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KE Hp20 EERKREWEBFS T EGIRSIENIE RN 52
B R MEERAER L AREK, e, BEE R E, IR
(1. WM A4 BE Az f A BE , WivT W1 3130005 2. HR R K% RAABE/ RIEY W) E K E S8, Hl 22 730070)

W OE AN (Hsps) S5 /MR 1 (Hsp20) FECR PR S 32 A AR W Wit J T R #5 E CEERER, RS
T Hsp20 5253 DR 4 o 0o v ek v Y b 3 A 0 87, R T AT T A 3 IR AL 20 b7, AN S R AR A5 e i
e R PRSFEEFIL Y RN 3 R 45 0 R 2R S R 5 O A T 0 43T, R F RIS b
AR AL ] i (ITRAQ) BRI T 3 5 R0 T4 1 5 WA K 7 SR 2 e TR SR i AN [R] Bk ) f9) 2 (1 ek b AT
T GERFW ARG RER A A R 33 A GmHsp20 KK, RSN ARTE 16 S0 ik FIFRIE RS L& 4
BRI 200 M 45 SR 4 11 AN, B9 40T 229 GmHsp20 B (3 I H 45 5 B0 45 AR ST 1 | & A5 UL Y ACD 254
3,32 4> GmHsp20 FEH (96.96% ) WA WNE T, 8 1E6 1| MNET. BEIFHHRV, GmHsp20 BEF &6 K508
AHSE R FH TR, 2o MYB 822 (110) 4>, R SV SRR TN 0 7 45 5 7R, BR GmHSP22. 6 4, 1
AIEHTER PP TNESE DA Fik, Hh GmHSPIS. 5 . GmHSP23. 7 .GmHSPIS. 2 JE K75 BT A5 4l £ vh ¥y s B 5k
EHERMTER X, SR, 7H | 5 E 3 S A5 A, 455 s B0 A S, GmHSPIS. 5,
GmHSP23. 7 .GmHSP26. 0B ,GmHSP17.8 .GmHSP25.9 5 M H ¥ LR K, IF HZEWI A S FhE Rk B A — 5, %
HH S /NI A RGBT RE S 55 T DR Wl v Y v Y T 30 194 17 225 B O Aot R, AR S SR Ol il — A 5 R /A
PR GmHsp20 ZIE LR I REFL A MEMF R .
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Bioinformatics Analysis of Soybean Hsp20 Gene Family and Its Response to High
Temperature and Humidity Stress

XU Le', HE Hongtai', LIU Haoran', LIN Ziyi' ,LIU Yanmin' ,WANG Zebo', WEI Jiaping’,LIU Sushuang'

(1. School of Life and Health Sciences, Huzhou College, Huzhou 313000, China; 2. College of Agriculture, Gansu Agricultural University/State Key
Laboratory of Aridland Crop Biology, Lanzhou 730070, China)

Abstract; Soybean is an important economic crop in the world. However, Soybean is often subjected to various stresses during
its growth and development, which seriously affects its yield and quality. As a member of the heat shock protein family, small
heat shock protein ( Hsp20) plays an important role in protecting plants from abiotic stress. In order to explore the
characteristics of soybean Hsp20 family genes and their responses to high temperature and humidity stress, the whole genome
analysis was carried out, and the evolutionary relationship, conservative domain, chromosome position, promoter cis regulatory
elements and tissue specific expression were predicted and analyzed using bioinformatics methods. The protein expression of
Xiangdou 3 and Ningzhen 1 soybean varieties under high temperature and high humidity stress at different times was analyzed
by using isotope labeled relative and absolute quantification (iTRAQ) techniques. The results showed that 33 GmHsp20 genes
were identified in soybean genome, distributed unevenly on 16 chromosomes and divided into 11 subgroups according to
phylogenetic analysis and subcellular localization results. Sequence analysis showed that the GmHsp20 protein was highly
conserved in structure and contained a typical ACD domain. Most of the GmHsp20 genes (96.96% ) had no introns or only
one intron. Promoter analysis showed that the GmHsp20 gene contained a large number of cis acting elements related to stress,
with the largest number of MYBs (110). The prediction of tissue specific expression of genes showed that all genes except
GmHSP22. 6 were expressed in various tissues and organs. Among them, GmHSPI8. 5, GmHSP23. 7 and GmHSPIS5. 2 were
highly expressed in all tissues. Quantitative proteomics results showed that GmHSPIS. 5, GmHSP23. 7, GmHSP26. OB,
GmHSPI17.8 and GmHSP25. 9 were up-regulated and expressed in both Ningzhen 1 and Xiangdou 3 varieties after high
temperature and high humidity stress treatment compared to the control, and the expression trends were essentially the same
between the two varieties. This suggests that these members of the small heat shock protein family might participate in the
response process of soybean to heat and humidity stress. The results of this study provide valuable information for further
investigation of GmHsp20 function.

