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The Transcriptome Analysis of Wild Soybean Under Drought Stress Simulated
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ZHANG Xiao-fang, WANG Bing-bing, XU Yan, ZHANG Wei-kun, ZHAO Hui, ZHANG Kai, QIAO Ya-ke,
LI Gui-lan

( College of Agronomy and Biotechnology, Hebei Normal University of Science and Technology, Changli 066600, China)

Abstract: In order to estimate the gene expression profiles affected by drought stress, a drought-resistant wild soybean acces-
sion Yong 46 was used to detect the differentially expressed genes under 20% PEG6000 by RNA-seq technology. A total of
39 183 unigenes were screened out, of which 27 875 differentially expressed genes (DEGs) were coincident. All the assem-
bled unigenes could be broadly divided into cellular component, molecular function and biological process by gene ontology,
these DEGs were involved in metabolisms of carbohydrate, lipid, protein, nucleic acid and energy, and secondary metabo-
lism. 127 classes according to their metabolic pathway were found by the analyze of Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway, including the plant-pathogen interaction, plant hormone signal transduction, RNA degradation and ABC
transporters. The pathway of plant hormone signal transduction changed the most obviously under different times. The most ev-
ident change transcription factor families included MYB, bHLH, AP2-EREBP, WRKY and NAC under drought stress. The
results of qRT-PCR were in conformity with the RNA-seq. These results provided a base for further study on drought stress
functional genes screening in wild soybean.
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SR AL AR T, S T RN T
WAL P RIBMAEE A 5% 74 (transcriptome )
T4 5 — AN E DI BE RS R, %2 W 40 i P
A AT S BRI R AR S A ST
AT D48 75 S ) B i) i b 3 A ) R 1) 9 5k ik 2%
S0 Liu 2500 5 2 B A R R N A
B FHIME I BEAT T 058, Gao 251" 5% BRI B AR M 7E
TR0 PR 30 A 4 R A A ) R R R R
PRI, WA S X R 0 ARl 3 14
BT DR 2 35 1% 3 BT I, 0 1 Y 33 A 25 S 3 ik
R HH AT DL, 6 S 20 2 i 7 W AR 45 T7 TR AR 3 T
ARA . SR F 22 SRR BT, 4
BRI E T R  ZEAT i S R AR 2
LR Cd Baa ) LR R TR AR e Y 2
FORELN T E ) b HRIH T RNA-seq HAK .

A E AT BIF B R T AR K, {E A
RNA-seq 42 4 B = K 7 B0 010 55 8 T A1) 0 30 A4 X 4
AANUVTIST i 2 R R PR 2 I £ 5 A, X AR K
L R 3 1 ZREPE RIS B IR A, ARSI
S R 075 6 M R O S O ) B A R R
TR 57 K S b2 B AR R SR T S T A
PRI A7 Ak, g 7 25 R 7 T S5 R O 368 PR A 425 4 0 A
FHE IR AR

1 RS

1.1 #l

YEF S Oy 87 R G MRk Ak 57K 26 7K 46 |7k
52 ik 64, ¥R AF AW (B2 E ), Fidt
Bl Ui B A A T ARSI = R AT
1.2 REigit
1.2.1 wpFHEERBXT RAWMKEGIHETT
5 A3 AT 7E A8 35 14 Rk v O 8 T 57 AR e o
) P R B FH T 2 S 2L D ) 1 1 52 W 3 ) e
£ PEG6000 ib 351y J

PRI 5 Fh Al B A R G R, 36 Fh T 8
cm x 8 em FFEER A BB AE & T A 7R
5BR EE SRR S R, BRI 3 IRERE ., T
TR 3 MRS — B A, W R R
EIRW AEWIIE K 30 d B, #E47 PEG6000 12 i e
AR BREET 1 d ANTEKRIE IR . PEG6000 1% ¥ 4
AU 38 FLK 43 (KR 0% PEG6000) 5+ i
(10% PEG6000,20% PEG6000,30% PEG6000 £
T58).

