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Abstract: Glutathione S-transferases (GSTs) play an important role in the regulation of plants against stressful
environments, but the systematic studies on Ramie were lack. In this paper, a total of 43 BnGSTs gene families
were identified by bioinformatic analyses, most of which were predicted to be located in the cytoplasm and
belonged to the plant-specific Tau and Phi class. Inter-species covariance analysis revealed that BnGSTs genes
represented more orthologous genes in dicots than monocots; intra-species covariance analysis revealed that
there were five pairs of paralogous genes among BnGSTs, all of which were derived from the whole genome or
fragmentary gene duplication, and all of them were found that Ka/Ks ratios were less than 1, indicating that
they were subjected to purifying selection. Cis-acting element prediction revealed that the upstream of these
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BnGSTs genes was rich in light-responsive, phytohormone-regulated and stress-responsive elements combined
with transcriptome expression data, nine tissue-specific candidate genes were screened with significant (P<C
0. 05) changes on expression patterns in roots, stems and leaves under cadmium stress. Two genes, BnGST22
and BnGST12, were identified as having significant up-regulation and high relative expression, which could be
used as target genes for further functional verification. This study further enriched the functional gene pool of
ramie and provided a theoretical basis for the use of anti-stress resources and variety selection.
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1 =R GSTsEE qRT-PCR3|#F 5
Table 1 Primer sequences of BnGSTs for qRT-PCR

JL K4 Gene name

Em G 5751 (5'—3") Forward primer sequences(5'—3")

S GIHF 91 (5'—3') Reverse prime sequences(5'—3")

CCGTGTCAGGATTGGGTAATTT

18sCActin) TGACGGAGAATTAGGGTTC
BnGSTI12 CGAATTAGTCCCCGTCCCAG
BnGST17 AGTTAGCCCTGAAGCCGATG
BnGSTZ21 GTCAACTTGGATGCGCGTTT
BnGST22 TGAAGATCCCCAACAGCGAG
BnGST23 CTGCGGAGAATCTCAGGTGG
BnGST26 AGCGATTACTCACTGGCTCG
BnGST29 AGAAGTCGGGGAGATGAAGC
BnGST38 AGGGAAAGAAGCTGTTCGGC
BnGST39 TTTGCCATCGGTGTTAAGCG

CTTGTCGTACGAGGTCGGTG
CATCAAGGACCTTCGCCAGT
CTCGGTATCTTGCGATGGCT
CTTGAAGCCGCTAAACACCG
GATCATGTTTGCGAGCCAGC
CCGCAGGCACTTGTTTGAAG
TGCAGATTCCGTGGTTGGAA
GTAAGGCTCACCACGTTTGC
CCGAACAGCTTCTTCCCCTT
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B3R A A ALY PR ST JE )T, Tau W 5K WL 5 38 A
Motif 1,2, 4, Phi W 5 % W 0t ¥4 Motf 12,13, 15,
16, TCHQD .5 1 i 2 ¥ Motif 4,9,14.

X BnGSTs (/)44 57 45 ¥ 35053 A1 4 15 77 51 LA K
I TR X o0 A AT nT AL & B, Ir A R R AR = D
— 1 GST_NB{ GST _C {4 ~F &5 #4 1 (& 5b) . 7E
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Table 2 Physicochemical property, secondary structure and subcellular localization prediction of BnGST's

