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Study on cucumber parthenocarpy induced by over—expressing of
calmodulin—like protein gene CML25-like

LIU Jiafei ZHANG Lu MENG Yongjiao DUAN Lili LUO Yuwei LI Ji" CHEN Jinfeng

( State Key Laboratory of Crop Genetics and Germplasm Enhancement/College of Horticulture

Nanjing Agricultural University Nanjing 210095 China)

Abstract Objectives Calmodulindike protein( CML) a class of Ca® binding proteins containing the EF-hand domain are closely
related to the division and morphogenesis of plant cells. Based on the cloned CML25ike gene which expressed specifically in the
cucumber fruit we studied its mechanism of regulating parthenocarpy. Methods RT-gPCR method was used to study the temporal
and spatial characteristics of CML25-ike expression. Plant expression vector pLP100-35S-CML25-ike was constructed the cucumber
inbred line CCMC was transformed by Agrobacterium-mediated transformation method using cotyledon as explants and the expression
characteristics of the transgenic plants were studied. The phenotypes of transgenic plants were observed and the expression changes
of hormone-related genes in fruit-set period of transgenic plants were detected using RT-qPCR method. Results In transgenic
plants the expression level of CML25-ike was the highest in young leaves and female flowers of cucumber and the lowest in male
flowers. Moreover CML25-ike was up—regulated expression during the fruit development and down-regulated expression during the
fruit abortion. Statistical results of traits showed that the parthenocarpy rate of transgenic plants of over-expressing CML25-ike could
reach to 98.25% which increased 86% compared with control CCMC. And there were no significant differences in length and
transverse diameter between the parthenocarpic fruits and control pollinated fruits. The results of RT-qPCR showed that 16 of the
22 hormone-related genes were significant up—regulated expression during the fruit setting of transgenic plants. Conclusions The
active expression of CML25-ike was closely related to fruit development and CML25-ike could induce parthenocarpy of cucumber
and promote fruit enlargement. We inferred that CML25-ike induced parthenocarpy by promoting the up-regulated expression of
hormone—related genes in the ovaries of weakly parthenocarpic cucumber.
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1
Table 1 Sequence and application of primers
Primer (5°—3") Primer pairs sequence Application
CML25Hike¥ /R CCGAGGAAGAGCTTCAGAAC/GGAATCAACGCCCTTAGTGT PCR  Quantitative real4ime PCR
Actin¥'/R ACTGTGCTGTCCTCATTATTG/AGGGTGAAAGCAAGAA GAGC Reference gene
MI13¥/R CCCCGAAAAGTGCCACCTGACGT/TGAATCTTTGACTCCATGC Vector detection primer
NPTII ¥/R CTGGGCACAACAGACAATC/TACCGTAAAGCACGAGGAA PCR PCR identification of transgenic plants
1.4
Xba 1 Pst 1 pLP100-35S pMD19-
CML25ike pLP100-35S CML25ike T, N
pLP100-35S-CML25-ike( 1) PCR o pLP100-35S-CML25-ike
c58
Pst 1 Xlla I
NPT”H 35S-P CML25—like>—<3SS—T H 35S—PH GUS>—<NOS—T
1 pLP100-35S-CML25ike
Fig.1 Construction of over-expression vector of pLP100-35S-CML25like
LB: T-DNA Left T-DNA border; NPT [ : Selection marker gene; 35S-P: 358 358 promoter; 355-T: 35S
35S terminator; GUS: Reporter gene; NOS-T: NOS NOS terminator; RB: T-DNA Right T-DNA border.
CCMC 0
OELI—OELn( over-expression line 1-n)
1.5
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inhibitor response 1) AUX/IAA-I ~ AUX/IAA-2( auxin—responsive protein) SAUR-1.SAUR-2. GH3-1  GH3-=2

( auxin-induced protein) ; : CYP735A( cytokinin trans-hydroxylase) CREI-I ~ CREI-=2
( glucan endo-l 3-beta—glucosidasedike protein) AHP( Histidine-containing phosphotransfer protein) B-ARR
( Myb family transcription factor) ; : GA-S1( kaurene oxidase) .GA-S2( DELLA) ,GA-S3( gibber—
ellinHnsensitive dwarf 1) ; "BIRKla~ BIRKIb  BIRKIc( brassinolide insentitive 1-associ—
ated receptor kinase 1) NCBI 2,

2 PCR

Table 2 The primers of hormone-related genes designed for RT-qPCR

Gene Gene 1D Primer pairs sequences Gene description
Actin Csa6M484600.1 ACTGTGCTGTCCTCATTATTG/AGGGTGAAAGCAAGAAGAGC Reference gene
PYROX Csa2M379350.1 AGCCCTGTCGCAAATTAGAT/CAACTTGGCACATTGCTTCT Auxin-related gene
AUXI1- Csa6M011040.1 GAAATAATGGACGCGATGTG/GGAGTGGGTGAGAAGTTGGT
AUXI=2 Csa5M201310.1 GTGAGGCTTCCGGTTGTTAT/TAACAAGAAGGGCACCAACA
TIRI- Csa7M393970.1 AGAGTGTTTCCATCCGAACC/TTGGGCAACCTTCAGATACA
TIRI=2 Csa3M597350.1 GTTTGGTGACATGGCACTTC/ACGTTCAGCCTAGGCATCTT

