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Abstract: [Objective]As an important auxin primary response factor, Aux/IAA is involved in all stages
of plant growth and development. Auxin sensing and signal transduction are synergistic effects of vari-
ous components, in which auxin/indole-3-acetic acid (Aux/IAA4) protein plays a key role. Despite their
physiological importance have identified in various woody plants, the functions of Aux/I4A4 genes in lon-
gan are still not clear. The purpose of this study was to identify Aux/I4A family genes in longan and ana-
lyze their sequences and expression, so as to understand the roles of Aux/IAA4 family genes in longan es-
pecially during flower bud differentiation. [Methods)A4ux/IAA4 gene was identified from the longan ge-
nome using Arabidopsis Aux/IAA gene as reference, and the domain of the Aux/IAA gene family was fur-
ther confirmed by the Hidden Markov Model (HMM). With the help of ExPASy, MEGA 6.0, DNA-
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MAN, Cytoscape tools and MEME, PlantCARE, STRING and iTOL online website, the bioinformatics
of the gene family was analyzed. Their nucleotide sequence characteristics (including the chromosomal
location, homology identification, gene structure, the promoter cis element) and the characteristics of
the encoding protein (including physical and chemical properties of protein, conservative structure do-
main and motif, Protein-Protein Interaction network and phylogenetic analysis) were studied using the
software. The expression of Aux/IAA gene was analyzed based on RNA-Seq database. Quantitative re-
verse transcription-polymerase chain reaction (QRT-PCR) was used to study the expression of Aux/IAA4
gene during the process of flower bud differentiation and treated with exogenous IAA in longan. [Re-
sults]18 Aux/IAA genes in longan were identified using reference genomic data. Chromosomal location
analysis showed that 18 Aux/IA4 genes were concentrated in the scaffold range from number 1 to 3101.
18 Aux/IAA genes were named DIIAAI-DIIAAIS according to their locations. The physicochemical prop-
erties of Aux/IAA (DIIAA) proteins in longan were that the isoelectric point pl ranged from 5.17
(D11AA4) to 9.31 (D1IAA17), and the molecular weight ranged from 19 562.08 Da (DIIAA14) to
55 478.99 Da (DIIAA17). Except DIIAAS, the other DIIAA proteins were unstable hydrophilic pro-
teins. According to the phylogenetic relationship, evolutionary tree was divided into four classes and
nine sub-tribes, in which longan had high homologous with the apple, while had distant relatives with
Arabidopsis thaliana. Genetic structure and multiple comparison analysis indicated that longan Aux/IAA
gene families had more than one conservative amino acid sites, and contained different numbers of
exons (ranged from 2 to 6). Among different branches, introns and exons varied in length. DIIAA-2,

-8,-12,-18 and DIIAA-1, -2, -3, -4, -8, - 14 lacked the conserved motif of Domain I (motif5),
DIIAA-1, -2, -3, -4, -8 and - 14 lacked the conserved motif of Domain IV-2 (motif4). A lot of cis-ele-
ments were found by the analysis of DIIAA promoters, including cis-elements related to flowering in-
duction, such as low temperature response motif, circadian rhythm control base sequence motif and
light response. The motifs associated with hormone response also were found, such as auxin, methyl jas-
monic acid, gibberellin, abscisic acid and salicylic acid. The presence of these cis-regulatory elements
indicated that hormones had potential regulatory effects on Aux/IAA genes. In the Protein-Protein Inter-
action network, a total of 20 hinge genes and 72 network lines were identified, and all the other DIIAA
proteins exhibited 70% high reliability except DIIAA-2, -3, -4, -6, -9, -12, -13 and -14, which suggested
that proteins of the same gene family would also have parallel functions. FPKM values of 18 DIIAAs
genes in 9 different tissues of longan showed that some of the DI/[AA4 genes were tissue-specific, nearly
half of DIIAAs (DIIAA-3, -5, -7, -8, -11, -13, -14) had low expression in each tissue, while the differenc-
es of DIIAA-7, -8, -13 among tissues were the least. Through the analysis of three transcriptome data of
the flower buds in different longan cultivars, five genes (DI[AA-2, -4, -7, -15, -17) were found to have
low expression levels during the flower bud differentiation of common longan cultivars and in the graft-
ing newly- sprouting buds of Sijimi. Further qRT-PCR analysis showed that the expression levels of
DIIAA2 and DIIAA17 were significantly decreased in longan buds in November and December, which
was the phase of physiological differentiation of longan flowering, suggesting that these genes might
play a role in flowering induction. Treated with exogenous IAA, the expression levels of DIIAA-7, -15
were significantly suppressed under the 100 umol - L' TAA treatment, while the expression levels of all
five candidate genes increased significantly under 500 pmol - L'' TAA concentration. [Conclusion] We
identified 18 Aux/IAA members from longan genome, and found that DIIAA2 and DIIAA17 might play a
key role in longan flower bud differentiation. Our results would provide comprehensive information on

the genetic structure, phylogenetic relationships and expression profiles of Aux/I4AA4 families in longan,
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and offer a new insight into the complexity of IAAs regulation at transcriptional level. It may be helpful