Keywords: soybean; small heat shock protein; bioinformatics analysis; high temperature and humidity stress; protein
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L R B S B b T R A K R B A
KHERBE R, w0 R EE AR A S WA T 1Y
A ORI o, T 23 R ARRD T (0 95 1 R A7 Be
FEMRAS , ERER S BRI,
IEEERZWNE (6 HIRE 8 A%, NItk 5
S IR 7 i ™ H B e B e

Hsp20 & FE N A, fEEY h e )iz,
S 5RYmRNAE S Y R E R E AR
TS PR TE, FE B o R A s 3
Hsp20 #8535 T mimhiam gy 7, K& b 47 4~
Hsp20 SEH 52 i 30 w  Es SRimi Xt K 5
Hsp20 FE PRI 7] R s ek 25 Y 55 3E A 4 103 2o A v 1)
UIRetE A il AU A A 5Tk IR BN
WEH emPM3] NS5 THERGMHTELAE MR
T T P i 7 1o R — 2 D ) 45 AR e A
MG 3 S RUANPUR B T 1 S R AR
JE AR [T 4 2 % 1 B0 AE IR R R A
kw5 N %EE (GmHSPIS. 5, GmHSP23. 7,
GmHSP26. 0B .GmHSP17.8 .GmHSP25.9) ,i% 5 &
Hg F A Y /N 4> F #0388 H (small heat shock
proteins, sHSPs) Z %, /N A A R H > F v
H 15 ~42 kDa, WHFA/NVA TR H (Hsp20) , K
T4y Hsp20 C 3l 14 80 ~ 100 N IR 4]
1 o-fHREE T (ACD) S5#38°) . Hsp20 76 & 554l
Wi R, BB SR, Tz 0 m T4
()25 AS R, MR FL R I Hb S 40 i 5 A7 AN 42 i TR T
F 4 [R) JEPE 3BT 25 5 Hsp20 AT 43K 5 ANF 5015 - 2
JLBE (C) S5 % ( CI-CVI) A3 4 i o = 240 i A% v
2RI (M) W % ( MTI 1 MTI) {37 T2 ki
ER CP H1 PX W55 43 5 0 F P9 52 ) | i 4 4k itk
FALYIERE AT Hsp20 S5 P T W B BRAEAE
FEIRSEIY o SRRZE 3 (ACD) IZZ5 AL T C
Ui XA, 2 90 N LM gt W% 24 B HEL
F 1 AN 80 ~ 100 A28 3 iR - 571 Al A~ 4 5T
I CRI(N i 4R X 1) F1 CRIL( C i 23R X
1) 12140 TAE R il 2 3 DR AL 4 R A 52 3
KRR Rl B Hsp20 KN AT T 41
M55 R4y A, anZE 10 AT SRRV K
FElT NZETS N e O A RIA 24,48 41,23,
163 il 48 4~ Hsp20 M, Hsp20 7EFE Y % 5 F
BRI R AR EZNEAR,) 22 55
Ykt A= Wy AN A B e o Ry s AR O R R,
T35 SiHspl7. 7 FER ] DLy 2 21 i v 3% v 48 AR
S N (1T G R ST S e i AR, .2 Uy N7 A ¢
Hsp20 F& R 58 75 5 AR A= 9 i 30 45 5%, CeHsp20-9 Fl
CtHsp20-10 & PR W] A8 7 i Ak b B v i) o7 B o 3k