BRI TG ) At A K G R 36 R T 8 em x
8 em FFEER BRTP R A E R AR L1 3 L

B 10 R, BRI R 3 RE R, T
B 5 MRS —Z . e MBeE K, fERRIA
15 d B, A5 50, 38 B K 43 Ab B R, T
L0 AL BEASENK
1.2.2  #F A0 5 eX % B8 KR 7%
P8R M AR KB —EUN YT 10 Bk,
WHE3WEL, EWDE R ERK LRI, i
ik 30 d B, A S5 AR FRR FE 1 PEG6000 #1717
Jp3E AR FR S B FE AL LA (0 h) K ab ¥R 6,12,24
148 h Bfa]—m i &2 i SRR AP A H
1.2.3 ##FZ2FRFARKABET WA KRS
K 46 PEAT T R AL ER, E 5 AN A Y BORE , B
HLEEHL 4 AR Dy e E 1T qRT-PCR 43477 DL 5
TIE A% S 2H 5 (A T S
1.3 7
1.3.1 BEEBFRMERITLEE R Carter
SR RGP E AR A9 20% ~30% AR PR
BB RS EZ E S, EEE N
6 9% :

0 ?ﬁ%%%,

1 9 23 (B M IE IR 5

2 (PRS2 AR ) ;

39D EE (ZHMKEE) ;

4 9 UEZEE (G AR T R S
i) ;

5K ERZEE (M R AL R B R A R
FET- %) o
1.3.2 "tAEBEETRRFLELT TEHIBAE
15 d B JF 4R A BR , 35 FK J3 Ak B R B R OK 5 b
JERKMK, A 10 d B GREEAT  R 22 5E REEE 0
W B VT E , DL 90% AR 2555 Jic dibnifE . A4
I F 25 15 8 D AN R R RO B R 254

I 25 #6702 90% HE bk 2= 55 09 K&k 37 d LU
7=

I 25 . 460 2 90% FEIRZE RS 1Y KA 34 ~36 d,
L& T E

M2 #7670 2 90% FEMRZEES i RECH 31 ~33 d,
CRIGIEA

IV 2 AN 2 90% AEIEZEES I R4k 28 ~30 d,
T R gAY

V2 HE R 2 90% REARZE B I RECH 25 ~27 d,
T AU,
1.3.3 % RNA e932 3 B EW TRA BRA A
TaKaRa MiniBEST Plant RNA Extraction Kit i 7| &
PRAILAY T 2 4R BUET AR K T B B RNAL B2 pl
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1.3.4 #gamp5ak HENEARER
RNA A DNase I 2[4 DNA, F Oligo (dT) # ¥k & £
B 42 K mRNA I AFTWHER 6 mRNA F Ik, 98
Ja LAHO AR 0 5 5% 5 78 cDNA, X% ¢DNA 4lifl 5
PEAT A A 3" A AT poly (A ) LUK Jini /- 4%
%, ZJE#ET PCR &34, 28 0k, I )5 S 1 48 56 Wi
i Agilent 2100 Bioanalyzer 1 ABI Step One Plus Re-
al-Time PCR System X 14 £ 47 SC 4 #E 47 51 5 1™
SR A G A% S AT I (BRI R L R 4
ABRAT) o A5 2 04 S5 46 FSR B 5 Ak 1731
Bl (PRl raw reads) , 3o I 5 B ECHE (FRA clean
reads ) AT RS 1Y 2H B AN BT B {H A0 A il . 25,
## clean reads WX IS 751 SR 4 751 .
1.3.5 R R 54 8 BLAST X3
SRR, B e NCBT B9 Nr 22 58 iU HL X, 1533F
T GO Zife e F M & &0t (http . //www. geneontol-
ogy. org/) | pathway I} & V£ & 4 50 Hr Chitp:// www.
genome. jp/kegg/pathway. html) F1 %% 5% K 1 43 #7
(Plant TFDB ) 25 B R A B2 48 7047 o

