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Selection and Analysis of Disease-Resistant Germplasms in Hybrid F;
Generations of Rubber Tree

LI Boxun'?, HUANG Guixiu'", HE Ligang’, CAI Jimiao', FENG Yanli', YU Wencai’, LIU Zhongliang®

1. Environment and Plant Protection Institute, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Integrated
Pest Management on Tropical Grops, Ministry of Agriculture and Rural Affairs / Hainan Key Laboratory for Monitoring and Control
of Tropical Agricultural Pests, Haikou, Hainan 571101, China; 2. College of Plant Protection, Yunnan Agricultural University, Kun-
ming, Yunnan 650201, China; 3. Yunnan Institute of Tropical Crops, Jinghong, Yunnan 666100, China

Abstract: Corynespora leaf fall disease is one of the most severe leaf diseases in major rubber planting countries
worldwide, which can cause serious yield and economic losses. The selection, creation, and utilization of resistant
germplasms are the most effective prevention and control strategies for this disease. This study evaluated the disease
resistance of 821 F; populations from three hybrid combinations Yunyan 277-5xIAN 873, RRIC103xReyan 8-79, Yun-
yan 277-5xReken 525 and identified the level of disease resistance. Based on the evaluation results of disease resistance,
32 candidate F, generation individual plants were selected from two hybrid combinations that conform to normal dis-
tribution. Using three divergent clusters of Corynespora cassiicola and two evaluation methods to identify the resistant
candidate F; clone seedlings, five resistant germplasms were ultimately obtained by measuring the activity of defense
enzymes and analyzing the expression characteristics of disease-related genes in five new resistant germplasms. Further
investigation confirmed that the interaction relationship between five new resistant germplasms and multi host C. cas-
siicola during the infection process. This study provides excellent germplasm materials and a theoretical support for the
early selection, cultivation, and utilization of resistant germplasms for the disease resistance of Corynespora leaf fall
disease.
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B R ( Hevea brasiliensis) Ji5 ™ 55 26 W
il ik, R ZAE ARG BRI, E
BRI AE 22°01'50"N, 100°78'11"E, ##iK 549 m
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P2 1 SR G e 10 T L 4k e 5
92808 22 I 1 508 A B T SR R SRR I 7 M 1)
BRI E, FER . AR R LA K A A A
() J el 28 R A T, ™ B R A B T R BT i
P 20%~25%, I H R 2E 305 A 2 20% 17
IR EE R FERER L O L ok, IR
FEAARRMER R REE, HR R 2 E
S ( Corynespora cassiicola ) Bl (127 3 L& 4kt
BRMBEMIKE T, FE R RENR, HFEDL
TFHIPAL, TR KA 2R %R
F 2006 41 R AETR EARGE KLY, ARTC ST E =
B ARSI X SR A R I
EA D e VT T e SO 970, ) Y = 1 N
b b, X TR a % s B TG 2R IR
FRIER . 20 D 80 4FA%, HrH 2 RlizHql
BRI R, B2 R SR (&R )
K BUYSEIFBET, W 9 4FRTR], ZEEE H
RRIC100 . RRIC102 , RRIC121 ., RRISL203 .
RRISL205., RRISL211 %5 18 I Hufisdnfh ( & ),
FEZ WA G B 32 A r S SR (R ), BT B
L 2E R RIRAGIE ™M o Fifi 5 48 0 85 7% s 76 I
DA B B K THD R B R AT, H ok T O %
PB86. PB213. RRIM712, RRIM628; Z[E ik
1 PB260. RRIC101., KRS156; EIF J& 74 WV i vk
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[IRR208 “5—ZRFIH A ( R ) 76 HA# LI H
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WA 25 T2 ER AR R
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A R FH AL 22 B7 36 R0 A2 ) B 16 S5 4 it e 425 T %0
& A S AT, (AR IRRCR AR AR i,
X A AR 3K o 22 4 A 1) v RAT AR U, BT
BB IR ISR PR S B R 2 B IR 2 N
AR H R AR IR

KIWLOE, E—EE™ . ME, HrR.,
YIAVEIR RAF . ARG A 2 RAE AR
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FIH . FeaolERER T 80 Mafh (R ), L
JeAE e ERHAUMAE Y PR107. RRIM600, GT1 .
A 7-33-97 FEFRBIEF (R ) MEMEE
G IO PR B AR 2, BRT, TR E AR
A 6185 AR Fh B BE U, H: v B AR o o B 5
5710 G303 ey ) 3%k 26 2 B (G RRRE IR, 7R
WE_FIREE B A H bR R S S 2 yUm e, Ko
JoT AR B 35 T LA S 0 A o ) 48 3k 5 1) o R 4
HE 1 8, 2009—2013 4F, =58 B EYRE
SRS T E A L AR B e DR B
198 1’IRRDB Ff i /F R AC A, SR N T8 77 =X
AT 28 A 5616 #RIsC Fy ARHFIA ( MR %
Bk &), AN 28 MMHAH, WRIELH:
AP, PRt T HF 3 ARG 2
277-5xIAN873 . =M 277-5xH B 525 RRIC103x
AIF 8-79 At 821 iy Fy ACHEMAR , SR IR F1 A2 i 2
I, R 3 ASZEHEMN 2 R R, XXk
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1.1 ##

111 st A R4 R AR B
iR JCPE % TAN873. RRIC103. =HF 277-5. #4
B 525, A 8-79, BRI HA M oA
PAFVEDIRIFWI AT 2009—2011 4 AL ] F
FFNT 258 FHr , R4 8—9 H R I-IEFI T IR
WEZE, FR/ANETT R 2B R E . W
3AEAH A B L F AR A B B 2 B A
VED R 2A 0 55 T RN b I 9% 51 1A BA R AIE . SR AR
B R R R 2 28 S AR B0 LR 1,

