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ABSTRACT ARTICLE HISTORY
Auxin/Indole-3-Acetic Acid (Aux/IAA) genes are involved in auxin signaling pathway and play Received 28 August 2019
an important role in plant growth and development. However, many studies focus on Aux/IAA Revised 24 September 2019
gene families and much less known in Bletilla striata. In this study, a total of 27 Aux/IAA genes  Accepted 25 September 2019
(BsIAA1-27) were cloned from the transcriptome of Bletilla striata. Based on a phylogenetic KEYWORDS

analysis of the Aux/IAA protein sequences from B. striata, Arabidopsis thaliana and Dendrobium Bletilla striata; genome-wide;
officinale, the Aux/IAA genes of B. striata (BsIAAs) were categorized into 2 subfamilies and 9 Aux/IAA gene family;
groups. While BsIAAs were more closer to those of D. officinale compared to A. thaliana. EST- bioinformatic; evolutionary
SSR marker mining test showed that 4 markers could be stably amplified with obvious analysis; EST-SSR
polymorphisms among 4 landraces. Our results suggested that BsIAAs were involved in the

process of tuber development and provided insights into functional roles of Aux/IAA genes in

B. striata and other plants.
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In this paper, we identified the 27 members of the Aux/IAA gene family which can be divided into
2 groups and 9 subfamilies. The similar branches of Aux/IAA proteins had the same or similar
motifs, such as genes between BsIAAT0 and BsIAA12, BsIAA11 and BsIAA13, BsIAA18 and BsIAA20,
indicating that Aux/IAA proteins were conserved. Among them, Bs/IAAs were more closer to those
of D. officinale compared to A. thaliana.
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Introduction

Auxin is the first discovered plant hormone playing
an important role in plant growth and development
[1, 2]. It consists of a group of molecules with an
anthracene ring and is a commonly used signal che-
mical in plants. Auxin regulates cell division and
elongation of plants, and organ development of
cells and whole plants [2]. Growing evidence indi-
cates that auxin, either alone or together with other
hormones, is involved in plant responses to environ-
mental stimuli, including drought, cold, and salt
[3,4]. Aux/IAA, SAUR and GH3 are the three major
gene families of early auxin response, which are
responsive to early auxin induction [5]. As an impor-
tant regulatory gene in the auxin signaling pathway,
Aux/IAA gene has become a hot topic in recent
years. Its protein sequence has four conserved
domains. Domain I has transcriptional inhibition,
IT acts on the stability of its protein, III and IV are
responsible for protein dimerization [6]. This pro-
tein and the transcription factor ARF (auxin
response factor) family can form heterodimers.
Under the action of auxin, the protein of Aux/IAA
is degraded, which triggers the expression of down-
stream genes of auxin signaling pathway [7,8]. Since
the first Aux/IAA gene was cloned, 32 Aux/IAA
genes have been identified from Arabidopsis gen-
ome-wide analysis, and a large number of Aux/IAA
family members have also been identified in other
plants, including eucalyptus [9], cucumber [10],
maize [11], soybean [12] and so on. Genome-wide
analysis showed that the members of the Aux/IAA
gene family had different biological functions. In
Hedychium coronarium, HcIAA2 and HcIAA4 play
important roles in its floral scent formation [13]. In
Medicago truncatula, MtIAA6 and MtIAA7 exhibit
root-specific expressions and MtIAA9 shows higher
expression level in flower [14]. In Dendrocalamus
sinicus, DsIAA3, DsIAA4, DsIAA15 and DsIAA20
may be important for regulating shoot development
[15]. In conclusion, these studies indicate that the
Aux/IAA gene family is involved in the regulation of
plant growth and development and response to mul-
tiple signal transduction pathways. The analysis of
Aux/IAA gene family is not only helpful to elucidate
the molecular mechanism of auxin metabolism and
signal transduction, but also can be used in plant
genetic research.
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Bletilla striata is a perennial herbaceous temperate
plant of Orchidaceae with many significant values on
medicine, ornamental and so on [16]. And the sec-
ondary metabolites are the important medicinal
components of it, so it is necessary to analyze the
genes related to the synthesis of the secondary meta-
bolites. However, there are few reports on its growth
regulation and secondary metabolite synthesis. And
there is no report on the systematic identification
and analysis of Aux/IAA gene family in B. striata
now. In consequence, this study intended to analyze
the Aux/IAA gene family members of B. striata by
bioinformatics methods based on the entire tran-
scriptome data of developmental organs covering
the entire growth phase in the early stage, and design
specific molecular markers based on their sequences.
It may provide a theoretical basis for the related
utilization of Aux/IAA genes in B. striata, and pro-
vide clues for the study of functional characteristics
of auxin-responsive genes.

