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Identification and Analysis of AP2 Subfamily Transcription

Factors in Sweet Orange (Citrus sinensis)
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Yong, LIU Dechun®
(College of Agronomy, Jiangxi Agricultural University, NanChang 330045)
Abstract: [ Objective ] AP2 subfamily transcription factors have the function of regulating the
development of plant seeds, leaves, flowers, roots, stems and other organs and responding to
abiotic and biotic stresses. In this study, we performed gene identification, bioinformatics analysis,
and gene expression analysis of the AP2 subfamily, which provided a theoretical basis for
studying the biological functions of AP2 subfamily genes in sweet orange (Citrus sinensis).
[ Method ] Bioinformatics analysis was used to screen and identify AP2 subfamily genes in sweet
orange. Gene expression patterns in various tissue and abiotic stresses were analyzed by qRT-PCR.
[Result] 14 AP2 subfamily genes were identified from the sweet orange genome database using
bioinformatics methods. According to the analysis of protein physicochemical properties, the AP2
subfamily proteins of sweet orange are all unstable hydrophilic proteins. These proteins are
primarily localized in the nucleus, which is consistent with their function and properties as
transcription factors. The results of phylogenetic tree analysis showed that AP2 subfamily proteins
of sweet orange could be divided into three evolutionary branches, including the ancient clade
(CsRAP2-5, CsRAP2-6, CsRAP2-9, CsRAP2-2 and CsRAP2-13), the intermediate clade
(CsRAP2-1, CsRAP2-7, CsRAP2-11 and CsRAP2-14) and the modern clade
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(CsRAP2-2~CsRAP2-4, CsRAP2-8 and CsRAP2-10). In the phylogenetic tree of plant AP2
subfamily proteins, there were significant interspecific differences in the number of AtAP2,
OsAP2, CcAP2 and CsAP2 protein members clustered in the same group. The AP2 subfamily
proteins of sweet orange are more closely related to the homologous proteins of Clementine
orange than the homologous proteins of Arabidopsis and rice. Protein conserved motif analysis
showed that the AP2 subfamily proteins contained conserved elements of Motif3, Motif4, Motif2,
Motif5 and Motifl. In addition, each group in the orange AP2 subfamily protein phylogenetic tree
has its specific conserved elements. These results indicate that the members of the same subgroup
of AP2 subfamily proteins in sweet orange are highly conserved, which also reflects the reliability
of the phylogenetic analysis results. The number of introns and exons of AP2 subfamily genes in
sweet orange is 5~9 and 6~10. The promoter sequences of AP2 subfamily genes in sweet orange
contain cis-acting elements such as endogenous hormone response, growth and development and
abiotic stress response, indicating that the subfamily genes may have the function of regulating
plant growth and development in response to plant hormones, light and abiotic stresses. The
results of collinearity comparative analysis showed that sweet orange had more AP2 subfamily
homologous gene pairs with Arabidopsis and apple compared with rice and maize. These results
indicated that compared with monocots, the AP2 subfamily genes of sweet orange had more
homologous genes and closer relatives with dicots. The prediction of protein secondary structure
showed that the AP2 subfamily proteins of sweet orange had the highest proportion of a-helix and
random coil. Tissue-specific expression analysis showed that AP2 subfamily genes were expressed
in three tissues: leaves, stems and roots, with higher expression levels of CsRAP2-3 and
CsRAP2-6 in roots and higher expression levels of CsRAP2-7 in stems. In order to further verify
the response of AP2 subfamily genes to abiotic stresses in sweet orange, qRT-PCR was used to
detect the expression pattern of AP2 subfamily genes in leaves of sweet orange under simulated
drought (20% PEG6000), high salt (250 mmol- L-1 NaCl), abscisic acid (100 pmol- L-1 ABA)
and low temperature (4 °C) stresses. The results showed that the expressions of CsRAP2-1,
CsRAP2-2, CsRAP2-8 and CsRAP2-10 were generally down-regulated under simulated drought,
high salinity, ABA and low temperature treatments. The expression of CsRAP2-12 was
down-regulated after high-salt, ABA and low-temperature treatments, and down-regulated at 1-12
hours after simulated drought treatment, but the expression level was higher at 24 h than before
treatment. Except for these five genes, the expression levels of the other 9 AP2 subfamily genes in
sweet orange showed an upward trend after drought treatment. CsRAP2-3, CsRAP2-4, CsRAP2-6,
CsRAP2-7, CsRAP2-9, CsRAP2-11 and CsRAP2-13 were induced by high salt stress. After ABA
treatment, only the expression of CsRAP2-7 showed an upward trend. Except for CsRAP2-13, the
expression levels of the other 13 genes showed a down-regulated trend after low temperature
treatment. These results indicated that the expression of most AP2 subfamily genes in sweet
orange increased under drought and high salt stress, and decreased under ABA and low