AUX/IAA-I  Csab6M497220.1 TCTTCTGCCCTCGAGAAGAT/TCCATGCAGATGATCCCTTA
AUX/IAA2  CsalM397130.2 GGCTCTTCTGGAAATGAGGA/CAAGCTTACGCAGATATGGC

SAURAH Csa3M866530.1 ACTGGTGGAGGGATCAATTC/GGCCGAATTAGCAACACTTT
SAUR=2 Csa6M137590.1 GCCGAATTACTCAACCATCC/GGACTCCTTTCTGTTCATACCC
GH3-1 Csa3M198490.1 AAGGAAGAGTGGGAGGGAAT/AGAAATCGAGGGTTGGAATG
GH3=2 Csa3M431430.1 CCAATTCCACCCTCTGTCTT/AGGACCAATGGACTTATCGG
CYP735A Csa5M166390.1 GCTGAAGGAGATGAATGGGT/ATTAAGCTTGCCATTGCCTT Cytokinin—related gene
CREI- Csad4M280410.1 AGCCATGCTTTCTTCCTGAT/GTTAACGTTGCTGTGCCATC
CREI-2 Csab6M420530.1 CGCCTTCAACGATTACTTCA/TGGCTTGAGAAATTCCCATT
AHP Csa6M067360.1 GCCATGTTCACCAGCTTAAA/GCAGACATCTTAGGCATCCA
B-ARR Csad4M614170.1 ACCCTCAATGACACAGCAAA/AGTTGGGAAATGGAGGACAG
GA-S1 Csa3M015360.1 AGGCCAAGGAAGAACAAGAA/ACTTAGGCCAAGCGTCTCAT Gibberellinrelated gene
GA-S2 Csa6M111930.1 AAGTGGAGGAGATGTTTGGG/GATCGTCGTGAATCCTGATG
GA-S3 Csa3M043910.1 GCACCATAGCTCGAAGTGAA/TAGCCTCTTGTACCCTCCCA
BIRKIa CsalM276450.1 CACGAGAGGCTCTTGGTGTA/AGGATCACATTGCTCATGGA Brassinolide—related gene
BIRK1b Csa3M854180.1 ATCTTGAGAGACGGCCAAGT/TGCACAACTCAACACTCGAA
BIRKIc Csa4M036610.1 ATGTGGTGAGAATGCTGGAA/CGAATCAACCATCCATTCTG
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Fig.3 [Expression level of CML25-ike gene during early cucumber fruit development stages
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Fig. 4 PCR analysis of NPT Il in regeneration plants
pLP100-35S  Positive control plasmid pLP100-35S; CK:

M: DL1000 marker; P: CCMC  Negative control CCMC.

o The numbers are regenerated plant numbers.
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6 CML25ike
Fig. 6 Phenotype observation of transgenic plants induced by over-expressing of CML25-like
A. CML25ike :B. CML25ike () - ") ; C.

CML25ike
A. The plant and leaves development was induced by over-expression of CML25-ike gene; B. Over-expression of CML25-ike
gene could cause ‘clusters of flowers’ ( left) and ‘blunt with blossom’ ( right) ; C. Parthenocarpy was induced by over-expression

of CML25-ike gene.

TP: Transgenic plant.
3 CCMC
Table 3 The parthenocarpy status in transgenic cucumber and control CCMC
Index OEL137 OEL144 OEL173 OEL177 OEL178 CCMC
Number of individual 21 7 6 6 7 7
Total number of female flowers 94 38 45 39 40 35
Total number of parthenocarpic fruits 2 37 43 36 39 3
/%  Parthenocarpy rate 98.25+5.54 97.96+5.40  89.81+20.00 92.36+13.54  97.14+£7.56  12.16+13.30
2.5 CML25ike
8 : CCMC OEL137 16
6 . (AUXIH — AUXI1-2) . (TIRIH
TIRI=2) . (AUX/IAA=2) . ( SAUR2. GH3- ~ GH3=2) .
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( BIRK1a~BIRK1b  BIRKIc) (AUX/IAA-) DELLA
( GA-S2) ( PYROX) . ( SAUR-I)
(CREI1- CREI-2) ° N N
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Fig.7 The comparative analysis of fruit length and transverse diameter of parthenocarpic fruits of transgenic
plants and CCMC and normally pollinated fruits of CCMC

CCMC1: CCMC Normally pollinated fruits of CCMC; CCMC2: CCMC Parthenocarpic fruits of CCMC.
*p<0.01(  CCMC Normally pollinated fruits of CCMC as a control n>5) .
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Fig. 8 The expression analysis of hormone related genes in mature fruits of cucumber
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