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VM E AT M R B B A K K 46 iR kA AR
K HAbA 2 25T ERE IR JERHL i~ b
FEYIAN A TR RAT
1.2 FHRANF

P A KGR 46 BIRDFHREF T8 SRk S
PR KAWL 10 Bk, 3 AW ER . M
DeE R A 2L SRR, 7R BB IR 30 d B, A 20%
PEG 6000 #47 T 5 Wrif Ab B, 43 5 46 AL BRAT (0 h) K
AEBRIS 6.12.24 F1 48 h B[R] — AN i Ar i &2 il 4% 1R
RNA $2 U & [ TaKaRa( H ) T4 4L J7 74 52 U
ARG RS RNA, B2 wl TS RNA FH 1% BiiEHE
BERE RGN, ASI 54 S 6 BRI RSB
BN FIEATIN Y, BAR S BES 2 5 /N 50 i ik
1.3 IMEEIERN ABC BEZEAXBIANSE

BLAST Lt 1 24 504l 122, A0 4% A1 I0 4% B4 72
( non-redundant, NR ) | 3 A A 1K & B0 4 & ( Gene
Ontology ,GO) | 3 #f 5 A 55 3 R 41 '/ B 4 5 Flcdis 1%
(Kyoto Encyclopedia of Genes and Gnomes, KEGG) , Z
J& A ABC 28 8 1 ok et i UEA T ik , & 3R 45 ABC
s AR GAI AR B
1.4 HEHH

RAE A1 ABC iz A XA B, A H
Excel 2007 . ClustalX Fil MEGAS. 1 /#7315 () ABC #%
BRI ER,

2 GRE545H

2.1 ABC HiZZEAHEXERZKREESH

X s v 39 183 ZRBEHIELL ABC izl
KHERIFE NR GO KEGG 3 AEd 2 Hh b 45 1 | 45 51
A 337 J% B DR AR Bl v R, Gk S P R Y ROk
FPKM {HA T 0~ 180. 57 Z[H], JF A BF K BE A T 165
~6 827 bp Z[A], XL vEREAYFL I, 87. 83% 1E
3AEYE E R A TERE,3.86% RIERR T 1 B
FErh, A 299 8% GO Budls iR (321 454 KEGG %X
PP ERE (146 254 NR 088 R R, GO AR
(A BELAH 3 B R 13 A4, T Re B A 34 1,
AW BB AT 68 S NR BUOEJE i B ABC %
EEAREAE 8 1, 4% ABCA . ABCB ,ABCC ,ABCD
ABCE ,ABCF ,ABCG #11 ABCI( % 1), KEGG FEBWAH
28 MR 2 3, HEAA T 10 B2k K05658(226 1) |
K00924 (102 4~) . K12843 (81 4~) . K05681 (80 1~) .
K04733 (54 ) . K05666 (40 4~) . K02065 (20 14~) .
K13430(15 1>) K05643 (13 4~) K05663 (13 1),

®1 ABCHREZEARKBEXEEKSIT
Table 1 Statistical of Unigene about ABC transporter family

WH Item ¥ H Number
ABC #1281 A ZIE ABC transporter A family 7
ABC #1858 1 B %% ABC transporter B family 36
ABC #4328 H C K% ABC transporter C family 31
ABC #4322 D % ABC transporter D family 4
ABC 32 1 E &% ABC transporter E family 1
ABC #1272 M F K& ABC transporter F family 7
ABC ¥%327E 1 G ZX% ABC transporter G family 55
ABC $18% 1 1 %% ABC transporter [ family 7

