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Table 1 Primer sequences for expression analysis

EPE K311 R

Gene 1D Primer sequence(5'—3") Primer sequence(5'—3")
Csa2M033940. 1 TGAGTTGTGGCAGGTGAAAT TCTTCTCTGCCTCCTCGAAT
Csa2M033990. 1 AGCTTGGAAGAGGTCATGCT TTGAAAGGTCAATTGGGACA
Csa2M034590. 1 CAGCAGCTTCTCCATGTTGT CCTCGAACCTCAGATCCAAT
Csa2M034720. 1 GCTGACACTTTCGATCTCCA AGTCCCAGGTTCACACACAA
Csa2M035350. 1 GCTTCTTGTGGCACTCAGAC ATTTCAGCTTGAAGGGTCGT
Csa2M035360. 1 TGAGGTCCCTTTCAACTTCC GAATAAGGCCTTCAACCCAA
Cs5a2M055040. 1 GAAACTGCAGGTGTGGATTG ACAACACCACCTTCCAACAA
Csa2M057080. 1 CGAGGGTGTTGAGGTACAGA ACGAACCTCCCTTTAACCCT
Csa2M042770. 1 CCCTCTCTGCACCATTGTTA CCAATAATCACAGCCACACC
Csa2M055050. 1 CCACCATCGTTTAGCCTTCT CAAACGAAGTGAGCCTTCAG
Cs-Actin TTCTGGTGATGGTGTGAGTC GGCAGTGGTGGTGAACATG
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Fig.1 The major QTL mapping for parthenocarpy
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Table 2 The genes function predicted in the physical region

Z51EY) 3R Biological process

Z 5% H Number of genes

N IR ARV Response to endogenous stimulus ( GO :0009719)
T4 Cell growth( GO:0016049)

e 534k Cell differentiation( GO ;0030154 )

JRJ5 %8 Post-embryonic development( GO ;0009791)
ANHIFET™ Cell death( GO :0008219)

H: K Growth( GO ;0040007 )

JEHf % 7 Embryonic development( GO :0009790)
AAMLJE Y Cell cycle( GO:0007049)

ANHfE B %1% Cell communication( GO ;0007154 )
N5 S Cell-cell signaling( GO :0007267 )
4K Flower development( GO ;0009908 )

28} Pollination ( GO :0009856)

FEH FIR 1) TH45 Regulation of gene expression, epigenetic( GO :0040029 )

J& 4 Ripening( GO ;0009835 )
7% Abscission( GO ;0009838)
F:H 43t Total number of genes

38
38
38
31
29
23
23
22
14
14
12

118
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Fig.3 The expression level of genes located in Chromosome 2 in 2d parthenocarpic fruit of EC1

x3 RIEEEH KEGG 247
Table 3 KEGG analysis of the candidate genes

HEP Gene {EB Annotation JE[A 1D Gene 1D
CsCRT1 Calreticulin-like Csa2M033940. 1
CsMDL1 (R) - mandelonitrilelyase 1 - like Csa2M055050. 1
CsMDL3 (R) - mandelonitrilelyase 3 - like Csa2M055040. 1
CsLON Lon protease homolog, mitochondrial-like Csa2M033990. 1
CsTRAPPC4 Trafficking protein particle complex subunit 4 - like Csa2M034720. 1
CsMYB86 Transcription factor MYB86 - like Csa2M035350. 1
CsPOT Probable peptide/nitrate transporter Atlg59740 - like Csa2M035360. 1
CsCOL3 Zinc finger protein CONSTANS-LIKE 5 - like Csa2M057080. 1
CsSNG4 Auxin-induced protein SNG4 - like Csa2M042770. 1
CsRABEPK LOW QUALITY PROTEIN; rah9 effector protein with kelch motifs-like, partial Csa2M034590. 1
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Fig.5 Quantitative RT-PCR analysis of