1.3.6  Z3 KK AR EHAZE PCR BiE RH
&t PCR SR 25 S KGR BL N, B AL i 4 A
RO 1) 2 B 2 1 53 0 Ry & B TR A A R
(glysoja_008938 ) \bZIP %% 5% [ F ( glysoja_034252) |
WRKY #% 5% & F (glysoja_005221 ) A1 7K ifi 18 &5 [
(glysoja_008314 ) e HUf% s 2H vh il 73 22 S R ik Bk
, R HIZENE B PCR J7 v 90 UERG s 20 Bl i v 5
P, FH Premier 5. 0 it PCR 514y, LI K&
B-actin YF iy W £ K K, f# ] TaKaRa MiniBEST
Plant RNA Extraction Kitl ( TaKaRa) &5 & 32 B8
AR T 1Y A RNA, T 5 5% BeaBEST™ RNA
PCR Kit Ver.1.1 (TaKaRa) {7 & 17 ) ¥ 5%, B
DIF B 10 A% 19 B % S IR & W o i, AR 98 TB
Green™ Premix Ex Taq™ 11( TaKaRa ) i 7] & 42 419

Jr R HEAT 9 e B PCR N, R RE G HEAT 3 1R
TR YIS 95°C FiAE 4 3 min, 95°C
A 10 s,60°C LEfif 30 s, FFFF 40 R, FEH LR iF
SIYIFFIANTE

B-actin: 5'-GAGCTATGAATTGCCTGATGG-3" #
5'-CGTTTCATGAATTCCAGTAGC-3";

glysoja_005221 ; 5'-AACTCGGCAAACCCTGATATC
3'F15'-GTTGTCAAAGCTAAGGAACTTGG-3';

glysoja _ 008938 ; 5'-TTTACAGAAGGACGGGAAG-
ATG -3 F1 5'-AACTCCCCTGAACTTAATAGCG-3';

glysoja_008314 .5'-GTCGTTGATAAGGGCGTTGT
31 5'-GCACCCAAAGCAGTACCATT3';

glysoja_ 034252 ; 5'-GTCCAGAGCCAGAAAACAGG
3'F15'-AGCGCTGCAACTCTTTCAAT-3'
1.4 HIRHH

F Excel 2007 B0 Mot , A 2722 D ik xt
JUT L K BEA T AR X A2 BT

2 HFREHH

2.1 BEXEMEMESH

X5 AN ARG SR TR T . 2R
EEEEE D R RIK G A R PEG6000 i
B2 T 5 )2 25 5 45 BB =2 14 T, PEG6000 4b BE vk &
0% I} 5 20% F1 30% W e 2 2B R AR B
F(P>0.05),20% 5 30% Z |0 i 7t |2 25 B 15 H 2
SR KT 20% PEG6000 A A 8 A4 K 5+
M 30 B S AL ) E ELMR . #E 20% 1 30%
PEG6000 bR, AN [A] B A= K 7 B b R fg 1 4%
HAT(F 1), 7k 26 Fl7k 46 7 PEG6000 ik %]
30% IR TLZER (K 1,81 BFC), 7Ert
REERRERELT, K 46 1Y 90% Mtk 255 1 K EL
K40 d PLREHEE T 2K (K2) ., LLAMWMILRE
VRS 25 7k 46 AOBT P B o, DR A a2 % A R
RIS AL AR

®1 TERETHEAEHHANEEESIEHNE
Table 1 Canopy wilting index of wild soybean seedling under drought stress
k5 FR SR FE G R Grades of canopy wilting index
Variety 0% PEG6000 10% PEG6000 20% PEG6000 30% PEG6000
7k 5 Yong 5 0 1 2 3
7k 26 Yong 26 0 0 0 0
7k 46 Yong 46 0 0 0 0
7k 52 Yong 52 0 0 1 2
7k 64 Yong 64 0 1 3 3
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Xt R 10%PEG ~ 20%PEG 30%PEG pogit 10%PEG

X AR 10%PEG

20%PEG  30%PEG RO 10%PEG

A7k 5;B:7k 26;C: 7K 46;D ;7K 52;E: 7K 64,
A: Yong 5;B: Yong 26;C: Yong46;D: Yong 52;E: Yong 64.

