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GRL7.1, vk EAi k%, GGI4.1.GGVA4.1 = GGP4.1 ¥ 4% F Chr4 ¥9 B — X 18 ; GGI5.1.GGV5.1 #= GGP5.2 ¥4+ F Chr.5 #)
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Evaluation and Genome-wide Association Study ( GWAS ) of
Thermotolerance for Cucumber at the Germination Stage

ZHANG Song, MIAO Han, SONG Zi-chao, BO Kai-liang, WANG Ye, GU Xing-fang, ZHANG Sheng-ping
( The Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract: High temperature, which can reduce crop seed vigor, slow down or completely inhibit germina-
tion, is one of the important abiotic stresses that restrict cucumber production.A set of core germplasm including
96 cucumber accessions were used to identify thermotolerance at high temperature 42 °C during the seed germina-
tion stage.The thermotolerance was evaluated using a comprehensive index, which include the relative germina-
tion percentage, relative germination vigor, relative germination index and relative radicle length.The re-sequenc-
ing data of the core germplasm were used to perform the Genome-wide association study ( GWAS ) .We identified
two accessions, CG109 and CG110, which have a pretty strong thermotolerance, with the comprehensive index
of over 0.9.We detected 5 loci for relative germination percentage: GGP4.1, GGP4.2, GGP5.1, GGP5.2 and
GGPo6.1; 2 for relative germination vigor: GGV4.1 and GGV'5.1; 2 for relative germination index: GG/4.1 and
GGI5.1; 2 for relative radicle length: GRL6.1 and GRL7.1.Among them, GGI4.1, GGV4.1 and GGP4.1 are lo-
cated to the same physical region of Chr.4, and GGI5.1, GGV5.1 and GGP5.2 are located to the same region of
Chr.5.The loci located in these two regions can be detected simultaneously by relative germination percentage,
relative germination vigor and relative germination index three different indicators, which suggested that the two
regions could include genes related to thermotolerance.
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BN E = T 5 Dby A g R B S L SR I AR —
PR 05 I L X, P iR S T A, e B AR K TR
25~30 °C, SR 35 C, 2SFOEEHIAR,
TR 45 C, PR, TR E, B
B 3 S AT S AR B R I o 5 W R, 7R 2R b
RIE S 2 I R i R A I AERE T 5 R
H H& 7 150t R 55 1 4 ARk D, 8% it PR i 8 0
Mt 35 °C, ferniRE AT Ik 50 °C, EEAE B BT
JRAE = HOR T 3G R AR AR e 22—, X6 A A
O 7 B TR AR R TR A )
Jr AR, 18 B i A BT o 2 A e s
P B MU 13 A%, DR H ol o 3 % TR A T A
S, BRI PO AR T, E 8 B FFIE A
B2 —,

Tl AR A K R B I B, L 3R T 42
S R G A, IR RS TSR Y
P T AT RECRASFR o B R 18 IR 2R 5%
R AR BT AR R, R T
I 145 M B 45 TS PRI AEAR G 0 T
PRI 52 LR 5 b, 38 o AR % 25 A8 7 56 5
JR IR R TR A2 1 0 32, s Ehiaz FH 25 7 Ao
SEFRSEANE R %07 HE R SR | R ORI bR
SRR R i Z BRI R T BRI &
(14 FR T YL S 25~30 °C, 42 °C 254 F AR A< 22 3]

F 1 kTR IE SRR

Table 1 The code and geographical origin of germplasms

AN, 45 °C 40 T IR 52 432 Mm-S,
ke I A0 IR R, 42 CR N L
ZEI RS W FRARR R . R, 7R 42 CARF R XT
AN [ TR B R AT A 2 S I AR S O S S &
ZE YRS PR A S 0 35 DR, o 012 a8 A o 28 T
ML E A HEE L ARFTELL 96 177 B A% O Fh T
kg AR SR F BSE AR TE 42 CTF AT R R
RHRS, BRI 12 hids R R FECH T4 72 /)
AR S AR B, IR A 22 R & 2544 AH
X} R ZEHEECRIARXT AR BE RS 4 M EtniZr 6T
(B RN WAS [FIRD BT . 25 GO B
FEEE , X K ZESA T P T 4 3k PR 2 S B, -
o SR S B L RFD SNP 13 5.0 LLII A 3 I
TR TG R P AR PR R AR PR 11 22 4 B S
1 #R57EE
1.1 iKgesrt