1.1.2 #RmRE Ui 2 AR E A
)i AL S BE AR R ME TR Bk HCcYN4Y( Cas5 LAY ),
CCO1 (Cas2 WA ) Fl HCcIJPZO1 ( Cas0 2 ) £
P A ] A A 2 B A B 5 M P AR 4P T 5 T o
FHBHEIT A AT B . % AT

1.1.3 #HaAFEA HTHEFRBEREG PDA
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Tab. 1 Hybrid combinations and parental information of rubber trees
AAL ST G B B bR A n . AR
/ﬂ<§L/ﬂ 5] &*ﬁﬁzﬁ] F, {tﬁﬂgm H@ﬁl /35/[\ %A\ﬁedﬁ: Jiﬁ FF'{M‘ ?4341!1*414] K:E
Hybrid Artificial Total number of .. . Variety charac-
Lo L . Parent Parent of origin Breeding departments e
combination  pollination year seedlings teristics
IAN873°x 2009 268 IAN873  PBB6xFA1717 (SR v A 0l HioEl
ZBF 277-5° Zff 2775 PBS/63Tjirl ZHEPHERRIERITET vk,
T 277-5°% 2010 343 Zff 277-5  PB5/63xTjirl TR AR R ST [l
INA873xRRIM803 Ve b e T e P ey
R 5257 R 525 ) P AL BB AR R gE BT B2k L 5  1
RRIC103°x 2011 210 RRICI03  RRIC52xPBS6 L 22 AR ST 2 jealls)
T 8-79° P 8-79  FABF 88-13xHHF 217 b e B AL T B )

BRI T 2 BB 2R LB Fries 3 51
RLAY 3% F5 0 S IR 2 e 2 U2 R A 9 el .
TS5 E B HT ) HbNPRL #1 HbGLPO1 &
Wl (£ 2) ¥HREIERE B A RA A
G ; PCR Y™ HG 5w T #5 1Y Buffer., Tag DNA %
41 . ANTP. DNA Marker 250 [3 KA AE (L RHE
(dbmt) ABRAR . YA RNA RIGAH &

( DP441). FastQuant cDNA 45 —454 it &
(KR106 ), SYBR Green SuperReal ¢ iE & iR
7 (FP205) ¥ H RARAEAL (Jbst) BHEABR
NHE], ARG (POD) MK A (ml092949 ).,
ALY LR (SOD ) MK £ (mlsh0386 ) #
W [ T B A R A PR 7] HAth Ak 237
25 0 AR [ A i Al

&2 PCR3|¥
Tab. 2 PCR primer

H[H Gene 5|4 % FX Primer name 519175 (5~3") Primer sequence (5~3") J Bt K /N Fragment size/bp
18SrRNA 18s-F GCTCGAAGACGATCAGATACC 146
18s-R TTCAGCCTTGCGACCATAC
HbGLPO1 GLP-F TAATATTGCCAGCGAAACTTC 124
GLP-R CCATTTGCTTCATAATCGATA
HbNPR1 NPR-F GAGAATACACCGGGCTTTGG 138
NPR-R AGCTCAGTGGTAGTCTTTGC

1.1.4 M E&%& Bio-Rad T100 AIERJE PCR 1Y,
FEEMASR/Fl; UVI FireReader BEfEHR RS,
BL[E UVItec /A 1) ; ABI S22 & 7 PCR X 7500
A, EE ABI/AF,

12 FHik

1.2.1  #HBBEA Fy KA RIm N AR

FHR oA R DD L B R A Y 5 A ()
Ferh 3 Mok, DURPUWTE T Zit . PRk
F G 7 AR 2 IO AT AR ifE NY/T 3195
—2018 { Ay /EW b B0 IR P H 4 e BR FL R
B B TR R ) U PO IR A S b v
Z L3 3,

® 3 BEMERBEHFREEITEN S RARAE

Tab. 3 Classification standard of Corynespora leaf fall disease

[18]

i BE H 42 Spot diameter/cm 5% Wilting index

17 48 $ Disease index

Yok 44 Disease resistance level

RBE L 2<0.5 EE <10
0.5<WBf H£<1.0 10 FEE <20
1L.O<HHBEE#2<1.5 20< EHETEH<30
LS <HBEE1E<2.0 30<Z=RHRH<40
B EAE=2.0 EEEH =40

DI<15 =ht (HR)
15<DI<20 4 (MR)
20<DI<30 B (S)

30<DI<40 g (MS)
DI=40 & (HS)

1.2.2 ErfpBgiEren e Mo, & FoACR R
1577 0 it 5 P AR AR T O, BRI BT . R

B A SRR EE R 1x10° M98 F/mL i HCcYN-
49 P RRAE T2 T 0% 55 e R B AR S b i B 7
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BAFEER 3 R, RN 1 AESR,
VIFEFT TSR K B 2 AR RR . 0 3 4R 0.
12, 24, 48, 72 h HukE . 8k ( peroxidase,
POD ) FiH ALY L ( superoxide dismutase,
SOD ) $2HUy 2 K i B a0 2 AR & vi il 45 .
1.2.3 RNA #RBREBRIF S RNA $2 UL
VLIS XL AR A B RNA S THEEC,
2 1.2%B I REE I L VK AU RNA 528, 4541
SREERE T T I E H 260, 280 nm ALY IEAE
Hif* RNA FESL 26 . 2 I8 FastQuant cDNA 2f—
BlEA RAR S UL X RNA 47 /e i s i — 4k
124 SHRXEZESH ZSM SYBR Green
SuperReal %¢ A SR G Ui I 45, LA AR 3R 55
SE[H 18s rRNA NS LM, 7081 HDNPRL FiI
HbGLPO1 JENTEMR AT . B Fy At 22 &
PEALSTE (HCcYN49 ) $foRfmlmf Al B (0, 12,
24, 48, 72h) MESFRIMEH ., BIEMYEE
3 W%, 7E ABI 7500 S2if PCR X E#EAT, RJH 2744
VLM 27MACH ) ICECE) - (CACB)_(CFCB)-
(CEEN Hrh CA R AT FHNAE R Cfif; CB
M AL BRFTZ BAEEH CAE ; CE AL PR 5 R A A
Cfl; CF AAbHES AL C fH.
1.3 HiEAIE