BEPOT S BN W R 2 v R 6 Ak B
KEZHL CsHsp20 FETR 13, 3 W3 6 3L (R i [ T 55
T AT TRIRE 2R ad iR R AL RS BB R £ 8K
Hsp20 SR EERIR  HAL, 5% TalSP23. 9 3
DU R T e IR PR BE R X L I A R VR o
T AR R TR AT LA B 5 01 R S A TR AR
25 LTk, Hsp20 7645 A Ik A= 9 W ae O 10 % 4%
& H L IIBAE R, R S = R 32 T R A R
KHEBMME,

IR, Valéria 25" S5 T 51 4~ KE Hsp20
LN il ad RS KB AR A R 432k 15 A
W, XK 51 A4S Hsp20 DK A9 25 ¥4 #4743 #r , OF:
ST T A9 O S ASCFT 1) AR A= 4 (FAORIES )
AT GmHsp20 FER 3R 355 , X HEE M L A 9
(JRRE S ROFE B ) AR 2R 9 (CRAFNYS ) ik 56 R 1 i
gl AE FH JC 4 ( cis-regulaory element, CRE) #f
oM. AR IR B R B M0 T GmHsp20 25
FIR R AT AR SEI ST, TR X GmHsp20 FK
Hebs sh 77 s iR mie T8 v S 1 e
B[t SER O T B » i DU =R =R 1 7 STE
HEREFFHR S BT, ARSI T8
R4 2415 235 W GmPM31 . GmHSP26. 0B %5 £ 4
B 7 o Y e T 2 ) BB F T R 1Y
51 KT Hsp20 B (2013) KA RN | 0
HFTINS K G GmPM31 #4023 kB X K s 1 v
MRALEE T B a8 AR AT AT I R B v T R
i AbFE 96 H1 168 h B} GmPM31 Wik i B 35w
TR BRLE UL GmPM31 R REAS R 10 1o T e T2 iy
SEN SN T b S et

Lopes-Caitar Z5'"") fdi /] Superfamily 1. 75 I
Phytozome v8. 0 F#i A5 B4 T Blast #R  7EH: 5
IR 362 5 1 5% i 4T A W R A 4 T 36 1 4y
BT, AE TG o o R 8 S5 R I A AT 5 2R AR5
K] NCBI B8 12 Williams 82 A3 ShFh K G A/E K
¥ 50 15 B ok I (B 1. 2021-03-10 ), Jf A
Phytozome v13. 0 18 2 i 35 3 AV Ry b 38 07 v, AL
ERE R AT T AR AR B4 R
JHME J5 |, Hsp20 S5 AR 51 2R 1 I 2R 1 00, B e ilE—
U KT Hsp20 MBI, HF 48 7R Hsp20 Z5 A
BRTE Y e Y P 2 e 1o+ P
1 #MREFE
1.1 #EYMHINSERSRELE

P S oA ) 45 s Pt K A o G 3 5
FABAE T8 157 ) IR RHE R FAEE T,
R PR, AN 30 45, T R7 WIS A,
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R R 2 1K 40 € RH100% .10 h, 7K
30 °C \RH70% .14 h; X} B4 . 1K 30 °C \RH75% .
10 h, 22820 °C \RH70% .14 h, 43r5|4bBH 24 96 Fi
168 h, &R BLHEAT 3 IR A1)~ L S I AR 4[]
FALER 10 G, o0 ORI B A S7 R U
AR TR, —80 CUKFTRAE .,

1.2 KX Hsp20 Kk RIEE

KT 4 56 A4 ¥ 5 Ffl Hsp20 & 55 45 44 45
(PFO0011) H RS /R A FAR A (HMM ) 3 4 NCBI £
$& % [ National Center for Biotechnology Information
(nih. gov) ] B M, F| A A HMMER3 (http://
eddylab. org/software/hmmer3/3. 0) & 37 A #h £ 95
JE G HMM A8 B 34 b B8 42 P AT Blast Lb
X, LA “Hsp20 ™ A 5% 8 18] 78 20 HE 2 Phytozome
(https:// phytozome-next. jgi. doe . gov ) 8 2 fiz % Jk
RIVE AN SE T8, JF T3 ERTIAR TS, eJa R
Pfam 32.0 (http:// pfam. x fam. org/ ) TEZEH T KT
Hsp20 FHEPR 5 166 18 DA 9 L 2 1107 31) 1 ) 16 405 ) B
(Domain) , ZZFR AN AEAE DI RE 45 A 3 A JE R, 75 31 K
7. Hsp20 FER R ETFR
1.3 K= Hsp20 BEREFKRERE BRI

