l(.‘lll
Narmgcﬁin
F3H
ﬁtﬂiﬂ — AAAAAAAA _-ﬂme;;}g ....... S . ’m;?-ﬁﬁ ....... st {a_%ﬁg# ...... R
Flavonols :...Dihydroquercetin s Dihydromyricetin : *Dihydrofavonols
l DFR l DFR l DFR
R LAR }f.ﬁl.é:$o’ﬁf‘f¥j1, ............ }E, Eﬁ,&%%&#ﬁfc ........... x@,ﬁﬁif##ﬂjﬁ 5o 1 5
: i Leucocyanidin Leucopelargonidin Leucodelphinidin : Leucoanthocyanins
lANS l ANS l ANS
"""""" ! ,,,,,, ‘f)\:‘F&d#H)L ...... dejﬂs# f_\-;u; ‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘Egd'e?,—'i;}iﬂm ,,,,, JE 7 AT
: 2 Cyanidin Pelargonidin Delphinidin Anthocyanidins
: lEHGj'J l l
\J ks
RAEHH REFH-OMMME  REEHIS-O-MARY GOy —JLIsl

Proanthocyanins Cyanidin 3-O-glucoside Pelargonidin-3-O-glucoside Delphinidin-3-O-glucoside Anthocyanins

CHS. £/ & Mg ; FLS. ¥R B2 & Mg ; CHIL 5 /K[ 57 # 88 ; F3H. B 0e il 35 JE A0 B F3/HL 05 F-3' 52 1L G
F3'5'H. ZEH-3" 5" - HALNE ; DFR. S B ERGA 5 ; ANS. /6% K6 G ; UF3GT. UDP-28 ¥ i 3-0-#) 2 i B 4% B 1
LAR. EAEH RKIER; ANR. 1EH 26 B

CHS. Chalcone synthase; FLS. Flavonol synthase; CHI. Chalcone isomerase; F3H. Flavanone 3-hydroxylase; F3'H. Flavonoid-3'-
hydroxylase; F3'5'H. Flavonoid-3’,5’-hydroxylase ; DFR. Dihydroflavonol reductase; ANS. Anthocyanin synthase; UF3GT. UDP-flavonoid 3-
O-glucosyltransferase ; LAR. Leucoanthocyanin reductase; ANR. Anthocyanin reductase.

K1 e R a R
Fig. 1 The biosynthetic pathway of anthocyanin(Petroni & Tonelli, 2011; Liu et al., 2018)
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Fig. 2 Flowering stages of Magnolia liliflora ‘ Hongyuanbao’
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Abstract: To determine the codon usage pattern of chloroplast genome of Ventilago leiocarpa, a total of 50 selected
protein-coding sequences were analyzed using Codon W 1.4.2 and online softwares of CUSP and Chips. The results were
as follows: (1) There were 29 codons with RSCU > 1, and 28 of them ended with A/U, indicating that synonymous

codons in chloroplast genome tend to end with A/U. (2) GC content of codon in chloroplast genome of V. leiocarpa was
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GC,(47.38%) > GC,(39.81%) > GC,(29.60%) , and there were 40 with ENC value greater than 45, which indicates
that there is weak bias in chloroplast genome of V. leiocarpa. (3) Neutral mapping analysis and ENC-plot analysis

demonstrated that the codon preference of chloroplast genome of V. leiocarpa was affected by both selection and mutation

factors. (4) Through the constructed high and low gene expression libraries, 15 optimal codons were finally determined,
which were UUG, AUU, GUU, GUA, UCU, CCU, ACU, ACA, GCU, CAA, AAC, GAA, UGU, CGU and

GGU. The present study took some basis for the determination of chloroplast genome and genetic diversity analysis of

