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Resistance difference between different varieties of
pitaya based on transcriptome data

LI Jianxing'”*, TAN Yanfang', LI Dongxing'*, WANG Bin'?, CHEN Ting'?,
HUANG Fuzhao'?, LU Shuhua'?*"

(1. Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China;
2. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany ,
Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China )

Abstract ; Different varieties have different resistances. In order to further explore the resistance differences in different

varieties of pitaya and to provide a reference for further study on breeding of pitaya resistance, we used Illumina HiSeq
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2000 sequence platform to sequence the transcriptomes of ¢ Putongbairou’ (BR) and * Ecuador Yellow’ (EY).

Functional classification and enrichment analysis of differentially expressed genes (DEGs) were performed by reference

to GO Ontology, KEGG and others databases. The results were as follows: (1) There were 14 248 DEGs between BR

and EY, of which 5 446 genes were up-regulated and 8 802 genes were down-regulated. (2) GO functional analysis

showed that these DEGs were mainly involved in enzyme catalytic activity, cell components, metabolic processes,

etc. Among them, there were 349 differential genes involved in oxidoreductase activity. (3) KEGG pathway analysis

showed that most of the DEGs were enriched in metabolism, biosynthesis, etc., and 12 key genes such as CYP86 and

CER1 involving in cutin, suberine and wax biosynthesis. We found that the expressions of DEGs involved in

oxidoreductase activity were higher in BR than those in EY, which significantly enriched, indicating that may be

significant differences in growth and cell metabolism between BR and EY. DEGs involved in the cutin, suberine and wax

biosynthesis were up-regulated in BR, and such genes had higher expressions in BR, and were significantly enriched,

which suggest that BR may be superior drought and disease resistance than EY.

Key words: pitaya, transcriptome, varieties, differentially expressed genes
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Varieties of pitaya used in the experiment
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W& FE . Swiss-Prot 38 #% FE . KOG ( clusters of
orthologous groups for eukaryotic complete genomes )
B JFE I KEGG ( kyotoencyclopedia of genes and
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K H DESeq2 (Love et al., 2014 ) B4 #4174
TS N (51 RS =R S VN o T O B S [ §
[log2FoldChange | >1 H. padj<0.05 £ Ry ik 22 7 %
IKEE (DEGs ) B 451, XA & 2% 11 1Y 22 53 3R 5K
4T GO Ontology F1 KEGG Pathway 4325,
FH AT A 36060 T B B A [ Y GO (P < 0.05) Al
KEGG 4 H (P < 0.05) BEAT & 4 48 Hr. R H
FPKM & ( fragments per kilobase of transcriptper
million fragments mapped ) > Ji& il J& [K 3% 15 7K - 1Y
A, 7R RERPE P 22 52 2 R Sk B A K I

2 HER A

2.1 ERAMNFE5HE
it — L ARFEA R il T K e SR 53 1 22 S L

B.JEJRZ /K (EY)
B. ‘EcuadorYellow™ (EY)

il xF 2 A dn A e R 6 DREA ST RNA-seq
SR, RS 7.71 Gb Clean reads, Q30 ¥ 7E
90% LA I, BB T i GC OB L] 49.06%
(F 1), RPMFPLEE B UL Clean reads i A5,
AT R — 2B A

x1 NFHERER

Table 1  Quality table of sequencing data
/€5 GC F it
FESL JRLR reads  [RiJBidE reads Clean- HEH#>0.999 GC
030
Sample Raw reads  Clean reads bases (%) content
(Gb) i (%)
BR_1 53250692 52512370 7.88 91.36 48.98
BR_2 50 237 344 49 478 466 7.42 90.77 49.56
BR_3 50441754 49 424 658 7.41 90.14 48.69
EY_1 58014 828 56 782 758 8.52 91.12 48.82
EY_2 53025282 51813250 7.77 90.99 49.16
EY_3 49516914 48245168 17.24 90.75 49.19

{E: BR_1,BR_2.BR_3 703l 5 K Je R A 9 3 A,
EY_1.EY_2 EY_3 03l 0 KR 80" 3 M EA

Notes: BR_1, BR_2 and BR_3 are three biological duplicates of
pitaya ‘Bairou’ ; EY_1, EY_2 and EY _3 are three biological
duplicates of pitaya ‘ Ecuador Yellow’ .
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A. Annotated in NR; B. Annotated in NT; C. Annotated in KO;
D. Annotated in Swiss-Prot; E. Annotated in PFAM; F.
Annotated in GO; G. Annotated in KOG.
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Fig. 2 Histogram of Unigene annotation results
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X-axis and Y-axis present threshold value in log transform. Each
dot is a differential expressed genes. Dots in red mean up-
regulated genes, dots in green mean down-regulated genes and
dots in blue means non-regulated genes. FoldChange represents

fold change, and padj represents the pvalue after correction .
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Fig. 3 Volcano graph of differentially
expressed genes in BR vs. EY
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K. ADP #5455 L. RNA HUILRERS BT, ML Rt FH R S B MM IR Y SL e RO BT A s N RNA JE [7] RNA SRS B 1

A A. Oxidation-reduction process; B. Oxidoreductase activitys; C. Antioxidant activity; D. Oxidoreductase activity, acting on peroxide as
acceptor; E. Iron ion binding; F. Tetrapyrrole binding; G. Heme binding. B: A. DNA integration; B. mRNA modification; C. mRNA
methylation; D. RNA methylation; E. Viral capsid; F. Virion part; G. RNA-directed RNA polymerase complex; H. mRNA methyltransferase
activity; I. Carbon-oxygen lyase activity, acting on phosphates; J. Terpene synthase activity; K. ADP binding; L. RNA methyltransferase
activity; M. S-adenosylmethionine-dependent methyltransferase activity; N. RNA-directed RNA polymerase activity.
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Fig. 4 GO classification and enrichment analysis of up-regulated (A) and
down-regulated (B) differentially expressed genes in BR vs. EY
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A. Vitamin B6 metabolism; B. Ubiquinone and other terpenoid-qui-
none biosynthesis; C. Tyrosine metabolism; D. RNA polymerase;
E. Pyrimidine metabolism; F. Proteasome; G. Photosynthesis-
antenna proteins; H. Photosynthesis; I. Phenylpropanoid biosynthe-
sis; J. Phenylalanine metabolism; K. Pentose and glucuronate
interconversions; L. Oxidative phosphorylation; M. Indole alkaloid
biosynthesis; N. Glycine, serine and threonine metabolism;
O. Cysteine and methionine metabolism; P. Cutin, suberine and
wax biosynthesis; Q. Betalain biosynthesis; R. Ascorbate and
aldarate metabolism; S. Arginine and proline metabolism; T. Amino

sugar and nucleotide sugar metabolism.
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Fig. 5 Top 20 KEGG pathways with enriched differentially

expressed up-regulated genes in BR vs. EY
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A. Valine, leucine and isoleucine degradation; B. Sesquiterpenoid
and triterpenoid biosynthesis; C. RNA degradation; D. Riboflavin
metabolism; E. Pyruvate metabolism; F. Phenylpropanoid bio-
synthesis; G. Peroxisome; H. Other types of O-glycan biosyn-
thesis; I. Other glycan degradation; J. Glycosylphosphatidyli-
nositol ( GPI ) -anchor biosynthesis; K. Glycolysis / Gluconeo-
genesis; L. Fructose and mannose metabolism; M. Fatty acid
degradation; N. Fatty acid biosynthesis; O. Circadian rhythm-
plant; P. Carotenoid biosynthesis; Q. Carbon fixation in photo-
synthetic organisms; R. Biotin metabolism; S. Arginine biosyn-

thesis; T. a-Linolenic acid metabolism.
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Fig. 6 Top 20 KEGG pathways with enriched differentially

expressed down-regulated genes in BR vs. EY
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Effects of different supplemental light qualities on
physiological characteristics, flowering
and fruiting of pitaya stem
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( 1. College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo 315107, Zhejiang, China;
2. Ningbo Legend Agricultural Technology Co., Lid., Ningbo 315100, Zhejiang, China )

Abstract: To investigate the effects of different supplemental light qualities on physiological characteristics of pitaya
stems, red, white and blue lights were used as supplemental light sources at night. The contents of soluble sugar, soluble

protein, chlorophyll, mitochondrial protein, mitochondrial membrane potential and three endogenous hormones ( CTK,
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TAA, GA) were determined. The indicators of stem growth, flowering, fruit yield were counted. The results were as
follows : Supplementing the three kinds of light could all increase the soluble protein contents in pitaya stems, and the
white light had the best effect; Supplementing the three kinds of light could all significantly increase soluble sugar
contents in pitaya stems, and the blue light had the best effect; Supplementing white light was beneficial to increase the
contents of chlorophyll a and b, and supplementing red light had no significant effect on it, while blue light would reduce
its content; Supplementing white light and blue light could significantly reduce the CTK contents, supplementing white
light and red light could significantly increase the IAA contents, and supplementing red light and blue light could
significantly increase the GA contents; Supplementing white light could significantly reduce the mitochondrial protein
contents and the three kinds of supplement light had no obvious effect on the mitochondrial membrane potential;
Supplementing the three kinds of light had no significant effects on the growth of pitaya stems, while supplementing red
light and white light could significantly increase the flower formation rate, and supplementing red light could significantly
increase the fruit yield. Comprehensive analysis deemed that supplementing red light and white light had obvious
promoting effect on the contents of metabolites, chlorophyll, endogenous hormones of pitaya stems, flower formation rate

and fruit yield. The research results can provide a reference for a technology of light quality controlling to improve the

42 %

growth and development pitaya plants.

Key words: pitaya, light quality, light supplement, stem, physiological characteristics, flowering and fruiting
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Ix, XTTHBE 50 em, B:A7T20 %6 10 AR, H 9% J5 & K 7E
18:00—22 .00 FFZ4MY, BUREIR] Ay 2020 4F 7—
9 1,8 H 15 H 30 HIFE, B U BURE R 4 I & i
IR AL TR TR AE _E T AYZEEE 50 1),

1.2 #EHRNE

1.2.1 TEKEEZEE K BCA B E M IEEEA
T, PREU1.0 g 5B WFBS 2500 J5 # HE BCA A
FE IR £ (Solarbio PC0020, bt TR K F R A
A F]) Ui BH BTl A s I
1.2.2 Tz M4 R FH B 5 0 a2 ] i 1 b &
., OFREC1.0 g 2B, WFEE A LT AR, WK
fifJe g A E 100 mL K 1 mL H2BUK S 4 mL
B v WOIR 4, A& W 10 min, JH 4 6 % B it
(HITACHI F-7100, H 4 H 37,28 &) Ml & % K 620
nm & A IO BE(E ) 4F 7 260 W A o it 2 )5 5 T
AL SN v A

1.2.3 o2& FREL 0.2 g Z5B, B W Jm i A IRV
JA 10 mL IR CBER AR (1 2 1) B, B0 2
h 5508 ,24 h G N CBER G W (1 < 1)
FEZE A 25 mL, B FE G TR IR K 645,663 nm T (1)
W RE M Arnon 2 2R 4R 2 A % o (X3
HEE 2014)

1.2.4 #&  RMGER S 2 W B2 ( ELISA ) T2 3
e, MELL.0 g Z5BOA 50 mL .08, %
78 1 3 it 2 SV S 4 ( SCIENTZ-48L, T i 2
AR A BR A F) BB AR, B L L
( Eppendorf 5417R , f& [F 3 AFE /S H] ) 3 000 g B0
10 min, 737 4% B8R 25 2 A0 & (B R A A
AR F PT96031) MW £ fig iX 77 & (i Hr
FAE MR A RS 7 PT96035) 41 il 43 24 3K 7]
& ( R AR A R A F PT97115) BERH
A TER I ZE 20 43 R E (CTK) (I LR (TAA)

DL IR R (GA) & &,
1.2.5 ZEAEOREEARBE B FREL1.0 ¢ 2
B AR T 4 BEORT 40 28 k7 A 32 BG4 ( BestBio
BB-3611) Ut Bl 5 $2 B s B Lok fAk | i 1 BCA #R
FE B £ (Solarbio PC0020) I 5E £k i 14 5 11 &
W, Ak JE ) SORE R AR B R A R D R
(Solarbio M8650 ) Wl i H:JIE Ha A3, 15 5 % ) 43 ol
FE3F (HITACHI F-7100, H A& H 37228 7)) B30% I
K 525 nm K EHEK 590 nm SRAEGEE S nm, LR
7 5t Tt K R ZE o A7 A 1 2 5 B 3R N Gk
AR BES R A7 11 /N (W B 55, 2010)
1.2.6 3%k Z @ Fies 7 AWENSLEHEEEYLR
it 100 AR %, 7—9 H & 30 H A& R & FRid
BEARZE K AR AR 3R =25, 43t 7—9
H AR AR CA TR S H |
1.2.7 REXR D Fo =5 785 I R A 5L,
PRI 113845 A4 Ak B DXk ) 7, S Ak P B
HLAHERL 50 A2, 26 RO & AL SE iy AR F AR
1.3 HIESIT O

K F B 4 Microsoft Excel 2013 F1 %k {4 1BM
SPSS 26.0 #4755 ab B, KA Iy 22 53 7 7 i R X
# (Dun-can) HLE R Wk A R F BR824 1000
2 (a=0.05),

2 EREA

21 AEXFRN RN ERZEAMAEEGSMA B LR
SENHIT

&1 AT b O AR O O R 2R Ty aT
BHEASEHEEST CK, fMEE B RZE
R RTE R A SRR, = T CK 29.7%; #hH
Horm T CK 14.4% ; 4 T06 K e FZE T R A Y
SRMARA, BT CK 6.9% , B SAHE, K
1 Z5 5L 3R 80 |3 B ot AR S 34 T A2 ik kOl SR AT i 1T
RS A ARG, HANEE O EROR e

L2 )L, #EDOG AR O R DR R KOk
REMHEER SRR ES T CK, #hAEZEp
B RSP & s i, = T CK 68.8%; /b1 22
g ALAEPERE S B T CK 39.0% ; #h i =2 Y
AIYAPERE SR T CK 27.6% ., B 2 45 %% ,3
TG BRI X5 RT B AR 3 KT SR A PR AT i B
U HAMA YRR ek
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JNAbH ] 22 53 8 2% (P<0.05) , R,

R. Red light; W. White light; B. Blue light; CK. Control.
Different small letters mean significant differences among different

treatments ( P<0.05). The same below.
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Fig. 1 Effects of different supplemental light qualities on

soluble protein contents of pitaya stem
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Fig. 2 Effects of different supplemental light qualities

on soluble sugar content of pitaya stem

22 AEAEBRMAANEREHFEESENT M

ENEBAEI .S £ = U s N
3, 5 CKAHL, #h A AR ZE Pt a fnt
GRE Db MR AR N T 21.4% 8 25.0% ; #b
WA, ZER g R a ST EML CK B THT
7.14% W2 K b FLEAM 52 & WL T CK, 1
ZRARE AR R R a MK b
MG EAERY CK 23R 8%,
23ARERBRHAMAERERNRRZSEN
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I 4 Al 0, Ah O KOl R 25 CTK 35 i dR
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Fig. 3 Effects of different supplemental light qualities on
chlorophyll contents of pitaya stem

#(0.781 mg + ¢'), @ T CK 5.3%,{H 22 7 K &
L ANEDE AN K R SR ZE Y CTK & 235
FRRE, R T CK 4.5% M 11.1%

NED IR NAS N T =D =Lk
TAA 19 & &, 4 6 25 b TAA % & i 5 (0.891
mg - g ), AMLGIIR (0.863 mg - g) Al T
CK 11.8%#18.3% , #Mi#EEZEH ) TAA FiE Y CK
A, JLF-JC R

L AN G Y BE B E R KRR 2
GA By, #MIEZE P GA i (0.472 mg -
o) HR AN EIE(0.451 mg - ¢') A E T CK
25.5% F 19.9%, % FIOGES & T CK, H 22 % A4~
E,

g LTk, A AT R BB R i K B R 25 P CTK
TAA Fl GA B i s b IEBRERE IR KO R ZE v CTK
e W GA Fri, A TAA i 4GRS
EA T RZET IAA 5 GA &8 F#IK CTK &,
2.4 REDEBRAAEITNERELNE TR LRIE
P FB 37 B 22 1)

H LS ATEN, 205 D6 6 3 Flkb b b 23
S JOR RO RS 15 T AR
SRR E AT ER D LT CK 33.3%, i85 I & K
S KNG AN ZE PR R AE A A RS CK 2
SAEE, HE 6 A AN AR G AR
KISR0 2 k7 AR L A7, 49 93 55 CK 27.8% Al
11.1% (A2 T ¥ 0 3 s #2106 7 ZE SR A s i o7
TR T CK 11.1% , H2ER R B E, XEH 3 F
TR 25 LR AR B H 57 )5 i AN B
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Fig. 4 Effects of different supplemental light qualities

on hormone contents of pitaya stem
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Fig. 5 Effects of different supplemental light qualities on

mitochondrial protein content of pitaya stem
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Fig. 6 Effects of different supplemental light qualities on

mitochondrial membrane potentials of pitaya stem

2.5 REERX N RERK ZEFF LA
HIE 1 A, 3 OB B AMER K B R ZEK 25

Fl5 CK ML, #7035 22 53, R BB B ARG XS k
TR ZEWAERILVETCEm, 7 78—tk
e A H W AN BT S . 3 Rk
WRERZ R FFAE RO H 22 5 W2 . Hod kb2
FOGH I H B3 W T CK, 3l & 126.7%
F12.5% ;#h 865 CK 25 R &, 455 %0,
NI G A PR B T AR RO e

1 AEXERMAENNEREERRARBZMN
Table 1
on the stem growth and the first flowering of pitaya

Effects of different supplemental light qualities

2EK 2L TEIEEL
- it Stem length Stem diameter Flower
Treatment
(cm) (em) number
R 83.25+2.26a 18.51+1.19a 626.73+4.07a
81.63+4.14a 18.15+4.02a 556.44+4.31b
B 82.66+4.34a 18.27+3.57a 503.69+3.61c¢
CK 82.81+2.08a 18.34+2.36a 494.55+4.48c¢

R. £D0G; W. FDG; B. #06; CK. X, ARG SRR
Ab B TE] 22 57 3 (P<0.05) , T,

R. Red light; W. White light; B. Blue light; CK. Control.
Different small letters mean significant differences among different

treatments ( P<0.05). The same below.

2.6 RAEIFEREN N ERRIHZ M

e 2 ATAL 3 OB ANE A B S | SRS 1 i
KERK AR MR KEK S CK B #2255, KW 3
Tt BT K e SR R G i 35 5, 3 Al
AbH 2 [ SR 22 B B o AN SR S
TR, AR HIR, 43 T CK 17.4% F111.5%
HERBZF AELS CK ZRARE, 245
FEHH AT EARD 16X T4 R SR S RO etk

®2 AREXFAENNERRZH T
Table 2 Effects of different supplemental
light qualities on pitaya fruit

NSNS 0= SNLES

=

Longitudinal Transverse HH
T ‘K'LI?E L maximum maximum Yield
reatmen perimeter perimeter (kg - m?)
(cm) (em)
R 31.88+1.14a 26.77+1.44a 88.11+2.49a
30.71+2.42a 26.89+2.12a 83.73+3.67h
B 30.74+2.69a 26.32+2.11a 77.68+3.88¢
CK 31.07+1.99a 25.65+1.88a 75.08+3.19¢
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3 W54 ®h

TR o S AR 0 %) A A LA B A T
YERT . AT P2 AR R DY Bk 7K A6 & 0 7 AL R T
A =Y B, S e T R AR AR AR R O 5 R 1
TS5 M ME L RZ R EER, HE
S ) DR A ) AR B ) ) B AR (2B
2019) , AWFIE & BN 86 ] 35 kg R 25
ALAPERR (S e, #h A E T B R KO R 2 p
TR &, 5 A5 (FHATS,2019) LR
(HTHT 55 ,2018) (35 20 (RS 55, 2020) SEHE Y AH
— 3, R CREE U KO R A AR, OB
FIF ke 226 Bt K AL A W, 42 2F FORE A,
TG AT 8 in e SR 25 v mT i R R T T b
i (EAS AN N O R ) S (2 ORI %
B ,2016; EFFSE,2017) , FIH 2056 %) Kk Jp 2510
WEA A AR B AT HEFEH

VERE A 1E I REVR M B F 5, k7ot
ArEA RIS kAP REZEER, MYk
KEZHELICAEER LR LG OR G RAE—
ERRE R AV R o i S R
() R WS A Jo , I e 2R b 1 e I L 2 5 il A
YoLa E I ROGRER I ROR ( £HES,2018) , Xt
REFHYN S, 206 H A R F 38 sk Aot
GRE a MERE b MBI SRS & ot s it
SRR AL A REHE B SR EE a/b 1Y A (VF
Fi%E 2007 ;Bian et al., 2015) . AfF5EH 4 E1EG
BE T A R2EM 2 a 4R b LA ED
S, WIR 22 DOC A E B R 52k 22
16 R I 458 M L ( 2% R 45,2001 5
A 2013) ;LG AL BEXT K e SR ZE TR K a 4R
K b & E R WA W WA B S ek ok OIp R
ZEMERER a MR b SR, SIS (2007) X
B RO 5T 45 A IS ) 400 AT B 5 o B s (]
K Fh 2 54 5%

SRR 2 4 R R AT I IR AR Y 222 3 P, B
it EALBERR AL IR AR 7 A AT, 2ROk A B H 7 S 36
A 0 A B W A ) T 7 A B R R A6 22
J B A A4 T i 1 36 P S DA 2R AR Ty BB A
JEFEFR ( Zamzami et al., 1995) , WF5¢ R HAHEY) =
Zad b & R K ' I A A 3 (ROS)
( Gualanduzzi et al., 2009) , ifij iz 2 9 ROS N £ 5]

L GRS AL B 40, fe 245 R A W 3 2 (Qin
et al., 2009) . ##E 6HIAS 16 Y RE 2 & kO£
ZErp 2R AR B B A, S R R R A ok R T
S0 J5 PR AT BB B G A RN G AR BB fin T kR
L ol A A W B AR B (SOD) | it A ik =
(CAT) 3 E ALY (POD) 254 S8 Ak i A0 35 1, A
TV /0 P W ot 2 B SR Y ROS X 2 A7 A 11 45 5
(B3,2019) , LBARE S &2 TN LARD)
REMY TR ZAE bR, 5 2 R A W) DI Re 2% VIAH OC , 4n i
W AL b 4 | — R TRE I BRI i 3 15 GBI
A [ 0 R iR 3 e N A (B, 2019) , 4G
AL B S F B R ER AR EAE
A TR, AN G Ab 35k 31 5 3% /K5, 2 B 4h
F X R A B A 1 9 1 R e B, X
SRR RE (1) 5% AR5 it — 20T

PRI R XA 0 AR K kBRI R
YRR, ] A RE el A8 AR ) R IR PR 1 & i, 42
1o NG (2R AR 21 ,2013) /N (4
BB 2017) Sk B R TAA L GA & i, A5
AN E I T KO R 25 TAA (GA
M HZEP R AT MRS R RS m e TR
B HEMIZR [ PS5, GA 5 TAA 193 =45 i, 11
HEAN I BE 2 0 A T A VER XA R
2. ORI S 5 A Y IR R
Y530 (5K 2 2 55 2018) , AWFFR Y FbLLG RN AR
WOLRERE M AL GA i, 5F M % —
(BB EE,2013) , JRAE AT BEAE T 40 6 AN ik L BE R
TR Bl A ML X GA By B R, R GA B
( Yamaguchi & Kamiya, 2001 ; Reid et al., 2002) ,
ANEE R kI SR 25 CTK & &, #h 35 6 AR
CTK &, 55 KM% (2016) BF 5845 51— 2,
AFESEFX CTK A A is e _ AR

G X kT SR 25 B AR K 38 T I 3 R
Xof FF AR5 S 52 e B D D R T e R ok e SR AR
HPAFK H BAEY), 7—9 H &b T RS A A 5 A K
1, B ¥& I AN TR 6 T 0 0 6 IR 25 i 354 2F Ok
RZEMWE A K, WX T AL ZF 8 B A 3, oF
FEFRM, C AT LS AR Y A6, 2 RG22
R 26 255 K 2, MYB,WRKY ,bHLH
FHRERTSH5NEMYAERES AR,
JEZRAE T 52 WA 4 TF AL ; O 3 Mt ] DL
MW R 0 A Rk, R AR (RAETN, 2016)
LN G U A o EINE B R NN TR E = B ) S
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6T ST s 42 4h 2ol DLgg s 25 h
IAA (GA CTK %53 & & I 02 oF JF 46, vl BB 20l
ZARBOE TR MR RS,

i LRTR, 2106 5 A A FE R Y ok e R 2R B
ez A TR TR N TR R R
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2y, S 550025, 3. W ERMEBE R BT SRR BB IRIE, BB 650204 )

OE. R DA SR T R AR K B 10% AR KA S SR T LA 9, W E S RHEY
SR BZE Y, ARG IR AT BEAEE 25 5 . K SCHEBE A 16 W A RN A1 A Hb DX 1 5 44
WRBE & (Paraboea rufescens) FlL> I H A E & ( Oreocharis cordatula) WiFh 5 B & BHE Y, FE XX A9 Fh Y
M e B K 1,23 d, BB K 1 d, KR B K Z A R B B 48 X & K (RWC) JEATE
P BESEEE BB RS AR AR A, S5 RERI . (1) ik B E S R R 7EK ) B & A ) P AT
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REC A& 2 95%,F,/F, 1K, (4)FOREEEENENRBKEAKSRMTEEER a + b & E TR 50%), 1
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FEME K K AR op PSRl T (MDA 35 3t 3 T8 8 35 284k, AR HE AR 1K AK ST, 156 BH 75 A 40 i A i
TREA T AT LAGE R LA M REAE e TR Ak . 28 R IR ARl nT LATH 52 5% RWC K, ¥ & R4
JEZ K B 5 €0 0ok 6 5 30 o 4 4 I A 3l e WA s o s PR A A s 5 5 5 0 I A 1 D S e
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Abstract; Resurrection plants usually grow in extreme habitats and have the capacity to survive from lower relative water
content to 10%. There are many resurrection plants in family Gesneriaceae, and the resuscitating mechanism of different
species may be different. In order to investigate whether the two species have different resurrection characteristics and
physiological mechanisms in response to drought, two species of Gesneriaceae, Paraboea rufescens and Oreocharis
cordatula, which are distributed in subtropical and temperate limestone areas respectively, were selected in this
study. Their leaves were dehydrated for 1, 2 and 3 d respectively, and then rehydrated for 1 day. The leaf morphology,
relative water content ( RWC ), photosynthetic activity, photosynthetic pigments, membrane integrity and osmotic
adjustment substances during different dehydration and rehydration treatments were detected and analyzed. The results
were as follows: (1) The leaf discs of Paraboea rufescens folded inward after dehydration, and the leaf upper epidermis
was completely wrapped after dehydrated for two days, and the chlorophyll fluorescence parameter F /F, , which
characterized the maximum photosynthetic potential, was inhibited ; Comparatively, the leaf discs of Oreocharis cordatula
shrunk slightly, maintained the F,/F level, and had higher photoprotection ability [ Y(NPQ) ]; The leaf discs of both
species spread out and the F'/F, recovered following rewatered. (2) After two days of dehydration, the RWC of the two
species decreased to about 5%, the relative electricity conductivities ( REC) increased to 51.8% and 56.2%
respectively, and the contents of soluble sugar increased significantly ; During the following rewatered, RWC, REC and
soluble sugar all recovered to the control level. (3) After further dehydration for three days, RWC of leaf discs of two
species reached about 1.5%, the conductivity increased to about 95% after rehydration, and the F,/F, disappeared. (4)
Chlorophyll a+b contents of Paraboea rufescens decreased by 50% during resuscitable dehydration and rehydration, while
Oreocharis cordatula remained basically unchanged, which indicated that both of them were homoiochlorophyllous
desiccation tolerance species and could quickly resume photosynthesis after rehydration following dehydration; During
dehydration and rehydration, the contents of malonialdehyde (MDA had no significant change, and remained extremely
low level, which indicated two species could keep their membrane lipids from being oxidized under extreme drought
conditions. To sum up, these two species can survive from dehydration to lower level of 5% RWC, therefore, they are
both resurrection plants. Under severe dehydration, Paraboea rufescens can avoid the damage from excessive light
absorption by curling its leaves; however, Oreocharis cordaiula can spread the excessive energy by heat dissipation
through photoprotection of PS I, thus protecting its photosynthesis organs.

Key words: Paraboea rufescens, Oreocharis cordatula, dehydration, resurrection plant, chlorophyll fluorescense,
osmotic adjustment substance, malonialdehyde (MDA) , photoprotection

02 I3 AE 38 H AT LA A7 AR I R IR B &8 ( Paraboea rufescens ) Fl.U» W 5 48 B & ( Oreocharis

IR Z RN 2R 0 A B D A A A A AE B
WP FRGHT By e R X ( Rascio & Rocea, 2005) , 2% [%
A S AR TE E I T R4 (Zeng et al.
2007 ; X Ha, 2016 ) 9w 5 2R B, 52 AR ) 1 A
B3 H & /N (Moore et al., 2007) , 75 i S5 FE Y 1L
B, HETIESE B A 350 £ ( Leuttge et al.,
2011) , AW A B 09 BB & 950RE T 0 9 R &
B, SR R TR W B K R Y A B A Ak
H o3 R Y B AR AR R, O6F T 52 AR ) R R
FRIRIT S AN R 45 A B T4 = oK 1 TR R
P, WEBERMEY AR Z E Y, a1
B = 1Fh(Porembski, 2011) , O ETE &

cordatula) Y3 775 E E Bl ( Gesneriaceae ) ¥, B &
T IRE VIR ER SN M AR TR
700~1 500 m MR AR 58 09 41 A b A A B,
JEHETE T oA A AR P18 AR B E S
A TR 2 100~2 700 m LI TR 3948 A KA b
T =& W AR BE WO 2 5 IR AR W) 2 AR R B 1
> (Rascio & Rocca, 2005) , FBOKEE & NEZHF
A REA HRUIR ZER B AL, By S E R 5 it | 3R B
WRZZIRARE SR TC B, T 3R K A A
LUNEE, BEA RSN ECR A, ot
BEE N2 HA TOERA MR ZER M L, i 423
Ferf B it R < BB EHIE sl BUAR IR E | 4
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R Y, FREEHEMIRES, TREE
Yo e AR B (E3CRAF, 1990) .

T B T 5o kA — R A B A AL R A
AR ZZ A 10T i 7K 23 B 2R R 7K 1 W Jo 4 2 ik 1R
FTVA P Ot AR 7K A3 DA 4 R L 40 i 1Y) i i A AR
(Farrant, 2000) . & 7R P K 738k, fH UL EY
AT TR AR R VE Ry PR A Ak S A
( Bianchi et al., 1993; Muller et al., 1997) ., tWAHWF
FER I, K i 52 5 A ) v )9 35 )19 ) I =R
Tl W E TS (Tymms & Gaff, 1979 ; Pandey et
al., 2010) , TR0 5= 8 1 i A ALY 2 E Ak
2 B5 I £E BN % ( malonialdehyde, MDA) | B3R
JERSERE M . EIREY) Selaginella bryopteris 757K
2 10% F XK 7> & B J5 MDA & & 2 I+ 30%
(Pandey et al., 2010) , #: 2= ¥4 1P £% (Jovanovic et
al., 2011) , K5 ¥k 2 2 %] K

I (ARSI B A S 2 A W) HEA T OB VR T i 32 2
G AER K F S K G e vy, 52 95 A ) 0 i A
AR AR, Mg R 4 FF A K U8 MW ((homoio-
chlorophyllous desiccation tolerance species, HDT) 7E
JI K BT LA PR ARy LR o3 I 2 3R O My 2R
PEARGERE | 20 B (A I 45 1y (A S Gt i, 52 /K s vl
IR GHEYR A VEF (Tuba et al., 1998; Strasser et
al., 2010) 38 75 %5 1 [A] @R M ShoK PR BT ; 17 2% 2 3k
g F A H5 H W ( poikilochlorophyllous  desiccation
tolerance species, PDT ) it 7K Bf i 25 28 F AX 4 30 [
i, SR A FOR B 2, 2 R TS il (Ingle
et al., 2008) , K - PDT [t HDT 75 % o £ 1y it
[R5, KO Bl 25 M 4k 31 B 24
{25 ¥ (Sherwin & Farrant, 1996) , K, 18 = A6 )
J K S KRR AL TR AR i R i R R, T LA
HUHOGA 2% B0 T R BT A e 00 5, ISR 0
Sl ESC A, Rl 2t R G L (PST) SLRE
e EE LR AT LAERIN 3 6 & GE Xt e i A%
2 FER Ay T Y AR A SR BRI O G AR
B 300 858 B 30 OC 2R ) B AR T BX ( Rohacek et al.
2008) . S IHEYINOCEERITE R K N 3525 % A ok
A8 IR A K X AP 6 TG AR AN
A ™ B 67K I W) 58 42 32 2 K e SRk &2
(Farrant et al., 2003; Georgieva et al., 2005) |

BL T AT ST L) 43 A1 AR S BRI A K
o L DY B (0 K B 1B LG i S B O TSR
G, AT AN [) 2 B 14 It K e Ji K JS 52 K b B

R B /K S K o R AR W i O A R AR OB A T
PEfE bR DA GR & BB AR B &P
Wy o i S AR A, LT 5 X P R L R A Y
T F6 7K AR P e JFG i 1oz 3 7K 52 7K BL B 5 [R] oA A
e A B A AR AT 5T B BE SR AL, O 2k T A
A A ARSI B A e AL B AR U RS2 8

1 ##EF*

1.1 i3 A 84

FOWRBEEMHKI A ZME ARE T A
RN CASERL, O DR EEEKT A s mMA
s BN B A K A 3 T S B B, SR A I LAY -
S S AR AR AL USR5 S R e P B R B B
HHAE W) AT 5 BT o I3 5% 950 P8 1) 51 A 94 v 0 i =
W, IREMIEE 20~23 C 6L 120 pmol - m™ -
sTOOGTEI 12 h 6/ 12 h B AR E 60% .
1.2 iR 58 4032

TR AR b B L 58 4 R FF B i e, FHAT AL
an il fE AR 1.5 em B IEE Fr o MR R 7E 15 C |
15% FH%F 1 B ( relative humidity, RH) & 1F T ¥ 47
PO AL ER, 37K 1 d(Dehl) .2 d(Deh2) |
3 d(Deh3) ;% Dehl .Deh2 Deh3 HyM-[& F 175
IKALFR TR A WK IEARAY RS SR L # T20 C
PR SRE F EAT K AL 24 b, 53 BIBRTE A Rehl |
Reh2 \Reh3, XIS R fid K 142 7K A #IRORE | 32E 47 AH
Xt & 7K i ( relative water content, RWC) 65 4%
Frar g R O S 5 M X S (relative
electricity conductivity, REC) MDA 7] 54 45 1 i
FIR S HE R R A 5 A
1.3 H M 4R R 46 i 77 7%
1.3.1 4@ &K & = M Bams & Weatherley
(1962) ,3d it F A AT 2 RWC, AXIF .

RWC (%) = 100 x [ (fpH-TH) / (1 Ff
H-TH) ],

BV RS i 1 o o KN Ll Dl P s N
80 CHLME 48 h ZJm Ay [5 F Fh ot 5 45 8 17 T e 7K
S AL @ N = NS 1] I s A O
1.3.2 »h2p & %8 M &% 3% 980 iR AR
[ MAXI-Imaging Pulse-Amplitude (PAM) Instrument
(Walz, Germany) ]I & i[5 Fr 9 i 2% 22 98 56, H
ImagingWin Software % {4 47 73 #r . H4 W [ Jy skt
JEHCE 20 min, FEATIEIE N, 2 f5 FH 4% 5 986
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BACI & M XIS H, F/F, Y () A
Y(NPQ) Wit AT .

F/F =(F ~-F)/F ;Y(1)=(F - F)/F ',
Y(NPQ)=(F,-F,")/F,.

Kb F/F AMSROER S B K+~
YD) B SE bR 77 it Y(NPQ) MRk
VERFER A BE &L 5 F, b B I8 N 20 min [ 5 /N9l
PR F SRIEIE N 20 min S5 4L o 2 4 5 ok
PR FORBEOERET A EHRE R
I i B 0 5 KO0 35 F o AR R AR IR S
0P e
1.3.3 vt F 42 4m KRR LB 7K
RWEVE, ZJEIEWAE 3 mL N, N-— FF B i e v |
BTHE,25 C .80 r - min ' JRG I, M AR
HEEZ G, e R T E AR 480,647 664
nm ALRIIROGIE , i BRDL TR ARGHA .

Con(mg + g7)= (12XA4,=3.11xAg, ) XV/W;

Con(mg » ') = (20.78%xA,,, —4.88xA,, ) X
V/W,

Ceoo= (1000 %A, xV/W=1.12%xC,, —34.07 x
Can) /245,

Krp v R BOE AR w o it B v T8

C o ~Comy~C oo TN AR I MF 41 3 a M 57
EbREAE PREE,
1.3.4 A48T & 3 (REC) B mH B A B R
BrhmA 2 mL Zil A B FOKEZREMEY M KL,
P E THIR,25 C 80 r - min'FF 2 h,
fii DSS- T Y H S 32430 52 A VA T 1) HL 5% CL
B4 T K I A 30 min, TR A2 A 2 R
Je , AR F% C2 3 i LA F AT REC,

REC(%)= (C1/€2) %100,

1.3.5 MDA 4&-&# 0 | A ek B [E
RMA 2 mL 10% =5 LR (TCA) , Wk rh Aff 5 42
B2 min; JEBORFE A 04, 3 mL 10% TCA #f
Ve, vh e 5 3R BOR A 3759 500 ¢+ min B0
15 min, B35, 10% TCA R E R ZE S mL,
Bl mL EWEW, A 1 mL 0.6% i At B H % B2
(TBA),100 °C K& I 20 min, R H %R H1;4 C
9500 r » min” B.0> 10 min, B I W AE 532,600,
450 nm MEWOGE . MDA & 152350 (Heath &
Packer,1968) {lI'F .

Cypa(pmol = g DW) = [6.45% (A5, A0 ) —0.56%
Ao ] XV/W,

K vV RRPEBORAR (L) , AWF5EH 0.005
L; W NHZB THE (g) ;Cypy N MDA i,
1.3.6 TR ARKRGIZERAEN S L
S5(2004) 19773, AR G R A WS, N A 4 mL
75% B, B BEOE B TRIREIGIR, 4
500 r « min" B0 15 min J5 BB . T AT
FIH R I E

AT AR 0 SR O Bb e 3 RCHR B
T 40 WL INHED 2 mL, 100 °C /K3 1 h, Ml 5%E 625
nm WOCAE i 20 A I R FH B LK A e vk | A
Uy 35 W 600 WL JEl =i 900 wL., 100 C /K ¥
Uh, 1 3(FES « R LB A K 4.5 mL,
P Ia 23 CIRE 24 h, B EE WM 520 nm W%
A,

C A AN ) e J5E %) T A AR R I o o T VT
FH R B T ez il b o il 2 AR i Am o i 2 H 55
FE G TP PERE I 2R & i (g - mg”" DW)
1.4 FIEANBES S0

FHQ K3k A BRA I S 5 (8 B 2RI iy —
ZH BCHE e B8 A K BN 1 I HE 3 5 R T A 8 2K
A QE,

_‘X%ﬁ_xwﬁ‘
e KXo =X i ’

A X, A DA o A R R I X, 2
A 000 5 ) e /N I 5 X g 2 AU 1) 5 AR
X s R RS DU ESCHE () S S 508 . ACBiEsErh B HCH
5,0 4E 0.05 /K, % Qs >0.73 (Welti et al.,
2002) ISR 5 25 A PR B

i B SPSS 16.0, 5K FHl ANOVA 35 #E 1751
5 6] 119 2 5 . 3 PR A0 #T

2 EREA

21 FEKEEEM O DR EERKkE KT E
MR RESREMESKETH

A 1A R Otk B E &R K 1 d B,
MR BRI A EH S48, v S B e, i
RV F /F, UK, Z K (Rehl) J5, 1 7 &
WiRIT, F /F, AN B X% BEKE5 BiK 2 d B,
Mt — 2 45, 2K (Reh2) J5 i F A7 8% vl LA
L F /F B Wik 3 dJ5FE K AfESE
SRIF, Hot 28 i o 5k R9O0 F/F, 84
W, B 1B BR, O S8 E S ERK 1 4,
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SRS S Bk o TS & ) | NN -
JK(Rehl) J5, M F Bt S R 90 F /F, 5%
HEARRL; K 2 d B, i e B A 9840 F L/ F AT R AR
R 5 X B RIKF, &K (Reh2) 5 i F T,
F /F, 2 B A BEOKSE 5 Bk 3 d s, i | ifE—
a4 e R 96 F /F 0%, 8 K (Reh3) ()
MR ORBERIF, F/F, R0, BAKE KSR
RWC 25 (E 1.C) B/n, Bk EBE &MLt
S A BB RWC AL, 20 51 81.7% Ail
79.9% ,LRKHEFEA B, 1 R TSI N
IR K F—H B9, 55 2 K RWC 2 )k & =
4.2%M 5.6% 553 R WA R 1.3%M 1.5%, M
K2 dEEK, AR RWC 430K 52 51 78%
1 85% , 1A AT, 85 0 Wk B A I AR
HIEWK 2 d J5,RWC 458 5%, & KA 88 0T LA
%K 3 d,RWC 29 1.5% )5 , TR TE 11,

22 GFBREESMOH IR ESHAKEKTIE
MM REHEERAEFESHTH

F,/F f8RAR ) 1) e RO RE 6 b 30%, B i
KOtERT . ARBKE RSB F/F 4
FCE2) W, FEMBK 1.2 d i 8 kB E &
F/F {2 T, Deh2 4b3H %2 F 3] 0, {HAH
i 2 7K (Rehl Reh2) J&i , F,/F, {30 DLV & 3 %F
WA 7Ef K 3 d I F /F (2R RS0,
KJg,F./F fE5IH KR 0, RAEVKE , Ui B H A9
TEmARICERNHER, O EREE B
F /F {87F Dehl Deh2 Rehl Reh2 kb3 rp | A
P75 X BAR LA K K 3 d J5 L, F/F AH 208
B, EKIEE TR

YD) AT DARAEAE W) S B RS 09 52 B Ot g
PR I 2 TAL EE N Z R, A%k EE
HRMOMHSREENHF YOI MR, K1 d
G VB EESN YCI) BT &E, w5
EE S AL R K 2 d IF 2 J0 3646 00 2 954 9
YOI s KA B FE Reh2 Ab BRI | 45 (4 itk
EEEMOH SREEN R YOI A /NEF S
A T Al A B e 38 T R N 2 B ik B
HMOMBREENHF Y(I),

Y(NPQ) f&45 PS I M i i) B £ 38 i G R 37 Bl
AR AT 0 IR 58 43 g i, I AR P 1) 't DR 4
AEJT. R 2 A1 45 Bk B B & MG A
HHY(NPQ) 5 F/F, WAL 2L, SR
M, e SR EE B K 1 d ) Y(NPQ) # Xt

WA THEs s UK 1 d oM SR EERDE
e e ik 2 d i, H Y(NPQ) 5 Hx) i
KA 2, pE B TG TR R T B A Ak B E A W
Y(NPQ) ;Reh3 4 B A9 Y(NPQ) FF& N 0, 1 H
F/F H$0.07, ZULOH SR EEBIK 3 d B, 5
PSS EA WA GRS, AT ORI RE T,
XU R E SRR 1.2 d B, Hob AR 6E
TR,
23IGBRBKEEEMOHIRES AR KE K
LHEHRXERESETK

5 (0 Wk B T RO T Eh AR T B R A T B K
BANBEAEEEEGSEER(E ) ER, 6
PREEEM B MK 1.2 d B 4R E 2 Fidy
B IR T K 2 d K (Reh2) 5, M4t &
a Tt E, (RN B E AT 4R b & 0
LRF a+b DS E N R R AL AR fk
B LR ER a+b TRAENIK 2 d B, TR 50% 25
WS NESE T 28%; M4 %K a/b LLIEHEHR
HUA I B34 B Dehl . Deh2 F1 Reh2 b 3 ity it
SR a/b WHBBES S, OHBREEM AT
K 1.2 d B, SXFREAH B, i 4R 3R a2 Sty B
TRE, Reh2 AbBRAGIF 22 2 S THE , 35 5] 5 X I
UK 22 b Mt 4R a+b S
Dehl ZbFE 5 2% F B%, 1 Deh2 11 Reh2 4b 3 5
XTHRTC I 3 25 5 RS D RS e b H ok 2
B, AL Deh2 4b 3K B 3 K OF, Ho At b By
KB EN R E K M4 a/b HLEFERE A K &2
KRR LA A, AW, Ak EE E M
O SREEN AR KEKIBREEAERS
BN, R AEREEMN IR, FakEE
BEOW DR E B EE,
24AGEREEEMOMH IR EERKEKTE
RIREIR G IERE

o % 2 K 0 7 %o ol 3 e AN e, K
Je W A0 ) 95 3 1 T B & A R IRB B T
4477 A R T FH AR G B R (REC) #on, R 3
ALK 1.2.3 d 5, Bk EE &M REC &
Wik K 1 d S B A LT B AR AR, B K
2 dRTEE X BRI 2, FH 2 51.8%, 7EBSERE K 3 d
i, REC fix i1, i85 95% ; Rehl F1 Reh2 b 3 %) i
A REC S50 B /K Zb P ( Dehl F1 Deh2) %A &
F25 ,T Reh3 % Deh3 4b Py REC L% F &,
BRIV RE MK 3 d B, B A E s T, 2
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M- FOEE S Paraboea rufescens
—h— T E Oreocharis cordatula

A& KA RWC (%)
£

Deh2 Reh 2 Deh3 Reh3

Wriif Fresh Dehl Deh2 Reh2

4 F Treatment

A BOWRBEE R RHIEERIOL; B, O DR T E R 5 KR, C. MM &K,

A. Leaf discs and their fluorescences of Paraboea rufescens;B. Leafl discs and their fluorescences of Oreocharis cordatula; C. Relative water

content (RWC).

K1 B EREE RO DR EEAFBUKE KRBy K F /F R K

Fig. 1

Leaves discs and their F /F and RWC of Paraboea rufescens and Oreocharis cordatula

during different dehydration and rehydration treatments

JREE R 24 S B e P K o R A O R 3 et 7 Ab
AT, PRI H e o 2 R B o B B AR Y R (B
AL HEBK 1 d KB KEE H REC 5 X5 BEEALL 1
JE7K 2 d B (Deh2) %Xt B8 5 3 T8 & 56.2% , 3
FEMEIK 3 d BHAKSETH 5 & 95.7% ; /K 2 d Ja B K
(Reh2) 57K 2 d(Deh2) £ B Y REC JC & % 22
5, Reh3 LbH%E Deh3 ZbFHA BT TR, X FEH A

PIRHLEIE K 1.2 d B, A A=t 405, (ELX A B, 47
SRAT LA M fBi K 3 d J5 B & AR Boan i s, o i

) 00| D ) B D S e R U 2 W L Vs 7/ BB
6 AR 7 W 2 AL R IR AR B I o A A
MDA, 1 3 Al AR K 2K 7 85 B 4k B
B R B EH ) MDA & 4t oA 2 fk, (HAE



2 BT ACSE . PRI [ A 35 1 B 0 B IR B OGS K a3 ) 0l R AR PR 205

B FasE ST Paraboea rufescens
1.0 - LT Oreocharis cordatula g

b
0.9 1 A ab
084 p b pab a
0.7 4 = N
5 c N By S
SHSSESS
b8 10
E SHEESEES
s N NN S
=~ 0.5 N NN S
2 s SHESSEESE
= SHISESS
~ 04 SHESSESS
L N BN 8BS
N NN SN
0.3 N NN S
NS NN NN ¢
SHISESS
02 4 N S} S
N Ny S
N NN
0.1 4 @ ¢« NN N §°
0.0 J SHISSHSISES
= == Ml oA = —e— ol enen
w = a = = = = w £ L8 Y . g~ i
v ©¢ ©08 ©Oo ® ©8 DG TGO
r O Qe O o A O oo
= e
=) =
B i 3
0.4 - 5 UbFE Treatment
0.3 4
202 4
= F a
0.05 4
0.04 4 a
003 4 a
0.02 4 b da
0.01 4
0.00 b b b i aN a a
= et e o1 ~ «-= —— Lo Mon | "N
d L L [V RET] [T d L L L U 0 U
w Qe O Qo @ O Qe O
bl b
& &
UM Treatment
0.7 -
ab a a
0.6 a N
b
1
0.5 b S
5 | %
N S :
—_ = o a =3
B EHE S
z b N NN N
= N BN NS
= 03 4 N NN NS
SHISESSE
Y Y D
N NN 88
N BN NN
0.2 N SN S8
N NN S
N N
SHSESESS
0.1 4 N SN XN
SN SN
N SN Ry ¢
N N
0.0 J ¢ ce N NN NN L¢
- e o e o o= e . (o N | o oon
[72] £ L o o g —] ui P — - o — g —] P~ —
E o U a o 9 E o D [P -] |-+ -]
E A2 A2 A2 F A& A A
P P
= =

4bFE Treatment

F,/F,. GRGERIOU AT 4 Y(I). St RGN FR e
R Y(NPQ). LR RLAGHCE T 70, AN
7[Rl — Wy RIS [ Ak BRI A7 2 M 25 57 (P<0.05) . R IR,

F,/F,. Maximal photochemical efficiency of PS II; ¥ (II). Actual
photochemical efficiency of PS II; ¥ (NPQ). Adjusted photochemical
efficiency of PSIL Different small letters of the same species indicate
significant differences among different treatments (P<0.05). The same
below.

