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Cloning and bioinformatics analysis of -1,4-xylosyltransferase IRX9 gene from
Dendrobium huoshanense
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Abstract: Objective To clone IRX9 gene from Dendrobium huoshanense and perform the bioinformatics and codon bias analysis.
Methods The full-length cDNA sequence was cloned from the IRX9 gene based on transcriptome sequencing data of D. huoshanense
generated in our previous study by using RT-PCR and further analyzed by bioinformatic methods. Results The cloned IRX9 gene was
1 533 bp, containing a 1 047 bp open reading frame (ORF) which encoded 348 amino acids. The theoretical molecular weight was
39 350 and its isoelectric point was 7.26. IRX9 protein was a hydrophilic protein and had no signal peptide, which had multiple
phosphorylation sites and glycosylation sites and might be located in the plasma membrane. Phylogenetic analysis indicated that
sequence of amino acids had the highest homology with D. candidum and the conserved region “DXD” of the GT-A superfamily.
Codon bias analysis showed that IRX9 gene prefered to use A/T ending codon, with 27 skewed codons. Nicotiana is the most suitable
host for exogenous expression of IRX9 gene. Conclusion The IRX9 gene was cloned from Dendrobium huoshanense successfully
and it provided a theoretical basis for regulating the growth and development of D. huoshanense and improving the yield and quality of
D. huoshanense.
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181 AAAGAGAATCCATCTATGGAAGAAGGTCCTCATCCACTTCTCCCTCTRCTTTGTCATGEGCTTCTTCATCGGECTTCGOGOCTACARGCAC

KRI HLWKKVYLIHFSLCFVMNGFFIGFAPTHS ST

271 CACCATCTEOCTTTTCTCCOLLCAACCETCOGOOOETACATCCGAMECTCOGTGTT TCCRATATCANGACACAAGTCCT TAACCEAAG

T I S$LFSAQPSAADIRNLGY SDVETOQYLMNRS

361 CCTCCTTGTAGAGCTTCATCCCGAAGCT TCARATTCCGTT TRATCAGACTGCAATGAAACAGAGCAACAGCT CAGC TCCAMGRAACAGET
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451 A

ATAGTCATAN AACCCALCT TTTAMGTTGCTCCCTTGTGGAGATTGGCAAATACGCTTAGATTGGTGOCTCCGLE
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54 1 ACTACTATOOATTGTCATCGAGTCCAAT TCCGAATCGCCOGABACCOCAMMUOATGCT TAGGCAGACCOOCATCATGTATCGGCACATCAC

LLW I VIESNSZSESP,PETAKDMNLROITSEG I NYRHIT

631 ATATAAGGAGAATTTCAGTGATGEAGAL TAGCATCAGAGAAATGTAGCT TTGAACCAT GTCGAACACCAT CGGCTARACGG

YKENFTDADAEAYHORNVYALNHVYEHRHRLNGEG

721 AATAGTGCACTTTGCCAGTGCCTTCAACATCTATCCTCTTCAATTTTTTGAGGACAT TOGAGAAATAGAGGTGTTTGGGGCGTGRCCAGT

I VHF AS AFNIYPLOFFEDIREIEVFGAMWNPYV

811 ACCAATGGTGTOTC TTGTEGT CGATTTGCAGT TTTTCOAAGGTTGTTGGCTOGAAA TCARAGRAGCT
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O()] GAGTAATAATGGAACTGCAGCATCAAGAAACCCAATTTCTAGCTCAGAATCA TGAT. M TACCTGCAAGGAT

$ N NGTAASRNMNPISS SESSNGTTESRLPARI

99 1 CRATATCTCAGCTTTTGCATTTAACAGCCCAATACTATGOGAT COAGAGCGG TGOGRACGCCCT TCCTCCATTCCTGATAGC TCOCAGGA
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TTCAATCAGGTTCGTCCATCAGGCAGT TCTGGAGGAT GAGAGT AAGATCAGAGCCATCOCT TCCOACTGT TCTAAGATCATGATGTGGCA

S I RFVHOAVLEDESEKIRAIPSDC CSEKIMMNNWNH

TCTGCATATACAGAGGCGAACT TCTCACTGATCAGTGAAAGCAGAAATGATAGGAGATCAGCTTACATATATATACCAGTTTTTTATTCT

LHI ORRTSH®

TCATTTTTGAGATTTTTTTTTTGGT TTTTAAAACGAATTATTATTTATGAGT TCATTGTAATGGCGT TCAACATCTGAAGGTGTACTCAT
TCAGAAGAGAAARAGT TGGTCGTGGAGTATTT AACTTAGCT TGA TAAGGATGGATCATAAACCAGT
1 441 CACCATCACCAATTCOTTCAAGGCT TTCTGTTCATECATAGAGAACCAAGOCACT ATOCTTACAGCATTATOOCACTAAGCT CAACORCT
1 531 ACTGAAGCCTAATGTTGCCATCT
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Fig. 1 PCR amplification (A) and cDNA sequence (B) of IRX9 gene from D. huoshanense
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Fig. 2 Conserved domain of IRX9 protein of D. huoshanense
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Fig. 3  Protein interaction analysis of IRX9 in D.
huoshanense
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Fig. 4 Prediction of potential glycosylation sites (A) of IRX9 protein in D. huoshanense, prediction of potential
phosphorylation sites (B), protein prediction of signal peptide (C), protein predicted hydrophilicity/hydrophobicity (D) and

protein transmembrane prediction (E)
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Fig. 5 Tertiary structure of IRX9 protein (A) in D. huoshanense and active site in tertiary structure (B)
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Fig. 6 Comparison of IRX9 amino acid sequences between D. huoshanense and other plants
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Fig. 7 Phylogenetic analysis of IRX9 amino acid sequence
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Table 1 RSCU >1 of IRX9 of D. huoshanense