V. leiocarpa.

Key words: Veniilago leiocarpa, chloroplast genome, codon, usage bias analysis, optimal codons
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ST IOA ARF (B AR %, 2020 ) 5 ENC B AR Z) /)N
TR AZFPE B 597289 S8 % ENC {8 45 VB X 430w 435 1k
SRS 0 AR UE (52 % B4 2007) . 3l 7E 2k A1
CUSP,4r#7 4% CDS B GC & &, 2+ %I GC, . GC, .
GCoRFRHIM T4 — 2 5 =1 6/C &,
i GC, KZEm = A ES TR GC &,
1.2.2 % BB Fmid ey B & 4 SPSS
19.0 Xt 4% CDS HOAR[E E /Y GC, B GC, \GC, .GC, |
GC,,, A7 4 H (N) Al ENC #4740 564y
BT, FUKT A2 550 2 ] 9 R O e | 0 177 1) B 2 )
U EZ BN E i, it P2, 408 GC, Ml
GC, I FEIIE GC, F1 GC AR . #5345 CDS [F] X
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R THEE =0 3E GC (A GC, R ) il ENC #
H R 1B F1E ENC-plot 437, brifEth £ 07 #2  ENC =
2+GC, +129/[ GC,2+(1-GC, ) 2 ]} (B k4 2015)
FEH AR HE 5 FE SR D ENCyyp, R4 ENC =
(ENC 5 ~ENC e ) /ENC 0 , B4 ECHE 50 HT 50 43
Rl ENC (R 5 SE PR (B A 22 R

1.2.3 BB AF ey s E L ENC MIEME | Wi
Kk 10% W3R, B P 345 18 5 4% CDS, LA ENC {H
B/NKY S 5% CDS B2 ki B R 3R 38 1 ENC U
BRI 5 45 CDS i i A% 58 R 3R 35 2, 1 D 799 o
I 15 4 A B 1 v I3 L2 1) i TR 91 4 1) 3
P fasta SCOFH, 38 3 B AF Codon W 1.4.2 K5
BrH: RSCU fA, DA A5 21 & IR 2 X (19 ARSCU, ¢

ARSCU=0.08 1Y %5 i i 5 Ky 5 2 3k ) 1 B 2
W (MR A, 2002) , 5 — S 1 BEAT & R
DEBE S T B 550, AT i M0 B - 1 251,
HE 2 B T E S e A T (X B S 2017)

2 HER G

2.1 R

2.1.1 RSCU 4 #7 i@t ¥ Codon W 1.4.2 5347 T
LA SRR FE R 4 50 2% CDS H Y 45 7] S i 7
BRI XF AR, 25 RN K 1 R, 45 TR RS 1 rp
RSCU>1 HYA 29 4>, Hirf L A/U S5 28 4, 1
BT S IUAE MR EE R R 47 A A/U 25 )

T1 BEAFMHEEERAREZIERH RSCU 9

Table 1 RSCU analysis of amino acids in chloroplast genomes of Ventilago leiocarpa
IR T #H . IR w T A .
Amino acid Codon Number RSCU Amino acid Codon Number RSCU
RN 2 Phe UuU 692 1.32 Ji% %2 Tyr UAU 555 1.58
uuc 360 0.68 UAC 148 0.42
SEE R Leu UUA 624 1.89 2H W2 His CAU 347 1.46
uuG 428 1.29 CAC 128 0.54
Cuu 426 1.29 AN Gln CAA 513 1.54
cuc 110 0.33 CAG 155 0.46
CUA 262 0.79 RABERE Asn AAU 640 1.50
CUG 135 0.41 AAC 212 0.50
SRR e AUU 785 1.47 2R Lys AAA 674 1.53
AUC 313 0.59 AAG 208 0.47
AUA 501 0.94 KRAEZTR Asp GAU 615 1.61
o Val GUU 400 1.50 GAC 149 0.39
Guc 105 0.39 B Glu GAA 748 1.50
GUA 412 1.54 GAG 248 0.50
GUG 150 0.56 SR Cys UGU 156 1.49
&R Gly GGU 471 1.35 uGC 53 0.51
GGC 157 0.45 HAR Arg CGU 259 1.37
GGA 509 1.46 CGC 90 0.47
GGG 258 0.74 CGA 261 1.38
2R Pro CcCU 300 1.49 CGC 96 0.51
cce 173 0.86 AGA 318 1.68
CCA 212 1.06 AGG 113 0.60
CCG 118 0.59 225 Ser ucu 376 1.63
AR Thr ACU 386 1.62 ucc 218 0.95
ACC 185 0.78 UCA 255 1.11
ACA 275 1.15 UcG 152 0.66
ACG 107 0.45 AGU 277 1.20
WA Ala GCU 495 1.80 AGC 105 0.46
GCe 180 0.66
GCA 280 1.02
GCG 144 0.52

TE: TRILFREIEL T,

Note: Underscores indicate high frequency codons.