K2 BOskBE A MOMH SRS AR BKEK
I RRR R R 2R R PO S L
Fig. 2 Chlorophyll fluorescence parameters of Paraboea
rufescens and Oreocharis cordatula leaves discs during
different dehydration and rehydration treatments
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Table 1  Photosynthetic pigments contents of Paraboea rufescens and Oreocharis cordatula leaves discs

during different dehydration and rehydration treatments

#rim Content (mg + g)

R Yrkh
Pigment Species .
Hf Fresh Dehl Deh2 Reh2
42 a Chla HOkEE S 4.05+0.68a 2.68+0.35h 2.16+0.27b 2.61+0.32b
Paraboea rufescens
D ERES 3.65+0.69a 2.17+0.14b 2.57+0.06b 2.75+1.23ab
Oreocharis cordatula
42 b Chlb FHokEES 1.53+0.25a 0.78+0.1b 0.63+0.06b 0.72+0.08b
Paraboea rufescens
DM TR 1.47£0.11a 0.98+0.06b 1.1+£0.08ab 1.21+0.49ab
Oreocharis cordatula
4% a/b HOREEE 2.65+0.11b 3.46+0.19a 3.42+0.38a 3.63+0.2a
Chla/b Paraboea rufescens
D LA EE 2.3+0.17a 2.26+0.02a 2.24+0.02a 2.26+0.1a
Oreocharis cordatula
MH4EE a+b FHokEES 5.58+0.92a 3.46+0.45b 2.8+0.35b 3.32+0.39b
Chla+b Paraboea rufescens
D ERES 4.84+0.4a 3.15+0.19b 3.71+0.1ab 3.26+0.86ab
Oreocharis cordatula
K N E HOREES 0.92+0.16 a 0.68+0.02b 0.66+0.12b 0.7320.1b
Carotenoid Paraboea rufescens
D ERESR 0.96+0.15a 0.76+0.14ab 0.72+0.05b 0.8+0.26ab

Oreocharis cordatula

T AT A R)NG SRR R A A A 28R A7 7E S35 P 22 57 (P<0.05) .

Note: Different small letters in the same row indicate significant differences among different treatments (P<0.05).
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Fig. 3 REC and MDA contents of Paraboea rufescens and Oreocharis cordatula leaves

discs during different dehydration and rehydration treatments
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Ramonda 1999 ) |
Craterostigma wilmsii ( Farrant et al., 2000) %) Ffi v
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RS 2 KKV I8 52 2R 4 IR 2544 (Hallam &
Luff, 1980) , 4 F 8 ¥ i H K 52 5 5 1 HIAR &

nathaliae  ( Drazic et al.,
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At —Fh 38 0 3K W% ( Sherwin & Farrant, 1996) .
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SN TR ) AR R PA) 08 23 A Uk i
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Je S R L A I 2508 VR (Galff, 1989)
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Je e E] 10 AN PR E SRR T 75% M E S FHEY . (3) SN A S S A w0 g SR e, S R
YRR EE, CHET X GRERR ) UREESR ) LALESEBAM%KEERES, AEERSMY
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Species diversity and geographic distribution
of wild Gesneriaceae in Guizhou

HUANG Mei, LI Meijun, HUANG Hong, ZHANG Jinquan, BAI Xinxiang "

( College of Forestry, Guizhou University, Guiyang 550025, China )

Abstract; In this study, the species diversity and geographical distribution pattern of wild Gesneriaceae in Guizhou
Province were studied based on the establishment of a list and geographical distribution database of wild Gesneriaceae in
Guizhou Province. The species composition, endemism, horizontal distribution, vertical distribution and similarity were
analyzed, through the literature and a field investigation, and the hotspots of Gesneriaceae in Guizhou were determined
by a complementary algorithm. The results are as follows: (1) There are 153 species (including subspecies) of
Gesneriaceae in Guizhou Province, belonging to 2 tribes, 8 subtribes, and 28 genera. These plants are distributed among
75 county-level administrative districts. There are 128 species endemic to China and 45 endemic to Guizhou, and the
vertical distribution is the most abundant at altitudes section of 900—1 300 m. (2) The calculation of the provincial
similarity coefficient showed that Guizhou and Guangxi had the highest similarity. Finally, 10 hot spots were selected,

representing 75% of the Gesneriaceae plants. (3) Guizhou Province is a typical karst plateau mountainous area that is

Wris B HA: 2020-12-31
EL£WB: EREARPEILS (31960328) ; 5t M 4 8 A 005 4 4 9% I8 I £ (701256192201 ) [ Supported by National Natural Science
Foundation of China(31960328) ; Investigation of Wild Ornamental Plant Resources in Guizhou (701256192201) ],
E—1EE: BMF(1996-)  BULHTRA:, FENFE AL W EAE Y BB, (E-mail) 1719646010@qq.com,
CBAEAEE OB, M, RO, B R A SO, 32 AT B A WL B AR ) Bl BT IR AT R R I ST, (E-mail) 254715174 @qq.

com,
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rich in species of Gesneriaceae, especially Oreocharis, Primulina, Petrocodon and Paraboea, which have high species

diversity and regional specificity. This study can provide a theoretical reference for the conservation and sustainable

utilization of Gesneriaceae plant resources in Guizhou Province.

Key words: Gesneriaceae, Guizhou Province, similarity coefficient, hot spots, vertical distribution, horizontal

distribution

B & FF( Gesneriaceae ) TE 4 A 214 160 J&
3 800 Al , FZE /A AR YN AR AR & AR Y K
A VR | R 36 DI 22 58 Y A A5 B 2 R X
(ZE9R T2 F BB, 2005 8 ok 25, 2017 B K2
45,2020 ;3 i, 2020) o B R E BOE Y 2 2
A Z—  RYE Weber 2722 R4, 8l £ 2020 4F
117, R E AR AR S S FHEY CIC80h 2 ik
14 75 45 J& 786 Fh (F RN AE) L 10 AR 11
AFATR e (3 BOMIAE, 20105 75 e KA, 2019 Bl 4
45 2020 IR 2019,2020) , FoE W E S RHME Y
HA G W EE [ Tianotrichum oldhamii ( Hemsl.)
Soler. ] J& T K & i .} ( Subfam. Gesnerioideae ) 31
HW— & [ & W E & % (Tr. Titanotricheae T.
Yamaz. ex W. T. Wang) ] JHAMRE T RS S
A ( Subfam. Didymocarpoideae ) (k% ,2019; % F
IL45,2019; M i A 45, 2019) . F I w E & BHEY)
Y RFRIT o3 AT TRE B B AR (IX) B P
DL #RGHT DX, 3 A T 4% Tl B 8 1Y) 5 B | g SO
R APTE A A A7 4% P AR B A B o VA I X
A FAR (i, 2008)

UM A ML R BRI, MR M SR AR A ik B
Hh AR AR Il M s 22 A BE S o R R
e B R BT | O R A A KA T
ZRALMESE . WELA 1) SCHR SR AT DL R B, 5t
MEEENERREY R BT, HARE
BOR A A B 2E B R A 00 B DL S e 1 )
ot Z2 REPE RN IR A M, XS ST o B B RHE Y
R BIF AN B T — 2 i B A XN O R 1 %
TEIRA X ROFIE, CH R ILFE R Z K
FERR HARA IR S W E S FHEY R IR RA
ML B A, T AR OR B A T R ) B A 9
BRI F AW &, JEHE KRG BT
HUB A S5 AH OO S AR Ak 2 36 (A5 51 45 o 1
F R Y T 2N W e U H RHE Y
PN 3 8 1 IR ELS R, PRt AR A7 b 22
XF BN A B E BHE W B IR R AT R G R BRI T
¥ RIS Bl T 4F Ok Bt MM 48 < KA 287 g 1) 5

Ji, Az ASFREERFLE ) B, JU R A R S AR PR
oA (AT P A1 9 A A ) 3K PR — 2 5, 5 8 F
o L BHE Y o A B BRI AL, L O R B g
JEET A SCHR Bk BRI A1 8 A T AR X B M
HEE A PHEY ARSI B2, AR L5t
A8 W R ) R WF TR B 45 5 BB B F 5
JRCR AL B A L R ) 4 o, A Bl A
TR PR S5 7 TR B A I RHE Y Y )
ZAENEBEAT 73 Bt , 2 T 4R 3 1l B 0 A R AiE B B4
AHBIX, 3BT v R o3 A ) D, X4
Ja SN AR B R B IR A B A R A AR A
TFRMABAR AR S

1 &5 F*

1.1 ZRWHWE

A (S MAE Y ) (5 4 &) (PR
Yy (56 69 48) (Flora of China (%5 18 %) ("FH
W HRHEY ) (AR E S RHEY ) (S 4R
SR g H Y A A T A ) S 3 R
MAE G A SRR X B 25 5 S AR b B BT ALY
P AR 25 KLl 55k (22K HE, 19885 £ SR, 1990
Wang et al., 1998; Z=4RFHF1 EETEL, 2005 ; 5 B Wl
%.2010; % 4%, 2015; BRAEHUR X IE 55, 2015)
DI Z 2020 4F 11 A & FR a4 ie sc W 1lie
SCHVRGE I SN BT R BESEAT AN SR . A SO BN A
TPE B RHEY) & R K Weber 4328 245 ( Moller et
al., 201657 6 %4 2019) , % H B Fhiy b4
I T2 TR RS FMET , e 280 ot A 5
BT W E EFHEY A E
1.2 IS H BN ERBERE

i ISR A O I R A Y b B oy A B
HEST TN AR T R A B o A B I B
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) (PEMEYE)Y (5 69 %) Ml Flora of China
(BB18 %) ; (2) FARLZH (P HEEEEFHEY)
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11 F R RIAT A0 50 B 5 RHIF ) b B3 A1 1 27
ARITIFIZE LI S5 (4) PRAS B - b B AU A
FRASTE B9 FR A2 5% (http . //www. evh.org.cn) 5 (5)
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Hher R M B A A R SRR 2D
PR T 4 i B8 R v I B B 1
SRAUR [ 51 R B DS A b A B508i  IF X6F Hb 3 4
P AT RS FIRT IH b 44 56 46, 0 CVH _E 59/ X
FEASEEIX KR BRSO K X 4 H Sy
THHETTAE (2% 2020 5t A TTEIXCR)) |, At
ST SN AR T B R A 1 Hh B o A B 1 B
AL I JE AT IR 45 b4 R A VE O A XA
TR i 1 PHORS JE 8 — e it o BL AT LG

BT ST I 5N AR v S B ) M 3 O3 A A
P2, R ArcGIS 10.0 FRAF Rl 43 A EE 5 520
BATE X R E HEA 7 5CHK, R H Nature break (Jenks)
Gy B R AT A, e BN A
H R B9 R R b = R R A ]
1.3 QMK #E

TE BTN A o 1 B B R 44 5% B b 3800 A K40
EE@EET#T,%?%@#E%EI%Q}/F@% Dobson
i R A R A o Bt M D R ) 0 A 1 AR S
X, A R S ik U A e R e A
SR JE K32 DX I b A 5 1 0 o DS 44 S5 v A e
TEHCR A W A 6 B o i B A DL O
VAR 2 T A W R ER S 6 8 e, S T S
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RIg2 25 o A = 5 B fe o H B O HOAb Y IX R
(Dobson et al., 1997; 3K B ¥ 2014 ; 7K B Ik 45,
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EY RO R B WS e R m AR AN & B
(SR T A5 30 FH B /N 9 - H T FRUORR 55 5 2 % BHY)
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AMFFEH ST 1) BTN A B A 9 B R R 4 SR
M0 48 2 % 8 WK 28 J@ 153 Fh (& A R EEZL) | 5
B A AV Y SR 19.47% (5 AT, 2018
Cai et al., 2019; SZEHFEREE,2019; N SC ISR EE,
2019; Fan et al., 2020; 7 Jt F§ 45, 2020; % i,

2020) , 7 Hr L BN A AT 128745 Fi (I
5§ 1, http : //www. guihaia — journal. com 7E£E & %) ,
VT LA, 3R v B B 0 07 2800 Hh 9L 1, LA
LR 2 TR JB B R G B R A ORI 78 Bl A
B ALE (Wei et al., 2010; Moller et al., 2011; Weber
et al., 2011a, b, c¢; Middleton, 2014) . HHI, 54
v B A PHE Y g HAS BT EEHT, DL 1988 4E#Y 82 FhE
2005 4F- (1 96 F FE 2] 2015 4 (1 106 Fl (2= 7K B,
1988 ; £ 3%, 1990 ; Wang et al., 1998; 25T HI T
ENEL,2005) , 1fii Ji5 A B AR 2 2020 4F 11 H 53¢
KB 22 & BAR 228 i] s Rh SR Rl A0t o) 4R A
( Oreocharis duyunensis) .z 45 W B & & ( Paraboea
dolomitica) ./NEAEAT 1 EE 5 ( Petrocodon luteoflorus )
A o ETFR) 153 A (Guo et al., 2018, 2020; Fu
et al., 2019a, b; 7 2JL5E 2019; Cai et al., 2019;
ZEINEE 20205 Xin et al., 2020)

22 RMHEEEREYSHG

22.1 At SR AT BN I A 3 A
Wy 32 R B AR R e DR 22 BOR 288 0 A A e S R A
FPHEE A, B AR T A R T I A )2 B A 4R
e, A BORN A KA e T AR R AR R R, SR
MR H B Y G 5 R AR 2 R
72 AR, 435k G B E & R (Tr. Epithemateae
C. B. Clarke) #1 7% & & & #% ( Tr. Trichosporeae
Nees) , 8 3, 73 %l S Al i & 5 2 % ( Subtr.
Monophyllaeinae A. Weber & Mich. Méller) R E
E % (Subtr. Loxotidinae G. Don) |\ J& B E & W%
(Subtr. Epithematinae DC. ex Meisn) | M4 B & WV %
(Subtr. Litostigmatinae A. Weber & Mich. Maller) 3
HIE & W% (Subtr. Corallodiscinae A. Weber &
Mich. Moller) | 2 3§ £ & V. % ( Subtr. Leptobaeinae
C. B. Clarke) {3 & W% ( Subtr. Didymocarpinae
G. Don) . i 3 & & IV % ( Subtr. Loxocarpinae A.
DC.) 347 28 J& 153 i, 5 b [E 9 B A RHE Y SR
B BRI 62.22%/19.47% , A 2 A~ E B
B A2 52 M AT o0 A, BB 4B B 5 R ( Briggsiopsis
K.Y. Pan) Fil¥} & & & J& ( Middletonia C.Puglisi) .
Hh R A AR S N R A S R A AP S
St A RS TR ) E SRR R AR
R A AT R N 83.66% , 5t MM ERA R AT Rl
29.41% ,FhECHE 10 ML ERYIEAA 7 4, Bt 114
Filr, i SN A8 W E S RSB 74.519% , 2 SR AR
B RHEY R EEA R (R 1),
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Table 1  Species and endemic species of Gesneriaceae in Guizhou

e g o R M A Bl
ri LM , , HEA R
ALY EREA R SR RNEL ) i
; Endemic Endemic
& - il Number of Number of . .
E’é *EFR& R t- f d s d s SpECIES Spemes to
Genus Species aho o endenmie endenie to China/ Guizhou/
species m spectes species o Total species Total species
Guizhou to China Guizhou o p o o p o
(%) in Guizhou in Guizhou
(%) (%)
R EEE Whytockia 3 1.96 3 1 1.96 0.65
REEEE Rhynchoglossum 1 0.65 0 0 0.00 0.00
JG R E & Epithema 1 0.65 0 0 0.00 0.00
MAEE EE Litostigma 1 0.65 1 1 0.65 0.65
I E S JE Corallodiscus 1 0.65 0 0 0.00 0.00
MW E S )8 Beccarinda 1 0.65 0 0 0.00 0.00
LHEE B Rhynchotechum 2 1.31 0 0 0.00 0.00
O EEE Oreocharis 30 19.61 30 15 19.61 9.80
LB BB Briggsiopsis 1 0.65 1 0 0.65 0.00
- E BB Raphiocarpus 1 0.65 0 0 0.00 0.00
EFHEEE Hemiboea 19 12.42 18 4 11.76 2.61
A1 WM TR Petrocosmea 12 7.84 12 5 7.84 3.27
WEEER Prinulina 21 13.73 20 5 13.07 3.27
WILE E & Henckelia 4 2.61 2 1 1.31 0.65
HIEEJE Petrocodon 12 7.84 10 8 6.54 5.23
KHEEE Didymocarpus 4 2.61 4 0 2.61 0.00
BISEE R Gyrocheilos 1 0.65 1 0 0.65 0.00
HIBEEE Allocheilos 1 0.65 1 0 0.65 0.00
KEEEE Anna 2 1.31 2 1 1.31 0.65
BHEE SR Loxostigma 4 2.61 3 0 1.96 0.00
TEEER Aeschynanthus 3 1.96 1 0 0.65 0.00
mAESJE Lysionotus 10 6.54 7 1 4.58 0.65
HMEEIR Glabrella 3 1.96 3 1 1.96 0.65
WREE S & Paraboea 10 6.54 6 2 3.92 1.31
JEW 5 & )& Dorcoceras 2 1.31 1 0 0.65 0.00
EIEEE Omithoboea 1 0.65 0 0 0.00 0.00
BEEEE Middletonia 1 0.65 1 0 0.65 0.00
KIEE B8 Rhabdothamnopsis 1 0.65 1 0 0.65 0.00

2.2.2 ABAAME R E AT CRIARIE RBOEXS T ABCR TR Ao M N 8] DX S8 AE ) X 2R [ 11 5 2% ¢
Al DA AR ARL PR AT B A0 A, FL Rk =R T R (MM, 2020) , 7EXT SN W E ERHEY S5
FIPE R B = 2w/ (a+b) . R ia N o WP HALM X (Fh =30 R0 A 17 X)) A9 LA Flvst
B0 R b YR S0 A R R, A AT RRER B TR AR R (£ 2) .

T X 2R M LA i e e I oA Rk R, St M 5 B SR Y 504 4 AH
Z B (similarity coefficient) YE MBI RE B fe AR B ES, MRMERECH 25.37% ., BN BINE =
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Table 2 Similarity coefficients of common species between
Guizhou Province and other provincial-level

administrative regions

BT sepppg TMHERA

. Similarity
Provincial-level Number of common P

administrativ . . coefficient
administrative region species (%)
J7VH Guangxi 60 25.37
PUJIl Sichuan 32 25.30
Wdt Hubei 22 23.40
= Yunnan 49 22.53
J" % Guangdong 25 18.66
8 Hunan 19 17.51
YLVG Jiangxi 13 14.13
ta#E Fujian 9 9.63
VG5 Tibet 6 6.00

D v I R Ao U ) b A R S A AR 1) Ml X
J& T LA (B PR 55, 2020) , A7 4 [ 28 B 6 4y
FEA KA A R A5 S AU AR 208 b X4 =
AR, R, I R

23 EMEAEFESREDMIEN

2.3.1 R-F oA 3 ik S R A 45 A A G ERE X
SN A T PR W ot B 0 A K R AT 48, 15
BN B S RHE Y Y R o AT A& N T
A 53 A H A B R A OB % A TR (RATE R AR ES
BN Ao A 74 B RO BV R A K
T AIE M (AR PR B Pa R M) 58 Ff, H AR
YO ST 46 i B8 R B B AR I HIE M (AR
(ET PR B AR P N ) 33 Fof A4 TT 30 A BEEATT 24 A
ERATHT 28 Flr, 22 T A 485 7K TR X 82 3 i)
17 R 14 B,

YR E A 75 B YATHIX 0 A,
Y EE EHY 58 =15 My B RATE X
10 A4 1 HEF R AROK T 2% T HAZ
AR R (LTI RifRE R E) el iE
Bz AR AR (K 1a),
FONEF AR EZ AT 37 N EBATEX, 5 A K
A2 v P i DX 4 A 9 TR A S R ) A A A SR
(Fé—] 1 :b, C) °

FEA) 1 X2 4 Ak ik B2 T LA X &R 434k R 1 K
/N, RIVFP L o 0L R AT 3 A, H R OR X R 4y
N (3R BRI 25 2015) o F 40 M X W) Fl 3 6

B IR AR A X 2 R 7 U B
(B 1.d), *HAHRE YR B Bk 2 | i
J& LN X R R [ ZTRIR
232 & A5 A BAEWE B PHEY E N A I
B AR LB S 4% 400 m oy —ANBREE Rl 4y
R T AR B (X R S A A, 2015) , BV HI
(148~500 m) .H2(500~900 m) .H3(900~1 300
m) H4(1 300~1 700 m) H5(1 700~2 100 m) .
H6(2 100~2 500 m) \H7(2 500~2 900 m) ( % 3,
K2, 3),

& 2 FTN, 5N A8 o 1 & R ) 7 3 550 A
- H3 Wk B/ MU A e 2 it 24 8 99 B,
R B L 4B M) 64.71% , SMAKETE B4
TR BB R A& I KGA 3 H3 B A 2
KA, B Py FhBORN @ Bz s /b .l 61 3 AT,
AN TR J&FEAS A 35 B B o3 A 26 e R, i 44
&R MR H KB I 2 H3 R BS
FHHAWIE D, MEEERACEHE &8 220
A TR B B, S A 900 m B B 45 165 4K
EOFAT =1 3. A

WG A5 VAR B W A, I Jaccard AH
eI 2 H5OK T 3R AL 2R 55 (bt R S R B
2015; %V EAF ,2017) , HFRIKXA T . €, =)/ (a+b-
1), COMMIME R B 0 b 235 A (B kB
M BRI YR 28 i Wil IR B A
EERHEYBCE, 4 A 21 4R R
BF-BIE Dy 0.212 7, Ko i /ME S 0, e RAE N
0.527 8, /N [A) i $k B 2 B A BE GG | Af S PR 05 22
SRR, YA A AR L RN R ZIRER
H1 5 H7 (AU R ECR O, e (03 5 fe i 4k
G AT B )R TR N ) PR B AN ], TG A R A
TR Y R i 2 B4 R 2 AR A
{6 S TR 7/ s N S B e N E R e i N =
1 o
2.4 O HX

K F i B 5515 ( Dobson, 1997 ; 5K JE 2014,
TR BRI A 2015 ) X 5 N 48 1B A 5 1 B R W o AR
YR AT I 8, M S R B R TR B 75%
BFALAR A5 5 10 4S5 A0 111 Fh B ERHEY,
W EZHVEE AR 2% ST T B g T R R ]
B RRE L R R StE s EE R N
W 530 i B g B A 51 F ik
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B Legend B Legend
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N N
B Legend B Legend
T oo 0.00
I co01-013 T ooi-t20
Bl 014022 B 121160
I 0.2¢-033 B 1s1-200
Il 03:-050 B 201-268
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a. PIFEER; b RPN R o FEAR/FTAFILE; d. FEU R B E.
a. Species richness; b. Abundance of endemic species; c. Ratio of endemic/all species; d. Ratio of species/genus.
K1 BOREETR S B A B S R F 5 ks SR
Fig. 1 Distribution pattern of wild Gesneriaceae richness in Guizhou at county-level scale
xR3 TEBHBEHNEMES
Table 3  Differences of genera and species
at different altitudes
. J& R L
v L
sl B % RS B Ratoof
Altitude .
. Code Genus Species genus/
section (m) .
species
148 ~500 H1 14 44 0.32
500~900 H2 19 84 0.23
900~1 300 H3 24 99 0.24
1300~1 700 H4 24 59 0.41
1700~2 100 H5 16 33 0.48
2 100~2 500 H6 12 22 0.55 K 2 ﬁj.[xl%ﬁ%‘ﬁl,*ﬁ%ﬁﬁﬁ%ﬁ@
2 500~2 900 H7 6 7 0.86

Fig. 2 Vertical distribution map of Gesneriaceae in Guizhou

FMAREGRMEY AR N EEN BT, WEEPHEY, BAUEZ XA 73, i SCR 5 8
OrAE 2 PR 9 BRI B B HIXIECROME L Bl EE ((Oreocharis wenisaii ) J3 11 4 3 E (0.
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wanshanensis ) . ¥ 11 A1 B}l B¢ ( Petrocosmea giruniae )
&, HAE YR ECRTTHAS] 100% I i #1551 39
MR S EEREY 153 M (K 4)

oo

—%— B Oreocharis
—o— W 15 ¥ Hemiboea
16 o {1 BRI Petrocosmea
—a— AT IR Primulina
14 —— TR Petrocodon
= 12 —— BTN HW Paraboca
2 —— M 5 I Lysionotus
L 3
g 10
= g
=z
6
4
2
0 L— -

HI H2 H3 H4 H5 H6 H7
i B Altitude section

K3 E AR A R B E (=10) 225
Fig. 3 Differences of dominant genera (= 10) in

different altitudes of Gesneriaceae

0 55 110 220 330

4 BT BRIAE B LI BN W E A R
L) 53413 B PR HB X
Fig. 4 Hot spots of Gesneriaceae in Guizhou

Province based on screening algorithm
3 WRE55ik

3 BENMEAEEEREMY TS HYE

T AR M Ah 2 5 D R R O R R R0 X
Wz —, )R T A A FE SR R
S (1) S5 IS RS SRy v B R A 1 R
KT ZREM AR, WEi, St E &R
WY IA 2 % 8 Wik 28 J& 153 Fh, i [ w5 &
RHEY) BB BN 62.22% , MANEL 19.47% ,

*4 BMETEBEREEESHEDYFHECIERY
Table 4  Similarity coefficients of Gesneriaceae species

at different altitudes in Guizhou

Altitude H2

section

H3 H4 H5 H6 H7

H1 0.406 6 0.254 4 0.197 7 0.069 4 0.047 6 0.000 0

H2 0.464 0 0.2655 0.1250 0.0816 0.011 1
H3 0.436 4 0.2222 0.1308 0.039 2
H4 0.4154 0.2462 0.064 5
H5 0.527 8 0.1429
H6 0.318 2

FE e SR EZ W o2 —, P ER A
PRSI AR AR T E, TSR ERR .
VMEEER P ESR ABEE ALES
B KEBES BN AL SN M E N RE,
et 114 B, P RECHE A AT TP RN B e,
JEES I SRR R B0 B R 73.33%
75.56%, 55t M EE2ZE R A K, B (IX)
B FR AR 7 v e R A b ) v T SR N AR, 4
R 40.71% F1 35.88% , L AT WL, SR 5 B &
B 9 U5 0 B AR A T AR RBE T IS AN TR
P RBAFFE R BRI R B R I, B 5 3l 45 1 1
0 D A5 28 it i KRN B IX T &, — R B LR
T EF AN A TAERXMERE  AE HAT S A S 5 &
P 4y 1 B A IR 9 S Atk T — 28 s e %
FHAE ) () 57 1 6 A F1 R GO, 0 A e — Bt
0] 5248 1 B B RHE W) Fh 2 B TAER ET
32 AMNEEESREYHESHKE

NG W E ERHEY A oy YRSt
TETS N EPATH X A o046, b o fi 75 B 5
I PR M RN R ST, A 128745 A b /S ER
AR, WE SR Y A B R AR, L, %
FHE Y A Z2 REVERS J5 T L] 52 1 2 e — A X el A
Y ZFEME S BRSPS RHE Y
FEARE— DX N BT 7 B, Tl DAAS B AR B R
o P — e T T X B T B A B B 0 A0 A K
Jay, U — Sy i = R AR AR Y Ml DR A D L
BIENAR &7 33X — 25 5 55 0 B 512245 2] 1009% 4 F B
A XA A, B SR 3K 2 XIS 1) 40 o 22 A
A (RS A T — Se X U A, R, R ] R
PP FIRD 78 5T MR R 8, Ry T F — 20 2 e B AR
R P 0 PR A 30RO fR 4 A S 1
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PLZAR BT, S YA B R IAE] 100% 1,
GG PAFH] 39 DIGH R B E W E S R 153
M TEELGRUEE B 7 B B 2% SO R iR K T 45
S E B R Y oA X Hoh g i B
IR B A i R )RR S o A B e R
FETE B0 L, B IPAT I 500~ 1 700 m,
RIEETE 900~ 1 300 m B, W5EIN A KRG
ELH R 9 E R Y Fh 3 A 7R 900 m
LU A1 I E 5 & 22 0 A T34 500 ~ 1 000 m
b Ty S R R A A RE R TR W K
300~2 600 m Z[HJ A AT HEH L,

SN 5 TG Y AR AL AR B e, ETRE PR BN
BRI RO TR AR, 5 ) VAR AR, b 3 A E
SRR EAEREE AR, (H RS o AR R R
SRS, AT RE SR A A AN AT S AETE K AR
RIEAN LA B R B8 A 3] 5 O 245 TR Y
b P BRI 11 I D 10 ) R S AR A Sy BB A
EARPHEY AR K TR T 2R RS 51,
AR S )V = B AR S R A HL A
RO DX 3R 4F A PR, W N 5 E & ( Oreocharis
panzhouensis ) . B T M VE B & (0. pankaiyuae
var. weiningense) ISR EE (0. ovatilobata ) %5
5 M Ao A T3 1 700 m DL B, P, &l
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Appendix 1 List of Gesneriaceae plants in Guizhou Province

H
Jm4 ¥ 4 SUMNEEER A
Genus Serial number Species Endemic species  Distribution
of China/Guizhou
SHEER 1 BT R EE JB/JE B &5 IX Qixingguan District
Whytockia Whytockia bijieensis Yes/Yes
2 e JE T B/ R XX Qixingguan District
W. wilsonii Yes/No
3 BT E S /T QI 5 e I [N I VARG 59 /Y1) - E R B= AN B = N = N o
W. isiangiana Yes/No X FRKTT = HBAITT +
Zhenfeng County, Xingren City, Yinjiang Tujia and Miao
Autonomous  County, Jiangkou County, Congjiang County,
Qixingguan District, Chishui City * , Duyun City *
REEERE 1 REEH /A W B LS B UGSl BBLE « S RERATR
Rhynchoglossum Rhynchoglossum obliquum No/No JAEREEZ S
Ceheng County, Xingyi City, Libo County, Zhijin County * ,
Wangmo County * , Ziyun Miao and Buyi Autonomous County *
JEEEE )R 1 JEBEEE Epithema carnosum w1 DL R Uk R EIRE « JKIRIX +
Epithema No/No Xingyi City, Ceheng County, Libo County * , Wangmo County * ,
Shuicheng District *
M E R 1 MR P 43T Xingyi City
Litostigma Litostigma coriaceifolium Yes/Yes
MMEEE 1 A WA SRR FA S B T AP 36 B T R
Corallodiscus Corallodiscus lanuginosus No/No W AR MG AE R LR R EEE
KI5 8 AR T R B A R B R L L
T PE 5 ARk SHE B KL (IR EL 4SO T
R
Daozhen Gelao and Miao Autonomous County, Panzhou City,
Songtao and Miao Autonomous County, Yinjiang Tujia and Miao
Autonomous County, Yanhe Tujia Autonomous County, Pu’ an
County, Ceheng County, Qinglong County, Dafang County,
Qixingguan District, Weining Yi and Hui and Miao Autonomous
County, Hezhang County, Kaili City, Xixiu District, Chishui
City, Guiding County, Huishui County, Xishui County, Xingyi
City, Libo County, Sinan County
EHEER 1 W8 Beccarinda tonkinensis o/ HEE kT B ZEE
Beccarinda No/No Wangmo County, Chishui City, Suiyang County, Libo County
AHEER 1 SHEHE Ve LA ARITE L ARk =
Rhynchotechum Rhynchotechum ellipticum No/No Anlong County, Rongjiang County, Libo County, Chishui City *
2 THELLHEE R. formosanum w5/ /™ #4JT Duyun City
No/No
LREER 1 IRAEE S Oreocharis esquirolii R/ M PTER
Oreocharis Yes/Yes Xingren City, Zhenfeng County
2 TSR /R ST SR U % AR R
0. pankaiyuae var. weiningense Yes/Yes Weining Yi and Hui and Miao Autonomous County
3 FNEHEES 0. mairei &=/ FLIH T Panzhou City
Yes/No
4 EI4EREL 0. nanchuanica B/ B EAZAE G AR E
Yes/No Daozhen Gelao and Miao Autonomous County
5 T4 EE 0. wanshanensis Pive J71LIX. Wanshan District
Yes/Yes
6 YRENEE 0. mileensis Fvaa M T Xingyi City
Yes/No
7 JIEEER 0. henryana =T TFRHE T IR G iR B R e SR -
Yes/No Kaiyang County, Weining Yi and Hui and Miao Autonomous

County, Suiyang County, Anlong County, Zhijin County *
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JE# s g4 SONERAR A
Genus Serial number Species Endemic species  Distribution
of China/Guizhou
8 KRR ER =/ EMVL - ZR R FA £ L E R IR il B A ik
0. auricula Yes/No IR A R ML =HOKE AR R BaR
Yinjiang Tujia and Miao Autonomous County, Jiangkou County,
Leishan County, Dushan County, Guanling Buyi and Miao
Autonomous County, Libo County, Rongjiang County, Sandu
Shui Autonomous County, Luodian County
9 B SAES 0. brachypoda TR ZAYTIX Bijiang District
Yes/Yes
10 T DEREE 0. cavaleriei =/ Ju B B Longli County
Yes/Yes
11 WA HBES O. duyunensis £/ HAI T Duyun City
Yes/Yes
12 NG EE 0. panzhouensis S LM T Panzhou City
Yes/Yes
13 WAL IE 5 0. odontopetala JB/ I M T Panzhou City
Yes/Yes
14 BINER 0. saxatilis Ve FEHE BT L H S GE R AR R
Yes/No Kaiyang County, Qingzhen City, Jiangkou County,
Daozhen Gelao and Miao Autonomous County
15 NIFEE 0. convexa =/ JECT SR LR R R
Yes/No Weining Yi and Hui and Miao Autonomous County
16 M ERES 0. notochlaena = WL X Bk H
Yes/Yes Guanshanhu District, Huishui County
17 SRPHHAE R 0. speciosa B/ E BRI AR S
Yes/No Daozhen Gelao and Miao Autonomous County
18 NP B =/ EVL R ZBHTR AR EL VL E S WA R I G A R
0. rosthornii Yes/No HIE RS KT 22 BH B AABRTIE A TR S A FFEL DT
Hon B M AR
Yinjiang Tujia and Miao Autonomous County, Jiangkou County,
Qingzhen City, Leishan County, Daozhen Gelao and Miao
Autonomous County, Chishui City, Suiyang County, Songtao
Miao Autonomous County, Shigian County, Zhenfeng County,
Xingren City, Pu’an County, Panzhou City, Duyun City *
19 JFEHEE S S/ T AT
O. rosthornit var. crenulata Yes/Yes Zhenfeng County, Shigian County
20 HEHEES JB/JE D= Xingren City
O. rosthornit var. xingrenensis Yes/Yes
21 FWMEES 0. elegantissima /R SR il F5uk B SRk LA
Yes/Yes Guiding County, Dushan County, Libo County,
Chishui City, Leishan County
22 TFARMEE S 0. pinfaensis TB/ I st E #e
Yes/Yes Guiding County, Duyun City
23 NHHFTE S 0. parvifolia Pvg FtE £ Guiding County
Yes/Yes
24 IR EEEZ 0. cinerea /5 Sy E Jianhe County
Yes/No
25 G EEEE 0. stenosiphon B/ YTI.F1 & Jiangkou County
Yes/No
26 SCRIGHER 0. wentsaii =E BYLE Taijiang County
Yes/No
27 U DA E R 0. ovatilobata JB/JE #LM T Panzhou City

Yes/Yes
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H
JE# s g4 SEMERAT M
Genus Serial number Species Endemic species  Distribution
of China/Guizhou
28 RINHEES =/ HEAZfERR R AR E TR
0. tongtchouanensis Yes/No Daozhen Gelao and Miao Autonomous County, Zhenfeng County
29 WD EE 0. chienii B 1EE Zhenfeng County
Yes/No
30 HWAEMES 0. gamosepala B/ BT SRR R R AR B
Yes/No Weining Yi and Hui and Miao Autonomous County
HHES 1 BHESE Briggsiopsis delavayi B/ SPKRE Rk
Briggsiopsis Yes/No Xishui County, Chishui City
W EE R 1 PN R R AR /A =i e B Wb B R IR AR ARk ot
Raphiocarpus Raphiocarpus begoniifolius No/No £4H
Xingren City, Anlong County, Ceheng County, Wangmo County,
Suiyang County, Libo County, Chishui City, Zhenfeng County
APEEE 1 PAREEEE Hemiboea ovalifolia B/ B ST
Hemiboea Yes/No Libo County, Panzhou City
2 UM E B/ SUER BRGS0 M B LS
H. cavaleriei Yes/No W FAZAEENE FIGE ARk Fhi st Bl R «
Guiding County, Qixingguan District, Xingren City, Anlong
County, Xingyi City, Ceheng County, Dushan County, Daozhen
Gelao and Miao Autonomous County, Chishui City, Libo County,
Luodian County, Suiyang County *
3 BUbKEHTEH /A SUE B D e B SR iR SRERRIX
H. cavaleriei var. paucinervis No/No Guiding County, Xingyi City, Anlong County, Libo County,
Dushan County, Liuzhi Special Region
4 AL A VTR A TR YOO R R JFRIR,
H. gracilis Yes/No AR AR B BB GEIUZ AR A 16 B R AR
B X e B I G« BHEL = AR
Yinjiang Tujia and Miao Autonomous County, Shibing County,
Jiangkou County, Meitan County, Kaiyang County, Sandu Shui
Autonomous County, Jinping County, Daozhen Gelao and Miao
Autonomous County, Chishui City, Tongzi County, Wudang
District, Longli County, Leishan County, Libo County * ,
Suiyang County * , Duyun City *
5 BRREE S B 7% B Libo County
H. follicularis var. retroflexa Yes/No
6 BRCPHEH P ST I TEE B AR« BILE « JFHE «
H. gracilis var. pilobracteata Yes/No Kaili City, Leishan County, Jiangkou County, Libo County * ,
Taijiang County * , Kaiyang County
7 EFHEE H. subcapitata w/H MR BUKE JERE ZMHE FLE SRR S5 MZ 8%

No/No Wi AR E XUXE AR O E 5% AR BB

LERE ARG W 8 20 i ERRK
BIX AW HAKIE ATA £ B B3R G SUE
TR e B DT GAgEE SN T GE EAZ AR H
FIAE KT AREEL IEZ 8 ipkiik fif & AT 5
HIX R JFHE «
Rongjiang County, Huishui County, Meitan County, Suiyang
County, Leishan County, Jianhe County, Wuchuan Gelao and
Miao Autonomous County, Fenggang County, Tianzhu County,
Jiangkou County, Yanhe Tujia Autonomous County, Yinjiang
Tujia and Miao Autonomous County, Ceheng County, Xingyi
City, Hezhang County, Qixingguan District, Huaxi District,
Ziyun Miao and Buyi Autonomous County, Xifeng County,
Xiuwen County, Libo County, Guiding County, Dejiang County,
Weng’ an County, Congjiang County, Nayong County, Panzhou
City, Daozhen Gelao and Miao Autonomous County, Chishui
City, Tongzi County, Zheng’ an County, Songtao Miao
Autonomous County, Shigian County, Wudang District, Jinping
County, Kaiyang County *
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Genus Serial number Species Endemic species  Distribution
of China/Guizhou
8 VeSS ITEEY =/ B —REE BOP «
H. subacaulis Yes/No Zhenyuan County, Sansui County, Liping County *
9 FEFMEE H mollifolia /T FARERT FA B T AT R TE A AR 1 iR & AR

Yes/No KT AR TOR
Songtao Miao Autonomous County, Bijiang District, Rongjiang
County, Daozhen Gelao and Miao Autonomous County, Chishui
City, Shigian County, Jiangkou County

10 ERPEHEE H. flaccida bvaa 7% EL Libo County
Yes/No
11 INEREFRTEE S H. parvibracteata JB/JE MR E G EAZ N H AR R
Yes/Yes Shibing County, Daozhen Gelao and Miao Autonomous County
12 BHEAEHEE H. gamosepala B SUER WP B L YT IR R +
Yes/No Zhenfeng County, Ceheng County, Wangmo County, Xingyi City,
Anlong County, Libo County *
13 HERPEFEE H. follicularis /T Wz B GFE DT gL pTE R KR ROR T F

Yes/No WEEL 2 R E AT
Ceheng County, Qingzhen City, Xingyi City, Nayong County,
Zhenfeng County, Xishui County, Chishui City, Libo County,
Xingren City, Wangmo County, Duyun City

14 KREEFHE S H. magnibracteata &=/ 7B Libo County
Yes/No
15 ZZIHEHEE H. suiyangensis SR 22 [ EL Suiyang County
Yes/Yes
16 FIEVHE & H. albiflora ppr P E e B e LR +
Yes/Yes Xingyi City, Anlong County * , Jiangkou County *
17 TR E R H. wangiana =/ 24T Xingyi City
Yes/No
18 EEHIS S TSy /I TFRHE BTE =
H. pseudometabriggsia # Yes/Yes Kaiyang County, Taijiang County *
19 PR EE =/ 7B Libo County
H. pseudomagnibracteata Yes/No
A W 1 BB A7 WY i pirg R AR R
Petrocosmea Petrocosmea xanthomaculata Yes/Yes Yanhe Tujia Autonomous County
2 TG W P. cavaleriei =/ SPUUX JE T AR R B EUKE G 2% T

Yes/No  TAHCHKRIEE B B B A B A B
Pingba District, Qingzhen City, Hezhang County, Luodian
County, Huishui County, Libo County, Xingyi City, Zhenning
Buyi and Miao Autonomous County, Zhijin County * , Ziyun
Miao and Buyi Autonomous County *

3 XA P. xingyiensis =/ M T Xingyi City
Yes/No
4 TR P, viridis =/ Y4 E Pingtang County
Yes/No
5 L2547 B P confluens Poive B AT
Yes/Yes Wangmo County, Panzhou City *
6 THEST I P, marinii =/’ X e BB T 2k
Yes/No Pingba District, Longli County, Qingzhen City, Libo County
7 SR P, leiandra JB/JE WEHETH Qingzhen City
Yes/Yes
8 FaRI A W P giruniae JB/ I KI5 B Dafang County

Yes/Yes
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9 2 47w e JB/ M B Xingyi City, Anlong County
Petrocosmea X longianthera Yes/No
10 BEAWIE P. hexiensis =/ E SR AR e £
Yes/No Wuchuan Gelao and Miao Autonomous County, Tongzi County
11 SCRATIE P. wentsaii # B PATE L Qianxi County
Yes/Yes
12 LRAIE P, ziyunensis # JB/ BRMGEAKEARE
Yes/No Ziyun Miao and Buyi Autonomous County
MEEER 1 HHAREESR =/ T M B B G
Primulina Primulina liguliformis Yes/No Anlong County, Ceheng County, Luodian County, Libo County
2 4EHIR P. eburnea =/ ﬂﬂ‘éﬁﬁ‘)J\)‘(Fﬁ:ﬁﬁg\ﬁﬂm%\ﬁﬁg\%ﬁg\yiﬂlg\?ﬁ
Yes/No 75X GBRAZPEIHTR A a8 IR B KT TR B R
X BtE L KR PR OIS TR I . 2
H o=
Ceheng County, Xingyi City, Anlong County, Dushan County,
Libo County, Weng’ an County, Pingba District, Xixiu District,
Daozhen Gelao and Miao Autonomous County, Zheng’ an County,
Chishui City, Xishui County, Huaxi District, Guiding County,
Changshun County, Pingtang County, Kaiyang County, Dejiang
County, Suiyang County * , Zhijin County *
3 EERRE S P. subulatisepala JB/ FNMzfeikniE AR
Yes/No Wuchuan Gelao and Miao Autonomous County
4 BIEIRBE S P. swinglei B/H D4 ST Xingyi City
No/No
5 BEMIREE S /A Ml B 24300 P B
P. lunglinensis Yes/No Dushan County, Xingyi City, Luodian County
6 A IRERE S /B ET 5 5 AR S T H S
P. obtusidentata Yes/No Yinjiang Tujia and Miao Autonomous County, Jiangkou County
7 HEREFEE P. fordi /A AT RS S RaE=2
Yes/No Yanhe Tujia Autonomous County
8 WIS P. fimbrisepala =T )R jﬁﬂfg— G R BB ML R AL E SRk IE
Yes/No 2 H MEEETR AR R
Jinping County, Tianzhu County, Libo County, Luodian County,
Rongjiang County, Congjiang County, Chishui City, Zheng’an
County, Songtao Miao Autonomous County
9 HEMEEE P 7% E Libo County
P. brachytricha Yes/No
10 KEHEREFES B/ 74 IE Libo County
P. brachytricha var. magnibracteata Yes/Yes
11 HIWARFES P. liboensis =/ W E MITH FITE PR «
Yes/No Libo County, Congjiang County, Rongjiang County, Pingtang
County *
12 DVEIRBEER P. glabrescens B 7B Libo County
Yes/Yes
13 PEUREES P. pinnatifida =/ ML TR e B
Yes/No Congjiang County, Rongjiang County, Jiangkou County
14 HHFIREEE P. vestita =/ THHRTT e B
Yes/No Qingzhen City, Guiding County
15 THHHREEH P. secundiflora /I TR e
Yes/Yes Qingzhen City, Xingyi City
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16 AR EE P. tenuituba =/ EEN AN WRE= NIV o 9 3=:) P SR =R eI S 9 AR R =2
Yes/No Bijiang District, Jiangkou County, Yinjiang Tujia and Miao
Autonomous County, Yanhe Tujia Autonomous County
17 WEMBES P. serrulata Voilg F&YTEL Rongjiang County
Yes/Yes
18 KALEEH P. longistyla S/ S AR B T +
Yes/No Yanhe Tujia Autonomous County, Kaiyang County *
19 EWWREE S P. flawimaculata JB/ %) EL Luodian County
Yes/No
20 MFHRBFES P. nandanensis =/ 74 1% 5 Libo County
Yes/No
21 HERBFEEE P. flexusa JB/ I #RAITT Duyun City
Yes/Yes
W E SR 1 RN E & Henckelia tibetica =/ i e Rk T R I R TR B
Henckelia Yes/No Hezhang County, Weining Yi and Hui and Miao
Autonomous County
2 UNURIETAE RN /5 b1 H Zhenfeng County
H. grandifolia No/No
3 BEM-BUEEE H. pumila /A FINTT e B 2000 T E B R A B B Yh & 3
No/No PER LB+ JKIRIX
Panzhou City, Anlong County, Xingren City, Zhenfeng County,
Ziyun Miao and Buyi Autonomous County, Wangmo County,
Pu’ an County * , Shuicheng District *
4 BT E R S/ ST SR R % E VR R
H. lachenensis Yes/Yes Weining Yi and Hui and Miao Autonomous County
AlESRR 1 WHAIES =/ LB Liping County
Petrocodon Petrocodon dealbatus Yes/No
2 JATEIEE P. retroflexus T I £ B Changshun Country
Yes/Yes
3 HEFEE P. scopulorum B/ X B SCR SIAKE EE
Yes/Yes Pingba District, Xiuwen County, Xishui County,
Zheng’an County
4 P INE S P. lancifolius B/ HOKR Fpd « Bi «
Yes/Yes Huishui County, Libo County * , Luodian County *
5 HREA IS P. tongziensis JB/ I HAAEEL ZZBHEL
Yes/Yes Tongzi County, Suiyang County *
6 AlES S/ FHE Al B s R s E AhgER Bha R EEAZ IR
P. dealbatus Yes/Yes mikaRE
Libo County, Dushan County, Shibing County, Huangping
County, Nayong County, Zhenyuan County, Daozhen Gelao and
Miao Autonomous County
7 HBEAIEE P. niveolanosus =/ VTR ARG I FLR N
Yes/No Qianxinan Buyi and Miao Autonomous Prefecture
8 KEAWES P. longitubus S I L Wangmo County
Yes/Yes
9 IRIKA TS P. chishuiensis JB/JE AR7KTHT Chishui City
Yes/Yes
10 INEREA LTSS P luteoflorus B/ ik H Libo County
Yes/Yes
11 RELLEE P. coccineus g #4 BL Libo County