K Hsp20 F R 5 B CDS T3 51 1 24 %
X} B8 i 17 DNASTAR Lasergene #4:H1 Y EditSeq
»Ag. A Expasy ( SIB Swiss Institute of Bioinfor-
matics | Expasy) fEZ 537 13545 K & Hsp20 HEH 5
TGRSR E AR R AR L L R OK AR
B IR O A B AR A B IR AR oy 1
XK EE Hsp20 BRI R R v 44 o {3 plant-multi
%3 [ Plant-mPLoc server (sjtu. edu. cn) | #£47 37 4
e A8 S0, 7538 3 B E Phytozome 3R HUK &
Hsp20 FE R KGR 51 2 5602 7 51 Fil CDS ¥ 51, [
RS KT Hsp20 FEIE I GIAEAN R H LR Gk 1Y
FPKM ( Fragments Per Kilobase of transcript per
Million fragments mapped ) {H.,

1.4 XE Hsp20 BEAMRZLX TN E %

T KRR R IR ) Hsp20 & A 551, FIH
MEGAT1 3 A4%5 K G K FF 4L R 9T Hsp20 & 5K
WG G 2 AT Z2 H R B XS 3 A HOAH P . R
F4B4%7% NJ ( Neighbor-Joining ) #4 & K & Fg IF
HIKFE ) Hsp20 KR A SR F 9 1) R G B, KL
240 Bootstrap = 1 000, fiw )&, IR ¥E GmHsp20 I
PR B 7. 40 i 5 2 0 HC Al ) B b Hsp20 19 4y
KU KRGERBWEER NG GmHsp20 H: K53 K AN
IR

1.5 XE Hsp20 BEEB SR ERIF 3T

il GSDS ¥} [ Gene Structure Display Server
2.0 (gao-lab. org) ] FELE ST K H Hsp20 FE A (1)
ZERRRAE , B FH 844 MEME [ MEME - MEME Suite
( meme-suite. org) |, 2% GmHsp20 & HH 10 F &
P A 3 3 2 A5 ), JF38 3 B3F TBrools Z: 141,
1.6 XK= Hsp20 BEERREEMLE

K Hsp20 FEH W BEH 1D 1 e 1A 45 B,
K H Phytozome $U4f | #4533 2615 EH] TBtools %X
4 ( https://github. com/CJ-Chen/TBtools/releases )
23RS Hsp20 FERTEGL AR F Ry 3o Al
1.7 K= Hsp20 EE B FHIRN1ER T 45

K Hsp20 BRI A7 A3 B 1.5 kb J¥ 41
P32 25 PlantCARE B4 72 ( http : //bioinformatics.
psb. ugent. be/webtools/plantcare/html/ ) , 71 % Jf- i
W25 Fh a4z o4, BRI TBrools 2231l JA 71751 h
AR T o3 A 1
1.8 KE Hsp20 BERAEREARIRIEST

H TBtools ¥, #2 #l& Phytozone ¥ 2 K &
Hsp20 HE R G5 1 53 AR AN [R) R 52 4H 2L AY 2 38 4 ol
22 HI M (root) .2 (stem ) M (leave) .4 (flower) &
W (pod), F F (seed) . R E (oot hair) , #R &
(nodule) ZERH 44 (shoot apical meristem)9 4>
HEUIRIE
1.9 JARREREWIRC

Z:HR Ma 550" HREUE (A, DL I
(BSA) AARUE T, e Bradford 2 & 8 14 R
WL o o AT FE A (100 pg &) 78 37 CFH
10 mmol - L ™" % 75 B i i i 1 h,ﬁﬁ%ﬁ%‘l?ﬁﬁ
20 mmol - L™ "l Z B B4k 1 h, #5710 )7 9 B 2
FIE(SEP B 1:20) 78 37 °C F MLt i, 4%
Ja it H iTRAQ i 7 & ( Applied Biosystems,
California, USA) FRic b3 24,96 1168 h i1 Fikit
F S AR )
1.10 iTRAQ 5#f