2.2 ABCHIEEZEAMEXERRAEELSH

X AR WA T R A A A R 2R AT 25 S AR Ik SR I
(differentially expressed genes, DEGs) i %% , i 126 B (5 Ky
P-value < 0.05, | log,Fold Changes | >1, H ' Fold
Changes S AbBEAA 155 AR A0 B AL} v Bk R 26 35 2 19 L
B, % F 2257 2R |, H log,Fold Change>0 B, T A
R R RBERNE LEE, XZ, 4 log,Fold
Changes<0, WTA A% 22 7 RN EE R TG, Tk 4R
309 DEGs 3£ 182 4~ TRl AbBE 12 h if 9 S 2
2RI R T . T R AL 12 h i, 22 5%
FORFEA 118 />, Hop B EE 93 A4, R A EE 25
Ao T FWA AR 24 h i, 22 5 R IR BE R B K B
AN EIRETBEE (0 h) M E, AUF 36 SR 22 5+
Fik, 5T 2 WO 03 12 h AL, BRI
SN 2 BEHTAR o ZE DA T R A 3 24 h i 25K
it PR 2RI R R A R VIR TR R R AR, T
S0 AP 48 h i HAR S TR0 4P 24 h
ARTA] B K 22 SRR B U BOE W] A8 Ak, 80T 5
AR 24 h RPN 22 SRR 14 4~ (E 1) .

140 = FifUp = EifiDown

ERREFEFEH
Number of DEGs

> > > >
R MR
o \’\, ,»bs bfb \’1, ,»bx

> >

> > >

o v Q] N
QY QYW
> Y R A
LS AR

E1 AEELERPENERREEESITSH
Fig.1 Statistical analysis of DGEs under different

stress treatment periods

2.3 ABC BiZEAMBEXERREEEIIBESH
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JE 34 A3 DI BRI R 68 AR W ik B BN P i
A3 11 A 28 N FIT 50 s B R 31 25 R R A
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W i #2 ( phosphate-containing compound metabolic
process) . #& H JHi & 1fi ( cellular protein modification
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Fig.2 The number of top 10 in 3 gene ontology classification

H1 ¢ 2 mIAT, 6 4L 2 43 B I 4 A0 T g
B RN 17 A 2k AR ORI v 3 R T e PR 4 R R
R 2E IR TR S AR | 22 S TR A AR R
i, 5 ABC #%is 8 PR T AT 765y I fE
e TRR Ay S R s TR S RS IS 1, 5 HAE T
REAH—20; B E e BRI T R AR Y e R 2
FE, SRR T ABC iz R DIie 2 REE
2.3.2 KEGG ##BE BT ESH 7 KEGG 5l
FEERER 28 IR 9 IR AR A STk
HRER T ABC iz 1154 (map02010) , 3% 9 4
WAL 4y 4y W) JE K05641 ( ABCAL ) | K05643
( ABCA3) . K05658 ( ABCB1) . K05663 ( ATM ) .
K05656 ( ABCB9 ) . K05657 ( ABCB10) . K05666
( ABCC2) .K05677 ( ABCD3) . K05681 ( ABCG2) ,

4335 ABCA ,ABCB ,ABCC ,ABCD H1 ABCG 5 /™
K, KO5658 iR 7E 45 I 401 34 s B 25 S R ik 3L
P, KO5681 i 48 76 45 A~ Bf W X A 1 8 2 I 2 A,
K05666 ik 12 78 45 A~ B W1 ¥ & T~ 94 3% [ 4 #i
K05663 i A AUAE T 5 i kb3 48 h/6 h A T 2
oA, A R EERANAE 14, EARS, +5
i Ab 6 h fl 12 h I EFREBKEN R, Z )5 H#
P v A A A R AV N E R /-2 B o
(£3),

2.3.3 NR F#BRESH T EIHIESMFN 182 4
FESEFIRFILNTE NR B8 P2 1 BT B, 26459 25 = Rk
HEPEAGE (A 14 MEAER, L5 168 1),
FHAR 0T 22 5 38 38 FL I () 24 L R 1y 9 i 47 2 Ak 4y
Mro JrMras BB, DR 168 22 F R A LN 4N
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2 AEGO THERRZERERSIT
Table 2 Statistical of DEGs in different GO