No/No
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12 BERANES /5 AR/KTT # Chishui City *
P. chonggingensis + Yes/No
KEE R 1 POE KRB EH =/ KT B R LA LS TR
Didymocarpus Didymocarpus stenanthos Yes/No Chishui City, Zheng’an County, Jiangkou County, Leishan
County, Rongjiang County
2 IRERHE SR prvgiy DL TR LR Aok gl B«
D. glandulosus Yes/No Xingyi City, Rongjiang County, Congjiang County, Chishui City,
Dushan County *
3 FERHES Ve MATE BT E
D. glandulosus var. minor Yes/No Congjiang County, Rongjiang County
4 BERHES =/ S B SUE R B RIS BT i L B
D. stenanthos var. pilosellus Yes/No THFENE AR E L0 R SRR TR 24T %
[LIE=S
Zhenfeng County, Anlong County, Guiding County, Huangping
County, Leishan County, Kaili City, Shibing County, Yinjiang
Tujia and Miao Autonomous County, Jiangkou County, Chishui
City, Rongjiang County, Xingren City, Qianxi County
PR & ) 1 RS E & =/ MITE: Congjiang County
Gyrochetlos Gyrochetlos retrotrichum var. oligolobum ~ Yes/No
FIREH R 1 FEEE B/ 2L Aok
Allocheilos Allocheilos cortusiflorum Yes/No Xingyi City, Chishui City
KEEEE 1 LIAE KBS E Anna rubidiflora B/ TFRHEL & Vb8 SPKE HRE R KI5 H o«
Anna Yes/Yes Kaiyang County, Jinsha County, Xishui County, Tongzi County,

Dafang County *

2 HAERGE S A. ophiorrhizoides b oK PR FHE R S HE RICER ARSI NEREIX
Yes/No Chishui City, Luodian County, Libo County, Suiyang County,
Majiang County, Duyun City, Liuzhi Special Region
FHEEER 1 FHEEE Loxostigma griffithii w5 SKE ok iR
Loxostigma No/No Xishui County, Chishui City, Zhenfeng County
2 HIMBHEE L cavaleriei =/ E stE 8 Ml B
Yes/No Guiding County, Dushan County
3 M EHEES L glabrifolium b Ji# B Zhenfeng County
Yes/No
4 AR L ki P 77K Chishui City
Yes/No
TEHEER 1 TEHEA /A PR AROKTT
Aeschynanthus Aeschynanthus acuminatus No/No Zhenfeng County, Chishui City, Libo County
2 I RESR /T ST R PR
A. austroyunnanensis var. guangxiensis  Yes/No Zhenfeng County, Wangmo County, Pingtang County *
3 WIS BEE A buxifolius /B DT SRIATH R i 11 1R B BHE B
No/No Xingren City, Guanling Buyi and Miao Autonomous County,
Guiding County
MAEH 1 ZhMAES =/ FHeE il =
Lystonotus Lysionotus denticulosus Yes/No Libo County, Dushan County *
2 R BAOER /T [5]7:2=3CAS Q NI =0
L. aeschynanthoides Yes/No Qinglong County, Xingyi City, Zhenfeng County
3 KB AEE L oblongifolius B/ W E Libo County
Yes/No
4 S RBAES L heterophyllus JB/ HAEE e E AVE R A RFE ATTE 24T
Yes/No Tongzi County, Zhenyuan County, Rongjiang County, Shigian

County, Congjiang County, Xingren City




OO W 42 %

SRR 1

Hh [/
JE# s g4 SEMERAT M
Genus Serial number Species Endemic species  Distribution
of China/Guizhou

5 mAEH /5 B B 2 IR AT SRS R R R AR
L. pauciflorus No/No ST T FAZ B R VA B PSS X I S T K
DX RRILEL BT SUE B DX B RS T S ]
JBEHTE ATAE AR 24T M B B E 2K E it
H ABFE T H B AR A RS MITE R oK
W BTG ER AR LR B R R Rl
=K EIAE LR ENL KRR AR E R 5
M HILE Pl Sl SR FBAKIE ATA & Ok
ARG AR PSBURE I RS il B RIX s
PR HOER s TERE s« TR KO x 20K
X =
Zhenyuan County, Xingyi City, Leishan County, Duyun City,
Pingtang County, Yanhe Tujia Autonomous County, Jianhe
County, Daozhen Gelao and Miao Autonomous County, Xixiu
District, Pingba District, Panzhou City, Shuicheng District,
Majiang County, Qingzhen City, Guiding County, Huichuan
District, Qixingguan District, Weining Yi and Hui and Miao
Autonomous County, Huaxi District, Xingren City, Ceheng
County, Luodian County, Xishui County, Shibing County,
Shigian County, Jiangkou County, Songtao Miao Autonomous
County, Congjiang County, Suiyang County, Chishui City,
Zhenning Buyi and Miao Autonomous County, Rongjiang County,
Liping County, Jinping County, Weng’ an County, Sandu Shui
Autonomous County, Dejiang County, Yinjiang Tujia and Miao
Autonomous County, Xiuwen County, Wudang District, Taijiang
County, Pu’ an County, Zhijin County, Ziyun Miao and Buyi
Autonomous County, Guanling Buyi and Miao Autonomous
County,  Liuzhi  Special ~ Region, Meitan ~ County,
Dushan County * , Nanming District * , Libo County * ,
Huangping County * , Zheng’ an County * , Renhuai City * ,
Dafang County * , Honghuagang District *

6 KB AE S prrgs BT SRR R A R B

L. pauciflorus var. indutus Yes/Yes Weining Yi and Hui and Miao Autonomous County

7 WHmAaES /A5 P 2T B B B P I L B R
L. serratus No/No VAL SRR E UK S GEFAZAERR IR A iR E JKIRIX =
Xingren City, Xingyi City, Anlong County, Luodian County,
Xixiu District, Ceheng County, Wangmo County, Majiang
County, Pingtang County, Huishui County, Daozhen Gelao and
Miao Autonomous County, Shuicheng district *

oo

BEMAOEH L chingii /1 FhEE B R EIRATRIE A G S =
No/No Libo County, Ziyun Miao and Buyi Autonomous County *

=}

RIEMAES L sangzhiensis B/ LR BV EFG G QA B mskiig ainE
Yes/No Jiangkou County, Yinjiang Tujia and Miao Autonomous County,
Songtao Miao Autonomous County

—
(=)

RULBAES L fengshanensis =/ FHik H
Yes/No Libo County
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s

Serial number

g4

Species

il

Distribution

e EEE
Glabrella

WEEHS

Paraboea

1 S EE Glabrella mihieri JB/
Yes/No

2 JEMOEMEE G. longipes b
Yes/No

3 TEHMER G. leiophylla B
Yes/Yes

1 PR EE L Paraboea swinhoii w5/ 5
No/No

2 WREEE P. sinensis w1
No/No

3 FHOWEEE P. rufescens 5/%5
No/No

4 FIEREEE P. glutinosa P
Yes/No

5 BYWEEE P. martini /A
Yes/No

6 ZHMEE S P. tribracteata B/

Yes/No

S 26l e E BB X L KB T
TG AV E L ST R AR R BLET LR
KK JON K K8 BB SHE B GE EAZ AR ER A6
£ RO Fpi L A AT B R R K AR
L BkEE AV AL X B T N
Wil Pl B JTRE « iSRS

Pingba District, Xingyi City, Anlong County, Huaxi District,
Dejiang County, Xishui County, Qingzhen City, Zhenning Buyi
and Miao Autonomous County, Ziyun Buyi and Miao Autonomous
County, Kaili City, Qixingguan District, Huichuan District,
Dafang County, Huishui County, Guiding County, Daozhen Gelao
and Miao Autonomous County, Chishui City, Libo County,
Suiyang County, Renhuai City, Zheng’an County, Yanhe Tujia
Autonomous County, Songtao Miao Autonomous County, Leishan
County , Wudang District, Wangmo County, Xingren City, Liuzhi
Special Region, Pu’ an County, Zhijin County, Hezhang County,
Kaiyang County * , Shibing County *

T e B ok RS it E
Xingren City, Anlong County, Chishui City, Suiyang County,
Shibing County

HKE: Huishui County

Ml £ Frie . GEEAZERR R AR S
Dushan County, Libo County, Daozhen
Autonomous County

EMT LG0T A L v L 500 iR 8 B ERIK SHE
B et L QE %L PR B RABREER B iG EL iESR
SL 2T DT M T e TR KR+
Yinjiang Tujia and Miao Autonomous County, Yanhe Tujia
Autonomous County, Qixingguan District, Guiding County, Libo
County, Suiyang County, Zheng’an County, Xishui County,
Songtao Miao Autonomous County, Shibing County, Xingren
City, Xingyi City, Panzhou City, Nayong County, Qingzhen
City, Shuicheng District *

B R il Sl A IR R i B SR A
YL B R 2T 24 ST BT AR R A iR G
Y PETR BT FLIR B BT SR IR B R iR B AL
H BEBLE AW IR E BUKE T R
JSREE TH B BN GOR AR HR R R ER R %
FH &

Anlong County, Ceheng County, Dushan County, Guanling Buyi
and Miao Autonomous County, Guiding County, Libo County,
Luodian County, Xingren City, Xingyi City, Zhenning Buyi and
Miao Autonomous County, Daozhen Gelao and Miao Autonomous
County, Weining Yi and Hui and Miao Autonomous County,
Nayong County, Puding County, Wangmo County, Ziyun Miao
and Buyi Autonomous County, Huishui County, Qingzhen City,
Leishan County, Shibing County, Jiangkou County, Yinjiang
Tujia and Miao Autonomous County, Dejiang County, Zheng’an
County, Suiyang County

B KR StE S SEINIX R =

Luodian County, Changshun County, Guiding County, Pingba
District, Libo County *

DL i B JFIRE BHR L «
Luodian County, Libo County,

County *

Gelao and Miao

Kaiyang County, Wangmo

4B Libo County
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7 JEM R BE R P. crassifolia Ve FABEETE AvAE TLHE T e Bl HER Y

Yes/No SO B EAZ A R A VA S T B8 BT S e i % A
TRE WEREEL A 50 F A
Songtao Miao Autonomous County, Jiangkou County, Bijiang
District, Puding County, Luodian County, Meitan County,
Xingyi City, Daozhen Gelao and Miao Autonomous County,
Kaiyang County, Weining Yi and Hui and Miao Autonomous
County, Qinglong County, Yanhe Tujia Autonomous County

8 MINKTEER P. dushanensis S LSS BEETH, «
Yes/Yes Dushan County, Wangmo County *
9 MkkBEE P. dictyoneura w5 74 EL Libo County
No/No
10 HAZAREEH P. dolomitica 2/ J2 TSR B B B
Yes/Yes Shibing County, Zhenyuan County
TR R 1 MRS /A e RIE B E BB gl
Dorcoceras Dorcoceras philippinense No/No Anlong County, Changshun County, Luodian County, Wangmo
County, Libo County
2 FEHEE D. hygrometrica B/ PR LB HR R FEE \IEE{/Zf%ﬁiﬁﬁi ERGEEIN
Yes/No KRR TLOE S fhE L e A
Luodian County, Anlong County, Wangmo County, Libo County,
Daozhen Gelao and Miao Autonomous County, Chishui City,
Zheng’'an County, Jiangkou County, Zhijin County, Hezhang
County, Ceheng County
HhYE R 1 TN EHSEEE Ornithoboea feddei w5 KIS E TG AR E siFE R
Ornithoboea No/No Guanling Buyi and Miao Autonomous County, Zhenfeng County
MEERR 1 MEEE Middletonia multiflora =/ e B 2T Gk R
Middletonia Yes/No Luodian County, Xingyi City, Libo County
SAEE=Y 1 SEAEE) /A (9 17823 i TR v o= £ R - = I D T E 52 2= 0
Rhabdothamnopsis Rhabdothamnopsis chinensis Yes/No B BAVKE B E JFHE «

Changshun County, Dushan County, Guiding County, Luodian
County, Anlong County, Panzhou City, Libo County, Ziyun Miao
and Buyi Autonomous County, Kaiyang County *

TE: = JSCHURA B BTG A0 X 4 R RN  + O S AR T s_ i IETE R
Note : Those marked with # are the newly increased distribution areas found in the field survey; those species marked with # are will to be
published; those species marked with + are new records of Guizhou Province, which are being published.
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Species diversity and altitudinal distribution of
lycophytes and ferns in Gongga Mountain

HU Jiayu'”*, JIANG Yong’, WANG Yu’, ZHANG Menghua'*, ZHANG Xianchun'"

(1. State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China;

2. College of Life Sciences, University of Chinese Academy of Sciences, Beijing 100049, China; 3. Gongga Mountain

National Nature Reserve Administration Bureaw, Kangding 626000, Sichuan, China )

Abstract ; Gongga Mountain is the highest peak of Hengduan Mountains and is an adequate site to study species diversity
and the successive distribution of species along altitude. In this study we present an account of the species diversity and
floristic characters of lycophytes and ferns in Gongga Mountain based on field survey, specimens identification, and
literatures reviewing. The results are as follows: (1) A total of 316 species of 60 genera in 26 families of lycophytes and
ferns were recognised in this study. (2) Of these species, six species are assessed to be rare and endangered and need

special protection in China. They are Isoétes hypsophila, Psilotum nudum, Alsophila spinulosa, Aleuritopteris albofusca,
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Polystichum glaciale and Lepisorus palmatopedatus. (3) Of the fern flora in this mountain, the largest four families are

Dryopteridaceae (75 species) , Polypodiaceae (56 species) , Pteridaceae (54 species), and Athyriaceae (37 species) ;

The largest four genera are Polystichum (45 species) , Dryopteris (24 species) , Athyrium (24 species) , and Lepisorus

(19 species). (4) Temperate species are the dominant floristic elements (286 species, 93.77%) in this mountain. With

the ascending of the elevation from 1 000 to 3 000 m, the species diversity gradually increases, which reaches the highest

at the zone between 2 000—3 000 m where 192 species ( belonging to 60 genera in 20 families) were recorded, and above

3 000 m, the species diversity declines, with only four species of ferns found over 4 500 m. When viewing the floristic

elements, the Sino-Himalaya species are found to be gradually increased along the ascension of elevations.

Key words: floristics, Gongga Mountain, endangered species, temperate elements, altitudinal distribution
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Y A= A R I P R 2 — ( Brown, 2001 ;
ZEEGAEAE ,2013) o BT LR AR K, T IR VK 25
ik 6 000 m, b BTG BB K SR E AR M, 5T
T L1 ) A e S B FAE ) R il A2 A A 2
B S A ) 2 AR 5 1 B A BB 4, L ZE T A
KNS (1996 ) ¥4 $iz 18 57 6 11 X A BRI MY 40
BF 93 )& 399 Fl, HJE, 3T 20 40k, MiE 0 F R4
ST AR A, A A 2 RN A 0 i B A &
TR K8 (PPG, 2016) , I H, 4R K 2001
FEX TR LA T HEIRAME SN A, 3 m T —
SEM R ) 43 A 0 55, X DA — BB AR A A A 1R 8
WHAT T Y IE, H, A0 E I T 53R 4
SR 2L X AT FA S FBR B AE M AT X ZR 53T

AR5 8 1 % BT 1 M X 22 Uk B AR 5%
PRARAE G%E , T R KBRS, X or & 1l
ARSI FI R LA ) ) Tl 24 Sk AT 483, IR T i b
DX A WA 2 TR 2R A8 0 1) X 2R B 43, 9 % AN [l Vg 3k
B0 A WS 2RI R 2 A W B 43 AT 43 AT, Ry DT 1L
FE 22 AR AR X i 2 R AT 0 9 VR %) T 5 2
IR AR AL R 2 K i

1 AP 50 K3 B A B

UL KR H RO XA T I B P E
B R U BEMamBRN, A E N
101°29'—102°12" E,29°01'—30°05' N, i i 1
409 143 hm*, BT (1 32 05 402 DU 1| 48 e g W, 1
7 556 m, H.JE Bl A 45 FE 6 000 m DL b i,
DT 1) i DX b TR 3 3 S B A LA 4R T
TRV AR PH PR BT WS 2538 5 000 m A IEAS

Va )i o Ll E R AR X R R Tl
A e SR B A AR RR FE T BT AT
WE IR HT R AT IR | TE AT M L S, TR
B 7 BT M X 37 AR W 2 XU R 2 DALY S ]
SR MREK K 23 Bl T AR T T R
T 2 3 Jmy BB A% 22 FE AL I R L, R il X AR
BRI X RPEHE T AT RE

2 BBRIE 2T &

2.1 HHEIRE

2018—2020 4= H 1], AT % 5T 6L 11 3 X A5
Z R EFAN 5 52 %k BT L X BE I 4 A4S BLOR R A
Mo DCHEAT T RO A SRR E B A 2l Vb E
WY AR S AT OHE R ) E H R i
W23 eI R T OV N T A i B Y
FEBZRE HR S HE S Uk B R 7 it
Mg il 25 REMPIFRA 6 338 5, il id
Xf X BEARA HEAT R SE , S5 (R EAE P ) (T A
W) (FLJE T 45, 1988 ) | (8 W7 1 IX 4845 H 40)
(FECK5%,1993) 5 Flora of China ( Wu et al.,
2013) A AR BRI R 2017 b [ 805 A W bR A 1
(http ://www.cvh.ac.cn) RAH SIC 5%, R B I A
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PAIFIBRAAYI 53 KRG PPG 1 (2016) , 456 H K%
BER BB 5T R, U0KE b6 R J& ( Neocheiropteris )
FIE BR J& ( Neolepisorus ) %5 4 A\ L J& ( Lepisorus )
(Zhao et al., 2019) , B& P GTHEL (1) 3 X f7 B SRR
KR E 4 % (B3 1, http://www. guihaia —
journal.com TEZE K A0) .

2.2 SRAE

22,1 R A o % 4 AHY) X R 30 H A 4 2
ARG R 4> 2 B8 R AE &5 25 (2006, 2011) A1 fiti 44 K
(2004) BYT7 ¥, Horb, B S Y — FRGHE 5 Y 8] 1B 53
LIS R B B 0 o (R S BN R e L
Ly, DX AT 431, PRI 57 UL L DX 2 4] 43 Sy 12
OyATZEBY , FEGETH AT 2N RER a3 o3 A LAY
AL B T AR5 A B 3 ANAR RS ZRE T 4 (S-J-H
R P E - AR AL (S-] AY ) Rl [ - SRR AR
RU(S-H #) [R5 5 il nl 7y 5 1 o3 19
FOE (R/T PR ) 5 e X8 Y PG B0 T M (32
1996 ; 1 d AR IR, 2008) .

222 HHRRE BRI o TR EEYE) i
AR P A I SRR B A 4 A TR, 6 T I 1 X
T3 20 A K JR 0 BT AN LA GE 50, DYt aE
o EBCEM YR A TE (http : //www.evh.ac.en) T
Bz 4 N E(RESE VES LUE A
HE)RITA A ERBR BB Y R EIL®, IFE S
2018—2020 4F 7 W 111 4 38 HE W) A I ] £ 7% %< A B
SR AR AR TE 3, R A W) TR 4R b 10 Tl R AT
it WRRN oy 2 IR E AR (2004) 195 ¥
DU Ly X e B AR AR UK o3 S AN R B, L
500 m A— B, T MK 1000 m PLR
DT AR/, HoR Bl sk 3 b, R H 42 1 i 4K
1,000 m DL ) 4l , 8 4R BT 1y S 04 9 44 75 A
7 556 m  HAERE 70 A B4k 4 500 m DL L ) ) il
R KRR 4 500 m L _EAE A —AN R B,

3 £R5400

3.1 AMERMBREEYHIR . ERFHEAR

DT 111 Hb DX A A ISR A 26 Bl 60 J&E
316 M (K 1) , P A ZEHEY) 3 B4 J& 25 Fh, 3%
AW 23 Bl 56 J&@ 291 Flr, 4% 8 JE B R4 (2016)
MGETt, v B oA A A A 2R R A 40 B 178
J& 2 270 B, TG L M XA b 2 AR S AE B 43 0 o
S EPRHY 65% & 33.71% FFF ) 13.92%

3.1.1 Aey K 244 LB ROEGE LIRHE 5T L
G3A BIRVEOR T 20 Sbnif, o b IX AL Ay i
E Bk B ( Dryopteridaceae ) 75 Fh, /K J& & Ft
(Polypodiaceae) 56 Fit . XU &l ( Pteridaceae ) 54 Ffi
i F2 IR ( Athyriaceae) 37 fft, X 4 MEHEL, 4
BT 28 JEAN 222 B, ERHIAY 15.38% | BB LY
46.67% ST 70.25% , Hob  BEBIRF) 4 J& 75
ot St ARG B K TE 5L 4 8 75 B, iz AR o
1R RURBBREL 9 J& 54 F, Sy #Aiy 0 R Aty 56
SyARHL TS RREL 5 R 37 b, ) A et Bk £
A, LA R iy 2, & 10~ 19
fhry B A A S BE ( Lycopodiaceae ) . & 1 £t
(Selaginellaceae) 2k ff1 % B} ( Aspleniaceae) | 45 &2k
Bl ( Thelypteridaceae ) , 3£ 8 J& 28 Ff; &4 2~9 F iy
FHA 10 B AUH 1 R 8 B,

3.1.2 B#g K A AR 4R ORFAJE I I E LLJE AE 57
WA AT A PR EOR T 15 bR e, I 4 M s
AT 112 Bl 5% X SR 35.44% , Ho HR R
( Polystichum ) 45 % ; % & B J& ( Dryopteris ) 24 Ffi;
E%%ﬁ@(z‘lthyrium)24 s BT E 19 Fp, FLER
(1984) TE 1Y 1 Bk 2 48 Wy b B 1) — SCH 4
B BR -5 B R R AE Y X R HE A FL e 13X — b
DCRYZERERE . CTHEA Jm iy 20 8, £L 28 5 F ok
AN S (1996) AN ST LA 7 AR A & |, H T 4K
RGAEY) F AR Z X R A R, H
.o B OBR B ( Sinopteris ) H A ¥ B OBR B
( Aleuritopteris ) 5 7K ¥ 3% J& ( Sinephropteris ) 3 N2k
BRJE (Asplenium) 3 TR & ( Cheilanthopsis ) I3 A & 5k
J& ( Woodsia ) ; £ J¢ Bk J& ( Sorolepidium ) 13 A\ H-jik
J& R 5L T 3R & ( Paradavallodes) VA A B W b @
(Davallia) ; FHBRJE | 567145 Bk & ( Platygyria) V3 A FU
T,

3.1.3 ity SO INMIX AT 316 Flf
FAZEMIBRIEHAY , #4 M HE A 55 2 (2017) X [ 47
FAZEHFIBR 2 A W) 21 45 44 s A I 45 2R DT 11 4
X BASE(CR) FBASE (EN) B P Fl, (HA 14 Fi
Yy & (VU) B f& (NT) #1843 41 42 ( Huperzia
crispata, 5y 16 VU) | 5 FE K HE (Isoétes hypsophila , )
& VU) WAFBR ( Psilotum nudum , 5 16 VU) ik SCik
EW& ( Dryopteris lachoongensis , 5 f&, VU ) 1 JE i Bk
( Drynaria delavayi, % &, VU) 4 1 ¥ ( Huperzia
chinensis , JTf& NT) HOREH ( Selaginella pulvinata,
I fE NT) | B BHHLER ( Botrychium lanuginosum , T
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Table 1  Statistics on families, genera and species of lycophytes and ferns in Gongga Mountain
# & i # & i
Family Genus Species Family Genus Species
FiFARl Lycopodiaceae 2 12 JURHRF} Preridaceae 9 54
BAAFEL Selaginellaceae 1 12 Y HRF} Cystopteridaceae 2 7
IKIER} Isostaceae 1 1 ERAEF Aspleniaceae 1 12
KIFE Equisetaceae 1 6 4 FEBREL Thelypteridaceae 4 12
FAMFBR Psilotaceae 1 1 ABRFE Woodsiaceae 1 5
/R /NEERL Ophioglossaceae 2 3 B 5 BRFH Athyriaceae 5 37
SHF Osmundaceae 3 3 BRFHF} Onocleaceae 2 2
B35} Hymenophyllaceae 1 4 5ERRF Blechnaceae 1 1
H HF} Gleicheniaceae 1 1 Jif /£ 35 B} Hypodematiaceae 1 2
I8 L BRE} Plagiogyriaceae 1 1 % EBRA} Dryopteridaceae 4 75
AP HE} Cyatheaceae 1 1 "B 3% F} Nephrolepidaceae 1 1
A5 B F} Lindsaeaceae 1 1 B AN} Davalliaceae 1 3
Wil P} Dennstaedtiaceae 2 3 KI5} Polypodiaceae 10 56
&3t Total - 26 60 316

& NT) R (Alsophila spinulosa , 3T f& NT) B &k
28k ( Adiantum bonatianum , ¥ 5 NT) (K5 B2k ik
(A. myriosorum , it f& NT) . £ J¢ Bk ( Polystichum
glaciale, ¥T f& NT) . f1 3% 2 il Bk ( Drynaria
propinqua, 3T & NT) | J8 B ¥ Bk ( Tomophyllum
subfalcata , T & NT) o 18 o B Ah A FRATTIN N BT
L 111 3l DX 53 A1 1 s ZE K AE AR B KB AD /i v
E Bk ( Aleuritopteris albofusca ) . & ¥ BR F1 B Bk
( Lepisorus palmatopedatus) % 6 W % Jin DL & 5 44
R RS AE DT L 1 o3 A o Hede ve b i 5 JF
HAES B —E WAL 5, 5 2T R ik — 25 1y
FERER R
3.2 AHMEMBREEMHI MRS HAER

H TR B 4328 RGN ), DA S 48 ok X 1
AR FER 26 M W R & 19 R 43 A8 A B TRt A
SCHERN 53 3b 3R R 3 6 LA Oy B0 AT 1198, B g
HERR SO R M (R 2) o 7R DT 1L M DX ) b
(12 Ao AR (1) - R o 36 19 B, o
FE A P40 AR PR 6.23% ; TS L 2k 286 F
7 At B A R R 93.77% , Horp R AL
R K 53, 2166 B, o5 AE HF 20 A B A B
54.4% ,

JLLRE S I L L ST B O P SO - S T [ SR AT /A
( Lycopodium complanatum ) . 717 17 ¥ ( Equisetum

ramosissimum) Bk 28 Bk ( Adiantum capillus-veneris ) .

BN R BR ( Pteris cretica ) . ¥ Bk ( Cystopteris
fragilis) F1'B BR ( Nephrolepis cordifolia ) %, Good
(1974 ) AW HHFE T A5 Fb Xof A= B8 e £ BORBUIL, 7
SEBROTA TTIZ AN RE A B B 43 A AR e
e, FRATTAE T 550 X 2R R L A9 R A 1 AN 93 i 5
JUAE

POl oA B 19 B, Ho iz A0 0 A A7 4
i, oy 3R Ao A SRR B 1.31%, T ik WA BT
( Pteris vittata ) "% S8 Bk ( Asplenium varians) 55 ;
IH KB #4707 B9 A 2 BR ( Odontosoria chinensis) |
B ER 2R B (Adiantum caudatum ) 2 F ; FGH I PH -
POy KW A A E K ( Equisetum
ramosissimum subsp. debile ) . AN W R /R /N
( Ophioglossum petiolatum ) 7 "I B 55 3% ( Deparia
petersenii) 3 s $HT PPN — A7 JE I 4 A B9 A 2
Wk ( Hypodematium crenatum) 1 5 L7 | ) B <
A9 B, AR A SRR 2.95% , SR R 4
3R ( Onychium cryptogrammoides ) F1 2 4B I8 Bk
( Selliguea oxyloba) 55 ,

DU X DA A o A 2R d 22, 18 286 A,
Horp JUIRAT A6 0 10 A AR HE 5 0 A SR
B9 3.28%, W] 3] ( Equisetum arvense ) . ] 73 ik
( Gymnocarpium  jessoense ) . Ul F Bk ( Phegopteris
connectilis) 1 3¢ 3 Bk ( Matteuccia struthopteris ) %5 ;
Tl XEWH 2 A5 B9 6 A, i JE T A S R K
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Table 2 Distribution types of lycophytes and

ferns on Gongga Mountain

4
SR K g IO
Distribution type No. of species ercenlage
(%)
1.5 4 Cosmopolitan 11 —
2.2 Al 434 Pantropic 4 1.31
3 IRl B 3 A 2 0.66
Old World Tropics
4.3 S P — PR AN 2 A1 3 0.98
Tropical Asia to Tropical Australasia
5.4 S — PRt AR I o A 1 0.33
Tropical Asia to Tropical Africa
6. 347 T 434 Tropical Asia 9 2.95
T 537N Tropical elements (2-6) 19 6.23
7.+ I S 2 R 4 A 1 0.33
Mediterranean, West to Central Asia
8. R W5 1ii East Asia 166 54.4
8.1 ZR3E) i (S-J-H) 52 17.00
8.2 ffE-HA(S-]) 14 4.59
8.3 W E - i (S-H) 100 32.79
9. 7R WL S AW 2 3 0.99
E. Asia & N. America Disjunction
10. 75747 WP 434 Temperate Asia 6 1.97
1. AL 404 North temperate 10 3.28
12.% #4554 Endemic to China 100 32.79
IR L5y /N Temperate elements (7-12) 286 93.77
B3t Total 316 100

1.97% , ER % ( Cryptogramma raddeana) . V8ALER A
B (Asplenium nesii) FIAC R AR (A. pekinense) 4
AR~ 3% [] By 7 A1 ) A5 A B2 56 3 ( Osmundastrum
cinnamomeum ) |, 9% % F ( Claytosmunda claytoniana )
FOHG T ERBK ( Cryptogramma stelleri) 3 Fit; HhlE. | 7 1
2 M T o3 A A B 4 B B BR ( Paragymnopteris
marantae) 1 F; Y27 B4 W) 32 2 A0 2R W0 40 AR 28
B, 223K 166 Bl i A 520 A SRR 54.4% , 2
DMLyl X e 32 B o0 A S A, ZR O R 7R 2
B AR S B A 5 7Y 2 Rk ARp X A T L DXOR
T, R A e OB AR, AR A X
ATLARIN A3 R 3 ASAE B R A (S-)-H 8 [ E -
HA(S-J 2 P -5 SH0HE(S-H BY) . RIS
S LA [ - S RLAE O A B B 2, 3K 100 F o
JE Ao A BRI 32.79% ; FR M AR A, 2k
53 B, di AR T AT SRR 17% s 55 b E - H
AG3 A A 14 B AR AR 4.86%

2. M 5 3. IHRERPHE 7340 5 4. FRAIF P - i R
FEH A 5 5. BRI - P RN A 5 6. B8 2 U 231
7. P M P A 8.1 R Ay 8.2, hE-H
A% 8.3, ME - ShHE; 9. AR b H K315 10. R
WO M 5 10 U A5 12, ERRA
2. Pantropic; 3.0ld World Tropics; 4. Tropical Asia to Tropical
Australasia; 5. Tropical Asia to Tropical Africa; 6. Tropical Asia;
7. Mediterranean, West to Central Asia; 8.1. S-J-H; 8.2. S-J;
83. S-H; 9. E. Asia & N. America Disjunction; 10. Temperate
Asia; 11. North temperate; 12. Endemic to China.
B1 STl A A RIBR I ) 3 A X I G HE
Fig. 1 Percentage of distribution types of lycophytes
and ferns in Gongga Mountain

R A A 28 B TE i X 3 100 R
B A B A A 32.79% s ﬁﬂﬁﬁfﬁa*ﬁ(f]uperzia
emeiensis ) | B % f1 12 ( H. kangdingensis) . 1= & /K
e it b E R P 4 B BR K ( Paragymnopteris
bipinnata ) W JB & 55 Bk ( Athyrium omeiense) 5%

R/T (B2 A8 ) X 5 b Al i o3 5 TR 10 74
FE AR, T DA R A B A7 & IXO&R 0 M BT (32 4,
1996) . R/T {HHY Bl 2548 A 7T Lh S B AN [ 3 XA
WYX & Bl A A A2 A B R R . TE AR 26 B
AEARLVEEFAR 11X — 1~ b DX 1Y) R/T 8 ey, LT 1
3B A SN R B R, TR A R/T
{64 0.076<1, B2 3 DX I 7 1 43 7 B S A 3
BA SRR AT PR
3.3 AMEMBLEEMNERSH

Yy fp 22 FEE BE T SR 1Y A2 AL R — T = L
YIIX & 19 WF 58 8 55, il 4. Whittaker & Niering
(1975 ) Xof 3 [ 0. ] SR8 M 17 25 355 5 AR 0 435 11 1 B
FER I, i AR M B Bl 22 R M O B K E AE
(2004 ) i 1 X = B o7 Ll BT A W0 A oF T I
BB AR AT 9 R I, AS R S BE A 3 o B B
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VAR B T S G R R R 8 R R R R X
B R B R

Gt BT L AS [R]  $ X B A A 28 R JE A )
A ATECE R 2 AT, 7E 1000~ 1 500 m AR X
B, A PSRRI AE W 43 A B e /b Bl A TR AR Y
Fhi, oA Bt Wb 2 34 0 #E 2 000 ~3 000 m
RIX BB w2, oA A 20 B 46 J& 192 i, 5
SRR 60.8% , Ui B % X Bt Ah Z ARt B
Bl R TT R 2 3 000 m DL [, A AN SEFIBR 2B A )
Sy A B AR G218 T [ AE MR 4 500 m BRIk, (X
A 4 Fp, BIFE oE R BRSO A R ( Woodsia
cycloloba ) . £ J& Bk il 2 FF H ( Polystichum
moupinense) , 3 BR A2 BF B BR — M A= T Ll )
Sb AR R n Y,

FRATHERE X R AR B 9 [ - 2 5 i A
L5 (S-H) 43 A Y %o HAE B8 LA [ 3 4 X B 43
MBI ATGE T AT, 45 R R W S-H R 4 B Bl
R T ME BT N, FE V4K X BE 2 500 ~3 000
m YRR I 2 B IS P IR 1S T RE (R 3, K1 4)

B2 ASTRITEESROBR A FA S MR AR ) ) o
Fig. 2 Number of species of lycophytes and ferns

at different altitudinal zones
4 Wik5 4k

ABIFFE X R 3 A 2 W, o7 I 1 DX A F 2
FBR A P 4 b B R 3 35 BN 2R 0 0 A, 2R I 73
A3 3 R LA [ -5 B R A o o K
X5 T M X R AR X AR BT ST 4 2R AR —
BN ,2012) , RWIA X 5 5 S HHEH X AY
AR RIBR AR D) X Z8 BA B 1 2 2%

ABIE ST W) Ff 14 2 B AT A o, ST A
FAZEFIRR IS 7 2 o0 A1 b 52 B SE 1 i sk

K3 ANl BE v [ 35 T Bl RO
Fig. 3 Number of Sino-Himalaya elements

at different altitudinal zones

Bl 4 N[RNERORR b [ 35 S e Ly o L
Fig. 4 Percentage of Sino-Himalaya elements

at different altitudinal zones

A B S 7E 2 000~ 3 000 m 4R By 4 Fhk B
BNEE ., P E - DR RS B )RR IR
A 2 B AR AL AR A B U B BT L i
PR B TS B A A S IR 2 A W A K X RT g 2
H T 5 Bk R RV AR A L i R Y B ATK
ST R TR, BRI, il AR b B W R
i

TG L3 X 2 [ 4R T8 A BRI AR ) £ 35 40 B
93 J& 399 F (L 2E T Mok Ui £, 1996 ) , 11 A< WF 5¢
GEit o Zh R 26 B 60 J& 316 Fl, A M2 EIK,
Bt REH M 2B R R FEAE AR SCR AW
J= PPG 1 (2016) 4 2K R 4, ifi £L %€ 75 ik i =
(1996) RHAMRZEI BN RRG, £ PPC 1 RE%
B RHRE A R A T AR KA el AR G B MR R
FEAMR /N R v = BRBE R R B TR R
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Bt BRI A XU BRB, BRRHOIT A B R E
LB AR B 81 Rk | B B R OT A K e B R
H TR R A U AR T IR, K B R R B A kA
BRI R R WA BR R AF R/ JE PTIRSE Y
PR B AH 28 B, VA4S T AR A 19 A [m] 45 2 DA
K—sey Mt &2 &Kk 4 T 8UE, i E B M
( Selaginella jugorum ) J2& Pi 4 #1 ( S. laxistrobila )
B R 48, B MKk AR K (Asplenium praemorsum )
U I 30 VY R Bk FA R (A, aethiopicum ) VL N5 7€ I 55
Bk ( Athyrium ludingense ) W % 5 )I| 18 B 35 Bk (A.
mackinnonii) W 5 24 5555

it ARBFRTLLRY X ETHYD A
JFEAEF TR B R A REP R FRAHE R0
Ty, B b B A B A A AT R PT 8 Rk = AT R
R RMA—S MR R EHFIER AFAREF T @
P0G A B Ao L

SE R
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Appendix table 1  Lycophytes and ferns list of Gongga Mountain
Fiai JE % T4 FHEbRA/ 5 IUE13 4
Family Genus Species Specimen/ Literature
LA} Lycopodiaceae AF2IE Huperzia HHAEEAZ Huperzia chinensis FKANEE 2021( CDBI)

LAAF Selaginellaceae

7K3AER} Tsostaceae

AKIEEL Equisetaceae

A BREL Psilotaceae

/R /NEERL Ophioglossaceae

LR Osmundaceae

A& Lycopodium

LM)E Selaginella

IKAEJE Isoétes
RIS Equisetum

WA BR)E Psilotum
BHHBR)E Botrychium

HR/INELE Ophioglossum
FER SRR Osmundastrum
WERFHE Claytosmunda
KHIE Osmunda

YK H. crispata
B K2 H. emeiensis

By& K2 H. herteriana

BEERH H. kangdingensis

FIWATKS H. laipoensis

WJZEH Lycopodium zonatum

£ L. japonicum

FEA L. obscurum

LRI L annotinum

JREARA L. complanatum
BE/NRBATHS L veitchii

et 41 Selaginella mairei
ZIRHEHA S. sanguinolenta

BHAB S, vaginata

HZEBH S, chrysocaulos

FEMA S, involvens

HOREAA S. pulvinata

WA S, Laxistrobila

Y& S. labordei

S S. heterostachys

INEHS. helvetica

YA S. vardei

JEEI-EAH S, leptophylla

TR IEIKAE Isoétes hypsophila

[A13] Equisetum arvense

PR E. diffusum

KIaJH E. palustre

BESCRI, E. variegatum

ZEE B E. ramosissimum subsp. debile
WNHEL E. ramosissimum

FAMFBR Psilotum nudum

FPIBHHLER Botrychium lunaria

BB APR B. lanuginosum
FAM IR /NG Ophioglossum petiolatum
FER SR Osmundastrum cinnamomeum
WELH Claytosmunda claytoniana

SLH Osmunda japonica

O 1418(SZ)

FKAR S 1096( CDBI)

JKANSE 1041 ( CDBI)

HIGF 1777(NAS)

KM 3922( HX)

Harry Smith 11522( PE)

%12 41408( PE)

X% PRk 22590( CDBI)

* RTEFH H H LD BRI 9029(PE)
FBE4H 32064 ( CDBI)

* A B LAR SR 1896 ( PE)
X.C.Zhang & L.Shi 958( PE)
Kepifir \ FICRAE 929(PE)
X.C.Zhang & L.Shi 979( PE)
Rk 2= R T 3855 583(PE)
HEHe4L 25152( CDBI)

X.C.Zhang & L.Shi 982( PE)
Keyifer  EICRA 948(PE)
X.C.Zhang & L.Shi 966( PE)
T.P.Wang 9777(PE)

# IR JE A 6933(PE)

* IR JEA 901(PE)

* JRBH LA 5Kk 1851( PE)
# 2RI S0 R #7k GGS373(PE)
FIAT PIEIE J5 54K 1044(PE)
HRHEK 2R T 9853 519(KUN)
HRF K 2R T 2% 5 495(KUN)
Xk BRitk 22279( CDBI)
25 3538( PE)

PUJIFEBEBA 05312( CDBI)
(PN SR 6 4

K E 20935( CDBI)

iR 4672(PE)

XIREE 4654( CDBI)

BHER 40461 (SZ)

J.LJeon et al. 1426( PE)

FEWEL 25158( CDBI)
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Family Genus Species Specimen/ Literature

A5 %A} Hymenophyllaceae

H 4%} Gleicheniaceae

Jo JLBRB} Plagiogyriaceae
ROFBEL Cyatheaceae
%P} Lindsaeaceae
UBREL Preridiaceae

U BRF} Pteridaceae

JIE55% J& Hymenophyllum

W& Diplopterygium
Je JER)E Plagiogyria
ROM & Alsophila

B3R )& Odontosoria
BR)E Preridium

s TBR)E Monachosorum

BB Cryptogramma

RUBFRIE Preris

YT BRIE Aleuritopteris

SRRIE Onychium

KBRS Cheilanthes

TEZR PR Hymenophyllum barbatum
4 ERIR H. corrugatum

KAWEEBR H. polyanthos

SR MEBR H. simonsianum

W Diplopterygium glaucum
T IEBR Plagiogyria glauca
RS Alsophila spinulosa

5% Odontosoria chinensis

Bk Preridium aquilinum var. latiusculum
BB P. revolutum

Fii Bk Monachosorum henryi

Wi EEFR Cryptogramma stelleri

= LLERER C. brunoniana

KPR C. raddeana

HAREHH Preris multifida
WEREHR P. actiniopteroides
FENRUEBR P. dactylina
RGP, dispar

WEWATEL P, vittata

W UK P. cretica

et RURBBR P. henryi

ViR RUERBR P. wallichiana

KRS BR Aleuritopteris argentea
UK TR A. kuhnii
HIHBY IR A. leptolepis
R BR A. duclouxii
BEPERITFBR A. argentea var. obscura
R T Bk A. grisea

/NI E R AL albofusca
YLK BR A. likiangensis
PEMTTHE A. subvillosa

[ SHIRY T R A
SEEER TR A. rosulata

tamburit

ARIEGHIBR Onychium moupinense
hIE A MER O. tenuifrons

PR SR O. cryptogrammoides
HFHE R AR O. japonicum
TERREMBR 0. lucidum
KRIRFEHKIR Cheilanthes hancockii

FRF K 2= R T 3% 5 392(KUN)
Hpfid Ak 2R T 2558 311(PE)
Btk 2R T 9% 392(PE)
* JKRIEFR M F BRIE 9480( PE)
CHNHE-R) 5B 6 4
* JRIEA ML HURIG 9468 (PE)
5k Ml I BRI 9471 (PE)
XA 476( NAS)
O 11543 (WUK)
X% 7601 (SZ)
X% 22873 (1BSC)
XIPRAS 1408(SZ)
* IKEH K
SRIEIE G T 2250( WUK)

H 41 #5 /K14 8980( PE)

fLFER 051(PE)
)14 23691 ( QTPMB)
X.C.Zhang & L.Shi 970965( PE)
SR 12503(SZ)

FPRAE 4542( PE)

JA#5 5 580(PE)

X.C.Zhang & L.Shi 918( PE)
B 2356( CCAU)
AR 253(PE)

FRAIES 261 ( PE)

X.C.Zhang & L.Shi 961( PE)
X.C.Zhang & L.Shi 981(PE)
fLZEF 6277( CDBI)

#H 29557( CDBI)

KA 243(PE)

k%4 NA(PE)

fLZEFT 6061( CDBI)

TV S 22493( CDBI)
RS 257(PE)

Harry Smith 13348( PE)

F IR 1528(PE)

FiE R 21414( CDBI)
NifRA: 4665( PE)

XIS 4656( PE)

PuJi A AE B BA 05316( CDBI)
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Family Genus Species Specimen/ Literature
ELBR C. nitidula T RS 1357(PE)
PHRE 2Bk C. smithii X.C.Zhang & L.Shi 957( PE)
“RFBR C. bhutanica LT 6207(PE)
RUBEBR C. christii TR 260( PE)
EFPE C. trichophylla KN 266( PE)

TR Adiantum B BR Adiantum bonatianum M ARA: 4689( PE)

[ BRJE Haplopteris

GEBMIRIE Paragymnopteris

RUT BRJE Coniogramme

B HRFl Cystopteridaceae B IRIE Cystopteris

PIVTBRIE Gymnocarpium

PSAPREL Aspleniaceae BRANBRIE Asplenium

A1 BERLE R A. capillus-junonis
FREETR A. capillus-veneris
IR A, davidii
HZFREBR A, wattii
WAHARLE IR A. edgeworthii
URWEERZEBR A. roborowskii var. faberi
KRR A. fimbriatum
HENRER PR A. caudatum
WA BRERIR A. myriosorum
FEERZHR A. pedatum
Ble R #RERIR A. roborowskii
YIM-ERZEHR A. venustum
5Bk Haplopteris flexuosa
SERBHBK H. fudzinoi

VG4 BARIR Paragymnopteris delavayi

BRI 4 EARBR P. marantae
SERREK P. vestita

JIPG 4 BARER P. bipinnata
ESE R T BR Coniogramme intermedia
RV T B C. affinis

HATR Cystopteris dickieana

Bk C. fragilis

LR BR C. montana

[V BR C. pellucida

TR C. moupinensis

IR TBR Gymnocarpium oyamense
PR G. jessoense

VIILERF R Asplenium lushanense
LARERAIK A. capillipes
BHRABR A, exiguum

PUILERAABR A. nesii

ERTERABR A pekinense
PUREAIBR A. aethiopicum

F R4 1626( PE)
TR 1467(PE)
Ui A 05309( CDBI)
EICR 1716(HIB)

iR 4673( PE)

R 2107( WUK)

KA 267 (PE)

s BB LIRS Bkl 1862( PE)
= B 06134( HX)

XA 979( PE)

EBIHESE 2109 (WUK)

* R AR FEUEHE 1705( PE)
D.E.Bofford et al. 33067( PE)
2% 22071( CDBI)
K4 B 268(PE)

R4 3417(PE)

T3CRA 673(PE)

T CRE 1679( PE)

* MRICHR] 530 sk 1135(PE)
TR 22521(CDBI)

994 i 2 3394(PE)
TR 1010(PE)

FLFET 6042(PE)

fLZET 6083(PE)

F KA 1268( PE)

SRIEIE 2624 (WUK)
FKELJR 497 (PE)

R4 1000346( PE)
£175 968( PE)

Jk5EH A 055(PE)
NRA: 3362( PE)

TICR% 110(PE)

Harry Smith 13316( PE)
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Family Genus Species Specimen/ Literature

4 B JRF} Thelypteridaceae FEBRIE Cyclosorus

& BEBRIE Parathelypteris

YUSRBR)E Phegopteris

LAERE Pseudophegopteris

R Woodsiaceae FR)E Woodsia

BE S5 BRFF Athyriaceae FBRIE Cornotpteris
R E Anisocampium

W S5 BRE Athyrium

GUIM-ERFABR A. ruta-muraria

HEPERAIBR A. sarelii

BRABK A. trichomanes

GIESHBR A, fugax

YUZEEAABR A. tenuicaule

ARSEERAABR A, varians

WIYREFR Cyclosorus acuminatus

FrFFBk C. erubescens

WELLTTFFBR C. rufostramincus

BB HBR C. penangianus

PR RTEHR C. esquirolii

o H 42 BBk Parathelypteris nipponica
FEPIGRIER Phegopteris decursive-pinnata
YRIER P. connectilis

RATENERR Pseudophegopteris microstegia
BB P. levingei

HCH-EAEBR P. pyrrhorhachis var. glabrata
AR P. pyrrhorhachis

BERE R Woodsia kangdingensis
WHWRAETR W. andersonii

IREEBR W. cinnamomea

SERNEBR W. cycloloba

R W. rosthorniana

AN B Cornopteris crenulato-serrulata
H A22BR Anisocampium niponicum
KB BE Athyrium atkinsonii

We B EHR A. clivicola

T FABEEIR A, dentigerum

BIBEIEHR A, dubium

J5 IRBE 5 HR A. fangii

BPIB TEBR A. nephrodioides

S 3
G
HhAE B

AR B EBR A, wardii

s

iR A. vidalii
TR A. rupicola
2

. .
i ik A. sinense

IEEIRIR A. schizochlamys
“AMBA R A. subtriangulare

JEMBETEHR A. araiostegioides

It

ILRIHERE TS BR A, fimbriatum

R0
R TEER A. clarkei

PR 2110( WUK)

T3 5% 22050( CDBI)

Harry Smith 12828( PE)

* 5K 4 H AL B RI% 8969(PE)
= G06151( WCSBG)

XIHEHS 671(PE)

FBEE 2670( WUK)

FLZETF 6097( CDBI)
FE R X% BRidk 22612( CDBI)
EHK 60164( PE)

B4 4684( PE)

MR 4693(PE)

fL%EFT 6133(CDBI)

# RIERR 1K T4k 10059( PE)
CREWTLL X R4 A )

* R FEH mIHE 6921( PE)
FLIET 42249( PE)

WK 1774(PE)

EBIHESE 2189( WUK)

FHEIE 2410( WUK)

* gRA T BLAIR Fk Pl 1634( PE)
* BRFER 4 H AT BRI 8987(PE)
R4 3364( PE)

* 5RSERR TK T4k 10136( PE)
fLEET 6287(PE)

fLZERT 6076( PE)

TS R 2055( WUK)
WISt 11137( WUK)

* R FEH MIHE 6914 (PE)

* RIERR TR 10132( PE)
Zs4eE 011(IMC)

* RS mI5H 6916( PE)

* BRIEF  mI5HE 6935 (PE)
TKANEE 2069( PE)

sRENEE FRBEIE 2055( WUK)
Fi#k2H 29789( CDBI)