H iTRAQ BGHA M T 50 WL S N B J5 Iin A %)
FHBL PRI 4 o 4% MK R U (AB Sciex)
ITRAQ 12 b ic © BB A eI Ak Ik 1) 36 43 it
FFERL (2 AP x 2 IR x 3 ANAEBERAE] x 3 IR
HEWEER)

o, MIHE pH C18 A%+ ( Waters Bec C18,
1.7 pm,2. 1 mm x50 pm) 7£ Waters UPLC |~ 431
IR, SR 5 TE 90 I AH 73 A A ( Eksigent, C18,3 pum),
150 mm x 75 pm) 345Kk HPLC S0 i 45
PR LR R VEBLIR , A\ 5% 2 45% 2501 B JF iR
(ZEWR A ,98% 7K 55 0. 1% HIFR ; ZZ i B ,98% LI
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50.1% Eﬁ@ﬁ) ,Ex(ﬁﬁ%?%if 300 nL * min " ,70 min
P SERL,

JEEACR F] TripleTOF 5600 R 40454 2.3 kV
YR R RO AR R 3217, AT AE MS A1 MS/MS
RAEZ B Y4, R 5 B A UL 350 ~
1 250 m/ 2% 5T i Bl A SR AR MS 15 18], RS G (R
5 BRHIE] 250 ms, 7 REBEBT 494 100 ~
1250 m/z BRERFE A TR SRS RE R ) . A MG ERE
20 MR ZI AT TR, SIASHERRRS R A 9 s
1.11 RiEBE\MEAREE

FIH Maxquantv. 1.5.2. 8 BA#E47 AR ERER
TR H A o MY BOHE R R T Glycine max
UniProtKB/ Swiss-Prot 048 %, {# ] 20 ppm 51
JEhE 2550 mmu HOBE R R A 25 IR
TripleTOF 5600 {X #2551 wiff SCHF, i & %
(FDR) BB 2538 M 1% , P i 75 A0 1 R

(S50 PRI R ) P A RRAS ) 753, PR UE AR
AEEAREDAE 1A RS
BLAST %72 71 B 45 (A 5 LA S M\ K 52 366 IR 41 B % op
YEME AR ZE A ITA DAP A7 6 5 v 4n
T2 AEEH KK P<0.05 EHKE, k=2,
FIFRECME > 1.5 87 <0. 67 A8

HRESH

2.1 KE Hsp20 KIERAHNEERALE

2o B i Phytozom A4 26 38 12 Pfam 3%
W e BAEARAS 33 A GmHsp20 FERFHER (1)
W EAS R KK G Hsp20 FE DR 2 B 1) 28 1A K
133 ~231 DM HEMR , GmHsp20 2 A P55 1 o5
(pl) A4 F 143 3 A 4. 80 ( GmHSPI7. 5C) £ 9. 52
(GmHSP25. 3) 1 15. 24 kDa ( GmHSPI5. 2) &
26.06 kDa( GmHSP26. 04) .