1 Materials and methods
1.1 Materials

The B. striata seeds were purchased from a local
farmer planting medicinal herbs in Zhengan
County (28°56'N, 107°43'E), Guizhou Province,
China, on October 20™, 2015. The seeds were germi-
nated and formed into seedlings by tissue culture,
and the refined seedlings were transplanted to the
test site. The protocorms, whole seedlings before
seedling transplanting, whole seedlings after trans-
planting for 2 months, whole plants after transplant-
ing for 1 year (including roots, stems, leaves, flowers,
and seeds for successful pollination) were randomly
collected for total RNA extraction. Then after the
detection, the qualified RNA samples were pooled
with the same amount for the subsequent transcrip-
tome sequencing [17].

1.2 Methods

1.2.1 Transcriptome assembly

Using the Illumina HiSeq sequencing 2000 platform
to conduct high-throughput sequencing of B. striata.
And the resulting data were assembled by de novo
using Trinity software to finally obtain the transcrip-
tome data set of B. striata’s single gene sequence.
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1.2.2 Aux/IAA gene family identification

The sequences of Aux/IAA were obtained for identify
the conserved domains. Aux/IAA genes of Arabidopsis
(AtIAAs) were screened out by querying against the
TAIR (The Arabidopsis Information Resource, http://
www.arabidopsis.org/). Local tblastn search of
B. striata proteomes by using Bioedit software (score
value>100 and evalue<e %) [18]. Selecting the
assembled data of our group as the search database,
and using the 29 protein sequences of Arabidopsis as
query [19]. Using the online software Pfam and NCBI
blast to screen for candidate sequences. All obtained
protein sequences were examined for the presence of
Aux/TAA (PF02309) domains by using the Hidden
Markov Model of Pfam, SMART (http://smart.embl-
heidelberg.de/) and InterPro (http://www.ebi.ac.uk/
interpro/) tools.

1.2.3 Bioinformatics analysis of proteins of Aux/
IAA genes

To predict the coding sequences, we first applied
ORF finder (https://www.ncbi.nlm.nih.gov/orffin
der/) to predict the Open Reading Frame (ORF) of
unigenes successfully matched by BLAST. Then, the
basic physicochemical properties such as molecular
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Figure 1. Conservative motif of B. striata(a,b) and A. thaliana(c,d).

weight, isoelectric point, and instability coefficient of
each nucleotide sequence of BsIAAs were predicted
by the online software ProtParam (http://web.
expasy.org/protparam/). The subcellular localization
of BsIAA proteins was analyzed using the online
software Plant-mPLoc server (http://www.csbio.
sjtu.edu.cn/bioinf/plant-multi/#). The secondary
structure was analyzed using the online server
SOPMA (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_
automat.pl?page=npsa_sopma.html).

Motif organization of BsIAAs and AtIAAs pro-
teins was investigated by MEME5.0.5 (Figure 1).
The maximum motif width was 50, the number of
motifs was 20 [20] and the other parameters were
default values. The BsIAAs protein conserved
domains were aligned using DNAMAN software
(Version 9) (Figure 2).

1.2.4 Construction of phylogenetic tree of Aux/
IAA family of D. candidum and A. thaliana
Multiple sequence alignments were generated
using ClustalW in MEGA 7.0 with defaulted para-
meters. Phylogenetic tree was generated using
neighbor-joining method with 1000 bootstrap test
by MEGA 7.0 software.
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LDFSMQEE. . . AQELGARDCLEDSIWTFRHIYRGQEKRHLL
LDFTLQPE. . .AQELEAKDLHDISWTFRHIYRGQEKRHLL
LOYTMQPP. . .NQELIVRDLHLNIWTFRHIYRGGEKRHLL
LCMDRQEE. . . AQELVAKDLHGVEWRFRHIFRGQERRHLL
LDMSGQPE. . . SQELVANDLHGVEWRFRHIFRGQBKRHLL
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Figure 2. Multiple sequence alignment of Bs/AAs.