¥ 1827(NAS

# BRIEF TR T4k 10164(PE)
* RIER TR T4k 10150( PE)
# RSERR TK T4k 10290( PE)
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Family Genus Species Specimen/ Literature
BANBETEHR A. strigillosum * 3RIERR TR T4k 10146( PE)
BTG SRR A, yui # [ 757 NA(PE)
Uk JE B 5K A. omeiense = R TR T4E 10270( PE)
SN BETEBR A. attenuatum * R TR T4EE 10250( PE)
JIERZE0R A. mackinnonii # 5K FEFF 8997 (PE)
BRI TEBR A. hirtirachis Flora of China
MRAERE R R A. devolii # 5K TR T4k 10117(PE)
[RBIF TR A, glandulosum # SREFR TR T4EE 10317(PE)
KIBEHR A. davidii Flora of China
X BEBR IR Deparia AE S E R Deparia shennongensis Flora of China
KAARXTEERR D. okuboana fLZET 6095(PE)
B XTERR D. petersenii KTEfer TR 1387(PE)
FUBIFERR D. jiulungensis Flora of China
ANEXTEER D. acuta var. livbaensis Flora of China
PIEXTHERR D. ludingensis Flora of China
WL XS BERR D. wilsonii var. wilsoni Flora of China
SRPGXTHERR D. henryi X.C.Zhang et al. 932( PE)
BRVEXTEBR D. giraldii fLFETF 6015( PE)
W BR IS Diplazium KEVEABR Diplazium giganteum FLFETT 41539(SZ)
RS IR D. squamigerum Kemifer  F3CR 1387(PE)
FRFHREL Onocleaceae ERBRIE Matteuccia FEHTR Matteuccia struthopteris CREWTLL X 4S5 )
IRITSERBRIE Pentarhizidium T HEIERER Pentarhizidium intermedium * SRIEFR M5 6913(PE)
B ERFRl Blechnaceae $1# & Woodwardia TZE0% Woodwardia unigemmata REREE 3394( PE)

i 2B EF Hypodematiaceae

1% EHREL Dryopteridaceae

fih R JE Hypodematium

E M HRRIE Arachniodes

BHAJE Cyrtomium

% E 58 Dryopteris

M EBR Hypodematium crenatum
SEH R BR H. hirsutum
PURI 2 M HBR Arachniodes assamica
P ITHBR A. simulans

HI B A Cyrtomium caryotideum
B C. fortuni

/NP C. lonchitoides

KIEAX C. macrophyllum
RAIGEETEFR Dryopteris acutodentata
HEILBEERR D. goeringiana
BBREEEIR D. pulcherrima

LA ERR D. barbigera
SRR D. chrysocoma
HLIZEBEERR D. crassirhizoma
WERBEEIR D. fructuosa
MG S TEER D. juxtaposita

X.C.Zhang & L.Shi 953(PE)
R4 3489( PE)

# 5RSEF M1 BRI 9465(PE)
fLZEF 42545( HHBG)

NARE 4762( PE)

FICRA 1378(PE)
PUJIAEFEBE A 05277 ( CDBI)
TR 22159( CDBI)

Z=42E 0011 (PE)

T R 22485( CDBI)

fLZERT 6253(PE)

=4z 016(1IMC)

L7 6062( CBDI)

PUIAE 253545 B 16134 ( NAS)
X.C.Zhang et al. 962( PE)

B 40569( PE)
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Family Genus Species Specimen/ Literature

HRIE Polystichum

I ZEBTERR D. komarovii
BB TEIK D. lachoongensis
FIFEEE BB D. latibasis
FIREETEHR D. panda
KPEEEWK D. wallichiana
BB IR D. pycnopteroides
FATWETEIR D. redactopinnata
JIPGEETIR D. rosthornii
LFYERETEIR D. sinofibrillosa
WIS E IR D. squamifera

B P EFR D. sparsa
FFHEERK D. sublacera
TCWBEERR D. submarginata
JEDBEERR D. clarkei

B # 85 EHR D. thibetica

W EER D. kawakamii
FEIBR Polystichum glaciale
INBent ZERBECRR P. atkinsonii
JBLEBR P. acutipinnulum
F-HBR P. acanthophyllum
ELRBELBR P. balansae

A5 R P. braunii

Wi ELBR P. bakerianum
BRI P, garhwalicum
TEEHFR P. castaneum

Wb EBR P. consimile
HEALHFR P. craspedosorum
WIREER P. costularisorum
TR P. deltodon
BEELPR P. exauriforme
FERHR P. frigidicola
TAGIRBE P. gongboense
FEBR P. herbaceum
BEEHBR P. kangdingense
WOLRERR P. stimulans
JEIAIREBR P. nepalense
FIEER P. otophorum
WIEE P. setillosum

FLZFHBR P. capillipes

Z42r: 006 (IMC)

FLZEFT 1847(CDBI)

KN LS 983 (CDBI)

KRN LS 1484 ( CDBI)

* BRICHR 3 3C ki 932( PE)
IR 41036( PE)

fL%ER 6186( CDBI)

X522 22118( CDBI)

FICRA 676(PE)

iR 3699( PE)

PR 2359( CCAU)

MR 4797 (CDBI)

PuJi A AE B A 05285( CDBI)

* SR P H 4T /R I 8858 (PE)
Eif R 22156( CDBI)

* BRSEAR ML BRI 9483 (PE)
Flora of China

HIART- B IEIE #5198 1779( PE)
FLFET 6043( CDBI)

* GREFR LT HRIG(8824)
TR 782( WUK)

Hpiak 2R 9555 391(PE)
R 4092(PE)

DU ALHEBA 05283 ( CDBI)

XITES 014(IMC)

Zs4ef 017(IMC)

BT LU X A A )

X2 22262( CDBI)

= 06132( HX)

SN EE 2847 ( CDBI)

« SR FEFE PE H LT /R 9026( PE)
FICRA 1401(PE)

K.L.Chu 6042( PE)

fLFER 6122(PE)

Flora of China

Flora of China

Flora of China

Flora of China

Flora of China
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Family Genus Species Specimen/ Literature
KHEFR P. longispinosum Flora of China
TERIEBR P. hecatopterum Flora of China
TG EE P. erosum CREIT L X AR HE )
P E G P. lachenense * 3RISERR TR T4k 11045(PE)
FEMHER P. lanceolatum CHEWTLL X RS R Y
HAEEER P. sinense 24 6895( CDBI)
LM EB P. melanostipes CHET L IX 4R A )
EMHFR P. mollissimum fLZETT 2 B &5 6903 (CDBI)
PEBEEBR P. muscicola Flora of China
FREEEBR P. moupinense FE B4 31586( CDBI)
SEEEEBR P. nigrum Flora of China
HiH-E R P. neolobatum 5 06130( HX)
EHSEHE P. gamdoense R K R T %5 779(PE)
LTEEEBR P. rufopaleaceum BISHE K AR T 3458 379(PE)
BEPEERR P. shensiense F IR 1086(PE)
WS HBR P. squarrosum PuJI 4 KB A 05283( CDBI)
B ZEMEBR P. stenophyllum HRF K 2R T 2% 5 390(PE)
ZUETLRR P. submite TLIET 6074( PE)
M EBR P. thomsonii TR KRR 22226( CDBI)
KFZFHBR P. attenuatum * B IEFR B 2 /RIG 9464( PE)
ENPSEH% P. mehrae * SRIEFR M b BRI 9033(PE)
Xt LR P. tsus-simense ErHhR 60167( PE)

1A} Nephrolepidaceae B 1R % Nephrolepis 1% Nephrolepis cordifolia 5 3CHE 12502( SXZ)

H AN Davalliaceae BEANE Davallia

K e R Polypodiaceae 3 Loxogramme

TELRBRIR Aglaomorpha

123535 Selliguea

TER/INEE R Davallia hookeri
A/ NEEEEBR D. perdurans
F/NEETEBR D. pulchra

WIAHEIER Loxogramme duclouxii

FAEGUGR L. chinensis

ZRISHHIR Aglaomorpha baronii
JIEMHBR A. delavayi
HiBR A. fortunei

A FEZAER A.

propinqua

iU Selliguea lehmannii

BT S.
B sk S.
Z PR S.
SEZEABIRIBK S.
SRBBIRIIK S.
5 BRI S.

tenuicauda
himalayensts
mairei
conjuncta
oxyloba

glaucopsis

B2 42607 (PE)

FEWELH 31939( CDBI)

* 3RSEAR I 53 6940( PE)
fL%ERS 6163( CDBI)

N 4784(PE)

LIRS 2542( WUK)

* RIEH M 5 6935 (PE)
WA 40785(PE)

fLIEW 6271(PE)

RS 814( WUK)

PRI 2615( WUK)

# fRIEFR (L BRI (9458)
T3 5% 21445( CDBI)

FRF K 2R T 3¢5 431(PE)
RS 1743(PE)

#45 903(PE)
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Family Genus Species Specimen/ Literature

)& Pyrrosia

HEBRE Micropolypodium
WEEBR)E Pleurosoriopsis
FLFJE Lepisorus

[t B RJE Bosmania
JRIEEBRE Tomophyllum
FIKBRJE Goniophlebium

SRR S. hastata
WIEJRIBR S. rhynchophylla
BEVEEIRIRR S. senanensis
LAFHBIRERR S. crenatopinnata

L ABRIERR S. albidoglauca

&

BlSPUBREBR S. conmixta

BENBURBR S. stracheyi

PUrA 5 Pyrrosia davidii
HEAS P. drakeana

175 P. lingua

HHRAT P. petiolosa

Y95 P. calvata

AT P. porosa

B4 4R Micropolypodium sikkimense
WEEFR Pleurosoriopsis makinoi
ZLHTBR Lepisorus miyoshianus
LR L. contortus

B LT L. angustus

I L. bicolor

PR ELHS L. clathratus

VERCRLTS L. tibeticus

FIWET; L. eilophyllus

KEF L. macrosphaerus

HFL L. asterolepis

HIHFTF L. marginatus
HIAFCH L. morrisonensis

Tt L5 L. oligolepidus

KL L. pseudonudus

FEf§ FCHS L. scolopendrium

FC5 L. thunbergianus

EEHLRBR L. buergerianus
TLRAEBR L. fortuni

WS 2R L. ovatus f. monstrosus
F3BR L. palmatopedatus
BT £ % Bosmania membranacea
FEEEIR Tomophyllum donianum
JIKIE B Goniophlebium amoenum
ZEBKIEH G. amoenum var. pilosum

48K I8 G. chinense

HpHEK 2R T 9% 467(PE)
FHEE 2352( WUK)

B IR 827(NAS)
W 41450( PE)

FiF IR 22384(1BSC)

PO )11 Bl T B R e AR b I 2
55 KB 0141(PE)

%5 431(PE)

XIHESE 4506( PE)

F L 9913(PE)

Harry Smith 13319( PE)
Fifk2H 25154( CDBI)
2292 150761 (PE)

iR 4667(PE)

* BRICH 330 sk 1211(PE)
Ei R 22288( CDBI)
FaBE4H 32050( CDBT)
% 4601( CDBI)
HIAFAF 2615(PE)
X.C.Zhang & L.Shi 936( PE)
* R EH M5 6934( PE)
NifRA: 4899( PE)

* BRIEF M5 6932( PE)
iR’ 1678( PE)

TE % 4688( CDBI)

FEWELH 31933( CDBI)
BRHY K 4§ 190( PE)

XIS iR 21935( CDBI)
ik 7k %5 302( PE)

LIRS 2078 ( WUK)

JRAIF 3921(HX)

AL 2607( WUK)
TR 1480(PE)
R4 404(PE)

FEif % 20147(CDBI)
NARHE 4745(PE)

* 3RSERR TR T4kim NA(PE)
%5 487(PE)
PUJIAB FE BN 05287 ( CDBI)
#RHEE 25221( CDBI)
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Family Genus Species

FIUEARAS/ 5 P FE

Specimen/ Literature

WKIEH G. lachnopus
HAIKIEH 6. niponicum
REWIKIEH 6. pseudolachnopus
BIIR G. manmeiense

T35 4607( CDBI)
= 5 06088 (HX)
iR 4607(PE)

N#RH: 45 4757(PE)

TE: GHERRA « FoR AR BT

Note: * in the cited specimen indicates that the specimen has not been digitized.
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HAMEMBEEGHES ZHMAE
EVUR', I, A E RXE, A

(1. BB HERAETIE S, $2FH 550081 2. KT K AEdrRlb2#Be, Widt M 434025 )

8

W OE O TE AN SRR TR AR 2SR A 2R A W TR A, 1% 3R ] Tlumina Miseq sy 38 &
BORWESE T A 5 MR TR A A ke 22 i 25 T R0 4t B A ke oA & o 25 FF 2 U0 LT 2 TR R VR 4 5 2
P, SEREW . (1) R EFTHA D B 5 S 2R d AT LU, N s o S 2
BRI, (2) ERZEFAL P LR )R N IR R (Cryptococeus) \#E#% 161)& (Alternaria ) F1
B I B I (Fusarium) , = F AR FEZH>80%, (3) K ZEFF AL AL B 8 S Bk T s A L |
Pk J1 1 J& A unclassified_f_Davidiellaceae, (4)norank_c_Cyanobacteria Fl57 /K [ & J& ( Ralstonia ) *h & % 25 FF
HAMHAMTEE . 25 EITR, 5 AE 5 RISRIR & B S 10 25 MU bR 25 AT EL T8 A0 R TF 75 2540 5 2 hE 1,
IR LU M VR BRSO

KEIW . HAWE, BIRR, fEY LR, Dumina Miseq /5 8 w0 7

hE 4SS 0945.8 XHERARINED : A XEHS: 1000-3142(2022)02-0228-12

Microbial community structure and diversity of tobacco
stem tissue in the mixture occurences of
bacterial wilt and black shank
WANG Hancheng'*, XIANG Ligang'?, ZHENG Ping', CAI Liuti', YU Zhihe>

(1. Guizhou Academy of Tobacco Science, Guiyang 550081, China; 2. College of Life Science, Yangtze University, Jingzhou 434025, Hubei, China )

Abstract ; In order to understand the composition of microbial flora in the stem tissue of tobacco plants mixed occurrence
of bacterial wilt and black shank disease. Illumina Miseq high-throughput sequencing technology was used to study the
structures and diversities of fungal and bacterial communities in diseased and healthy tobacco stems. The results were as

follows: (1) The richness and diversity of the fungal community in the diseased stem tissue were lower than those in the

Wis BH3: 2020-12-08
EE&TB: HAEARPEEESE(31960550) ; AR RS A A B0 H (110202101048 15-08 1) ; 53N A BHEIT LT 4F A4 i 57
THRI (B RLE A AA [2017]5619) 5 o [ A0 508 28 5] 5800 4 2 BB T B (201914, 2020XM03 ) [ Supported by National Natural
Science Foundation of China (31960550) ; Science and Technology Project of China National Tobacco Corporation ( 110202101048 LS-08]) ;
Outstanding Young Talent Training Program of Guizhou Provincial Science and Technology Department ( QianKehe Platform Talents [ 2017 ]
5619) ; Science and Technology Project of China National Tobacco Corporation Guizhou Provincial Company (201914, 2020XMO03) |,
F—1EE . TEDU(1982-) 1+ B985, EEMNF Y R T, (E-mail ) xiaobaiyang126@ hotmail.com

TREEE
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healthy stem tissue, and the richness and diversity of the bacterial community in the diseased stem tissue were higher

than those in the healthy stem tissue. (2) Cryptococcus, Alternaria and Fusarium were the dominant fungi in the healthy

stem tissue, and the sum of the relative abundances of the three genera were more than 80% of the fungal

community. (3) Cryptococcus, Alternaria, Fusarium and unclassified_f_Davidiellaceae were the dominant fungi in the

diseased stem tissues. (4) norank _c _ Cyanobacteria and Ralstonia were the dominant bacteria in diseased stem

tissues. The above results indicate that the mixture of bacterial wilt and black shank disease can significantly change the

structures and diversities of fungal and bacterial communities, and can also destroy the stability of microbial community

in tobacco stem tissue.

Key words: bacterial wilt, black shank, microbial diversity, Illumina Miseq high-throughput sequencing

A e B ] B 2 T AR, R AR AR A T AR
K 100 J7 hm?® 2k 3 [ A 15 50T 52 B W3
A TAR R TRk (2540 J1,2017) , JHEAR 25
P T M R AR BT I Y RS, H R A
R T B A AR ZE A A O R R IR AR
RRJE I SR AR TSk R N s 2R 45 (A
T8 MK, 2015) o o, DU 5075 4 A
Ji& s e 3 e oy 9 R AR AR, B R MEE R,
B A PR X T Rh o S I A TR m AT
Jiot,

MR 55 Al 2 b i B 95 JR IR ( Ralstonia
solanacearum) 5| #2 1) B 7Y + 1% 4k 45 4% & (D
HAE2007) , RS A Yt 3 MR FAE N 1Y 50 245
B 450 AFh A ( Wicker et al., 2007) . BiFF# /R
QPR 3532 5 A A BN TR 343k 5 A4 AR A A
A A b (R B 2006 ; Kumar et al.,2014) |
T FE 4 E A BOR B P57 R IRE 4 R 2808 18
AR (R BT A, 19985 R EE LA, 2013) o
F R o a2 AT AR P A I RS B ( Phytophthora
parasitica var. nicotianae ) 5| 2 ( £ K4, 2011) ,
RE A 0F 25 A A2 30 10 AR AR o ol A, EL A AT RR T
FTT AL LR 30 d5c oAy ™ o (B A, 2018) , 5
FEo7 K QB — R, 97 AR 2 5 I w2 M A7 7 21
AR, A i B C R B A A i R A R AR A
A 4 A A BINFR (A A B 45 20155 Gallup et al.,
2018) ,MAEL B WA 0 5 (1 S AR B/ (250
S5 ,2012; B RESE,2016) o BN HAR ST AR
A 55 M0 R R IR B e A% R AR AL, B DA
JH T A 55 BRI i Hh BETR & R 1 0 (X1 2
1£,2018; EHi4E,2018)

Bt e o 0 R R PR K R A A
SRtk 22 1 A G R T T 0 R G S Y A 5
AR B T 2 B - 8 f0 A= By (e W] T A%, 2018 5

TR FEAE, 2019 ) DL KM BR P9 AR B (BRI 25,2017 ;
ZEWr A5, 2018) MU IF ST, 6 A7 OC T M bk 25 FF 4L 4
TR IE B IRIE . T AR B - 358 i 0 5 A R A
39 DL RN At Bl A 4 359 T L o 4 A R e B
HARRZE 28007, 1 1K ik b 13 43 L H R 2R FF
T TR B AR AL, B A R, T R A
PRZEFF U E D BEIE AR AL A T T4y b B2, N T 1
R B KR 25 10 3 i i 251 v il 2 W B 7 B 7
b, A S 56 % 50 i X TR L T A R 2R AT LB L A0
B TEVR 45 46 ( 10] 57 W 258 2019a) , DL A Ja 2 BB R
JHRRZEFT BB 40 B8 B V% 25 48 (1) 7. W 55, 2019b )
HEAT TR, 4R T MRR B 75 A R I =5
FErP 0L 35 EC TR | 40 B AE % 1 A B O A RV
TR 5 SRR TR & X R & R 25 R 4L 4L
T ANTA TRV AR DRI AR Sk B R R S R
12 97 TR 22 R 25 FF R B R R 25 FF | 2 ] Tllumina
e A B AR B Y () B R g 7 ko R S A e AR
WREEFFALLUT . A0 REVE 4540 5 Z R ARk, D
W98 7R T AR SRR TR R R ZE FF L 2 0 Bk
I FE AL AL

1 #HEF*

1.1 HmE&E

2018 4F 8 J] T 53 N 4 A SR i MR R R} 27 0 58 e
FhAE < = M 87 & AP A9 i 56 1 (107°307 41" E,
26°44'48" N) , FEALEEHL 3 Bk H BLIH B 75 #5522
I 9 TE % 0 I 1) S S8 U0 00 o | FH 8 o T K TR 1Y) B
JI 85 BUR IR MRAR &R 2P AL 2L 5 em KRR & B
KRR ZEFFA (BY) , #4355 i AHBJ  BHBJ
F1 CHBJ ; 764 [R) FH B | B BIL 326 B PR HIR SO 52 G W 4
e HLACH RGP 3 AR A AR bR A Sy il B 25 21
(J) FE &, B 9 PR 46 180 O M iR 5 1 21 U
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FESh G5 AH) BH) R CHI . SRAERY L SURE ST
RV A TG TR BORE 4R rh | AR TR DR A ] S 3 28 8 T~
80 C VKA TRAT A H o
1.2 DNA ZEUE B4R B PCR 418

SRR AE B ZEFT AL EURE i, 56 0 BT 0 8 FL BT
AN, B AR o A = R RS G B
B AR . FRELS0 mg 2LV A AR, SR A4
21 DNA $2BUR ) £ ( Qiagen, 69104) $2H DNA | B
TRERAE 2D B AR AR W 2R 4T . A4 L DNA
AR, 73 3] XoF L TR A s ) B DX RY ITST DX s, 40
16S rRNA JEPH ) V3-V4 X BEFTH 34 ITS X4 1y
514N ITS1F (5'-CTTGGTCATTTAGAGGAAGTAA-
3') 1 ITS2R (5'-GCTGCGTTCTTCATCGATGC-3")
( White et al., 1990) , 40 & 16S rRNA JE[H 3 14 5]
¥ A 338F (5'-ACTCCTACGGGAGGCAGCAG-3")
Fl 806R ( 5'-GGACTACHVGGGTWTCTAAT-3")
PCR ¥ 14 1K & Al )z bij 72 )7 2 4 2 B8 W Wz Wl 55
(2019) WY EHEAT . B B i 2 el PR 2R 1 7 )
afifl f5 ik 2 bl e AR W) B 2 R BR A Wl gk AT
Miseq SCJ% #4 8 Fll Miseq PE300 “F- & ( Illumina 2%
A ) e I
1.3 EYEEFEST

i FH Trimmomatic 4 ( Bolger et al., 2014) Il
IR E R , | e AR 38 77 91 5 R Wi 1Y barcode Fl
U RE i, I I P 8 7 ), SRS £ BR 50 bp
DL IF A LA S f N B Y 7 51, 25 455 ) 5 i
BORT 2 0979, fie e aod U8 45 WU reads 22 8] (Y
overlap X K JE/NTF 10 bp DL K AEHE R KT 0.2 1Y
A, itk )5 W R %) FLASH 3% {F ( Caporaso et
al., 2011) # 17 J¥ 5] $f &, H UPARSE #% fF
(Edgar, 2013) X} 97 % AH L 7 51 HEA T4 4 70 2 B
JG (operational taxonomic units, OTU) 2. F] H
RDP classifier( Wang et al., 2007 ) H X} Unite £ 4%
J% (http : //unite.ut.ee/index. php ) , X} & 5% ITS ¥ 51
PEAT W Fh o3 28 1 B, EL X Silva (http ://www. arb-
silva.de ) BUHE 2, X5 B 4% 168 J¥ 93T ) R 43 25 18
oo BEJF Y OTU H 79 F 21 1 M 22 S+ 53
Venn 221  Alpha ZAEPE 7081 ( Sobs 854 . Ace 5
. Chaol #8 %% . Shannon & %{ . Simpson 5 %% LA }
Coverage f8%0) 55, AL fr A7 A 015 B2 40 i3
TE b 675 AW BE 25 FHECA IR W) 1-Sanger 4217
= W 3 S & (Chttp://www. i-sanger. com/project/
index.html) #24E 5E MY,

2 R 59

2.1 HERE

AU S RE G LI 5 AL 3R AR 234 080 4% i
HFEA B KIFFIK B 356 bp, fx/NF S K B 201
bp, FYIFFNKE 257 bp , Hotp R ZEFF AT
116 717 4%, fRFEEZEFF AR5 117 363 4%; 40 T
HARTT 217 446 S w791, i KT HIK BE 479
bp, J/NFIIKBE 254 bp, PP HIKEE 431 bp, &
R ZEFFALARAS 108 023 4%, fil FRZEFT L3145 109 423
%, HARBARRIE G E R 1,
2.2 OTU BE o

R 2 FroR , s 25 FF 21 0 B % Fh IS e B
ZFFAHMAREAL, KP4  H B & Fh A OTU
B M 23,511 .14 17 31 45 R EFF4H
) 200 TR B 5 (R 2R AT A 3, 1] VK H BB
FRAI OTU %t 4 H134 4 .6 .17 .27 .61 .82 .93 4~
DRI, A0 957 A 5 R B I 0 TR % ARG T R Bk 25
LR TEVE 1) W) Rl Z2 R0 800 T 25 FF 40 TR R R
MR
23 HEESHE BEAEHMRARDH

BHFEA Y Alpha ZFEPEFE BN 3 FT7R, Ace
F850  Chaol FE%UFN Sobs $8EUH TR mBEE £ 5,
HBUE B K F7n BE V% 3= & B2 15 ; Shannon 48 240
Simpson 88 RTEE Z FEME, Shannon $8 B {E L
5 Simpson fEEU(E M/ NFRIRBETRE ZHEVE B . AR
W B AV RN EREFF A B RS S
SRS T R AN, BRSNS,
(g R ZEAT2H A TR B 7 2 B 5 2 PRI T R 22
M, ATATE B & V22 5 AWK ITA I A iy
Coverage T8 8K T 0.99, LI 25 BB B R
LSl W ZE AT T SR A DR LA L

B RE S b B R A0 R B A TR 4
T, M E AT 0.1% 1 @ 8 13 A H A
(Others) , B MFEA CHBY 5 H 4 Wi & s MR Ak bE
AT A ) 21 A A B 25 5, T LAE VR o0 T B R
WA AR BN S5, T 800 A BRI, A
XFEREIE B IR AR A BB oy R 4 ok T R
H.PL unclassified _fll norank _FF 3k fd 5 25 F1 # 5
RSB & S B ER TR & ( Cryptococeus ) | 4% e 18
J& (Alternaria) A4 J] W J& ( Fusarium) , =3 B9 44
Xt B Z MR T 80% ; KW 25 FF 45 R S L 34 &
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Table 1 Data quality control of sequencing samples

- XK F/ANFAIK BRFIIKE
. 2R o -
5”%&! /Héﬂﬂ Mean sequence Mlnlmum sequence MaXImum sequence
T Sampl Sequence Jength Jength Jength
ype Sample number eng eng eng
(bp) (bp) (bp)
H R AHBJ 40 455 299 203 343
Fungi BHBJ 41 852 253 203 340
CHBJ 34 410 245 215 339
AHJ 43 434 246 203 356
BHJ 39 271 250 201 349
CHJ 34 658 251 203 340
A TR AHBJ 39 997 429 338 451
Bacteria BHBJ 34 341 428 275 452
CHBJ 33 685 442 254 475
AHJ 42 345 427 281 451
BHJ 30 459 428 378 479
CHJ 36 619 433 330 461

R2 ARBAGKSEREAKEFESRTEENAERSES RN XBHNLNE
Table 2 Numbers of different taxonomic groups of fungal and bacterial communities in stem samples of

tobacco plants with bacterial wilt and black shank, and healthy tobacco plants

Byl FE Il K| H s & bl L (S, R T

Type Sample Phylum Class Order Family Genus Species 0TU
i AHBJ 3 12 2 33 54 80 123
Fungi BHBJ 3 11 17 23 35 49 62
CHBJ 3 5 7 8 1 13 20

BB Total (BI) 3 12 2 36 60 92 138

AHJ 5 13 23 39 62 85 121
BHJ 4 1 19 26 41 54 71

CHJ 3 10 19 26 0 60 86

BB Total (1) 5 15 29 47 74 109 169

i) AHBJ 13 20 42 72 111 145 181
Bacteria BHBJ 8 14 23 35 49 70 97
CHBJ 8 13 23 33 44 48 68

JBL Total (B)) 14 25 52 88 140 186 231

AHJ 7 13 2 38 46 56 78

BHJ 82 13 23 37 47 66 93

CHJ 9 14 19 25 28 35 52

BB Total (1) 10 19 35 61 79 104 138

B2 RE K, AHB) L3 B % 4 unclassified _k_ BHBJ.AHJ Fl BHJ FPAEXTF A S . Ao 25 FFRE
Fungi BBk FEEAR )8 , BHB) AL LRI AR Ao 98 I8 55 7K IR & (Ralstonia ) , {H
JIH & . unclassified _f_Davidiellaceae F1F2BK 7 & FEIXTE BE 2 R A K, AHB] HAEXT EE AR 2%,
norank_c_Cyanobacteria 75 FT A7 Z5FF A 5 21 1 FE 7% BHBJ H145°8 0.3% ., fd#FEZEFF AHJ Fil CHJ A7 7E
Y9 ff #T41 J& , norank _f _ Mitochondria 7 AHBJ,  J5/RIGEE , AHX 3= B4R 0.5%F1 46.8%
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®3 FAEEMEEMAREEE Alpha ZHEEREH(EAKTE)

Table 3 Alpha diversity indexes of fungal and bacterial communities between different samples ( genus level )

Byl RE S Ace 155k Chaol $5%k Sobs 5%k Shannon 5 %% Simpson ek Coverage 5%
Type Sample Ace index Chaol index Sobs index Shannon index Simpson index Coverage index
HH AHBJ 67.4 65 54 1.38 0.38 0.999 7
Fungi
BHBJ 48.6 68 35 1.30 0.30 0.999 7
CHBJ 11.4 11 11 0.02 0.99 0.999 9
-3 Average 42.47+28.50a 48+32.08a 33.33+21.55a 0.90+0.76a 0.56+0.38a 0.999 8+0.000 1a
AHJ 122.9 81 62 1.32 0.36 0.999 5
BHJ 112.0 61 41 1.24 0.37 0.999 7
CHJ 51.5 54 42 1.51 0.30 0.999 7
-3 Average 95.47+38.46a 65.33+14.01a 48.33+£11.85a 1.36+0.14a 0.34+0.04a 0.999 6+0.000 1a
4P AHBJ 250.3 222 111 0.79 0.68 0.998 7
Bacteria
BHBJ 115.5 87 49 0.48 0.82 0.999 5
CHBJ 76.9 55 44 0.76 0.52 0.999 6
SE-3 Average 147.57£91.04a  121.33+88.64a 68+37.32a 0.68+0.17a 0.67+0.15a 0.999 3+0.000 5a
AHJ 64.2 61 46 0.40 0.80 0.999 6
BHJ 101.2 77 47 0.69 0.70 0.999 5
CHJ 34.0 32 28 0.75 0.49 0.999 8
35 Average 66.47+33.66a 56.67+22.81a 40.33+£10.69a 0.61+0.19a 0.66+0.16a 0.999 6+0.000 2a

TE : LB G A i [ 51 A [) - BEAER 22 53 R 1235 (P<0.05)

Note: Different letters in the same column represent significant differences in fungal and bacterial samples ( P<0.05).

Venn & (18 2) 45 5 7R &R 2577 4H 5 {25
FRALRE I BB A 50 4, Horb . ek e 6k
AR Bl JE | unclassified_k_Fungi , unclassified_
f_Davidiellaceae b = B W &, Ir &5 & 2 b 59 51 A
29.01% .28.58% .17.06% . 11.95% .10.21% , H: 43 1
J& 5 Hb/INT 1% 5 & ZEFF A b i A B A 10
A, 5038 unclassified _f_norank_o_Sporidiobolales %
tt 45.83% , Myrmecridium . 2% & U J& ( Metarhizium ) |
ok & s
( Cladosporium ) 5 b ¥ N 8. 33%, i % W &
( Phialophora ) | unclassified _ ¢ _ Exobasidiomycetes ,
unclassified_o_Trechisporales JEIREE ( Talaromyces)
FMEE R ( Exophiala ) 15 WY 4.17% ; f#FE 25
FRAAAE S TP R A 24 A, R RS S8CE 41 L
KT 1% ()8 5350 W A5 & (Mortierella) 42.97%,
Hil & 79 J& ( Colletotrichum ) 18.75% , unclassified _c _
norank _p_Zygomycota 11.72% , unclassified _f _norank
5.47% , 77 ¥ %% J& ( Sarocladium) 2.34% , unclassified _f_

norank _ o

unclassified _ f _ Psathyrellaceae

Chaetomiaceae, unclassified _ f _

Trichosphaeriales ,unclassified _o_Helotiales | Lophiostoma

1 Auriculibuller 5 F63°H 1.56% .,

IR ZERT 5 il B 2R A A i A R A T R
HoLA, YR E S LR F 1% 0 JEH norank _c_
Cyanobacteria 72. 34% , 55 /K [C B J& 19. 03% F
norank_f_Mitochondria 5.84% ; & i 22 FF 4 vp ol A
AU AN B AT 79 A4, WP AR HE KT 1% 19 s A7 4
FF & J& ( Bacteroides ) 33. 08% , Paenochrobactrum
8.40% , unclassified _f_ Alcaligenaceae 6.62% , Il i
R IX W & ( Nocardiopsis ) 7. 38% , %% O E R
(Alcaligenes ) 4. 07% , ¥ F¢ W} W J& ( Tatumella )
3.56% ,Incertae_Sedis_f_Lachnospiraceae 2.80% , £
% W & ( Streptomyces ) 2.29% , R T R 9K & @
( Pseudobutyrivibrio ) 2.04% , 54 K 7 J& ( Sutterella)
1.78% , R ¥ 4 B} 3 J& ( Pseudoxanthomonas) . !
AT W JB ( Methylobacillus ) . 28 2 0 ¥ W &
( Paenibacillus) B WEH B ( Acidovorax ) F1 43 KA
J& ( Mycobacterium ) % FL35°h 1.02% ; {g@EHEZEFTF 41
MWABE RN 18 1, Allobaculum 1 Lachnoclostridium
WIRIEL 5 L35 R 12.50% , Akkermansi 1R 2l #T B
J& (Acinetobacter) 5 b0 8.33% , B HERF & 2
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M 1 5 0 R Cryprococeus

W 5 IR Alternaria
_ W68 7) 0408 Fusarium
- — * unclassified_k_Fungi

B unclassificd_f_Davidiellaceae
unclassified_f_norank_o_Pleosporales

B Gibellulopsis
unclassified_o_Pleosporales

I 21 8¢ 1 Rhodotorula

W 5% Gibberella

W0 21 % fa Rt 0} 1 Rhodosporidium
Psendozyma
Lectera

B2 S50 Phoma
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a unclassified_f_Dothioraceae
_ E : % ‘_r-l o °‘ o5
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M 1 fih Others
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sk R RE i 1 4 b

Percent of community abundance on genus level (%)

M norank_c_Cyanobacteria

b = 55 21 IS 1% I Ralstonia
norank_f_Mitochondria
ue: [ =
4 W Z i Pantoea
{3 1 10 15 Jif. Psendomonas

B Candidatus_Profftella
B 55 A FE i 0 Curtobacterium

M unclassified_f_Enterobacteriaceae

I unclassified_k_norank_d_Bacteria
L H 1 IR Bacteroides

W FF i i Bacillus

5 5 W 16 1R Brachybacterium

I 2 L 1 O Sphingomonas
Falsirhodobacter

UL R [ Stenotrophomonas

B s AT Sphingobacterium

B ¢ fi Others

e
pu o3
o]
b=
|I

5% Sample

AHJ

oo |

2I0 4b 60 SID 100
o S 9 1 A L
Percent of community abundance on genus level (%)
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a. Venn diagram of fungal community; b. Venn diagram of bacterial community.
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Analysis on in situ conservation status and conservation
vacancy of wild Orchidaceae in Guizhou Province
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Abstract: Orchidaceae is one of the most rapidly evolved and abundant taxa in the plant kingdom. It has high
environmental requirements and strong ecosystem dependence. Many Orchidaceae plants have high ornamental and
medicinal values, therefore, they are frequently mined and threatened seriously, and have become the “flagship” taxa in
the protected plants. Based on the literature and the field survey data of the research group in recent years, we analyzed

the geographical distribution, the current situation of in situ conservation and conservation vacancy of wild orchids in
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Guizhou Province, so as to provide a reference for the scientific and reasonable conservation and management of wild

orchids in this area. The results were as follows; (1) There are 343 species of wild orchids in Guizhou Province, among

which 291 species are distributed in the nature reserve, and the in situ conservation rate is 84.84%. (2) In terms of

geographical distribution, Qianxinan(221) > Qiannan (198) > Zunyi(135) > Tongren(110) > Qiandongnan( 101) >

Guiyang(82) > Liupanshui(79) > Bijie(68) > Anshun(65), the species of orchids in Qianxinan and Qiannan and

their nature reserves are much higher than those in other areas. (3) The top 14 reserves with high conservation

contribution rate were identified by “cumulative screening method” , and the cumulative conservation contribution rate

reached 84.84%. In general, the wild Orchidaceae plants in Guizhou Province have been fully protected, but there are

still some species not protected and seriously threatened.

Key words:; Orchid, in situ conservation, conservation vacancy, conservation contribution rate, Guizhou Province
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of wild Orchidaceae in Guizhou

Composition and endangered levels
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R E R Distribution Distribution A
. . (=) Vl_
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level protected protected
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Critically endangered
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Endangered
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Near threatened
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Least concern
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Data deficient
&t 291 52 343

Total

e AR ORA XN A A 4R R AR SN — R XN
SIATH YR BIBIA
Note; The species in the protected area here are listed as long as

they are distributed in any protected area in Guizhou Province.

1.2 BARPRRIPTEKES T

AHITFE PRI B AR 22 B 04 £ B e, R
STk (B SE,2014) KPP ST A A
IRERIP DX A 22 BHE Y 00 PR 7 STk R T 1%
WRAE - GRAP IR e 2 EAME R S DR T AR B
N3 ANTEIU 7 AR ORAP DX 2 o 5500 HE 6 50N
P A 22 B ) OR3P 5T MR R i i HLAD I DT KR L 4
Y EAR ORI IX . B AR BRANT B, SEit s M
B IATHY 124 AU DR EL 231 BB A = RHE )
MR gL, ¥ N2 21D SR 40 5 B A 22 R W)
MR fie 22 LT AR de /N DR3P DA S X 22 B A
PRI TR AR — (LB PR3 X, TR A I AR 3 X
IS 5 1 2= RHE ) 2 2 B 8 B 22 )

RIS s SR 5 B AR A AR R4 X4 IR 5
AR B A 22 B ) b 28 B 4 B 22 3 D HE P
e R I A0 22 B o B A &2 EL BT o T AR
T/ N AR DRI XA S R4 T R R 5 0L 19 R
X2 hm FEE DL FA IR, BETA MR XA
A AT R AR 22 BB ) B 0 B B, A B B
A T A 22 B P PR 3P 5T KR e g L b 78 5T R
BB AR X ALT

2 HEREGHH

2.1 B4 ZRAEYHIE S 4 A R bR DU

SN TR 343 FhEFA =R 2 40 A T
SEBEN(E ) At X 22 F ok, H
L DAV 0 A B P M A A B 2 (221 F) | o S
BEFAE 2L B I 63.56% ; Fi vk K B EE M (198
P, o5 57.73% ; 25 i 2T o A d5e b AUA 65
Fl, d7 18.95% ., BtIMAE 25 A~ A SRR X (10 1
KR 6 TNEHH 9 AR NA 291 FhEFA: 22 B
YIA3 A R HAR AP R 5k 84.84% A AT L X 1 3l b A%
PRBEA—ERZES HER B, ety
S3 A ) 68 FAE LRI X N I A A, B b AR B R
15, M 100% ; B A MRS 8K T 0 B0 1 2 Fil
RAELRA X N A5, bR 20051 A 99.049% Fll
96.77% ; By VU R MNA 31 PR A TR X N, il ib
PrArr 30 45 0l 25 b M 7T 25 (FHG 3l i AR 470 R A5 3
85.02% , 2 B BN A SR DR AP DX B A= =2 B 0 1Y
G LR Tl 3 S B v =1 e 5 R 1 1 Ll
(51.9%) (%A% 2012)

JENIL, Bt A 2B Y 32 AR A R
HE o S A A 2L R A A T 37 U (R AE L
G5 1E) A 130 B, b e [ v ZE A Y 52 B
I (3 879 Fh) (B HE T AE,2017) /9 3.35%,
I 2 B 22 B (653 Fh) B9 19.91% , & M
B EBHEYIN 37.90% , Hod AR AE LRI X N
SAARIAE 13 Bl o BN A B A L R W A fE R Y
81.25% , Wil fa. Fh 38 | 15 76.00% , &) f&. Fh 61 Fft,
07 87.14% , BEORE , &4 K8 5 fE DL L EH% M
Yy b o K Z2 B0 o R IX O AR B T AR, {H

TR Y 2 EEW AR M Y, &8
FHRAZ R G 7, BB Y 5 R
SRk /0 B 3 X el PR R A R I S AR T HL S R
T BF R AN AR 48 5%, DRAP T E R



2 34 45

S P A 22 B i DR 3 BOIR K PR3P 23 ko i 243

o

Sichuan

HeAiBi jie

MU LT lkm
01530 60 80 120

o

E K
Chongging

i) w

Hunan

''''''
£2MP Non-protected
e o

T es s
e s
- 2
I o

PL1 B BF A 22 B ) b B 53 A
Fig. 1 Geographical distribution of wild Orchidaceae in Guizhou Province
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1. Maolan National Nature Reserve; 2. Pogang Municipal Nature Reserve; 3. Dashahe National Nature Reserve; 4. Fanjingshan National Nature
Reserve; 5. Wangmo Cycas Nature Reserve; 6. Leigongshan National Nature Reserve; 7. Duliu River Wetland Nature Reserve; 8. Caohai
National Nature Reserve; 9. Mayanghe National Nature Reserve; 10. Xishui National Nature Reserve; 11. Fuhen Nature Reserve; 12. Baili

Azalea Provincial Nature Reserve; 13. Chishui Alsophila National Nature Reserve; 14. Kuankuoshui National Nature Reserve.
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Fig. 2 14 the most complementary nature reserves with the highest conservation contribution rate
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Abstract ; The species of Sinojackia xylocarpa in sample plot of 1 hm® in Laoshan Mountain of Nanjing was taken as the
object of study. Using the pairing correlation function g(r) and three null models: complete spatial randomness (CSR) ,

heterogeneous Poisson (HP) and antecedent condition (AC) to analyze the relation between the structure and spatial
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distribution of the population. The potential mechanism of this pattern formation could be deeply recognized from the view
of spatial pattern. The results were as follows; (1) The number of individuals of small DBH class in natural S. xylocarpa
population was dominant, and it was a growing population. (2) In the study of point pattern analysis, the S. xylocarpa
population showed the aggregate distribution at scale 0-26 m, and uniformly distribution at scale 29-30 m based on the
CSR; and the S. xylocarpa population showed the aggregate distribution at scale 0-23 m, and uniformly distribution at
scale 27-30 m based on the HP. The spatial distribution pattern of S. wxylocarpa showed a trend of changing from
aggregate distribution to uniformly distribution. (3) In the study of interspecific correlation, the spatial relationship
between S. xylocarpa and Celiis sinensis showed from the negative correlation to the positive correlation. The spatial
relationship between Sinojackia xylocarpa and Pistacia chinensis and that between Sinojackia xylocarpa and Acer
buergerianum were about the same. There were positive correlations between them on a large scale, and occasionally
negative correlation and no correlation. The above results indicate that Sinojackia xylocarpa population is in a good
regeneration state. The spatial distribution pattern of S. xylocarpa population is basically aggregate distribution, and is
mainly affected by interspecific competition, diffusion restriction and density restriction. Based on population status,
carrying out in situ protection and appropriately disturbing the community are a scientific and effective protection measure
for the endangered species of S. xylocarpa.

Key words: Sinojackia xylocarpa, point pattern analysis, spatial distribution pattern, interspecific correlation, Laoshan
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Fig. 1 Location of the natural population of Sinojackia xylocarpa in Laoshan Mountain National Forest Park of Nanjing
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Fig. 3 Spatial distribution pattern of Sinojackia xylocarpa
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Fig. 4 Spatial distribution pattern of Sinojackia xylocarpa at 0 em<DBH<6 ¢cm
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environments. The homogeneous environment of plantation is conducive to the in-depth analysis of intraspecific and
interspecific variation of different trees. In this study, the intraspecific and interspecific variations of four native and
precious hardwood species ( Tsoongiodendron odorum, Castanopsis hystrix, Magnolia blumei, and Parashorea chinensis)
in Liangfengjiang Forest plantation were studied. The results were as follows: (1) Most of the leaves of four plants of the
same height had significant differences in functional traits, but only a few leaves had no significant differences in
functional traits. Compared with the other three plants, the Castanopsis hysirix has lower leaf fresh weight, leaf
thickness, leaf area, leaf dry weight, specific leaf area and leaf water content, but the C. hystrix has higher specific leaf
weight, leaf dry matter content and leaf tissue density. (2) There were differences in leaf functional traits of the same
tree species at different heights, and the differences in tree species were different. Effects of height on leaf function traits
were Magnolia blumet>Parashorea chinensis>Tsoongiodendron odorum>Castanopsis hystrix. As the change of height, nine
kinds of leaf tissue functional traits, leaf thickness and leaf tissue density were the most stable performance, leaf area
and leaf dry weight change were bigger. Specific leaf area showed a downward trend, specific leaf weight showed an
upward trend. (3) With the growth of the tree age, the leaf functional traits of Magnolia blumei changed the most, and
the leaf functional traits of Castanopsis hystrix were the most stable. Effects of tree age on leaf functional traits were
Magnolia blumei> Parashorea chinensis/ Tsoongiodendron odorum > Castanopsis hystrix. Among the nine leaf functional
traits , leaf thickness and leaf tissue density were the most affected by tree age, and leaf fresh weight, leaf dry weight and
leaf area were the least affected. The leaf functional traits of the four tree species varied significantly with tree age, but
did not showed obvious regularity. (4) There was no significant correlation between leaf dry matter content and leaf
thickness, and there was no significant correlation between leaf water content and leaf thickness, leaf area, leaf dry
weight and specific leaf weight, while there was a certain correlation between other functional traits. The above results
indicate that plant functional traits have certain correlations among them, and coordinate with each other to adapt to
changes in the environment. The results of this study have a certain guiding significance for the plantation of local
precious hardwood species.

Key words: intraspecific variation, interspecific variation, variation coefficient, height, tree age, correlation, leaf

function traits
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HRM ( Parashorea chinensis) ], T MK JZ K, X
HompZhae vk (ot B R i AR TR
PR T AR | L B | S K R A 2
ZUE L) EATIE ST, 15 TR L AH R AR I AH [R] 5 45 2%
T RS AS [6) 4 40 i D 6 P R A i ) 28 S gk
THA A Folr 3 sk % BE A R AR S TS W] IR 4%
PR R STAE Y 2 B8 PRl N 28 5 | BIF 5 45 R A
WF5E 7 1 B — o i e 5 50, Rl B 5 45 21
DN e o6 L o S NS iF <= & S R o B
FEX,

1 #HEF*

1.1 ARXHER

WFoE X AL F m T BRIV AR 3 21 X3
(108°15'14"—108°22'22" E ,22°34'31"—22°46'51" N) ,
TR T AL S, LU e 3 oh & A A R
Byt Al b, AR e G, JB R A AR AR K
HOJE R, 3 22 8K, e e U R R R Y R 24
W VR 346.5 m, IR ARAL ST BT 2R M A
K 80 m, X T 22 7F 80~200 m Z [8], B JE N
20°~30°, b3 FBE YA 5 80% LA I, M Akt
MIHZE LA rg , JE pg S #Al mg 2 2= UM, & B
KO AT %, E IR, K&+ aEE, F
SRR 21,6 °CL,1 A 12.8 C,7 A&
28 °C , H il 40 °C, R fKIR-1.5 °C, =10 C
MIAETE SRR 7 600 °C ,AFFETR 2 1 280 mm , FY 5
ZEPES HEO A, K &FREWEN 71% , CHH
W13k 342 d, DA VKR BGE BARARAE K
1.2 Hm*E

2019 4F 8 H ) T 5% Xt HOW A 214k |
JRAGE B RB PUFP & 122 B p Rl 5 B AR o B
AR ZETS B (LA LE 2001 4F 2 Fi Fi AL
SRR ,2001—2012 4FFhAE AL 4l Ak | 2 J5 Fol A B
FERFR) o BRI EE 2012 2014 F1 2017 4E Fif
R ARAS 3 Bk (R 1), B0 B b 8 3 BT
KA RZRERWREI 4 DOrmAd K B Ry
R0 VN - SN s RO i SN R B S 3 A
Koy 1 48%¢ il 5%, A PR IR A (PR FE/NE AL F 35T
3N I A 1 E e~ L N N Y L o = S 5 3 Y 52
BRI 10 i SE4F TCmE Bt F
1.3 ThEE MR AT E

FH CanoScan LiDE 300 31X 45 & Photoshop

52 HH- 1 AR (leaf area, LA) . FKSE A 0.01 mm
B T AR R R I e B A o R i (S T
ik ) 4 50 £ i 5 JEEBE (leaf thickness, LT) |, HF-
PIEAE Ry IR BE . HTHL - KO BR 6 i (leaf
fresh weight, LFW ) 586 %] 0.01 g, ¥ B it A
A 70 CHEFF LT R AHE 5 R & T 8 (leaf
dry weigh, LDW) , #&HRTHEAXNT .

