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Abstract: Based on the whole transcriptome data of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.,
identification and sequence analysis on Aux/IAA genes of B. striata were conducted by using
bioinformatics methods, and primary and secondary structures, motif, conserved domain, GO function
classification, and KEGG enrichment result of Aux/TAA proteins of B. striata were analyzed, meanwhile
phylogenetic analysis on them with Aux/IAA proteins of Arabidopsis thaliana ( Linn.) Heynh. and
Dendrobium officinale Kimura et Migo were performed. The results show that 5 Aux/IAA genes are
screened from the whole transcriptome of B. striata, named as BsAux/IAAI to BsAux/IAAS , respectively,
with an open reading frame ( ORF) length of 492 -2 739 bp. The amino acid residue numbers of 5
BsAux/IAA proteins are 163-912, with theoretical relative molecular mass of 18 172.97-101 442.89 and
theoretical isoelectric point of pl 4.40 to pl 11.51, their subcellular locations are in the nucleus, and
their secondary structures are mainly a-helix and random coil. There are 4 complete conserved domains of
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Domain I, Domain I , Domain I, and Domain IV in 5 BsAux/IAA proteins, corresponding to

conserved motifs of motif9, motif3, motif2, and motifl in order. The functions of 5 BsAux/IAA proteins

all include 3 categories of cellular component, biological process, and molecular function, and are

involved in signal transduction pathways of plant hormones. The phylogenetic analysis result shows that 5

BsAux/IAA proteins all belong to Group [ subfamily, and can be divided into 2 subgroups of a and b,
in which, BsAux/1AA3, BsAux/IAA4, and BsAux/TAAS belong to a subgroup, while BsAux/IAA1 and
BsAux/IAA2 do to b subgroup; in addition, there are close genetic relationships in BsAux/IAAT,
BsAux/TAA2, BsAux/IAA4, and BsAux/IAAS with Aux/IAA of D. officinale. 1t is suggested that there
is a certain conservation in Aux/IAA proteins of B. striata, the proteins may play roles in nucleus, and
possess tissue specificity, development dependence, and abiotic stress response.

Key words: Bletilla striata ( Thunb. ex A. Murray) Rchb. f.; Aux/IAA gene; gene identification;

sequence analysis; phylogenetic analysis
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BOLEBE O SEBa M RE . DNILEE ST ( Arabidopsis thaliana
(Linn.) Heynh.) {5 &% 6 ( TAIR ) U e (huups: /
www.arabidopsis.org/ ) FARFFILEEIT Aux/IAA 7
51,3 N NCBI %% 4 %2 (https: // www. ncbi. nlm. nih.
gov/ ) FERAF 8 B2 A it ( Dendrobium officinale Kimura
et Migo) Aux/TAA & 1551,

1.2 Fi&

1.2.1 H&RE BEYURSE A WA ERZE A
BUALEE (BRI ZE A ) BBA% 2 A H A4 8 i
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25 M FEFNRD ) A B BOR B R 4L i 4 D[R] —
DI TR AR 8 3 0 /N B AR — B0 A B, 25 R 2R
3 bk, RAEJGHUHZ (M 52860 5 S O BR S RNA,
WRER A PRAT T =80 CURFE,

122 ERELFFF SN ZEEKNEHKE,
WA TR AR BT A 9 BB S RNA AT 5 REIR A
et AT S AL Iy, PR A unigenesm] . FIH
BLASTp T Hi 7R (R E A S5, Tah %
BRAEEC 31 A Pfam 32.0 ZEZR AR (http : // pfam.
xfam. org/) K R H K B ¥ sk HF ) (F x5
PF02309) , XK R 45 Wb AT 8 A F 22704y, IE LBR A
SERF A, 15 B e 7 815 BT ORFfinder 7828 814
(https; // www.ncbi. nlm. nih. gov/orffinder/ ) 8 R
FF51 89 JF ik 4 352 4E ( ORF) . 1§ SMART (http: //
smart. embl — heidelberg. de/) # InterPro ( http // www.
ebi.ac.uk/interpro/ ) TE£& 8K {44 43 BF F1 & Aux/IAA R
H RS A5 F 3

