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Abstract: GmPM31 contains a typical ACD domain of the sHSPs family. In order to predict and study the function of
GmPM31 ,we isolated the sequence of GmPM31 and its promoter from spring field deterioration resistant soybean Xiangdou 3,
and resistance the structure and cis-regulatory element of GmPM31 by bioinformatics. In addition, we analyzed the tissue
expression pattern and the expression levels of GmPM31 under high temperature and high humidity by qRT-PCR. The results
showed that the complete ORF of GmPM31 was 459 bp. GmPM31 encoded 153 amino acids and contained a highly conserved
ACD domain. The results of the evolutionary tree showed that GmPM31 has high homology with the Class I sHSPs, so we
speculated GmPM31 may belong to the Class I sHSPs family. The prediction result of promoter cis-elements showed that the
GmPM31 promoter contained many stress responsive elements such as hormone responsive element ABRE, ERE, AAGAA-
motif,, element involoved in MYB and MYC transcription factors related to drought and cold stress, high salt stress responsive
element Box III,and anaerobic stress responsive element ARE. qRT-PCR results showed that the highest expression level of
GmPM31 was found in mature seeds,followed by in young pods and leaves,and a lowest expression level in root,stems, leaves
and flowers. Over the seed developing, the expression of GmPM31 increased at first and then decreased, and reached higher
levels at 45 d after flowering. Compared to the corresponding control, the expression of GmPM31 in seeds was significantly
higher at 96 and 168 h under high temperature and high humidity stress, which indicated that GmPM31 in seeds was up-
regulated by high temperature and high humidity stress. These results showed that GmPM31 was involved in the development of
spring soybean seeds and the response to high temperature and high humidity stress.
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Table 1 Primers sequences used in the study
GlE7 B2 SIMFHI(5° -37) Hig
Primer name Primer sequence(5’ -3’ Usage
GmPM31-F ATGGATTGGATCGGAGCGTAC NP
GmPM31-R AACCACATCAATCTGCCTCAC
P-GmPM31-F TCACACTCTTTTTATCACTTTTATT =k
P-GmPM31-R TCAGTCTCACGCCAGTCAAC
qRT-GmPM31-F CACTGATTTGTGGGACCCT I K )
qRT-GmPM31-R TCGAGCGTGCAGCTGATCT

Actin-F

Actin-R

CCTCAACCCAAAGGTCAACAG

GACCAGCGAGATCCAAACGAA
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AhHSP16. 9 F1 NtHSP16. 9 & [ )% 5 AL v, 43
5114 80. 00% \77. 16% .76. 43% .68. 55% F1 61.39%
GmPM31 iy C ¥ HA BLHY ) ACD S5F%5RAE (1 2) .

M. Marker; 1. pUCS7 #4452 BiF V)5 i T 20 ik
M. Marker;1. pUC57 vector;2. The recombinant vector after
digestion.
Bl BEAHSFANBLESER
Fig.1 The enzyme digestion analysis of the

recombinant vectors
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GmPM31 AYREGQRS. . RDVCD. . PSSPET. DIDL. - - - - - - RRVGDADRT TS. . SPATRATIEIHD
CcHSP169 SYRERNPN. . . PNCS. . . . SPET. R ..... DAGADNDUT Ts. . AATTURNVSIP
ApHSP16.9 28 YRERQRGDVRDYPY. . PASTET. DEAJIIYNNWDI GRRGVGNDILT TY. . AALTUAYMASID
MPpHSP18.2 YLIEGPRR. . . EVR. . ... HPRS. DIANNCG. . . . . NRGGGYDRI TSSL I”H\\ VDVRET)]
ARHSP16.9 S YREGQRGG. DEWRDPF YASPET. Hocooc NNYYGGGQTS. .
NHSP16.9 pWlclin. . RogovG. FsBADI MIF NI GoLGRRRGGERIVS A
Consensus spf 1wdp dd t  Tahabvdwretd ahi
GmPM31 PNQE SETIED . BVBKKPE. N oV
CcHSP169 ADQI G TIIE TVPE. N DY
ApHSP169 SEQI ETIE? 1 BTKPE. N NV
MpHSP18.2 ADQI 8| V31 KPE. N DV
ARHSP169 LENV V3 ES QQN nv
NUHSP16.9 FRDLP GVISSEDLKVOEI : VEGI § TQEV. P DI
Consensus fradlpgv kedlkvqve lgisgervke e dkwhrver g f rrfrlpe an i cle g\lt\ \p k e noavr i v
BEZLRIR ACD 258, Gm. K525 Co. RTZ5 Ap. AHELF ; Mp. B 57 ; Ah. FEAE ; Nu JRIRE,
Theline represents the ACD domain. Gm. Glycine max ;Ce. Cajanus cajan; Ap. Abrus precatorius ; Mp. Mucuna pruriens ;
Ah. Arachis hypogaea; Nt. Nicotiana tabacum.
E2 GmPM3l SEKFIISHEEYHEXFIINSELY
Fig.2 The alignment of GmPM31 amino acid sequence with related sequence of other plants
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Fig.3 The phylogenetic tree of GmPM31 proteins from various organisms
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Fig.4 The PCR amplification electrophoresis of GmPM3] gene promoter