2

R1 KE Hsp20 EEREER
Table 1 Family information of soybean Hsp20 gene
PR, IO,
Gk cps T L WS REE kM IARER:
4 R I D Lemgthof  hgE PRI .
Amino acid  Molecular Subcellular
Gene name Gene ID coding Length of Isoelectric  instability Hydropathy
sequence  weight/kDa localization
region/bp  CDS/bp point index index
length/aa prediction
GmHSP17.4A  Glyma. 08G068800. 1 462 462 153 17.42 5.52 40.85 -0.608 Cytoplasm
GmHSP17. 54  Glyma. 07G200500. 1 462 462 153 17.54 5.33 42.12 -0.654 Cytoplasm
GmHSPI7.5D  Glyma. 08G068700. 1 462 462 153 17.48 5.80 43.81 -0.624 Cytoplasm
GmHSP17.5B  Glyma. 13G176200. 1 465 465 154 17.53 5.98 42.86 -0.669 Cytoplasm
GmHSPIS. 5  Glyma. 07G200200. 1 486 486 161 18.51 5.99 44.25 -0.693 Cytoplasm
GmHSP17.9C  Glyma. 17G224900. 1 480 480 159 17.88 5.95 38.96 -0.545 Cytoplasm
GmHSPI8. 0B Glyma. 04G054400. 1 471 4717 158 17.94 6.62 39.52 -0.558 Cytoplasm
GmHSPI8.0C  Glyma. 20G015900. 1 471 4717 158 17.92 6.62 41.17 -0.592 Cytoplasm
GmHSP17.9D  Glyma. 14G099900. 1 480 480 159 17.86 5.49 50.82 -0.443 Cytoplasm
GmHSPI17.8  Glyma. 06G054700. 1 471 477 158 17.80 6.62 46.88 -0.489 Cytoplasm
GmHSPIS. 2  Glyma. 07G043600. 1 576 489 162 18.21 6.97 43.81 -0.540 Cytoplasm
GmHSPI8. 0A  Glyma. 16G012000. 1 685 486 161 17.97 6.16 46.98 -0.338 Cytoplasm
GmHSP21.9  Glyma.20G213900. 1 579 579 192 21.96 6.24 39.47 -0.527 Cytoplasm
GmHSP22.4  Glyma. 10G176400. 1 588 588 195 22.38 5.74 45.06 -0.508 Cytoplasm
GmHSP15.2  Glyma. 13G205800. 1 714 402 133 15.24 5.32 38.21 -0.428 Cytoplasm
GmHSP15.4  Glyma. 15G106700. 1 647 402 133 15.38 5.20 44.98 -0.471 Cytoplasm
GmHSP22.2  Glyma. 13G286300. 1 1117 579 192 22.24 5.97 48.65 -0.713 Cytoplasm
GmHSP22.3  Glyma. 12G215300. 1 1160 579 192 22.32 5.81 46.79 -0.795 Cytoplasm
GmHSP25.7  Glyma. 08G212000. 1 1449 678 225 25.66 6.92 46.96 -0.824 Mitochondrion
GmHSP23.7  Glyma. 12G013100.2 949 639 211 23.75 6.46 50.21 -0.622 Mitochondrion
GmHSP16.5  Glyma. 09G223800. 1 571 444 147 16.49 6.43 45.12 -0.635 Mitochondrion
GmHSP17.4C  Glyma. 15G159700. 1 453 453 150 17.40 6.44 38.12 -0.497 Endoplasmic reticulum
GmHSP17.4B  Glyma. 12G115300. 1 453 453 150 17.40 6.44 38.12 —-0.497 Endoplasmic reticulum
GmHSP22. 6 Glyma. 20G078400. 1 1772 588 195 22.60 6.39 36.57 -0.646 Endoplasmic reticulum
GmHSP22.5  Glyma. 16G206200. 1 594 594 197 22.51 6.40 35.08 -0.549 Endoplasmic reticulum
GmHSPI7.0  Glyma. 11G187200. 1 782 447 148 17.01 6.16 38.41 -0.553 Endoplasmic reticulum
GmHSP25.3  Glyma. 08G318900. 1 778 681 226 25.35 9.52 37.34 -0.560 Chloroplast
GmHSP26.0A  Glyma. 06G134900. 2 1685 696 231 26.06 6.98 36.98 -0.705 Chloroplast
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FIGK K CDs fw B RRE S
53 " RIKTETR UIRIL
FHe[H 2 R FEH 1D Length of KE . . S F I LA EX
Amino acid Hydropathy Subcellular
Gene name Gene ID coding Length of MW/kDa Isoelectric instability
sequence index localization
region/bp  CDS/bp point index
length/aa prediction
GmHSP26. 0B  Glyma. 04G229800. 1 1741 696 231 25.99 7.74 41.73 -0.685 Chloroplast
GmHSP17.5C  Glyma. 18G010500. 1 453 453 150 17.49 4.80 68.96 -0.675 Chloroplast
GmHSP25.9  Glyma. 18G094600. 1 791 693 230 25.91 9.40 41.20 -0.583 Chloroplast
GmHSPI16.2A  Glyma. 02G244300. 1 915 435 144 16.24 6.98 45.83 -0.401 Peroxisomal
GmHSPI6.2B  Glyma. 14G214800. 1 914 435 144 16.16 6.92 55.32 -0.417 Peroxisomal