HAELR HT o RSCU AEER YT B RSCU
KHEMR TTC 19 1.03 2 TCA 11 1.38
AR CTT 11 1.74 AGC 11 1.38

CTC 12 1.89 R CCT 10 1.14
R ATT 10 1.50 CCA 16 1.83
ATC 7 1.05 TR ACT 6 1.20
WAL GTT 5 1.25 ACC 8 1.60
GTG 5 1.25 HER GCT 11 1.57
Pk 2 1 TAT 8 1.23 GCA 8 1.14
BT TAA 11 1.22 b R TGT 12 1.20
TGA 10 111 AR CGA 8 1.12
HAR CAT 18 1.20 AGA 16 223
B HE B CAA 12 1.14 HAR GGA 14 2.00
RATRZ AAT 11 1.05 KA GAT 12 1.60
AR AAA 15 1.36 BEIR GAG 13 1.08
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Table 2 Comparison of codon usage frequency of IRX9 gene among genome of Saccharomyces cerevisiae, Escherichia coli,

Nicotiana sylvestris, and Arabidopsis thaliana

LR — T O 4 1 LG AR - - N~ O 4 1 O AR

Dh/Ec  Dh/Sc Dh/Ns Dh/At Dh/Ec  Dh/Sc Dh/Ns Dh/At

W GCA  0.789 0955 0.676 0.884 J 2R CCA 4182 1.691 1317 1.922

GCC 0531 1.075 1.050 1.315 ccc 5642 1991 1962 2.555

GCG  0.119 0.624 0.823 0.430 CCG 0.155  0.730 0.806 0.450

GCT 1.542  1.004 0.617 0.752 CCT 3335 1433 0.930 1.034

PR TGC 3.684 3224 2.063 2.149 BB CAA 1.719 0.850 1.080 1.196

TGT 4002 2.866 2.668 2211 CAG 0.705 1.439 1.061 1.145

REAR GAC 0384 0287 0358 0.337 beeia AGA  12.895 1453 1.853 1.629

GAT 0.774 0.617 0.652 0.634 AGG  3.684 0.841 0.561 0.703

BEK GAA  0.724 0.467 0.594 0.620 CGA 6.448 5.158 3.684 2.456

GAG 1397 1310 0901 0.781 CGC 0.720 5208 2.763 3.563

EHAR TTC 1955 1.997 2112 1.775 CGG 1.934 5.689 2.058 1.974

TTT 1205 1334 1475 1.597 CGT 0.354  0.907 0.542 0.645

HEmR GGA 3302 2484 1.034 1.119 2 F R AGC 1488 2.171 2.171 1.883

GGC 0292 0.987 0.676 1.051 AGT 1.719  1.090 1279 1.105

GGG  0.406 0.967 0.518 0.569 TCA 3.488 1.138 1457 1.163

GGT 0476 0486 0367 0.523 TCC 1.934  1.090 1.407 1.382

HER CAC 3224 2976 2.668 2.668 TCG 0.509 0.675 1.758 0.624

CAT 3.744 2560 3.224 2523 TCT 1.593  0.576 0.618 0.537

RS ATA 1.161  0.326 0.547 0.461 HEIR ACA 1268 0.435 0499 0.493

ATC 0.437 0.787 0974 0.732 ACC 0.614 1218 1.460 1.502

ATT 0.571 0.643 0.741 0.900 ACG 0.265 0.484 1.045 0.502

FuERYS AAA 0994 0.692 1.022 0.942 ACT 1.507 0.572 0.553  0.663

AAG  1.539 0440 0418 0414 AR GTA 0.365 0.328 0.348 0.391

IR CTA 1.707 0.433 0817 0.586 GTC 0.541 0.656 0.697 0.284

CTC 1.646 4298 1951 1.442 GTG 0.285 0.895 0.556 0.556

CTG 0211 1.105 1.568 1.184 GTT 0.493 0.438 0341 0.356

CTT 1.675 1.730 0.838 0.883 BER TGG 0.761  0.930 0.768 0.774

TTA 0.111 0.074 0.161 0.152 &y TAC 1.138  0.653 0.649 0.706

TTG 0.520 0.356 0.415 0.463 TAT 0.832  0.823 0916 1.060

KAz AAC 1216 0.780 1.144 0.925 HEIR ATG 0.310  0.555 0.480 0.474
AAT 1.004 0.596 0937 0.954
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E A FPEREBREE R, ot E LA A
B ST AEAFRE 7T, AN S5O % 250 17 R
FAFBARIE

A FNE AP BER T IRX9 HEFH, #%
FE[K cDNA 4K 1553 bp, 5 1 NKEN 1047 bp
(O FF IR SAE . AEAME B2 TR B IRX9 S K4
fith 348 ANEIERR, TRMFLILEE A AN T BN
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BT R, B A S AR A B A
&, SER A VRN RTIE 97.31%. [FIRS, il
A S H AR RARLL ThRE T 516t “DXD .
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L B R il LA A3 1 0 e RO
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EEFEKEE, BTG ZMAEYE
e A A E AR PAHEER . STRING 447 1
IRX9 4ifi%aE (15 HAME A A EAER (CLLREEIT
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HABIEEE NS E), KIL IRX9 MEALE AW
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