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Identification of soybean GolS gene family and analysis of
expression patterns under salt and drought stresses

LIU Dan, WANG Keai, NI Peng, WANG Qiuyan, ZHU Kang, WEI Wenliang

College of Agriculture, Yangtze University, Jingzhou 434025, Hubei, China

Abstract: Galactinol synthase (GolS) is a key enzyme in the biosynthetic pathway of raffinose family
oligosaccharides (RFOs) and plays an important role in plant responses to abiotic stresses. However, the
molecular characteristics of the GolS family members in soybean was not well-known. In this study, six
members of GmGolS gene family were genome-widely identified, and their physicochemical properties,
chromosomal localization, evolutionary relationship, gene structure, conserved motifs, secondary
structure, tertiary structure, tissue-specific expression patterns and the expression levels under salt and
drought stresses were analyzed. The results showed that six soybean GolS genes were unevenly
distributed on four chromosomes, the range of the isoelectric points of six GmGolS proteins was
5.45-6.08, the molecular weight range was 37 567.07—38 817.59 Da, and the number of amino acids
was 324—-339 aa. The results of subcellular localization showed that 4 proteins were located in the
chloroplast, and 2 proteins in the cytoplasm. Phylogenetic tree analysis showed that the members of the
soybean GolS gene family were closely adjacent to each other, and were evolutionarily conservative. Six
gene members contain 3 or 4 exons. Prediction of secondary and tertiary structures showed that the
spatial structure of proteins of all family members was mainly composed of a-helix and random coil
structure, with less B-turn and extended chain structure. Tissue-specific expression analysis showed that
six GmGolS members expressed to variable degrees in seeds, roots, root hairs, flowers, stems, pods,
nodules and leaves. Expression analysis based on qRT-PCR showed that all GmGolS genes showed
different degrees of up-regulated expression under salt and drought treatment, indicating that these genes
may be related to the response of plants to salt-tolerance and drought-resistance. These results may
facilitate subsequent functional analysis of soybean GolS genes.

Keywords: soybean; GolS gene family; evolutionary analysis; drought stress; salt stress; expression pattern
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Wyt A= AR A= 38 A A7 VA LR
FLBEH & BUEE (galactinol synthase, GolS) J&
RFOs ¥4 B 2 1) S s il , 1k i)
UDP-> 2L B 55 LEE -G Al LEE > 2L 05 5 19 B 1
J& RFO fRHE Ay s — 414

4Rk, FEREZHPTITRET GolS 3k
P 4 3L R 56 5 . e PRI REA G . 7EHLRS
R kAR KRG U g
WIERRPO R 2 PSS R R, ¥ GolS A
Bk RN SERE AT SR GE , IR GolS FEH
H Rk SR a B UIE G, FEME TP E
¥t 74 GolS Wb, Hrh, AtGolSI .
AtGolS2 1 AtGolS3 HITE AW FhF-rh ik
AtGolS1 M AtGolS2 Z T 5 . #HA#AMAES:,
M AtGolS3 {323 Wit 3™, AtGolS2 #EK
(LB SV e =T s PSR K7 N EE /i
I T FRA TR, AP E L
A 81 GolS IR, 43 M 13X B 5815 1
RAEFER A T RBE, K MeGolS5 Fl
MeGolS6 Xf 15 hie (e W AHML, FE 3 h &
INEINBNE(E ; MeGolS2 TEERIIA TS 24 h 23
i #IE . MeGolS4 7% 6 h 1 24 h A Fb X} IR %55
RN MR T MfGolST 1T B ik S
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KA Bk . AR 5 PR BURR , 1T CsGolS2 Fi
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PN AL A I NG R T A B L A o
Ji R SZPUARSCEE D, X T8 F R S
PRMFRER =, BA W B E 35 AR
ARWFFEAE RN AUKF E2EE TR GolS %
A, IR AIE PR B i G &
FEINEEM | PRAp Sy @R E . AR
RN =45 | AR EE T 0T,
7] Fiof i Xof 2% 5 T i 7 AT 3 5 d A B g
KRB N RERI I L2 E , N Jm Sk
REL GolS ZIEIE N I RETR BERL AR 4