1.2.3 &FaRAF3o#  FlH ProtParam 7284k 14
(https: // web. expasy. org/ protparam/ ) 43 Hr FiL I 15 Kz
Aux/TAA 35 FH BB A 707 i BEIE A8 L AT A
e E TR A MR 7 15 A LR AR HOR ST 24 38K P A5 B AL
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5% ; F) H Plant—-mPLoc server 7E £k ¥ 1F (htp: //
www.csbio.sjtu. edu.cn/bioinf/ plant—multi/#) #1728 H
JOT 0 ST 440 B 52 37 5 Al SOPMA 7E 28 54 (hups : //
npsa—prabi. ibep. fr/cgi —bin/npsa _automat. pl? page =
npsa_sopma. html) 73 M7 25 [ JiE A9 9 450 i
MEME 5.0.5 7EZ A (htip //meme—suite.org/) T
AP , BOE S 90 8 e RAE N 50, 5P 40
2017 RSO ; FIT DNAMAN v9 B %
H TR PR T S IR AT LEX

1.2.4 GO F#es £42 KEGG '§ £ 45 FIH String
TELR AT (htps: // string —db. org/) ¥ 1 M Aux/IAA
BRI 75 1T GO DIhE 432K M KEGG & 4E
SIHT, BL X107 RBR

12.5 A%ZALH  FIH MEGA 7.0 #AfF i
Clustal W T2, SR &84 3 A A A 4 FUL P O F 32
% Aux/TAA FEFA T HTSI GE AR Bk B 16 4%
Aux/TAA FH D HFFIHE & Aux/TAA 8 H B0y
YIRS R B R, IF#EFT A 25 9F Al (bootstrapping ) , Ht
SR 1000 K, Hofh Z BN BRI

2 HERAH

21 EBEREERFIISH

WFoE 45 R W, fE P 2 19 132 502 4%
unigenes 11, LGB 142 4% unigenes 54K FEAG K, 4
XS Pfam R AR NEE S KZITUR M EBRATERTY
G, LG 5 A Aun/TAA FEH | 45 B HLAE (1 1
2 XF N A By ID U IR i 44 R BsAux/TAAT
BsAux/IAA2 BsAux/IAA3 . BsAux/IAA4 F BsAux/IAAS
FEH BE 431 5 985 .2 427 942 879 il 780 bp, JF
JBEEEHE (ORF) KB 439028 2 739 (1 053,537,492 Al
492 bp,

F1 BRAWIAA EARN—REHIHT

22 EBARFEIISH

22,1 —BFBEMSH EAR—REE 0T
ZER(F 1) £ . BsAux/TIAAL  BsAux/IAA2  BsAux/
TAA3 BsAux/TIAA4 Fll BsAux/TAAS A9 % 5 iR 4% JE 5L
H163~912, 3R 54> BsAux/IAA 75 A FIE A
ST E N 18 172.97 ~ 101 442.89, B 45 #1 25
pl4.40 £ plll. 51, H BsAux/IAA1, BsAux/TAA3,
BsAux/TIAA4 Fll BsAux/TAAS Y pI {E/NT 7, 45 i 4
WX 4 4> BsAux/TAA £ [ AT 7E B P 7 40 M PR35 b %
FEVER, B3k 5 4 BsAux/IAA 75 117, BsAux/IAA2
1 BsAux/TAA4 B ANFRE 8 ECRAR (4390 h 33.17 Fl
33.14) , Hi4y 3 1 BsAux/TAA & AR E Fe 50 5
(48.10 ~ 63.81) , # L F & BsAux/TAA2 Fl BsAux/
TAAd ARGEE A (AREREUNT 40) , HA 3 4
BsAu/IAA A AR EEH (ARERBBKRT
40" o R T R FE R AR B AR NS S R 5 A AR
M, iR 5 BsAux/TAA 25 [ 1 g i 1 2 JE 1R 4
Bk 69.45~79.63, iHHIX 5 4~ BsAux/TAA 25 H 1 #4
FROEMR ., BKESras REY,. ik 5 A4
BsAux/TAA & 119 535 25 K MR -0.577 ~ —0.006,
WA 5 > BsAux/TAA BN EKMEE A, 40
ENIAE RV 5 D BsAux/TIAA B H & A7 T 40
B,

HEB R 45 2R (3 2) R P BsAux/
TAA1 BsAux/TAA3 Fll BsAux/TAAS 38 3 4 ¢ KL )
MU 5 LR K, - BRBE T o LUk 2, S A pr
b Fe 3 /0N, B= 5 FA BT o5 R A5 e /1N 5 TT BsAux/TAA2
MIZRINA o—BRTHE T 7 L A5 1 8, TR U6 i e o
LR 2z, SEAdE I 7 LA 3/ 0N , B=27 £ T o LU 491 B
/I s BsAux/TAA4 FRI R ToRLA Ml or o B B, e A
HEPIT 7 LU 2, - BRTE BT o LU AGI AN, B=H% £ BT o
Bl fR/IN

Table 1 Analysis on primary structure of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.