20%PEG  30%PEG Xif iR

10%PEG 20%PEG 30%PEG

20%PEG  30%PEG

1 7R[E PEG6000 iR EAMETHHEXETEERFR

Fig. 1
=2 TEPETEHBEXENRERINERE
Table 2 The identification of drought resistant level

of wild soybean seedling under drought dress

The wilting situation of wild soybean deal with different PEG6000

2.2 HRABEMIRFRESNT
R B A R KK 46 T 538 5 A [R] i i) 5 O
PEATHE SRALIN 7, BRI s A 800 o e 1 B

& 0% S i R BWA K1 38 FT 45 19 %04 ( clean reads) 5 2% JE[H
7}(\5/&1:;2;5 90% w11121;1g days/d  The level of drlz[ught resistance ST, 2 A BE B 52 % 35 TR 26 B 1 1 1 3 26 15
26 Yong 26 N ] 80% 72 AT 4 W) A AL 6 80. 65% (48 h) , &t
K 46 Yong 46 40 I =4 82.62% (6 h) , i Tt L5 st RNE RS B &= 1
7K 52 Yong 52 31 i B, HEXT AT 0% L) _F, 47 45 0 W3 56 45 40 ]
7k 64 Yong 64 28 il 8 ATHEAT R SE R T
*3 SREEESSEEEARFFNKLIT T
Table 3 Sequence comparison of clean reads with reference genome (%)
B Sample 0h 6h 12 h 24 h 48 h

B 18 J5 741 Total reads 12902443 12964876 12899528 12925704 12881464

T 5 {32)% 51 Total mapped reads 10642246 10711403 10508131 10673474 10388493

VGt 731 Perfect match 8084300 7938817 8126035 7918321 7829983

RG] Mismatch 2557946 2772586 2382096 2755153 2558510

ME—E (7 J7 51 Unique match 8310074 8252163 8621802 8302300 8086855

% 5E 1 J¥ %1 Multiple match 2332172 2459240 1886329 2371174 2301638

2.3 ERFREERDMN

XF A5 SRR e s AH RO kAT R B, R4S T
39 183N FAIfEE . T 5 0,6,12,24,48 h T
AR R KL K 46 X)L F A A5 B 2 Bl Ol 31 856,
34 134,34 067,34 034 Fl133 564 %%, LA FHE
BoR27 8755 (K 2),

2 LA g R0 R b i A B D SRk R
BOSE (I 3) , ik 22 55 2 A 2L A (differentially ex-
pressed genes, DEGs) , i 1/ [ {5}y P-value <0. 05,
llog, Fold Change | > 1,7 Fold Change & PEG6000
AE PRI BAT RS A AE BR A RRL b % SR PR Rk B 1 L
{Ho X T 2255, 1 log, Fold Change >0 i,

2 EMENFIERSITERE

Fig.2 Venn diagram of unigenes under

the different periods
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WA 1225 S IR LN EIRAY, [ 2, 45 log, Fold

WHIFRIA O, 225811,6,12,24 148 h L JFE[A

Change <0, Y IR FIREEE MR, dEd il #4 642,13 857,5 783 Fil4 992>, N iR [ & A

A BT DU AE UL 25 AN ) I 0] 3R 0k 3 2

1 282,2 330,1 188711 083/~([K4),
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Fig.3 The volcano plot of differentially expressed genes
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Fig.4 Statistical analysis of DGEs under
the different periods

