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Seedling Thermotolerance in Cucumber Core Germplasm
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Abstract: To investigate the cucumber thermotolerance at seedling stage and identify heat-tolerant
accessions, this study analyzed 86 cucumber core germplasm at three-mature-leaves seedlings stage under
greenhouse conditions ( temperature: 50 + 4 °C ). Scoring for heat damage was conducted based on heat injury
symptoms, and the heat injury index ( HII ) was deployed to evaluate the thermotolerance of cucumber at seedling
stage. Taking advantage of the whole genome re-sequencing datasets, the genome-wide association study ( GWAS )
was employed to identify the genetic loci that associated to the thermotolerance. The significant differences in HII
were detected among tested materials, while the coefficient of variation under two environmental conditions were
21.9% and 22.5% respectively. By deploying HII, 86 cucumber germplasms were clustered into four groups: heat-
resistant, medium heat-resistant, medium heat-sensitive and heat-sensitive group. The preliminary GWAS analysis
suggested seven loci, including gHI14.1 gHII5.1, gHII5.2 . gHII6.1, gHII7.1 gHII4.2 and gHI16.2, which were
associated to the heat resistance. Among them, two loci gHI14.1 and gHI14.2 on chromosome 4, were found to be
mostly relevant, and 67 candidate genes within this region were found.

Key words: cucumber; core germplasm; seedling; thermotolerance ; GWAS

#; JIX ( Cucumis sativus L. ) J5 7 TR BEMRIE ) K AEFT TR BT S )i 2, IR Sy —Rh it 5
= R L R R N BN EE LR M X, e — P =R A VERY F B ESAEY) , e BRI B N AR 2 2 A 55 .
Mt AEY) IR 35 CaSEEAE  MBIAHRE SR, M IR = R0 R W R] , & R RS 3N

UrFEEHA: 2018-12-26  f&EIHHA: 2019-01-15  FZEHi AR B #A: 2019-02-01

URL : http://doi.org/10.13430/j.cnki.jpgr.20181226001

S AEFRWT Iy 0 RS E F, E-mail : 731252757@qg.com

BEVER K2, W57 0 Ry s & 5 F, E-mail : zhangshengping@caas.cn
T WFSE T 0] R s 4 5 R, E-mail . guxingfang@caas.cn

EE&WMA : FEHE AU THRIPE D) (2018YFD0100702 )

Foundation project: National Key R&D Program of China ( 2018YFD0100702 )



1224 7/

A = 20 %

A R A T AR BT P A
T E AU F A A R, S R TORT
Al PP EEE B AN, A% O R BTIRER TR 2R i
(AR S DRI, o 8 A Co P I A A 7 T R 6 o
i AN [ S TR T g Y BT A ARG AR, T LA Ry i A
s o3 7 B F A, A AT Ay i AL PR A 4 4 -
LIRS |

H AT, V8 2255 kit b0 B A PR 1 45 v
JICHT SN AR 2 S5 AT TR, FEERTIH9N
3, Ak ) B e s N TR U e e v
s R A I IRAR L 4 1 1
LM AL PR, R 8 h JEHE 30 °C 18h/40 °C 6 h 251
JilriB 72 h RIS 52 FARER P PO T AT IR E R R
T R R LB A P SR i
—0, P 42 CEiRAL PR 24h J5 , 76 25 CHEIR 14 h,
i 10 h P& MIRE AR TR IR RS2 B G L
SIHERT T R I SRR 3 AR R AR, T
FIERSE WA DA TR 0 0 TN A i
PPEHEA TS E VA, LU S e i de )iz s
JEAR P R G5 T4 SOD (H A LY Ll ) & 578
A0 L AT T P S E FE bR AN, A LA
] [ 4R R A E AT S E ORI s e
LT 2 i LU R SR, AR E T R
A3, FEHIIREAE (50 £2) °C, A3 8 h, W% 11
FLIH L AP, HEATHE 39 5 YA A
FEXHT 3~4 Fr ELUEF I, 64T T R (38 °C) Fig
HEIR A (42 °C) PHYRALHR , R4 T H [R] 3 EHE B0 A
X 3 Fh 7 VA AT AR BN T, B 76 BT P A A 4
W B — 8 1Y RS, AT 2 UL T A PPN T
T SOD (B A b ALl ) & BS54 2 AE Ak
FEVR A2 W38 S5 R TR R R T 2 5 I AR
25, RIS F T R AR 40 5 eAh, N T A
S B AL R 7 Ml R, [RIRE TR A R R A T
AR AR S, PR AR 9 1) FH B 2 e iR A, 25
T 5 3053 T ) R TN AR S 30 88, DT A 7 8 TR
R APERTSE . 5340, BRI AR 73 A
SRR D T AR 4 3 R 2 S B A AT AR 52 1 A
TLARGE .