AR GO cO ID ,GO HER #H
Different GO GO annotation Number
Y2 53 G0:0031981 ¥l Nuclear lumen 6
Cellular component 600005773 WL Vacuole 2
G0:0043234 HHEE A& Protein complex 2
G0:0031090 AN 3B Organelle membrane 2
G0 0044426 ANIEETS > Cell wall part 2
G0 0005634 4liffi#% Nucleus 1
e Rl)i G0:0019787 12 £ AL HFE E Ubiquitin-like protein transferase activity 2
Molecular function 600046943 BRI E TG Carboxylic acid transmembrane transporter activity 1
G0.0051183 i 2T ME Vitamin transporter activity 1
G0:0001871 4545455 Pattern binding 1
At G0 0006952 )i 4 )2 ) Defense response 8
Biological process 600000302 TEVESUN 25 SR Response to reactive oxygen species 2
G0 ;0006007 RS Glucose catabolic process 2
G0 0006950 IV Response to stress 2
G0 :0006970 M 37 32 325 338 Response to osmotic stress 2
G0:0006996 IR B Organelle organization 2
G0:0007275 =¥ % F Multicellular organismal development 2
G0:0009404 R Z R R Toxin metabolic process 2
G0 ;0009856 FH} Pollination 2
G0:0014070 1 57 A HLERE Y Response to organic cyclic compound 2
G0:0016192 HEWLIB K Vesicle-mediated transport 2
G0:0030243 2 R AR PHTFE Cellulose metabolic process 2
G0:0032446 B FIB1i Protein modification by small protein conjugation 2
G0:0032989 YN ZH /3 TE 258 Cellular component morphogenesis 2
G0 0042044 Wiz Fluid transport 2
G0:0044248 YA oA Cellular catabolic process 2
G0:0048588 4% 7 Developmental cell growth 2

=R 25 N, B RIA 3N R 43 R
PR S R 6 /IR fdE 43 D EFRILA
VR ORI 16 /N AU 82 2 ARIAAE 5
—REFERE ABC ¥z E A KR ABCE (1 1Y) |
ABCF(51~) (ABCG % (23 4) LA Je 2 25T 25 8 A
( pleiotropic drug resistance protein) ; 5 KIS FE )&
ABC #1285 A ABCB (21 1) 5 ABCC (17 4)
KM 3 = RIW BN T2, B ABCA K% (4
M) VABCD ZEJ% (2 A>) Sb, i £ 35 B 45 45 1 el 2
(zinc finger CCCH domain-containing protein) ,U-box 4%
FaJ 35 1 ( U-box domain-containing protein) |, L % ZfJJi
Bt K Z K 1 ( L-type lectin-domain containing

receptor kinase) | & 4¢ & R T & 3 K & H (leucine-rich
repeat receptor-like serine/threonine-protein kinase ) DA}
HABAN [ i) 3 PO e R 55, FEEAR 3 BTk, NR
HERIIBE N ABCI KM E FFSIIA 3 4~ (ABCIIO,
ABCI11,ABCI19) , 3X 3 A7 41 43 5 K AE T 55 —
R BB =R (18 3)

XPEREINREN ABC #4128 8 11 S0 i BE DY EAT ¢
b, Bk ABCC MRS, % R b i b i) 22 S R ik
RN £y FIHEER ; ABCA FEILM K 4 AN FEH 3 A4
Ay ERFER 1A TR ; ABCB IR K 21 4
S H glysoja_016804 ik i 22 R A5 HA-10. 75,
glysoja _ 023579 3 ik &t 22 5 A5 B3k 10.54, R iE
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Table 3 Statistical of DEGs in different pathway
i H IYas. ABC #5157 H #4243 3 ( mapo2010) Branch of ABC transporter pathway ( mapo2010)
Ttem Up/Down K05641 K05643 K05658 K05663 K05656 K05657 K05666 K05677 K05681