1.2.5 EST-SSR detection and verification
The plant samples of B. striata were collected from
provinces of Sichuan, Chongqing, Guizhou and
Anhui, China, for extracting genomic DNA
according to the method of CTAB [21]. The
extracted DNA was diluted to 50 ng/pL and stored
at —40°C for EST-SSR detection.
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BsIAAl  ALKINKPQTEFFCKTLTASDTSTHGGFSVPRRABEXRIFEP 164

BsIAA2 ALKTNRPQTEFFCKTLTASDTSTHGGESVPRRAAEKIFFP 99
BsIAA3 GLEQNKQPTEFFCKILTASDTSTHGGFSVPRRAAEKIEEP 150
BeIAR4 GYTKSKQPTEFFCKNLTASDTSTHGGESVPRRAREKLEEQ 79

BsIAAS PLLP.RPQVRSFCKTLTASDTSTHGGFSVLRREADECLEA 191
BsIAA6 PPPPPRPHVHSFCKTLTASDTSTHGGFSVLRRHADECLEP 172

BsIAA7 L TLTASBTST RRHADECLEP 172
BsIAAE TLTASD LRRHADECLEP 172
BSIAAS  GLPS. TLTASETST KVEPP 157

BsIAA10  PEPE.SCMVHSFCKTLTASDTSTHGGEFSVLRRHADECLPP 157
BsIAAll  PEPK.RPVVNSFSKILTASDTSTHGGFSVLRRHANECLEP 142
BsIAA12  PEPE.SCMVHSFCKTLTASDTSTHGGFSVLRRHADECLEP 157
BsIAA13  PEPK.RFVVHSFCKILTASDTSTHGGFSVLRRHANDCLEP 139

BsIAA16  I.TIIGAKKGLSGTVAPQHEELNQQQPRPEQLQVLGMASS 137

BsIAR17  KNTFVGAKMGFLDTAEPKSEGLGQEQLGPFQLQVIAGLGK 126

BsIAA1E  S.DAI 107

BsIAALS GGL 111

BsIAR20  A.AATDGVGQWDLSCGSGABG. GKMFWEVIEREVGP 120
L

BsIAA22  S.DAIDGNGMWVLSGSSGSEGEMEKGGTLFSPRAGGGGGG 109

BSIAA23  S.ETVC....LKLGGSGGSN........LDYLTAES.... 68
BsIAR24 teeessen...SLEVN..... 30
BSIAA2S s . _— 0
BSIAR26 [
BsIAR27 [
BsIARl  TTGWSLFVSGKRLLAGDSVLEIRDEKQQLLLGIRRA. 237
BsIAA2  TTGWSLFVSGKRLLAGDSVLFIRCEXQQLLLGIRRA. 172
BsIAAS  TTGWSVFVSAKRLFAGDSVLFIRDEXSQLLLGIRRA.... 223
BsIAR4  TTGWSLFVGAKRLKAGDSVLEIRDEKSQLLLGLRRS. 152
BSIAAS  QSGWSVFVSSKRLVAGDAFIFLRGENDELRVGVRRA. 264
BsIAR6  SGWSVFVSSKRLVSGDAFIFLRGENGELRVGVRRA. 245
BSIAA7  QSGWSVEVSSKRLVAGDAFIFLRGANGELRVGVRRA. 245
BsIAAE  QSGWSVFVSSKRLVSGDAFIFLRGENGELRVGVRRA. 245
BsIAR®  TTGWSVFVSAKRLVAGDSVLEIWNEKNQLLLGIRRV. 230
BSIAA10  TTGWSIFVSSKRLVAGDAFIFLRGDNGELRVGVRRL. 230
BsIAAll  TTGWSTFVSSKRLVAGDAFVFLRGENGELRVGVKRV. 215
BsIAA12  TTGWSVFVSSKRLVAGDAFIFIRGENGELRVGVRRL. 230
BsIAA13  TTGWSTFVISKRLVAGDAFVFLRGENGELRVGVKRL. 212
BsIAAl4 0
BSIAALS . # ; 0
BsIAAlE S ASNSSKEL 215
BsIAR17  VVGNPPIRSFRENIATTSTKGSNELKNGAGENGSKGETSK 206
BsIARlE PPIRSYRENTMSTNPSKNKECADGKLGLGC. . . 177
BsIAAl9  ATHEEI IHVRKS 175
BsIAA20  VVEWPPIRNYRENTMATNPVENKEDGEGKEGMGC 177
BsIAR21 PPIRSHRENTMATSPSKNKGLALG. . . .GC 167
BsIAR22  VVGNPPIRSYRENTMATNPSKNKEDADGKQGLGC 163
BSIAA23 PEVRSERENALES c 103
BsIAR24 PEVRSNRRNSFHAKRSEAREVAGAG. 77
BsIAA2S [
BsIAA26 0
BsIAA27 s s . 0
Domain IT
BsIAAL EVIPLAKINKAV 81 FETEE 315
BsIAA2 EVIPL v EE 250
BsIAAS  YNPRASPSKEVIPLAKYNKALY.TCUSLGMRERMMFETEE 300
BsIAR¢  ¥NPRACPSEEVVE TQVS! TEE 229