Fb i1 B ( specific leaf area, SLA, cm® - g') =
LA/LDW ;

He I ( specific leaf weight, SLW, g + cm™) =
LDW/LA ;

M+ %) 5t & (leaf dry matter content, LDMC,
g+ g')= LDW/LFW;

& /K R (leaf water content, LWC,%) =
(LEW-LDW)/LEWx 100

2 41 % fF (leaf tissue density, LTD, g -
em™)= LDW/(LAXLT)
1.4 iz 4018

{11 Excel 2010 B3 Bl #4710 RT3
fii ] SPSS 22.0 F 4 %o Ho kA7 B R 3R O 22 43 B A
Pearson #f ¢ 14 43 #7, fi il Origin 2018 #% 4 it 17
il

2 HR 54

2.1 MEERSWH

30 20 % ] — R B R R AR % 1 AN ) A 4 i 1)
REJERFEAT IR R 7 22 0 .t I 1 AT fm]—
e 5 1) DU e R ) 1 R A i T RBE IR 25 5 W 3
HAWADE DR RESFARE, 3N ER
Wb M3 T A = PP AR B, 21 0 0 i E i )R
FE TR R Ll TE R R KR )
ELET ) L 4 Jo kT 2 205 B e K
T2 i T s B R th, m A R R R B R
(86.56%) , M & K A8 S5 R A /N (25.85%) 5
rhE DRI R o i B A R R K (73.55%)
-2 K RIS A B /N (23.19% ) 5 )2 IhBEE AR
v, AR B K = E (76.74% ), AR AL /N
TR (27.26%) . FEYITHIE R 9 Tl DhRedE:
R SF RZBINT L UFRAIRR,
22 MAAE S ENMHIsEERTER

IS E T N NI =D SR N A R N
225 ORNTRI R R 22 SRR R, R 2 W, RiE
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Table 1  An overview of the research objects
b R w4 R R P O b
- . L. . ree height
Iree species Family Genus Community type Planted year (%5) (m)
WEA A2 WEA PN/ 2012/2014/2017 8.1£2.6
Tsoongiodendron odorum Magnoliaceae Tsoongiodendron Chun Plantation
£LHE e 34 # HE ) ATAR 2012/2014/2017 9.3x4.2
Castanopsis hystrix Fagaceae Castanopsis (D. Don) Spach Plantation
IRAHE AR Atk TRACH 2012/2014/2017 15.7+7.8
Magnolia glanca Magnoliaceae Manglietia Blume Mixed forest
EEPN ) A kA AT Ak 2012/2014/2017 5.73.2
Parashorea chinensis Dipterocarpaceae Parashorea Kurz Plantation

B, KARER 9 Fhntoh etk 2 7
BT N e A T A= A WO LT B 7/ D61 i L <y
TR 21 40 B 25 S 0 W 5 204 Y o T e
AR U 2 AU B 2 S S DU RS R Y T Rk
PEAR 3Z 5 52 ) 1) 2 B0 Ry RO S > BB R AR > A >
ZIHE, 9 Rt REMR iR R A 2 2% SR
PR e, i A 1 R 22 S e o i AR
AR, WG AR K AR S 2R R 34 25
W 9 FhIRe MR BE A = R R T L T R
TR e b T e iR
AR T T T I K R R 2 U
JEEVEAT B S 1% A AR B A A [R] A A 1 i Ty R bR
EIAFEAELES(E2),
2.3 MARER B INEEETR

HY Pl 3 AT, i AR 8 10 A8 Ak, O AR o
JRARFE () - 1) e PR R AR b e K, A i fH 22
AN E RS DR 22 55 B3 2Lt o))
et R B i, A M EE T | ot
TR S8 2 5 L AR X i T R
AR B I Ry K AR > W6 A/ KB > L4, 9 Ff
D REHE IR, A2 2 B % 52 ) e K R i JE R
2 20055 (DU oy 85 2 S B ) | S R B /N 1Y)
JE I R T A, A R AR R 25 R
o HEL3 AT, U AR R ) ) BE T bR B A i
AL ZE S B ARG BN, 456K 2
AL AR 1 X6F I T 8 R A 5% M R R R X Ty
REPEIR A 52
2.4 ZEIEEMERE XM

M3 2 AJ 1, e 5 5 e R et AR T
KR | EL T AR R 3 IE A G (P<0.01,
T 5 E Y g 2 R A

PR G 5 IS L 5 e AR i SR AR 3 IR AN
O, G 2 AU AR A G, S
T AR 2 A AR DG (P<0.05, R[] 5 i AR
AN A TR AR TN 5 1 SRS I ) A
SURIE R R F TOSC, S R R B
AHIG ; W FE A e i T AR A AR IR A O, S e
B SV I R S O S T R
B GOM G et AR F S M R
YU L B AR A O, S KR & B 3 OE
SR O S Y R 2 SR R R R
TEAA G ; M8 i 5 5 KR A 2 TE A OG
L5 21 4 R B R I R SRR OG5 i S KR S A
LR R BE MK,
3 W& ®
3.1 A E)HF A T BE AR 18] 22 2 4 AE

IFFELE SR s, A [R] BRY 0% R0 1 J3E A AN (] A Ao
DI REPE AR 22 S5 WY 40k, 33K B et 4 ) 365 )7 B 5 R
FRCR) SR AN TR) LA B A ) A B 1 3 4% R 1 (X0 e 4
HEFEF-,2015) o AHFFE A, AT HoAl = Fp AR
Yy, LA i R o B H
TR 5 7K B f /I {ELZTHE B9 FE 5 )
P A H AV Rk, i, T B
FI 2 2% B M, Ul AR T A A SR
I BEAOR, He i EBOR AR ) Y i K S 1]
SRR K AN L T RGBS R R A AR K
BRGNS o X LE DO oA of i D RE R AR, 21 HE AR AR
/N, RO 2T D RE PR AR B AR AE |, U WX T
S BT AT RE ST B8

TEABISEH, 3 A R L 28 A R i i
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oA
Leaf fresh weight (g)

s M Height

i
Leaf dry weight (gl
= =
-

bh b [

00

oA
Leaf water content (%)

ofF i it

Leaf dry matter content (geg' )
B
e

W51 Height

WM Height

o
16 ' | [iE
I ML
) , vt
- 1204
E
= 2 w0 b
= 8 b b
E3 = 80 T b
5
3 b §
&0
204 § d
0 -
= =
1 Height
0014 -
4
- o
" ]
E 0olo -
v Wb ) b b b
. | = .a‘u.lm b b
¥ LB § L
2 oo g !
% 0
2
w
0002 -

oL

Leaf tissue density (g cm™)
o

HE Height

GGM. WtA ; HZ. ZI4E; HML. JRATE; WTS. B RKHF; XC. F)Z; ZC. W12, SC. LJZ, BRI ER/NEFRFRRE R B H

(P<0.05), FHl,

GGM. Tsoongiodendron odorum; HZ. Castanopsis hystrix; HML. Magnolia blumei; WTS. Parashorea chinensis; XC. Lower layer; ZC.
Middle layer; SC. Upper layer. Lowercase letters in the bar chart indicate significant differences (P<0.05). The same below.

B [l B AN R R S REVEAR 2 L (1LSD)

Fig. 1

DRETEAR 3 g it i i, 55 ey T AR By iy 4 Jo e
SE B, DA Bl H Al 2% D BE AR ) A2 A i i i
SRR 3 e o i B TR G i S BE R AR 2 U
L SIS S Fg/i I N =3 ) =14 € S TN S o S A NP
MK AR, ERE SRR L T AR AL fx
/N IR RESE O N TS b v R T2 B8O B X
B8, R ROGA AR R AR B K D R
A RS, B KL B 9 & K RO R E
TR L )2 B ' B8 2R AR B, i A sl i D't 4 1
PR R AT LU R A FB A R A

Multiple comparisons (LSD) of functional traits of leaves of different tree species at the same height

SR, AN B 38 o O b T RUR 2 T OB A AL
R Y R R 2 s, N, BR
ey REEIR SR BB E A FE M T
3.2 AEIE EHMH IR R T REHE

N[5 e HE A i D BE PR IRAT A 22 57, AN [R] g A4 Ao
2RI, Horh, 2L R it D RE MR HA
A AL ERE I HA 22 59 IORSE
DIREVIRTE W BE B L Ao B3 25 5, X Al g
J2 t TAWFFE IR AR 7 7[R — 31X, B BAT &
FEARDLAY MhAR T 5%, W R al R T A A BRI I
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Fig. 2 Multiple comparisons (LSD) of functional traits of leaves at different heights

XF T TR EAR 1Y B2 BN TERE VR R, 2 AR
A M 5 R A 2 PR 285 8, AN [) o JE ) AR 0 5
JCIRACAEANTR] PRk, AT DU D' B0t it 2 R PR
1) 52 M0 Ay SRR > B R > WA SEL4E

Pl TR /IS L 4 52 WA 0 %8 6 % 105 R Wi R
AR B RE 7, T JB % 2 AT SR AR A X 5
FIPRAFRE 1, 3K P> 8 s o A 0 0 A 35 365 7 ) O
B PEAR ( Bodegom et al., 2014) , Bifi % /& B 1) Tt
[ Lt e b SRR A TR A Y 5 = 2 O]
oM R B TR ERETE T B R S
OGRS R, B 1 /N e ELAR B O B Ok
7, Lot i BUR X 45 R S Wright 25 (2004 ) FY
WFFE L5 RAL, BFR 45 R WoR UFP £ + 2 5 Fh
(18 b et T R i 5 7K SR IR S > B R A > DY

SAR: AN AL N AY SN e Y N
T3 1 L T AR D A ROR B R, XK A
KA, R A S AR B, XA RS
REF(2016) MRS AHAL, T4 0T i 8 vy, A
P A 38 1 0 LU A9 8 R I R T A2 P R
FEP X 55 43 0 B B e ) B (RS2 4F,2019) . A
5 A 2 I EE R AR g 1 49 I B 4 o 3 1Y)
GXIASYTE P N ERIEIS <k W NT/ 7 A< S
Ty 5 i I A SR A v B Y R S RS B R U
INFR A B T BE SRR ) S 0 3 U /N ) R e X R
B O AIAR ) AS [R] 04 35 0 4 BL SR W IROR S T 2
By e A B R oy 2 TR A, R R E
W5 35253 22 F T AR PR AR 5 T 28 R AR U2 R 2 i
R 2T R &, DEZHTREEEK,
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GGM HZ HML

WTS
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M#® Tree species

W# Tree species
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. 1004
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= e e 150
= * aa
& Bo o b = E il
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bap

GOGM HZ HML WIS GGM H2
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K13 ARG i h BEPER 22 HE LA (1.SD)

Fig. 3 Multiple comparison (LSD) of functional traits of leaves at different tree ages

3.3 NEIH RS RO I Ih B8 IR T RASFAE

P oT 25 5 nl A Bl A B A A8 Ak WO R |
CLHE RORJE R R4 1O A &+ B 5t Fh 1 i
gtk R 2R, HRTFREME LD
b, A%AH I WA A, TEAHE G, Bl 2 A I 1 AR
b, FUA 204 Het T R 25 5 OR B 3 (ELAT ik
4 5 A B B A B R B R, T R
AR f R e, — M R, & Y b T RRURLIR A Rt
RS RACRE YA & G R T, e g
PH AR ISR 43, A3 R T4 i Al %) A e T 5 AR Y
L I T FEURT 5 7 40 I 5 ek 3R AEL ) AR U 5%
A fiE 52 BH ( Wright et al., 2005) . 6B 210 HE A A= K
B 2 B 1 38 KT T AR e A E R T AR
FOZ AT A al, LUER & R AT A2 v,

Hot =FhAE P 1 A K B B IS AR A B S
AR, X TR T X =R T 3 AR
W BOHCSR AL T v AR M MR R B RRE B AT
{4 B P T AR B4 R T £ T B R A T AL
e WUEN] T EATRY M A A R SR o 2 T
FRRA A, Lot AR 02— T B4 5% BT e T
B OCFR T AR, S YOG B R B A
5K, AT R B WAy i B AR BUSRE MG, R AR ) 1) AH G
ARG R HAA FEEZ 0 (Wilson et al., 1999) , 4%
e, HOA L0 HE /Y L i R AR 08 A8 1R 22 R 8
& VO L HE Y A R R AR RRUE W ENIE T B3
MWL BEE REIE B A2 4k, 1O £ -2 SRR
T BE PR e EA i JRE B I 2 AU B A B R
2e 5 (AR EA UL AN XATRRE M T4 T
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Table 2 Correlation analysis of leaf functional traits
UREIN - fief 7 R R T et AR et & Y AR
Leaf functional Leaf fresh Leaf Leaf Leaf dry Specific Specific leaf Leaf dry Leaf water
trait weight thickness area weight leaf area weight matter content content
nJEL 0.581 s
Leaf thickness
i AR 0.946 s 0.537 s
Leaf area
L i 0.957 s 0.622 s 0.932 s
Leaf dry weight
L T AR 0.257 s 0.085 = 0.406 s 0.114 s
Specific leaf area
[FA Ly —0.235 %% —0.141 %%  —-0.374 %%  —-0.143 %%  —0.767 ==
Specific leaf weight
4 o -0.205 s -0.080 -0.105 = -0.088 %  —0.140 %%  0.111 %=
Leaf dry matter content
I 7K R 0.106 s 0.027 -0.001 -0.002 0.092 = -0.080 -0.974 s
Leaf water content
I 21 21 %5 i -0.569 #x  —0.664 #x  —0.637 #x  —0.522 %%  —0.655 ** 0.795 = 0.148 = -0.095 =

Leaf tissue density

Hee o# Al SPBIEIRTE 0.05 F10.01 KA BE

Note: # and *# indicate significant correlations at the 0.05 and 0.01 levels, respectively.

AN TR A= B B B R PR, 52 47030 A 55 5 e i R Y
I3 53 TC SR WA (], 0 - J5E 32 5 o 20 R0 R 1 AR
AR I I AR AR 7 43 40 T ORI 078 1Y A TE 3R
B 3T A AR T A 3 2 5 A8 A B A R 1Y 52
BRI,

AMWETEZE W, AR e 6F - 2 8 P4 4R A 52 e R T
e N S RE AR B SE R, 3R] BE 2 PR A A ) Ak
TR AP B, FE A B 1 75 SRAS [] SR Y A=
FERMEA AR 225, HLANTE 4h i B B, A9 7
B A KT 2 TH [ B XS T 2 5 0 35 0 AE
JIT LA A — i LA 5 K i) L i T AR R /N g
Yyl g 5 T R B B, AR R — R BAT AR Y
Fe M AR AN B R v T4 i, ELAR W) 4 D RE 1
AR Z AR SCHRAE (WL R S0) , BRI HE W 4% Th e
ARIBE B 18 09 722 1k 25 8 AR B RS | i vy B 3%k
T3 0 D e AR AT 52 ), LA [m] A% 9 19 A= T
AIVEAN ] e B %o HG S w8 B A ]
3.4 EY M ThEE R X DT

FE )25 D RE PR AR AN 2 b S7 R 4R AR FH I, & 1
AREAAE — 8 M AH DGk 8 ot — RAPEIR A & 1)
PEEE FF i DL IS N FF 2 AE 3% (Baraloto et al.,
2010; Freschet et al., 2010) . M- F et ik 2= A
FETEZ P G, — R 50 i 7 D et R 414 7] B

RAHEAERT, DL S P 0T PR3 Y 35 N 33X S e T A
Py A 38 7 SR W ) [ M (RS2 45 ,2019)

LY I TR RS R ) Jo i e 8 S e A 0 D
IR SR A N 45 B A B Y OG5 3R BLRRAIE
BAERZENARSE L, A5, itmiS
M i A S A O, X 5 Wright 45 (2001)
1 Roche %5 (2004 ) MAFFE 45 R — B, 156 B Eb it i
RN W1 T B e b A 9 LA 8 v ) 9 R
IR R BT X 0 45 B4 04 365 07 1 5 it bk i
T AR, 40 o s A/, ) sz g 1S A 0 % T
T8 ) FH 28R AR, X TN R A B A KT AR ) e
B2 (I AKLL5F,2009) , i T4 i i 5 i 4 215%
FEREAE F i AR ) T R L R e A
K o R A 2 U AR O A A
M= a2 H T R i, S804 41%
JERET, 5 KR BRAG, RIE, o F PN 38 B4 7K 49 1)
9 T R A BEL T 185 O DA T 5 B0k ) Y B 5k
1458 (Wilson et al., 1999; EFiui%,2016) , XAE
AT ST o BRI AR B B0 I, A oT 25 SR, 4
5 2 U R R W R AR OG, i kR St
T AR W ARG, SRR
FAKIC, AW R R XA Y B O X,
F RS A ) At K R D R R BT 5 Y e
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RS2 AE P R A ) it K RE T s AR
Yyl T ERe ks, EAM S, R ST
Py o £ L 5 KRR DGR 2 U D R Y
AL FER [ A D RE R Y R, X AT R R
T R R (o T 3 BT M DX A s AT
B, T SR B A A W A A T
o S LA ) Xo) 2 45 PR B A N, L KR B
T o i R AR O O, Bt R BN 32
Py ot RN SR R B

TP 2y e PR AR =2 18] 38 3k A7 78 AH O, 4 4 2
FE PR 22 1) 11 DG 2R I e A 4 365 07 P 58 1 A A 3R
W&, ANRIPAEL S50 A8 W38 o AN [F] Y D) e kAR
G KA N A BE, XIE BT AR ) X 3R R Y D[R]
ik,
3.5 &ig

FELH) Dy e P AR % B AR (] AR S 3 i A AE
D RE MRS R R 2R 28, A4S R
7R TR R — M AR W) e V5 b A D RE PR 2
e B RIS Uy A9 52 e, AN ) ) A ) 52 52 el A B AN [
R, B RTARI 78 K ok B8 AR # v, 256 A )
R S 4R 3 2 00 AR S, T LS S AR
P AN 15 55 52 e T AR B8 52 W 350/ |9 4 A ] LA
PERRR K AR %% B, H 45 AW % 09 A7 AR T LR
Fofr v AR TC 5 T AR A 342 55 52 oy B8 ARV 07 52 i 65 K
(AR T, DU 5 535 R AH X B /N A 5 HL— A
MR B A R A AR R B 1 . AS B 5 45 SR R WA )
& DIREME AR Z 18] F7 7E — 5 B9 AR 5G| 1% A . B
il 38 O FR BE ) AR A X — A5 R gk — 2P RS T AR
Pyt PR 2Z 18] B AH 5C ¢ 28 J2 bl b A 25 R GE )
TR — AL AT 98 32 2200 1 A ) 0 - D fig
PR, HE— 25 (R AF 5% 30 5 45 A FF M 4 38 55 3R 5% [
RIARA 53 BT, PR 2R 1% Hb XA Py i 1) e 14 1R 1 34
%A ]7S b
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INITREE WRKY ERKEREMERFESMH
FORL E A % T

(L SINURTE R AR drRlagaBe , $EFH 550001 ; 2. SEANUGTE K2 EEREE ¥BE, $1FH 550001 )

# E. WRKY 1E RSy b R H T A K E TS Rh REEEERH ., T i
5T /NSEBIRE WRKY 25 F R S5 M 5 U188 1% 0L Plam $088 R vb WRKY 3R SR (5555 PF03106)
SR RE, 3T T /NSEREEE ( Physcomitrella patens) WRKY 3 PR 305 B 53 RO BRAL o 26 11 0 A — e 5 M T | e
OAEN NAMNE T3 A RGO R . GEREW . (1) /NI BisE WRKY R Z 5 0 64 38 A AR
5 WRKY {57 5 A BB S S5 M0 S R A0 i T L I PR, Rl 2K (43 454 C2HC ) | Horp i
Sr B WRKY (RAFEEH 3R A48 5, (2) WRKY R 12 B R K BETE 216 ~ 775 aa Z (8] AHXS 43 F T 4t 7E
24.5~82.8 kDa Z ], W41 A E {37 78 WRKY ZEMERL 53 2 1 B T AR A% . (3) WRKY 2 1Y 90 45
FILA o-BET5E AE AR EE | B F  TCHLAS it DU ARG BT RS B, B PPWRKY 11 (o-8805E 0 32) 4b, HoR TE LG ith
mi LRk 70% ., (4) SR IT I R GEE O R R MY et fbad 2 vh WRKY R 1% B 5 4k 7 =X
RS WRKY BRI AN BTN 3~7 A (5) /NEWisE WRKY H2 B 5% 15 it 53 To 3 4 8T
21 Fege ik b I RIE LR . XIS @ S0 A WRKY DR 58 5 i B A 45 4 55 1 I, B M IS L IR ABF5Y
WRKY #% 5 R 7 1 T e B9 2 LA,

KBIF . NSIBIEE, WRKY 55581, HEKEST, APER

FESES; Q943 XHkERIRED . A XEHS: 1000-3142(2022)02-0267-10

Bioinformatics analysis of WRKY gene
family in Physcomitrella patens

QIAO Gang', LI Li*, JIANG Shan®"

(1. School of Life Sciences, Guizhou Normal University, Guiyang 550001, China; 2. School of
International Education, Guizhou Normal University, Guiyang 550001, China )

Abstract: As a transcription factor first found in plants, WRKY plays an important role in plant growth and
development. However, it has not been studied in Physcomitrella patens. By using the WRKY gene family data (accession
number is PF03106) in Pfam database, this paper studied the basic information of WRKY in P. patens, which included
physicochemical properties, protein secondary structure prediction, chromosome localization, exon and intron
distribution and phylogenetic relationship. The results were as follows: (1) The WRKY gene family in P. patens consisted

of 38 members which were divided into two major categories —I and I, and the conserved domains of some WRKY genes
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had mutated. (2) The amino acid length of WRKY protein was 216775 aa and the relative molecular mass was 24.5—

82.8 kDaj; Subcellular location showed that the proteins of WRKY gene family were distributed in the nucleus. (3) The

secondary structure of WRKY protein was composed of four constituent elements: o-helix, extended strand, B-turn, and

random coil ; Except for PpWRKY11 ( a-helix dominated ), the proportion of random coil was up to 70%. (4) The

phylogenetic relationship with Arabidopsis showed that the number of the WRKY family members and the way of their

revolution had changed in the process of plants’ evolution, the number of exons of WRKY gene family members were 3—

7. (5)The members of WRKY gene were randomly dispersed on 21 chromosomes without forming a gene cluster. This

study analyzed the basic structure and properties of the WRKY gene family, and it was found that the WRKY gene family

of Physcomitrella patens has evolutionary diversity and unique variability in conserved domains, laying the foundation for

subsequent research.

Key words: Physcomitrella patens, WRKY transcription factor, gene family analysis, bioinformatics

H AT, 7EAL Y kB 60 £ 455 Sk I 7 Rk
(Kaplan-Levy et al.,2012;Qin et al.,2014) , H:H fiff
GEH £ A MYB, NAC, WRKY , SBP, GARS %,
WRKY ( transcription factor) 1E A e e FEAE Y Hh & R
B 5% I F ( Wang et al., 2015), B H N-%f i
WRKY {57454 5 ( WRKYGQK ) Fl C-3ii 1) ¥ 45 45
T (Wang et al., 2018) , MR P8 <5 4544 R 4>
BOMPERG A F 2RI, P WRKY Fe s R4 1l =
XK. 12K, &F 24 WRKY &5, 236 4500 H
C2H2 BY; 11 28, &4 a5 B, BER 451y C2H2
(CX4-5-C-X22-23-H-X1-H) , i ¥ 45 7AW
B(Ma, b e ITd Me); I3, AAfRSF L5
B FEE S C2HC (C-X7-C-X23-HX) % ( Song et al.,
2015; Jia et al., 2018) , {H 2, FEARSEME Y A
A5 MR WRKY 5% 51 (R85, 2007)

IINST B8 8% ( Physcomitrella patens ) 1E A 51 55 A
Prrb AR AR 2R B AR AR AE LU T JLA .
(1) 7N o7 f &% 3% D2 0 7y 45 SR 2 A (hup.//
www.cosmoss.org/ ) ( Rensing et al.,2008) , K/NH
511 Mb, 4 K34 27 5 (Rensing et al., 2002) ;
(2) RIS A R (3) ERKFWE 5 T % (Xu
et al., 2009) ; (4) 4 i 45 14 i) 5, & AU A B 4 0
g%, P, /N ST W e C U A AR ) BE R 454 5
IRERY— Bl BLAEAE ) (BE RN 2E5E, 2020) .

Bt AW AR A K, WRKY 4% 55 [ 1A Wi
KB, BT, C2%E e AT 3 > WRKY #e5¢
A+ (Rinerson et al., 2015) .41 19 4~ (Li et al.,
2016) 1A% 83 4~ (Liu et al., 2009) IR IF 74 4>
(Ulker et al., 2004) JKFg 97 1~ (Xu et al., 2016),
[, WRKY 1E Ry s I+ O S gk D44 9 2
A LI BE ( Eulgem et al., 2000), £ WF5¢ & 8K,
WRKY #%5¢HFZ 50 T 5 il AR 55k

AW aE B9 N2 BN (Chen et al., 2012) LA X AE Y
Xt JEL B 19 P (Sham et al., 2017), 40K
OsWRKY 13 £ 5 $L 41 /K A5 #5996 I ( Magnaporthe
grisea) Y S 4 ( Schluttenhofer & Yuan, 2014 ),
AtWRKYS 7EF a2k Y BG4 0 14 ik A Ak
Xt R 36 AT ( Chen et al., 2013) ; WRKY 4% 5%
T 5 AEK EZE (Chen et al., 2019) AL r=
YIAEYIRY A AL ( Zhang et al., 2018;Liu et al., 2019)
UV B AE/N S B &E h , WRKY 275 2 45 By i
B e AR FARLH 208 A il . BEE A HoR 3T
AL AR S KBIE A IE A (Pearson, 2001) , A
AR 24 0 5088k 1) AF 5 0 AN W fn i, AR W01 B 2
BORNER— DRI 1 228 455 TS ALE I 1k
LG0T, AW R R AR B 454 5 D hg, i 15
Fo 45 Rzl B B 77, AR ISR TR K
DUHR , 3X — AR 2 B T 2B BEDR 44 T
ERZ B, PRI AR SGE o AR A B A A RO
WRKY & [FI GE 1 53 B BEAS AR L DR SF S b 43
Qe E R NI TSR R, BT R SRS
/NArBiEE WRKY 25 45 5 D e S Be 5Lat

1 MeE 7%

1.1 #F#4

Bio-linux 1 2R 45 ; e UL virtual Box; 45 Fh %%
& B, B Pfam ( http ://pfam. xfam. org/) . Ensembl
Plants ( Bolseret al., 2017 ) ( http://plants. ensembl.
org/index. html ) | phytozome ( https://phytozome. jgi.
doe.gov/pz/portal. html ) ; 75 2& ¥4 €] T .} AT 4001k 5k
{F, Bl Adobe illustrator \ TBtools %,
1.2 /NI REEE WRKY EEKRHHE

£ Plam B8 B T 2 WRKY 2 1108 ST 25 1 5
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( * .hmm) X, 7 Ensembl Plants ¢ #& 22 b T 2%
INATWEEESE I ZH B9 cds | cdna | pep . gff3 55 ¢ 5I1E N
#& s,

TE/IN S 8 8 35 H RO 5 R R 5 A WRKY
(PFO3106 ) FE P 5 1 45 #6388 19 85 1 o 3 4 (235 3%
4%, 2014) , i 5f E 9] 0, F F SMART ¥ o
( http : //smart.embl-heidelberg.de/ ) #E4T T Bl i 1%
AR TIREEWT5E
1.3 /NSIREEE WRKY EF &K R &R A R4
M1 5 040 A 7E ir

F ProtParam ( https://web. expasy. org/ protparam/
protparam-doc.html ) [’ 3t i il 52 % B O 1Y 55 HL 53
(PI) XS 707 Fo i R AL R K BE | 8 1 o i /K
ST 5 8 53 PLOC (http ://www. csbio. sjtu. edu. en/
bioinf/Cell-PLoc-2/) , Plant-mPLOC ( # #J 41l il &
L) TN 575 B 5% A 48 L e B 57 A3 A
1.4 /NIREEE WRKY ERRGERREAN_RE
ki

W 0 72 (1) /N ST W EE WRKY 35 55 2R A B 1)
W HETR 538 1 7E £ 3 HNN Secondary Structure
Prediction ( https : //npsa-prabi. ibep. fr/cgibin/npsa _
automat.pl? page =npsa_sopma.html) Tl H: — 2% 2%
S F T 5 T
1.5 /NI HEEE WRKY BRI R 75t % B HIHHE

FIH MEGA 7.0 i PF AT dE ALy b e, 7 07 1

FE K ALK 25, Bootstrap {EL 1 %E A 1 000, H:Ath %
TE SRV FR G BAINE R
1.6 /NI WEEE WRKY £ RE KK 5 M SMNEF R AR
T S

i MEME 7£ £k ™ ( http://gsds. cbi. pku. edu.
en/) , TN A BT A4 PR 53 45 A S8R motif AR AL {F
B o i http://gsds. chi. pku. edu. en/ ¥ v 2 il /)N
SEHEEE WRKY [N S0 1 b1 1) N Ah St 1 o0 A
Hi AT S IR A,
1.7 /NILREEE WRKY EREZHRR 5 R AR E AL

s WRKY [ I Xf By 1Y) 28 R 1y 41 K ik B 7
/INSE T B TR ZH v R R Y 44 BR SR L/ S g EE 27
SR B AR 1 K B (S B B hip://mg2c. iask. in/
ngC_VZ.O/TT:g% I 3l 22 i Y o 4K 52 A K, i i
TBtools T H.# 47 AT #RALAE A

2 HRE A

2.1 /INIIRREE WRKY ERRGER RAHE

WA X 38 4~ WRKY 505 i D3 19 £ <F 45 4 5k
JEA FEXT R WRKY Z05 B Bt 3228 50 S DL LK.
223 42M) Ma(5AEK)  Tb(6 M3K) |
Me(5 A3ER) Md(13 )  Me(6 ANIER) |
AEGH = (C2HC BY) |, o3 o DR A O <1 45
FIRP I AR (R 1) .

R 1 NIIWE WRKY RF&HEBHNER

Table 1  Variation of conserved domain of Physcomitrella patens WRKY
B SpS WRKY 25448 /7 57 75 5 J5 AR SF A R T 51 Iy
Gene name WRKY domain sequence Conserved domain sequence after mutation Groups
PpWRKY7 WRKYGQK WKKYGNK Ma
PpWRKYS8 WRKYGQK WKKYGNK Ma
PpWRKY14 WRKYGQK WKKYGNK Ma
PpWRKY25 WRKYGQK WRKYGHK Id
PpWRKY30 WRKYGQK WRKYGQN b
PpWRKY32 WRKYGQK WKKYGNK Ma
PpWRKY35 WRKYGQK WKKYGNK Ma

2.2 INMLHEEE WRKY EE KRR REUERS
X 0 40 B 7E iL

H138 2 AT, B AN G0 I 01 ) B L 1R P 91K
1£216~775 aa Z [0], PpWRKY25 #z /)y, PpWRKY10
K, WRKY 48 2 52 09 BRIS %5 B 58 PL(ETE
5.10~9.79 Z[al, £ [ [T i AH X 53 ot e 7 24.5 ~

82.8 kDa Z[H], SR SMRER M IE L, J35b, 8t
MR K RS E 7T LAAS 2 PpWRKY25 . PpWRKY30 ,
PpWRKY36 BEH A5 s K 14 A 3 K P, H A 7F
-0.5~+0.5 Z[H], AR U6 B SR K PR b | Ho A
RILTRH N K B IR, PLOC W20 it 1 137 45 S 36
B/INSEBi#E WRKY & 120 A iz,
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Table 2 Analysis of physicochemical properties of WRKY transcription factors in Physcomitrella patens
4 B A e Fiamih ot ALANHE i o e f
Gene name PI Mnle((:il]z;rax;elght amino acid igol;l:ff;l;li{:: hydropathicity

(aa) (GRAVY)

PpWRKY1 9.71 43.1 395 Nucleus 4fl il #% -0.693
PpWRKY2 6.41 82.0 765 Nucleus 4l fi#% -0.601
PpWRKY3 8.79 75.4 705 Nucleus 4fi i #% -0.970
PpWRKY4 9.76 43.2 396 Nucleus 4fi i #% -0.655
PpWRKYS 9.10 74.2 684 Nucleus 4l i #% -1.052
PpWRKY6 6.62 81.3 761 Nucleus 41l #% -0.560
PpWRKY7 6.08 37.7 343 Nucleus 4l i 4% -1.047
PpWRKYS 7.68 40.3 365 Nucleus 4 ifi#% -0.936
PpWRKY9 6.71 60.6 558 Nucleus 4fl il 1% -0.648
PpWRKY10 8.21 82.8 775 Nucleus 4fi il #% -0.751
PpWRKY11 9.79 42.8 385 Nucleus 4fl il 1% -0.719
PpWRKY12 5.66 55.8 507 Nucleus 4fi il 1% -0.845
PpWRKY13 5.89 41.1 372 Nucleus 4fi il #% -0.991
PpWRKY14 8.31 65.2 589 Nucleus 4fi i #% -0.759
PpWRKY15 9.75 43.2 395 Nucleus 4fi i #% -0.643
PpWRKY16 5.69 71.2 642 Nucleus 4l fi#% -0.840
PpWRKY17 9.72 42.4 385 Nucleus 4l fi#% -0.829
PpWRKY18 8.55 48.7 437 Nucleus 4fi il #% -0.688
PpWRKY19 8.45 78.9 749 Nucleus 4l 4% -0.717
PpWRKY20 7.60 55.7 504 Nucleus 4fi il 1% -0.820
PpWRKY21 6.06 59.3 533 Nucleus 4fi il #% -0.754
PpWRKY22 5.76 56.6 511 Nucleus 4fl il #% -0.809
PpWRKY23 6.46 81.7 758 Nucleus 4fi il 1% -0.813
PpWRKY24 5.27 63.0 579 Nucleus 4fi il 1% -0.637
PpWRKY25 7.15 24.5 216 Nucleus 4fl il #% -0.295
PpWRKY26 7.37 80.5 740 Nucleus 4fi il 1% -0.694
PpWRKY27 5.10 52.8 480 Nucleus 4fi il #% -0.752
PpWRKY28 5.62 62.8 576 Nucleus 4fi i #% -0.789
PpWRKY29 5.40 64.0 584 Nucleus 4111 #% -0.806
PpWRKY30 8.01 44.3 409 Nucleus 4fi i #% -0.463
PpWRKY31 5.33 57.2 525 Nucleus 4l fi#% -0.737
PpWRKY32 5.94 59.9 532 Nucleus 4l fi#% -0.955
PpWRKY33 7.79 61.2 566 Nucleus 4fi il 1% -0.720
PpWRKY34 5.99 63.2 588 Nucleus 4f il 1% -0.571
PpWRKY35 5.67 48.1 435 Nucleus 4fl il 1% -0.571
PpWRKY36 8.71 52.7 491 Nucleus 4fi il 1% -0.454
PpWRKY37 8.23 79.5 748 Nucleus 4fi il #% -0.512
PpWRKY38 5.96 79.3 723 Nucleus 4fi il #% -0.867

2.3 /INSLHEEE WRKY BERE R ik X 5 Z R 5T
¢ 3 A1, /NSE R #E WRKY H& R S5 % 5 1Y)

H BT H DU A 25 A8 TR A AR (o | E B B-

e JoMAE ), Foh LTS it oy 3 24 T

4, & PpWRKY 19, /5 Hik 73.83% , ik & a-
e s T PpWRKY 11 45 5 5 F i 5t A, L -
e R 5 F Ik 42.34% , T 39.74%
T3 SN RO RN R E
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2.4 /INITEEE WRKY EE KGN R RGHNX KR

M 1 /NS7 Wi WRKY B[R 58 5 i 51 9 1R 1k
B4 T LG H, WRKY 3 R 505 il 5% 78 kAL Y 5
ek T A, 38 A5 R 43 A 76 AS ] f8 i
A ECEA T RSN 3 A4 Ta BIEH S
A BEE 6 4 T e BRIFER S A 1T d AR
134 Me#l64), N IETAT LLE ), /NSL
Wi S e T b Ak b B — 22 bk, o
W Ma, Td I RRELER— 73 3, U BTG ) i K55
I i A 1 Ak B ook R b 3 R Ak SR AR T
s HEL T Mk
2.5 IMNILEEEE WRKY BEEREH BRI BFHH

EHIE S

/NAEBEEE WRKY FGE 01 £ 20 A 7E LA
[ ) 43 32, fE iR b 1 R EL A 25 5 SCEL A A AU
H & 2. B WAL, /N S7 Wi B WRKY JE PR K5 R 2 Y
SR L AN RN 3~7 A, Horp ) T
R 4~6 MHMETF Ma5Me BSNETF 44 1D
BIGANEF3~7 A4 Me BANEF 34 KEZH
d BV SN 3 A, NS I B AT DU i
T R HE W AR 2, Bl 2. C AT, KN [R] WRKY
FE PRI X N 1) R 1 5 A S 10 4 motif , AS [R] 3
PRI B2 9 motif A BT AN TR, 2% 4 0l F0, B4
motif [ 7% & | E-value {H . XF NV motif i) Logo &l ; &
R 58 B e KR 50, BeAIRAA 21, 31X 38 DKL
PR 50% B A WA RSF A B, i 2 S A
A, I a ( PpWRKY7, PpWRKY8, PpWRKY 14
PpWRKY35) #B R &7 —> motif 5 A (574544 35,
FERIE i fa E B motif 1-motif 3 AYEEE 4514,
2.6 /NILEEEE WRKY EE KGN RHMEBES

& 3 AT 38 3 o A B 248 38 1 WRKY
Rl RLAE /N ST i 27 SR e ki 21 2%, 1T &Y
( PpWRKY3 .PpWRKY5 .PpWRKY19) /34 T4 8 4
3852 Sk, Ta % ( PpWRKY35 PpWRKY31 .
PpWRKY8 PpWRKYT PpWRKY14) 73 4ii T 45 14 45
4 5527 556 555 S YLk, b 7 ( PpWRKY36
PpWRKY30, PpWRKY2. PpWRKY6. PpWRKY37 .
PpWRKY26) 734 T45 11 .55 7 %5 13 55 3 5 12,
B4 5 Yok, I ¢ B ( PpWRKY34 , PpWRKY9 |
PpWRKY33 PpWRKY24 . PpWRKY28) 43 4ii T4 20 .
G524 05 23 %8 3.5 13 B @ik, T d A
( PpWRKY29 . PpWRKY22 . PpWRKY25 . PpWRKY38 .
PpWRKY16 . PpWRKY10 . PpWRKY23 . PpWRKY21 .

R 3 /NIEEEE WRKY EARZREHHH
Table 3 Secondary structure analysis of WRKY protein

in Physcomitrella patens

-]
Secondary structure (% )
SE IR #4 B
Cone vame g MW g A
a-helix xtended B-turn Ranc'{om
strand coil

PpWRKY1 26.33 12.91 6.08 54.68
PpWRKY2 32.03 13.59 2.61 51.76
PpWRKY3 14.61 9.50 3.97 71.91
PpWRKY4 21.97 15.91 6.06 56.06
PpWRKY5 16.96 8.63 4.24 70.18
PpWRKY6 29.57 13.53 3.55 53.55
PpWRKY7 15.74 13.70 6.71 63.85
PpWRKY38 22.74 15.34 7.67 54.25
PpWRKY9 24.37 8.96 3.41 63.26
PpWRKY10 19.35 9.81 6.97 63.87
PpWRKY11 42.34 11.34 6.49 39.74
PpWRKY12 31.76 8.88 6.90 52.47
PpWRKY13 33.39 10.19 5.49 50.94
PpWRKY14 26.32 10.53 3.90 59.25
PpWRKY15 25.06 14.94 8.35 51.65
PpWRKY16 28.19 12.15 6.70 52.96
PpWRKY17 25.45 12.47 4.94 51.74
PpWRKY18 24.49 10.76 6.18 58.58
PpWRKY19 12.68 9.35 4.14 73.83
PpWRKY20 33.73 8.13 4.76 53.37
PpWRKY21 27.77 10.51 5.44 56.29
PpWRKY22 19.37 9.59 6.65 64.38
PpWRKY23 18.07 8.05 5.41 68.47
PpWRKY24 17.10 12.61 7.77 62.52
PpWRKY25 43.06 7.41 1.85 47.69
PpWRKY26 27.43 12.70 2.97 56.98
PpWRKY27 32.29 8.96 5.42 53.33
PpWRKY28 21.18 11.81 4.69 62.33
PpWRKY29 27.10 9.42 7.53 55.14
PpWRKY30 27.63 15.65 6.60 50.12
PpWRKY31 20.00 9.33 3.24 67.43
PpWRKY32 29.89 11.28 4.51 54.32
PpWRKY33 23.85 8.83 4.42 62.90
PpWRKY34 27.55 9.01 4.42 59.01
PpWRKY35 23.91 9.89 5.06 61.15
PpWRKY36 32.59 13.65 6.31 47.45
PpWRKY37 26.60 12.70 3.07 57.62
PpWRKY38 27.25 6.64 5.67 60.44
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Fig. 1

PpWRKY27 . PpWRKY13. PpWRKY18 . PpWRKY20,
PpWRKY12) 534 T4 2 55 11 56 1158 26 %6 3,
B8 3 19 58 22 B 21 B2 T R 11 Y
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Phylogenetic trees of WRKY in Physcomiirella patens and Arabidopsis
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2002) .
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Fig. 2 Evolutionary relationship (A) and distribution of exons and introns (B) of Physcomitrella
patens WRKY gene family, and motif model of the WRKY protein domain of P. patens (C)

FVEEFE 45 K985 /N 7 0 B8 WRKY 5% 43 i K 2
(ITRI3A TaBs5sA TbAeA e S,
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2004) HKIFESH 47 1~ (Ross et al., 2007) , HAE &
LRI ILF B 2R WRKY B F#Z2 544
W38 N, AR S AR AN 35 56 2R WRKY IR (95
Fid, 2007) , A< 5256 % i B 4 s 4 8500 o, /b
ST AR RN K B R B AR R PpWRKY10 H BLER
KA EIE A WRKY #5%H 25 1 MYt

DR TR IR B35 40 S5 7 ( S e A Hi ok k%) T A
BB EALHIA A REIRARESE . b B 281 1
AU 2 T AL S AL A9 J 4G 4 5, T A 5 T A
il TR C RUmEL N K WRKY 454 4 19 A8
A 5% {5 5% 3 78 1717 9K ( Zhang et al., 2005) , PRI
P AP A6 I o S 0 A 1 Ao A v X A 5 193 7 7B 0
[l 2] ge B b b R ABR A, & S5 A 9
WRKY ZZ 5 i) I AY AT BE R 1 Y75 B X R85
A E A F B WRKY 3 R % A8 Ak S A
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Table 4  Predictive motif list of WRKY transcription factors

Herr 4 Vi

Motif name Width (aa) E-value Logo
] fiag f‘.‘?" I ‘w*#!‘}.’f
motif 1 40 1.9¢-1485 Qé‘ﬁ | % i QYK@# 'l“ i
if 2 29 2.0e-1224 i ol K WR@T R
moti .Oe- 5 Wi ViAo B (Yha
M I [ Vuhal EJJ ULE
o A |
motif 3 29 1.4e-1039 o AN o
”ru I—/ - AR _,-J.n.rv, ﬂ \;l ’7
b1 i ;
iy AT 1 U LT
motif 4 29 5.2-969 . = vIT wEL
4 Ui ‘W‘l B
o e BRI
. ] el I
motif 6 50 4.4e-592 Ik o I I Fr
L 31 ’ X " “a WEReS i
motif 7 41 3.3e-561 k @g%g
motif 8 42 1.2e-349 KRTAI Ny ‘
D i
motif 9 29 4.8¢-368
motif 10 21 4.1e-286

W25 R S M BB, NS B #E R 4y T A WRKY
FEH PRSP AR IR A AR S, B K WKKYGNK
WRKYGHK \WRKYGQN = Ff 25 5 25 AU | 5k L %5
(2018) WF7E 2 W, WRKY Z 5 A% 5T &5 A4 3 K0 2
WRKY & M5 DNA 456 B3 M55 , I B AN A 22
S R X R BE B9 T BE S ma L S A L UK RS
OSWRKY45 H1* QAR5 R K’ Ji , H 3R ik & 7R A AR
ANFEFSOI BT LRk, HAE T EPaE F
ML MR R LK E T, i R
OSWRKY45 HHR IR 5P 68 1 B E 82 & (Qiu &
Yu, 2009) . {HJ& , fE/N S widE b I T Q7 %
AN H AN [ AR S R 28 A 90 06 5 A R
MR 2 P 35 T i 5 A8 FE RO oK bl 33k, ]
RERARSLH IR S S5y ha R, R/ 254
A0 T R LA A ARTF IS RO e 2
ARG HIE DR T Jr 1), X WRKY FKik
PRSFESFITY motif LAY 73BT & B, I i 53 v 1

I motif MR, I A 2 FBIE AL motif 1-motif 3 AYFR
SELEHE, R T B S DR ST 5 A B ) T a A
WRKY PR5FE5FIH 73 K Az 5 A8 1 S R, 2 B g
FIREAEAS S ORI AR AR BE AL, B TR R A
Bk PPWRKY11 Dk o-#2 i€ Sy 32 2248 i 14 4, HoAt
FEIR 4 LLTCHLE i (4 e ik 70% ) b =B oT
HEAM T, Gt ihm s, 38 /4
SR Ay B AR /NS Wi s Y 21 SR fk b S
AN 340 B R A T 86 A~ WRKY FE I 7E
etk 2N ELN 7340 (He et al., 2012)

ML R EEE , WRKY F B2 5 507
—3, 458 I WRKY 5 FARSF R B8, (A AE 7R
AR SISO, BABH/ NS Bi#E WRKY % 56 T #E i1k
R A 2R, o S A LR BR T
Ppwrky25 R TE— L 4h, HAh ) R & 76 [/ — 7 %
e B e S R T AT BE LA AR B D AR R
ZEIAE I + 5 WRKY 58 A (Liu et al.,
2017) .
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W E. ONIRGE U B LEA2 SEDR 25 H RN ZRB R AE 2 0F 5% L AR R0 B A0k, BRI PCR mf%
FARG RN A0 H 8% BeLEA2 JEH P3N I XZIE R BEAT o087, S5 F M. (1) BB FHIh &H 2 NI
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CAAT-box #,i£ %4 ABRE MYB MYC MYB 4547 & ( MBS) 25 HAMM= o4k, (4) 32t 286 E & PCR 4
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Cloning and expression analysis of BeLEA2
gene from Brachymenium exile
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Sciences , Sichuan University, Chengdu 610065 ; 3. Southwest Research Center for Landscape Architecture
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Abstract; The purpose of this study was to explore the structural and expression characteristics of LEA2 genes from
Brachymenium exile. BeLEA2 gene was firstly isolated and analyzed by polymerase chain reaction (PCR). The results were
as follows: (1) Gene structure analysis showed that BeLEA2 gene contained 2 exons and 1 intron and contained an open
reading frame (ORF) of 456 bp encoding a protein of 151 amino acids, and its molecular mass was predicted to be
16 515.96 Da. (2) The phylogenetic analysis of LEA2 with other LEA2 in different plants revealed that BeLEA2 from B. exile
and LEA2 from Physcomitrella patens belonged to the same branch of evolutionary distance. (3) The promoter sequence of

the BeLEA2 gene of 1 072 bp was isolated from Brachymenium exile by high-efficiency hermal asymmetric interlaced
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polymerase chain reaction (HiTail-PCR) and analyzed by PlantCARE, the results showed that it had TATA-box, CAAT-
box, ABRE, MYB, MYC, MYB binding site and other cis-acting elements. (4) Quantitative real-time PCR analysis

indicated that BeLEA2 expressed in different stages and tissues of B. exile, and BeLEA2 responded to dehydration

stress. These results lay a foundation for further study on the function of LEA2 gene in bryophytes.

Key words: Brachymenium exile, LEA2 gene, promoter, dehydration stress, expression
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MIREIR , PR, AT T 3 /T T S A SR AR
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JVEEJR (BR2LTL, 2006) , Az KA B 1Y e BE IR Ui
TR A BRI T 268, B EHEY)
HAFTEDT AL TE 2R 52, AT LA 250 1 Xof A 55 1 1
B0 8 TR —SE Al o 1) b BRI AT DL B
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FRPEA LI 2 (0 S AL P 25 R (R AR ) L 1%
T Z B S S ) LEA2-F : ATGGCGGGGTTGT
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Fig. 2 Structures of BeLEA2 gene from Brachymenium exile
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Fig. 4 Alignment of amino acid sequences of LEA2 from Brachymenium exile and other different plants
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Fig. 5 Phylogenetic tree of BeLEA2 from Brachymenium exile and LEA2 proteins from other species
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Fig. 6 Expression analysis of BeLEA2 in different
tissues of Brachymenium exile

PR B, K MR8 S, BeLEA2 J5 M3
AR 2 S W], e A R A A I A SRk
TR AR T AR R BRI RIA I R T X
FeNAELF RO H BE A [R] A 1 A 1 U0 5 7K e 3
F ) JS2 AL A AT BEAS [

AW T WA AR A R s R B T

1. AN B A 2. AHEHARE K 3. Tt
T

1. Gametophyte of the asexual generation; 2. Gametophyte of the

sexual generation; 3. Sporophyte of the asexual generation.