AT FE RIS AR A 96 17 B AZ O RS, i
] A Bl 2 B i S AL AT 52 BT 9 ast 1% & b PR A
AL, HTAZ O A BT 4 b 3000 24 14
b e SR g BB 36 BR 75% L L g%
ZREPE (R 1), D& R IE AL EmW T, W75
B DB KL R 40 R 34 ( hittp - //www.icugi.org/cgi-bin/
ICuGl/index.cgi ).

% Hb B s Hb IR 5 s HhFEAE 5 Hi's HbH 5
No. Geographical origin No. Geographical origin No. Geographical origin No. Geographical origin
CGl PUPES REESUR || CGI3 KIES CG28 A A CG44 e
CG2 EIE RIBiAIR || CGl4 R LIV H CG29 H A CG45 B9
CG3 HA CGl15 L P CG30 HA CG47 F
CG4 H A CGl6 e LL A CG31 BN CG50 E[EE JEPE I
CG5 fif 24 CG17 EPjE hisi g || CG32 = CG51 e f
CG6 GpNIN CG19 ENEZ CG33 NA CG52 NA
CG7 Eqs CG20 R, v g CG35 i 2% CG54 Hh I, PN
CG8 S CG21 I, v e CG36 W CG55 |
CGY EgH CG23 EBE Hr ST || CG37 A TS CG56 ]
CG10 AL CG25 NA CG39 el CG57 ]
CGl1 ] CG26 i CG40 NA CG58 ]
CGI12 HEE A CG27 GRS CG43 Rl CG59 P, a Ak




2 gk AREE: HURR ZE AT B 4 3 PR 4 DG A HT 337
F1(4)

s HbHLH iR HbHL S R H VR R HbH S 5
No. Geographical origin No. Geographical origin No. Geographical origin No. Geographical origin
CG60 GHIE CG86 EE CG9Y8 L, bR CG110 ) 2 F)
CG61 H 4 CG87 E1)E | G99 i, L CGIIl  {RE B, PR 28
CG62 H CG88 Sy CG100 L IR CG112 THH, ITIER
CG63 Felw, ALy CG89 EREE N CG101 L AR CG113 THH, BHRT
CG69 FP I, PR A CGY0 EREEE N CG102 LHENITIFS CGl114 WK
CG70 Fh ], PEXLA CG91 EREEEY N CG103 HA CG116 ORI A
CGT1 FH I, PR A CG92 B, S || CG104 H A, KB CG117 E1);:3
CG72 P, YRS CG93 EHERPRE CG105 ) AR CG118 EREE, 673
CG77 L, PE XY CG94 hE LT CG106 o R CG120 B L7
CG78 rh i, YR CG95 G T[4 CG107 i, EER CG201 GRE I (9
CG84 rpE PR CG96 LHEIRTE(A CG108 o AR
CG85 Hh I, PR A CG97 LR CG109 ) 2 F)

NA : BB EAR R

NA : The origin of germplasms is unknown

1.2 WG E
121 RFHPHRLE SHHME " w5,
B A AR RO YR — 50 AT 13 4 [R] L FFR 1 15 1) e
T 50 Ko 1 ANEE, 3 REE L (E 42 °C TR
R, LATE 28 CTF AT I A ZFVE AR IR SR
SR . ELRAR By . S A TR SR L
155 CIR/KEF 4 h K i8R e B st b, i 4ty
T A TR AR . R AR ERALEITS 35
M S T A IR AR B AR b AERh T R
PeREAR , I T4 P S BB AR AT | 45 B Al 5 37 kS
RE T ROK PFERE T RS THIR A RN
BEMLHES ], A2 00E], BR% 12 hid s R ZF80H , Tk
ZEIEH 3 RO AR
1.2.2 48#RITE  JH Excel. SAS 9.2 15 %
3% ( germination percentage ). & %%\ ( germination
vigor ), & #f 45 %1 ( germination index ), i X} & 2f K
( RGP, relative germination percentage ). i X} & #f
# (RGV, relative germination vigor ), /1 X} % %f &
# (RGI, relative germination index ), A X AAR K i
( RRL, relative radicle length ), FEARTTE LT,