BsIAAS  YKPRTSPSEFIIPYEKYMESIK.CNHSAGMREKMREEGEE 341
BsIAA6  YKERTSPCNEIIPFDQYVESLK.KDHSIGMRERMKEFEGEE 322
BsIAA7  YKERTSPSEEIIFCTQYVESLK.NNHSIGMREKMREEGEE 322
BsIAAS  YKERTSPSEFIIPFDRYIESLK.SNHSIGMREXKMREEGEE 322
BsIAA9  YHPRACPSEEVIPLSKYVKAVFHTRUSVGMRERMLEE'
BsIAA10  YKPRASCSEFIISVNKYIEVKS.QNLSVGMREXMREE:
BsIAA1l  ¥KBRVS..QEIVGYNKYLEAIN.NKESLGMREMMKEE:
BsIAA12  YKPRASCSQEIISVNQYLEARI.QNLSVGMREXMREE:
BsIAA13  ¥KERTS..QFIVGVNKYLESVN.NGESLGMREXMREE:
BsIAAl4  ¥KPRTSPCNEIIPFDQYVESLK.KDHSIGMRERMKE]
BsIAA1S  ¥KPRASCSEEIISVNKYIEVKS.QNLSVGMREKMRE]
BsIAA16  LARQRDPTLPGKGMSEDEKLAFTGLEDGIGEYTE
BsIAA17  LARQRDPTASCTGISENERMAFTGLEDGSGEYTLVY]

BsIAAl8  TIGQCG.AQGIPGRDGLTESCLMDLENG.SEYVETY] 253
BsIAA19  TIS... . .LNASTNGMVSKLLCGSSEEALIY] 243
BsIAA20  TIG.......VPAKDGLTESRLVDLEHG.SDYVLTYE! 247

BsIAA21  TIGQYA.SQGISNELGLSESYLTLIENG.SENVETY
BsIAA22  TMGQCG.SHGIPGRDGLTESCLMDLESG.SE¥VVTYE!

FEEEEREEEER RN
EEEEEEEEEEEE R
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BsIAA23  TIR. . .NSENNNERRLVCPLNG . TEYVPTYE! 17

BsIAR24 ECEISEVEASSG. TEYAIAY 142

BsIAA25  LARQRDPTLPGKGMSEDEKLAFTGLEDGTGEYTLIYECNE 72

BsIAA26 —_— -ELAQVESS . KAHVETYECKE 55

BsIAA27 BFSSVGAGEGESNYAVAYEDKD 57
Domain I

BsIAAL RRNRUSIWEIEEVAAPFFICEEPE. .. FRTKRPRQEGMED 392
BsIAR2 RRNRVSIWEIEEVAAPEFICEEPE...FRTERPRQEGMED 327
BsIAA3 RETRVSLWEIEEVATPEYICEEPF...FRPREPKQEGMPD 377
BsIAR4 RECRVSIWNEIETPESLEVEPESL. . [ERHCFPGLMG 302
BsIAAS RPERVSPWQIEESVIFPPPNSLHL...ARSKKPRTHTIPA 418
BsIAA6  RPERVSPWQIEEGVSPE.VKPLEA...SKPEKRERANVMAP 398
BsIAR7 RPERVSPWQIEPALTEE.VNELEV. .. PREXRPRMNLIES 398

BsIARS IEBAMTEE.VNPLEV. .. 398
BsIAA9  RQPRASLWEIEPLTT.FPMYPSLEP..LRLEPEWYTGVSS 385
BsIAALO EPLVMSTTFPSQQE. . . . 383
BsIAALl IEBYNTSASTVSVEGEL 369
BsIAA12 PWEIEPMVVAPLLTSQET. .. ss. 383
BsIAAL3 YSSSTEIVSVEGFLF LMCM, 366
BsIAAl14  RPERVSPWQIEEGVSPE.VKPLEA...SKPERERANVMAP 120
BsIAALS EBLVMSTTPPSQQE. . . . 153
BsIAAL6 334
BsIAA17 331
BsIAR1S8 297
BsIAA19 295
BsIAA20  PRSIEKRA.... 288
BsIAA21  PRAMDKTRNRS. 287
BsIAA22  PRVMERNRNRN. 283
BsIAA23  PRAPQIC.. 211
BsIAR24  SSE. . 178
BsIAA25  V.SIERS.. 11
BsIAR26 84
BsIAA27 69