IR PSS 7 PR BRIEAER AT RRasEHe s MRWiE  EPREEAK
EAR Amino acid 43 FxX Theoretical Theoretical e AR Grand
. 1D . . . . Instability . . .
Protein residue Molecular formula relative isoelectric . *  Aliphatic amino  average of
. index S .
number molecular mass point (pl) acid index  hydropathicity
BsAux/IAA1 L67850_g1 912 C4475 H(,97] N 1263 0138()528 101 442.89 5.93 6381 7963 -0.450
BsAux/IAA2 ¢67584_g2 350 C 644 Hazes Nss3 0401 Sue 38 169.26 11.51 33.17 74.20 -0.006
BsAux/TAA3 ¢52097_¢gl 178 Cass Hiag9 Nazg 0715y 19 721.41 5.21 53.63 77.81 -0.400
BsAux/TAA4 ¢53159_¢gl 163 Cr90H 1237 N219 02435 17 947.31 5.94 33.14 69.45 -0.448
BsAux/TAAS ¢48979_¢l 163 CigoH 1227 N217 027, S 18 172.97 4.40 48.10 72.88 -0.577
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#2 AR AwIAA BEN-REWSH 222 K5tk FEMBLN  BEABRSES T
Table 2  Analysis on secondary structure of Aux/IAA proteins of
Bletilla striata ( Thunb. ex A. Murray) Rchb. f. ,n%( PEI 1. Fé—] 2. IE] 3 *ﬂ%:é 3) %:é% .5 /I\ BsAux/TAA
EER Hfil/%  Percentage Eléljiﬁ 20 /\ motif, %%UAZ ﬂg motifl %2 motif20,
AN
Protein a1 A4 B-fEfn TR Hrp motif1 |, motif2 . motif3 F1 motifd A f4 5F 3 7y ; {0
a-helix  Extended strand ~ B-turn ~ Random coil IE , 'fR BsAux/IAA1 H ﬁ 4 4~ ?g EI/J ﬂ ’f%ﬂ‘éi*j
BsAux/IAA1 30.26 15.35 5.70 48.68
b} /\ l A . . .
BsAuv/IAA2  56.57 12.29 6.86 24.29 A, 23 3 5 Domain T, Domain 1T, Domain 1 Al
. v o . . .
BsAux/IAA3  25.28 24.72 6.18 43.82 Domain IV, #<UCXF B A 55 H ¥ motif9 | motif3 |, motif2
BsAux/I1AA4 16.56 20.25 5.52 57.67 M motifl, £ H.,5 4~ BsAux/TAA F H ¥ EH motifl
BsAu/TAAS 31,90 19.63 6.13 42.33 BsAux/IAA3 % BsAux/IAAS5 ¥ A motif2, BsAux/
5¢ 5
Aozl .
w2 oleORE DN (€ ssomtaly o < g0
g 56 78 91011121314151617 1819202122 2324 252627282930 3132 33 S 123456
i 3
S (T S [
ol Ll! l YRS I gv i
5 12345678 91011121314151617181920212221242>2627282930313233343:363738 0123456780910
4 41+
motif3 £ 3 K EXX w ¥RR'£BN$E§ motif13 £ 3 YFCKT
! As vilr “ [CWA
5 234567 8 91011121314151617 1819 5. 123456
4t 41+
motif4 & 5[ TT HY motifl4 £ ngE |EE
st HIF ol KA
5. 123456 5_1 23456
2 A0 Jaf
(5):123456 2:12345678910111213
1l e
motife 2 z:w ch motif16 £ a:TEW%F
JTHAA ot
123 456 3
50 5o
7 £ 3f VYR if17 & ;
e & KNRKANW R moin? 2 {NCHG
JtIAN 5 CE
5. 2345678910 5-l 23 456
4f 4
motif§ # %5 ﬁm motif18 £ EZTL DF;
1 1t
2:123456 (;:123456
4t " 4
motif9 £ %TM L motif19 & 3
ot ol
5. 23456789 50 123456
e i if20 & i
3 = t =2 [
L e AT
0 ol
2345678 91011121314 12345678
B P-f HEhiE
P-value Motif location
BsAux/IAAl 243<10 10 M a0 m O N I} i |
BsAUX/IAA2 teaxioe  _[O0 1m WE 3 EEEW
BsAux/IAA3 430x107 [ ]

BsAux/IAA4 454xto~+ [ En7
BsAux/IAAS a17x0 L0 [nEE

ANTR] e e A B2 UG 3 ) AR 38 45 36 5 76 B (1 41 op (1 SE PR R /INFT B The length and order of the boxes with different colors represent the actual

size and location of each motif in protein sequence, respectively.