B 428 Fr AREEAR A9 00 M P Bcai >R
WPS Office Excel #4411 B B FIZEH 841,
KM SPSS Statistics 20 #{FH#Y Kolmogorov-
Smirmov test #FATASE /AL ARG 5 40 Hr . 52

B 2 S it (1 40 F ) SPSS Statistics 20
HYHL R R 7 250071 ( One-way ANOVA ) Fll Duncan’s
ZH WA T 50T .

2 HER5HH
21 BB 3N HRTAS F REEHTRBEETEN

55T I 0T T AR AR 22 3 L TR st A% S
FERIRIMRAET, Se e A AR 2 R A
PFPEE Cass WAL FRER MR HCcYN49 Xf 3 4>
ZAZ A A 821 47 Fy ACHHASATHUR AT, I
X R G BE B AR AT T IEAS AR5 o 45 SR A R,
FEAR M BUIR KRR R I TAN8T3> = Bf
277-5>RRIC103>#fF 8-79># B 525, XFFACHE
AR @ PUR KT 2428 4 A TAN8T3x &
i 277-5, F 268 {3 Fy ACEFIA hHoms A AR £ S
87.68%, mPiAEkk 70 17, B T HAD 2 452
HAEMIEACTER, BEUR B X BRSOk A H it

(MR)( % 4), 2235404 TANST3 X =Hf 277-5 F,

B P RBE ELAR I KRB 1.33 em, d/MEHN
0.11 cm, VX414 0.68 cm, 7255 R % 38.23% (£
5), btk R IEmASS G (B 1, K 2), Bt
FZHAW FOARBEARBUL B hUth, BEREE
EN S RIS p Y o S E

ZAZ 44 RRIC103 xR 8-79 11 210 14y Fi AR
BEAR B AR 5 56.19%, mEdibtk 7 4y, B
RS HRBIR IR (S) (£ 4), FiACRE AR
W BE B ARl KM M 2.30 cm, H/ME M 0.33 cm,

R4 IPRAZAA FRBENRFEITINER

Tab. 4 Evaluation results of disease resistance in F generation of three hybrid combinations

Fy BT bk S

PRGOS

Number of overall resistant and
susceptible plants in F, generation

F AU AL L

" Fo AR 247 J8 g vk
S Ratio of F1 generation AU R

F, generation aver-

AU A Parent di
Hybrid combination a.retn 1s;easel . N N
resistance leve IEJ*)'L 'I'T}L %Jﬁuk\
HR MR S
IAN873°x = fJf 277-5° HR°xHR® 70 165 33
RRIC103° <3 4Jf 8-79° MR°xS°® 7 111 71
ZWF277-5° <3 525° HR®xS* 6 65 163

- — Total disease-resistant ace disease level
R R plants/% &
MS  HS
0 0 268 87.68 MR
17 4 210 56.19 S
94 15 343 20.69 S

®5 3MHAZAS FRBEHNREERTNER

Tab. 5 Evaluation results of lesion diameter in F; generation of three hybrid combinations

FALLH A/ 0of IR i - EE AR M el 5 R ANTRT IR B T 43 L
Hybrid combinations/ Average lesion Minimum/cm Maximum/cm Coefficient of Percentage less than
control variety diameter/cm variation/% CK/%
IAN873°* x = Hif 277-5° 0.68 0.11 1.33 38.23 50.75
RRIC103° x#fif 8-79° 1.02 0.33 2.30 32.35 9.52
BHF277-5° xR 5257 1.29 0.40 2.23 28.68 3.50
TAN873 (FU*I I ) 0.67 0.35 0.85
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Fig. 1 Normal distribution of disease resistance in F; gen-
eration of hybrid combinations Yunyan 277-5xIAN 873
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Fig. 2 The Q-Q probability plot for F, generation of
hybrid combinations Yunyan 277-5 X IAN 873

FHIE 1.02 cm, 5 FR%032.35% (£5. K 3),
FERAIPURERT AR EIES 0 (& 4, B S5),
SR RSO PR BIRAE 3 N Rsc G R
PR, fE— R BAUR T SRR PR B,
Ui W S BEARRCR LS R, HBUR A B A5 A 1E

AU B =W 277-5x3 B 525 11 343 1)) F,
RBEA TP PR B 20.69%, EHLAERE 6 17,
TR IHUR R AR (S) (£ 4), Fi U A
R EHAR KM R 2.23 cm, H/IMEHN 0.40 cm,
PIE 1.29 em, B Z28 28.68% (£ 5), BHAN
PURMEFMEST & IESSm (K6, Bl 7), 4G
() F PR AT R Ay i e froms A ot itk A 31 ot 2R 1)
FRFRIL
22 fEEdm P RFRNEE

PRI 2258 Fy AR T R B0 Pk 4 e R AR A
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Fig. 3 Corynespora pathogen inoculation in F; generation
plants with resistance and susceptibility
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Fig. 6 Normal distribution of disease resistance

in F; generation of hybrid combinations
Yunyan 277-5xReken 525
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Fig. 7 The Q-Q probability plot for F, generation of hy-
brid combinations Yunyan 277-5xReken 525