the candidate genes

i 3 PR A R v AT

i3 RT-PCR HAR 3 H7 5 RFEAS [m] 45 52 M oL
eIk AR X, R A T 3 R AR R
PRI KA 1 28 AR A e FE
FERPEZE S RS b Rk, e HoAh 28 F L
AFRIE UL L PR A PRV 25 St v R 1 2 G H B
FITEH . Hoh CsCRT1 2 5135 AWt B, anf 5k |
B RS S5 555 . AT AR R CRT FE TR
KAEBF P KT I A A Al RE I
KE A R BRI EIG R A TRk AR &, HIEH
F14) 5 2% 35 o ] AR S 45 5 - 174 2 sl R T A
PIHEN CRT P 2 5 3 NS 45 SC ML T g 5



2 4 BT ELS S

f e S PR T 5 23R 43 M 229

VA NSRS AE O, AR HE s 25 S R rp
5 B T it RN PR I BT, DA I 45 T U Y RN
CsLON( Csa2M033990. 1) J&—2) {2 /040 T B LW
FEAZAE Y MO ATP (98 F IS, GO 43 BT & IHH:
Z 5T i MIR)G & & AW B, Rigas 557 15T
RIFUFE T LON1 7E4h s B rh Rk i T s
B H AN LR AR I i 2 TR, R
St AR CsLON Y 38 52 il i 4 b A S 4 0T 22 (8 & D)
PRAIE B8 I B3 ob 40 i P AR KR e 4k, CsPOT
(Csa2MO035360. 1) A& — J5 32 i SE K 19 L R R e, H &
B H5MMpAEK bR (B R R R v 3R
INEHRL, PTREE B TS S AR A A A
B KRS Z | 1 R G S R SR K 1 B LU R AN
REIEHW A BRI E ., 5 2 KRB0 K
(CsMDL3 .CsCOL3 ) {E B PE 45 SE M FE IE 3 R & 1Y 2R
SRR R IR | IS BE R AN S BRE 2 S FR R RR
R OK MR K, B 3 K K K CSNGA
(Csa2M042770. 1) BXAK R IFEFEH, HIE EC1 3
PR ST R v 2 R Rk I AE 8419 B A R AR
Ik YRR LAHE AR BvE 25 S R ep i TR R
ARG, A A K R WSR2, I A KR
PR FAHOCHE R Y SRR e i A K R A, e 5
FAPELS S, T CsRABEPK F1 CsTRAPPCA 3% 2 A>3
ITEAR Yy ko 4 /0 | LA SRR 25 S rh A TR Ry ik
—EWE . 5 4 ZEEEN (CsMYB86 . CsMDL1 ) 1R E4E Ak
T TS, Bk LIRS R W] g
Z 58 NGRS RE (05 BRSS9 B A O
AR,

4 #Hit

AMIFST LB I BALPE 25 52 QTL W %8 67 () 45 1 o0 3
Tilt, R A B2 A X B A 2R [ B A e e 22 5
FEREAR TR e e S, SR T H AT [RIIR X & i B
LESHIRIE R B R R M, DL KEGG 43 B85 3 % LY 1
M IEH I IEE, H-454 ECL FI 8419 % sk 25 Rk
Wi ] 46 5 & CsCRT1 . CsLON , CsTRAPPC4 . CsRABEPK |
CsPOT F1 CsSNG4 Sy # JINBPESE SEAHSC I S T, 3
6 MIERI D) RE A AN [R), AL 458 e s il 1 IR 7, g2 A
MRS AMUET T BRSSP L N A Fh 2 s
T FE R S R 4y B R, A A A A
VESEIF ST SRR 4 . AEASR A SE TAE D F R FH A
S AR GG LI 1 o IR DI E , E— A /R B
JRBANELE SRSy T oK BT HLER,

SEH:

[1]

[2]

[3]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R, BRI SR ] EHER R, 2004, (3) -
69 -70

WRestr R AR BT S SCOP T Bl [T ], P B B3k, 1994,
(3):56-59

Hawthorn L R, Wellington R. Geneva, a greenhouse cucumber that
develops fruit without pollination [ J ].
Experiment Station Bulletin, 1930, 580;: 1 - 11
Juldasheva L M.