1 AR Aw/IAA EEHNEFFSI(A) RALE(B)
Fig. 1 Motif sequence (A) and location (B) of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.
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bRk AT
Symbol Motif consensus
motifl | | YAJAYEDREGDWMLVGDVPWEMFISNCRRLRIM
motif2 [ ] IFVKVSMDGAPYLRKIDLKVYDGYEELRDALEDMFKCF
motif3 [ KAQVVGWPPVRSNRRNSFQ
motit4 [l ITFPDY
motifs [ DEEMDE
motife [ WAPCCG
motif7 [l KNRKANWRCR
motifg [l DGNCDN
motifo [ TELRLGLPG
motiflo ] WNRRFCVFFKNRRC
motifil [ QCNGFG
motifl2 [ ICRLAGVARI
motifl3 M CWFCKI
motifi4 M FKAICK
motifls [l VVWKNMAWRAKKM
motifle M TKVVKF
motift7 M JNGCEW
motifls [ THGGFS
motifl9  [J ETEVDF
motif20 [ ATQSSFDN

N TR () BRI 43 AR 6 45 32 P £ B (1 507 371 HP (9 S B K/ AL B The length and order of the boxes with different colors represent the actual

size and location of each motif in protein sequence, respectively.

E2 AR AwIA ZEANEFREREGERF
Fig. 2 Motif symbol and consensus of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.

BsAux/IAA1 SPWLSKQTAI_EPI.I.PSGAQCVLPQV'QFSSLFSDLSRDSTMLAPFPGRECSNNHEGVBPQHI.LEGANI.EI.SPI.LVQNGVS 720
BsAux/IAA2 EMNNNVERNNASINGCGWNCNERAICKA....BRKILKANKAKNNGTARARGVVVVVVE. .BMAWRAKKMRARCAREARAR 169

BSAUX/IAA3 ceesnnnnassnnnsnsnnnnnns GN....CDNLEDTELRLGLPGVDLTVGSLKVN. .KRALTDDCEVKRESSRAQVV 50
BSAUX/IAA4 ++sssssssscssscssssccscciiBeccncs TENLRATELRLGLPGAEE. . .. v vvvenanns DDRAQVASHVSEGEVV 36
BSAUX/IAAS +ssesssssssnnssnnsnnnnns EE....MDEEMEDEGGNSPASSTGSTNRPAIF..ATSSSFODNRSREVLNTDLEL 50
Domain [ Domain Il
yil al a2
BsAux/IAA1 lI.RSIGCETNTARVSHAANNFI.STTEVDFQI.NQAI.TNSGGI.EESGI.LH BNIGQEISQNGT'VKVYKSGTFGRSI.DITR 800
BsAux/IAA2 VWRPTRNCRRNIMCIKALENSV....... VAVVERGPGCRCARANM CREEANREICGSCRARCLAPANMCNGEIIG 242
BsAux/IAA3 PPVRSNRRNSFHAKRSE............AREVAGTGILVEVSM YLREIDLEIYNGYKELRCALEDMEKCESFS 118
BsAux/IAA4 PEIRAYRKNSFQGRKIET.....0ouun. EARFGGGGIYVKVSMDGAEYLRE IDLXVYKSYEELREALEDMEKCETLG 105
BsAux/IAAS BSVSKSSSEESSTNDRNET....... vee....SQTTESLEVRVHREGIEGAREVDLLTQDGYEGLIRTLEQMESVTITY 116
Domian 1T Domain [l
BsAux/IAA1 YNSYPELRSELGRI_EGI.BLEEPLRSGWQLVFVDRE!\.VLL PE.'VNNVWCI LSLQEVQCMARQGVNLINPAPL 880

BsAux/IAA2 ACGARATAGNVGRTENCLMAAANGFRCARIENVR R KMCINFCRKR NVEVATVRAAKEMARNRKANW 322
BsAux/IAA3 LECEISEVE.......... ASSG.TEYAIAYEDK L ISSCRRL RGSEARGLASSP......... 178
BsAux/IAA4 ++-DFISAG..........BGGGGSNYAVAYEDK L ISSCKRL ceees 163
BsAux/IAA5 PF--DYRPLS.......... PSSN....ILLYEHR ETIELANVVGEMEVRRNG........ccc00veeee 163

Domain IV

TFRIZR 757 481 The underlines represent conserved domains. 2€f, £T 4 F1 ¥ €4 43 51 2 R [ TR 100% . 75% ~ 100% Fl 50% ~ 75% B & F& R 7% JE
Black, red, and blue represent the amino acid residues with homology of 100% , 75%-100% , and 50%~-75%, respectively.