B0 Bk A i oM R A S — R IR

P, MR 3 A 2esg A48 821y Fy ARBEAR I HL
TR 45, A A IER M) RRIC103x%
AT 8- 793 FI =W 277-5x 3B 525 PIANZRA LA
R BE B AR /N T-XF FR TANS73 19 32 3 B Bk
eGP ARG, IR e T 20 82, W bk
W5 EE AT 10 #R, R 297 #R F UG
ARl (£ 6). FIHZ ERARE 3 LA

FPEHERE HCcYN49 (Cas5 LAY ), CCO1 ( Cas2
AEAL ) I HCIPZO01 ( CasO MR ), i J1om 55k
N : HCcYN49>CCO1>HCcIPZ01, % 32 ffeik
Fi AR R A AT UR M 0 . 25 R AR, 2
LA RRIC103xEAF 8-79 HifY 265, 129, 134
“AFOARERRR (R 7)), IR ISSH G i 277-5x%
PR 525 i 3162, 3528 i F fR8ARk (£ 8)
AN IR R FRH R 3R A 1 22 75 1k 2 T A3 AR 42 o
Be, T8 3 AL AR I 04 R R B R
BB PE AR . Hor 265 #1129 X 2 4~ Fi AR
ol ST 7 FH [) 355 A2 e, S B ) 300 P s 1) A
I 1 78 B i AR T A AN o (38 7). 7EIX 2L F,
R, X3 AWA L F RN URERAATE
B 225, 40 167 F1 3262 SRR R X Cas2
VRS ) IR PR, X CasO IV RIER R sE ;s T
125 i1 3303 SEFp BRI XT Cas5 7Y Y iy i Jk
o, AN TR] R IS X A [) STV 760 A o R v AN
W (£7. £8),
23 R PR RBUR KBS
23.1 GifpEgEreaml e BAMREE, POD,
SOD 5 iff 1 A FH e U 8 e AP A P 37 1 SRR R 45 A
Py s, DT H v A A% s T R 4 B D
SO T R M S TR A AR B 5 AT
Foy AR o L [ 100 it 0% 1 25 -5 5 D B 4 e 22 ) 11
K, ARWFFEXF 265, 129, 134, 3162, 3528 1L
YU Fy AR BRI B FRBT PR107 B9 POD Al
SOD {H AL AT I . 25 A3, 54 F AL
G b B LA K 6 IR S Rl PR107 6 22 32 4% #1555
(HCcYN49) #:#1 56851 POD F1 SOD i f#
WG PR TE R, FERERD 24 h B POD B S M
INFNEAE, 134 FhETAYIE(E IS, 48 h 5 28
TR RS, MXTT XTI PR107, 5 40K F 4G
Fofr BT 1) 975 R il 9% M B, 72 h S TEMEEAR TR
K& (& 8), 1fii SOD Wiy il il i M W (EAE 5 4L

®6 IRk FKHUFEKER

Tab. 6 Information on candidate F; resistant individual plants

ZaclE 1 Fy ACEAAR G5 S Bs p gk LE7I5Y 4
Hybrid combination F, generation individual plants and number of budding seedling Total number
RRIC103°x3HJF 8-79°  183(8). 173(7). 266(10). 187(10). 175(8). 267(8). 167(10). 154(10). 261(10). 269(10). 20(182)

265(10). 125(8). 149(9). 182(9). 123(7). 134(10). 129(10). 100(8). 135(10). 262(10)

ZHF 277-5°x 3B 525° 3147(10). 3206(10). 3173(9). 3528(10). 3175(10). 3151(10). 3257(8). 3226(8). 3262(10).

3303(10). 3155(10). 3162(10)

12(115)

e AESETE BTN PRI T, 155 NIRRT RS T 2 S AR

Note: The number before the parentheses represents the germplasm number, while the number inside the parentheses represents the

number of plants that have survived budding.
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Tab. 7 Result of rescreening evaluation of disease resistance in candidate F; generation for RRIC103 x Reyan 8-79

Fy AL S bk g 2 EYEBEIRE FE [ 355 A e il 1 15 45 AR MM K
F, generation individual Biological wilting index Field disease index Synthetic evaluation
plant number HCcYN49 ccol HCcJPZOI  HCcYN49 CCol HCcJPZ01 of resistant level
265 9.57 6.33 5.36 6.43 437 3.69 HR
129 10.00 5.14 6.44 8.52 8.39 6.12 HR
134 12.07 6.52 8.20 10.37 6.52 5.97 HR
261 13.71 12.49 6.85 9.64 7.52 6.53 MR
183 13.33 9.42 6.31 11.77 9.37 8.43 MR
173 14.29 10.35 12.43 13.04 10.07 7.21 MR
266 13.41 9.37 9.22 9.25 13.27 6.44 MR
187 11.52 9.22 12.36 12.55 11.42 8.65 MR
175 15.64 12.08 10.37 13.43 13.97 9.24 MR
267 16.54 16.93 9.24 15.36 14.97 10.15 S
167 16.72 20.33 10.47 15.37 17.68 10.24 S
154 22.53 14.82 11.48 22.19 15.74 9.23 S
269 23.43 19.66 17.30 23.64 19.32 11.68 S
125 25.76 20.44 16.48 25.37 22.79 14.10 S
149 19.63 24.65 15.77 23.97 23.94 18.65 S
182 27.21 26.45 20.47 25.77 18.53 18.30 S
123 25.67 27.36 22.55 27.34 25.02 20.96 S
100 32.14 26.80 18.25 31.40 28.53 20.37 MS
135 27.97 33.86 25.47 33.47 27.62 23.14 MS
262 33.45 30.48 25.53 34.52 30.48 25.93 MS