AR el FH %) B TR O B ke 1 5545 b Y
3342 Gyl FR AR E S I B SR T EIE
L) 86 19 B INAZ ORI A AT RE, 277 ST A 4
S IAPE 25 S0P, 255 IR 45 51, T e R 4
IR, AT A i TN A DRI 725 40 B T A i
e F HRAL ISR .

1 MRBE5RE
1.1 ##

HEARL A 86 43 i TAZCoFh BT, IR A
AP Bl BE gk AL T 58 i e N URAIZE . AR
REEEIE 1,

1.2 RWHE

B 2 i 4, T 2007 4E 6 A A7 A (June
2017, July 2017 ) 73 WAt RR A, 4 HEaR O b i LR
P E OB B AL T ST T S0 S b )
T, HEFREE N, B R SIRERE, B ER
10 4, BEALIX ZHHES, H AR, FmT K, S AR
B 2, FRi K E 3k 1.0, IR E AR
FHE LA T R P . IR A AN IR B AT
BRIERETC Y, A0 10 min SRR =S NIRRT
K 7 2 R BEE 50 + 4 C LA, EELEAb B
3~4 h 5, FFE R R (% 2), I ZAEK 3d A
WESHERR I FARDE , R AEFH (K 1), 2
AR T A R SRR A T R AT I R bk
ZEIGOR A S RRAFE R, AHE
P HUE -

0 4% TeIVEREMR; 1 9. B84k HL A 1
BRR LR O IEHR, T IER, FHZE1E ;2 9
A 12 B A, OB IE R, P IE R, R EZEIE
39 HA A 23 A O A, IR, T
PRRIE R 490 A M 7 T4k, TR IE ;590
L S TP 1 1S 2:0 o (= RN Wi o W e = Y G =
#oFE Fg B(HI, high-temperature injury index ) =
[(0Ox SO+ x SI+2 x S2H3 x S3H4 x A5 x S5) B x N | x 100,

S0~S5: 0~5 ZUAEMR AR EL ; N« BV REEL
1.3 #HEaE

i H Microsoft Excel 2010 4% {2 ik 17 5 4 b
FEATH . B Hr R SPSS 22.0 #fF, B2y
R 255 F (Ward ) 7, LARK [ 1B 2 57 7 i ot
Frimlat, 4P DG /AT 1 A emmax Ak {44 7
AT SRR A LA (MLM ), 2853 32 7043 B
(PCA), If-2: il i ]

2 HER5HH

21 HEEmREEELER

Xt 2017 4F 6 H A1 7 H WL A% O FP R 40
HEAT i 0P 2, A PR 40 1 25 S L, AE
RS M s R WK 3. Pt oh 2806k
A ML, FO R —2 M F R CG10,