B3 BXAuw/IAA EEMSEHEST
Fig. 3 Analysis on domains of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.

#3 AR AIAA EANEFST
Table 3 Motif distribution of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.

B BRI 52 X 25 7 Jak

Motif Amino acid residue number Sequence Corresponding domain
motif] 33 YAJAYEDREGDWMLVGDVPWEMFISNCRRLRIM Domain IV

motif2 38 IFVKVSMDGAPYLRKIDLKVYDGYEELRDALEDMFKCF Domain [

motif3 19 KAQVVGWPPVRSNRRNSFQ Domain 1l

motif9 9 TELRLGLPG Domain [
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TAA2 & BsAux/IAA4 )& A motif3, BsAux/IAA3
BsAux/TAA4 ¥ &4 motif9, iR F HAEET 2 4
BsAux/TAA T, RS HFH . motifl "~ BsAux/
IAA A PR HE AR IET

223 GO #iesn k4 KEGG 5 £ GO WIRES:
H (£ 4)GERFEW .5 BsAux/TAA B H BT ES fu
ALY AR RN T INRE 3 R, TR
ML A3 A2 )5 A BsAux/TAA B8 1350k 0 B 31 40 it

£4 AR AwIAA BEAK GO EeH %Y

KA ; 76 AL W 2f o R 2 v, g B R 5l
B RE SRR AR sk AR R RO A
BNES THEEAHE R BsAux/TAA EE 914 5.5.5.5.,
53 F1 1A ST OB RS BiE R 45 G  DNA
SEA SR TR AT R A AR R
P AT S T 48 M G 9 1 %) BsAux/TAA 25 H 400l A
54.1.1 f1 14, KEGG & EnMrai REMH.SA
BsAux/TAA S SEWIME G 57 Sk,

Table 4 GO function classification of Aux/IAA proteins of Bletilla striata ( Thunb. ex A. Murray) Rchb. f.!)

GO HJRES32E GO function classification BsAux/IAA1  BsAux/IAA2  BsAux/IAA3  BsAux/IAA4  BsAux/TAAS
ZHHIZH ) Cellular component

M3 Nucleus v v v v v

Y% Organelle v v v v v
H W23 #2 Biological process

{5538 % Signaling pathway v v v v v

KELE Development process v 4 v v v

A3 FE Cellular process v v v v v

T 5k Transcription v v v v v

I Z W Response to hormone v v v

B TFHE 2 F1 56 Sodium ion transport-associated v

R g A2 Metabolic process v v v v v
7+ FUIHE Molecular function

2545 Binding v v v v v

DNA %5 &% 55N 7% DNA binding transcription factor activity Vv v Vv v

MEALTE 2 Catalytic activity v

TS5 A R FI% P Protein binding transcription factor activity v

T8 B8 8 T Voltage-gated sodium channel activity v

Vv R E A FUEA % IEE Indicating the protein has this function.

23 REXBEHW

RGERB R (E 4) 2, X2 Aux/TAA
HHEBE R Group 1 F Group I 2 NS, H. Group
I X5 R a A1 b 2 DNWEEE ;K 5 1> BsAux/TAA 5
H¥IJETF Group I WK%, Hitf BsAux/TAA3  BsAux/
TAA4 F1 BsAux/TAAS J& T a MEAF, 1T BsAux/IAA1 #01
BsAux/TAA2 J& F b W, BARFE, BsAux/TIAAL,
BsAux/IAA2 BsAux/IAA4 F1 BsAux/IAAS 58k % A
it Aux/TAA FYSESC R B , T BsAux/IAA3 5
It Aux/TAA FSEZE R R,

3 i e

ERFEE MY AR R E T I EEAN R,
Aux/TAA BERE TR YA N AE R R G S5 SR %

SRR AR IE LS 5 AN Aun/IAA FE
B AR T ¥ K ( Cucumis sativus Linn.) ™' K #
( Oryza 29 2E ( Brassica napus
Linn.) """ K JK ( Carica papaya Linn.)'?' Fl + &
( Solanum tuberosum Linn.)'?! X 7] f 5 AW 57 3 T
e SR AR A5 R (52 B IBURE I e R ) 2647 20 M A
K, BARIE A THRADITE . TEANMEE R 50l R 3R
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