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Resistance Identification of Southern Soybean Varieties to Anthracnose and
Expression Analysis of Resistance-Related Genes
LI Yue'?, LIN Jian-hao', NIAN Hai’, RAO Jun-hua®, ZHOU Er-xun'

(1. College of Plant Protection, South China Agricultural University/Guangdong Province Key Laboratory of Microbial Signals and Disease Control,
Guangzhou 510642, China; 2. Institute of Zoology, Guangdong Academy of Sciences/Guangdong Key Laboratory of Animal Conservation and Resource
Utilization/ Guangdong Public Laboratory of Wild Animal Conservation and Utilization, Guangzhou 510260, China; 3. College of Agriculture, South China
Agricultural University, Guangzhou 510642, China)

Abstract: In order to clarify the difference of resistance in southern soybean varieties to anthrax, and analyze the expression
rule of disease resistance related genes, we planted 100 southern spring soybean varieties bred and collected by South China
Agricultural University in recent years in the greenhouse, and sprayed flat ended anthrax spore suspension at seedling stage.
We calculated the disease spot rate according to the leaf spot area and divided them into 6 disease resistance levels. We used
qRT-PCR to detect the relative expression changes of disease resistance related genes, such as pathogenesis-related protein
genes, salicylic acid pathway genes, jasmonic acid/ethylene pathway genes and polygalacturonase inhibitor protein genes, in
typical resistant and susceptible varieties inoculated with Colletotrichum truncatum at different times. The results showed that
6 resistant varieties, 32 moderate resistant varieties, 57 moderate susceptible varieties and 5 susceptible varieties were
identified. There were significant differences in the expression of disease resistance genes between resistant variety Gui 1701
and susceptible variety Hengxianzaoshudou after being infected by C. truncatum. The expression of GmPR2, GmPR4,
GmNPRI ,GmPAL2-1 and GmPAL4 were higher in resistant varieties, and GmPR3, GmPRI2, GmPALI-1 and GmPAL3-1 were
higher in susceptible varieties. The relative expression of GmPAL2-1 and GmPAL3-1 genes in resistant varieties increased
significantly at 12 and 6 hours after inoculation, respectively, while in susceptible varieties, it increased significantly at 24
and 48 hours after inoculation, respectively. GmPAL2-3 was not expressed in resistant varieties, but expressed in susceptible
varieties. GmPGIP2 was expressed in resistant varieties, but not in susceptible varieties. The expression of GmLOX7 and
GmLOX8 genes in resistant varieties was 400-1 000 times higher than that in susceptible varieties. At 48 hours, the relative
expression levels of GmPR2, GmPR4, GmPR5, GmPRIO, GmNPRI, GmNAC4 and GmPGIP3 genes were significantly
increased in resistant variety Gui 1701, while those was significantly reduced in susceptible variety Hengxianzaoshudou. The

results showed that Gui 1701, Guixia 1, Nanxiadou 25, Guixia 3, Huaxia 5 and Tianchangxiaoqingdou were resistant to
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anthrax. There were significant differences in the expression of disease resistance related genes among resistant and susceptible

soybean varieties after infection by C. truncatum, and the resistant soybean varieties responded more quickly to the infection of

the pathogen. It was speculated that 48 hours after infection by C. truncatum was the key time point for soybean disease

resistance genes to respond to infection.

Keywords : southern soybean; anthracnose; Colletotrichum truncatum; disease resistance identification; disease resistance-

related gene; expression analysis
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Fig. 1

Classification of soybean anthracnose disease grades according to leaf

spot rate at seedling stage

® 1 KEREREREERKEDRITE

Table 1 Symptom identification and disease spot grading standards of soybean anthracnose resistance
ALES FE R E B G b
Disease level Symptom identification and grading standards

0 B TC B
1 R A R R R B
3 MR A SRR EE, o 54 0 T, M BB I IR AR 30% LU
5 R L BN R, A /N TTRR ) B 2 i e L B T TRTEL TR 30% ~ 50%
7 R _E e BERYE ™ R, A R I AR B 3 (= I B o T TR TR 50% ~70%
9 M ERRBRE G B i, A R AR A B G Bl b o B o i i S T AR 70% LA L

THAAR TR K S 5 A 97 15 48 25 ( Disease Index,
DI) DI = X (KRG Fr 40 < g T 950 / (R T
I 30 I B R ) % 100, B R X B A 1
PUvE R N5y 6 A9 @Bt (HR) |, DI = 05 H0%

(R),0 < DI <10; ¥t (MR), 10 < DI < 20; H1 )&
(MS),20 < DI < 40; JJ5 (S),40 < DI < 60; 5= &
(HS) ,DI=60,
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1.3.2 %% kE % PCR7E NCBI U4 & T 4k
RGP HE 791, RIS ST BE R CDS J7 1,
JH SnapGene B Fe R 1M (R 2) , 464 T