54 B A5 TR Bl BRI & GWAS 734 1225

=

R 1 AR ORI SRR

Table 1 Name and geographic origin of tested germplasms

4 PO 4455 PRI e |4is PR 4455 FIRISS o
Code Accession name Germplasm Origin Code Accession name Germplasm Origin
code code
CG1 A-C-3 P1512596 PHBEAFHE#RIK || CG57 Yuanmi G15 i
CG2 USM 307 P1605943  E[JEEFIBE B ¥ || CG58 You 3 xuan G16 i
CG3 Tsuda P1 504563 H A CG59 Ji Zao G17 o E gk
CG5 M5 CGN19677 fif 2% CG60 9930 9930 Hh
CG6 Klinsky Mestnyj CGN21670 GIpiNES CG61 185 185 H A
CG7 1972 B-2 CGN19579 eS| CG62 Bai Ye San G6 Hh
CG8 National Pickle CGN21626 eS| CG63 Marketmore76 Pl 561148 KEAYY
CG9  Spartan Garden MSU-C7-63  CGN21627 eS| CG64 11621 P1183967  E[HENHAIIS
CG10 Rasht CGN21616 et} CG69  Yuan Xing Huang Pi Huang Gua BN21 o FE PG XL N
CG11 WJR2930 CGN21692 i CG70  Bai Chang Yuan Huang Gua Pl 267945 A A KB
CG12 TGR 580 Pl 482412 A CGT71 Yuan Bai Huang Gua BN31 o FE VG XLl
CG13 N2/81 CGN21691 FIES CG72 Bai Pi Yuan Huang Gua BN32 o [ 7Y B A
CG14 Inyangu P1500361 BeLLW s || CGT7 Ban Na Huang Gua 51 BN51 r ] P X4l
CG15 ZM 1065 PI500359  HEHWHHE  ||CGT8 Ban Na Huang Gua 53 BNS53 o [ Y XL
CG16 Chibimbi P1500365  #LLWF4d4 ||{CG84  Yuan Zong Huang DiHuang Gua  BNG66 e [ P B A
CG19 Small Green P1 504570 E1)iy CG85 Di Huang Gua BN68 w5 B A
CG21 Poona Kheera P1606033  EPfEH LI ||{CG88 VIR 3147 Pl 504564 B
CG23 USM 321 PI1 605957  EEHIBTHIFS || CG8I CM8537-1-2-1-1-0-1-1-1 1T 5A1269 SRS
CG25 Xin Tai Mi Ci G1135 GRS CG90 Qing Pi Ba Cha 11 5A0152 Fh 7 b
CG26 02245 G1203 G| CGo1 Da Qing7314-2-6-1-1 11 5A0156 SRS RN
CG27 Cus124/71 CGN20243 i CG92 Khira PI1 163213  [LALHEHE
CG28 Kaga Fushinari CGN19829 BN CGY4 Liao Yang Ye San Il 5A0614 HpE T
CG29  Sagami Hanpaku Fushinari Kyuri CGN20853 HA CG95 He Cha Huang Gua II 5A1008 AL
CG30 Aonaga Suyo Kyuri CGN20854 HA CG96 Qian Qi Li Huang Gua Il 5A1087 e
CG31 Cgn19828 CGN19828 HA CG97 Da Ci Huang Gua Il 5A0386 e Py i
CG32 Hok CGN20266 fr 2 CGo8 Fu Song Ye San 1T 5A0594 HE bR
CG33 151G G12 i CG99 Ye San Bai 1T 5A0108 rp L
CG35 752 CGN20512 fif = CG101 Jia Huang Gua QT127 LR
CG36 Gy3(S4) CGN20515 i CG102 Jin Yan Er Hao I 5A0173 IR
CG37 Muromskij CGN23617  {RUHIEFS  ||CG103 Qing Dao Qiu Ye Er San Pl 227210 HA
CG39 65G G5 i CG104 Honshu Aibai Pl 267942 H A KB
CG40 G8 G8 GHE| CG105  Sekino No.2(Ochiai No. I 5A1135 FETR
CG42 NCG042 NCG042 ESE CG106 Qiu Huang Gua 11 5A0061 o [ 0 R
CG43 SC53-B(6) CGN19655 ESE| CG107 Leng Lu Huang Gua Il 5A1482 RS
CG44 2163 CGN19924 F [ CG108 71 Hao Huang Gua I 5A0771 P AR
CG45 SC50 CGN20898 | CG109 Huang Gua PI 288995 ) 2 F)
CG49 JL-14 Dhillon CGN23002 E[IjE CG110 Nemet Kigyo Pl 326594 5 )
CG50 Ketimun Tjarang/Putih CGN20890  ERJEJEPEW. ||CG112 Ames 1208 P1338236 +HILJFIER
CG51 Yellow 1 CGN20517 LTSS CG113 8181 P1172923 +HHD/RT
CG52 9110Gt 9110Gt LY CG114 Puerta-Rico #6 Ames21698 I ELS
CG53 09G10 09G10 o CG117 Khira PI 175120 ElEE
CG54 Ban Na Huang Gua BN1000  HEIPERUMAN ||CG118 Pradesh Khira P1173892  ENEEJL AT
CG55 Si Chuan Bai Gua G13 rhE P CG120 Huang Tie Wu Ci Gua(Da Ci 1l 5A0197 W LY
Huang Gua)
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Table 2 Experimental environment of tested germplasms
Kb3 Treatment T Seedling age i) Date PR (°C) Average temperature A Site
June 2017 310 2017 426 H 26 H 53.3 e
July 2017 310 2017 47 H30 H 46.7 1%

0~5: P 0~54% 0-5: HIl grade 0-5
B 1 #ESRIRE

Fig.1 Grade scale of thermotolerance
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Table 3 Distribution and statistics parameters of HII in the seedling stage of germplasm

Lb R SN IR “FHIE FrifEZ i £ U SiE BRRH RS (PED
Treatment Max. score Min. score Mean sD Skewness  Kurtosis (%) CV P value

June 2017  65.51587302 25.05291005  41.36167676 9.052716448 0.522 -0.218 21.9 0.163>0.05

July 2017 725 22.23544974  42.03124685 9.443051222 0.321 0.680 225 0.200>0.05
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Fig.2 Cluster analysis of thermotolerance at
seedling stage for germplasm based on HII value
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Fig.3 Correlation analysis between the
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Table 4 Information of GWAS signal sites and corresponding SNP markers
by GWAS {5 5 5 SNP #rid POGRES YEALE (bp) -log,oP fii
Treatment GWAS signal sites SNP markers Chr. Physical position -log,,P value
June 2017 gHII4.1 SNP2039108 4 177 946 15 5.94
gHII5.1 SNP2433739 5 170 123 58 4.96
gHII5.2 SNP2553907 5 241933 53 5.09
gHII6.1 SNP3126674 6 266 055 90 5.14
gHII7.1 SNP3521714 7 185 625 31 5.39
July 2017 gHI114.2 SNP204857 4 182 442 78 458

gHl16.2 SNP266364 6 2008825 5.54
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