2.1.2 GC A& A ENC 247 i fELL 4 CUSP
F1 Chips 43871 T 5 JL4- 4% CDS A & /Y GC

o AR MR 2 iR, MTUAE GC &R .GC,
(47.38%) >GC,(39.81%) >GC,(29.60%) , GC, &
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R, GO, AN, AR E B GC & EAFTEE
K2 5, 1A ENC {H /Y 78 Bl 37,350 ~
55.547 ,F-¥(H g 48.227, Hirh ENC B K T 45 1)
£ 40 4>, /NT 45 IR 10 4>, i — 22Ul T 5L
A I SR A DR 201 % 0 EL A A 55 1 D 412
2.2 EENEER
2.2.1 MA MM EFHRAR S F KM
SPSS 19.0 X} 50 2k CDS 7 41 % 5% 1 A [6] of & 1Y
GC B T8 N LU M ENC {8 #E 17 40 1 20 47,
R 3 iR, GC, 5 GC, .GC,I&A i #H X
£, 15 GC,, N A K ENC 5 5 e, =016
FEO A A AE 22 5, 020 UL B T 58 U4 i S R 3
K Z BN EBEAE RS2, ENC 5 GC, \GC,ik 3 i
FEMEIKE, UL T8 L4 it iR I R Y e
A7 55 05 %) L 56 2 552 T 86 R 7~ 1 0 R O -2

LI GC, il GC, IR F-341H GC , WAL FR, GC,
AR bR AT TP o B, A SR 1 FrR . 4
R MERE r=0.131 LA B, B0 T
PRl = 2 2 B PR A R
2.2.2 ENC-plot 247 & 2 Al %0, & b b gk
FE DR A A T b o 2R R A, 2 A O d e
FLZ RN AR, R 4 el AL ST
LR FRAE-0.05~0.05 T i Y 52% , 41 FR
TEFLIAMA Y 48%
23 BRMBHBTHHE

FIHEAL: Codon W 1.4.2 S35 B K K M FE
% [R) UERS F 1) RCSU A, #1145 2] ARSCU, 45
W= s in, MRS A%, ARSCU=0.08 %5 ¥
B2, HPRKFO03MWA 1440, KFOSIES
A, HHZE 1 A1, RSCU>1 B4 29 4, K
AT BB 0 O SR LB S, A5 B
T 154, %3091 GAA .UUG ,AUU ,GUU ,CAA ,AAC,
GCU.UCU, CCU, ACU, ACA . UGU, GUA . CGU H1
GGU,HH A 14 ML A/U &5

3 W54 ®

TEL LA M-SR SL R 41 ) RSCU M1, T
TAG . TAA F1 TGA &g A48 H %55 F 3% 64 Fh
BT 5 T AN g RS AT AT & LR, 1 ATG
EEARYE BT TCC &6 R MM — %1,
B i Mk, 78 RSCU 43 M Hb B 50 B (490 3 745 45,
2020) , FITH) 59 Fl# 57 RSCU> 1 B9 29
A, RSCU<1 A 30 4, 44 ki —F, HIFREZH

®2 EAFHEEERAS K CDS K
FWRFARMEN GCEE
Table 2 GC contents in different positions of codons in

