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Identification of the citrus expansin(EXP) gene family and
its expression patterns during orange juice sac expansion
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Abstract: In this study, three oranges, tangerine(Clementine), orange(sweet orange) and pummelo(Wanbaiyou) were used
raw material to identify EXP family members with bioinformatics methods. Their evolutionary development, structural
characteristics, cis-acting elements, collinearity and the expression patterns of EXP in the process of juice sac expansion
of ‘Qianyang bingtang orange’ and ‘Newhall navel orange’ were analyzed. The results revealed that 32, 30 and 26
dilatorin members were identified from tangerine(Clementine), orange(sweet orange) and pummelo(Wanbaiyou),
respectively. The results of collinearity analysis showed that oranges, tangerines and pummelos contained 7 pairs, 8 pairs
and 5 pairs of fragment repeats, respectively, while oranges and pomelo contained 1 pair of tandem repeats, respectively,
speculating that fragment repeat events played a major role in the evolution of the EXP gene. The monitoring of sweet
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orange fruits at the expansion phase among different varieties showed that the individual juice sac volume of ‘Newhall
navel orange’ was significantly larger than that of ‘Qianyang bingtang orange’. Furthermore, as the fruits expansion, the
difference in individual juice sac volume gradually increased. Gene expression analysis showed that CSEXPAG, CSEXPA9,
CsEXPA12 and CSEXPA15 were highly expressed in the juice sac tissues of orange fruits. The expression levels of
CsEXPA6 and CsEXPALS5 in the juice sacs of ‘Newhall navel orange’ were significantly higher than those of ‘Qianyang
bingtang orange’ during the fruit expansion stage, and the expressions of CSEXPA6 and CSEXPA15 were significantly
positively correlated with the increase of juice cell volume, suggesting that CSEXPA6 and CSEXPA15 might affect fruit

size formation by regulating juice sac expansion.

Keywords: citrus; expansin protein; gene family; fruit size; juice sac; expansion phase
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Table1 Primers for expansin gene gRT-PCR analysis

FERZFR 1Em5]#(5-3") S5 19(5'-3")

CSEXPA6 TTTATGGTGGGGGTGATGCC CTCAAAACAAGCCCCACAGC
CSEXPA9 TGGCAACCGATGTCGAGAAA GACCACTTAGGAGGGGCAAC
CsSEXPA10 TTGGAAAGCTGGCAACATGC CCCAATTCCGACCCATTGGA
CsEXPA12 TGCTTGTGGGTACGGGAATC TACCCGGGTTACACCATTGC
CsEXPA15 CCCCTCCAGCACTTTGACAT CGCACACGGGATCCTGATTA
CsSEXPA17 GCAGCGTCGATTTTGCTGAT AAGAACCCCAACAACTGGCA
Actin GGCTCCAACAATCACATT GCAAGGTCATCACATAAGG
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Fig.1 The phylogenetic tree among 88 expansins from Citrus and 36 expansins from Arabidopsis
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Table 2 Physicochemical properties of expansin genes in sweet orange

FEH 24 R FER P A5 ISR RN R EIUTHIK E aa TV 240 it 5 157
CSEXPAL Cs_ont_2g035700 9.49 26 252.73 248 Y RE
CsEXPA2 Cs_ont_3g001790 9.10 27552.26 256 2fi B
CsEXPA3 Cs_ont_4g014790 9.96 28 555.66 258 2fi ffu B
CsEXPA4 Cs_ont_5g005880 9.42 27 973.76 256 2fi B
CSEXPA5 Cs_ont_5g015260 9.32 26 521.90 248 Y BE
CSEXPAG Cs_ont_5g039920 8.64 26 232.42 247 Y ffBE
CSEXPA7 Cs_ont_5g040880 8.98 29 027.03 267 Y BE
CsEXPA8 Cs_ont_6g000330 8.88 28 281.26 260 2 fu B
CSEXPA9 Cs_ont_6g000940 9.45 26 122.52 241 4 fuBE
CSEXPA10 Cs_ont_6g006890 8.39 29 282.27 268 2 fu B
CsSEXPA11 Cs_ont_6g013130 8.90 27719.33 257 Y RE
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Fig.2 Phylogenetic relationship, motif composition, and gene structure of expansin in citrus genome
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Fig.3 The number and type of cis-acting elements in the EXP gene
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Table 3 The phenotypic traits of fruit, segments, and juice sacs of ‘Qianyang bingtang orange’ and ‘Newhall navel orange’
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