2.2 KE Hp20 BERRBEHNRZLZE TSN E
F4E 33 K Hsp20 BEI (18 NIKFE Hsp20 K&
15 NURIIT Hsp20 FE L FIH MEGATT B4R427%
PR G AR FR G0 B RN 240 B o 45
T R G LB 0, K GmHsp20 2 1434 11 A4
W, 445 5 4> C1.5 4> CIT.2 4> CIIT.2 /> CIV 2 4
CV.2 4> CVI2 /> MI.1 /> MII2 .5 > ER 5P 12 4>

PO Wik (& 1), Hrp C1 5 CI R K%, 4542
5 A MIR SN, AU 1 K Hsp20
W, 7511 AW REGE D SIEH 18 4 (54.5%)
Hsp20 & 7 T 40 i 5 v, & B 41 i 52 7 g & R &L
Hsp20 ZER) EZUIREX . Hrh CIV WA & B
T (KRS ) 1Y Hsp20 JEIA

. R KRS KRG Hsp20 R R G A B KR, FIH MEGATT A9 #4882 b R (51548 =1 000) , 11 A~ FRHH
AHRPBEER, BOTMERERE BEO=MICERIIBEIT 20 B RKRE,

Note: Phylogenetic relationship of Hsp20 gene in Arabidopsis, rice and soybean. MEGA1l was used to construct the

adjacency evolution tree (guide value =1 000). Eleven subfamilies were represented by different colors, with black pentagram

representing soybean, blue triangle representing Arabidopsis, and red square representing rice.

B 1 #EFF.KTEMAE Hsp20 EANRERXE S

Fig. 1

Phylogenetic analysis of Hsp20 proteins from Arabidopsis, rice and Glycine max
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2.3 KX Hsp20 EREHIE MR GRS

LA HXTEE R R, KT Hsp20 2 H FF 51
(1) — B AR m, (BB AR SF X T MRSFIX
FA Y ACD 25438 (T 2) , R GSDS Rk 43#r K
T Hsp20 B DR 45 B RRAE, 45 R SRR £ %k
GmHsp20 FER L HEA 14800 A& 5 (16 4>
BAENET, 16 M6 1 ANETF, 1 AW NE
T) o BAWHEP AR GmHsp20 FE K 230 1 AR
(AR F- N B P25 (1 3) , I HLA o B 1 PR~

PERZEDI LR

Xt 33 A~ GmHsp20 J7 RS 0 00 45 5 4n
Bl 4 Fits SRR T 10 A, R R K B TE A
6 ~50 MEIEEMR . motif 1 Fl motif 2 | IZ 5041 Fr A
WG I Hr A WA A motif 1, motif 5 {43
i T CIV il ER HY, motif 6 J& W % CI T4
(), Motif 9 WXAEAE T CVI W%, BAKW &, F—
T R T Hsp20 1A AHARL %) 45 A4) 358 i ik
FPAr AR, 3R R R 2 X SE L A P RE LA AL T RE

B2 XE Hsp20 BRARKEHKRBEB RS F 55 ELE
Fig.2 Multi-sequence alignment of protein family coded by GmHsp20
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B3 KE Hsp20 EEMINEF/ NS FLEH
Fig.3 [Exon/intron structure of the GmHsp20 gene

