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Abstract: Cytoplasmic invertase (CIN) irreversibly hydrolyzes sucrose into glucose and fructose and plays an important
role in the development of roots in various model plants. Presently, there is no research on the CIN gene family in
sweetpotato (Ipomoea batatas) and the role of IbDCINs in the development of storage roots of sweetpotato remains to be
elucidated. This study systematically identified the types and quantities of IbCIN gene family. Physicochemical proper-

Wi BHE  2024-03-08; fEEIAHA 2024-03-19

E&mH ERAKRFZIEESITE (No. 32260440 ); 1 48 HEAil 5 W BRI THRI ( FARBREGUE ) SRR A AT H (No.
2019RC146 ); FEZEHH /I HARKRIH (No. CARS-10 ),

EREEN  XFEE (1999—), L, WLaE, Hedim.: HERBEEARMME T, “lfE1EE ( Corresponding author ): Xk 4
( LIU Yonghua ), E-mail: yong-hua.liu@hainanu.edu.cn; 4 [EJl4( ZHU Guopeng ), E-mail : zhuguopeng@hai nanu.edu.cn,



2068 o AE A F AR 45 %

ties, chromosome localization, phylogeny, gene structure and conserved motifs, promoter Cis elements of IDCINs were
also analyzed. Simultaneously, through the expression analysis of IDCINS in different tissues and different types of roots,
and the activity analysis of CIN in different types of roots, several candidate CIN genes were identified that play an
important role in the development of storage roots of sweetpotato. A total of 12 IDCIN genes (IbCIN1-12) were identi-
fied from the genome of sweetpotato, distributing on 8 chromosomes. The number of amino acids of IbCIN-encoded
protein was 417—825 aa, the molecular weightwas 46.60-93.75 kDa, and the isoelectric point was 4.83-7.17. Phyloge-
netic analysis revealed that IbCINs could be divided into three groups, al, a2 and B groups, comprising 1, 3 and 8
members, respectively. al and a2 members were very conservative in conserved motifs and gene structures, while
memberswere less conservative, which indicating that B group may have more diverse function than the other two
groups, allowing B members to participate in more biological processes. In addition, phylogenetic analysis also revealed
that IbCINZ, IbCIN7, IbCIN10 and IbCIN12 were closely related to CIN genes related to root development in Arabidop-
sis and cassava, suggesting that the four genes may play important roles in the development of non-storage root of
sweetpotato. The analysis of the expression levels of IDCINs in different tissue (young leaves, mature leaves, stems,
flowers, 60 d storage roots) and different types of roots (white fiber roots, red fiber roots, pencil roots and 60 d storage
roots) showed that IbCIN4, IbCIN8 and IbCIN11 had the highest expression levels in storage roots, and simultaneously
the CIN activity in storage roots was significantly higher than that in non-storage roots. Thus, it can be speculated that
the three genes may play an important role in the development of storage roots of sweetpotato. Bioinformatics analysis
further revealed that IbCIN4, IbCIN8 and IbCIN11 may jointly promote the development of storage roots via different
mechanisms, including facilitating sucrose transport to and subsequent degradation in storage roots, attenuating photo-
period response and signal transduction of gibberellin. This study could lay a foundation for further research on the
function of IbCIN genes through transgenic technology.
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Tab. 1 Primers used for qRT-PCR determination
A Tk EFG (5-3) REG (5-3) P
Gene name Accession No. Forward primer (5'-3") Reverse primer (5'-3") Amplicon length/bp
IbCIN1 g4072 GGATAATCAAGAACATGGGCTG TCCTGGTAGATGAAAGAGGGGT 236
IbCIN2 25893 GGAGTAAAGAGGGAGGAACCCA  CAAGTCACCAACAAACACCGAG 252
IbCIN3 28522 GGAGAATCGTGACTGGCTGTG CTTCCGAGTTTCCCGTCATAG 199
IbCIN4 g13714 ACTGAGTGAAATGTCCGTTGG GAGTTGCGGGTGGAAGAAA 108
IbCINS 218829 GAGGATGGATTTCCGTTGGT CTTGATGCCGCAGTGAGTAG 270
IbCING 219034 TCTCCCGCCTTCCATACC CTCCCAAGCATCAGCAAACA 151
IbCIN7 223246 TCTCTGAATAGGGAGGAGGGGA CCAACTGGGCTGTCACAATACC 140
IbCIN8 225759 GAATGGATGCCGAATAAAGGA CCGTGGCAAGACTGCTGACTA 115
IbCIN9 234021 CGTCCTTAGCAACTCCTGAAC CACCCTGTTACAATACGCCAC 139
IbCIN10 241626 CTCACATGGATTTTCGGTTTTTC CCAGTTATTATTCGCCAGTCTTC 187
IbCIN11 241717 AGCACGACGAAGAAAGTAGGG TCGAGTTGGCATGAAATCAAA 215
IbCIN12 244130 ATTCCACAGAGGCAACAAACAA GACTCCAAAGCCGGATAACATA 274
IbActin EU250003.1 TATGGTTGGGATGGGACAGAA CGGTAAGAAGGACAGGGTGCT 191
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Fig. 1 Localization of sweetpotato IDCIN genes on chromosomes
#2 IbCIN BEMBUIHEREH
Tab. 2 Analysis of physicochemical properties of IbCIN proteins
S R BB N T AE AL YR
Protein name Accession No. Number of aa pl MW/Da Instability index Average hydrophobicity
IbCIN1 24072.t1 417 4.83 46595.11 45.78 -0.120
IbCIN2 £5893.t1 419 7.17 47944 .41 48.05 —-0.135
IbCIN3 8522.t1 461 6.54 52747.93 48.98 -0.085
IbCIN4 gl13714.t1 496 6.06 56349.48 46.35 -0.261
IbCINS 18829.t1 468 5.13 53375.10 59.34 -0.269
IbCIN6 219034.t1 536 5.67 61206.33 58.47 -0.194
IbCIN7 £23246.t1 602 5.88 68721.97 44.88 -0.271
IbCINS 25759.t1 719 6.27 80059.18 41.56 —-0.261
IbCIN9 234021.t1 825 6.59 93753.02 50.60 0.085
IbCIN10 g41626.t1 612 5.33 69438.59 36.81 -0.202
IbCIN11 g41717.t1 571 6.46 65460.02 60.02 -0.303
IbCIN12 g44130.t1 578 5.65 65374.76 41.65 -0.261
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Fig. 2 Phylogenetic tree of CIN family of sweetpotato,
arabidopsis and cassava
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Fig. 3 Domains of CIN family in sweetpotato
and cassava
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