*8 FEXZHATH 277-5xHE 525 &% Fy R EKIREERITMER

Tab. 8 Result of rescreening evaluation of disease resistance in candidate F; generation for Yunyan 277-5xReken 525

F, L 5 bk = AW LS TREL FE [ 355 A e i 1 15 5 A FRIEN KT

F, generation indi- Biological wilting index Field disease index Synthetic evaluation
vidual plant number  HccyN49 CCol HCcIPZO1 ~ HCcYN49 CCol HCcJpzo1  of resistant level

3162 8.37 8.44 6.53 9.72 7.33 5.12 HR

3528 9.72 8.04 8.17 10.53 9.27 6.29 HR

3151 12.25 9.48 9.25 13.64 11.73 10.15 MR

3147 15.32 10.58 8.54 15.97 13.42 9.45 MR

3206 17.66 13.52 10.38 18.62 13.52 11.49 MR

3173 18.84 14.33 9.17 19.64 15.41 13.24 MR

3175 20.64 15.35 12.49 23.11 19.25 17.68 s

3257 23.21 17.94 15.31 25.97 22.40 19.37 s

3226 25.49 19.82 11.53 26.54 22.47 15.53 S

3262 20.11 23.14 13.67 29.31 24.34 17.14 S

3303 32.46 25.47 20.13 31.15 22.77 20.79 MS

3155 33.50 27.52 23.14 32.28 24.48 22.13 MS
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KB, 48 h G BIRY R TREBE, 720 XA IFEEFOARRIRT B, 81 B s 2R RS
FiFte (| 9), st xf POD A1 SOD BB HIEE A0 B itk — AR g



2288 o A F AR 44 %
%o g 30

2700 ‘@ B

3 600_ ~Oh EH 48h § -Oh ::::24}1
= 500 ] “24h ° @#12h#72h
S 400 £

8 300} c

o :

@ 200 o

#1100 )

a . *® il

(@) 0 ﬂp? | | -

~ = 265 129 134 3162 3528 PRI107

Fh 45 Germplasm No.

B8 F,fHmFER POD EEMETN
Fig. 8 Changes in POD enzyme activity of F; resistant

germplasm
o %0h #48h
e 3% #12h ®72h
%‘ 300 « #24h
§ 250
s 200 1
8 150 :
@« 100
50 ; ;
tE o LA % g 4 : ||
8 265 129 134 3162 3528 PRI107
@ FFi 45 Germplasm No.

B9 F,RHFHEHE SOD Bt
Fig. 9 Changes in SOD enzyme activity of F; resistant
germplasm

2.3.2 mmAAAREEX M IS KB
HONPRL Al HoGLPO1 J [K J& 44 Ji5 b 4 0 5 9% -
) 2 NPURA SR, 752 ERAURH R L5 he
SIEHRARMIIR AL, IFHX 2 MERTER
FEAR L | St 5 v 0 Fas i A 1 B 2 R P
L, 43HmiX 2 ANEETE 5 A PUs F AR B
FEIRNG B, F DI R K P Bt e Jo (%) 47038 DG B o
MEERFTLE, MZ FEHHEE (HCcYN49 )
RIS 6 h BLAER S HONPRL L A 3655 B 1Y T
JFHAE 24 h BFRIAEIRFE, 265 F1 3162
PSR H HONPRL JE (5 () i75 6 ik B B s
M JLAFIST, 7E 48 h BP AT BT N RE, 72 h BRIk &
M A%, SXIR PR107 ML, 5 00 Fy AU
JoT A ek AR XTI, AR A — 3K
(K 10)., %+ HbGLPOL1 JE[A, 265, 129, 134
TE 22 T REAOG A 2Rl 12 h B 36 55 Bl ik B4
TMi 134.3162.3528 —Fh BT LA S %) R PR107 #F 24 h
NN, 48 h ZFRIBEW TR, 5S4 FAAHR
Jiirh HbGLPO1 % [H ) R AR XA — a8 25 (&
11 ), 53R, NPRL EME W h IS hurE A,
Z 5KRyonE 5% SE%, 5 TGA HiH+
MEAEM, 51 FFIoRE RN ZEA, W GLP
B REENSEMEREA, BAFRE L

FhFE %5 Germplasm No.

10 HbNPR1 ERE# Fy KM B H R RIEFr I
Fig. 10 HbNPR1 gene expression characteristics of
F, resistant germplasm

601 m0h =24h
1 @6h #48h
@ w12h=72h

; g
3162 3528 PRI107

X2k & Relative expression

265 129 '-13:1
i 4R5 Germplasm No.
B 11 HbGLPO1 EREE F KHUHEHMIR PR RIE

Fig. 11 HbGLPO1 gene expression characteristics of F,

resistant germplasm

(OXO) #1 SOD ik, Rem G E =4, 1
e 20 R RE P RSO L A D TR R G R R B DG
P 124251

3 itig

P B A 0 5 T e A IR I AR I
R ERATECATEE R EZ —, WREEPRRIAR
T 77 I A A 5 o B 1) B A W P o PR 221290 [ o
I, SHZRBE IR EZRAPURE M, midt
37 vt o 18 S 3 1) ot ) O P B 7 1 S

PG e — i I DR R 1 B A HL A AR R
K 30 ARG R K TR A, 24238 B PR AR I i i
AL 2 0 B 00 R A W Ao 5 A vk, L
AL RAEREAR R A st F AV R
R, TR RNEE, AR B 5
IR FEASEM Y AEd, Wi A H M E
N AR B PR 525 FIBF 277-519 Hpgetk
B EEL 327- 13V B R (R ), BB
UM T 2R A AR ESAE , Rl T 2R A4 58 1Y
BRME, 4% TEMIERE ., I, AR
FL 5T R B R B TR PR S E BERR &R, X
ZAZ U A FORBEAR I BORPE PR LA S TR