ZFFR=(FHERF BT AL F AT/
BERAY T E A2 X 100%' s

ZF R =(ZBRF B3 d L F AT s/
BERAY T A2 X 100% "5

RFIH =S (AL T4 EFRH) x100%

AR FR=FBAETIAF R/ FRLE
7d R FE,

MR FR=FZBAEIdLFR FaE

3dEFH
MR FIH =H B TdAFRK TR
2032 7 d R F AL

AR REAR K = HIR AR 3 d ARARKE / F R
222 3 d IEARKE
123 #iEAEE il FH Excel.SAS 9.2 %k {4 (SAS
Institute Inc., Cary, NC, USA ) X} flr 5% & ZE 5 vk
HEATAROCHE I  F 05350 HT SR pR S BT S R 03
Bro FEHIME WAL /ST(=1,2, -,n) O HA
FORE § ERGT I TTRRES; SRJB PREUE U (X)) =(X-
Xoin ) KK ) (3=1,2, =+, n), Hft X, FoR58j £
BITE, X AN X S35 [RIFP BT 2 § B3
e/ IME R KA 5 £88 A {8 ( comprehensive
evaluation values ) D=3, (U, x W; )(j=1,2, ---,n)""'
Ph DAEAE R Z5 G VT 48 b R A SR 25 Bl 5T Y 28 1 i
P BT R B 22707 Al (Ward )7,
124 £ERAXBEDW  FE% ORI IPEL
S VR , R 2 TN 2 0TI SR A 7 4 35 PR 4 DG B
Br, i Tassel 3.0 R4 T OIS0 H , R FH— e 2k
PEREEL ( GLM ), -2 el 1o

2 HERG5HH

2.1 B0 B S AR TG

211 ERSH W28 C) T, O R
BT e 2, H R 2R RS AR B . vl
(42 C) N, ARRREZ 18] 22 5808, KL 1 Al LA



338 R 7/ A

%O o R 20 £

F i, CGT1 A B3, CGY1 & 2EH 2 K &,

CG117 Fil CG109 % #F H A KK . X iR F 0
Pl & 2R08 LA T8 S4B ( 3% 2) ] R0, MEGE & 28

FMUAXT A ZF 35 7 A S Fil R R, P91 0~1 2 [1], 28
SRET N 0.36 F1 0.46 5 FHXTIRAR K BE (1948 55 &
KK, o 0.51 XA ZFR AU AL 52 R B0 043,

B 1 FEMEHMEIE 42 CLZF 3 d BER
Fig.1 The germination of different germplasm 3 days post sowing under 42 °C

x2 BOMR Q2 CRFERDN

Table 2 Statistical variation of core germplasm at 42 °C

®3 ZOMIR 42 CREFBXES T

Table 3 Correlation analysis of core germplasm at 42 °C

- . ey BSE
Bzt WA FEE I £ ¥y BlEn | 25
Index Kurtosis Skewness Average Range /éV

XK 2E 3R RGP 049  -1.17 0.74+027 0~1 0.36
MREZEHRGY 043 =075  0.62+0.28 0~1 0.46
FXT R e RGI  -0.61 -0.53  0.52+0.23 0~0.98 0.43

AXTIRAR K RRL  0.03 0.02 036+0.18 0~0.82 0.51

RGP: Relative germination percentage, RGV: Relative germination
vigor, RGI: Relative germination index, RRL: Relative radicle length.

The same as below

2.1.2 HHXMEDH KX & ZEER AR R 2R
X 52 254 BORAR T IR AR JEE AT AR ek 27
(F£3)o ATEERERM, 4 D EIR R %
FHOG, HE PR & 2R AR & ZEA R & 245 5K
VR 22 (B 32 A s A O, T 79 22 ] ) A O R A K
T 0.9, HHAHXT & ZER RN K ZE PR A OC R 8
1, N 0.9587 A A 2F SRR & ZF AR AHOC R
Bk Z, 0 0.9535 , AR A 25 AR & 246 AL A
KRECH 0.9234, HIXTIRAR B2 5 HH0 & 28 % A
X} Iz ZEAFIAI R K 2550 3 AN 2 RN A G 2R 50
7E 0.5200~0.5600 Z [i].,