The EST-SSR markers were detected, developed
and verified through the following approaches.
The online software NWISRL (https://ssr.nwisrl.
ars.usda.gov/) was applied to detect EST-SSR sites
of each BsIAA sequence with default parameter
values. Then, primers of each site were designed
using DNAMAN program. Subsequently, PCR
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amplification was used to verify the results of
PAGE detection. The PCR reaction volume was
10 ul, containing 15 ng of template DNA, 6 uL
2x PCR MIX, 0.75 uL of each primer, and 1 uL of
ddH,O. The amplification conditions were: pre-
denaturation at 95 °C for 5 min; denaturation at
95 °C for 30 s, annealing at 58 °C for 30 s, exten-
sion at 72 °C for 60 s, 34 cycles, and extension
at 72 °C for 5 min. The amplified product was
separated by a 10% polyacrylamide gel. The elec-
trophoresis apparatus was a PowerPac type
with steady-state electrophoresis apparatus. The
constant voltage was set to 150 V and electrophor-
esis was performed for 150 min. After silver
nitrate staining, the bands were observed and
photographed.

2 Results
2.1 Full transcriptome data construction

After assembling the RNA-seq data of all existing
Pair ends by using Trinity software, the following
data were obtained (Table 1). The sequencing
approach obtained 106,054,784 clean reads (SRA
database accession number: SRR7058048) by using
an [llumina platform, and the reads were assembled
into 134,900 unigenes by the Trinity package [17].

2.2 Identification of Aux/IAA gene families and
analysis of protein characteristics

In this study, a total of 39 non-redundant sequences
were obtained by integrating the results of the
BLAST and online software Pfam verification of
the transcriptome database. The resulted sequences
were then searched again using Pfam batch search
and 27 Aux/IAA genes with confidant domain were
confirmed as representatives of BSIAA gene family
after a manual curation. For the convenience of the
study, the 27 BsIAAs were sequentially designated

Table 1. B. striata full transcriptome data construction.

according to their sequence length, from BsIAAI to
BsIAA27 (Table 2). Information about these BsIAAs
is listed in Table 1, including gene name, locus ID,
OREF length, and predicted characteristics of corre-
sponding proteins. The length of the predicted
BsIAAs ranged from 1010 bp (BsIAA27) to 4335 bp
(BsIAAI), with molecular weights ranging from
88.94245 kDa to 362.22076 kDa, and the deduced
isoelectric points varied widely, from 4.73
(BsIAA1&2) to 5.17 (BsIAA27). The instability
index analysis found that except the proteins of
BsIAA3, 4, 13, 16, 17, 26, 27 were stable (unstable
index < 40), the rest were unstable proteins (unstable
index > 40). Subcellular localization analysis was
detected to localize to the Nucleus Secondary struc-
ture analysis found that proteins of BsIAA family
accounted for a large proportion of random coils,
of which 26 were the largest proportion of random
coils.

2.3 Comparative phylogenetic analysis of BslAA

To examine the evolutionary relationships among
the Aux/IAA genes from B. striata, D. officinale
and A. thaliana, a rooted phylogenetic tree was
generated based on the alignment of amino acid
sequences for 75 Aux/IAA proteins, including 27
BsIAAs, 16 DolAAs and 32 AtIAAs (Figure 3).
Phylogenetic distribution indicated that Aux/TAA
proteins can be classified into two major groups
(Group A and Group B), which could be further
subdivided into four (Al1-A4) and five (B1-B5)
subgroups, respectively. Among them, group
A and B consisted of 35 and 40 Aux/IAA proteins,
respectively. A sister pair indicates the closest rela-
tives within a phylogenetic tree. Within this tree,
a total of 25 sister pairs were found, consisting of
10 and 15 pairs in group A and B. This pattern of
two major groups for Aux/IAA gene family mem-
bers in the phylogenetic tree was similar to that

BioProject Run ReleaseDate Bases AvglLength size_MB Experiment
PRJNA451494 SRR7058048 2018/4/23 1.33E+10 250 6324 SRX3989034
PRJDB5866 DRR099052 2018/9/6 3.03E+09 202 1847 DRX092539
PRJDB5866 DRR099053 2018/9/6 2.38E+09 202 1448 DRX092540
PRJDB5866 DRR099054 2018/9/6 2.52E+09 202 1536 DRX092541

PRJDB5866 DRR099055 2018/9/6 2.53E+09 202 1546 DRX092542
PRJDB5866 DRR099056 2018/9/6 2.25E+09 202 1373 DRX092543
PRJDB5866 DRR099057 2018/9/6 2.59E+09 202 1584 DRX092544
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Table 2. Detailed information about 27 predicted Aux/IAA proteins of B. striata.