1 #R5F%

1.1 KE GolS ERRENEERBEE
TEROCHPBIREIT (Arabidopsis thaliana)
GolS1-7 fEHF#%1, #£ Phytozome (http://www.
phytozome.org) %UHE & X K & GolS & [ K ik
BT BlastP R 50k, ik E-value<
le-5. score=200 H.[FVEMER S FS, F3)
IPRYIIV'S €I B < 75w S N S e S DS 1 kel
NCBI M5 fE2k T. 2. Conserved Domain Search
(http://www.ncbi.nlm.nih.gov/cdd/) F1 Smart (http:/
smart. emblheidelberg.de/) T. A A& E B &H
GolS HEHFANMEHEL, FFHERTC GolS 4ith
BUM A, BA&RG KT GolS B F %
Bio KEMERAFY) . CDS FHME Ry
Y5 BIIFE Phytozome BUda 5 b T 2 345 .
1.2 ZFIILENERG L ENIE
MR SCRkfiRE , FE TS (7 ). K
@M. KRE @), R 20 4) F 4
Pifl GolS FIG M A B E HBUF S 3k 37 1),
AR TF AR PR GolS & ¥ F1 %
A DNAMAN HfE gt 47 8l Lexs s [, K
HIR T #EY 4 SR (37 ) LR SO S E
IREL (6 1) GolS FJK WL b 5 11 BT 51 7E
MEGA7.0 A4 ffi 40327 (neighbor-joining,
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N)) MRS L FW, BRMRGHMI JTT+
G, bootstrap & A4 1000, HABSHERINZ,
Il FHAE 2R T H. Evolview 2wt 4L .
1.3 FEHRUE. BEEREHMRETEFE
E T

FI K &3 41 GFF3 SCIFHEEL GolS %
R R A ek g, IR 3R s
FIKTL GolS BB ID $232 F TBtools™”
WA, ZHIKE GolS LY ik b /4> Hi
Bl A F-IN & F 45 EdLH TBtools 4k {4:
il o 81F MEME 7E4k T H. (http://meme-suite.org/
tools/meme) Fil K& GolS & FHAILRESFIEF .
1.4 GmGolS HERRzNFHINKAEMTH
B 53 #7

N TR E GmGolS FeN %L A B
B Al BEAETE T, MR ER R 4
W GmGolS FNJF 311 Ll 2 kb J¥#31 . FIH
PlantCARE M3l (http://bioinformatics.psb.ugent.
be/webtools/PlantCARE/html/) A 4% 3 K 1) J3
sFF5, JHEBL TBtools A2l i =X o4
I3 A
1.5 KE GolS EHR_-RLEWM=LRE
A

i #E4k T. - SOPMA (https://npsa-prabi.
ibep.fr/cgi-bin/npsa_automat.pl?page=/NPSA/nps
a_sopma.html) X} K& GolS & i r&E
ek Ry W, A SWISS-MODEL (https://
swissmodel.expasy.org/interactive) Tl il 25 [ Y
=LER
1.6 GmGolS EFENRIHLHRIRIEE
AW i

M Phytozome %545 J& H K 2 % 5% 4 %K
i, 7T GmGolS FERNAEA [ 421 i 3Rk
B, MPHREIEL . . AR, T3
. HWRE., P2, i/ TBtools K114
LR IR I A
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THVET 48 T 10% PEG6000 ) Hoagland # 55
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B R A B A IR - A I AEAL R 0
1. 2. 4. 8. 12 F1 24 h (¥ i 0 BORE Pk - A
ft s O RS o B IRORE I ] SR 3 AR
Yrred i, IR R A R, e
=80 CIRAFA I
1.8 GmGolS ER LR B THIFRIE T

fif ALY & RNA 2 B 57 & Plant
RNApure Kit (Zomanbio, Beijing) $2H iR K
SR RER S RNA, JFERIKE I RNA i,
1 FH [ %% 538 & EasyScript® One-Step gDNA
Removal and c¢cDNA Synthesis SuperMix
(Transgen, Beijing) 5 i cDNA, qRT-PCR f T

o i R AT R ia 5 AR IR S GolS Kk
BB L 2R IR 7KF . qRT-PCR KW AR R0
20 pL: 10 pL 2x Real Universal PreMix; 1 pL
MR ¢cDNA; IE K M 514145 0.6 uL (10 pmol/L);
7.8 uL ddH,0., qRT-PCR W FRJF . TiAs ik
95 °C 5min; Z8P: 95 C 10s, Bk 53 C 155,
FEAf 72 °C 30's, 40 MG BEAAEME 3 AN
ARELE, FEEMXRBE R 27 Bk T
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155, K H Excel 2003 #1188 i ML A,
K SPSS A4 E 47 A X 2 3k it W 2 1 A A
(P<0.05)., AT GmGolS KM K NZHH Actin
(U60506) 51015 BT 1,