213 FERESHHT TS5 (PCA, principal
component analysis ) (£ 4 ), 733 4 > Fisr. I 2
AN F 7 22 BTER AR 51900 0 81.88% Fl 15.41%,
FLAr 1 FE EEALHE A XS & ZF A AN R
Xt & 2F 5 BOR A S IR AR KO, a2 EE A

s X X MR HIXPIEAR
! KRR R 5% K
Index

RGP RGV RGI RRL
R & 2R |
RGP
XS % 254 .

0.9535 1
RGV
HMEFE e essr
¥ RGI ' '
AT AR K . . .
. 0.5566 0.5437 0.5201 1
& RRL

TR 0.01 KR ERBE

" indicates significant differences under 0.01 level

&4 LR Q2 CREFERTHEMR

Table 4 Principal component analysis of core germplasm

at42 °C
B8 F 143 Principal component
Parameter 1 2 3 4
AHXS & 2% RGP 0.5337  -0.1857 —0.7418 0.3612
AHXS R 2 RGV 0.5380 02222 0.0474  -0.8118
HHXT & 27454 RGI 0.5302 02503  0.6676 0.4589
FEXTARAR S B RRL 0.3803 0.9238  0.0432 0.0017
Ik (% ) 81.88 97.29 99.18 100

Cumulative

FEARE & 25 3 R & ZEFR BORAR R IRAR K 31X
2 A ERS Bt sk 97.29%, B 2 S E R4 R DA
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vl DA 1 A2 L a3 A5 G 3 U A T B EEOK ik 84.16%, 55 2 F M4 AL FE K 15.84%, D {H K
BEEE B 2 A EAME N AT AR RSy, m UL B R = R R R R . AR T A R
PEE M2 R PRACER T Z AT 4 4845 97.29% 1) 1, CG109 FI CG110 /9 D {8 & = (£ 5), 43 il
HE. 0.9577 1 0.9122, 5t B 3 4 103 B4 6} 114 25 303 it 44 1
214 REJBSW HHHE2AFWANEMSE 68 & i®; CG54 F1 CG86 M) D H iz /1N, 4 0.1126 Fll
Uy A1 B 25 G VAN D (E, Forr, 28 1 R4 0.1061, FHAIX 2 By bRk i) 28 HA N £ BB 555

®S5 BWMRBEMEFEGRRABRFRS REEH.GE5TENE

Table 5 Values of germination indicators, principal components, subordinate function, and comprehensive evaluation ( D value ) for

germplasms
NS IR
% MIRTRZE MIRTRZE AHXSRZEE LRSS Component scores C ( x ) Membership value D
Code & RGP #RGV % RGI & RRL D value
C1 C2 Ui Uix)