Gene Genes ID in the  Aux/IAA  Peptide isoelectric Instability subcellular Alpha Extended Beta Random
name databases ORF lengths point index localization helix% strand % turn% coil %
BsIAAT ~ DN6980_c0_g1_i4 3479 1159 4.73 47.29 Nucleus 32.79 15.96 5.61 45.64
BsIAA2  DN6980_c0_g1_i7 3284 1094 4.73 46.72 Nucleus 31.99 16.09 5.76 46.16
BsIAA3  DN15793_c0_g1_i3 2915 971 4.83 38.41 Nucleus 29.35 17.82 6.90 45.93
BslIAA4  DN36550_c0_g1_i1 2794 924 483 38.76 Nucleus 30.74 14.18 433 50.76
BslIAA5  DN10105_c0_g2_i1 2561 853 4.80 49.78 Nucleus 19.11 15.12 3.52 62.25
BsIAA6  DN4720_c0_g2_i4 2555 851 4.82 43.30 Nucleus 19.51 14.57 435 61.57
BsIAA7  DN2432_c0_g1_i1 2531 843 4.82 46.33 Nucleus 20.52 15.07 3.91 60.50
BsIAA8  DN4720_c0_g1_i7 2510 836 4.83 46.84  Nucleus 19.02 15.91 431 60.77
BsIAA9  DN2018_c0_g1_i1 2426 808 4.80 4261 Nucleus 27.72 15.22 4.08 5297
BsIAAT0 DN1124_c0_g3_i7 2072 690 4.80 41.21 Nucleus 19.86 15.80 478 59.57
BsIAAT1T ~ DN27_c0_g2_i1 2054 684 4.83 50.68 Nucleus 23.10 16.52 4.68 55.70
BslIAA12 DN1124_c0_g2_i1l 2039 679 4.76 49.39 Nucleus 18.11 14.87 4.71 62.30
BsIAA13  DN27_c0_g1_i3 1964 654 491 35.94 Nucleus 18.50 16.51 5.20 59.79
BsIAA14 DN23527_c0_g2_i2 1676 588 493 46.43 Nucleus 15.23 13.08 3.58 68.10
BsIAA15 DN14453_c0_g1_i1 1379 459 4.87 47.15 Nucleus 16.78 15.90 2.61 64.71
BsIAA16 DN3142_c0_g1_i5 1004 334 5.05 38.03 Nucleus 26.95 13.17 449 55.39
BsIAA17 DN3142_c0_g2_i1 995 331 5.02 37.95 Nucleus 20.24 13.90 332 62.54
BsIAA18 DN6037_c0_g2_i2 893 297 5.03 41.89 Nucleus 17.17 17.17 337 62.29
BsIAAT9 DN24793_c1_g1_i1 887 295 5.03 47.74 Nucleus 23.05 15.25 4.07 57.63
BsIAA20 DN47023_c1_g1_i2 866 288 497 58.98 Nucleus 17.71 17.71 243 62.15
BsIAA21 DN10844_c0_g2_i1 863 287 5.04 40.94 Nucleus 21.95 14.98 3.14 59.93
BsIAA22 DN6037_c0_g2_i3 851 283 5.03 4238 Nucleus 17.67 16.61 3.18 62.54
BsIAA23 DN11321_c0_g1_i1 635 21 494 55.13 Nucleus 20.85 19.43 3.79 55.92
BsIAA24 DN67702_c0_g1_i1 536 178 498 47.64 Nucleus 23.03 19.10 7.30 50.56
BsIAA25 DN3142_c0_g3_i1 335 11 5.1 46.89 Nucleus 50.45 15.32 9.91 2432
BslIAA26 DN4243_c0_g1_i3 254 84 497 37.69 Nucleus 29.76 20.24 7.14 42.86
BsIAA27 DN3624_c0_g2_i1 209 69 5.17 22.88 Nucleus 3043 21.74 10.14 37.68
B4

B2
ATiGIs0s9; [ TN BN BSIAA3 A4
ATIGI92200 | T ]! LOCI10115613
BSIAAY \ J ] BslAAL4
ocnonst O EoCinig
Bl /

Figure 3. Phylogeny of Aux/IAA proteins from B. striata, A. thaliana and D. officinale.
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reported for other plants including rice [22], Moso
bamboo (Phyllostachys pubescens) [23], soybean
[12] and Brassica napus [2], which suggested that
the Aux/IAA genes have been widely conserved in
different groups.