55114

ZEPI A5« AR S 52 Fy AT i 2 0 B LT 1 20 A 2289

RURRIE WSS, bk (M BT PR L R Fy AR
AP RN ET , A I TR HUR M
TetE RPN AL RE, XTARBERHOE R A (R ) ik
BHARZEE Y,

PUw RS R L B ey Rkt R
T7 ik o I O3 P e AR HE 0 90 L B B 1
R D S N N T R T3 P A 4
PRAE NY/T 3195—2018 ( Ffy /R R 5t o6 R HTm
A EHOR AR AR AR 60 5 Y I ) ST, 1
FR R ek B 3 AR £ e A A 3R
PER PR, BT 2 ERANEE S8R i A K
PR B R TEBOR LS EAAE R 2SR, B
S FIEAE FR R R LR, TER Y DI fE
2 F LA ETER cassiicolin, ZY) FiE S EAS K
R RS B EOR -, M4 cassiicolin (Y8
R, NG L 3 W L R R0 43 B TS [ S AR
(Casl~Cas6 ), FeETELE Cas0. Cas2 Fil Cas5 =
FPE RS, Horhr Cass WA AR A RO S AR
ASTR] AR BT B XT3 3 A1 28 22 MR 9610 AT ) B i
PEAEAE I R 25 U0 o T U 4 1T M 23 B ARG e A
258 Fy BRI BUI PR KT, T Hh Home P 4
PR Fy AR BT, ARBFSE R EL 2 FePumtEiEo,
B2 A 2 EEAE R AL Cass
WA AR BRI R, R BRREDIHERNL, X 3
AR Ag 25 3 821 iy Fy AR BT i AT KA 140
PEPEMY, MHakAS 32 it biie FoACERkk, Jf
XA BRAR AT RE AR 2 4, ARA B AR TE I R A
AP R A Cas0, Cas2 Hl Cas5 —ANEAY
Z ERAUE A AGREER, R R A
YIZEE A BIER SR 2 FhOr Xk ny 32
Fy ROTCHE R M a AT HUm M 0, 280 2 R PE
AN 7)Y f) 22 3 4 A5 TR 4 A DL K Z R E A
B, w4 5 Iy bumtEEr e FoARRR BT, IR
I577 00 il A S BT A G 35 PR %) A BE i — 2D Ik T
50 FACRR BT BT O M: . I R AT TR
YOEHA, 1SR MPUR AN 45 R UL RS Fy
AU P AR AT R AT S, U 3
DA A F AR PURE . ZB AR R RS
J& BRI B BT ) B R R B R TR, 1T
P28 SR Be AR B R A A 2 B 5 A0 R
PEAL AT FP R L

A EAE Y SR A W AR AR A R s
FRE— RN E AR RN, IR S A I 2
FASCHEEG MRS, W0 SOD . POD., CAT LI & PAL

&, WIS 5 A7 BB R N PO T, A
e 49 05 Rl R Ao 4 A 0 T A 200 L PN D T 42 4 A
ERREECY, AR, Y2 TR R R
WA, 7€ 5 AP0 FACR g A 5 M b
I AL A I A W T M T, E— R E b
Ui, 2 F AR ER RS X 2 A HER IS T
HE T S A S U YE, EX AN R TE BT B
RS B SR A AR DG, DROR AR R v A
PEAR A S MR 2 AR ) e AU ) BAE IR R
ATREAS TR P, e [l — 4 i ol 5 S [ D A B
ANFR CEURREE ) Z BB EARIR R, DL AR b
5 [N B A B/ INFR CBRREE ) 22 8] BAEAR
R, RS T 30 IR A AE AR Y i AR v 7 A T P 1Y)
Ak BLAN, AT R I 5 s SR A ) Gk
AR LG RE S (PTT) LUK R SRR
THI L MFE N (ETL) WML, 3 HEHK
Wik . 2K FKFTRE R RN FHPURIERY,
BIBH HONPRL $& R 7K A BR UG 15 5 5% T ik 44
HORE] T T CEEIER , B RIS T UER 1
I A ek, O [ U 45 A E R PR R
HbGLPO1 J&—FEli L RE M, fEraYSLahdirE
R EEEEERN, BEA 0XO F1 SOD ik,
AL R iR A AL, HEsRA AN R b, il ad
AR R AN 20 B A PP AR g X 2 A
FNTES 5% W -5 22 320 A0 B AR A F w09
#h & HEAEH , TEARRIBUEKE Fy AR
(FRIX T AN, HAT VR AR A e 1 55 7
LRI o e i e e ONER e~ SIS R R

i ACHETIEEAESTRITRBE (No.
ZDYF2021XDNY153 ) FlE &K & S 07 & 125 H ( No.
2019YFD1000500 ) Y30 FF. St = m A G EY B AT
FrHRLE 3 AN RAs 4 A4k 821 4y Fy AUR BRI AR F) AL
FARRI IO R AT, DL T IR HUR I A R G
9%

£ % Tk

(1] s L HAR AR RIS 592 KRR
AR Z M. dbat: s E g AL, 2020.
HUANG H S. The theory and practice of modern agricultural
industrial technology system construction natural rubber
system[M]. Beijing: China Agricultural Press, 2020. (in
Chinese)

[2] BARTHE P, PUJADE-RENAUD V, BRETON F, GARGANI
D, THAI R, ROUMESTAND C, DE-LAMOTTE F. Struc-



2290

8 %44

(3]

(4]

(3]

(6]

(7]

(8]

[9]

(10]

(1]

tural analysis of cassiicolin, a host-selective protein toxin
from Corynespora cassiicola[J]. Journal of Molecular Biol-
ogy, 2007, 367: 89-101.