SR, ’Q%Wﬁﬁ H o T Iﬂi@fﬂi,ﬁ /M%/ETE?& e 5 e 4 E?—ﬁ]fﬁkﬁi o R P T A ﬂ??ﬁﬁ’@?ﬁﬁ
Gene name Protein Mglecular Theoretical Insvtablhty Aliphatic index Grand averagf: of /\lpha Beta turn RandF)m Extended bubCf:llu]ar
length/AA  Weight/Da pl index hydropathicity helix coil strand  localization
BnGST1 223 25 849.85 5.73 32.83 86.10 —0.313 119 8 72 24 £ B Bt
BnGST2 420 47 682.91 5.79 35.75 78.02 —0.389 169 17 176 58 Ji
BaGST3 221 26 095.17 5.89 39.34 86.88 —0.311 123 12 60 26 24 i Bt
BnGST4 607 71025.59 5.38 43.41 91.50 —0.384 360 18 181 48 4L 5T
BnGST5 415 48193.95 6.81 48.12 95.13 —0.319 236 16 121 42 41 L Bt
BnGST6 220 25 249.03 5.21 41.19 82.86 —0.375 116 12 65 27 24 L Bt
BnGST7 221 25561.38 5.33 39.07 84.21 —0.387 122 14 58 27 4 il BT
BnGSTS 219 25429.35 5.61 38.61 84.06 —0.378 121 11 62 25 24 il
BnGSTY 218 25 540.51 5.60 34.84 82.20 —0.366 116 11 64 27 21 B Bt
BnGST10 191 21 586.96 5.66 29.05 98.59 —0.048 97 11 64 19 21 L Bt
BnGST11 1359 158 367.97 5.51 46.68 95.81 —0.287 790 52 413 104 4 i Bt
BnGSTI12 196 22095.38 5.67 29.64 87.09 —0.128 100 9 61 26 i i BT
BnGST13 218 24 877.60 5.98 31.77 91.74 —0.149 106 12 73 27 24 L5
BnGST14 213 23858.34 6.31 38.96 91.22 —0.234 97 12 75 29 £ B Bt
BaGST15 225 25 486.96 5.78 34.27 88.84 —0.352 113 11 74 27 £ i Bt
BnGSTI16 213 23767.55 6.45 46.29 83.47 —0.162 102 14 69 28 JA
BnGSTI17 216 24 559.22 6.66 38.76 84.54 —0.270 104 10 72 30 24 L 5T
BnGST18 221 25201.17 5.21 36.04 94.84 —0.097 117 13 65 26 21 L Bt
BnGST19 234 25 874.76 5.55 26.88 98.80 0.027 131 9 69 25 £ L B
BnGST20 222 25 355.29 5.40 28.60 104.59 —0.206 123 12 61 26 4 i BT
BnGST21 222 25331.18 5.71 35.27 96.71 —0.329 126 11 59 26 24 i
BnGST22 221 25 400.56 5.57 41.76 107.69 —0.191 121 13 59 28 21 B Bt
BnGST23 237 27 293.70 6.87 41.61 97.09 —0.355 127 10 74 26 21 L B
BnGST24 225 25997.76 5.77 52.87 81.91 —0.298 125 8 64 28 4 i Bt
BnGST25 327 38 144.21 5.98 47.78 97.80 —0.237 187 17 81 42 4 i B
BnGST26 230 26 558.80 6.46 40.38 90.70 —0.267 120 13 68 29 24 L5
BnGST27 220 24 771.14 6.43 42.77 81.18 —0.326 107 12 74 27 J Bt
BnGST28 253 29 487.05 5.37 46.29 98.66 —0.245 132 12 78 31 £ i Bt
BnGST29 225 25742.95 5.31 37.29 95.33 —0.128 131 10 60 24 24 i T
BnGST30 211 24095.91 5.29 37.64 95.59 —0.206 118 8 58 27 BN
BnGST31 221 25867.91 5.55 39.69 93.94 —0.311 127 13 56 25 21 L Bt
BnGST32 220 25462.49 5.78 40.74 93.95 —0.262 129 13 54 24 2 L Bt
BnGST33 225 25744.72 5.33 37.59 87.07 —0.192 130 11 59 25 4 i BT
BnGST34 267 31679.63 8.37 31.23 93.82 —0.305 156 9 78 24 24 i
BnGST35 363 40933.23 5.76 35.23 82.53 —0.358 140 9 173 41 JH Bt
BnGST36 658 74 741.73 5.36 40.03 92.49 —0.202 246 23 284 105 21 L Bt
BnGST37 222 25447.26 5.18 27.53 100.63 —0.275 127 7 62 26 24 i Bt
BnGST38 222 25331.18 5.71 35.27 96.71 —0.329 126 11 59 26 4 i B
BnGST39 221 25 439.60 5.90 40.10 107.69 —0.199 118 14 61 28 24 L5
BnGST40 221 25316.45 6.02 38.93 104.62 —0.246 125 12 58 26 21 B Bt
BnGST41 430 49 119.68 5.78 48.35 106.84 —0.159 197 13 179 41 £ i Bt
BnGST42 426 48 356.75 5.68 35.93 80.85 —0.345 194 7 179 46 24 i T
BnGST43 220 24 756.13 6.90 42.05 81.18 —0.326 107 9 77 27 JH B