6 h/0 h Up 2 3 27 2 0 1 9 1 14
Down 1 1 26 0 2 3 3 1 5
12 h/0 h UpP 2 4 66 1 0 1 6 2 17
Down 1 1 16 0 2 2 5 1 5
24 h/0 h Up 1 2 16 1 0 0 2 0 12
Down 0 0 6 0 0 0 2 0 1
48 h/0 h Up 1 1 18 1 0 0 3 0 1
Down 0 0 4 0 0 0 1 0 9
12 h/6 h UupP 1 2 63 0 0 2 12 0 15
Down 2 2 13 0 1 1 3 0 7
24 h/6 h UpP 1 1 32 0 2 4 9 0 9
Down 0 0 7 0 0 1 1 0 5
48 h/6 h Up 2 2 35 0 2 3 11 1 8
Down 1 0 14 1 0 1 1 0 7
24 h/12 h UpP 1 2 25 0 2 2 7 1 10
Down 1 2 51 0 0 2 6 2 11
48 h/12 h Up 0 0 18 0 2 2 6 1 6
Down 0 2 53 0 0 2 6 2 13
48 h/24 h Up 0 0 6 0 0 0 0 0 3
Down 0 0 4 0 0 0 1 0 0

BB 3L R ek AR R 2 A3 ABCC R
RS J 17 BN Rk AR ., B 22 R RA
FEECH 9.32; ABCD KW K 2 DI SRk 2 fk
R/ s ABCE ZRIGEA S 1 AN JE B, HAaz 3 /oy 1

VEFER ; ABCF FIGALw e 5 ASFEH R iRk
iK 3 ABCG ZEILW I 23 MNIEIA | FiRFE A £ ; ABCI
FEILW K 3 AL (£ 4)

®4 ABCHEEZARKNERREEESH

Table 4 Statistical of DEGs

in ABC transporter family

K% A H T FRs R JMH 1D TEH Al Fbs & R 1D

Family Up number Maximum expression Genes 1D Down number Minimum expression Genes ID
ABCA 3 3.12 glysoja_012663 1 -2.06 glysoja_048887
ABCB 16 10. 54 glysoja_023579 5 -10.75 glysoja_016804
ABCC 8 9.32 glysoja_011467 9 -8.02 glysoja_023329
ABCD 1 1.54 glysoja_014379 1 -2.21 glysoja_026552
ABCE 1 1.23 glysoja_020507 0 1.23 glysoja_020507
ABCF 5 1.71 glysoja_049083 0 1.23 glysoja_044116
ABCG 17 4.96 glysoja_036876 6 -5.26 glysoja_003050
ABCI 2 2.44 glysoja_040856 1 -1.30 glysoja_011884
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Fig.3 Genetic relationship analysis of DEGs

2.4 EREREEHNH

XF RIS GO A KEGG Bl i, Ho Bk A
22 AR MR RIAE T A 4 BE 12 h /0y R A&
AL HEATI 0T, e 5 AT AN R 6 PR i) D s
IREATHEZE S, glysoja_008864 1 glysoja_010956 7£+
FWEALEE 0 h /) FPKM {E347E 100 DL, i glysoja_
017978 1 glysoja _ 047568 7+ F i AL BE 0 h 1
FPKM {355 0; Z 8 e T 5 0hE 2b 3 12 h 3Rk
AR W 5, glysoja_005213 Fl glysoja_010956 WI7E
6 h ik E A LR I W, 1T glysoja_008864 . glysoja _
010547 F1 glysoja_024284 7+ e AL B 12 h ATAYE
A AR Ak TJC B i 22 5% glysoja _ 010547 F glysoja _
013434 [RERYI N APKIA , HFIA KA R 2 A K,
glysoja_002097 F1 glysoja_010956 HITEREHIH ABCC %
R ENE GRSV =2 N

3 g

ARG HT T84 KRG 8 28 ABC #iz M

LD TS aa frma 1, 25 SR BH AN ) Ak BRI X 7
FE AP ANE B A [R]  [a]— PR AE A (] 4 2 30 3 38
A, FEE BRI 3 Mt SR I R e oy
8 K ULIATE L A — @ B PRSI B ORe R A T
AR | B LA Ik A AR A X TR P A D g e A
T E RS X Y A K G R E TR Y ABC
Hn ARG R G, M2 B A LR Y6
1) ABC %1z 8 A 0T 424 1 B