CGl 0.9747 0.8857 0.7898 0.2544 1.5122 -0.3405 0.8575 0.3194 0.7723
CG2 0.6568 0.6456 0.5221 0.3095 1.0923 -0.1102 0.6194 0.5564 0.6094
CG3 0.6045 0.4075 0.4090 — 0.7587 -0.3052 0.4302 0.3558 0.4184
CG4 0.4909 0.4559 0.3618 — 0.6991 -0.2830 0.3964 0.3786 0.3936
CGS 0.4883 0.3747 0.3443 — 0.6448 -0.2601 0.3656 0.4021 0.3714
CG6 0.8773 0.8076 0.7110 0.3413 1.4095 -0.2050 0.7993 0.4588 0.7453
CG7 0.6379 0.6180 0.4840 — 0.9295 -0.3769 0.5271 0.2819 0.4883
CG8 0.9606 0.6975 0.7222 0.3235 1.3939 -0.2153 0.7904 0.4483 0.7362
CGY 0.8948 0.7889 0.7265 0.2670 1.3887 -0.2767 0.7875 0.3851 0.7238
CG10 0.7533 0.6667 0.6832 0.3515 1.2566 -0.1343 0.7126 0.5316 0.6839
CGl11 0.9156 0.7540 0.6324 0.5388 1.4345 0.0019 0.8135 0.6717 0.7910
CGl12 0.9725 0.9447 0.7904 0.5147 1.6421 -0.1129 0.9312 0.5537 0.8714
CG13 0.9000 0.8267 0.7672 0.1863 1.4027 -0.3707 0.7954 0.2883 0.7151
CGl14 0.5695 0.5588 0.4192 — 0.8268 -0.3348 0.4689 0.3252 0.4461
CGl5 0.8574 0.7044 0.7164 0.3409 1.3460 -0.1801 0.7633 0.4844 0.7191
CGl6 0.7801 0.7462 0.6190 0.3573 1.2819 -0.1355 0.7269 0.5304 0.6958
CG17 0.3453 0.3454 0.3389 0.4810 0.7327 0.2186 0.4155 0.8948 0.4914
CG19 0.9741 0.9224 0.8232 0.4147 1.6103 -0.2088 0.9131 0.4549 0.8406
CG20 0.5552 0.5444 0.4643 0.3205 0.9573 -0.0442 0.5428 0.6243 0.5558
CG21 0.9636 0.8206 0.7753 0.4987 1.5565 -0.0947 0.8826 0.5724 0.8335
CG23 0.6233 0.5011 0.4567 0.4911 1.0312 0.1122 0.5847 0.7853 0.6165
CG25 0.8329 0.8111 0.6101 0.2433 1.2969 -0.2628 0.7354 0.3993 0.6822
CG26 0.6601 0.9706 0.7798 0.3933 1.4375 -0.1701 0.8152 0.4947 0.7644
CG27 0.2014 0.1174 0.0865 0.0868 0.2495 -0.0049 0.1415 0.6647 0.2244
CG28 0.5403 0.5173 0.3430 — 0.7485 -0.3011 0.4245 0.3599 0.4142
CG29 0.6275 0.3922 0.3257 — 0.7185 -0.2852 0.4075 0.3763 0.4025
CG30 0.3800 0.2521 0.2286 0.2942 0.5716 0.0880 0.3241 0.7603 0.3932
CG31 0.7258 0.4839 0.5821 — 0.9563 -0.3880 0.5423 0.2705 0.4993

CG32 0.9794 0.9728 0.7650 0.5271 1.6522 -0.1026 0.9369 0.5642 0.8778
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®5(%)
ARTAR IR
i HREREE ARREAE AR AR ARTRAREC Component scores C ( x ) Membership value DA
Code # RGP #RGV # RGI J RRL D value
Cl C2 Uxi) Uxa)

CG33 0.3318 0.2652 0.1920 0.2836 0.5294 0.0934 0.3002 0.7659 0.3740
CG35 0.9133 0.7133 0.7312 0.3915 1.4078 -0.1495 0.7983 0.5160 0.7536
CG36 0.6581 0.6410 0.4975 — 0.9599 -0.3892 0.5443 0.2693 0.5007
CG37 0.8667 1.0000 0.8440 0.3745 1.5904 -0.2484 0.9019 0.4142 0.8246
CG39 0.9177 0.6718 0.3953 0.3070 1.1776 -0.1350 0.6677 0.5308 0.6461
CG40 0.3407 0.2528 0.1926 — 0.4200 -0.1677 0.2382 0.4973 0.2792
CG43 0.9102 0.8435 0.7324 — 1.3279 -0.5398 0.7530 0.1143 0.6518
CG44 0.9559 0.9337 0.8288 0.4176 1.6107 -0.2067 0.9134 0.4571 0.8411