H A 2~194 B gm il X 4 o0 A5 I, 15 A 24> BnGSTII1 # £ & M & F H A & W 3 K .
UTR, I3 M A A 1P UTR,O M A UTR, 3 BnGST41 4 19 /4~ CDS, BnGSTI11 A 14 4 CDS,
B AH 34 UTR. HH BnGST4, BnGST41 Al BnGST474 74~ CDS.,
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Fig.1 Chromosome distribution of BnGSTs
Arabidopsis thaliana AT-1 AT-2 A3 A4 ALS
WRIF
Boehmeria ;11'\_);1 Bu Eu eve e
Cannabis sativa
Tk KJfR
Zea mays ZM-3 ZM-4 ZM ZM-6 ZM-7 M-8 ZM-9 ZM-10
ES N —— ——
Boehmeria nivea BN-1 BN-10 BN-11. BN-12 _BN-13 BN-14
Oryza sativa S9  0S-10 05-11 05-12
KA —— — (— — (— (— (— (— (- (— (-—
B2 =R S HE A FE) 2 g o
Fig.2 The collinearity analysis between ramie and other species
2.5 BAsFLEFIRXIERTHS A2 A BE R b i AR AE A 3 B I = A e, 3R

W BnGSTs L7 2000 bp 41, 47 T J3 8
i = e AR Ay A (R 6) o BIFAE R B, FE X 43
A BaGSTs W, 36 W =X AE e R i 3 H i £
(44.6%) , H U= AH W) 0 2 W 42 o0 8 (33.3%0) , i
MO R O 16.7Y%) R AR K & B M E oo
(5.4%) FEWA RN Te 4, Bk BnGST11 41 HAh

X S L DR R AT R A2 8 5 S 3R Gk . Hih BnGST25,
BnGSTI19, BnGST41, BnGST34 b 47 16 K& (>
10D 381 S R A5 S T A4, W o I TR S IR R 8E
T 2155 UL R Ty B 8 AR T o AR AR P R R 4R
JUIET L BR T BaGST28 S A7 6 4 _E i ¥ 47 B 2% R
P A O 2 0 A, 3 T A U R AL S A R



16 B

o534 5

BnGSTY

o
Chr4 \ S
,/M s ’
2 B
5710 5

\f»
C@Q
©

()usguﬂ

3 ERYMALLESR
Fig. 3 The collinearity analysis within ramie
TE G 61 1 P00 3% B DR 8 2, DA 30 2 R A O, e (LR R IR AR RN I B GC A it

Note: The colour on the chromosomes indicates the gene density, which increases gradually from yellow to blue, and the black lines on the chromo-

somes indicate the GC content in position

R3 EHRYF A EREE X

Table 3 Intra-species homologous gene pairs of ramie
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Sequence 1 Sequence 2 Gene duplication mode Ka Ks Ka/Ks ratio
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BnGST42 BnGST35 WGD or Segmental 0.0024 0.0168 0.1402
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