K7 2P0 A SR UK AR IS BeLEA2 BYZIK ST
Fig. 7 Expression analysis of BeLEA2 in
Brachymenium exile under dehydration treatment

BeLEA2 JE[H  JFiEAT T W1 RIK 00, 45 R WoR £F
Ko A #E b BeLEA2 JE PRFE I K W 38 B A5 48 0 19
ik, KW BeLEA2 JEH 2 5 1 2 K F & oK i
AR, AKX IRA T i LEA2 3R 7E 5 ¥
MY ER RSP IIRE, /0t LEA2 & )
P B 43 F LI DA TR AR 5T 8 B HE 0 ) Bt bl
il B A EEE L,



284 T i |

7| 42 %

s FRTE 0.01 KV ERBFMZESR, TR,

##% means significant differences at 0.01 level. The same below.
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EA1 DcSKP1 EERERRIESHT

Bliger?, REH#°, BRE, RER, EXHE"
(1. sEALRNFEBE A, I 650205; 2. =R P EZA R BHEAL, BRI 6505005 3. mRI R A4 B, B2 650500 )

# E. SKP1 P JE SCF E3 Z R#EEME B SYWHIE O, S5 2R Y, Sk, &A1 SKP1
FE R AR 52 B 7% SCHI A RT-PCR 456 RACE $R , WH & 71 ( Dianthus caryophyllus) FIAEZ5 T 43 B8 vifE T
1 VB 2R C KL H SKPT 142K ¢DNA J¥ 31, fir 4 5 DeSKP1 ( GenBank % 3% 525 MK931293) , 4543
M. (1)DcSKP1 £ [H ¢DNA 4K JFFH 962 bp, &F 1 MK N 567 bp 1) ORF, iZE K 4m T 188 R MR,
(2) HE A FE A 7R, DeSKP1 FRAE7E— AN i BEARSF TPEE JEE 38 HA Skpl_POZ 453 H1 Skpl 45 Fg58,,
ISR ITH SKP1 RELE — DL b (3) FIHZEIE i PCR XA A1 T DeSKP1 3 N 3¢ ik 185 5k 47
3¢, B I DeSKP1 HE AR AU 44 338 EAR 2 h I R aA 1 T 25 AL, HAES/ N AE 2 rh 3k
Wi BEE L KT MR R E B TR, HBLHEN, DeSKP1 3 K] BEAE & A AT IR B o 24 v B %2
FEHL,

KEIF . FOT, DeSKPL, W2, LR AN, FEER

FESES: Q943 XERARIRED . A T EHS 1000-3142(2022)02-0286-08

Clone and expression analysis of DcSKP1
in Dianthus caryophyllus

ZHOU Xuhong'?, ZHAO Xueyan’, YANG Xiaomi’, WU Xuewei’, QU Suping'”

( 1. Flower Research Institute, Yunnan Academy of Agriculiural Sciences, Kunming 650205, China; 2. Yunnan University of Chinese Medicine,

b

Science and Technology Department, Kunming 650500, China; 3. School of Agriculture, Yunnan University, Kunming 650500, China )

Abstract: SKP1 gene is the core component of the SCF ( Cull-Rbx1-Skpl-F box) E3 ubiquitin ligase protein complex
and is involved in many different biological processes. However, the SKP1 gene of carnation has not been cloned. In this
study, a new DcSKP1 gene (the accession number in GenBank was MK931293) was isolated from the flower of Dianthus
caryophyllus by using RT-PCR and RACE approaches. The results were as follows: (1) The full length cDNA sequence
of DcSKP1 was 962 bp, and a ORF of 567 bp encoded 188 amino acids. (2) Protein sequence alignment showed that
DcSKP1 had a highly conserved TPEE motif, Skpl_POZ domain and Skpl domain, and clustered on a branch with
Arabidopsis thaliana Skpl. (3) The DcSKP1 gene expression pattern of Dianthus caryophyllus was studied by qRT-PCR,

and it was found that the DcSKP1 gene was expressed in all tissue sites, the expression level in anthers was higher than
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H (2018BSHJ0108) [ Supported by National Natural Science Foundation of China (31860570) ; Young Talents Project of Yunnan Ten
Thousand Plan ( YNWR-QNBJ-2018-389) ; Emphasis Project of Education Ministry and Provincial Cooperation (2018BSHJ0108) ],
F—1EE . FEa(1978- ) 4 5T 6, EENFIETFREF AT, (E-mail) zhouxuhong7801@ 126.com,

CBAEMEE . RN WL ARG W TT 10 AR AR AE R E |, (E-mail) 1035496319@ qq.com
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that in stem and leaf tissues, the expression level was the highest in young anthers, and the expression level decreased

with the development of anthers. It is speculated that DeSKP1 gene may play an important role in carnation meiosis in

D. caryophllus.

Key words: Dianthus caryophyllus, DcSKP1, meiosis, bioinformatics analysis, gene expression analysis

VFZ A, Q5 = 5% S 200 R 300 9 7 A
BRI ML 2 d iz R T 00 R T R 4R
(Hershko &Ciechanover, 1998 ;Ning et al., 2016) ,
CEARE DRI, gz R WE R
WOGT (E1) 3006, R R 8z K455 W (E2)
e TR G (E3) W B R 5 R Y 8 A
AR S, R TIRY R 50 (0 TE %,
2002), ZANEZESTHUREEEAEY LE
BRZESTLIEREZE R, Z2 20N EA
B 268 M H KRR, SCF Z & YIE R E M
BRKB E3 2 R &E H# M (Schulman et al.,
2000) ,SCFs 25 MR F1 09Iz F& Ak, ¥4 1 40 il A
IOV e TN SR A T A A AR W 2 B (PGB 5
2017) . $LE§IF SKP1-like-1 ( ASK1) , % hh 3% 4%
Cullin FI F-box % H ) SCF . % ( Yang et al.,
1999) , EAMIE R, ASK1 7 LI F-box & F A
HAEA (Takahashi et al., 2004) , f1 T iX ££ F-box
A TEAS [F) 038 [ v R ¥ AR (S A
ZEiF,2011) ,ASK1 fE8 SCFs 1 i JC 8 1 4, 76
PURE IR Tz Rk, A F 2 &5 M A it i
Rl RE A EE IR (MR A, 20145 L et al.,
2016) . UARIIT askl FEABIRTEMETE WAL 5> 2 AL 2
BEREMEFRERT ARG, askl-1 555
T30 Y S5k B 2 A= 7 20 2 00 1) 4 2 00 i) e Ak i
W AT AR RRIE RS B A% A A | [R5 Gt AOR K AR Bk
2 (Wang et al., 2004) , ASK1-1 575 1 S S B
I Tl VB 43 24 AL R B9 3G I (Wang &
Yang, 2006) FIHEME AT ( Yang et al., 1999)

FAV RN KREET 2 —, BA 8 &N &
A=, BAT, FAMMEM EZLZERHES
(A2 E T, AL 45 8] 24 58 F R 9 42 28 & AP 7 20
HARFDRERHBI IR FEHEFANE
Pl 7 22— s A, o 2 ) FH B 35 DR R 1) O 1 835
B/ ALY (Fukui et al., 2003) XPrE% (4
SO A AL Bk, 2004) BUAG 2 (9 R e A
2018) IR H (S, 2014) 2505 &, (HA LIH
55 58 A ATIEC 0 2400 3 Rk A A S A AT
i PRI 5T A0 X M R M BELAS T 4T B A

R, SKP1 SER AT ML 4 5 & B M 24,
EFAPT SKP1 FE R R P e e, AW 50 2 v
R A 77 SKP1 LR 5% FLAE 46 205 R 25 3R 5K
B, MIRA T & A TAE R T 1 FHLE iz
T & AV E Fhea e el

AR

1.1 i3 # #4

Bt & A 4T ( Dianthus caryophyllus) < % 4’
KA 1N 7 B P 2R A R A T 5 I
Hi, 2018 4F 9 A SRR 112 M HLUNUA R K
BB AETE , JF 87 WO 2 O AR 2 AU
VRJG BT -80 CUKAEIRAFE I
1.2 i3 77 %
1.2.1 DeSKP1 R B L e 55 A5 & F 547 W
~80 CUKFEIRAEHIA AT ATAEZY  INAREZR , A 42
H S b PR S AL, RS 60 s TS S R
B, B i A 1 mL Trizol 3345 ( Invitrogen €& ) F
BLDAEH  RNA $2EU% Trizol 18057 £ 1 UL F E4 T
B, A L cDNA 25 — &% ffi /] Takara 2\ w6 )
PrimeScript-RT reagent Kit with gDNA Eraser i 5
&N G AU B T B, FR R AT AR
e AW A A S Chip://
carnation. kazusa.or.jp/blast. html) #171% 11, Je 4 3
o T, AR 88 o L8R 00 P B 37 -RACE
F15'-RACE 5%, #it #8 SMARTer® RACE 5'/3’Kit
(Takara HAS) i85 £ A9 #AE 975 3'-RACE F1 5'-
RACE ¢DNA J¥31, fieJm it & K511, ¥ i &
K cDNA J¥41, 519 sl 1,

ffi F§ NCBI ™ %% ( http://www. ncbi. nlm.
nih.gov/BLAST) HXT 4341 B (9 5L I 89 [R5 31, %
SE DR R At P B SKP1 3k PR (%) 2 56 R A AL 1 bE X
SrHT I DNAMEN #cfF G MEGA 6.0 i fF im
RGEHALR . 5 R 207 A A R R
FH ExPASy ProtParam 43 #7 , £ [ (1) W7 20 g 22 137 7%
£ F PSORTIL 43 #r, & 11 Y 45 5 ik #5000
Signal P 4.1 73, B2 AL A7 50 F 5K ] Net Phos
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2.0 70, & s BEAE A T A TMHMM 2.0 434,
B HSEAKYE T Protscale #4453 #7

1.2.2 DcSKP1 A& R 6g F ik o4 BN 1.1~
1.2 em FIAEFS (1.3~1.4 em AEFE AN 1.5~1.6 cm
MIAETE U AR 2, DA S i RN 25 B 2 2145 = A, i
AR P %R, B RNA I 33 % 5 O cDNA,

cDNA B 10 5 AR 7E-20 C I UKA 5 L 1
JBNsE e PCR ik, GAPDH ANZEENH | 519
& GAPDH 579-F fl GAPDH 788-R, DcSKP1 5| #)
9 Dca36455-1153F Fl Dca36455-1265R (£ 1),
=R A W2 S A >R SPSS 12.0 843
MrEdRIFER

* 1 TAT DcSKP1 £E ¢cDNA EREMRIE NSS4

Table 1  Primers used for DeSKP1 ¢DNA cloning and expression analysis
JHi& 514 2 SIHFH (5'-3")
Description Primer name Primer sequence (5'-3")
FhE) SKP1-34F TGGGATAAGGAATTTCTTGAAG
Intermediate fragment
SKP1-1601R GAACTTGAATCAAAGCGGAAGAA
3'-RACE ER i SKP1-101F AAACTGTCGCAGACATGATGAGAGGGAA
The first round
[t SKP1-165F TAACGAATACACCGAGGAGGAAGAAGCG
The second round
5'-RACE ER ity SKP1-645R TCTTGATCTCCGCTTCTTCCTCCTCG
The first round
[ 4 SKP1-587R TGATCTCATCTGGGGTCTTCCCTCTCA
The second round
ORF 414 Skp1-9F ACAACTTCTCACACCCAAAAA
Amplificati f ORF
mplification of OR Skp1-929R TCAAATGAACTTGAATCAAAGC

qRT-PCR

Dca36455-1153F
Dca36455-1265R
GAPDH 579-F
GAPDH 788-R

GCCTGCTGGACTTGACCTG
CGCTTCTTCCTCCTCGGTGTA
CAGTGGGCACACGGAAAGC
TGGCATCGTTGAGGGTCT

2 HEREHAH

2.1 2B DcSKP1 EFE £ ¢DNA F 7l

PSR B A1 AT 46 25 cDNA A H 3817 PCR
PoHE, By R b 5 W, 37-RACE 5 57-
RACE AR Y 1 DeSKP1 LR 33 K1 57 3 - 1), AR
PP 1Y cDNA K JP I 51 P8 1 45 52
# ORF 1E N8 DeSKP1 3L 4K cDNA J731 | ¥ 14
(IFE8) WL 1, DeSKP1 35 R v fa] Fr Be 4y 4 i) 7 45
#7500 bp IFF(FE 1:A) ,DeSKP1 F2[H 57 v Al
3% ) A1 S5 49 2 T BE 43 5 R 376 bp (K 1.
B) #1567 bp (&l 1.C) ¥4, 4% LA L 5o B3 211 3
BRI PR 515 3] — K B2 962 bp 1Y DeSKP1
2K cDNA 74, BHiEitsl ¥y i cDNA 2K
FE52% ORF 7EM 1Y 921 bp (955 (I 1.D) ,%JF
G 5 B Hz 5 7 50 B A o8 A — B, SRES AR
B, DeSKP1 FEH cDNA 2K 7518 962 bp, & A 1

KA 567 bp B ORF, iZ K 4 fih 188 & 3
1% , i 4 "N DcSKP1 ( GenBank & 55 MK931293) .,
2.2 DcSKP1 S.ERF 5 bk XF R 4L 53 4

FIFH DNAMAN 4 B XF 43 A1 22 A A ] 4 Fif
Skp1 &R 4R fi5 i 2 ZE R T 9], &I DeSKP1 B H £
FE— R ELRSE TPEE 277 (157 ~ 160 2 1R ) |, Kt
JPAR AT e S AL B IR B A OC, M EFE A&
F itk HAT Skpl _POZ Z5H9 30 (18 ~ 77 Z &R ) Ml
Skpl 53R (139~ 186 HIEMR) (K 2) , SKP1 &EH
A] 43 Ry P FR ST ) B AN = Fh 2RI AY LR (Kong et
al., 2010) . T BIZE (i Ta BUFN b BUIE A g0t HA
AR ST X 8% ( Skpl _POZ F1 Skpl) F1 4> 1] 48 [X
W, DREAM TAENRmG, 51 8EAAEK
A, TRVEASAH BN ¢ b, Ta BI%E
DA 2 BN PN, T T 78 35 PR 4 3 AT Aaf PN 7%
T IBMEREZNMNERZDHNET (Min et
al., 2012) , ARWF5E /BB DeSKP1 3K AL & —A~
WE T, 30 T BRI R Ta BUIEH
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A C D
bp bp
1000 —»
s 2 750 —>
500 500 —»

A. HE F W PCR 77 ; B. 5'-RACE PCR 724 ; C. 3'-RACE PCR /*¥J; D. 2K PCR ¥, M. Marker; 1,2. JKifi,
A. PCR products of middle fragment; B. 5-RACE PCR products; C. 3'-RACE PCR products; D. Full length PCR products. M. Marker;
1,2. Lane.

Fig. 1

MK931293

|
ats | XP_020146520
ap | XP_027346110
co | oM097849.1
Bv | XP_010690359
Qs | XP_023881398
5s | TEYs8351.1
s1 | BaE72121.1
cc | Xp_ooes22586
ac | NP _564105.1
cq | Xp_021743046
Consensus
Dc | Mr931293
Acs| XP_020146520
ap | XP_027346110
co | oMo97849.1
Bv | XP_010690359
@s | XP_o023881398
ss | TEYsgssi.1
s1 | saE72121.1
Cc | XP_006422586
At | NP_564105.1
cq | Xe 021743046
Consensus
Dc | MR931293
Ats | XP_020146520
ap | XP_027346110
Co | oMo97849.1
Bv | XP_010690359
@s | Xp_o023881398
ss | TEYeess1.1
s1 | BAaE72121.1
cc | xp_ooe422586
At | NP_564105.1
ca | XP_021743046
Consensus

Bl 1 DeSKP1 FEFH(a] B RACE F=¥#14 K cDNA #5114

Amplication of the middle fragment, RACE products and full length sequence of DcSKP1 ¢cDNA

*

MAETTITTTETTTRERT . .. covosnnnssssl EVDEAVLLEE 65
............. PRE o oo e CVEEAIAME 51
............ DO s o EVEEAVALE 52
............ DS & asssica e e EVEEAVA 53
............ BBARTIV. ..oonannnsesyl CVEESVALE 54
............ MASSSTSVVVSNEEERENEN EVDE SVAME 68
............ BRSASENS . v ccoosaces EVDEARVA 57
............ BRESTES. . cosiusasas EVDQIVALE 56
............ BSBE. ...ocvsvananansl EVEETVALE 52
............ BREEK . .« cooassnasans EIEEAVAV 53
............ BEAES . i avaiiiivaiaey CVEEIVALES 53
Skpl_POZ %% %1% Skpl_POZ domain L

GOHNKASSS5SS5LYSSSS55FGVGOLLANKELCH 145
VOASPEFANSGAAVDASSSIST. .. .AVRASAELCLES 127
. ... 08, ... PERP. ...cnnannas SEECLEA 112
AAA...DEE.....ss222:4.....FEPFECCMEA 113
SA...RARSSTEDRSSSN........ ATACEELE 123
AG...ESEPSVISYTS......... ESITHFLT 136
AS....ASTESEDEVSS........... SCDELEI 122
FAE. .KENEGETTIITSAAGT....GIIFVDDDEE} 130
AG. . ... SGCEKELES. . « v o ovvvess TEDCLE L 115
A ... AREAGGCKEFYGSAE.....c0000 NEELEK ILF 120
BA...ASKASAREDRSSIN........STADDELES TLF i 122

1l v eyckkh Skpl 4 H3% Skpldomain tlfdlilaanyl i 1lldltc
EEI =Ty R Y TEEAO A E TH R 187
EEIRETHIRER]Ts FTEE)da L E TRE§. 169
EEIRETHMMERIs FTEE}3 CEVRE 154
EEIRETH 343 LEVRERA 155
SEEIRETH EEVRES: 165
» QEIRETH AREVRE}M: 178
C EEIRETH ELVRES: 164
C SEETR BT ER] ETEE)}I EEVR RN 172
C : REEIRETIMMERI ESEJMIEEVRRS 157
o = 2t CMEE G TIRECH A MM ERIs YTEE}N LEVR LI 162
s TR M T TISEE I K TR F T EEjda EEVRE 164

c vad gk p r £ 1 nd ee en wafe

De. FAAT; Ats. 5952 ; Ap. M T ; Co. KIHHFK; Bv. ZIHEE; Qs. BRUNIR AR ; Ss. —HI4L; SI XA T 5 ; Ce. 73€[]
fill; At. fllFSF; Cq. . RS 308 TPEE B
Dec. Dianthus caryophyllus; Ats. Aegilops tauschii subsp. Strangulata; Ap. Abrus precatorius; Co. Corchorus olitorius; Bv. Beta wvulgaris
subsp. vulgaris; Qs. Quercus suber; Ss. Salvia splendens ; Sl. Silene latifolia; Cc. Citrus clementina; At. Arabidopsis thaliana; Cq. Chenopodium
quinoa. The asterisk indicates the TPEE motif.

Kl 2 AHY) Skpl SEERRIT 5 0 Lo Xt

Fig. 2 Alignment of plant Skpl amino acid sequences
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K KSR (maximum likelihood , ML) ¥
HAP R SKP1 3L F 5 F AT DeSKP1 H IRy
SVHEAT LEXF, ST RS HE AR, 45 2R WoR H 5
T SKP1 RAETE—Ar 32 1 (K 3) , R PIA
JE DRI () U e e
2.3 FA 1 DcSKP1 £ EEF 0

X DeSKP 1 JE47T 2 IR WL o0 S BR AL i 43
BT, DeSKP1 1990 F 20K Cop3 H s Nosy 055, , BB 46
BN 4.52, 43 80 21 036.32 Da, ZE HIEH
MR I N 19, T far 5B IE A 38, WA AR E FE 50h
47.83 , AATREE ., AT DeSKP1 2 R 4 1%
HFEE R Glu #1 Leu, Horp Glu B & L] 29 K
11.7% ,Thr 7 5 2R 10.1%, Tl DeSKP1 2
P14 3740 it 5 5 T BE 52.29% 7F 40 A% T, 26.19% 1E
AT, 4.3%FE R I, 4.3% FE AN i B 48
4.3% 15 33 A AL W EEIA T, 4.39% 16 T IR 4.3% 78 2%
Rk, Deskpl A IS IRTCIEME BB (B 4),
W] DeSKP1 2 FIAFAAE(R 5 Ik, Wt WiZE A A
J&TFArIE M, LSRN DeSKP1 34 B
JESUEIE , 1B DeSKP1 & — ARSI 1, 7l i
FR AT 5 % BRAEIZ B 1 BP9 il BB A7 48 %
ﬁfi’fhfﬁ)ﬁ(saore>0.5) L 16 N LETRN S, 12 4
NGRS 1 SRR e (B 5) . B BEK
PEFNE 7K M B0, 3% 8 A AT RE = R KRR A
(MIN:-2.489 MAX:2.011) (K 6).

2.4 DcSKP1 ERRRAEEERIESW

PG E i PCR 253 BN, DeSKP1 3L K AE & A
ez 3 AN & B B B3 Rk (H R K B
BTN, AETFERKE N 1.1 ~1.2 cm(Stage 1) BT Ay
ik  AEFE KR 1.3~ 1.6 cm( Stage 2
F Stage 3) B W ) fE 25 2 ik K, H. Stage 1 5
Stage 2 il Stage 3 A b & 25 5, 7E 2 Fnt rp 3R 5K
AL, S mRARA R EEZR (K 7)., H
UERT W, DeSKP1 SE 18 ] B 5 & A AT 46 25 & & AH
XK, U OB 24 K

3 Ak

SCF 882 5 — RN LEW 5 SO, G455 5 5%
T Bl s AN AN IR R Bl , 2011 FhBTHE
4 2017) . SCF B8 WTEW B R b & I, I
LA 20 J S RS 2 3R A I it o e b ke 4 T A
H (Feldman et al., 1997), SCF Z &% H =1

2 . Cullin (CDC53) . SKP1 fl F-box & M,
SKP1 J& SCF E3 {2 & i 4% 8 11 2 G Y B9 %0 il
.2 HZMAEY R, EXNEEY T, SKP1 2
—MIERE A, Cullin A F-box FEH45A . SKPI1
AT LS5 2 F-box A EAEH 12 ZAE A F AU
Yk S YER T ( Vierstra & Smalle, 2004) . 46 B
SKP1 R HA Skpl G530 (KT =%, 2007; &
VL5, 2015) , V20 Bfd 5 37 & 3 NiSKP1 28 1 7E
MUZEFRZ IR A Rk (IRAF =58, 2009) . FA
P DeSKP1 A7 7E Skpl _POZ 25 ¥4 3k Fll Skpl 4
B, i BAA — A~ FEORSF TPEE £ )7 R AT e 5
WEEAL 1Y RIS S B A OC , A 4T DeSKP1 B3
I A TN = A T A LA

AR IT SKP1 (atk1-1) 58 78 1A () B 1 & 1 R
1K, 16 1 B AE R R0 /D | e F 0 o 57
atk1-1 5378 fA v (18 T 1 s B8 o0 24 7 A R B 1Y)
ARV /N U8R 53 24 95 B AR e = 1E 8 &
A P XU 285 ), 33X S T 7 R A T RE R L (5
RS 5 43 B R BE J5 0 36 F R AR S R G R
atk1-1 Y@ RTE 3] 1 op S IE 6 HE 51 7T 5B 5 5%
W YRR ¥ (Chen et al., 2002) . A1, ASK1
A ALK D A o P ) B4 (Wang & Yang,
2006) , K (2011) Xf/NF By 58 K B, SKP1

IR 2R R [, AT RE 23 40 i o 24 8 QE R
1, N S BUNE e R AR K AT Z 8, o
Bl TAETS, RN, SKP1 & 1123 K B T %
KM SCF & A IRARMEIE 1, 12 2 & A Wik 7%
32 BH, T 30— S 24 ) U0 00 ) R R SN B

AL R ISR, SR AT R L, A
WGP A AT DeSKP1 3k BRI7E Dy /N 1 48 24 vh %58
i, A AL 2T I AN BT R B Rk A BTN R T4
INBAEEG IEFE AT DAL o %L $E 7R DeSKP1 55 K AT
S 58/ A TS R R,

JKHE OmSKP1 EEE S FAMI , OmSKP1 7
B L) FAE A L) i A £ ik, B 16
R IR KB B & ek R, BB OmSKP1 B
TEAE AT RIS (JEBE, 2013) . /NZZ TSK1 %
IAEAGZ | WA DL K AR T0 sy 53 A 4 246 o3 A 3 iE
BRI AU A R i Rk R XN RS
FEP AN 5> A B i B (2RI, 2006) . /INEE
VRN E MR B A6 245 4 KR (R
TR =R BT, SKPT KL DR (R A R K
TR AL, AER—ARFW, AT F 25 SKP1
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21§t 5 Beta vulgaris subsp. vulgaris
L ## Chenopodium quinoa
Y K 4§ F- Hi Silene latifolia

— i 41 Salvia splendens
0 J8.F Abrus precatorius

T3 TV AN Citrus elementina
e

i 5 # Aegilops tauschii subsp. strangulata

K9 ¥ Bk Corchorus olitorius

KK P #2: B Bk Quercus suber

% 411 Dianthus caryophyllus

0.05

L’ IF Arabidopsis thaliana

K3 A Skpl HH B RS HEALR
Fig. 3  Phylogenetic tree of plant Skpl proteins
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0 20

40
HEEFFH Protein sequence
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4 DeSKP1 {55 kT3
Fig. 4 Prediction of signal peptides in DeSKP1

FEH AT Rk & LA B RRAE 25 T SKP1 LA Y
X R A R m (R, 2011), 78 #lFE 57
ASK1 BEAEAFE A K S FAERKEAN S B AA
FRel U2 IR T AT 2253 S4E R A7 LA R
DBy ZEER A A = ) R 35 & (Porat et al.,
1998) , ASK1 K Y 2% 15 1 76 18045 53 %4 41 Jfd J) 19
WA B, DA ZR 0] FIRL 26 301 B — A i K
DAL, 206 0 BRI X F ASKT 1 T BE BT 2 ¢
HH (Wang & Yang, 2006) , H%&F FaSKP1-1 LA

TEREPI RS A LR QAR  iF 25 e AEAE A8
& AEK SRS A Rk (B4, 2016) , A
WFFEXT A AT DeSKP1 HE IR 6 ik Wi R MEAT0F 5T, 4%
RE I DeSKP1 F R ATE £ A H AU # A 23k, 78
i RA S T2 A HRIAEHAAR
FER, XFEW DSKP1 B 55 EF A K,
ARES S /AW 20, AR R R
W& AT AER ICE 1 SR 8 o 24 1 5 5
PRGBS AR AR A B T A



292 AL R N7 42 &
# G ER Serine
FEBE Threonine ——
BEHEFR Tyrosine ——
1 - M Threshold — |
=
5
E &
& g
S g
&t
#® 2
&
=
~
9 T T T T T T T
a 28 48 &8 28 188 128 148 168 188

ol

Sequence position

Bl'5  DeSKP1 BERR A i 1910 25 5
Fig. 5 Results of phosphorylation sites prediction in DeSKP1

25
20

15

1ot I

i 3 ) il

—E 00t | :

g 05 it
-10 F h I
ast |
20
25 . . . . . .

20 40 60 80 100 120 140 160 180
fir ¥ Position
Kl 6 DeSKP1 E R B K ML T
Fig. 6 Analysis of hydrophilcity and
hydrophobicity of DeSKP1 protein
S 3Tk

CHEN C, MARCUS A, LI W, et al, 2002. The Arabidopsis
ATK1 gene is required for spindle morphogenesis in male
meiosis [ J]. Development, 129(10) ; 2401-2409.

FAN XL, 2013. Expression and purification of OmSKP1 with
point mutations and primary analysis of protein interaction in
vitro [ D]. Changsha: Hunan Agricultural University. [ {54
1%, 2013. /IVBLEFLERS OmSKP1 1 i 72 B RIS AL S
AANEARRRIE 4T [D]. KD BB ]

FELDMAN RMR, CORRELL CC, KAPLAN KB, et al.,
1997. A complex of cdedp, skplp, and cde53p/cullin
catalyzes ubiquitination of the phosphorylated cdk inhibitor
siclp [J]. Cell, 91(2) : 221-230.

FUKUI Y, TANAKA Y, KUSUMI T, et al., 2003. A rationale

for the shift in colour towards blue in transgenic carnation

600+

.

faririai
Relative expression levels
§

Stage 2 Staged

047 Tissue

Stage 1. /E7FEKJE N 1.1~1.2 cm AYFEZS; Stage 2. 17 K
R 1.3~1.4 cm lFE24; Stage 3. LK E R 1.5~1.6 cm
RIAEZY , AFETF RN BE 2R (P<0.05),

Stage 1. Anthers with a flower bud length of 1.1-1.2 em; Stage
2. Anthers with a flower bud length of 1.3-1.4 c¢cm; Stage 3.
Anthers with a flower bud length of 1.5-1.6 cm. Different letters
indicate significant differences (P<0.05).

7 DcSKP1 RT-qPCR Fik/#r
Fig. 7 DcSKP1 RT-qPCR expression analysis

flowers expressing the flavonoid 3’, 5'-hydroxylase gene
[J]. Phytochemistry, 63(1) . 15-23.

HERSHKO A, CIECHANOVER A, 1998. The ubiquitin system
[J]. Ann Rev Biochem, 67(1) . 425-479.

HU ZL., ZOU DX, HAN ZM, et al., 2018. Identification and
screening on wilt resistance of transgenic carnation seedlings
[J7. Bull Sci Technol, 34(2): 62-65. [ 5, 4BAHE,
HRIER, A%, 2018, LA A T HURG 2 il 2R A M
Gk [1]. BHf, 34(2): 62-65.]



2 1 JRTBELT 45 . T/ AT DeSKP1 3 R va e S 2238553 M 293

KONG H, LANDHERR LL, FROHLICH MW, et al.,
2010. Patterns of gene duplication in the plant SKP1 gene
family in angiosperms; Evidence for multiple mechanisms of
rapid gene birth [J]. Plant J, 50(5) . 873-885.

LI CJ, 2006. Cloning and functional analysis of TSK1, a SKP1
homologue from wheat [ D]. Beijing: Institute of Botany,
Chinese Academy of Sciences. [7%53{’911&, 2006. /N# SKP1
[FIPEEEA TSK1 p e RERINRE S AT [D]. dbat. thERb
BEAERFFET. ]

LIU WX, PENG XZ, YUAN JG, 2002. SCF ( Skpl- Cull- F-
box protein) complex and its function in cell cycle [J]. J
Chin Biotechnol, 22(3) ; 1-3. [ X B, &/, RN,
2002. SCF (Skpl1-Cull-F-box 2 1) & A ¥ K H A 41 i J&]
WRRPER (D). A TRZRE, 22(3): 1-3.]

LU D, NI W, STANLEY BA, 2016. Proteomics and
transcriptomics analyses of Arabidopsis floral buds uncover
important functions of ARABIDOPSIS SKP1-LIKE1 [ J].
BMC Plant Biol, 16(1) . 61.

MIN JH, KIM DY, SEO YW, 2012. SKP1-like-related genes
interact with various F-box proteins and may form SCF
complexes with Cullin-F-box proteins in wheat [ J].Mol Biol
Rep, 40(2) : 969-981.

NING Z, SCHULMAN BA, LANGZHOU S, et al., 2016.
Structure of the Cull-Rbx1-Skpl-F box Skp2 SCF ubiquitin
ligase complex [J]. Nature, 416(6882) ;: 703-709.

PORAT R, LU PZ, O'NEILL SD, 1998. Arabidopsis SKP1, a
homologue of a cell cycle regulator gene, is predominantly
expressed in meristematic cells [ J]. Planta, 204 (3):
345-351.

SCHULMAN BA, CARRANO AC, JEFFREY PD, et al.,
2000. Insights into SCF ubiquitin ligases from the structure of
the Skpl-Skp2 complex [ J]. Nature, 408 ( 6810 ):
381-386.

SONG YL, 2011. Cloning and expression analysis of SKP1 gene
related to male sterility in wheat [ D]. Yangling: Northwest
A & F University. [ REi g, 2011, /NEHEEA T HSE LA
SKP1HYSEE 5 R IK AT [D]. #8e. WAL ARRHL
K]

SUN XY, WEI Y, HAN XY, et al., 2017. Prokaryotic
expression of cucumber Skpl in Escherichia coli and
preparation of Antiserum [ J]. Acta Agric Boreal-Sin, 32
(6): 73-77. [ INKTHE, BA52, #hIEE, 55, 2017. BN S
HHIMEAR G ER 1 Skpl B JEUAZ R 3K B H 22 s e 1 i
& [J]. Aeduaesadle, 32(6) : 73-77. ]

TAKAHASHI N, KURODA H, KUROMORI T, et al.,
2004. Expression and interaction analysis of Arabidopsis
Skpl-related genes [J]. Plant Cell Physiol, 45(1) ; 83-91.

VIERSTRA RD, SMALLE J, 2004. The ubiquitin 26s
proteasome proteolytic pathway [ J]. Ann Rev Plant Biol,
55(1): 555-590.

WANG YX, WU H, LIANG GQ, et al., 2004. Defects in
nucleolar migration and synapsis in male prophase [ J]. Plant
Reprod, 16(6) ; 273-282.

WANG YX, YANG M, 2006. The ARABIDOPSIS SKP1-LIKE1
(ASK1) protein acts predominately from leptotene to
pachytene and represses homologous recombination in male
meiosis [ J]. Planta, 223(3) . 613-617.

WU SS, 2014. Study on high temperature tolerance of transgenic
carnation by PmHSP25.3 [ D ]. Wuhan: Huazhong
Agricultural University. [ S}, 2014. ¥ PmHSP25.3 &

DT A PP RERR TR APE IS [ D], B0, Al R |

XIA JH, ZENG B, LI WY, et al., 2015. Cloning and
bioinformatics analysis of self-incompatibility gene SSK1 of
wild almond in Xinjiang [ J]. Chin Agric Sci Bull, 31(25) .
107-112 [ BV, Bk, 25660, 55, 2015, B i bk
FSSANEFIEEIN SSKT Y ve b S A= W0f5 Bo# (0]
FE ek, 31(25): 107-112.]

YANG M, HU Y, LODHI M, et al., 1999. The Arabidopsis
SKP1-LIKEI gene is essential for male meiosis and may
control homologue separation [ J]. Proc Natl Acad Sci USA,
96(20) : 11416—-11421.

YE YP, 2014. Research progress on ASK genes in Arabidopsis
[J]. Plant Physiol J, 50(6) : 683-690. [ M{fiAs, 2014. 4]
FIIT ASK KB FE it e [J]. MM AE B4, 50(6)
683-690. ]

YIN SS, LI MF, WANG H, et al., 2016. Cloning and
expression analysis of FaSKP1-1 genes in strawberry
( Fragaria ananassa Duch.) [J]. J Chin Agric Univ, 21
(12): 28-34. [ BEHH, 257600, 4, %, 2016. 5
FaSKP1-1 3EFR 5 5 M0 (1], T Aol Aoy
#iz, 21(12) ; 28-34.]

YU YX, BAO MZ, 2004. Prolonging the vase life of carnation
‘Mabel’ through integrating repeated acc oxidase genes into
its genome [ J]. J Plant Physiol Mol Biol, 30 (5): 541-
545. [ 4 X, Ak, 2004, L R L5 ACC A
PBERE PR E (AR A AT RO ) (U] M A S oy 1A
Yk, 30(5) ; 541-545. ]

ZHANG FY, BAI XF, DU YG, et al., 2007. Cloning and
analysis of the full length cDNA of SKP1 gene from Nicotiana
tabacum var. samsun NN and its expression in E. coli
[J]. Acta Agron Sin, 33(4) : 693-696. [ 3 =, FAFH,
FEELG, 45, 2007. JHEE SKP1 FE [ cDNA [ 58 REAH7 &
JEZARIS [J]. ARV, 33(4) : 693-696.]

ZHANG FY, CHEN SY, ZHAO XM, et al., 2009. Construction
of NiSKP1-GFP plant expression vector and subcellular
location [ J]. Acta Agric Boreal-Occident Sin, 18 (4):
144-148. [k =, Bit=, B/, 4§, 2009. NiSKPI-
GFP HEW IR BRI H B A s oz [J]. Pkl
274, 18(4) : 144-148.]

ZHAO DZ, YANG M, SOLAVA ], et al., 2015. The ASK1
gene regulates development and interacts with the ufo gene to
control floral organ identity in Arabidopsis [ J]. Genesis,
25(3) : 209-223.

ZHAO DZ, YANG XH, QUAN L, et al., 2006. ASK1, a SKP1
homolog, is required for nuclear reorganization, presynaptic
homolog juxtaposition and the proper distribution of cohesin
during meiosis in Arabidopsis [ J]. Plant Mol Biol, 62(1-
2): 99-110.

ZHAO DZ, YU QL, CHEN M, et al., 2001. The ASKI gene
regulates B function gene expression in cooperation with UFO
and LEAFY in Arabidopsis [ J]. Development, 128 (14):
2735-2746.

ZHENG HP, LI YP, 2011. The essential regulator of cellular
activities—F-box protein [ J]. Chem Life, 31 (5): 619 -
624, [ FSISF-, 23R, 2011, JEFEANMIIE BAS 0] sl
By F—F-box H A [J]. EAr A2, 31(5):
619-624.]

(HRfERE F #)



W4 Guihaia Feb. 2022, 42(2) : 294-303 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202007034

WIEH, BEE, K, % KT GeBP ¥ 3t I 7 I S A 15 B 07 [1]. T 79HEH, 2022, 42(2) ; 294-303. B [ '8
GONG YY, ZHAO LH, YAN F, et al. Bioinformatics analysis of GeBP transcription factor gene family in Glycin max [J].
Guihaia, 2022, 42(2) : 294-303.

KE GeBP %X EFERRGEHNEWMERFS

ATE, B, B &, KWL
(TR 4 L TR CRFBE) | DI SEEETE 617000 )

& E.: GeBP HRHFHEMYERL BWERKER IJIFHS5EGMED TR ER . ZCHHAYER
SEOTIE AER G AR A B N8 R GeBP BRI , I I\ 2 SR 39 Ak M 5T | 5k DR S5 48 % €8 (K 1% ) 3853 A
KRG AL T A XS DIRE S5 H | 2 21 3R K 00 A5 FE AR AE J5 T X GmGeBP K& K 5 47 50, 4 R 3R
B1. (1) H3K15 9 4> GmGeBP st R ¥ I e ot e 2 MRS AN & T, BE A 1 A& 1, %
2 5 I B4 5 R A 2 LA TRT B ERA R L (2) GmGeBP it (26 114> F 5 39.65~49.24 kD, B iE 25 i 4
M 4.65~9.08 ;X SE Y GLEEAR FARE R IE E LR R ToR kM ARRREE M, (3) X 9 MR A S T
7 G E AR |10 F 20 S G EAR A RIS 2 A GeBP R ,3.5.13.15 .19 Bt a4k &4 1 DMEE
(4) RGEIALI TR, KT S HIETFXF R A GeBP B 53 26 2% 6 R LT, 43 5 2K B 4 A4 32, Wi 5 /K R Y
PEES AL, (5) BT 2,9 4> GmGeBP A& 03 #84 & DUFS73 25 #9350, 4 3% 48 43 7€ GeBP #% ¢ A+
FRAR AT BRI S AR L RSV E FH TP AR M A5 IR, (6) 3l 43 BT K 5 GmGeBP %% 53¢ PR - K 5 5 1) 4 41
Fik , RAFERER A RALA MR I EAR, A —E R, %R T GeBP 5% K F R K 5K
IR A B RS itk — R K 3R B B R B 1o T S A T 38 Sk At

KR K5, GeBP kW, AWFER, A8k

FESES, Q943 XEARIRE . A XEHES: 1000-3142(2022)02-0294-10

Bioinformatics analysis of GeBP transcription
factor gene family in Glycin max
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Abstract: It has been clarified that GeBP transcription factor regulates the growth and development of plant epidermal
hair and participates in the control of plant leaf development. The bioinformatics methods were used to identify the GeBP
gene family in the whole Glycin max(soybean) genome, and from physicochemical properties of amino acids, as well as
gene structure, physical distribution of chromosomes, phylogenetic tree, and multiple sequence comparison, the

functional domain, tissues expression and other basic characteristics of GmGeBP gene family were analyzed. The results
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were as follows: (1) A total of nine members of GmGeBP transcription factor gene family were identified, of which only
two genes contained introns and all had only one intron, indicating that the gene structure of the family members is
relatively simple but stable. (2) The molecular weights of GmGeBPs were 39.65-49.24 kD, and the theoretical
isoelectric point was 4.65-9.08; these members were basically acidic amino acids, which were hydrophilic and unstable
proteins. (3) The chromosome physical distribution showed that nine genes were unevenly distributed on seven
chromosomes, two GeBP genes on chromosome 10 and 20 respectively, and one gene on chromosome 3, 5, 13, 15 and
19, respectively. (4) The phylogenetic analysis showed that GeBP members of Glycin max and Arabidopsis thaliana were
closely related, clustered into four branches respectively, but far away from Oryza sativa. (5) The analysis of domains
showed that all the nine GmGeBP members contained DUF573 domain, which was probably the domain interacting with
cis-acting elements of target genes in GeBP transcription factors. (6) By analyzing the expression of GmGeBP
transcription factor gene family, we found that the expressions of different genes in different tissues were different, with a

certain specificity. The analysis and identification of GmGeBP transcription factor gene family provide the theoretical

basis for further studying the molecular role of Glycin max epidermal development.

Key words: Glycin max, GeBP transcription factor, bioinformatics, tissue expression
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Table 1  Basic information of GeBP gene family in Glycine max
mIGXKE  CDSKRE  HEABKE o FBSEH A ) e R

FER AR L JEE 1D Length of Length of Protein ZERS Isoelectric Zﬁ%%%ﬁ ARAKHEARHL

. . MW . Instability Hydropathy
Gene name Locus ID coding region CDS length (kD) point index index

(bp) (bp) (aa) (pD
GmGeBP1  Glyma.03G245200 1218 1218 40 44.61 5.00 60.84 -0.752
GmGeBP2  Glyma.05G088300 1294 1164 387 43.23 9.08 46.87 -0.950
GmGeBP3  Glyma.10G160000 1119 1119 372 41.29 4.75 53.99 -0.706
GmGeBP4  Glyma.10G160100 1160 1128 375 43.15 5.20 55.57 -0.749
GmGeBP5  Glyma.13G251000 1347 1347 448 49.24 5.26 65.50 -1.221
GmGeBP6  Glyma.15G063300 1314 1314 437 48.35 5.48 69.85 -1.300
GmGeBP7  Glyma.19G242600 1215 1215 404 44.74 4.81 56.93 -0.805
GmGeBP8  Glyma.20G228300 1074 1074 357 41.06 4.93 63.02 -0.786
GmGeBP9  Glyma.20G228500 1 062 1062 353 39.65 4.65 67.12 -0.778
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Fig. 1 Chromosome physical location of GmGeBP genes
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i E. PR -5 EE ( Ferulate 5-hydroxylase ) J& JE4% S T o 256 B A S B e, R 0 9% HL e 39 3R K
RAEW A BB R 5 FILE] 1% ST TR SR BAE R BE SRS — 4> FSH 35, w45 0 FtF5H( GenBank
Bk  MWA4A5S5111) R HA WIS B2 7 X555 FSH & BB MEBE (55 Ik B IS5 0 0 20 i o o o
BiK M R B R A R B S AR IR RR A | R G AR AR AT A BT RN SR | O S I SO
it PCR(qRT-PCR) BE RS04 FuFSH AR e 37 SR 2w FRmy it 46 22 Rz R Rk, 45
KW, (1) FuFSH JEFFHI40 5 1 395 bp FISEHE cDNA JF R BIEHE , 265 464 DNEIERR, (2) FiFSH &HE 1 H
A PASO MK IEEEH , AR KRR e IR TE R 1 AN B B REAS M5, HoR AR sm i E . (3) FtFSH SR EH B =
PRt Re) 2B o AN TC R A il 2E K, — SR ES R T B R FURSH 2R 15 Sylw. LA MRS R . (4) &
G BT s FIFSH JE T CYP84A WK, (5) qRT-PCR {/R FrFSH 3 PRAE Wi R 15 55 o 1 A [8) 350 67 24
BRI, HAE )RR IR R P s B R 1 5 A, RIS B AW B #2255 %I it — s
FEARTRZ A W T REALEI B E 7 5Ll 3520 A s i A S L,

FIF . ¥7FF, RT-PCR Tols, FIBLIR-S-FR LML , A1 Bop b, JEH &k
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Abstract: Ferulate 5-hydroxylase is a key enzyme that regulates the synthesis of S-type lignin. To study the molecular
mechanism of ferulate 5-hydroxylase in lignin synthesis pathway of Fagopyrum tataricum, a FtF5H( GenBank accession
number; MW455111) gene identified from F. tataricum RNA-seq data was screened and analyzed by bioinformatics
methods including the physicochemical properties, signal peptide, transmembrane structure, subcellular localization,
hydrophilicity, protein secondary structure and tertiary structure, amino acid structure, as well as phylogenetic tree. In
addition, the real-time quantitative PCR (qRT-PCR) was applied to analyze the expression pattern of FiFSH gene in
leaves, flowers, stems and husks of thick husk tartary buckwheat and thin husk tartary buckwheat. The results were as
follows: (1) FtF5H gene sequence included completed open reading frame with 1 395 bp, coding for 464 amino
acids. (2) The FtF5H protein was predicted to have P450 superfamily structure, and FtF5H protein, a non-secretory
protein, was a hydrophilic, stable and acidic protein without transmembrane domain. (3) The FtFSH protein secondary
structure was predicted to be mainly composed of a-helix and random coil, and its prediction of tertiary structure showed
a high similarity with Sylw.1.A. (4) Phylogenetic analysis showed that FtF5H belonged to the CYP84A subfamily. (5)
In addition, qRT-PCR showed that the FtF5H gene was expressed in different parts of the two kinds of tartary
buckwheat , and the expression level in the thick husk tartary buckwheat was four times higher than that in the thin husk,
with extremely significant differences. The research establish a foundation for further study on the molecular regulation
mechanism of lignin synthesis in tartary buckwheat, and has important research significance for the cultivation of new
tartary buckwheat varieties.

Key words: tartary buckwheat, RT-PCR cloning, ferulate 5-hydroxylase, bioinformatics analysis, gene expression

W FE ( Fagopyrum tataricum) N 25 W FAEY)
PR P, B A SRR R E R
il E SR SN A ZE” SRR
(R MEMZRITH, 2014) o AR B 558 5 R
JE,FE AN 20% ~30% , R T2 KB, BLre M 2%
3| 6% 4 (Song et al.,2019) , Mk LI 5% 25 77 8 ok
WIEK AN G A5 T A K )2 A IR W IR
K, —E R AR T IR A TE Y S E SR
R(PRIK 45 ,2015) s 7R F2 0 1 B4R B i T
SADEFEIRA, FEGE DT R W
Fr 7 i RS DR AN L ™ R e o S Ol Y R R
CNAKFE RFRE =R SN A ) — A G 5
07 Ah 5T R A = 18 93% (Song et al.,2019) ,1E
HN—FPRRER BT IR, /N KR XTI w0 57 AR e 4y
PR 35 1 ILHE D RE L AL | P G 7 Sohn T AR e 4
J5 T EAA A N S

F5H J& T4l & P450 (95 ALY ( Meyer
et al.,1998) ,Meyer % AT 1996 4F4 — K M A& h
IYESARE] JE CYP84 ROt BA EE A
THRE XL REME AL P BRIR AN AT AR 5-
FEIEPTBILIR | S-FRREANARIE RN SR BEAN AR IE | B 1%
S UK BT R A LAY OC §# Il ( Humphreys & Chapple,
2002) . HAET, B4 M IT (Arabidopsis thaliana)
(Franke et al.,2000) | 4 IH ( Angelica sinensis) (i
Ffi#E ,2015) . 145 ( Populus tomentosa) ( R 55,

2015) Wk ( Linum usitatissimum ) ( F ¥, 2009) |
3% ( Brassica campestris) (25479 ,2013) S5 Y b
SORER] FSH B H 1 R &I FSH JERTE w55
B B A 1) R DGR

ST (2020 ) X JE IR 78 F AR 52 1 IR A SR e
JRAIIF 5T e B, AN [ it o JEE SR 58 v 55 118 2R 5 K
RO S R TR e AR, DR AT A
CBFE SR NKTE s P AR R GRS
FCRIHE R 5T HEAT e si LI Y LU 380 i (A R
R RIA TR AW G ORI o0 B A 75
JEEIRFE I R I8 B v T R 5T I ey 5E R e )R ]
RElH TR TRZ AR R, FxHN 7Ry
F5SH RERTEIR R R ik e W& m TwRa,
WH5E F5H HEPRTE w57 AR50 R & 0 VR, A 0F
FERH RT-PCRILGERE * =57 15" M /NAKRFR 1Y
FitF5SH JEH 0 H AT LE W AE B 0 b (S 2k
JE & PCR ik, o #F — 2 0F 58 1% 55 5 T fig 42 it
A

1 #R5 7%

1.1 ##4

WHRIEREME =5 15 A ama Rl E
2EBE Y R 5 B i B IR A 5 I ik S R R
SEMEL ANKTFE R am A M A, R B FF
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SR RN o N o= OB S G = DS
FEAT R B AE — AR S JE R 5 B 1) 4 ) S 2
JeE R PCR M 257 157 [ /PoKFE AR
SUERAL MR (S5 SR A8 25 RT) .