Meanwhile, to gain a better understanding of the
structural diversity of the BsIAAs, we also built
a separate phylogenetic tree using the same method
(Figure 4). Four typical domains were detected
among BsIAAs, similar to the proteins of AtIAAs
(Figure 1). MEME analysis found that four con-
served domains (Domain I to Domain IV) of
BsIAAs protein were contained in five motifs (motif
1, 4, 10, 15 and 17). Except BsIAA27, the others all
contained motif 1 and motif 4. Most Bs[AAs did not
contain motif 17, and BsIAA6, 7, 16 to 24 contained
motif 10 but no Domain II. Combined with the
phylogenetic tree (Figure 3) showed that the similar
branches and types of Aux/IAA protein motifs were
identical or similar to each other.

2.4 Polymorphism detection of EST-SSR in
BslAAs

In this study, 4 strains of B. striata genomic DNA
were amplified with the designed 11 pairs of primers
(Table 3). Among them, four pairs of primers can be
amplified stably, and the length of the amplified pro-
duct ranged from 70 to 300 bp (Figure 5). Four DNAs
amplified different polymorphic bands, and the per-
centage of polymorphic loci was 30%, indicating that

e @ -@-08
s —NER-ER OB @ — @B i@ —
sve —NER-ER ENE @ @B —
-t e e
b0

the Aux/IAA gene family in different regions was
genetically conserved and also presented different
polymorphisms. Thus, SSR primers can be used as
molecular markers to identify different strains of the
Aux/IAA gene family.

3 Discussion

Auxin is a key signaling molecule in the process of
plant growth and development. As the earliest
discovered plant hormone, its physiological role
is extensive, affecting cell division, enlargement,
and differentiation. Aux/IAA proteins have been
suggested to bind with ARFs and prevent activa-
tion of auxin-responsive genes in the absence of
auxin [8]. However, in B. striata, there was very
little information about the Aux/IAA genes, until
total of 27 Aux/IAA genes were identified in
B. striata in this paper, though lower than 29
Aux/IAA genes in A. thaliana [24] and 31 Aux/
IAA genes in Oryza sativa [22]. However, this
study was based on the transcriptome data of the
B. striata. Due to incomplete data, the identified
Aux/IAA genes were very few, so the whole gen-
ome could be sequenced and a database could be
established in the subsequent studies.

According to the physicochemical analysis of 27
proteins of BsIAAs family, most of them acted in an
acidic subcellular environment, which means they
were unstable proteins. About the secondary struc-
tures, the proportion of random coils was largest in

o é@”‘eﬂ&ﬂ.l%@v Pomain
o0 A‘KAQVV’L%M' s :

Figure 4. Phylogenetic relationships and protein motif distribution analysis.a. The phylogenetic tree of the BslAAs. b. Motif

distributions in the B. striata.



Table 3. The information of EST-SSR primers.
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Tm Tm

Gene name Number of motifs Forward primer (°Q) Reverse primer (°Q) Target band size (bp)
BsIAAT (gca)8 TGATGCAGAACCAGCATGT 543 AGATGCAGCTGGTTGGTCT 56.7 150-238
BsIAA2 (gca)8 GAACCAGCATGTGATCAGG 53.8 TGAATCTGATGTTCGCTCAG 52 160-300
BsIAA3 (cag)5 CAGGGCGATTTAAACTGAA 50.1 TGCTGCTGCTGAATCTGATA 53.6 120-230
BsIAA4 (ggo)4 CGTGCTGTTTATTCGTGATG 51.6 GGTATACGCCGCTTTCTGAT 534 70-150
BsIAA6 (gca)5 GGTGAACGTGGATCTGAAAG 534 ATTCATCCGCATGACGACG 55.6 112-170
BsIAA8 (gca)5 GGTGAACGTGGATCTGAAAG 534 GCATTCATCCGCATGACGA 559 110-270
BsIAA9 (ggo)4 AGCGTGCTGTTTATTTGGAAC 535 CATATTTGCTCAGCGGAATC 51.2 160-210
BsIAA17 (9ga)7 GCTGGATCTGATTAGCATTG 50.7 CCAGTTCTTCTTCCACCAC 53.1 80-150
BsIAAT18 (gcg)12 GAAGGCGAAATGGAAAAAGG 519 GTGCTCATGGAGTTTTTACG 513 210-300
BsIAA21 (gcg)5 AACGATAAATGGGGCTTTTG 50.5 GTGTTTTTACGATGGCTACG 513 70-220
BslAA22 (9gc)7 GAAGGCGAAATGGAAAAAGG 519 CCATCCGCATCTTCTTTGTT 52.8 70-160

M|l 2 4
300bp

200bp

100bp

M 1 2 3 4 5 6 7 8 9

Figure 5. SSR profiles of B. striata.