2 ERSAM

21 KE GolS KEEEHLEE.
A0 IV 2 Be zE L

FUHC A IT GolS M FFI7E K T4k
P LG 6 KT GolS JEH, IF R T iX
SERL (R BEARRHIER TR R (K 2).
6 ™KE GolS REHMIBHE H K E R 324-
339 aa LR, HA, Glyma.03G222000 [
FFA K (339 aa), Glyma.20G094500 %%

EE

)i (324 aa); i K/NE 37 567.07 Da
(Glyma.20G094500) #| 38 817.59 Da (Glyma.
03G222000) Z [0, 6 A~ T Y 55 HL S AR R
5.45 (Glyma.19G219100)—6.08 (Glyma.03G229800).,
FIFH WoLF PSORT (http://.genscript.com/wolf-
psort.html) 7EZk T EX} 6 /8 H #1740 fd
A7 0, P45 R R, Glyma.03G222000
Glyma.03G229800, Glyma.10G145300. Glyma.
19G227800 iX 4 & FM Frrgk{k I, Glyma.
19G219100. Glyma.20G094500 ¥4 T i |-,
2.2 KEREIKE GmGols EER S

6 K5 GolS J& P W VR4 B A5 Bk H
Phytozome (3% 2), i B TBtools {4 Hil4E T
Jehfr e K (B 1) G idoE g5 /R,

=1 AARPEANSIIER
Table 1  Primers used in this study
Gene ID Primer sequence (5'—3") Size (bp)
Actin (U60506) F: ACATTGTTCTTAGTGGTGGCT 21
R: CTGTTGGAAGGTGCTGAG 18
Glyma.03G222000 F: TACCCACCCGAAAACCAAA 19
R: TCGCAGAAACAATCCATCA 19
Glyma.03G229800 F: TGCTGGAAACGGTGATTAT 19
R: GGTCTGGTTCTTAGGAGGG 19
Glyma.10G145300 F: TCTAAGCCTTGGAGGTACACTGGP? 23
R: GGCACGGACGAACTTGACTTC 21
Glyma.19G219100 F: GCGAGATCGAACCCGTTTA 19
R: CCTGAATGTCTCCGTCCAA 19
Glyma.19G227800 F: GCGGTGATGGATTGTTTCTG!"” 20
R: GTGGGCTTGGTGAGTTGGA 19
Glyma.20G094500 F: GTGACTATGTGAAAGGTGTCGTTGG 25
R: GATTCTCAGGAGGGTACACGGGTTC 25

£2 XKE Gols EEARENODFER

Table 2 Molecular information of the GolS gene family in soybean

Gene Length /aa Gene position MW (Da) pl Subcellular localization
Glyma.03G222000 339 Chr03:42 494 622-42 497 111 38 817.59 5.47 Chloroplast
Glyma.03G229800 331 Chr03:43 172 456-43 175 687 38 097.66 6.08 Chloroplast
Glyma.10G145300 328 Chr10:38 014 452-38 016 396 38 027.61 5.79 Chloroplast
Glyma.19G219100 335 Chr19:47 148 224-47 150 373 38 362.12 5.45 Cytoplasm
Glyma.19G227800 330 Chr19:47 911 129-47 914 214 38 052.51 5.48 Chloroplast
Glyma.20G094500 324 Chr20:33 759 416-33 761 555 37 567.07 5.79 Cytoplasm
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6 T~ GmGolS JEHN i fE 4 F KRB YAk L, 23 ZFFIExTHH R RS
3 5H 19 Sk EAA 2 MR, 10 SA 8 i DNAMAN #4-% U re 7+ Fl K 5. GolS
20 SR A 1T AR, FERF G A M E AT (B 2), H
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Figure 1 Chromosomal localization of GmGolS genes.
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Figure 2 The result of BLASTp of GolS proteins of Arabidopsis thaliana and soybean generated by
DNAMAN software. DXD and C-terminal pentapeptide (APSAA) were highlighted with yellow squares.
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XTLEREH, 6 Fi K E GolS & H M & KR F
SIB16 5 GolS & H AL R 4#E, B DXD %
J¥ . DXD ¥ RITFZ LB (glycosyl
transferase, GT) ZGEH AT ITF, ©5 Mn™
HHEAERIES NDP-WH (CBEMRAZ 1T IR-H) it
PREEAD A, 6 kK GolS & R 4&