AW TR (L) A R /A 85 19, LR &2
Actin FERVE NS FEH

®2 LHWAEE PCRIIMEFT

Table 2 Primers for real-time PCR and sequences

TUEGIY

Reverse primer(5'-3")

Gl B2 L5149
Primer name Forward primer(5’-3")
GmActin GCGGGAAATTGTAAGGGATGT
GmPRI AGAGTGCCTGCACTACACAC
GmPR2 CACAGATCAAGCTCCAGGGG
GmPR3 AATCAACGGTGGCCTCGAAT
GmPR4 CCAATACGGTTGGTGTGGGA
GmPR5 GCGAATCGTGGAACATCAGC
GmPR9 GCACCGTTTGTACCCAGAGA
GmPRI0 CCCAAGGAAATGGTGGTCCT
GmPRI2 GGGAAGGCACTGTGAGTCAA
GmNPRI CACATTGCTGCCATGCGTAA
GmAOS2 CCCGTCCTCTTCGACAACTC
GmLOX-7 CACCACCTAAAGTGATGCAG
GmLOX-8 AGTGCGCAAACTCTATGAAG
GmPALI-1 TCCAATCTGTTGATTTTACTA
GmPAI2-1 CATGGATAATACACGTTTG
GmPAL2-3 CAATACTTGGCGAACCCG
GmPAL3-1 TGGCGGGGAGACACTAACTA
GmNAC4 CTTGATGACTGGGTTCTGTG
GmPGIP-1 CCAGACTTGTTCGCTTCC
GmPGIP-2 TGTCTCGTAACAAGCTTGAGG
GmPGIP-3 GTGTTGTTTGGGACGGAGA
GmPGIP4 CAACAACCAGACATGCCG

TCGCCAATAGTGATGACCTG
AACAAAGTTGCCAGGGGGAT
TGGCAGCACCATACCTCTTG
CTCCGGGGCTTATTCCCATC
ATAAGCACTCACGGCGTTCA
CCAACGTGTTCGGAGGTGTA
CCACGGTCGTTTCTCACGTA
GCAGTGCCCTCAGTTATGCT
TGGTGCAGAAACAGCGTCTA
TCCTTTGGCCTTGTCAACCT
TGTTTGAGGAGGGCGTGTTT
TGGGAACTCCTCAAGAATCTTAATG
CGACCTGCATCACTTTAGG
TATAATAGAACCAAAGCTCCG
CAGAACAATAAGATGCCA
TGGCAAAGTGCAATGAGG
TTTTGGGTGATCCAGTCGCA
TTGCTGTATTGAGTGTGCTCG
GACCCAAACAACACCGACG
GAGTCCAAGACCTTTGGCAC
TGAGGTAGCGTCCCATAAATACG
ATTGCGCCGAAGAAGTTT

R Trizol 212 SRR G RNA, HT 8% 5%
i 7] & TransScript One-Step gDNA Removal and
¢DNA SynthesieSuperMix AT311 ( i & 4304 =90
Al ) [ 5445 <DNA, {fi ] Cham(Q Universal SYBR
Qper Master MIX-Q711 ( H [ 3 Ml 8 4= #1247 ) ik
il FIZEOERE B PCR L (E[H Bio-Rad 24 H]) #EAT
POERE B PCR I, SR AR ¥ 9: 95 € AL 1k
5 min;95 CAEPE 15 s, 1Bk 20 5,72 C #EAH 30 s,
45 MIEH ;95 CHEM 1 min, XF 55 ~95 C I i 2k
AT
1.4 HFESH

FI ] Photoshop 2020 #4445 $f K & 0t F 11 AL
B BUR R AH, B Excel 2003 FAFIH3% BE R
Hp 1 16 4K

FFH Bio-Rad Primer PCR #A4:F1 Excel 2003 %

PEGE il ER s, DISF3IME + Bk (n =3) 3
/N, 3 K H GraphPad 9 %X 4 "' one-way ANOVA
Tukey’ s test #1722 5 1o 3 A Al 1]
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2.1 KEmMHRELEEER