BHHE, VRADG, 2. T ERAG SR R E RS
BiaCGE O], dtat: hEREBEHR R, 2018.
HUANG G X, XU C G, LI B X. Identification and control of
diseases, pests and weeds of natural rubber in China (2nd
edition)[M]. Beijing: China Agricultural Science and Tech-
nology Press, 2018. (in Chinese)

PU J J, ZHANG X, QI Y X, XIE Y X, ZHANG H Q,
ZHANG H. First record of Corynespora leaf fall disease of
Hevea rubber tree in China[J]. Australasian Plant Disease
Notes, 2007, 2(1): 35-36.

), XEE, 5K, wts. PR
I I I A B R R VIR D). PP R =41, 2015,
36(11): 2058-2066.

LIB X, LIU X B, CAIJ M, HUANG G X. Investigation and
occurrence regularity of Corynespora leaf fall diseases of
rubber tree in China[J]. Chinese Journal of Tropical Crops,
2015, 36(11): 2058-2066. (in Chinese)

BEME, WY, XJeE. IR R E M. dt
1 ROV REROR R, 2008.

HUANG G X, SHI T, LIU X B. Corynespora leaf fall dis-
ease of Hevea brasiliensisiM]. Beijing: China Agricultural
Science and Technology Press, 2008. (in Chinese)

TAN A M, LOO T P, VADIVEL G, BACHIK M R. Survey
of major leaf disease of rubber in Peninsular Malaysia[J].
Planter’s Bulletin, 1992, 211: 51-62.

TRAN D H, TRAN P D. Field efficacy of chemical fungi-
cides on rubber leaf fall disease (Corynespora cassiicola) in
Central Vietnam[J]. Research on Crops, 2019, 20(3):
611-615.

MANJU M J, JACOB C K, IDICULA S P. Corynespora leaf
fall disease management in Hevea using oil-dispersible and
dust fungicide formulations[J]. Dispersible, 2002, 15(1):
45-48.

SRARER, MIUIEE, AN, EOER, R, BT B
PP S RIS TR IR B A MR (D). AR, 2010,
36(2): 98-101.

ZHANG C X, HEM X, L17J Z, WANG J Q, JIANG G Z,
HOU J Y. Biological characteristics of Corynespora cassii-
cola causing Corynespora leaf fall disease[J]. Plant Protec-
tion, 2010, 36(2): 98-101. (in Chinese)

RAENR, Y, mFAE, SRBETE, SRS, FREMRIBH

BB bR R R RIS, 7T RRE, 2009, 40(12):

1633-1636.
WUCT, LI W G, GAO X S, ZHANG X F, ZHANG W S.

Rubber tree breeding: objectives and development strategies

[12]

[13]

[14]

[15]

[16]

[17]

[18]

in China[J]. Guangxi Agricultural Sciences, 2009, 40(12):
1633-1636. (in Chinese)

AR, XIeE, AL, B, ESE. BRI
TR S AL v R I BUMET A [T]. R IR, 2014,
40(5): 86-92.

LI B X, LIU X B, LIN C H, SHI T, HUANG G X. Resis-
tance evaluation of main Hevea brasiliensis germplasms to
Corynespora leaf fall disease in China[J]. Plant Protection,
2014, 40(5): 86-92. (in Chinese)

M, FMAR, 8efl, gk, gk, i, B,
B, BTN, [E AR R 5T B U I B IR 2 2 A D).
PFEY AR, 2022, 43(1): 78-86.

HUY S, ZHOU S J, AN Z W, ZHANG X F, FANG J L, TU
M, CHENG H, ZENG X, HUANG H S. Safe conservation of
rubber tree germplasm resources in the national rubber tree
germplasm repository[J]. Chinese Journal of Tropical Crops,
2022, 43(1): 78-86. (in Chinese)

KBS, THEZ, TR, BRI R MR TANST3 fEx
FARIE PR POl R, 2010, 33(3): 13-15, 30.
LIUZ L, NING L Y, HE L G. Adaptability study on Hevea
clone IAN873 in Yunnan[J]. Tropical Agricultural Science &
Technology, 2010, 33(3): 13-15, 30. (in Chinese)

BN, PRGN E R IAEM]. st hERL S
Jigkt, 2005.

HUANG H S. Fifty years of rubber tree breeding in
China[M]. Beijing: China Agricultural Press, 2005. (in Chi-
nese)

RYA, T#ER, BEIF, Tl BB AR
R 525 s AV E ], AR, 2018,
41(4): 6-11.

YUWC,NINGLY,QIUY F, HE L G. Early identification
of hybrids of timber/latex clone Renken 525 in Hevea bra-
siliensig[J]. Tropical Agricultural Science & Technology,
2018, 41(4): 6-11. (in Chinese)

R, WER BT B R R R MR
FHARM]. dbst: PEAOVREEAR H R, 2020.
ZHOU J N, ZENG X. “Belt and Road” tropical countries
share varieties of natural rubber with technology[M]. Beijing:
China Agricultural Science and Technology Press, 2020. (in
Chinese)

e A RN FE D AR AR, B VR i o 5 IR
BRE AR B R AR R . NY/T 3195—
2018[S]. dtxt: rERAE T R, 2018.