AHFFRAE GO LY el B R LK /b, 7 4r GO
SRERBEERR], 22 5 RIBEHNTE S MLLLER GO %
HIGI T GO:0009154 ( BE M A% H 1R 73 i AL /) |
GO: 0006796 ( % % IR #h b & W M i ) | GO.
0006464 ( A& B AR YER TR ) (GO 0006468 (& [ it
R 1L ) GO 0006952 ( [ #H JZ 1vf ) Al GO : 0010038 (4
JEE RN ) ; 76 KEGG i42H, ABCA | ABCB,ABCC |
ABCD F1 ABCG KGR ERE N 22 7Rk, RYIX 5
ANFES T 2AHE, FEREA GO AR5 R B 1
RGN
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Table 5 Analysis on the expression of DEGs

FH D 0h 6h 12 h log, log, LR ThfE

Gene ID FPKM  FPKM  FPKM (6 h/Oh) (12 h/0 h) Gene function
glysoja_001111 3.23  6.79  7.28 1.07 1.17 ZAKIYHE Receptor-like kinase
glysoja_002097 1.12 0.54 0.45 -1.05 -1.32 ABCC4 ABC transporter C family member 4-like
glysoja_005076 2.96 2.8 863 -0.06 1.54 % U-box 382 4 33 U-box domain-containing protein 33-like isoform X1
glysoja_005213 5.91 23.29 15.14 1.98 1.36 FERONIA Z (R4 i/& FERONIA receptor-like kinase precursor
glysoja_005423  23.48  3.16 571  -2.89 -2.04 AR LOC100798404 Uncharacterized protein LOC100798404
glysoja_008864  115.12  99.58 180.57 -0.21 0. 65 JE AT H LOC100809679 Uncharacterized protein LOC100809679 isoform X1
glysoja_010547  13.84  7.64 21.22  -0.86 0.62 T MG APK1A , 28K Protein kinase APKIA, chloroplastic-like
glysoja_010956  139.58  17.85 48.31  -2.97 -1.53 ABCC14 ABC transporter C family member 14-like isoform X1
glysoja_013434  12.02  9.10 26.65  -0.40 1.15 EH B APKIA , H24{KH Protein kinase APKIA | chloroplastic-like isoform 1
glysoja_017978 0 0 2.14 - 11. 06 ZE B4 Protein kinase isoform X1
glysoja_019668 1.13 2.27 18.86 1.01 4.06 T 14 Protein kinase isoform X1
glysoja_024284 8.54  9.73  4.40 0.19 -0.96 % U-box I H 50 Putative U-box domain-containing protein 50-like
glysoja_046362 0.67 3.8 7 2.53 3.39 I APKIB, M4 Protein kinase APK1B, chloroplastic-like
glysoja_047568 0 0.67  4.20 9.39 12.04 24/ 95 R B 11 At1g18390 Serine/threonine-protein kinase Atlgl8390-like

Byrne %51 J BiL B 2 RE LR A R B 005 S R
ABCA FH5 i 3 K 3 3A i 1 38 0, Maathuis 267 %
W AIATH14 5 AATHIS 783 W38 F 3R 35 °F 3 Wu
LB AtABCB19 AT LA R 8 & 5 IRl R i)
K, Lee 2510 % 1 AtABCB14 W] 38 4 K 3 SR i h M
T AMATE iy B 0% A0 M, $2 558 08 Rk I8 45 S AL
CO, MM L, NI I8 AL B B s ALABCS B, 7T LLGE
T VR AL DA A 1 A A A BT T B I
AtABCG40 AtPDR12 LA [ 22 1K BE 5 45 i A 40 1) it 5
&1 K ARG 0sABCG36 355 T HIW T R X
NP8 KT GmPDR12 3 H e K A% R S Dy e 20 40 I
5T T RERS G K| FaR T AW R
ABCA RIGHFEEA LB A TH, EBRENA
ABCA1 ABCA2 1 ABCAT ;ABCA1 F- %2 15 1 [l f) 6
g AR AABCA2 ()44 ALATHL ) 548 I+ B9 I 4E
FHIEHY  ABCAT 5 NI BT IR I BRI AR O (07
FEY) AT RE M ANTE R 5 RIS ABCB KGR |
VRN P B, RS A ABCB1  ABCB4 ,ABCB6 |
ABCB11 ABCB13 ABCB25 ABCB26 %, 5544512 ()
WFoE4s R—2, R AY ABCC FIERE M5+ 5
JHir 38 AH OC B9 ABCCS 4b, ik 41 45 ABCC8 . ABCC10,
ABCC13 F1 ABCC14 %5 , AtABCC10 iIF 52 5 95 Ji7 2 )i A
K AaABCC13 5B FA KM RN
ABCG R G & W RN AL & £, X T ABCG11
ABCG14 ABCG22 ,ABCG32 . ABCG36 NI fEE A