chloroplast genomes 50 CDS of Ventilago leiocarpa

S GC, GC, GC, CCo pne
Gene (%) (%) (%) (%)
psbA 50.00 4322 3333 42.18  41.155
matk 40.12 3229  28.57  33.66  50.742
atpA 5455  40.12  28.06  40.91  47.737
apF 46.49 3622  33.51 3874 46.572
atpl 48.79 3589 2742 3737  46.612
ps2 45.15 4262 29.11  38.96  50.849
poC2 45.87  36.67 30.07 37.54 51.036
poCl 50.44  37.68  29.03  39.05 50.450
rpoB 50.14  38.10 28.20  38.81  48.141
psbD 5226 4322 33.90  43.13  46.036
psbC 5422 462 35.02 4515  48.004
sl 4257 4851  33.66 4158  41.025
psaB 48.57 4327 3170 41.18  48.626
psad 52.46 4341 3236 4274 50.628
yef3 46.75  38.46  31.36  38.86  55.264
rpsd 50.99  38.12 2475  37.95 45816
ndhJ 49.69 3774 3145  39.62  50.063
ndhK 44.44  48.00 28.44  40.30  50.354
ndhC 47.93  33.88 2975  37.19  46.128
atpk 5075 39.55  36.57  42.29  55.547
atpB 56.71  41.68  30.26  42.89  49.402
rbel, 58.40 4370 31.93  44.68  48.430
aceD 40.97 3825 28.93  36.05 47.673
yeft 4432 42,16 33.51  40.00 52.791
cemA 37.83 2870  30.87  32.46  52.141
petA 54.83  36.14  33.96  41.64 55.232
mpsl8 3431 4216 26.47 3431  37.588
pI20 38.98  44.07 2542  36.16  50.369
clpP 57.65  37.24 3112 42.01 53.614
psbB 54.81  46.17  31.04 44.01  46.883
petB 47.69 4120 3056  39.81  45.058
petD 50.93  39.13  30.43  40.17  46.101
rpoA 47.09  31.19 2936 35.88 51.679
sl 1 51.80  56.83  25.18  44.60  47.925
ps8 39.26  36.30  27.41 3432 40.873
pll4 56.10  38.21  24.39  39.57  43.646
ml16 4926 5441 2574  43.14  37.350
ps3 47.47  33.64  22.58  34.56  49.960
pl22 44.96  35.66  29.46  36.69 44319
pl2 51.64  48.36  32.36  44.12  54.348
yof2 4178 3400 36.89 37.56 53.387
ndhB 41.49 3875 3131 37.18  47.742
psT 52.56  44.87 2436  40.60  42.966
ndhF 38.27  36.13  26.13  33.51  46.876
cesA 3426 3827  29.63  34.05 53.450
ndhE 39.02 3431 26.47  33.33 51374
ndhG 42.94 3390 27.68 34.84  47.895
ndhl 4479 3742 2577 35.99  44.053
ndhA 45.08  38.25 23.77 3570  43.907
ndhH 5127 3629  30.96  39.51  53.532
WM Average 4738 39.81  29.60  38.93  48.227

[E: GC, \GC, GC A m E 15— 3 RIS = (i
GC & it; GC, FRHM T H GC &k,

Notes: GC,, GC,, GC, mean GC values of the first, second,
third position of codons,respectively; GC,, means total GC value of

each gene.
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* 3 FWETFRAE GC 2. 42 N X ENC EHEXED T
Table 3  Correlation analyses of GC content, number (N)

and ENC on chloroplast genomes of Ventilago leiocarpa

GC, GC, GC, GC,, N
GC, 0.306°*
GC, 0.187  0.018
GC 0.807#% 0.720%% 0.444%%
N -0.017 -0.166 0.313%*  0.003
ENC 0.089 —0.299% 0.400%% 0.022  0.252
o RIRTE 0.01 K- Al 340 26 s +3RORTE 0.05 K- |

FRK,
Note: ** means significant differences at the 0.01 level; * means

significant differences at the 0.05 level.

K1 BT e R [ rp PR 18 20 A
Fig. 1 Neutrality plot analysis of chloroplast

genes of Ventilago leiocarpa

B 2 RJLAE R R A 1) ENC-plot 43-#7
Fig. 2 ENC-plot analysis of chloroplast

genomes of Ventilago leiocarpa

* 4 ENC LLESHHH
Table 4 Number distribution of ENC ratio

Y1 A i W%
Class middle .
Class boundary Number Frequency
value

-0.15~-0.05 -0.1 7 0.14
-0.05~0.05 0 26 0.52
0.05~0.15 0.1 10 0.20
0.15~0.25 0.2 7 0.14