W 3 fFiw , ILUEE 6 s i Fl (B 1701
X 15 MEM25 HE 35 £S5 MAK/NG
2,32 AR A, 5T 4 IR R S 3 B i el
(HMC206 , HMC201 . #E & 22 #4525 f#f £k . 24
) o o Pt R A EE 1701 LB T A R Y
PR LA = S0 S g, HBR R A I 1
FEH(43.52) FEHE 1701 R IEFEEL (0. 46) 19 94 15,
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Table 3 Identification results of resistance to anthracnose at seedling stage in tested soybean varieties
s KEmFh RIEREE btk P KREMF ISR HirE =2 KEmfh SRS Pk
Number Soybean variety DI Resistance || Number ~ Soybean variety DI Resistance|| Number Soybean variety DI Resistance
1 HE 1701 0.46 b 35 TR 18.52 i 69 39 29.63 Uk
2 HE1%5 3.70 IR 36 i Jp 217, 5L 18.98 i 70 ENREE  29.63 gk
3 MEE25 7.41 B 37 VLIRS = 18.98 ki 71 6512 FHEH  29.63 rhUR
4 HH3 5 7.41 iR 38 KEEL S 19.44 i 72 NAHE 29.63 Rk
5 £S5 8.80 iR 39 EY NI 21.30 UK 73 ANH# 30.56 R
6 KENEE 9.72 B 40 HEKFEEM 2130 UK 74 Kpg—5 30.56 i
7 M \HE  10.65 i 41 420152 21.30 UK 75 B4 99-10  30.56 R
8 HK70 11.11 REI 42 RE/N & 22,22 Pk 76 NAE 30.56 rh
9 P/ NRLBT 11.57 GRET 43 681 Z43TMRE  22.22 U 77 PEE 5] 30.56 R
10 EET 12.04 REI 44 WA 26 23.15 PR 78 FI G 30.56 R
11 BOKh T 12.04 i 45 scis 23.61 79 WBIHMBE 30.56 Uk
12 BA4£20122  12.96 LRE/ 46 Pk H 24.07 UK 80 HE 30.56 gk
13 FR# 40 13.89 gt 47 HEES S 24.07 PR 81 FIRILH . 31.48 ok
14 w14 13.89 i 48 SD3 24.54 PR 82 I 105 31.48 Uk
15 B#£20132  13.89 Hdi 49 JREKRH L 24.54 UK 83 X T 31.48 R
16 #H35 13.89 RET 50 HHE 115 25.00 R 84 LY NISA 31.48 R
17 RIT5 14.35 LR 51 REH 25.00 R 85 J\H 1 31.48 R
18 KBiANAT 14.81 LREI 52 1£5 24 25.46 P 86 i) FH#E 32.41 R
19 NHE#HE 3 14.81 g 53 EMKHE L 25.93 87 M RET 32.41 1
20 H£H9 14. 81 LRI 54 9 % 25.93 R 88  HEIKFEE 33.33 R
21 MHE T 40 15.28 L 55 /S i 25.93 K 89 e BT 33.33 R
22 HEHSF 103 15.74 RE7N 56 X 119 26.85 PR 90 KOKO 34.26 R
23 YL 15.74 REI 57 MRS 26.85 P 91  HIMPEFRET 34.26 g
24 EHAHBE  15.74 P 58 ENAEET 26.85 U 92 N H 35.19 R
25 EH 21 16.20 i 59 e 26.85 U 93 #33 37.04 gk
26 HE7%5 16.67 EREI 60 R4 493-1 26.85 R 94 HEX 37.04 gk
27 =HE 16.67 R 61 623 FE T 26.85  HRK 95 HF 8 37.96 Uk
28 A 11382 17.59 Hdi 62 FetkigmtkE 26.85 Uk 96 HMC206 40.28 TR
29 HALREE  17.59 RE7 63 EHE 1 27.78 B 97 HMC201 40.74 B
30 W 82 18.06 hii 64 Vi R 27.78 R 98 15 22 41.67 R
31 M4£2013-1  18.06 EREI 65 B 15 27.78 99 %25 41.67 R3]
32 B 20165  18.52 RE7N 66 F 18 27.78 100 R E 43.52 B
33 RO 2 18.52 BRET 67 AIVNEEE  28.24 A
34 b7 RN 18.52 L 68 Wi /\H % 28.70 U

2.2 KRENREEMBENREETHST
JeAEAR K & @ (PRs) AW il 2 FiR, ¥t
A EE 1701 8 Sk sIE R AR L5, GmPRI FE A
AFRIE, ANIF] GmPRs 78K 55 W = B4 5 A [
B () o M R, R Y25 6 h, GmPR2, GmPR4 |
GmPRS .GmPR9 .GmPRIO F1 GmNPRI R f{ A X %
IR 0 h B0 T, BTG 6 i

2.2.1

PRI AT fE #1575 H0 w0 OC HEAE . GmPR3
GmPRI2 B RN F I8 mIIEAZ YL )5 48 h B i 3%
T+, GmPR2 . GmPR3 . GmPR4 . GmPR5 . GmPRIO .
GmPRI2 F1 GmNPRI &N B A X Rk B AE R L 5
48 h I PRE(E , AR Y45 48 h Al
FIRAEN IR S I T 1) D B ] A5

Py
HESE

GmPR 3}:
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Fig.2 Analysis on PR gene expression of resistant variety Gui 1701 at different times after infection
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Fig.4 Analysis on SA pathway gene expression of resistant variety Gui 1701 at different times after infection
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Fig.5 Analysis on SA pathway gene expression of susceptible variety Hengxianzaoshudou at different times after infection
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Fig.6 Analysis on JA/ET pathway gene expression of resistant variety Gui 1701 at different times after infection
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