New York Agricultural

Initial material for breeding short-fruited
parthenocarpic cucumber hybrids. ( Russian, English summary. )
[J]. Trudy-po-Prikladnoi-Botanike-Genetiki-I-Selektsii, 1971, 45
(1): 196 -200

Pike L, Peterson C. Inheritance of parthenocarpy in the cucumber
( Cucumis sativus L. ) [J]. Euphytica, 1969, 18(1) . 101 - 105
Meshcherov E T, Juldasheva L M. Parthenocarpy in the cucumber.
(Russian, English summary. ) [ J]. Trudy-po-Prikladnoi-Botanike-
Genetiki-I-Selektsii, 1974, 51(3) :204 -213

George W, Scott J, Splittstoesser W. Parthenocarpy in tomato [J].
Horticultural Reviews, 1984, (6): 65 -84

Ponti O M B, Garretsen F. Inheritance of parthenocarpy in pickling
cucumbers ( Cucumis sativus L. ) and linkage with other characters
[J]. Euphytica, 1976, 25(1) : 633 —642

Kvasnikov BV, Rogova N T, Tarakanova S 1, Ignatova S I.
Methods of breeding vegetable crops under the covered ground.
(Russian, English summary. ) [J]. Trudy-po-Prikladnoi-Botanike-
Genetiki-I-Selektsii, 1970, 42(3); 45 =57

El Shawaf I S, Baker L. R. Combining ability and genetic variances
of G x H F1 hybrids for parthenocarpic yield in gynoecious pickling
cucumber from once-over mechanical harvest [ J ]. Journal of the
American Society for Horticultural Science, 1981, 106(3) : 365 —
370

Sun Z Y, Lower R L, Staub ] E. Analysis of generation means and
components of variance for parthenocarpy in cucumber ( Cucumis
sativus L. ) [J]. Plant Breeding, 2006, 125(3) ; 277 —280

Sun Z, Lower R, Staub J E. Identification and comparative analysis
of quantitative trait loci associated with parthenocarpy in processing
cucumber [ J]. Plant Breeding, 2006, 125(3) ; 281 —287

B A WRAAAF AR DU L. S TCBA P 48 S AR 33 1 200 Y
PIEBIFE[ ). FZ24,1997,24(1) : 53 -56

EFIAT, ml et AR R, w2 L s A A [ 7] WiHEAk
AP RR2E 2008 ,47 (4) 1437 —439

IEISEHE, BT R, JE 0 MRS A o T B 48 S 4% S
BrJ]. FEZ244,2008 ,35(10) : 1441 — 1446

EISEHE, B0, T AR AL 2R N, S R0, BRI )
JREAPESE e I + ZREPRIR G st i [J]. PadLAE Y 2%
#%,2009, 29(6) : 1122 - 1126

Sun Z, Lower R L, Staub J E. Variance component analysis of
parthenocarpy in elite US processing type cucumber ( Cucumis sativus
L. )lines [J]. Euphytica, 2006,148(3) : 331 -339