RSCU>2 M T, W1 UL T 5 LA RO B 1 14
RS W bk . T HL 7R 50 DR SRR
TImfar R BE Y ENC /N T 45 BI{UA 10 >, ENC 1)
SFI(E N 48.277, KF 45, 3k #F— B Ui & LA %
TR RS . 29 4> RSCU>1 By i+,
A28 NEMFLLA/U SR, X508 kRN KE
BRG] an 55 EI£1 84 ( Fraxinus pennsylvanica ) (1136
NG ,2020) 2 B W R ( Nyssa yunnanensis ) (JRUBE
4 ,2020) #E R H 15 (Medicago truncatula) (1 [
BEAE 2015) B I (R 25 05 0 - 5 5 L I 4 D
A/U B RIIER—EL,

W A WA PN IR 45 A% R R B 1 B A
R T 285 R~ 1 D 000 38 A AN [) AL ) R AL b A
622 57, 3K Tl 25 B 1 i G A 2 ) ol A K 3 3 A A
XoF PR B 3 0 O AR O LY (BEVE SR, 2016) .
T 1 O - 1 2 2 A PR R SR R VE R A 45 21, vk
YRR AT M RAS S R WA E AR, LT
THETEEM A IR G IR R B9 AE RN S TR 6
TR A GO 5T T G T R, AW TE AL
i B HE RS RE ) 2 A i P, BIAR X S Y
RSP AR L, Hp GC B R AR Y S R A s
BRI — B bR (W B AE L 2015)  TESEA
2Ry TR Th B R X, T ) e AR 1) R 55 A
DLt GC & £ A Wy, JU H & %5 65 1 19 28 = A0 B
B BT EMFS A2 B BB R T L ET P AL
N G i 1 H R A8 B %85 0% 1 - 1 1 458 A
(MNHEARSE,2020) . SEILAF SRR B 4 b GG,
5 GC,,GC,BEA w2 M Sk , 1l I i e 1 32 31 e
PRSI X 5 E A HM0E T L E LM (Fravinus
pennsylvanica) (WIFEASE,2020) (BE5 ( Scutellaria
baicalensis) ( £ 30O ,2018) BN A ( Camellia
oleifera) ( £ M5 K 4, 2018) . #& # ( Cinnamomum
camphora) (Z2 B4, 2018 ) [ £ AR AE AR [R] T
ENC-plot 431 1, %6 B~ K3 43 #8 A7 T b o il £
BFFT , AT /D 6 PR ) ENC {2 A o il £ g | 3%
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Table 5 Analysis of optimal codons in chloroplast
genomes of Ventilago leiocarpa
[EESue- RFBEEEH [EESue- a0 RFB N
b ks High expressed Low expressed P, High expressed Low expressed
"R N TR
Amino  HIIT gene gene ARSCU|  Amino HHTF gene gene ARSCU
acid Codon acid Codon
’ #H . #H ’ #H #H
Number RSCU Number RSCU Number RSCU Number RSCU
Phe uuu 17 0.85 23 1.48 -0.63 Ala GCU *#* 33 2.44 28 1.32 1.12
UUC#sk* 23 1.15 8 0.52 0.63 GCC 4 0.30 18 0.85 -0.55
Leu UUA 19 1.65 26 1.75 -0.10 GCA 13 0.94 24 1.13 -0.19
UUG 18 1.57 15 1.01 0.56 GCG 4 0.30 15 0.71 -0.41
CUU 16 1.39 24 1.62 -0.23 Tyr UAU 19 1.58 33 1.61 -0.03
cucC 0 0 6 0.40 -0.40 UAC 5 0.42 8 0.39 0.03
CUA ##% 13 1.13 7 0.47 0.66 His CAU 11 1.22 13 1.44 -0.22
CUG 3 0.26 11 0.74 -0.48 CAC* 7 0.78 5 0.56 0.22
Ile AUU ** 39 1.56 42 1.26 0.30 Gln CAA** 17 1.70 29 1.32 0.38
AUC 13 0.52 22 0.66 -0.14 CAG 3 0.30 15 0.68 -0.38
AUA 23 0.92 36 1.08 -0.16 Asn AAU 26 1.21 43 1.48 -0.27
Val GUU ** 19 1.95 28 1.56 0.39 AACH* 17 0.79 15 0.52 0.27
GUC 3 0.31 6 0.33 -0.02 Lys AAA* 34 1.70 44 1.47 0.23
GUA ** 16 1.64 27 1.50 0.14 AAG 6 0.30 16 0.53 -0.23
GUG 1 0.10 11 0.61 -0.51 Asp GAU 10 1.11 35 1.56 -0.45
Ser UCU** 21 1.88 12 1.26 0.62 GAC** 8 0.89 10 0.44 0.45
ucc 10 0.90 9 0.95 -0.05 Glu GAA* 33 1.53 45 1.30 0.23
UCA 4 0.36 6 0.63 -0.27 GAG 10 0.47 24 0.70 -0.23
AGU 13 1.16 14 1.47 -0.31 Cys UGU *x* 5 1.67 6 1.33 0.34
AGC* 10 0.90 6 0.63 0.27 UGC 1 0.33 3 0.67 -0.34
UCG 9 0.81 10 1.05 -0.24 Arg CGU ** 19 1.39 13 1.04 0.35
Pro CCU* 16 1.78 24 1.57 0.21 CGC 7 0.51 6 0.48 0.03
CCC 8 0.89 18 1.18 -0.29 CGA 20 1.46 19 1.52 -0.06
CCA 7 0.78 16 1.05 -0.27 CGG 5 0.37 6 0.48 -0.11
CCG** 5 0.56 3 0.20 0.36 AGA 24 1.76 23 1.84 -0.08
Thr ACU #* 16 1.49 14 1.12 0.37 AGG 7 0.51 8 0.64 -0.13
ACC 13 1.21 17 1.36 -0.15 Gly GGU* 36 2.25 30 1.30 0.95
ACA* 14 1.30 14 1.12 0.18 GGC 4 0.25 12 0.52 -0.27
ACG 0 0 5 0.40 -0.40 GGA 20 1.25 33 1.43 -0.18
GGG 4 0.25 17 0.74 -0.49