B4 GmHsp20 EHMERAZXREXZMEFAEAK

Fig.4 Phylogenetic relationships and motif composition of GmHsp20 proteins
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2.4 KE Hsp20 EEREBEMAE

e A 1 82 4> Hsp20 FEH | Hig SYLaiR oy

WK 5 fros,33 AR5 Hsp20 FePAR 5] 43 A M (4 KD ,7.12 .13 .20 S 32 A4k T Hsp20

16 16 A Gk -, I K280 T et RT3k
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Fig.5 Chromosomal mapping of the GmHsp20 gene
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Fig.6 GmHsp20 promoter region is a cis element related to stress
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Table 2 Stress related cis acting element statistics
FEH Gene ABRE CCAAT-box DRE_core G-Box LTR MBS MYB TC-rich W-box
GmHSP16. 2A 1 2 0 0 1 1 3 0 1
GmHSP17. 4A 2 1 0 0 1 0 3 0 1
GmHSP25.7 2 0 0 0 1 1 4 0 0
GmHSP25. 3 1 0 0 0 1 0 5 1 0
GmHSP16. 5 2 0 0 0 1 3 6 0 0
GmHSP22. 4 5 0 0 0 1 0 2 1 1
GmHSP17.0 1 0 0 0 1 0 4 1 0
GmHSP23.7 0 0 0 0 0 1 4 1 0
GmHSP17.4B 1 0 0 0 0 0 1 0 0
GmHSP22. 3 1 1 0 0 0 0 2 0 0
GmHSP17.5B 1 0 0 1 1 0 7 0 1
GmHSPI8. 0B 0 0 0 0 1 0 0 0 0
GmHSPI15. 2 0 0 0 0 1 0 3 1 1
GmHSP22. 2 1 0 0 1 3 1 7 1 2
GmHSP17.9D 2 0 1 0 0 1 4 1 0
GmHSP16. 2B 1 0 0 0 1 0 2 0 0
GmHSPI5. 4 3 0 0 0 0 1 5 0 0
GmHSP17.4C 5 0 0 2 0 0 5 0 0
GmHSPI8. 0A 5 0 0 0 2 1 2 1 1
GmHSP22. 5 2 0 0 0 0 1 5 0 0
GmHSP17.9C 2 0 0 0 0 0 1 0 0
GmHSP17.5C 0 1 0 0 0 1 2 0 0
GmHSP26. 0B 0 0 0 0 1 0 3 0 0
GmHSP25. 9 0 0 0 0 0 0 3 1 0
GmHSPI8. 0C 3 0 0 0 0 1 5 0 0
GmHSP22. 6 5 0 0 0 0 0 4 1 0
GmHSP21. 9 3 0 0 0 1 0 2 0 0
GmHSP17.8 1 0 0 0 0 1 2 0 0
GmHSP26. 0A 0 0 0 0 0 1 4 0 0
GmHSPI18. 2 2 0 0 0 0 0 3 0 0
GmHSPI8. 5 3 0 0 1 1 0 3 1 0
GmHSP17. 5A 1 0 0 0 1 2 0 1 1
GmHSP17.5D 0 1 0 1 0 0 4 1 1

2.6 KE Hsp20 BEREAFERNRIEDH

wE 7 frs, Bk GmHSP22. 6 Ab, GmHsp20 %: A
A A A H A Rk, Hh GmHSPIS. 5,
GmHSP15. 2 1l GmHSP23. 7 3 A3 75 fir 47 41 41
WIm s g3k, — 28 GmHsp20 A 7E 4 Fh2H 4 b iy
AL (0 23K 855K, 41 GmHSPIS. OB .GmHSPIS. 0C

H1 GmHSPI7. 8 FE3E AR AP 25 41 4Urh 23K 7K
FEXSHE T AHAE T ARAR, JLPANZRIK ., GmHSPI6. 24
H GmHSP16. 2B TEMRE & FE R 3A , GmHSP17. 4C
GmHSPI8. 0A 1 GmHSP17. 4B 1E i tH4 bRk it
K, GmHSPIS. 2 Fl GmHSPI5. 4 7646 fnnt v 3
R R IB A,
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Fig.7 Expression of GmHsp20 in different tissues and organs
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Note: " indicate that the differences are significant at 0. 05 level;

* *indicate that the differences are significant at 0.01 level.
B8 HESEMETTHE S+ GmHsp20 EAKRIX
Fig.8 The expression of GmHsp20 protein in Ningzhen 1 under high temperature and humidity stress
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Fig.9 GmHsp20 protein expression in Xiangdou 3 under high temperature and humidity stress
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Fig. 10 Expression comparison of GmHsp20 protein in Ningzhen 1 and Xiangdou 3 under high

temperature and humidity stress
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