CG45 0.9086 0.8881 0.7909 0.2336 1.4709 -0.3482 0.8341 0.3115 0.7513
CG47 0.9889 0.9889 0.9889 — 1.5841 -0.6509 0.8983 0.0000 0.7560
CG49 0.4100 0.2797 0.2645 0.2673 0.6112 0.0424 0.3466 0.7134 0.4047
CG50 0.3736 0.1771 0.1814 0.1215 0.4371 -0.0419 0.2478 0.6267 0.3079
CGsl1 0.7500 0.6959 0.5874 0.2700 1.1888 -0.1916 0.6741 0.4727 0.6422
CG52 0.0999 0.1113 0.0999 0.1040 0.2057 0.0278 0.1167 0.6984 0.2088
CG54 0.0175 0.0000 0.0075 0.0030 0.0145 -0.0024 0.0082 0.6674 0.1126
CG55 0.8534 0.7367 0.7264 0.4001 1.3891 -0.1344 0.7877 0.5315 0.7471
CG56 0.5241 0.3204 0.3547 — 0.6401 -0.2573 0.3630 0.4050 0.3696
CG57 1.0000 1.0000 0.9838 0.3761 1.7363 -0.3067 0.9846 0.3541 0.8848
CGS58 0.7392 0.7088 0.6549 0.6894 1.3853 0.1782 0.7855 0.8531 0.7962
CG59 0.8570 0.6597 0.6859 0.4301 1.3395 -0.0801 0.7596 0.5874 0.7323
CG60 0.8896 0.8479 0.7995 0.4439 1.5237 -0.1437 0.8640 0.5219 0.8098
CGo6l 0.9204 0.7139 0.7040 0.6063 1.4791 0.0543 0.8388 0.7257 0.8208
CG62 0.9253 0.8165 0.7495 0.4895 1.5167 -0.0886 0.8601 0.5786 0.8155
CG63 0.9067 0.7333 0.7349 0.4523 1.4400 -0.0975 0.8166 0.5695 0.7775
CG66 0.4026 0.2971 0.2127 0.3133 0.6066 0.0954 0.3440 0.7680 0.4111

CG68 0.3430 0.3031 0.2485 0.4468 0.6478 0.2195 0.3673 0.8957 0.4510
CG69 0.5600 0.4400 0.4191 0.6793 1.0162 0.3209 0.5762 1.0000 0.6434
CG70 0.6687 0.2604 0.2879 0.2437 0.7423 -0.0290 0.4210 0.6400 0.4556
CG71 0.7270 0.5566 0.3498 0.3762 1.0160 0.0013 0.5761 0.6711 0.5912
CG72 0.7333 0.6133 0.3827 0.5321 1.1266 0.1233 0.6389 0.7967 0.6639
CG77 0.6662 0.4814 0.3307 0.4118 0.9465 0.0670 0.5367 0.7387 0.5687
CG78 0.7940 0.7041 0.5907 0.8193 1.4273 0.3051 0.8094 0.9837 0.8370
CG81 0.0660 0.0220 0.0346 0.0122 0.0700 -0.0145 0.0397 0.6548 0.1372
CG84 0.9244 0.7203 0.5703 0.6095 1.4150 0.0886 0.8024 0.7609 0.7958
CGS85 0.9188 0.7690 0.5839 0.6757 1.4707 0.1366 0.8340 0.8104 0.8302
CG86 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6698 0.1061
CG87 0.9954 0.9707 0.7442 0.4739 1.6283 -0.1491 0.9234 0.5164 0.8589
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®5(%)
ARTAR IR
i HRERSE  ARREAE AR AR ARTEAREC Component scores C ( x ) Membership value DA
Code # RGP #RGV  RGI 2 RRL D value
Cl C2 Uxi) Uixa)