most of Aux/IAA family proteins. Subcellular locali-
zation was localized in the nucleus, suggesting that the
Aux/IAA protein might play a role in the nucleus.
By analyzing the conserved domains of BsIAA
gene family proteins, we found that the BsIAAs con-
tain four domains, namely Domain I, II, IIL, IV. In
which the Domain I at the N terminus had three
repeat leucine residues, referred to as ‘LxLxL’ motif
(L refers to leucine, x means any amino acid residue),
which was required for the transcriptional repression
function of Aux/IAA protein [25], and this was the
smallest and least strictly conserved among the con-
served domains. Domain II contained a target site
for ubiquitination degradation of Aux/IAA protein
with the core sequence of VGWPP. The dominant
mutation in this region made Aux/IAA protein
unable to enter the ubiquitination pathway and

10 11 12 13 14

5 6 7 8 9 10 11 12|13 14 15 16 18 19 20421 22 23 24

15 16 17 18 19 20

lead to enhanced stability [26]. Domain III contained
a P sheet and two o helices (al and a2), which played
an important role in the dimerization of Aux/IAA
protein [2]. Domain IV included the acidic region
and the SV40 type NLS (PKKKRKYV) [26]. These
were similar to A. thaliana [27], Oryza sativa [22],
Zea mays. L [11]., Cucumis sativus [10] and other
Aux/IAA gene family, indicating that Aux/IAA pro-
tein had a high sequence conservation. There were
multiple amino acid changes in the conserved
domains of BsIAA proteins. This result was similar
to the analysis of the Brassica rapa Aux/IAA proteins
[14], indicating that the altered regions might have
new functions or only some typical functions of Aux/
TAA proteins.

According to the motif analysis, it indicated that
these genes did not contain motif 17 might not be
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involved in classical auxin signal transduction. For
genes containing motif 10, their protein life was
longer than others [12]. The results indicated that
the more frequent motif was an important con-
served motif in the Aux/IAA domain. Online ana-
lysis of the less frequent motif by SMART had no
relevant description of its functional annotations,
so it required further investigation.

Based on the phylogenetic analysis in this study,
BsIAAs were divided into two classes which contained
4 and 5 subfamilies, respectively. The similar branches
of Aux/IAA proteins had the same or similar motifs,
such as genes between BsIAAI0 and BsIAAI2,
BsIAA11 and BsIAA13, BsIAA18 and BsIAA20, indi-
cating that Aux/IAA proteins were conserved, which
was similar to the Aux/IAA family genes in Medicago
truncatula (28] and Brassica napus [2]. The phyloge-
netic tree constructed from the Aux/IAA proteins of
B. striata, D. officinale and A. thaliana showed that the
B. striata Aux/IAA proteins had similar work to
D. officinale, which indicated that BsIAA and
DoIAAs were relatively close to each other in evolu-
tionary relationship. This analysis could be used for
further exploring the protein functions of BsIAAs.

Molecular markers are excellent tools to study the
genetic relationships and genomic evolution of spe-
cies. Due to the conserved nature of flanking
sequences, SSR markers developed in one species
can be employed to detect these microsatellite loci
in other related species [29]. In this study, EST-SSR
site analysis was performed on BsIAAs, revealing that
the ratio of polymorphic alleles was 30%, which
means B. striata in different regions have high genetic
conservatism. And it was mainly due to the conser-
vation of Aux/IAA gene itself, but it also showed the
genetic diversity. Therefore, SSR molecular markers
could be used to evaluate the genetic diversity in
different regions. We identified the genetic relation-
ship by using the amplified primers in different
regions and number of bands, and estimate the
genetic relationship in order to provide more accu-
rate information for breeding, breed identification
and genetic structure research.

Auxin plays a very important role in plants, affect-
ing the yield and quality of B. striata. Based on the
first transcriptome databases of B. striata, we identi-
fied the 27 members of the Aux/IAA gene family and
analyzed their basic physicochemical properties,
subcellular localization, protein conserved domains,

conserved motifs and phylogenetics in this paper.
Transcriptome gene expression characteristics of
the group were comprehensively analyzed and SSR
molecular markers were also performed. In conclu-
sion, these genes can be divided into group A and
group B, which contain 4 and 5 subfamilies, respec-
tively. Among them, BsIAAs were more closer to
those of D. officinale compared to A. thaliana. In
this study, a total of 11 pairs of primers were
designed, among which 4 pairs could be amplified
stably and showed different polymorphism. These
results laid a solid foundation for further study of
the biological functions of BsIAAs, as well as the
identification of B. striata germplasm resources and
the analysis of phylogenetic relationships.
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