1.2 RNA #2E5 DNA £—#E K

HRHE Trizol $2HUAF & UL HEAT &L RNA $2 1,
1.5% B fig WH 358 J0¢ Fi Tk ARG 0 T A A A RNA 1) 52 4%
P, cDNA 55 —4# 4 h . 76 0.2 mL PCR B fiImA 5
pL & RNA 1 pL BEFLZ19 1 pL ddH,0,70 Ci&iH
5 min, 7K¥ 2 min, B0 fA 2.0 pL 5 x First-Strand
Buffer 0.5 wL 10 mmol - L' dNTP 0.25 pL Rnase
inhibitor ,0.25 L Reverse Transcriptase, &A% 10.0
wl,42 CHLIA 60 min,72 C Y 10 min,

1.3 FtF5H £ F =&

HR A 5 3% 21 I 1 3 A5 119 BT 20 2 -5 5L £k il
(FtFSH) SER AT IR )7 513 4 xR 2519
(% 1), RT-PCR KW AKRZR AT : cDNA B 1 pl.,
dNTPs( 10 mmol + L") 0.2 pL.2xGC Buffer I 12.5
pL., TagDNA R & (5 U - pl"') 0.2 pL.ddH,0
10.1 L F(10 pmol - L) 0.5 pL.R (10 pwmol -
L") 0.5 pL, PCR 45 :95 CHAEYE 3 min;
94 CA 30 5,58 CiR K 30 5,72 CZEAH 90 s, 4k
PEIR 33 K ;72 CELE LA 7 min, PCR I 1%
T B WA Jie F Gk ARG T, 8 E A9 £ U0 e T i 6
TAEY) TR () Bedn A3 BR S JINY .

x1 51MFIIKERAE

Table 1 Sequence and usage of primers
& GIEZEZR S SI9FE) (5'-3")
Usage Primer name Primer sequence (5’-3")
RT-PCR FtFSH-119F TTCTTAGCCACGGCGGTCT

FtF5H-1494R GGTAACTCCCACGTGAAGCATTG

FtF5H-1298F  AAGGACTCGTGGGATGACCCT

FtF5H-1882R  ACATTGCATGCTTGATTGCAGTATA
SCHPRESE H3-F
FE R PCR

qRT-PCR  H3-R

AAGAAGTCCCACAGATACCGC
AGCCTCCTGAAGAGCTAGCAC
FtF5H-F TCGGTTCGTGATGAGGTGG

FtF5H-R CCCGGTAGATTACGTTCTTTGT

1.4 TEERNEDEEZESH
F] ] NCBI ORF finder 7E £k #2 ¥ M Conserved

domains 04 2 X5 I 2 AR A5 Y cDNA J7 91 #E 47 il
5] SEATE K2 PR ST T e 45 #4) 38 43 B 5 38 5 ProtParam X
A BT 087 A ProtScale X 25 H 25
Bk MEIEAT 43 M7 5 R Fl TMHMM Server v.2.0 4347
i I = SE IR 11 15 IS 45 A 35k ; F) D SignalP 5.0 Server
TMAE 5 BK 5 Fl ] NetPhos 3.1 Server #1785 iR 1k
A7 S5 T 5 A Psort 43 A7 S 20 A 52 A7 175 0 38 2
SOPMA & SWISS-MODEL il il 5 19 iy — 2% Al = 4%
G548 5 g B 2R 1 2 5T 91 L X R DNAMAN 4K
14 ; Neighbor-joining AR5 FH MEGA 6.0 ¥ 2
(BRI ,2017)
1.5 SER % EE PCR(qRT-PCR) 43 %7

K H Trizol & RNA fh 42 12050 & 43 A2 B =
FE 15 M /NKTE I e 2K e 8 M AU A
RNA, 5% 515 8] 55 — 85 cDNA, DL H W BEAR 1T
qRT-PCR 7347, B AFE G 3 IREE AR T, 5L
PENE R PCR WA R :10 pL 2 x SG Fast qPCR
Master Mix .2 pL ¢cDNA AR . EF5I¥4% 0.4 wL.
ddH,0 7.2 pL, P #EFEF .95 °C 3 min ,95 C 5 s,
60 °C 30 s, MG 45 I, LA 5 H3 (JF769134.1)
KNS I R 27T PR H R YT 3R
i, T HB I L 1,

2 HER G54

2.1 F5F /2 RNA 2ELS FeFsH BEE R [E
FEIUAY B RNA 28 1.5% 35 IS M BE e v vk | 76 48
AhiE LT WEE RNA 45415 1 B nl I, 52 ) Le 7
1:1~2: 1 Z[A, £ RNA FEA K B, 7l FH T+
Jrg 3 N e le . A RT-PCR 73 9 e e 3515 =
FE 159 MNKFE ) FSH FER 724 1.0% 3%
e G S FRL UK 43 B, LUK 45 SR LKL 1, % qRT-PCR
FEHEATIN PR SRR mFF 15 K
F%° 10 FSH R ERRIT 9 56 42— 30, H 57 k4
R AIAIE . ORF finder 70 Hrah L0, 2 3L N
FFANBIEA — AR MK B 1395 bp By Ik %]
BLHE Sl 464 A H IR W2 B N4 4 FitFSH
( GenBank # 5% 5. MW455111) ., F] H DNAMAN
VA% IR T 9 B L 1R, an 18] 2 i
2.2 FtF5SH BERRBEANEMEREDT
2.2.1 A L5 4 F JH ProtParam %k 4 %f
FtFSH & F B YR B A7 30, % 30 FtesH 2R H 47
Tl Cosa6 Hagr Noas Oﬁsoszs’iﬂi%ﬁ¥§ 52 583.54
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M 1 2 3 4

M. SM0331 DNA Marker; 1,2.° 3% 1 5 FiFSH £ 75 [
FBE 3,4 /KSR FeFsH SRR sEl R B
M. SM0331 DNA Marker; 1,2. FitF5H gene clone fragment of

‘Yunqiao 1’; 3, 4. FitF5H gene clone fragment of * rice

buckwheat’ .

B 1 FuFSH 78 A B PCR H K -

Fig. 1 Electrophoresis results of FtFS5H fragments

Da, 35K -3 250 (GRAVY) J-0.234, AfaE &
(1) R 36.57, AEEE A, IRIRFEECRS2.65, it
Fi faf 5% 2 ( Asp+Glu) 63 A, 1F HL 17 78 5L ( Arg+Lys)
56 A, BSR4 5,76, IRER T , HEDZ B N SEK
PERa B TEE 1, @1 Conserved domains X JFE %}
FtFSH {R5F 45 1 S #1770 i, K i E A A — 1>
P450 {5738, JEi T P450 KK (K 3) .

i i ProtScale 7E 2k ¥ 4, LA Hphob./Kyte &
Dodittle MR, 1855 FIFSH & R34 70087,
DV IR Y9 R A s | 28 B PR A B S N A b | 5%
ARPE R AR W AE RN, FFSH e 4 (E 1.967 H
IRAE 22 IR BE P A0 555 256 L 2 HE IR , 12 AL A Y 2
PR BT 7K P f o 5 i I 53 (B - 2. 856 HH IR TE 362 i &
MR UEWIZ AL A 2 R SR K e i . NetPhos
3.1 Server T i 75 , FiFSH %% 4% £ ik 4 v 0 (L AE
B{E 0.5 DL BSOSt a 36 4, Hiph 242
P2 (Ser)22 4™, SR & R ( Thr) 13 4>, BE & R (Tyr) 1
A XA TR R A AR R Ak N, DT X 2R
A6 M 5 e A R

i1 SignalP 5.0 Server 7EZR XT3 5F L HE
SEAL(XP 008372753.2) . %L ( AGR44939.1) | &
B ( AAT39511. 1) . f ( BAF43423. 1) . #k ( XP
007203643.1) M 4% #8 ( AFH89638.1) , Wi Yif Hif 45

BE(XP 021802881.1) (4 (XP 021718110.1) &
KM (KMZ63113.1) 10 FAEYI A FSH L 1 5
TS 5 AREEAT J000 e X6, 45 R RN AR AR 5 K,
FAEFIMPEE R (R 2) . U, #EN FSH LA ]
RETENF S bRk & U A | A, gk
2 S5 T 1) AR FR A AT A A A T RE (K R &
4,2013) . FIF Psort X1i% 10 F4E Y FSH & [t
A7 SO 240 7 F00I e 3R Ik 4G s A2 A7 A A L R
RSN  HAR e mE gk, T FSH B gt 2R 1
A5 5 BRI 40 1 52 v 3547 SPSS 273 #r , 45
DL 4 XL~ - i A= A7 P Bk 0o PR k| e 7
PNEE LTI R I T R A AN R X
R — 3, MR Bt — 3 I S FSH BIAE AL
A K,

TMHMM #A4FU 7R, 347 5% WA R | it e
ANEGEBESERE, SFEVRE AR EW R
Bk BRI B2 A2 44 A 1 A 85 A5 M B,
ULIIRE RPN, e FSH S Y 4 5 26 1 5 G 5
JEE IX S A AR A [A]

2.2.2 FtF5H #9 2 # 3 @ik SOPMA X 8 H it
M R EE AT AE L T, & FirSH A F R
B 450, JC 0 & il 36.21% , o882 i
46.12% FEAR4E 5 12.28% , B 1 i 5.39% (1A
5) . FlH SWISS-MODEL Xt 2 [ i 1) = 2% 4% ¥ it
FrPi, 25 R WLIE 6. A, FIFSH 15 5 i ~ 455
Pz R 58 E BAREE 1 Sylw. LA (197 51 AR
FE K 33.49% , QMEAN {HJ&-2.83, GMQE ( global
model quality estimation , 4= BR M 455 U I 8 44 U ) {8
$70.71, GMQE {H7E 0~ 1 Z[0], #5301, A58 i
WL R E S, A EE R (XP
008372753.2) . 1 AL ( AGR44939. 1) | i & %4
(QHS84908.1) . = B ( AAT39511.1) | % % ( XP
002272644. 1) . Bk ( XP 007203643. 1) . J Bk
(BBH07995.1) 4 %5 (ABB02161.1) | R Y Hif #2
BE(XP 021802881.1) A& 1 it — 4 4544 & 423t 47
SR, R BAZ A R G 0 1 B 1 BT B B i 454
B BDE Rk D RE Sk (BT 6. B) TR B TP RE
WK 6.C) (K KZES,2015),

223 RABBEM S A Z M ME RKH
NCBI 1] BlastP TEZETR T, A4k FtFSH (1Y [F] 6 24
FR Y 51, bb X 45 R X B FesH /Ry 5 5
GenBank HVAH G751 [FI IR 7E 73.12% ~77.42% 2
], FIF DNAMAN #1472 &P 5| X, kM55
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TGARAC
ATGATGGACCAACTCACTCATCGEGTGGGETTGGCCCGTCTCGCCGGAATATACGGTGGAATATTCCATATGCGTATG

] M M D Q L T HUR G L A RL A G I Y G G I F H M R M
GGTTTCCTCCATATGGTTACAATATCRAGCCCGGAAGCGGCCCGACAAGTCCTTCAAGTCCRAAGACAACATCTTC

26 G F L H MV T I 8§ §S P E A A RQV L Q V Q DNTTI F
TCCAACCGGCCCGCTACCATCGCGATTARATACCTTACTTACGATCGGGCCGACATGGCGTTCGCTCATTACGGEE

51 S N R P A T I AI K Y L T Y D RAIDMMA AU FA AU H Y G
CCTTTCTGGCGTCAAATGCGGAAACTCTCCGTCATGAAGTTATTCAGCCGTAAACGGGCCGAGTCTTGGCAATCG

76 P F W R Q M R KL 8§88 VM K L F S R KR A E S W Q s
GTTCGTGATGAGGTGGATCGGATTCTCCGGGTCATGGATARAGCTAACGGGTCACCCGTTAATATCGGCGAGCTT

101 VR D E V DRTIULURVMDI KA ANGS SZPVNTIGSGEL
GTATTCTCTTTAACAAAGAACGTAATCTACCGGGCCGCGTTCGGETCTAACTCGAACGAGGGACAAGATGAGTTC

126 V F S L T KNV I Y RAATFSGSNSNETGU QTUDE F
ATTTCTATATTGCAGGAGTTTTCGAAGT TGTTTGGAGCATTCAATTGGGCTGATTTTATTCCGTTTATCGGATGG

151 I 8§ 1 L Q E F §8 K L F G A F N W A DUVF I P F I G W
GCTGACCCGAACGGGCTTAATGCAAGGC TCGAGAAGGC CCGAAAATCTCTTGATAGGTTCATAGATGATATCATA

176 A D P N G L N A R L E K A R K S L DR F I DDUI I
AACGATCACTTGGAGAAGAAGAAGACGGGEGATAAAGGGCTTGGAGGATGACATGGTAGATGAGTTGCTAGTGTTT

201 N D HL E K K KT GG I K 6L E D DMV D E L L V F
TACAGTGAAGGTGACGGTAAAGTGACGGAGTCGGACGATTTACAGAACGCGATTCGACTCACTAAGGATAATATC

226 Y S E G D G K v T E S DD L Q N AIRULTI K DN NI
AAGGCAATAATCATGGATGTGATGTTTGGCGGGACTGAAACTGT TGCATCGGCAATAGAATGGGCCATGTCGGAG

251 K A I I M D VM F G G T E T V A § A I E W A M § E
CTAATGCATAGCCCGGAAGCCATGAAACGAGCTCAAAACGAGCTCGCCGAGGCAATCGGEGTTTAACCGACCCGETG

276 L M H §S P E A M K R A Q N E L A EAI G F N IR P V
GAAGAAACCGATCTCGACAAGCTTCCTTTTTTCAAATGCGTCATCAAGGAAACCCTTCGACTCCACCCGCCCATC

301 E E T D L D K L P F F K CV I K ETULU RULHUZPUP I
CCCCTCCTCCTCCACGAAACCGCGGAAGAGACCACCGTAATGGGCTACCGGATACCCGCCCAAGCGCGAGTAATG

326 P L L L H E T A E E T TV M G Y R I P A Q A R V M
GTCAACTCATATGCCATTGGGAGAGATAAGGACTCGTGGGATGACCCTGATATGTTCAAACCCGAAAGGTTTATG

351 vV N § ¥ A I G R D K D §S W D D P DM F K P E R F M
AAGGARGGAGTGCCGGATTTCAAAGGAGGGAATTTCGAGTTCCTTCCATTCGGETCGGETCGGAGGTCATGCCCG

37 K E G V P D F K G G N F E F L P F G S G R R S C P
GGAATGCAATTGEGTCTCTATGCGCT TGAGATGACTGTTGCTAATCTGATTCAATGCTTCACGTGGGAGTTACCT

401 G M Q L G L ¥ A L EMTV A NILTIOQT CU FTMWEL P
AATGGAATGAAGCCAAGCGAGTTGGATATGACTGACATGTTTGGGCTCACTGCACCTCGGGCGAGTCGACTCATT

426 N G M K P §S$ EL DM T DMV FG L T AUPUZR R ASUZ RULI
GCTGTGCCAAGACTCAGGCTGACGTGTCCGATCTCTTCATCTTGAGGAAAGAGAAGGAATTGAGATTTCTCCTGC

45 A V P R L R L T C P I S S § *

GGAATGGTATTGCAATGGATGGGGAAAAAAACTAAACAAAARAATCAAAATTAGGGGAGGAAGACTTARAATTTCGT
CTTCTTTTTTTACCGATTTGCTCGGCTTGAT TTTATTTTTTTCCTGTTCATGTGAARATTGTATTTTTACACATC
TTTTTCTTCTTTTTTGGTCTTCTTTTTTTAT

Kl 2 FiFSH AR 79 M B IR Y51

Fig. 2 Nucleotide sequence and amino acid sequence of FitFSH

FIFSH 525 P 1) FSH & L[R5 (1) A L)
P Ik 84.79%, & A L 4L FK 45 A 45 Ik
FxxGxxxCxG (& 7) , H o R 57 19 2 e &0 12 72 24 1.
LT R IES T BCAK ( Chapple, 1998) | 1E B FiFSH
J& T P450 )% .

iz Hl MEGA 6.0 4 9F R AR R 5
PEALA | 45 R R 5 57 FIFSH 53 % i CYP84AL
B Ry — /N, i BA L [ VR A, F S AE 9 41 38
BT BB IR-5- 52 1L i ArCYP84A1 By ik 5 A i &K

AW A B E i DL KR F R AR A G (Ruegger et
al.,1999) , ARG 5% v B AT 2 (1) 3% 7 FiFSH 58l
IF R A CYPS4AT BTE— 32 (I 8) , i1
HATfig 597 38 R TR G WM 42 A ¢ (Zhang et
al.,2019) ,

2.2.4 FtFSH X R A sb 2 o4 LR 986 E &
PCR( qRT-PCR) 23 ¥ FitFSH LR 78 R 51 576 5 1 7
e e AN A8 E R IB K 45 R A B FirlSH
HEFFEARS BRI EAR, FRERT 25
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1 b 150 s e s 464
[ e S s
Specific hits p450
CupX
Non-specific PLNO2183
hits P450_cyclofA_1
Superfanilies p450 superfamily
Kl 3 FtFSH 8 H PR SF 2548 3
Fig. 3 Analysis of the conserved domains of FtF5H protein
F2 10#iEY FSH ERRBEARESKAITLE S
Table 2 Signal peptide prediction for proteins encoded by F5H of 10 plants
FRILS Bk B FARIR LR
JEAR BT Y17 A5 BYYIL AR LURFIR S RS SEEREYN .
R Highest original cleavage  Highest signal peptide  Highest comprehensive Average signal peptide {ﬁﬁ}ﬂ(
Species site of amino acid cleavage site splicing site of amino acid residues Signal
peptide
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Comprehensive evaluation of salt tolerance in wheat based
on physiological indexes of leaves at germination stage
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Abstract ; Soil salinization seriously impacts wheat ( Triticum aestivum) production. Improving salinity tolerance is one of

the main biological approaches responding to the problem. The germination stage is also sensitive to salt, and the salt
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tolerance at the germination stage is very important for wheat planting in saline-alkali land. In order to explore the
feasibility of using physiological indexes of leaves to evaluate salt tolerance of wheat at germination stage, CM6005 and
its 73 sodium azide mutagenesis families were used as experimental materials. The contents of proline, soluble sugar,
total protein and soluble protein, as well as the activities of peroxidase ( POD), catalase ( CAT) and superoxide
dismutase (SOD) in the leaves were measured under the conditions of ultra-pure water and 40% artificial sea water, and
principal component analysis and cluster analysis were used to evaluate the salt tolerance of the wheats. The results were
as follows: (1) Under 40% artificial sea water salt stress, the contents of proline and soluble sugar increased, while
those of total protein and soluble protein decreased. The activity of POD increased, however, the activities of CAT and
SOD decreased. (2) In principal component analysis, the first and the fourth principal components were two factors of
the response of salt-tolerant enzyme system, and the second and third principal components were the main two factors of
osmotic adjustment of salt tolerance in wheat leaves at the stage of germination. (3) In the evaluation of salt tolerance,
the salt-tolerant grade of CM6005 was 2( salt tolerance) , and that of the lines was 1 (high salt tolerance) , which were
SAM1, SAM49 and SAM59. All the above results indicate that the activities of POD, CAT and SOD as well as the
contents of proline and soluble sugar can be used as physiological indexes to evaluate the salt tolerance of wheat at

germination stage. These results can be used as a reference for the evaluation of salt tolerance in wheat based on

42 %

physiological indexes of leaves at the germination stage.

Key words: wheat, germination stage, physiological index, salt tolerance, comprehensive evaluation
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IINFZ AR A P AT TS AR PR AT 5T B4

JINZE T 3 T 5 5% 905 1 4 S AT 2 By T AR
Bl N 22 it b T P B AN AR TIE (5K 35 KU, 2013)
CIETRORANE A0S =R I NS 7 =TI S N 1O
FEORL B 25 V7 M 1B /N 22 0 i EL B8 (Mguis et al.
2008 ; Naruoka et al., 2011; Rathod & Anand,
2016) . MAEFRA LR AR b, B R 45 (2013) WF5%
R RN S A A B S B AT RE T, Y
ZEE(MDA) i F ALY G (POD) | &R R A
Az BRAE AR S BR A ER B 30 T X BRAH L AT I R
Jin (B A 4520185 Wu et al., 2019; Ibrahim et
al., 2020) , 1 H., # 5 (2017) 5 T A R
INGE A B = S A AR AR AR Ak, T4,
BN S AE W 0 T B B R KR L I Y R RN
LA R 558 R (Kefu et al., 1991; Haihua et
al., 2004 ; Waskiewicz et al., 2013) . /NZEZEHIXT
ER B0 B O BURK, 2 0 MV 28R T R 2
PR RK AL SR (X AE, 2001 ; X 9F 9
45,2014) , ARBFFELLIE & 6005 & H 73 B A
B 1) S KRN N BETERT G, R 40% N T
VK EE Ty 1R o £ a0 kb 31 BE /N A i A R
PR ARSI | BIF 5 /I A2 5 78 B A 5 28 7 O 30 ) TS R
PE, IR 56 2 6005 #E 47 L 40, LU & 4 i 4
A AT A A VS T B b S B AR Ml A= 7 PR 1Y) 5 T
AN T YR, X O 1 R /N 2 A B A
T EENE S,
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1 #HEF®

1.1 i 5a 4+ #

AR A 1 M T A ARRE 2 B /N 2 TR 2
WH 14 6005 I 73 N ERMMB LR R (H
5k SAM1-SAM76, Hith SAM31 . SAM32 Hl SAM52
B ) 2019 AFFIAR TV N T AR 22 B i S 56
S R ORISR B N R TN 2RI 5 A
FEbRA
1.2 Mg RS 418

HR A8 A T KL (XIB A5, 2001 5 X WFF 45
2014) Fe B N TIK , #e R FHAG Bl 40% , 715
FR LA P 2 U AR, 43 5 25 85 - K (6 B Al
40% N T HEK (AEFE) 15 mL, 54 FE 30 ki fh 1,
3WHE , B TOCHE TR K 2F (22 CHEIR, LI
12 h) . 7 dJEXF4hiind B A BAE AR AT g, 3K
LR SRllE L7/ B eSS INCI o e i = I BT e 3 1 K=
Tk 1) 4 1 3 AR W ( POD) i B AL AU ( CAT)
FHR S8 AL W 15 AL B (SOD) Y 36 M, 4% A B8 bR R
FH ELISA B5050] &k, 2 BT RHs A H AR A
PR Fl Y ERAE T WA T 00 . B )5 THER 45 46 A 1Y
FHXHAE , & 38 bR B9 A X B (% ) = 4b BR4E B (E/ %) IR
FEPRIE X100 ( R42 45,2014 28 45 ,2017)
1.3 MEFH*E
131 B &894 % HO05g/NEHH A LS
mL AN 0.1% PVP,0.1mol - L EDTA, 1
mol « L' HLIN MM W5 R (pH =7.8) ZZ WPl , 4 C UK
WHFEE 15 000 g 550> 30 min, B3, 2% S
SR G-250 M i 4580, 43 6O BE T AE I K 595 nm
AR E OD A, LAAF ILTE 11 2R 1 R s o DT AR 95 4
HES R =R A & Wil iwiiers Y 48
1.32 Tk Ea4% S50 mg /NEM R A
WEEEFE 43, INAHE BE 7 0.01mol - L pH {H N 7.4
i) PBS 2J3%5 000 g 5.0 15 min, B 35, B 10
pL EIE W, AL B 47 0 B A Y, 37 CIE R 30
min, VAR, A AR —41,37 CIRE 30 min, YEAR,
AR A A B, AL R, 76 B bn A% K 450
nm ZbEEEC, Ak ) & o mT s P AR bR A A OR AR
iR B g AT REES o = R R 7 3
1.3.3 A A S W50 mg /NE M F, WA DT
e, A E 7 0.01mol - L™ pH {8 7.4 Y PBS
5135 000 g B0 15 min, B EIE W, B 0.5 mL

FEA+0.5 mL K Z B2 +0.5 mL BRI B = T4 &5
s ,E{%ﬂ({ﬁ*%/ﬂ% 30 min( %21',%, Bii 1k 7K 43
R ) B 10 min R — K, R UG, EIAE
A1 mL B PR35 30 s, BB A %1, fli (o 46 &
2R 0.8 ~1 mL FJ2EW T 1 mL 3535 10
AL, T 520 nm PR AL LA 0 SRR O, R
Pt 23 AR A TP i R VR
1.3.4 THEEHEESE R 0.1~0.2 g A, N
A1 mL ZRAB KA )20 0, B B 08,
WK 10 min (75 %, PABH 1K 408K ) , R G,
8 000 g H UL ES.C> 10 min, I EIEW T 10 mL X4
o HZEKERE 10 mL, #4514 . B 200 L
FEAIAE , 43 AR T 30 min DAE 1 K
2 620 nm, ZRIFKIEE , VARV AR o, R4
o v JHT R T T A
1.3.5 POD . CAT #= SOD ##& ¥ HL 50 mg /NE I
R RS 7845, N A MR A 0.01mol - L pH
{8 7.4 f PBS &) 3,5 000 g B5.0> 15 min, B F %
W, W10 L I W, AL B A 1) i A Al R, 37
CHEHE 30 min, Yotk , MABEbR —41,37 CHE 30
min, YEAR , A B W A (B, AR, 7 Bl A
I 450 nm 4L 3E%L, LLRF) & b POD FRifE b
CAT FrifE i A1 SOD Frife R Ar o, 4 AR 4 45 A
FRfE R 22 115 POD i 1 . CAT 3% ¥ F1 SOD {i %
(Becana et al.,1986;Li et al.,2015)
1.4 Gt

KA Excel 2010 F% 4 SPSS 21.0 #4755
P e BLRNGE T 40 A, T B A PR A S4B AR X
{8, HEATRER PG T 23T, 187 SR S FI f AH G 537
5, KPR bR A A XA HEAT S RS A AT, A5 B A%
IRIG AR 32 5o 15 405 SR e B 5 TR AR 40
K FHSR bR BT, AR5 25 MR £8P 0 25 5 SN
{8 s e, WF 45 4R TR 0 PR 25 B I R AT SR 2K
S3HT, R8RSR R A G (325 45 ,2017)

2 EREA

2.1 ALigKMBTEZE 6005 B RWNFTEE
FHAE BRI TR

T LERRW A 40% N TR R, /N
ZEIA T b i SR R AT VA R N, 1
BIA 75.17%F 47.20% ; W] ¥ PE B 1 RLUE R R
WA, [0 5100 46.31% 1 33.82% , [FIRT, 40%
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Table 1  Physiological indexes comparison of the wheat population from CM6005 induced by sodium azide
treated with artificial sea water at germination stage
N S M [RY N . - Ny P 7
_ WaEm ke BEH AR aakam Sl
EE| Proli Solubl HH T . B Ab
roline Soluble sugar . otal protein POD CAT
Item (ng- L) ( g Soluble protein ( Cml) (U- L") (U~ mL") SOD
ng mg g (mg - mL") mg *+ m m (U-1")
Xif R e KAE Max 2 193.97 1.54 24.25 67.46 19.57 14.69 3943.12
CK
#iz/ME Min 994.60 0.94 17.06 48.56 8.60 8.39 1 548.57
YI{H Average 1 600.90 1.25 20.73 58.96 14.15 11.73 2 844.49
FRifE2E SD 356.14 0.18 2.10 55.90 3.24 1.95 760.40
ASSEREL CV (%) 22.25 14.70 10.14 9.48 22.90 16.61 26.73
AhEET e KAA Max 3 433.80 2.18 14.12 47.02 30.75 11.09 394472
fz/IME Min 2 244.55 1.55 7.70 30.70 19.68 5.70 1 585.69
YI{H Average 2 804.34 1.84 11.13 39.02 25.81 8.39 2 763.92
Frifi 2z SD 345.19 0.19 1.71 50.29 3.55 1.53 671.30
ARRECY (%) 12.31 10.21 15.37 12.89 13.75 18.29 24.29
SEFRE X HE2EMH T-CK - 1203.44 1 0.59 1 9.60 | 19.94 | 11.66 1 3.34 80.57 |
AR L8 ¥ Range (%) 75.17 47.20 46.31 33.82 82.40 28.47 2.83

I CK. XFHE; T. 481 Max. S K{H; Min. fi/ME; SD. ARl CV. B R EL
Note; CK. Control; T. Treatment; Max. Maximum; Min. Minimum; SD. Standard deviation; CV. Coefficient of variation.

N T 7K ER W 3E X /N 22 28 01t e i TG M R G 5%
M LA, POD {5 PEXE 58 CAT F1 SOD 1% PRy 55 ,
5 /U855 R E 23 ) 82.40% 28.47% 1 2.83%
Ui HI/INAZ 2R it e v 32 25 8V 40 o i 2 R R AT
PERE O B IN, A F T AR A K F, DL ZERE /)
FIEH AETEE, 1 SOD POD , CAT 2 i ¥ 41 Jfd
DAY B T A R v o R P A S, AT
5%\ € SERORANG A il = A 3R TR AT
—, = WU R VR AT AN 22 AR AR T — o R
g iR RN STERS
2.2 ATiBKBHNETIEE 6005 E R NIFTEE
SHIM B i A BRI AR R AT

&2 G5 R AR IR O AU SR
P R UM OG X SOD B ANAR X CAT 1%
EY TN o B sy DO = N L P e N
KRR E, £ 345 HFW M SOD 7F #:
FAHXT CAT ¥ 1 =2 (8] i AH G ¢ AR i 35 A7 1, L
SRR N8 B PR 2 )i AR OC R B AN 2 A G
Sy BT RN AH OC A3 B 45 SR R W TN 2R A
A BRI A B 1 A i R P 5 S B, T NS R
Xt SOD 7 M AN AR X CAT 36 1 | [8) B 7 B4 s 7

AR AR AT R A, B, AR i — 20 &
BRI 8 248 bR i 4 b JE ST 1 2R A
Febw, LAERA AN /N 22 i ER e
2.3 ATigKME TiEZE 6005 B BILINFTEE
FHIM R 2 A BRI ER D SR

X 6005 K H & RAMIBZRHA 73 ~FK
ZAEWIM R/ 7 AT R AR BE AR AR 2E AT S R4
B, 3 4 G520 nT LAE$E 4 0057 0 8 o1
R /INAZ ZE T h 4 0 25 A A SR bR, e R R AR
S 70.66% , FEARRFL T 7 A I AR HE AR 0 4 KB
SRR

PSSR I R AE 1] i e 0 {8 K, E R P
B AR PSR A, 4% I A BER BR A0 R AE 1) B DL 36
5. 85 1 F SR 3 A A 48 bR & A X CAT
FUAEXT SOD, & #h Jilrae i) B G - 1555 2 E Rl
S 32 AR 00 6 A S A T I R B SR R
EABBE T EF 158 3 F sk = ZAE
PR B 2 AR OE AT M B A R AR B GA Y B B R
WHEF 5 4 F 5 ke 32 24 FH 09 48 Ar 2 A
XFPOD T4, S £h Wi f g R 1, Hodr, 0
Gy 1 RN 4 FBERI R/ NAZ ZF I R T R Y RS R
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Table 2 Correlation coefficients between the traits of the wheat population from CM6005 induced by

sodium azide treated with artificial sea water at germination stage

s%t IRt HIR T3 b A — A
?bﬁ*‘ Hrﬁ/ﬁ@ﬁ IJ] {g‘ﬁtﬁ EE *HX‘J}E\ﬁE *Hx‘jﬁ%ﬂ.{h% {JC%‘?LW@ *ﬁ%]ﬁ%k'fh%
IEld Relati " Relative Relative Relative total Relative Relati 5 4k filg
ndex © T.lve soluble soluble protein POD EZV}VE Relative SOD
protine sugar protein
AHT I 2R 1
Relative proline
AR A P A 0.069 6 1
Relative soluble sugar
LEPOIRE i {S | -0.041 1 -0.051 1 1
Relative soluble protein
X B EE -0.242 5 % 0.034 0 -0.014 8 1
Relative total protein
AR 5 S A ) -0.081 4 -0.049 7 -0.050 0 0.049 3 1
Relative POD
AR i A A 0.190 6 -0.058 6 -0.164 2 -0.183 9 -0.085 3 1
Relative CAT
AR X 4R 0 5 A Tl -0.014 7 -0.060 9 -0.117 1 0.0159 -0.051 8 0.438 9 s 1

Relative SOD

T * FREBEFEEF(P<0.05); == R B EEF(P<0.01), FHE,

Note: * represents significant differences (P<0.05); *#* represents extremely significant differences (P<0.01). The same below.

®3 ALBKMETEE 6005 ERLMFTHEFHM MR EBIEFRNREEXREY
Table 3 Partial correlation coefficients between the traits of the wheat population from CM6005 induced

by sodium azide treated with artificial sea water at germination stage

tit e ML MR R e
b fo 57 i - - o
;fafﬂ? E{H‘]ﬁ@l Relative Relative Relative R#?ﬁf@ g{k‘ﬁm ﬁilﬂiﬁﬁ
ndex © Gll.lve soluble soluble total ;SL})VC E:,}ve gSLl)ve
profine sugar protein protein
AR I 2 R 1
Relative proline
AT BT 5 0.081 3 1
Relative soluble sugar
AR TR A -0.023 7 -0.064 4 1
Relative soluble protein
X B A -0.207 2 0.219 1 -0.041 0 1
Relative total protein
AR 3T S Ak P ity -0.059 7 -0.055 9 -0.069 7 0.022 1 1
Relative POD
AR b 4 Ak S 0.171 7 -0.054 2 -0.1322 -0.168 2 -0.059 5 1
Relative CAT
A Ak B I A i -0.089 8 -0.038 9 -0.052 3 0.087 7 -0.030 9 0.440 8 = 1

Relative SOD

GEmR R 2 AR B SN E S Am B AR 2.4 ATiBKBMETIEE 6005 B RLNIFLAE
MRS OC, ERARBU/NZ W A R BT WA MRS TM

R, T 2 M3 FEERI /N ZF M it FHZE R 0 M AR A B A B2 32 oy 1 1A
B ER TR 2 AT TAG AR g M /N A 2 i R AR B £R A 4R
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Table 4  Eigenvalue and contribution rate of different

principal components

F 543 Principal component

mH
Item
1 2 3 4
ERRREN 1.627 5 1.239 1 1.063 7 1.0156
Eigenvalue
Tk 23.2498 17.7012 15.1953  14.509 0
Contribution
rate (%)
ZURTTHAE  23.2498  40.9510 56.1463  70.6553

Accumulative
contribution

rate (%)

RS ERSOSTPHNBLERE

Table 5 Feature vector of the principal component analysis

v i RFIE ] i Feature vector
Ei=gun

Index
1 2 3 4
AHXT I 2 R 0.3376 -0.6206 0.1076 -0.1869
Relative proline
AE ] 5 P -0.0690 -0.2627 0.8153  0.1867
Relative soluble sugar
XA R -0.3329  -0.2884 -0.4559  0.390 3
Relative soluble protein
MxEEA -0.408 9 0.3824 0.270 8 0.280 6
Relative total protein
AR A LB 02229  0.2804 -0.0238 -0.8182
Relative POD
AT 3L S Ak St 0.8284  0.1555 -0.0505  0.024 6
Relative CAT
AMXB ALY B LR 0.6460  0.4097 -0.0443  0.2115

Relative SOD

B, THIALAS B 09 45 25 6 48 b 19 SR eR 01 A
{8, E A5 2 45 R B Az B bR 00 T 3 v 25 A
WM DE(FE6), D EZLE, BELEN [0,
1], D {E#A, i Wit £ Mk #k ik, SRS, SR K38
EZRZ Ty vk B b et i T 6 P 43 A s T
R RS RS NIRRT .

F 6 FEREW] I 6005 I £ 1 5 5E 4
Gk 2 (i) TR P SN 1 (R ) 1
% % N SAMI, SAM49 F1 SAM59, 7ii H SAMI .,
SAM49 F1 SAMS9 1y H [a] fif 5 25 & R IMIME T8
A2 6005, X e W I T /INAZ 2R I A 3L B A DU
SEIRL N R PEZE & PR D (H 7R /N F2 it 3 1

550 7 e B AT AT T L SR IR o — B,

T AR RY L NE TS AT ER GO R
BB A 3.17.22.22 .10, 430 51 15 41 R i1
4.05% .22.97% .29.73% .29.73% .13.51%, 3£ T
ANFZZEI I B A B bR A R A A S 2R
TP R AN £ (1 2 2 9 /N R
20 >, 2.5 P A B ) 13

3 it

INFE T AR A7 Z2 P I R AL R 2, NAEAE
N AR e s 9 R B 2 AR A A O, R,
SR T SNV A b DT A N 22 A T R P 0 0 )
ZR A AR bR i L RVE ] (R B4, 2014)
I, A S ERBHE A TG K 3R i B /N i A
A BRFEBR A A8 Ak DL K A BREE A5 % /N 22 28 300 i 6
Y PEN By A, T HL, /N 22 2R B R A ]
TR [a) X R B () AT 560, AT T
KA /INZZ SR (R ) T R0 25040 A BTN
F AR R EE
31 ATEKBEXN/NMNEZFHMTRAEIERLN
A

ity 0 RN AT I M A M A T N B
RS W R, 03 1 S R v AR I R T 9
S MU 38 AN 7] 1 6 1 24 85 il 20 e A o]
PERE R SR AE Y e AR |t AR Y — 30 it IR A
i ( ERTBIAE ,2014) . ARWFSE T AE 40% N T
IKERIA T, /NZE ZE 0 R v i i 2 e AT i
O B 4 L BE | AR R DA IR 3 1N R 4 S 4, 4
FBEET RGN E, X5 AR LB N
—H(#F45,2010)

AR P 1 e 8 A Tl 30 o B 4P Y v 3k
J7 B A H AR (P05 SR AE B 1998)
CAT ,POD F1 SOD WrA A, 3 [m] 4t 47 3% M A
A, 5y A WS R, AE R 8 R, SOD | CAT,
POD S5 il I PR FEAR (85 45,2017 ) . ABFFE T, 78
N g /K ER AT POD iR 58 1 CAT F1 SOD
TEPEREAR, 13X 0T RE 2 B A /N 22 I 46 M A U 32
Z A R 2 AL ] 52 ) 9 5 2 ki Mtk i ELAR [R] /N
22 it PP (% i 8 ALt AN A [R], AT A A [R] 3at
B A4 BHAE R e T % i — ELA AR B AR AR 1 S A
A=,

FA, RN A TR T R AR P R A
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Table 6  Identification of salt tolerance of CM6005 and its population induced by sodium azide at the germination stage
R D fH R BB D fH S BB D {H AR
Material D value Grade Material D value Grade Material D value Grade
SAM1 0.703 6 1 SAM23 0.460 3 3 SAM28 0.384 8 4
SAM49 0.723 3 1 SAM29 0.494 2 3 SAM34 0.440 7 4
SAMS59 0.687 3 1 SAM30 0.549 8 3 SAM40 0.419 0 4
CM6005 0.603 7 2 SAM33 0.514 7 3 SAM42 0.401 9 4
SAM2 0.559 6 2 SAM38 0.526 4 3 SAM43 0.427 8 4
SAM6 0.600 4 2 SAM41 0.471 5 3 SAM47 0.378 8 4
SAM9 0.600 2 2 SAM44 0.518 7 3 SAMS51 0.406 5 4
SAM14 0.566 9 2 SAM48 0.507 2 3 SAM62 0.395 4 4
SAM20 0.618 1 2 SAMS50 0.528 3 3 SAM63 0.383 7 4
SAM22 0.574 4 2 SAMS53 0.479 4 3 SAM67 0.410 2 4
SAM26 0.614 0 2 SAMS55 0.527 7 3 SAM69 0.412 9 4
SAM35 0.647 8 2 SAMS56 0.472 6 3 SAM72 0.385 8 4
SAM36 0.604 9 2 SAMG65 0.486 5 3 SAM74 0.3952 4
SAM39 0.611 4 2 SAM66 0.496 4 3 SAM75 0.442 4 4
SAM54 0.556 9 2 SAM68 0.549 8 3 SAM3 0.351 4 5
SAM57 0.6155 2 SAM70 0.497 3 3 SAM7 0.336 1 5
SAMS58 0.605 0 2 SAM76 0.532 8 3 SAM13 0.305 6 5
SAM61 0.618 7 2 SAM4 0.368 6 4 SAM25 0.325 1 5
SAM64 0.597 8 2 SAM12 0.398 1 4 SAM27 0.334 3 5
SAM73 0.590 8 2 SAM16 0.391 8 4 SAM37 0.314 3 5
SAMS5 0.496 8 3 SAM17 0.436 0 4 SAM45 0.353 4 5
SAMS8 0.506 7 3 SAM18 0.4118 4 SAM46 0.340 2 5
SAM10 0.529 2 3 SAM19 0.423 7 4 SAM60 0.293 7 5
SAMI11 0.480 4 3 SAM21 0.447 2 4 SAM71 0.3219 5
SAM15 0.478 9 3 SAM24 0.430 7 4

x7 EFNEFHM R EBEROEETN
Table 7 Evaluation of salt tolerance in the wheat
population based on physiological indexes of leaves
at the germination stage

TR R ) 3G 0 T R (R B AN R 7%, 2014) AR
WFFE h N T KR e /N 22 ZE 0t | b i R R
R RT I 2 o i B A, 3 5 00 8 0 Rk
(2014) AT RN —2L,

i b 53 Nf{j’;ﬂrjﬁof Piﬁfie 32 ETHFHM A ABIERNT LT

Salt tolerance Grade  aterials (%) ARWFFEIET 7 A AR bR, B, B
T51f High tolerance 1 3 4.05 SOy M FERE b 7 AR BEAE AR AR Ry 4 kST
fit £ Tolerance 2 17 22.97 B A R 4 ) A 2 A e 7 PR 2 B
it Middle tolerance 3 Y 29.73 BT F SR )E R SR R e E0E A (3R
LU Sensitivity 4 22 29.73 TR0 25 A VR A D, 1E S i B — A 5 R
5% High sensitivity 5 10 13.51

ST A5 2R PR A R G R T B R, — BN
UL T i 22 B Eh O 25 F 23 4 B P B T Al 2 R
O3, B A A N S P P R T o B R

() ZF 03t A 50 55 (R b v, o] R R R B 1) 52 0
e, % DA HEAT BRI M M/ A2 25 0t £ 4 45
FI oy, X BN B AT T /N A ZE A
T3Ah IR 6 8 58 A B Bn 1 0 8 L, B BT R
W1, POD JZ AR A P9 3 i A7 15 119 3% 1 45 e 9 — b
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iy, v N Kl B T R R DE A B R AR (2 A A
2014) . WA 0L, B A AL R S b POD | CAT,
SOD 1 Pk K it £5 92 375 1 15 551 il 22018 0 AT s 1 0
AR A /N 2R R AR B b o L A R
Yo, MR S E A AEEEA S S, RS
PR /N 2 i 3 28 0 () A B bR iR A o T — 245
5.
3.3 AIigskphiE T/NESFHAmT &6 1A

INFE TR R PR S5 2 4R T AR ZE I AN 1, DLEF
K ARKEFIE B 1545 58 € 8 £ (XS5, 2001 5 X1 F
PF5E,2014) . ARWFGE REILTF/NE ZEHIE R 94
FRESBRIEA T ER R S5 52 , PP S5 S v 22 6005 Tif £k
GETE R 2 P (THER) o W22 6005 S —4 Tt R ik
PEZE Y /INZE LR, X 5 A P LB A AT, )
Ah, % e R M L VR 22 6005 5 A BT R R
SAM1 SAM49 Fll SAMS59 , X 55 5K 2 i H [a] 1 £5 7%
R B, GEEREBY, AR 40% N T K
Jolpifr | JEF /N 2R AR B AR 0 R D SR AR
IR GE 43 B 7 ik T S B /N2 28 10Tt 3 1 0 4
53, T e R e R, TH
TRAL /N R W 20 i e, & —Fh = N &
R PR RTAT Y/ INAZ 2 ER PR M E T

4 i

(1) 7 40% N T g /KEEME T, /N ZE I A
Hh T R AN T B S s R AT
B PG POD 5 PR 5%, CAT A SOD ¥ 1

(2) #HXF SOD & PEFUAHXT CAT 3 M 2 (8] 4H &
Pk, e [F] 3R B A /N 22 ZF 01 i R o N T K R
364 R] [ ) 7

(3) BT T AT AR LE G R 4 A
LiE IR YA D EZ S (= = M I R B | B o e
BRI R/ INE SRR R TR R 0 T 2R 4 e R Y 2
AT 5 2 FEE 3 TR RER I /N SR
R AR B E IR AE B 2 S5, POD,CAT,
SOD 3 1 , LA K il 2019 A mT 3 1 0 1 s vl A
/INAZ ZE ST R S A O A i AR BRR A

(4) BB E 6005 F1 73 NHE RPN S
J5, Hrh i3 6005 AT Eh L B F RN 2 K
(TR h) T Eh FREE RN L R (T MK RN
SAM1 .SAM49 I SAM59,

S
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Relationship between panicle differentiation and
leaf age index of sorghum

ZHOU Yu, HUANG Juan, ZHANG Yaqin, WU Yu, LI Zebi"

(' Institute of Characteristic Crops Research, Chongqing Academy of Agricultural Sciences, Yongchuan 402160, Chongging, China )

Abstract: In order to determine an easy leaf age (LLA) diagnostic method of panicle differentiation stage of sorghum, the
panicle differentiation of sorghum and the relationship between differentiation stage and LA and leaf age index (LAT) were
investigated. Hybrid cultivar ‘ Jinyunuo 3’ and conventional cultivar ‘ Guojiachong 1’ were used as materials planted in
three sowing dates, the panicle differentiation stage and corresponding LA were recorded. The results were as follows: (1)
The panicle differentiation could be divided into five stages, i. e. vegetative stage, elongation stage, panicle branch
differentiation stage, spikelet and floret differentiation stage, gynoecium and stamen formation stage. The sterile spikelet
with stalk could develop to gynoecium and stamen formation stage. (2) With the detention of sowing date, the starting date
of panicle differentiation was advanced, and the growth duration shorted, and LA and LAI of each stage of panicle
differentiation were decreased, but there were differences among varieties. (3) The relationship between the panicle

differentiation stage and LAI conformed to linear regression correlation, with a formula of panicle differentiation stage (i)
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to LAI (Xi) of Yi=bXi+a. (4) With the detention of sowing date, the parameter b and lal in formula of ‘ Jinyunuo 3’ were

increased, while those of ‘ Guojiachong 1’ were decreased. To sum up, it is viable to infer panicle differentiation stage

applying LAI, and the results provide theoretical basis for sorghum cultivation index management.