SV NN o AR BT T & e B TR 1
[D]. BIA: Bl K2, 2009



Journal of Nuclear Agricultural Sciences

230
2016,30(2) :0224 ~0230
[19] F2&. BJNAMESE S SCHEH 1Y 7> 8 Rk K SSR HRid 7 #r (27 WA, BB, BLIE 2, 9K 0 B, T g, SR, X PR Bk
[D]. Fg o f A R, 2011 WRKY4 FEPI R 0 B 5 2R I8 50 [ 1], B4, 2014,28 (7)
[20] allf, 2500, Tkhs  oiisbh, 252 e WREIR. B IC g o 1188 - 1196
HERAG QTL ERL[J]. PRV E,2015,48(1) ;112 - 119 [28] Chen F, Hayes P M, Mulrooney D M, Pan A. Identification and
(217  SREFAK. BRI SS SOM e KL R 223K 400 2 3% QTL w20 characterization of cDNA clones encoding plant calreticulin in barley
FE[D]. FE A H AU R 22,2013 [J]. The Plant Cell Online, 1994, 6(6) : 835 -843
[22] LiJ, Wu Z, Cui L, Zhang T, Guo Q W, Xu J, Jia L, Lou Q, [29] Williams C M, Zhang G, Michalak M, Cass D. Calcium-induced
Huang S W, Li Z. Transcriptome comparison of global distinctive protein phosphorylation and changes in levels of calmodulin and
features between pollination and parthenocarpic fruit set reveals calreticulin in maize sperm cells[ J]. Sexual Plant Reproduction,
transcriptional phytohormone crosstalk in cucumber ( Cucumis sativus 1997, 10(2): 83 - 88
L. )[J]. Plant and Cell Physiology, 2014 ,55(7) :1325 — 1342 [30] Nardi M C, Feron R, Navazio L., Mariani P, Pierson E, Wolters-
(23] T2, BRENAA, ZEmmip, 2050, ) ARF SR 7 SR AE 258 43 Arts M, Knuiman B, Mariani C, Derksen J. Expression and
WA TER L LT RN RIE 1], A 2H,2011, 38(4) localization of calreticulin in tobacco anthers and pollen tubes [ J].
717 =724 Planta, 2006, 223(6) : 1263 - 1271
[24] SRAEAK, 252 A, 9000, TR, BREII. R4 R A [31] Nelson D E, Glaunsinger B, Bohnert H J. Abundant accumulation
SR TPT 3 (K 5305 17 B AE K H 38 38 4 #r [J]. B 2274, of the calcium-binding molecular chaperone calreticulin in specific
2013,40(1): 58 —68 floral tissues of Arabidopsis thaliana [ J]. Plant Physiology, 1997,
[25] gk, BRERME, TK4R BT, Jr 8 i, i 55, X & . IR A e 4G 114(1): 29 -37
S 22 U8 SLEE"J*@&%E%*E[J] H [E] el BR 2, 2011, 44 [32] Rigas S, Daras G, Laxa M. Role of Lonl protease in post-
(16) : 3368 —3376 germinative growth and maintenance of mitochondrial function in
[26] #RUE, FHe BRI, RBERE, Trid. RS R T3 H Arabidopsis thaliana [ J]. New Phytologist, 2009, 181(3);: 588 —

TGS E AR )] AR 23,2014 ,28 (4) :586 - 596

600

Prediction and Expression Analysis of Parthenocarpy
Candidate Genes in Cucumber

ZHANG Ting WU Zhe ZHANG Kaijing XU Jian LOU Qunfeng LI Ji CHEN Jinfeng

(State Key Laboratory of Crop Genetics and Germplasm Enhancement/ College of Horticulture Nanjing
Agriculture University, Jiangsu, Nanjing 210095)

Abstract; The purpose of this paper is to explore parthenocarpic genes of cucumber and preliminarily identify the
function of the genes by transcriptional study. In the study, based on localization of the major parthenocarpy QTLS, 118
genes were identified referred to biological process e. g. cell cycle, cell growth, hormone signal transduction. Co-
analyzing with the transcriptome data, 10 different expression genes were selected and their potential function were
annotated by KEGG. The expression patterns of the 10 genes responding to differently developed cucumber fruits were
analyzed by real-time RT-PCR. Only the CsCRT1, CsLON, CsTRAPPC4, CsRABEPK and CsPOT have up-regulate
expressed during parthenocarpy fruit set; the CsSNG4 expressed contrary between the parthenocarpy and pollination
progress. These may attribute to improve the available cultivars of facility cucumber through utilizing of candidate gene
resources.
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简介：本文以黄瓜单性结实性状QTL定位结果为基础对主效QTL区段内的基因进行生物信息学分析。并结合黄瓜单性结实转录组研究结果共筛选出10个在黄瓜单性结实过程中转录水平有剧烈变化的基因。进而利用qRT-PCR技术分析鉴定6个与单性结实相关的候选基因。