temperature treatments. [ Conclusion] The AP2 subfamily genes of sweet orange were identified



and analyzed in detail at the genome-wide level. The tissue expression characteristics of this
subfamily genes and their responses to abiotic stress were studied, which provided a basis for the
subsequent study of the function of these genes in regulating the citrus responses  abiotic
stresses.
Key words: Citrus, AP2 subfamily, gene identification, Abiotic stress, Bioinformatics, Expression
analysis
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Table 1 qRT-PCR primers

BEP 44 R EHEsIM (537 TSI (5°-37)

Gene name Forward primer (5°-3*) Forward primer (5°-3”)

CsRAP2-1 TCAGGAGCAGCAAGCCACATC ACTTGACACCAACCCAGTTAGCC
CsRAP2-2 ATGGCAAGCAAGGATTGGCAGAG CTTCAGCAGCTTCCTCCTGTGTG
CsRAP2-3 TGACCACCAACAGGATCTCAAAGC GCGAACTCAGCGGCAGGTAAC
CsRAP2-4 GACTCTGCTCCGCTTGTTCTCG GGCACTCCACACCATGTCAACC
CsRAP2-5 AAACCTAGCAACCCTCAACAAAACC CGATGACGCCGAGCCACTAC
CsRAP2-6 GCAAACGCAGCCAGCATTATTACC GTCAGTAGCCGCCATAGCACAAC
CsRAP2-7 CTGCTGCTGATGATGTTGACGATG TCTCACTTGCTGCGGCTTCTG
CsRAP2-8 AGCAGCAGCAGCAGCAACAG TGGCGGCGGTGGTGAAGG
CsRAP2-9 TGGTTTGACTGGCATCGTTGGAC TGTGCTGCCGCTTCTTCATCG
CsRAP2-10 GAATGGCAGTGGTGGCAGTAGTG TTGAGAAGCGGCAAGGTTGAGC
CsRAP2-11 TCCATTCCTCCGTCGTCACCTC GGTTGCTGCCACTGTTGTTGTTAG
CsRAP2-12 TGTGACTTCACTTGGCTGCGATG TCCACCGATGCCTGCTGACTC
CsRAP2-13 TTAATAAGAGAAGGCGGCGTGAGC GCAGCAGTAGTAGCAGCAGCAG
CsRAP2-14 CCTGCGAGTGGTGGAGGAGAG GCTGGGGCTGTTGGTTCTGATAC

2 BR50Mm
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S8 S AP2 WA RR 1 14 /> o KR4I Y € A7 B 15 00 B 7 [0 Y 25 B8] o) ARABA I 6 A7
4 (CsRAP2-1~CsRAP2-6 . CsRAP2-7 CsRAP2-8~CsRAP2-14) . it #5 AP2 W 3N CDS
FAKEEN 915 (CsRAP2-9) ~2181 (CsRAP2-10) bp. RIER% H N 316 (CsRAP2-5) ~691
(CsRAP2-10) aa; ZE[A% TN 36.830 (CsRAP2-1) ~75.314 (CsRAP2-10) ku ; Z5H
M A 533 (CsRAP2-6) ~9.06 (CsRAP2-13); ANFasZ RN 40.42 (CsRAP2-10) ~63.45
(CsRAP2-13), /KM N-0.954 (CsRAP2-6) ~-585 (CsRAP2-8), FIHUANARFEMIEKE
F: KRN0 A K 200 T4, X5 AP2 W GRAE % 5 R 1 It Thae Akt —
(R 2,

R2 HE AP TREREREE

Table 2 Information of AP2 subamily genes in Citrus sinensis

B SRS i X GxRT M HFrE FEA FRERH KK RI&:] DA
Gene name CDS Accession No. No. of Molecular PI Instability Gravy Subcellular
Length/ amino weight index (IT) location
bp acids
CsRAP2-1 1560 Cslg_pb017560 330 36830.98 6.49 60.46 -0.693 nucl: 14
CsRAP2-2 2043 Cslg_pb018830 651 72100.17 6.3 57.95 -0.712 nucl: 14

nucl: 9, chlo:3,

CsRAP2-3 1608 Cslg_pb019650 532 58446.33 6.17 50.39 -0.605




cyto: 1,extr: 1

CsRAP2-4 1863 Cslg pb016600 583 64616.54 6.46 40.82 -0.842 nucl: 14
CsRAP2-5 1047 Cslg pb009560 316 35544.91 6.03 51.65 -0.919 chlo: 8, nucl:5,