@
3
Q
=)
@
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>
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aozLoossoveud

S6

KIMI & TR F APSAA, BEWRE 6 fhk o
GolS & H & IR 7 51 IR F I .

MRYE SCHRARE , T8 TS (7). K
Q). KE @A), 3 201) LA
XHEEERRE (6 1) GolS HHAFIFHI, &
I 43 MEAITY, WEREKER (& 3).

Maneg, 1 3G029000

Groupl

3 KRB 5 MNMIM 43 D GolS Kk 5 YL 43
Figure 3 Phylogenetic tree of 43 members of GolS family in 5 species. At: Arabidopsis thaliana; Bna:
Brassica napus; LOC: Oryza sativa; Manes: Manihot esculenta Crantz; Gm: Glycine max.
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X 43 1~ GolS FEH AT ¥/~ 5 41, Bl Group 1,
Group 2, Group 3. Group 4 I Group 5, Group
1P S R R R 2, (45 Tk Al (10 1Y),
WREIT 4. KRE (4. KE @4 %
23 ML, Group 2 HIE TRATARE 2 1)
MRE 2 4) XA 4 4 GolS Jli b1,
Group 3 W HALF 2 4~7KFF GolS i b1, Group 4
F1 Group 5 % H RS I R IH 323X WG S ) B )
GolS JM B, HlfdE 1 4. 2 D UMIT
GolS J B FI 4 4>, 6 il GolS it . Ak
WRRER LI, KE GolS FIGIH W 1 1F
HEALA I SO0 PP RSB S, iXN—E A
JE EUEIRTE GolS H& DK S0 i B3 22 6] ) £ ~F
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2.4 KE Gols ERMEREHFIRTEF
S

XRE GolS HIGHNWHAT THMNE 7-
WETRERNGHT (B 4. 4 NN
(Glyma.03G229800. Glyma.10G145300. Glyma.
19G227800 Fl Glyma.20G094500) &4 34N
TFL 4 DANRT; SIA 2 AR (Glyma.

03G222000 #1 Glyma.19g219100) #1462 NN &
T 3MIMNE T o £ GmGolS FERELSH
SR ERSE . — B, AR RN A
KB $oE—SUn i, vTRE A ML TIEE.
AN, F A MEME fE4 T B3 #r T
GmGolS & I & R 7 5 R ~F 455l (81 5).
gER LI, 6 M KE GolS HHAASA 1-10 4
ANEE) Motifs, Hf, Motif 1, Motif 2, Motif
3. Motif 4, Motif 5. Motif 6, Motif 7 il Motif
8 ¥IFAET 6 KM GolS Y, HIKEX 8
ARSFIFF AT REJE KT GolS FIR & H I RF1iE
FLF o HEM BA AR R PR ST T 9 GmGolS EH
A BEPATHH [A] S AH AL Zh RE
2.5 EEHRIZREW = RSN
XPRE GolS HH B AT I 45t
S RAS I S AT (& 3 MR 6). A REM,
6 > K2 GolS H B AP & A o i
BE . FEAREE B LA AT G g5k, o,
o BEHEEMBCR LB 39.02%—43.81%, HEfH
BEAEABE LB 10.91%—12.96%, B A4
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Figure 4 Analysis of gene structure of six GolS members in soybean.
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— Gl .19G2278OOB’_H H_HWHFH P Motif 9
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Figure 5 Analysis of conserved motifs of six GolS proteins in soybean.