Ministry of Agriculture and Rural Affairs, P. R. China.
Technical specification for resistance identification to dis-
eases and insects of tropical crops germpalsm—Corynespora
leaf fall disease of rubber tree: NY/T 3195—2018[S]. Bei-
jing: Standards Press of China, 2018. (in Chinese)



55114

ZEPI A5« AR S 52 Fy AT i 2 0 B LT 1 20 A

2291

[19]

[20]

[21]

(22]

(23]

(24]

[25]

PR, O, XSEE, SHE, RigRAE, A0 2%, bt
&, FEPTEY 2 T2 HEE L BoR 15y
Hr[J]. PERVEMIAR, 2019, 40(12): 2456-2465.
LIBX,FENGYL,LIUXB, CAIJM, LU C M, ZHENG X
L, HUANG G X. Genetic diversity and pathogenic variabil-
ity among isolates of Corynespora cassiicola from tropical
crops in China[J]. Chinese Journal of Tropical Crops, 2019,
40(12): 2456-2465. (in Chinese)

BERACOCHEA V C, ALMASIA N I, PELUFFO L,
NAHIRNAK V, HOPP E H, PANIEGO N, HEINZ R A,
VAZQUEZ-ROVERE C, LIA V V. Sunflower germin-like
protein HaGLP1 promotes ROS accumulation and enhances
protection against fungal pathogens in transgenic Arabidop-
sisthaliana[J]. Plant Cell Reports, 2015, 34(10): 1717-1733.
VR, N, WEE, XEE, 5550, mit. BRw
PURAHGHER HDNPRL 1 5w B Sz HAK AT (0], i1
W24, 2014, 35(6): 1076-1083.

LIB X, SHI T, LIN C H, LIU X B, CAI ] M, HUANG G X.
Cloning and expression analysis of resistance-related gene
HbNPR1 from Hevea brasiliensis[J]. Chinese Journal of
Tropical Crops, 2014, 35(6): 1076-1083. (in Chinese)

PRI, 2R, BRZEME, XI%e, MBHE. IRk
FEF SN HbGLPOL Y e ke 2 HAR IR T[] Bl
23R, 2016, 37(4): 715-721.

CHEN S, LI B X, CHEN Y P, LIU X B, HUANG G X.
Cloning and expression analysis of Germin-like gene
HbGLPO1 from rubber tree[J]. Chinese Journal of Tropical
Crops, 2016, 37(4): 715-721. (in Chinese)

NDAMUKONG I, ABDALLAT A A, THUROW C, FODE
B, ZANDER M, WEIGEL R. SA - inducible Arabidopsis
glutaredoxin interacts with TGA factors and suppresses JA -
responsive PDF1. 2 transcription[J]. The Plant Journal, 2007,
50(1): 128-139.

SAKAMOTO A, NISHIMURA T, MIYAKI Y [,
WATANABE S, TAKAGI H, IZUMI S. In vitro, and in vivo,
evidence for oxalate oxidase activity of a germin-like protein
from azalea[J]. Biochemical & Biophysical Research Com-
munications, 2015, 458(3): 536-542.

KOMATSU S, KOBAYASHI Y, NISHIZAWA K, NANJO
Y, FURUKAWA K. Comparative proteomics analysis of

differentially expressed proteins in soybean cell wall during

[26]

[27]

(28]

[29]

[30]

(31]

[32]

flooding stress[J]. Amino Acids, 2010, 39(5): 1435-1449.
I, ZEm, 1O, XIEE, H =, witl. BB
o 6 55 i o X v L R AR AR e R 56 7 M g 2 4 1
[T, POl R, 2019, 39(8): 66-71.

SHI T, LI B X, FENG Y L, LIU X B, ZHENG X L,
HUANG G X. Safety assessment of Corynespora leaf fall
disease on natural rubber and related industries in China[J].
Chinese Journal of tropical agriculture, 2019, 39(8): 66-71.
(in Chinese)

TG, PR, RN, B SSR AFIRic e R
B Fr EARZRRRI]. BAERIA4R, 2021, 42(5): 1305-1309.
LI W X, HE J J, ZHANG H L, LUO P. Identification of F,
hybrids of Hevea brasiliensis by SSR markers[J]. Chinese
Journal of Tropical Crops, 2021, 42(5): 1305-1309. (in Chinese)
RER, BYEE, WA, TR E N IME AR TR BB IR
SEMITERTONIERED]. PUAUMER AR, 2013, 28(2):
118-124, 146.

WU C T, LI W G, HUANG H S. Research progresses on
Hevea germplasm resources and breeding methods[J]. Jour-
nal of Northwest Forestry University, 2013, 28(2): 118-124,
146. (in Chinese)

ZEtoR, WERE, JEW, E—IK, B, B R
Brim RS 327-13 HUIERMEFIERE A ()], Pl
L, 2016, 36(6): 6-9.

LITR,HEJJ,WUQ S, WANG Y C, CHENG R X, LUO P.
Investigation of cold resistance and rubber production capac-
ity of rubber clone Zhanshi 327-13[J]. Chinese Journal of
tropical Agriculture, 2016, 36(6): 6-9. (in Chinese)

21, XEE, W, mEE, HRE RRKE I
IR T Cassiicolin FE DK 45T M 45t 2R A B 23— Kol
FAR[). PVER2EAR, 2019, 40(9): 1770-1782.

LIB X, LIU X B, FENG Y L, XIE H T, HUANG G X. Con-
struction of Cassiicolin genes barcode database and molecu-
lar detection technology of Corynespora cassiicola from
Hevea brasiliensis in China[J]. Chinese Journal of Tropical
Crops, 2019, 40(9): 1770-1782. (in Chinese)

N, EE A M), JsT: BT, 2006.
XIE L H. Regular plant pathology[M]. Beijing: Science
Press, 2006. (in Chinese)

JONES J D G, DANGL J L. The plant immune system[J].
Nature, 2006, 444(7117): 323-329.