2.4 ERERIEESH

2.4.1 GO e 2 FMHTESH  Gene Ontology
(TIFR GO ) & —> [ by b Ak B 2 R Dy e 43 25 1k
%,G0 B34 3 DAY (ontology) , 73 il A HE D 1Y
W B 53 ( cellular component ) | 43I HE ( molecular
function) %5 4= )33 #2 ( biological process) , GO
TIRE Pk AR 1 22 S AR R AT D 8 43 A, W]
DA 26 59 RGN B AT 0 2 A W D Rg . At
FEAEXT 3 MA AR Y 15 S0 B o3 BRI, 12 2843
TIRERER A 21 28 A Wy 5 5 PR R A7 T RE 23 A
WS Fros 52060 12 h B 3 AR PR 10 4
2R RIKN GO 43 AE L. 764 % 3 A< {4

o RN AT R A3 U I B ) 22 R RSB RN R £,
A3 0984, HARFZML P IX, 2 9164, 4 Jfd BT e >,
ML 4194 s 7853 F DI RE AR, AL T 1 AN 25 5 0
PEFT o L e K, R 38. 3% , 45 A3 947 A~ i3 515
NS SR EY S BEA K SRR 22 R R
IRFERIIR4 0124 2T A GO 432 rh 2z i i
Z10, G AR A DL 7R 1Y 22 S5 3Rk JE DA L 4
TE3 00014 |, 735123 4624~F13 0734,
2.4.2 E2FAR®ZEHSH  E KEGG s FET 4
AFELEERIS ] T H A 127 DAY v B3,
XA I AT A 123,125,121 F1 120 A )it
TFAE2ZE AR ILIN, Ho 119 Ay 4% ik 09 0 1 B 51
Bt s B EEW MY - R R AR EAE
YIRS 555 RNA i ABC i 15
Horpr FEBF ALK AE 500 4L E BB 1R SR A
Y -9 R R B AR MR G 5 5% 5, e 5A
835 Fl 740 ML P B E], HERERIMIEH DTS
A B IR 4 A W 2 A o ME B A E  AE f 3R
A& RS 2L R AR A BGERE, 7 5
3,32 f 1 AR RS, Y E i S
RS FRIRIEF AW, T A MR Fis RS
PURA 0 B AR R AR, 7E ABA {55 AH O
A 23 2RI, Horp BIREEEA 16 4, R
PHREDIA 7 AN (554)
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Fig.5 Histogram of gene ontology classification with DGEs in processed 12 h
F4 ABABETHERRIZER
Table 4 The DEGs in the pathway of ABA