. #RIR ARSCU=0.08; *+£/R ARSCU=0.3; ##+3K /R ARSCU=0.5,
Note: * means ARSCU=0.08; ** means ARSCU=0.3; *** means ARSCU=0.5.

HH 9 T 413 32 3 28 84 R s i), 5 5 38
1% (Medicago truncatula) (¥ E 855 ,2015) FHZEL
FATH KB RSCUS>1T H ARSCU =0.08 )%
T8 E WA F 1538 15 ML ES 7N
GAA . UUG . AUU, GUU, CAA . AAC, GCU, UCU,
CCU . ACU.ACA .UGU .GUA .CGU I GGU, Hrr,
PLA/U 5B A 14 4,3 5 Bl iy 804 it 4k
L2 B0 R iDL A/U 45 B4 —3k .,
1028 LA A L DR TR A 0 U5 6 IR 38 R %
FHEFBE LA A/U 45 R 1R e e 2 0 7 ml L4 s A1 R
FER I FERBOR R ILA kR R 3 R 2 i -2 1)
R LA M e e 2 % F A A 57, R Ak B AR

i B T AR RS LA A PR A T B2 4K
oo TR X T 0l 4 AL | LA s A I A 2
RIRP HA RS

S
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Abstract ; In order to explore the structure and expression characteristics of CBF4 gene from grapes, the study analyzed

the grape CBF4 gene from the aspects of bioinformatics and low temperature and potassium silicate response. The results
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were as follows: (1) CBF4 protein was located in the nucleus, there were 5 phosphorylation sites and 14 glycation sites,

without signal peptide. It was a hydrophilic, a poor lipid solubility and an extra-cellular protein. The secondary structure

was dominated by random coil, with a ratio of 56.88%. The protein contained an AP2/EREBP domain. (2) The multiple

sequence alignment and phylogenetic analysis of CBF4 protein showed that wine grapes and American grapes had the

highest homology and the closest genetic relationship. (3) Quantitative real-time PCR analysis indicated that the

expression level of CBF4 gene in grape leaves was up-regulated after low temperature stress, indicating that CBF4 gene

may be involved in the response of grape leaves to low temperature stress. Under low temperature conditions, the CBF4

gene expression was different when potassium silicate was applied, indicating that the response mechanism of this gene to

potassium silicate may be different in different grape tissues. These results lay a foundation for further study on the

function and mechanism of CBF4 gene in grapes.

Key words: grape, CBF4 gene, low temperature stress, bioinformatics, gRT-PCR
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Arg (R) Tyr (Y)
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