GEMIE P RBF S R RS T ABCG3  ABCGT |
ABCG15 ABCG21 ABCG41 ( PDR13) % AtABCG3 % 5
PC-Cd 1935 '™ ; ViABCGT S B MRk L EF A
KM FEREEIR) ABCD FEAA & 2 A% (ABCD1
1 ABCD2) ,WF5E 3% 80 ABCD1 W] GEXTAH ¥ 5 95 J 7
A E LY LSS A R 1A R A R A
ABCD2 [ IIREATIA AN, i 55 B — 2 I BFSEUE R

4 it

AWFFE L R R B4 KE ABC F5i2 8 H 2L H7E
Tl 12 h Z5RAFERZ, HE 24 h f148 h
TCW 25 5% . ABC #% iz 25 11 0 AN [ 52 1 25 PR % 1 5
FoiR 3 %) 0 07 A7 22 5, ABCB ,ABCC Fll ABCG % i (1)
Wi )07 J PN i 22, ABCE SR B4 Wi 107 366 PR e 20>, Y B 22
SEFRIRIL B ABCB  ABCC 1 ABCG H k%,
ABCE FiEf/b, 1€ GO AWt fit b BEM AT IR 7
AR B RS R i 2 . AEE R R KEGG 1B 48
#) ABC iz H &k 127, K05658 ( ABCB1) , K05681
(ABCG) il K05666 ( ABCC ) 1Y 7 B¢ 5 K £t £, K05663

(ATM) F /b, ABFFELR 9t L I A2 4 s it 1
B HE R B
SE k-
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Sequence Analysis of ABC Transporter Transcriptome in
Wild Soybean Under the Drought Stress

ZHANG Xiaofang QIAO Yake WANG Bingbing XU Yan ZHANG Kai LI Guilan”
( College of Agronomy and Biotechnology, Hebei Normal University of Science and Technology, Qinhuangdaoi, Hebei 066600 )

Abstract ; In order to obtain the genes related to ABC transporter protein family under the conditions of drought stress,
the drought-resistant wild soybean accession was used as experimental material which was treated with 20% PEG6000
solution to simulate drought stress. RNA was exiracted from leaves of drought treated 0, 6, 12, 24 and 48 h
respectively, and transcriptome sequencing was carried out by Illumina Hi Seq 2000 platform. Based on the results of
GO, KEGG and NR 3 major database notes, and then using ABC transporter as the key words to screen, a total of 337
ABC transporter related sequences were obtained, including 8 subfamilies (ABCA ,ABCB ABCC ,ABCD ,ABCE ,ABCF
ABCG #I1 ABCI). Differential expression analysis showed that there were 182 differentially expressed genes. Most of the
differentially expressed genes annotated by GO database were purine ribonucleotide catabolic processes, while the
Unigenes annotated by KEGG database were distributed in the 5 subfamilies ( ABCA, ABCB,ABCC,ABCD ., ABCE
ABCF ,ABCG #1 ABCI). The evolutionary analysis of 168 differentially Unigenes annotated in the NR database shows
that the ABCE, ABCF, ABCG families and ABCI11 were clustered to a group, the ABCB, ABCC families and ABCI10
were clustered to a group, and the ABCA, ABCD families and ABCI19 were clustered to a group. The information
obtained from ABC transporters provides a theoretical basis for further study on drought resistance genes of ABC
transporters in wild soybean.
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