&2 GmPM31 BT IR IERTH

Table 2 The cis-acting regulatory elements in the promoter sequences of GmPM31

M =CAE F Kkt Fe3i 7] 4
Cis-acting regulatory element No. Sequence Biological function
2 s FE] i 3 AR
AAGAA-motif 1 gGTAAAGAAA AR T R TLH
Methyl jasmonate responsive element
95 i 7 i —
ABRE 3 ACCTG o Hﬁzﬁﬁwﬁ%&&iﬂ’-ﬂ)iﬁfﬁ.ﬁﬁx‘ﬁ -
Cis-acting element involved in abscisic acid induction
08 S TS 37 250 R S T
ABREA | CACGTA i 9% R A5 AR ST
ABA responsive element
st —
AP-1 1 TGAGTTAG LA
Light responsive element
<A S I I T T
ARE 5 AAACCA | PREEF T 5 W 5 Te
Cis-acting regulatory element essential for the anaerobic induction
S R 5
Box 4 2 ATTAAT , }Lmh%ﬂﬁ¢
Light responsive element
BN
Box III 2 alCATTTTCACt HHBLL
High salt stressres ponsive element
Jr B RN i X5k )17 =X ot
CAAT-box 5 CAAT nhﬁ?* Wit ! s A T T 4
Common cis-acting element in promoter and enhancer regions
>AMP i 3 T
CARE 1 CAACTCAC CAMP LA
c¢AMP responsive element
ERE 2 ATTTCATA émmmﬁﬁ
Ethylene responsive element
y SN 45 =3 19 T
. s — L RN |
Cis-acting regulatory element involved in light responsiveness
§4~ 7 e 542k
GCNA_motif 1 TGAGTCA IR AT
Element involved in endosperm expression
MYB §% 5% A G
MYB 1 CAACCA RN AL
Element involved in MYB transcription factors
MYC % 5[k T
MYC ; CATTTG b PR T
Element involved in MYC transcription factors
=4 r\'—‘ I
Myb 1 TAACTG $+mimﬁ
’ Drought stress responsive element
J Bl A 8 DX 3l JufF
TATA box 1 TATA nzg']?* L ' s 3 A P T 4
Common cis-acting element in promoter and enhancer regions
N ﬂ —
TCT-motif 2 TCTTAC MBI
Light responsive element
S B T
chs-CMA2a 1 TCACTTGA . e Mjcﬁ—
Light responsive element
2 5 B R IR VT 7
circadian 1 CAAAGATATC SERWRERM NIRRT A

Cis-acting regulatory element involved in circadian control
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Fig.5 The location of cis-acting regulatory elements on GmPM3! promoter
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Fig.6 The expression of GmPM3] in different
tissues of Xiangdou 3
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Fig.7 The expression of GmPM3! in soybean

seed developing period
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the seeds under high temperature and high
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it 5 GmBLH4A T i 57 U — RS 5 15 5 1 5 30 1
T F 4 A o R, Wang 0 BF 5% % B,
GmCDPKSKS5 5 GmTCTP HAEZ 5 &8 = 18 Mrid
o JHW A KB GmLEA 245 @i w g n
FF3% S0 . ASBESE AT S % B Gm2-MMP
S5 T HRGHT I % AR GriE o #2, XH
3 5K AR R XA A8 SO A T
KT g Cm2-MMP HAEEH GmPM317 | A
WX R A I 3 5 5 R6 ~ R7 1517
T GmPM31 (3R F P HEAT B0 2B 45 SR W, 5
VEL BV A A B 96 1 168 h B GmPM31 {32 3k i
BEE TR, AR E S 25 AR, £
GmPM31 37 5| 5 il miR A 7% & Bk, A
WX GmPM31 FER | 8 7 5 DA R K ik
B4 K 6mPM31 25 T HE KM T AE
D e s R D 7 3 R, T 9 45 SR T S e ik
— WY GmPM31 TE R0 T % B LA K% w5 5 5 1
R ] 45748 SRR A 20 AL S 2

4 % it

GmPM31 FEH 1) ORF 4K Ky 459 bp, 4t 153
NI, A 1A ACD fR57F45H) . GmPM31 5
Class I . it 14 sHSPs [6] R4 4% &, J& T Class 1
sHSPs FIRHI R o GmPM31 3N E sh T & A 24~
TATA-box 1 CAAT-box 37K J5 31 T %% 5 o4, [a] i}
WAL 5NE PR E R R B A O
AW TOE . GmPM31 TR R 3 5 iR TR ok
IR RGN R o A Gk EAR R RTE
IR AR. B+ & F AN, GmPM31
Tk B2 LG FREMER EMTFEER T
WI(HFIE)G 35 ~45 d) RIK B8, FE LR 56 45
KRR ER R, SRR E AL HE 96 F1168 h
B GmPM31 () 323k 1 2 & T X AL, AFsTas R
R 6mPM31 25 T HRGM TR E VL e
T 3 o 7 3 R
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