CGS88 0.0285 0.0083 0.0113 0.0011 0.0261 -0.0089 0.0148 0.6606 0.1171
CG89 0.9303 0.7958 0.6639 0.5570 1.4884 -0.0012 0.8440 0.6685 0.8162
CG90 0.7299 0.5766 0.5176 0.6079 1.2054 0.1683 0.6835 0.8430 0.7088
CGI1 0.9556 0.7889 0.6432 0.3457 1.4069 -0.1944 0.7978 0.4697 0.7458
CGI3 0.9039 0.8391 0.7072 0.3039 1.4244 -0.2505 0.8077 0.4120 0.7450
CGY% 0.7478 0.6702 0.5006 0.2337 1.1140 -0.1972 0.6317 0.4668 0.6056
CG95 0.7837 0.7346 0.5566 0.5069 1.3014 0.0202 0.7380 0.6905 0.7305
CG96 0.9428 0.8847 0.7770 0.2564 1.4886 -0.3292 0.8441 0.3310 0.7628
CG98 0.8337 0.8205 0.8216 0.3287 1.4470 -0.2391 0.8205 0.4238 0.7577
CG99 0.9592 0.9388 0.6983 0.3537 1.5217 -0.2347 0.8629 0.4283 0.7941
CG100 0.0597 0.0132 0.1376 0.0013 0.1124 -0.0473 0.0637 0.6211 0.1520
CG101 0.9709 0.9306 0.7040 0.6427 1.6365 0.0305 0.9280 0.7011 0.8921
CG102 0.9924 0.9583 0.7491 0.4784 1.6243 -0.1428 0.9211 0.5228 0.8580
CG103 0.9566 0.9247 0.7025 0.4717 1.5598 -0.1232 0.8845 0.5430 0.8304
CG104 0.8600 0.6667 0.4666 0.4237 1.2262 -0.0332 0.6953 0.6356 0.6859
CG105 0.8914 0.7595 0.5733 0.1454 1.2436 -0.3435 0.7052 0.3163 0.6436
CG106 0.8797 0.7408 0.4544 0.3490 1.2417 -0.1194 0.7041 0.5470 0.6792
CG107 0.8116 0.8048 0.5531 0.2087 1.2388 -0.2752 0.7025 0.3866 0.6524
CG108 0.8688 0.8620 0.7847 0.3163 1.4637 -0.2571 0.8300 0.4053 0.7628
CG109 0.9405 0.9405 0.7993 0.7934 1.7335 0.1492 0.9830 0.8234 0.9577
CGl110 0.9733 0.9533 0.8047 0.6222 1.6957 -0.0192 0.9616 0.6500 0.9122
CGll11 0.7466 0.4963 0.5007 0.4357 1.0966 0.0282 0.6219 0.6988 0.6340
CGl112 0.9149 0.8657 0.7845 0.3271 1.4943 -0.2564 0.8474 0.4059 0.7775
CGl113 0.5111 0.2000 0.1597 0.0527 0.4851 -0.1307 0.2751 0.5353 0.3163
CGl14 0.9146 0.8557 0.6789 0.3523 1.4424 -0.2045 0.8179 0.4593 0.7611
CGll16 0.8375 0.8055 0.7208 0.2956 1.3749 -0.2418 0.7797 0.4209 0.7228
CGl117 0.8267 0.6400 0.5022 0.2808 1.1585 -0.1620 0.6570 0.5030 0.6326
CGl118 0.3040 0.2134 0.1689 0.3973 0.5177 0.2209 0.2936 0.8971 0.3892
CG120 0.3557 0.1611 0.1707 0.0157 0.3730 -0.1301 0.2115 0.5359 0.2629
CG201 0.9004 0.7662 0.5613 0.1255 1.2381 -0.3620 0.7021 0.2972 0.6379

=" R Bk

“—" indicates data missing

2.1.5 RESDW AMKICHEEE S B, aREAZOF R, LI CG109 A1 CG110 P 153 #4 ki #40 f
Jior o 328 (R 2), i sk it J b o (2B T ). 3, PSRRI D (E37E 0.9 LU L 7E 3B R
AR PR (CRBE T ) RURT SRR (2SBEIT ). CG54.,CG81.,CG86 ., CG88 Fil CG100 5 3 44} it
SREZ IR RS TR bR 22 R, Fesiit  #PEReES  H D (HI97E 020 LIT .
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Table 6 Loci detected by GWAS
St GWAS {315, PEREN {i % (bp) TR
Index GWAS locus SNP Chr. Position log(P) R’
AR K 23 GGP4.1 SNP1822898 4 6743160 6.71 0.23
RGP GGP4.2 SNP1966300 4 14510847 6.93 0.24
GGP5.1 SNP2193225 5 2883242 6.43 0.24
GGP5.2 SNP2478574 5 19721974 7.09 0.25
GGP6.1 SNP3109545 6 25585278 6.99 0.31
AHX 2 ZF 3 GGV4.1 SNP1822898 4 6743160 6.30 0.21
RGV GGV5.1 SNP2478574 5 19721974 5.96 0.20
AEXT & a4 GGI4.1 SNP1822879 4 6741213 7.05 0.22
RGI GGIS5.1 SNP2478781 5 19731762 7.12 0.22
AEXT AR i GRL6.1 SNP2846654 6 10927599 523 0.29
RRL GRL7.1 SNP3386640 7 11489490 5.81 0.25
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