to develop breeding strategies to promote the development of flowering in longan.
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Tablel The primer sequences of gene

for qRT-PCR analysis
SR SIFHIS-37) i3
Primer name  Primer sequence Function
DIIAA2-F CCACCAAAGGTTTCGACCTC SE BT
DIIAA2-R  TGCCCACTCCATAGAAGCAA ;i??;?ﬁve
DIIAA4-F ACAAGTGTACCTCGGAGCAA
DIIAA4-R GATCGAATTGGAGGCCAACC
DIIAAT7-F ACGCACAAAGGGTACTCAGA
DIIAA7-R CTAACAGCCAGTCTCCGTCT
DIIAAIS-F  ATCAGGAACTGTCGTCTGCT
DIIAAI5-R  CATCACCCACAAGCATCCAG
DIIAAL7-F  CGCAACCAACGAAGAGTCAA
DIIAAI7-R  TCCTCGAGGTTCAAGCTACC
Actin-F TTCCGCTGCCCAGAAGTCCTCTT WS HEK
Actin-R CATTGAACATAGTTGAACCAC- Reference

CACTGAG gene

2 AR5
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PAHL RS I Aux/IAA Z L 7 51" 2 R, R
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scaffolds | 147 B , 18 /) DIIAA =R 55 1 i, 53 4k 44
W44 N DIIAAI~DIIAAIS(E 1) .

DITAA F5 R 5% 85 1 I R ol 26 2 s,
FEEH TR AR E REREE KSR AR
18 /> DIIAA ZF ik B H & 2 R H M 174 aa
(D11IAA4) 3 508 aa (DITAAI7) AN%5 . X 2E DITAA
B DR o i A W AR 3 F &N 19 562.08 Da
(DIIAA14) , # = 4r T 1 & A 55 478.99 Da
(DHAAL7) , “F-¥J 4 30 081.39 Da. Z5Hi £ 5.17
(DIIAA4)~9.31 (DITAALT) ANEE, P ¥ 8 7.30. I
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Table 2 Physical and chemical properties of DIIAA4 gene family proteins
. e 24 Dig=A y o
LT HHE g kit POe AR TR g e AR
) . Instability Molecular . . . .
Gene name Gene identifier  pl Gravy . Genomic position Standard ~ Amino acid number/aa
index mass/Da
DIIAAl Dlo_000511.1  5.31 -0.513 4939 37 162.58  scaffoldl:5 679 752:5 681 054 - 347
DIIAA2 Dlo_015422.1  8.79 -0.970  55.39 26501.93  scaffold29:949 299:950 282 - 224
DIIAA3 Dlo 019013.1  5.43 -0.457  41.62 30 689.39  scaffold38:751 830:753 602  + 286
DIIAA4 Dlo 023948.1 5.17 -0.804 50.61 19 634.94  scaffold53:1 068 420:1 069 065 — 174
DIIAAS Dlo_023949.1  8.58 -0.602  32.18 27500.48  scaffold53:1 078 719: 1080 959 + 251
DIIAA6 ~ Dlo_032102.1  6.41 -0.580  41.28 21480.43  scaffold87:28 988:29 809 - 194
DIIAA7 ~ Dlo_034071.1  5.78 -0.752 5336 21572.24  scaffold99:468 114:469 686 - 191
DIIAAS Dlo_001707.1  5.85 -0.489 4443 2233291 scaffold108:184 832:185809  + 202
DIIAA9 Dlo_004269.1  8.35 —0.601 43.69 37195.95  scaffold128:25 978:28 240 + 345
DIIAA10  Dlo_012643.1  9.06 -0.584  50.45 35877.55 scaffold233:293 280:295 303  + 329
DIIAA1l  Dlo_016833.1  6.01 -0.493 4536 30 668.63  scaffold322:120 274:122 951 - 282
DIIAAI2  Dlo 019600.1 9.30 -0.473 47.10 32 033.82  scaffold394:247 383:250 895 - 300
DIIAAI3  Dlo_024822.1  8.81 -0.549  52.11 2721733  scaffold555:222 347:223 812 — 247
DIIAA14  Dlo_025130.1  7.69 -0.656  60.62 19562.08  scaffold565:27 672:29 311 + 177
DIIAA15  Dlo_027038.1  7.01 -0.639  42.57 39515.40 scaffold634:35 595:38 759 + 363
DIIA416  Dlo_030078.1  6.44 -0.683  41.93 21916.92  scaffold767:62 333:63 154 + 196
DIIAA17 ~ Dlo_004906.1  9.31 -0.519  58.99 55478.99  scaffold1324:15 016:21 895 - 508
DIIAA18  Dlo_016429.1  8.25 -0.437 4537 35103.44 scaffold3101:1514:4336 - 340
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Fig. 1 Localization of auxin primary response gene (DIIAA) family in the scaffold of longan
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Fig. 2 Phylogenetic tree of Aux/I4A family genes in Arabidopsis(At), apple (Md), tomato (SI) and longan (DI)
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Fig. 3 Analysis of DIIAA family gene structure (A) and conserved motif (B)
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