mito: 1
CsRAP2-6 1362 Cs3g_pb008940 416 47000.55 5.33 61.95 -0.954 nucl:11,chlo:2,
CsRAP2-7 1512 Cs7g_pb020540 471 51525.09 8.65 49.9 -0.632 nucl: 13,plas:1
CsRAP2-8 1728 Csdg pb002610 543 58938.78 8.2 46.45 -0.585 nucl:11,cyto:2,

pero: 5, chlo:4,
CsRAP2-9 915 Cs4g_pb001200 339 38460.04 5.7 49.23 -0.847

nucl: 3
CsRAP2-10 2181 Cs6g_pb002300 691 75314.18 5.97 40.42 -0.703 nucl: 14
CsRAP2-11 1467 Csbg_pb004660 456 50786.81 6.8 44.38 -0.795 nucl:13,vacu:1
CsRAP2-12 1182 Cs6g_pb019310 361 40592.88 7.8 58.39 -0.764 nucl: 14

nucl:11,chlo:1,
CsRAP2-13 1203 Cs7g_pb003570 328 36862.84 9.06 63.45 -0.778

cyto: 1, pero: 1
CsRAP2-14 1533 Cs8g pb019330 469 50593.56 6.9 49.49 -0.661 nucl: 14
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Fig. 2 Domain analysis of AP2 subfamily proteins in Citrus sinensis
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Fig. 4 Prediction of cis-acting elements on the promoter of AP2 subfamily proteins in Citrus
sinensis
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Table 3 The prediction of miRNA related to AP2 subamily genes in Citrus sinensis

HUIETR] miRNA £ FR ] 7
Target gene miRNA name Inhibition
CsRAP2-1 (Cslg_pb017560.1) csi-miR172a-3p Cleavage

csi-miR172¢ Cleavage

csi-miR172b Cleavage




CsRAP2-2 (Cslg pb018830.1) csi-miR 164 Cleavage

CsRAP2-4 (Cslg pb016600.1) csi-miR393 Cleavage
CsRAP2-6 (Cs3g_pb008940.1) csi-miR 164 Cleavage
CsRAP2-7 (Cs7g_pb020540.1) csi-miR172a-3p Cleavage
csi-miR172b Cleavage
csi-miR172¢ Cleavage
CsRAP2-9 (Cs4g_pb001200.1) csi-miR156 Cleavage
CsRAP2-10 (Cs6g_pb002300.1) csi-miR3946 Cleavage
CsRAP2-11 (Cs6g_pb004660.1) csi-miR172a-3p Cleavage
csi-miR172¢ Cleavage
csi-miR172b Cleavage
CsRAP2-12 (Cs6g_pb019310.1) csi-miR396¢ Cleavage
CsRAP2-14 (Cs8g _pb019330.1) csi-miR172a-3p Cleavage
csi-miR172¢ Cleavage
csi-miR172b Cleavage
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Fig. 5 Chromosomal location(A) and syntenic relationship (B~ C) of AP2 subfamily proteins
in Citrus sinensis
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Table 4 The protein secondary structure of AP2 subfamily genes in Citrus sinensis
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Gene Name Alpha helix Extended strand Betaturn ~ Random coil Secondary structure element distribution

CsRAP2-1 28.48% 16.67% 5.45% 49.39% e e e <
CSRAP2-2 25.81% 13.21% 430% 56.68% AL Ly 8104 s e s n s o e i
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CsRAP2-4 14.15% 13.17% 3.25% 69.43% e s e e & 44 L & ) s
CsRAP2-5 26.72% 1121% 3.45% 58.62% oot el
CsRAP2-6 31.25% 13.62% 5.80% 49.33% |
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CsRAP2-9 34.50% 7.55% 431% 53.64% Lt e e =

CsRAP2-10 17.98% 13.42% 3.73% 64.87% L e R U SR e e

CsRAP2-11  17.83% 17.01% 5.94% 59.22% bbb A i
CsRAP2-12  28.50% 10.69% 4.07% 56.74%
CsRAP2-13  33.89% 10.56% 5.28% 50.28% el A ebeeeeee
CsRAP2-14  19.36% 16.17% 4.59% 59.88% ZESRETN D D IS 2o
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Fig. 6 The expression levels in different tissues of AP2 subfamily proteins in Citrus sinensis
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Fig. 7 Expression analysis of AP2 subfamily genes in Citrus sinensis under abiotic stress
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