£ log, log, log, log, FEH R

Gene (6 h/0h) (12h/0h) (24 h/0h) (48 h/0 h) Gene annotation
glysoja_005522 12.226 9.570 10.512 10.877 G-box-binding factor 4-like [ Glycine max ]
glysoja_034252 3.053 2.801 1.773 2.163 bZIP47 [ Glycine max |
glysoja_030100 -2.695 -1.164 -0.589 -0.301 VIP1 [ Glycine max ]
glysoja_001912 2.716 2.878 1.316 1.703 Probable PP2C 5-like isoform X1 [ Glycine max ]
glysoja_008010 2.444 1.186 1.871 0.075 Probable PP2C 38-like isoform X1 [ Glycine max ]
glysoja_004312 1.860 3.897 1.727 0.792 Probable PP2C 42-like [ Glycine max ]
glysoja_012060 1.685 0.452 1.086 1.010 Hypothetical protein PHAVU_007G199100¢ [ Phaseolus vulgaris |
glysoja_013457 1.726 1.102 1.497 1.190 PP2C 37-like [ Glycine max ]
glysoja_050113 1.741 3.214 1.684 2.312 Uncharacterized protein LOC100787942 isoform X1 [ Glycine max |
glysoja_017943 1.433 2.377 2.009 1. 604 PP2C 37 [ Glycine max ]
glysoja_017420 1.222 0.352 1.055 -0.093 Probable PP2C 38-like isoform X1[ Glycine max ]
glysoja_028225 1.095 0.598 0.233 0.164 Uncharacterized protein LOC100781476 isoform X1 [ Glycine max ]
glysoja_028444  —11.355 -1.785 1.594 0.972 Probable PP2C 68-like isoform 1 [ Glycine max |
glysoja_002738 -2.743 -0.202 0.506 -0.288 Probable PP2C 6-like [ Glycine max |
glysoja_009838 -1.914 -1.022 0.449 -0.103 Probable PP2C 40-like [ Glycine max ]
glysoja_025384 5.615 -1.387 4.225 4.091 -
glysoja_015693 —-1.423 -0.842 -0.673 0.230 Uncharacterized protein LOC100526923 [ Glycine max ]
glysoja_021136 -1.283 0.827 -0.727 -0.443 Uncharacterized protein LOC100810273 [ Glycine max ]
glysoja_018893 4.690 5.735 1.170 2.768 Protein kinase isoform X1 [ Glycine max ]
glysoja_046490 1.952 3.273 0.113 -0.430 Threonine-protein kinase SRK2I-like isoform 1 [ Glycine max ]
glysoja_047040 1.897 2.69%4 0.112 -0.620 Threonine-protein kinase SRK2I-like isoform 1 [ Glycine max ]
¢glysoja_012867 1.287 2.770 0.629 0.399 Protein kinase [ Glycine max |
glysoja_024912 —-1.640 -0.662 -0.797 -0.653 Hypothetical protein PHAVU_005G181900¢ [ Phaseolus vulgaris |

2.4.3 HFRAFTHA RT3
YER| T 53 RSN, Hrh KB 25
FIRFEH A 472 4>, LA MYB RN F £, 51
A~ H:¥k g bBHLH . AP2-EREBP \WRKY .NAC 7l ARF

SR IN TR, 225 RIRFE N O 20 LA E . HES
R 15 (5 5 N 1 58 22 5 R A B I 7 10 AU
Eo A9 AFERIN T HIA K3 1 A2 7R W1/
AR, BARG RN 5 F7R o
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x5 HEKXEk46 BERATFTHRELEELE RS

Table 5 Transcription factor families identified in the Glycine soja Yong 46

e N TR #H e S PR SRR H Wl R 50 e H e SR R0 $H
TF family Number TF family Number TF family Number TF family Number
MYB 51 mTERF 10 Sigma70-like 5 PLATZ 2
bHLH 38 Tify 10 cpp 4 S1Fa-like 2
AP2-EREBP 37 C2C2-GATA 9 GRF 4 CSDh 1
WRKY 29 SBP 9 HB 4 HRT 1
NAC 24 TIG 9 LOB 4 MADS 1
ARF 22 Trihelix 9 RWP-RK 4 NOZZLE 1
GRAS 19 ABI3VPI 8 BSD 3 SRS 1
C3H 18 TUB 8 C2C2-YABBY 3 ULT 1
C2C2-Dof 13 ARR-B 7 LIM 3 VARL 1
C2H2 13 CAMTA 7 TCP 3 voz 1
G2-like 12 HSF 7 BBR/BPC 2 z{-HD 1
C2C2-CO-like 10 Alfin-like 5 DBP 2
FAR1 10 BES1 5 GeBP 2
FHA 10 bZIP 5 OFP 2

2.5 WREESH

BEfy 4 AR ET R E T Bl ERGA
(K 6), glysoja_005221 fJ qRT-PCR Fl¥% 5% 2H B4
REBAHE, BI7E T S W38 12 h B 3R 5K i 38 B i
(B 6A) ;glysoja_008314 () qRT-PCR 5 %% 520 2 4k
AR — B RPN el 5 TR, e 5 12 h
fif ik IR AL (151 6B ) ; glysoja_008938 fy 3% ik 45
55 AW ARR, SR B ST R BT (] 6C) 5
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