#z3 KE GolS EEREKRRAERRZRLLMWFFHIE

Table 3 Characteristics of secondary structure of GolS proteins in soybean

Protein Protein length/Percentage (%)
a-helical structure Extended chain structure B-turn structure Random coil structure

Glyma.03G222000 136/40.12 42/12.39 15/4.42 146/43.07
Glyma.03G229800 145/43.81 39/11.78 10/3.02 137/41.39
Glyma.10G145300 128/39.02 42/12.80 13/3.96 145/44.21
Glyma.19G219100 134/40.00 42/12.54 14/4.18 145/43.28
Glyma.19G227800 140/42.42 36/10.91 15/4.55 139/42.12
Glyma.20G094500 137/42.28 42/12.96 9/2.78 136/41.98

6 GmGolS RIEER =R
Figure 6 Prediction of tertiary structure of GmGolS proteins. (A) Glyma.03G222000. (B) Glyma.03G229800.
(C) Glyma.10G145300. (D) Glyma.19G219100. (E) Glyma.19G227800. (F) Glyma.19G227800.
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BRI 41.39%—44.21%, AU, 6 DRE
GolS 1 1Y R A5 452 DL o SR8 AN JC AR 45
Mhas oy ERH B . = Gas M T 25 R i
— PR, ZF TR A A A EEH o
YRR TCHLI G th 25 ALk, AR B
SR EESS Y (F 6),
2.6 KE GolS FixmABINAER Tt
vaRi

FHIHH GolS HePH ZE 05 L i Al RE 1Y A W) 2
SRR B 4R, FIR] PlantCARE X 55 4% 1
TR ST A0 b & AR - o T
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Table 4 Cis-acting elements identified in GmGolS genes

Site name Sequence Function of the cis-elements

CCAAT-box CAACGG MYBHv! binding site

G-Box CACGTG Cis-acting regulatory element involved in light responsiveness
ABRE CACGTG Cis-acting element involved in the abscisic acid responsiveness
TCCC-motif TCTCCCT Part of a light responsive element

CGTCA-motif CGTCA Cis-acting regulatory element involved in the MeJA-responsiveness
TCCC-motif TCTCCCT Part of a light responsive element

Box 4 ATTAAT Part of a conserved DNA module involved in light responsiveness
ARE AAACCA Cis-acting regulatory element essential for the anaerobic induction
TCA-element CCATCTTTTT Cis-acting element involved in salicylic acid responsiveness
circadian CAAAGATATC Cis-acting regulatory element involved in circadian control

MBS CAACTG MYB binding site involved in drought-inducibility

TC-rich repeats GTTTTCTTAC Cis-acting element involved in defense and stress responsiveness
ATCT-motif AATCTAATCC Part of a conserved DNA module involved in light responsiveness
MRE AACCTAA MYB binding site involved in light responsiveness

AAAC-motif CAATCAAAACCT Light responsive element

TGACG-motif TGACG Cis-acting regulatory element involved in the MeJA-responsiveness
TCT-motif TCTTAC part of a light responsive element

http://journals.im.ac.cn/cjben



UF BAT Gois BERIESER LB THEEF

Glyma.03G222000

| |
| I

Glyma.03G229800 ———H—{H-H——4—H—+H
]
1

Glyma.10G145300 ——H—f——1 |

Glyma. 19G219100 I I I I

Glyma. 19G227800 i | I — I H

[ I I I L I
Glyma.20G094500 —}-———} I | I

5/
[ I I I I I I I I I I
0 200 400 600 800 1000 1200 1400 1600 1800 2000

- GBox [0 ABRE [ TGACG-motit | TCT-motif [l CGTCA-motif
B sox: B vs B rece-motit | ArcT-motit [l cATA-motif
U are [ MRE TCA-clement [ AAAC-motif [0 TC-rich repeats
I circadian [ CCAAT-box

7 KE GolS EEZRIEMRMINAER T4

Figure 7 Cis-acting element analysis of GolS genes in soybean.
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Figure 8 Tissue expression analysis of soybean GolS gene family.
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Figure 9 Expression pattern analysis of GmGolS genes under drought stress. Different lowercase letters
indicate significant differences (P<0.05).
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Figure 10 Expression pattern analysis of GmGolS genes under salt stress. Different lowercase letters

indicate significant differences (P<0.05).
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