Key words:; sorghum, panicle differentiation, leaf age index, sowing date
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SRR 1 A S8 P 0 T 2 H A R B R S
HEWT R A Ak 1 7R 1 2 A7, Foh it g s A AR Sy
EBIXT R SE R RS2 W A% O N2, R Rk 3 1
bk S B A F 2R (2R /R 55 ,2000)

FEAPER(1959) XF S AE K AHE ) & B L kAT
TVEHIES AR R0 IR 2 (1958) WY i, s e 3
BEATAERN 53R 8 B B s 2 UETE 55 (1999) K i 431k
HBRGINPIEA BRIEHARE G bl e
UCR 6 AR B, #iE LR SN E K E LR
WU, REZ DA B B 5 S | 08 A 85 A
B SATAFAE A [ 2 B2 14 X6 0 5 2R (3R 24445, 2000)
X ZR A St A T AN [R] , A6 1 o 7 /N A i 3
SIS (R dG S 3550 R AS 5 25 B 0 m) 25,
A AP AE =I5 Y ) A5 R AT AL T M A
BROTACI 5 B o A P R A, AR 43k A% s B
AR 22 1 (BRARA F 2R IE B, 1995) o 4 [ 7 4%
(2003 ) AR 35 A4 5 MEERE G [R5 2 | 7 T e
MR AR AR AT A R SRR B

FETAL S AN S B R B AR DS E KA (B
PHAE 1980, 1983) | K (41 9% 5%, 20105 AR 30 45
2011) /INAZ (ZESCHERNE FEVK 19795 2547 AR A, 2001 ) |
B (EAREE,2001) FEAEY LS8 £ | T 3R L
e SU M= NGE-TSEARIE: S PO RS A P
RIHRIE . AW G AS [R5 0 AS 7] 5 B s 5 40
MR AR B AT WL, B9 e SR A Ak 5 1 K
IR R XTI 06 2R IR LA A3k 18 i 812 W
2, R B PR R FRAS AR SR ERIR AR

1 MR 57 %

1.1 ik

FACFh WA 3 S M LR E A
57 43 He R R T AR ML R A B R €A ) 5 T A
VU8 Al Ak 2 B 7K A o BRI 5 i 2 2L

RIS T 2018 4F7E 5 B ARl B} 27 B ¥ 74 AF
Py sl (=P T ok N X AL W 1 Ol R AR R,
107.64° E 29.52° N, ¥ 298 m) 5L, itk +
gkt M2 L1 pH b 5.6, HAL & &
22.3 g - kg, A 1.31 g - kg, HALA 119.0
mg - kg, A B 25.0 mg - kg, WAL HR 74.7
mg + kg IR0 Hb FTAE IR IR R BT A B R R
W, WK E4 H4H(1L) 4 H24 H(2)H15
H 16 H(3)3 NMEWH, 17K 5 m, 7# 0.5 m,/MX
L 50 m*(5 mx10 m) , FAE % Bl 7 000 £k -
667 m”, JCIE,3~4 AR HT, S5 ~ 6 0,
R 2 bR
1.2 MEF %

=5 5 A B AN DX aE B A AR R I AR R
80 PRIFATHRIC , FH 2L €5 i1 4% 28 7 R il w1 R %
R, B 2 d 38 3 #RUEAT ARSI, IR ic 5k
X IO e I

SRR A0 5% L AR AR I 2 ) 2 i R A i
T4 7EVT R NSZ-608T A0 i i 4% T W5t
MR, D (LT 0 2 B B i 4245 (1998 ) 5 kKl
Gy, KRB JEIHLAT BRI/ N /N AR T Ak B BORAR
oA,

% (leaf age, LA) ; &8 H I 4, oK 42 @ I it
e sk A R LB AL B (B A5 ,2013)

S (total leaf age, TLA) : M F 43 R I
Ph 20 BRAY R R BCESAE R R

#8468 20 (leaf age index, LAL) ; M- #% 5 & i %
B 43 ke, B LAT( % ) = LA/TLAX 100,
1.3 HIEHH

X Microsoft Excel 2007 ¥4 #E47 55 s 3 |
[l 05 53 b FAE 5]



326 I R W7

42 %

2 HREHAH

2.1 SRHEHLITRE

ERNE LT 4r R 5 A DS R A K
1IN e N R IS 0 i AN - WA N e e
FIHE A 58 43 A 1, A [R) 5 S [) 426 99 %) B O s 4
AR B3 0 45 B B 45 4 1 B] A7 7E 25 5% (0 2 f 1
FrAAIE S IAR -2, DL EkG 3 5 ik d
R AR s SRR R (B 1)
2.1.1 AKXy AREEMBE S, &
S JE B AR, A R RO AR
BRUR(E 1. A) , EFRARIAA K "R A AR A K
W6 A, R 7= A 2 [ R B A 285, R Ay i i 3
(B 1.B) W I K 7 55 8 S A K, o b
FHIE L&t
2.1.2 AR KA RS Efe, i  EE
TR, A HE TR IR S BRI K T v 3 T
A HERHE P EOE AR LAY (B 1.C) , R W
L SUPNCA - S A= A B B Y R4 = R A=
FEEREE — W AR A, i AR T
2.1.3 AL SRR MR BIRE, A K
e 35 A RS T R AR 4 Bk
AR E R — R R (K 1.D, E), kA
S e HEAT S T A A 2 TS — A A R
WA 58 U J5 3 — GRS AR S B I 4 5
A AR G A A R ) TR A3 Ak
W, — Bk F R = MIE (R F), T
AT ¥ 1E 43 Ak B S A T A I A 2R AT
SHBAAL(E1:6G) o ARHET TR 2 =
S B A v N T Dl et/ A Y 7/ 1 )
B, /R I A = G DU OB A R B A i T
Ui RS AS ARG, B A RO R B A
PAATREE by A /N R R 30 R e
A SN /N 11%) S BT 30, R 45 SR A,
2.1.4 AR GRS AE S HEAE M SE RUE , A
T BT URZ W T, =GR 1= A LR e
(FE 1H) B A/NEE I /NE Rk S50k, d=
AFLR G, B R/ N JE L (T 1. 1) A Tt v HE
A 3 AN, LU R ¥k 2 AN/ TR 3L (B 1.
1) o /NSO (5] | 63 7 A Z Al JRL AL 5K
IR ZE R, A F A L2 & A, 50 I N
L NE SRR RTS8 LA E Y ANRE R ]

2.1.5 MeAESS AL /INE R SRR S R A T
S Ak 3 AR g B R M A R | 3 A e
JRFE R g B 1 AR RIE 2, B Sk M 25 5
BL(BI1:K,L) . A NS Ak S I K
O e ) L (BT 1 M) R S e
SLIE I DB IR, ) Bt e 5 3 R AU K, T T K
2 MR EEIFMEK (K 1:N) . AW/NENTTE
N A N s A A TR A B s
Ko TCAR/INEE N AT & /N6 M R 288 Ak 22 A K R 24
A F PR H Sk B BAR S () 1:0)
22 BN ERHES U HENEZI

RN BEE IR HER | 2 B4 1k
U FAE BB AT, o3 Al Ar S B () 46, Al R A A
REOFA W4, RS ZET 8.3 4
I 1E] < EWRE 3 5 DA Tl ke f e 1) A% Ak e
BE, T &Iy B 43 AR 52 F ] R4 R 2 R B R B
AR/ ¢ AL 1 5 R AL B
(i) 0 1 el 43 P 4 5 1sF ) A Ak i B 24 95 K i il 7
T AR BCE IR RN, I E A S
=Rl ATE N,

Bl B AR B B A KM () |
REAE A0 T ) 0 A 35 o AR (V) B 4 0
AR D) /NN S AR 3 (V) 76 4%
AR o2, l AR T R AR, AL
15 ¥H ik 3 5 AR R IR K,

2.3 BHAXT S R e R I iR FE 2 M 22

H % 2 & 2 T, Bl AR AR BTG 3
5 FERR A AR HE AR (TD ) A A 43
(V) I8 2 ek /DN | At B A % A 3 A% 3 1]
ZRR S EEL 1S [ AR A Y
it % HA 43R T /S

BERE I (0 3R | b R A R s R B v,
kG 3 5 78 3 A8 W Y o B 4 0 ok A R
0.28.0.30 F10.35 i, ‘ E AL 1 5 4351 k&K
0.25.0.29 1 0.34 f. Hrh Wi EEEE,2
AR R R 25 NI R #E 1 7E R 0.25
RAA &M 2 58 3 16 0.27~0.29 Z ], < %
kR 3 SR T EAL 1 5 RO =R,
R A A TR 4 B SR TR, R 3 50 3
B B R 0.31.,0.33 F10.42 A, ¢ [E 24T
15 435145 K0.25 .0.28 F10.39 iK1 5
I 2 Z ) o A AT, B AR TR 3,
kG 3 5 FEANFE A1 45 A B R R A [



JE BT A5 - e SR A RR A 0 1 M) SRR 5T

A-BL AR CAE KA IR, D-E. SR M, F. e e G. S SBEA; B0, NN ik
1, K-0. MEHES ML,

A-B. Vegetative stage; C. Elon,

n stage ; D—E. Primary panicle branch differentiation stage; F. Secondary panicle branch differentiation stage ;
G. Third panicle branch differentiation stage; H-J. Spikelet and floret differentiation stage; K—O. Gynoecium and stamen formation stage.
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Panicle differentiation stages of ‘Jinyunuo 3’

Fig. 1
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Table 1 = Starting date and lasting days of each panicle differentiation stage in different sowing dates

8 P i A e8]
Seeding Jointing I v A% Heading Mature
fib it i) stage stage m-1 mw-2 1Mm-3 stage stage
Cultivar Treatment . N y y
o RSB gy NEC gy REC gy gy S gy REC gy REC g RO, O
Date Days Date Days Date Days Date  Date  Date Days Date Days Date Days Date Days Date Days
(d) (d) (d) (d) (d) (d) (d) (d)
CERE 3 5 1 4/11 32 5/13 6 5/19 3 5/22 5725 5/29 10 6/1 4 6/5 8 6/13 42 7/25 112
¢ Jinyunuo 3’
2 5/1 27  5/28 6 6/3 3 6/6 6/7 6/13 9 6/15 4 6/19 8 6/27 39 8/5 103
3 5722 24 6/15 4 6/19 3 6/22 6/25 6/27 7 6/29 4 7/3 7 7/10 35 8/14 90
cv 14.61 21.65 0 17.63 0 7.53 9.08 10.88
(%)
CEEL S 1 4712 34  5/16 10 5726 3 5/29  6/1 6/5 13 6/11 4 6/15 11 6/26 36 8/1 119
‘ Guojiaohong 1’
5/1 26 5727 7 6/3 3 6/6 6/7 6/13 12 6/18 4 6/22 9 7/1 36 8/6 104
3 5/22 26 6/17 4 6/21 3 6/24 6/25 6/29 8 772 4 7/6 6 7/12 35 8/16 92
cv 16.11 42.86 0 24.05 0 29.04 1.62 12.88
(%)

Ve L AR RHEMII] ) M1 — OB dl]; -2, — 0B eill; -3, =i fbiil; V. /NE/INAE S0 30T s V. MERESE
S CV. AR RE(%) . AR AR, TR,

Note: II. Elongation stage; IIl-1. Primary panicle branch differentiation stage; II-2. Secondary panicle branch differentiation stage;
II-3. Third panicle branch differentiation stage; IV. Spikelet and floret differentiation stage; V. Gynoecium and stamen formation stage.
CV. Coefficient of variation (% ). The date format: “Month/Day”. The same below.

k2 AEEHTERHFES S WM BT IEE
Table 2 Leaf age (LA) and leaf age index (LAI) of each panicle differentiation stage in different sowing dates

Jr— SRS
inti I m-1 -2 m-3 v V Mat

an  wn b e
Cultivar Treatment Ce )
A TAl IA TAI LA TAT LA LAl LA TAI LA LAl LA LAl  TLA

A 3 ! 7.8 4457 94 5371 9.6 54.86 10.7 61.14 11.8 67.43 12.9 73.71 158 90.29 17.5

i 7
fnyune 75 4319 8.9 5126 9.4 5414 108 62.20 11.9 68.53 12.8 7372 14.8 8524 17.36
3 6.9 3974 87 5010 9.5 5471 108 62.20 11.8 67.96 12.7 73.14 13.8 79.48 17.36

¥l 7.4 4250 9 51.69 9.5 5457 10.77 61.85 11.83 67.97 12.8 73.52 14.8 85.00 17.41

Average

CV (%) 6.19 586 4.01 357 1.05 070 0.54 0.99 0.49 0.81 0.78 045 6.76 6.36 0.45

CEEL S 1 8.7 45.59 10.5 55.02 11.6 60.79 12.8 67.07 13.8 72.31 14.8 77.55 15.8 82.79 19.08
¢ Guojiaohong 1’
2 7.5 42.68 9.5 54.07 10.6 60.33 11.5 6545 12.6 71.71 13.6 77.40 14.9 84.80 17.57
3 7.4 43.02 88 51.16 9.6 55.81 10.8 62.79 11.8 68.60 13.5 78.49 14.7 85.47 17.20

¥iH 7.87 43.77 9.6 53.42 10.6 5898 11.7 65.10 12.73 70.88 13.97 77.81 15.13 84.35 17.95

Average

CV (%) 9.20 3.63 890 3.76 943 466 867 332 791 281 518 0.76 3.87 1.65 5.56

¥ LA. i ; LAL MH8F8%0( %) ; TLA. S0,
Note: LA. Leaf age; LAIL Leaf age index (% ) ; TLA. Total leaf age.

FL LS L R B AR MO, R O B L B A, ¢ T 6
ML OB S RHCT A, PG 3 50 W0 R PEI 5 (BTN I I ) UM 2530
SRR [FLL 15 (V) U RO T/, 3 19 3 2 3
BT AL T BRI (L R 22 SRR B R BELT 1 A K O
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V. MERESS L

JS. Jointing stage; II. Elongation stage ; IlI-1. Primary panicle branch differentiation stage ; IlI-2. Secondary panicle branch differentiation stage ;

II-3. Third panicle branch differentiation stage; IV. Spikelet and floret differentiation stage; V. Gynoecium and stamen formation stage.
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Fig. 2 Leaf age and leaf age index of sorghum in different growth stages
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Table 3  Liner regression analysis of panicle differentiation and leaf age index
(=}
s A b B ) > .
Cultivar Treatment b X a R F (2-a)/b /b
CEIRE3 S Y, 0.138 3 X, -4.808 8 0.937 3 74.799 49.232 1 36.153 3
¢ Jinyunuo 3’
Y, 0.148 6 X, -5.301 6 0.983 9 306.395 49.1359 33.647 4
Y, 0.155 4 X, -5.486 1 0.990 8 538.677 48.173 1 32.1750
t-test 29.661 s 25.717 s 144.469 #x  29.271 ==
CEa S Y, 0.164 8 X, -6.8554 0.989 9 492.077 53.734 2 30.339 8
‘ Guojiaohong 1’
Y, 0.149 9 X, -5.774 6 0.987 2 385.941 51.865 2 33.355 6
Y, 0.142 8 X, -5.083 5 0.993 1 724.032 49.604 3 35.014 0
t-test 23.525 s 11.451 s 43.329 s 24.049 s

. owx FORLE 0.01 KTV EEFRE,

Note: ** indicates significant differences at 0.01 level.
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Purification technology of total flavonoid-C-glycosides
of Premna fulva by macroporous resin

DANG Jiaoyang*, CHEN Yueyuan’, YAN Xiaojie’, LU Fenglai’, LI Xia', LI Dianpeng®”

(1. College of Chemistry and Bioengineering, Guilin University of Technology, Guilin 541006, Guangxi, China; 2. Guangxi Key Laboratory of
Functional Phytochemicals Research and Utilization, Guangxi Institute of Botany, Guangxi Zhuang Autonomous

Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China )

Abstract;: Flavonoid-C-glycosides, as one kind of the effective components in Premna fulva, have the effect of antigen-
induced arthritis. In order to optimize the enrichment and purification process of P. fulva stems, through static adsorption
and desorption experiments on 13 kinds of macroporous resins with five flavonoid-C-glycosides in P. fulva stems as the
index, a suitable macroporous resin was selected, and the results were tested by the HPLC, and then the orthogonal
process was used to optimize the enrichment and purification conditions. The results were as follows: (1) XAD-16N

macroporous resin has good adsorption and desorption effects on the five flavonoid -C-glycosides in P. fulva stems.
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EETE: ) eI IRl & e L I (FERE AA18118015) ;)7 74 [ AR} 5 G (2018GXNSFAA294031) 5 Ff s 5| b J5 B4 e Ji % i
(#E B} ZY20111010) [ Supported by Innovation-Driven Development Special Project of Guangxi ( AA18118015); Natural Science
Foundation of Guangxi( 2018 GXNSFAA294031 ) ; Special Project of Local Science and Technology Development Guided by the Central
Government (ZY20111010) |,
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Through single factor screening and orthogonal process optimization, the best enrichment and purification process was

finally determined as that the loading concentration was two times the original extract diluted, the loading flow rate was 2

BV - h', and the eluent concentration was 60% ethanol. (2) The contents of five flavonoid-C-glycosides increased from

1.73% (in the original plant) to 14.50%, an increase of 7.38 times. All the results indicate that the selected extraction

process is stable and feasible, and the selected macroporous resin has good separation and purification effects, which

provides a reference for the drug development of P. fulva stems.

Key words: Premna fulva, flavonoid-C-glycosides, macroporous resin, orthogonal test
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AR, Pt R, H R BUEEE,

F1 STEMBREUSWHIRAEHL

Table 1  Standard curves of five flavonoid-C-glycosides compounds

A =N

ety e & e bre
. Q

Compound Standard curve line

(pg) (pg)
FFEE-6,8-—-C-B-D-TE BT (1) Y=10 000 000X+81 351 0.999 2 0.18 0.54
Apigenin6 , 8-di-C-B-D-glucopyranoside ( 1)
FE £ -6-C-B-D- KN -8-C-B-D-HHWELF (2) Y=4 466 420X-6 968.9  0.997 7 0.14 0.43
Apigenin6-C-B-D-xylopyranosyl-8-C-B-D-glucopyranoside ( 2)
R FR-6-CB-D-AHH-8-CB-D-F- A (3) Y=7239 770X-154 149 0.993 6 0.24 0.72
Apigenin6-C-B-D-xylopyranosyl-8-C-B-D-galactopyranoside (3)
JT3HFR-6-CB-D-H 4B -8-C-B-D-ABEIT (4) Y=3 091 590X-5 670.3  0.991 8 0.19 0.57
Apigenin6-C-B-D-glucopyranosyl-8-C-B-D-xylopyranoside (4 )
J1 3R -6-CB-D-F-FLH-8-C-B-D- KT (5) Y=8 174 940X+15 891 0.999 8 0.06 0.18

Apigenin-6-C-B-D-galactopyranosyl-8-C-B-D-xylopyranoside ( 5)

¥ LOD. & il ; LOQ. &R,
Note: LOD. Limit of detection; LOQ. Limit of quantification.

1.2.5 K 3UH g o4 it 45

1.2.5.1 RALW A 0 B Aab #1435 FR B — % 5
HPD-750 , HPD-BJ() . HPD-100 , D296 . LSA-700B .
LX-T5 . NKA , XAD-16N, FPA53 , LX-38 . LX-T28 .
LX-60 Fl D101 3t 13 F R LA, F £ B il 24
h, HZERK IR IR vE 2 IOk, & 1,

1.2.5.2 WM ERE  SE8E LR WAL 34T i K FL
B4 50 g, 205 & F 500 mL #EJE 4, & A
250 mL 4R BOR , 25 °C K 18 5 185 5 Ik 3 W B 24
h, Ah0E BRI 3 AN TAT S8, OB I e 5 4>
PGt 0 B i, SRS A B T KIS UE 3 W
JIg , FH U8 40K AR g 2 1 14 7K 2 W T, % A 500 mL
HEIEI R, A 80% 1) £ 250 mL, T 25 °C F1H
TR PR 5 e 12 h, B W RO 5 A B
(R R T, 2 BT B0 S H S W B R S A R L

AT AW B RE DA 13 BB B e B fE A
TR

W BRE (%) = (SR 5 A o5 R AR 8 T o -
W B S 8V 5 A B B R L) /IR S A B
P B B T X 100

R (%) = W5 WD S A B AR 1 1Y
S o/ A IR R %) S A R R R BT X 100,
1.2.6 wE W &aysd MR 1.2.5.2 ke R,
B RAL IR AL BRAT I, M B i, BUHRE O v
AR, B 60 mL, LA R 09 i 2T B AR B 4
e R — 3 A LR R, D I R S A TR
T i, 2 ik g 2
1.2.7 $ A% £ A EKALKE FHIE1.2.2 2
BRI il 28 T 3, il A R IO, LA IR I 23R A i
FNERLRE A MR b, A8 Fo At PR 22 W] i) 17 o
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T, 5 2 A O R R R [ R O B 1
e MR 2 M5 W (0fF)] . LA (1.2.3
BV - h') PEME R JE (50% .60% . 70% . 1) %
JBEVE R A (1,23 BV) X 52 B 258 0 it R 38 114 5 T

R B R 38 S 6 A O o 45 S, DA IR b R
WERE | DR TERE Y VR VAR R R R v O
WL REVREE | DA VRO 3 A R
IR R A AL &, 8B T 5 A 3 506 PR A R
T AERRS I HP 0 8 A T 3 R A U IOV P )
BhR, BT Lod (3%) IEASIR IR, 1IE AR IR 28 57K
T 2, BRI R K i IR SO

R R (%) = PRI R 5 A 196 M B W Ak 3 1Y)
ST/ R 5 A A B R B E A A Y
SN B BT EE % 100

VR T A T

S (%)= 1 APRWKH x100.,
=(%) VR h

k2 BEERERKF
Table 2  Factor level

A B C
K R e b PSR MR B
Extract Extract flow Eluent
Level . .
concentration rate concentration
(g-mL") (BV-h™) (%)
1 1(1£%, one time) 1 50
2 0.5(2 1%, two times) 2 60
3 2(0 1%, 0 time) 3 70

2 HER5450

2.1 1RSSR B 14 RE B 4%

PRSI BT 25 2R (T 1) 3R . Bl 5 A BB 1
P14 A T B 283 AR A A4 i S XAD-16N (86.65% )
LX-60(83.51%) .LX-T28 (81.92%) , 4 i 1] 2% 5%
AR B E (P>0.05), D296 Fl LSA-700B X & 5
AV B R RS U BN 3R A AF (81.71%),
82.00% ) ,(H /&P B % KA 1.44% .1.03%,
P PR R 3 R 2 A i Sy I £ B AR Rl HE I Bf i
iR FOAE S To PR LB . 1 LX-T5 . FPAS3 P-4
Ik Wz B2 i R A WO A R A XS A L 2, W R RN
fRNCRAR LI AR, UM E A, SEA RE
FIMEEE R S Tk A BRAGAS S D101 A1 H ( F#F
Fift B 2, 2014) , XAD-16N , LX-60 , LX-T28 = i
i T o 2R 15 i 28 P T D101 (74.30% ) , 1M1 4
JEFEH SR LR EXER . MRS

W A RO WK 2% 2 M 4 RS i 1 Tt T 4

1. HPD-750; 2. HPD-BQJH; 3. HPD-100; 4. D296; 5. LSA-

700B; 6. LX-TS; 7. NKA; 8. XAD-16N; 9. FPA53; 10. LX-38;

11. LX-T28; 12. LX-60; 13. D101.

B 1 AT PE RSB IEXT B 5 A B mR A 1Y
T 7 R B 23R i R R L ¢

Fig. 1 Comparison of the static adsorption rate and

desorption rate of macroporous resins with different

polarities on five flavonoid-C-glycosides

2.2 W Bt ittt 55 fh &%

34 XAD-16N | LX-T28 .LX-60 . D101 K AL
RERE AER 2k | f I 2 mT % B LR R AN, 5
A TR T 0 it 2 28 T R I, 2 B K B B A
TROFT BRF B, Jitk 525 o 154 i (%) R A B T, B R AL
REREIE BN BN AR R, AN [FIAS B X BB A 5 A4~
BRI B T 1 W o o A BT 22 5 Mtk U o A A AN TR
Horr, XAD-16N 1 it I o fre 20 W i o e 22, OO
D101, 335 /& LX-T28, M LX-60 ¥ 5 i)W fh- B 11K
PR B XAD- 16N A5 5h 25 W% B 5256
23 REHEMBERLIZ
2.3.1 $BGR EAORE LR A B R R
BOBRR R 1AL W R 2 A% (0 ), B 100
mL, 7351 2 BV - b (/N 2 A AR ) i It ik
i3 XAD-16N BRALRAE , FHAEAK G 22 3t A
ot AR AR, ] 70% 2T 3 BV, W4 vk it
W, FRASIEAN 3 AT, H 2.2 T EINE 5 B
B A B i VT 5 S A A 1) S A %
SRR, N3 T LUE R RE 1A S R
i T 2 5 2 1 I BFE 2R AR 100% , B {8l T B
I, W20 A 67.32% 5 T fifk W52 56 T 8 R 5 Y s
B A5 SO W3 R R 2 f N, 27 1%
JE WO 2 RV B O AR R 1A
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Fig. 2 Leakage curve of five flavonoid-C-glycosides

from Premna fulva

®3 REREERENKE S MEMBE
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Table 3  Effects of sample concentration on adsorption
rate and desorption rate of five flavonoid-

C-glycosides from Premna fulva

RSN 7 [ 2% MG 32
e I fi
Concentration of column liquid Adsorption Desorption
- : rate (%) rate (%)
Mk e A
VRO 1A ' 100 93.43
Dilute the solution one time
T SRR A for
JELHR B 2 i ' 100 3524
Dilute the solution two times
VR 67.32 94.61

Stock solution

232 EARE OMYE 2.3.1 BYTELS S EE -
REWOHRBE (IR B 1 A8, sk 4 s, ANERY |
AR AL TN R A ) S R 7E XAD-16N B4 K LY
g F W R 23R o R A R R, AR R 1.2
BV - h' Mg fi R —4E 3 BV - h' i I Fff R & T
Rif, I ik N e B A R ) 39 R R AN SR
F e LR 1BV - b

2.3.3 SR BLIR R HOR BN R 1 A5 LA
() 4 £y, 7y 100 mL, L 1 BV - h™ 49 % 8 i
XAD-16N B FLA g, FH 4l /K P i 2 37 v ok 6
o AR, 20 9 50% .60% 70% 80% 1 2.
BEPENL 3 BV, WSCHE BRI, 00 5 0 MO 8 v 5 S T 1)
Gk, WNFESTTLIE I 4 DU BT 0 W B R 58—
| EL A WG 23R B 2 VA 8 11 184 o 2 T 48 K, 214 ok B
R R 70% 5 80% ), fif W 2 22 S5 IF AN i 2

I, DTS A9 500 14 A 2 5 1 e 28 T R T I T )
JEH 70%

x4 TELHEERENELEES A
B R il R A 23 0 f67 IR 2 A 22 i
Table 4 Effects of flow rate on adsorption rate
and desorption rate of five flavonoid-C-glycosides

from Premna fulva

AR A Kﬁi}in Dﬁﬂiin

Sample flow rate( BV « h™") rate (%) rate (%)
1 100 97.9
) 100 86.1
5 81.2 85.3

x5 AEGEHRBEREXNGHLEKES D
B T e S R A 28 0 82 IR 2R A R4 i
Table 5 Effects of different eluent concentrations on
adsorption rate and desorption rate of five

flavonoid-C-glycosides from Premna fulva

N Moy n b[ 5% 7 G 2%
D 1 Afﬁﬁfﬁ Dﬁa‘f o
Eluent concentration (% ) sorption esorption
rate (% ) rate (%)
50 100 78.72
60 100 87.71
70 100 94.33
80 100 91.42
2.3.4 RBLERAFE WMARNEELEE 233 M

T AN B R FH AE K YR = A R TGS
S5 70% 8 CEERWPENL 1.2 .3 .4 BV, I B
W, BRI 3 ASTAT, HE 1.2.7 ME Mo
5 AN E AR A0 RS B IR S A B T YR
WG BRE 3 FD B I R AR 6 1T LLF Y, PR I T
o 1 BV BB MR NCR /N, HA81.24% ; B 45
VRN A FR )38 K i W 36 320 184 K, >4 1 ot v
B4 BV B RIS B e K, R 98.61% , X it
HH /AR e 0 Y8 5 AN B 5 T g 4 B PR G, T
Ve &0 3 BV B A I %8 95.92% , 5 4 BV
AHZEAN K, T 975 790 ) 1 B %5 B8, e 20 o TR
WHIE N 3 BV,

2.3.5 BRI RIERRE R LB LR, R
2 (IEASIREG B3t , i 45 R W5 7, 20
ZEILATH B IR XAD-16N 52 0 4l 4k % B A5 9 v 5
AEIIRAT ) TEHRFRRKK N B > C >A, B EFE
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x6 AEEBREAENAGLEETS D *8 FAESMW
5 T A W Bff 22 A0 R IR 2R B4 22 ) Table 8 Variance analysis
Table 6  Effects of different eluent dosages on adsorption -
rate and desorption rate of five flavonoid-C- =23 %?qizﬁ H i Flt I Bl P1E
glycosides from Premna fulva Source of - (L " op  Degree of F F P
variance L freedom ratio crltllcal value
% I % value
El (%Hf@fﬁ ?BV) Az‘ﬁi’“ Dﬁ‘?ﬁ‘i“ A 1.34 2 0.062  19.000  >0.05
suent dosage rate (%) rate (%) ’ ’ ’ '
B 27.01 2 1.252 19.000 >0.05
1 100 81.24
C 4.56 2 0.212 19.000 >0.05
2 100 89.32 F(%)  21.57 2 — — —
3 100 95.92 F (error)
4 100 98.61

RT ZREHRER

Table 7 Experimental design and results

=228 K 2 Factor i

Serial Content

number A B C (%)
1 1 1 50 7.21
2 1 2 60 12.73
3 1 3 70 7.33
4 0.5 1 60 12.27
5 0.5 2 70 9.55
6 0.5 3 50 8.27
7 2 1 70 12.69
8 2 2 50 10.26
9 2 3 60 5.74
K, 9.09 10.72 8.58 —
K, 10.03 10.84 10.24 —
K, 9.56 7.11 9.86 —
R 0.94 3.74 1.67 —

TSV B > BRER B, thak 8 T &0
Bras ®Rel M, &R A B . CHIRERmW(P>
0.05) . MEH Y 5 AR o 5 O IS A
KR A, B, C,, BV RV B Ry R B 2 A%,
FEJLH 2 BV - h' eI E 60% &1
2.4 IEIKIE

KM 2.3.5 MR T A 3047 3 IEHIE 5, 45 5%
W9, MFEALS A BHEIRFT NS EN
14.50% , i i J AR 90 4 BBOR TP 5 A4 A 8 T sk 1 1)
RN 1.73% , 9256 45 0 UE 0 98 45 2] 19 K FL A
fIg XAD-16N & S 4alifb 3 R B 4,

3 W& ®

KL BA i S BCRE R 22 7Kk ANE FL B

®9 WIERKEER (n=3)

Table 9 Verification test results (n=3)

R 5 o
o Test number SEYE bR ifE2E
27D Tis
Index 1 5 3 (%)

(%) (%) (%)

S BRI R 90.55 97.35 91.25 93.05+3.74
Desorption rate of
five flavonoid-C-glycosides
SR AR T Y B i 14.27 14.91 14.32 14.50+0.36

Content of five
flavonoid-C-glycosides

PE TN T SR RS W 0 oy B Al R AL
) B R DA 7 i B 4 B BT S Ak W 1 AR 3
T EI A GYA B R, o e
I AR AL S, A BT RAE Y8 T
FLAR A R T AR A AL R BT AR i I B 24k
EWy . GEFFRW | XAD-16N 1E N 3AE A g F T %
A e T A O (R AR TR AL 5 I AR Sy H
A ) Bl Ak P TR T 0 A T R ) e 15 BH R
LI 9 K FLAR (560~ 710 wm) K HE 2 I FH (800
m® - g™ ) FIOK 20 2 3 T il A T R R U
B Rl ) R B RTRE T, R B B U R AR M Y
B 5 R A I 22 ] A% A DG i = 25 [
TR HE LA AR

SR — A LT, B AT O f s AR
B EEMEAR ELG AN ST % i S5, B, A
R LEBE T AR D MR 50, 5056 25 SR 3R B, 2 T flk
TR G W AR R 5 VR L E H 33X R
WG R B3I, BT A, ik F)
VMBS, A T 23R Bl 2, VA 38 ) 0F — 28 185 i ¥
V2%, WEBHER IR o T AR O S e
FRH ) 531 T80 RH B A FH X 36 I e 7 2510 & 0 AR
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JIg A Hog AR . W H, XAD-16N i)
WE AT HCE PR B R R IR A Y, T g
VEREPE RO B B A T A S . S g stk
T2 (D101) #H L, #4 I XAD-16N 4 W [ff 2 ( 86.
65% ) MWL % (86.54%) , ¥ . & T D101 (%
B2 74.30% , W R 77.21% ) . ASHF T8 1 B A
ROk K32 T 244k, fe & s Ho et & S 4l
T 200 R e B Ry D IO A B 2 A% L BRI
2 BV - b BRI 60% 21, RE R Y
Tl 1L73% (SR h A ) $EE F14.50% , 4
BT 7.38 %, L, ARWFSE T Kk T —Fh A A AL
(14 DA% F L 2 v i B T il 1 i T TR R
PR, R, TR nT AT, il kA e R
Tolb KAt A P e — S E M E

SE .
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BE ith $2 RT-qPCR N & & A B iF i
RER, ERA RAAL, HEF, KB, A XE

(1 VLR EZ R SRR B IERES, TI79 3 3440005 2. B K% 1TV BE24pE,
B 5 330031; 3. B & K HMBE RS, V009 480 344000 )

 E. LEEOGEE PCR(RT-qPCR) RTIE A2 — R HA GBS L N i 5 5 14 ( Euphorbia
maculata) 5385 1Y RT-qPCR NS5 2% SCRI FI A1 ve B 1 se R REHLES GAPDH \EF-1a act \UBQ TUB- (elF-
4A CYP Z5FH R Bt ,RT-qPCR Kl 7 A1 PN 2 3 PR 7E B b A W) A AR (25 o LR S 1 B 18 I
J£ 11 geNorm \NormFinder FI BestKeeper 55 42 1) 2 B0 Xof 2% i e K& X SRR a8 R AT PEMY . S5 R W . (1) 52
V&R GAPDH \EF-1a .act \UBQ \TUB-a .elF-4A .CYP FE[K )7 Bc Ay 729 (808 753 422,233 656,313 bp, 435l 4 i
242 269,250 140,77 218 103 AN H MR , 5 H A AR P AH 0 20 B2 9 1) fe v R DR PE 35 7 85% LA | (2) &5
G 3NN T NS H R R R R E AR R e W HE2  UBQ>EF-1a>TUB-a>elF-4A>GAPDH >
CYP>act, PRI, AT LIFEEL UBQ 15 A BEHIES RT-gPCR TN SR H , H T ARE KR E AL 505
B,
KR DEHLAR, JEP ERE, WS, RT-qPCR
RESHES, Q943; R286.12 XEFRIAAS: A XEHS: 1000-3142(2022)02-0340-09

Screening of reference genes for RT-qPCR
in Euphorbia maculata

SONG Meiling', HUANG Shenghe'*, CHEN Zujie’

Z0U Jiaxuan®, LIU Huansheng’, QUAN Wenjun’

(1. Department of Basic Medicine, Jiangxi College of Traditional Chinese Medicine, Fuzhou 344000, Jiangxi, China; 2. Jiangxi Medical College,
Nanchang University , Nanchang 330031, China; 3. Fuzhou Medical College, Nanchang University, Fuzhou 344000, Jiangxi, China )

’

Abstract; The suitable reference genes is a prerequisite for real-time quantitative PCR (RT-qPCR). In order to find a
suitable reference gene for gene expression analysis using RT-qPCR in Euphorbia maculata, GAPDH, EF-la, act,
UBQ, TUB-a, elF-4A, and CYP gene fragments from roots, stems, leaves and fruits at different growth stages were
cloned with the method of homologous cloning. Subsequently, the expression patterns of the seven candidate reference
genes were obtained by RT-qPCR in E. maculata, and the expression stability was assessed by geNorm, NormFinder,
and BestKeeper. The results were as follows: (1) The fragment sequences of GAPDH, EF-1a, act, UBQ, TUB-a, elF-
4A and CYP contained 729 bp (encoding 242 amino acids), 808 bp (encoding 269 amino acids), 753 bp (encoding

Wis B HE: 2021-04-19
EE&WHE: IHEEE TR H AR5 H (GJJ191230) [ Supported by Scientific and Technological Research Program of Jiangxi
Education Department ( GJJ191230) |,
E—1EE: RIEFL(1989-) M1, PHIl , T2 N F 25 HIAE Y 4= W H AR BESE , (E-mail ) sml0703@ 163.com,
CBEMEE . EMR L BB, FENF LMY A YR PG, (E-mail ) hsh712@ 163.com,
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250 amino acids) , 422 bp (encoding 140 amino acids), 233 bp (encoding 77 amino acids), 656 bp (encoding 218

amino acids) , and 313 bp (encoding 103 amino acids) , respectively. And the seven amino acid sequences shared over
85% identity with other GAPDH, EF-1c, act, UBQ, TUB-a, elF-4A, CYP by BIAST in GenBank. (2) The order of
expression stability was UBQ > EF-la > TUB-o > elF-4A > GAPDH > CYP > act by geNorm, NormFinder, and

BestKeeper. Therefore, UBQ can be selected as a reference gene for RT-qPCR in E. maculata using for gene expression

analysis in different plant tissues at different growth stages.

Key words: Euphorbia maculata, gene cloning, reference genes, RT-qPCR

Hi B 2 A4 O KRR R R — AR AR AR Y
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BE Ik I R R A DAL, R REE S
WL BRI B A TR R R T R A ([
RO £2:,2015) , HAMCE HEAMR TR . =
Lk A SR T H SRR, B FE S A
WA 2SR S R A W R 2 A Ay, B L
A B PR L Lk | B IR T SRR (A0
45,2001 ;%2 HLET 45 ,2008) . H I, ML 5 5T £
RAAETE TR bR ] 25 B AE Ak i o0 1) 42
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Column DNA Gel Extraction Kit) 5416 5 M F45,
AT A TR (L) ety A7 FRA 7] 5 5 e sl o) &
( PrimeScript™ RT Reagent Kit with gDNA Eraser) %%
g & PCR A ( PrimeScript' " RT Master Mix) 4§,
Wr s AW TR (KRE)ARLSA; Plu i
( TransStart® FastPfu DNA Polymerase) \Taq i}, T-#%
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B HARARRAF,

58 PCR X (T100™ Thermal Cycler) %6 5E
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1.3 XWH*E
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T G EEH I E RNA ¥ BE | LUAIE i 42 50 56
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R 31, EORS 6 e B AR sy X B, 23 il e it o B 3
bR AR G KL A A0 1 0T 51 9, e AR 4 D 4
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¥, ARSEE TSI 1,
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DRHEATRLI , A Be % 0] i 2 Ak 12 BRa 0] & 1
YEVERAHEAT . K nI i) DNA i B 4% T- 80k 5
FeAb KInAT 14 DHS o, TR PCR %8 5E B ST B, 3%
M, 337 GenBank W4T BLAST HXT
1.3.4 RT-qPCR 31 ##&m 5 & vh & o A Wk
55 1R e HERR 51 ) — SRR SRRy e ™
Yoxb 45 R w52, AR RS9 oF | qR 3E47 3% i@
PCR,$RJ5 #£47 RT-qPCR, FEN# RT-qPCR /¥ Ak
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13000 I e AT S5 5 HE 4G 45 IRl 6 B 5 A
(7] £ < 30 PR A U S PR SRR I e i N S A T

2 R 59

21 RIENSEERBEHNREES S

DL RNA S sk i 2 cDNA SRR, AH
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F B 729 808 753 422 233,656,313 bp, 43
S gmhs 242 269 250,140, 77 218 103 & FL iR .
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GAPDH \EF-la .act ,UBQ , TUB-a ,eIF-4A .CYP 4} ]
5 ¥5 1 GAPDH ( XP023733724 ) . H JFf EF-la
(XP002518073) 7K act( ADV17460) | 11 BLHRAEE Rk
UBQ(GFZ13847.1) , K TUB-a (CAB76917.1) | %
K elF-4A (U17979.1) iHHi CYP (ARV78452.1) 1)
[FEYE A 95% .99% . 100% .99% .99% 87% .86%
B AN AZ 7 TR 7 51 % 5% 3] GenBank , 3K 15 % % %5
EmGAPDH ( MT044466 ) . EmEF-1a ( MT044465 ) |
Emactin( MT044464 ) . EmUBQ (MW815120) | EmelF -
4A (MW815119) . EmTUB-o (MW815118 ) . EmCYP
(MW815117)

2.2 RT-qPCR 5| ¥1%iN 5 #5 #% th &k 5> #

HIAHRL 519 qF (qR #6478 PCR 973, 724
KESHM—Z (K 2), ¥76E & RT-PCR 7~
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Table 1  Cloning and qPCR primer sequences for candidate reference genes

1B KR E KB
5 ¥4 EIk7) 2]l Annealing Fragment £k
Primer name Primer sequence (5'—3") temperature length Remark
(Cc) (bp)
GAPDH-F MGTTCATGGTCAVTGGAAGC 56 730 SeREHE R B
GAPDH-R CAATTCCWGCCTTGGCATC Cloning for gene fragment
EF-la-F YTGYTGYAACAAGATGGATGC 56 805 SEREHE R B
EF-la-R GATCCTTCTTCTCAACACTCTT Cloning for gene fragment
act-F CTGGATTTGCTGGAGATGATG 57 750 SLREFRE R B
act-R ATTTCATGATGGAGTTGTAAGTGG Cloning for gene fragment
UBQ-F ATGCAGATCTTYGTGAARACCCT 57 420 i B LR R B
UBQ-R CAGTAGTGGCGRTCGAAGTGGT Cloning for gene fragment
TUB-a-F TGARCCHTCDTCYATGATGG 51 240 SRS A B
TUB-a-R CAHACAGCYCTYTGMACCTT Cloning for gene fragment
elF-4A-F GAGCTDGCHCAGCARATTGAGAARGT 58 650 SLREFE D B
elF-4A-F AGDGARACYTGYTGVACRTCRATACC Cloning for gene fragment
CYP-F GAGAACTTCMGGGCNCTC 53 310 TERE LA B
CYP-R CTGSCCGAACACGACG Cloning for gene fragment
Oligo(dT) . TTTTTTTTTTTITTTTIT DNA &1
Synthesis of cDNA
GAPDH-qF TGATCTCACAGTCAGGCTCG 55 147 RT-qPCR
GAPDH-gR  TGACCTGCTGTCGCCAAC
EF-la-qF CCTCCCACATTGCTGTCAAG 55 167 RT-qPCR
EF-la-qR ATGGAGGGTACTCAGAGAAGG
act-qF CCACTGGTATTGTTCTGGAC 53 169 RT-qPCR
act-gR TGCGGTTGTGGTGAAAGAGT
UBQ-qF ATAACCCTCGAGGTCGAGTC 53 166 RT-qPCR
UBQ-qR TGGAGAGTGGACTCCTTCTG
TUB-a-qF TGCCTCATGTACCGTGGTG 55 178 RT-qPCR
TUB-a-qR ACAGCTCTTTGAACCTTGGC
elF-4A-gF TCTTCCAGTTGCTACCAACC 53 189 RT-qPCR
elF-4A-gF GTCTCGAGCTTCCACTCTTC
CYP-qF AAGCCTCTCCACTACAAAGG 53 162 RT-qPCR
CYP-qR GAATTCCAGGACCGGTGTG

23 BFEENSERD CtESH

X EE BN A A 0 45 A2 (AR 28 P RILAR)
) cDNA B i 3647 RT-qPCR 714,35 ] Ct {E1PAh
FNSEAEMFEE, CES LRI E R, B
CtfH B/ SRk B, N2 5 R R HE Y
K EF-1a>TUB-a>elF-4A>UBQ>CYP>GAPDH>act
Ct{EZr %M 17.04~19.55 18.52~21.81,18.58 ~
22.04 .20.19~22.90 ,20.63 ~24.99 21.85~24.95
24.44~29.26 (K 4) , 3 WEE Z[H 4% M S H 1

TR BN, HR KA AR,

24 BENSEEREREES W

2.4.1 geNorm 24 547  geNorm 43 1 11 B
JE FRH MR S5 M7 B PR AR R E R, M B/ R
PERRATE o BR act A1, 6 A3 P 2 5 DR FE A [) 2H 41
hRIBM M AEA /DT 1.5, REHEA N UBQ>
TUB-a>EF-1a>elF-4A>GAPDH>CYP>act( % 2)
2.4.2 NormFinder 3% % 5> # 5 geNorm 2 ,
NormFinder # {4t 2 3 o 25 %6 N S 2L G M (E
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M. Marker; 1. GAPDH; 2. EF-1a; 3. act; 4. UBQ; 5. TUB-a;
6. elF-4A; 7. CYP.

Bl 1 SERES 19 (F #l R) PCR & S b Bk N 45
Fig. 1 PCR products of candidate reference genes

using primers (F and R)

M. Marker; 1. GAPDH; 2. EF-1a; 3. act; 4. UBQ; 5. TUB-a;
6. elF-44; 7. CYP.

Kl 2 3ikES ¥ (qF Al qR)PCR 1 fe b 5L Ry 25
Fig. 2 PCR products of candidate reference
genes using primers (qF and qR)

PR R BT ENE . 4 NormFinder #4443 #71,7 4
WSEHRTE & H A RIS ERBREATELE R,
¥ M (HKR/NER A UBQ>TUB-a>EF-1a>elF-4A>
GAPDH>CYP>act (% 3) ., UBQ B M {H#fik, MAK
e TR AT

2.4.3 BestKeeper #2449 #7  BestKeeper Bl MR 545
LR CtE, THE AR R 2 ( standard deviation ,SD)
AR S 280 coefficient of variation, CV) K PEAL 45
ZHERRE T, —BORU, TaE NS BN A A
B/NEY SD {E A1 CV {H, BestKeeper 431 1 5k [ 3%
Kk EPEHE 4 N EF-1a> UBQ > elF-4A > GAPDH >
TUB-a>CYP>act (3¢ 4) , HH  EF-1a . UBQ . elF-4A
9 SD {E AN CV E LRI , ZB AR RRAE o

2.4.4 e Ar T ANSEERTE 3 NP
HEFP A 22 57, 0is I JUART F- 35 {8 58 126 0 A7 4%
NS HER B 256 {2, 8 S5 K LA 248 8
G, D0 HCRR S 1 B, 4% N S Ak D 7 6 3 4 A [
A RKIAAFHL D R B T EM LS 14 UBQ>
EF-1a>TUB-a>elF-4A>GAPDH>CYP>act (£ 5)

3 5

WEF TP E R FEWHAM, TES
A S WIS W RN A W ik 2 A H o
RoafE AR, H AT, BEHER 8 0 AW
MR E B D, AW E R S BT BE AR
GAPDH .EF-1a .act UBQ .TUB-o el F-4A .CYP 254
HfE5 N2 3] R B, FEAE by i 3k 9 2 36 R it
7 RT-qPCR, 5 A geNorm , NormFinder #
BestKeeper W4 75 45 A= £ ] (8 109 46 109 SR 199)
MRZE MR S R R E T, AR, £
535 N 2 L L FEAS TR A K 145 L b i Rk 2
bR act SMEREE R, CUIE B AE 25 LN fF & 2K, W
T3 AVPAR A R AN R e 122 580k | 3 B 46 2R
WMEAEER, WEGAG MR AREES NS
JL[H (Kiarash et al., 2018 ;Zhong et al., 2019) , H:
1 geNorm Fl1 NormFinder [ 73 B 45 2 &8 o — 3k,
UBQ .TUB-a EF-1a . elF-4A . GAPDH 1] M {f # /)N
T, BB E, RfENSHERHE R UBQ, T
BestKeeper WEM 45 S 51 g A £ 5%, EF-1a,
UBQ .elF-4A .GAPDH 1y SD fE/N T 1, % 85 A4 i ik
RN ZHE N EF-1a, T UBQ Fl elF-4A ik
e, 5 EF-la JF A B 22 5%, UBQ 2
REA, 5SEARMY ZRGAE X, S 5 M
L UBQ 28 FHM NS LN 2V Z M4 h 15 21 5
FH B0 53 87 A5 25 76 9 AS [5) & & B 301 RO [R) 20 28
B HE R 22 38 I RT3 1 UBQ Al 1 2 3 (1] (254t
2017) . EF-lo i AN 5 o WIEFEH , 7FH
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A. GAPDH; B. EF-la; C. act; D. UBQ; E. TUB-a; F. eIF-44; G. CYP.
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Fig. 3 Melting curves of candidate reference genes
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A. GAPDH; B. EF-1a; C. act; D. UBQ; E. TUB-a; F. elF-44; G. CYP.
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Fig. 4 Ct values of RT-qPCR for candidate reference genes in different tissues at different growth stages
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2013) , DA, 25 07F 5% B0 1 60 S ] A K 301 35 IR 4 41
RSk AT AR I UBQ YR NS LI 4
NS ENE S, W UBQ I EF-1a 8 &3, I
S50 J5 BL B LR 4 AR W A DGR Y AR AL T
FISAE. MoK Bl A B 1 5 35k PR & 1 A 3R i 52 1Y)
RN AHEBR 2 B RS 2 i N S 2 A

F 2 geNorm T ASEREMWRIERE Y
Table 2 Expression stability of candidate

reference genes analyzed by geNorm

HEA M {H He#

Gene M value Rank
UBQ 0.82 1
TUB-« 0.90 2
EF-1a 0.91 3
elF-4A 0.94 4
GAPDH 0.96 5
cYp 1.17 6
act 1.65 7

#& 3 NormFinder 3T NS EERRIXIZE S
Table 3 Expression stability of candidate reference

genes analyzed by NormFinder

A M fE He#

Gene M value Rank
UBQ 0.19 1
TUB-a 0.35 2
EF-la 0.42 3
elF-4A 0.43 4
GAPDH 0.44 5
CYpP 0.59 6
act 1.08 7

% 4 BestKeeper ST NS EE R RIETEE M
Table 4 Expression stability of candidate reference

genes analyzed by BestKeeper

2 sD {8 CV fi HEA
Gene SD value CV value Rank
EF-la 0.79 4.36 1
UBQ 0.80 3.81 2
elF-4A 0.81 4.10 3
GAPDH 0.98 4.23 4
TUB-« 1.01 5.02 5
cYyp 1.05 4.56 6
act 1.16 4.40 7

R5 BNSERAREREUGEEAHA
Table 5 Comprehensive rank of expression stability

of candidate reference genes

JUf g
S o Bew. U HEE
geNorm NormFinder Geome- Compre-
Gene Keeper . .
trical hensive
mean rank
UBQ 1 1 2 1.33 1
EF-la 3 3 1 2.33 2
TUB-«a 2 2 5 3.00 3
elF-4A 4 4 3 3.67 4
GAPDH 5 5 4 4.67 5
CYP 6 6 6 6.00 6
act 7 7 7 7.00 7
S &k
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