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Bioinformatics Analysis and Expression of Eight Dof Transcription Factors in
Soybean Under Drought Stress
LIU Bei', QIU Shuang’, HE Jia-qi’, LI Ming-yang®, ZHAI Ying’

(1. College of Life Science, Changchun Sci-Tech University, Changchun 130600, Chinaj; 2. College of Life Science and Agro-Forestry, Qiqihar Univesity,
Qigihar 161006, China)

Abstract: In order to explore the functions of soybean transcription factors Dof, the bioinformatics analysis was performed on
eight Dof genes in soybean. The expression levels of them were detected through real-time fluorescence quantitative PCR under
drought stress, and the cis-elements in promoter sequences of major responsive genes were also analyzed. The results showed
that the eight genes encoding the Dof transcription factors located on chromosome 5, 8, 11, 13, 15 and 16 of soybean,
respectively. The length of their proteins ranged from 213 to 403 amino acid residues, and the isoelectric points ranged from
6.61 t0 9. 36, mainly located in the nucleus. GmDof2 was closely related to tomato SIDof5. 4, GmDofl, GmDof8, GmDof3
and GmDof5 were closely related to each other, GmDof7 was closely related to cucumber CsDofl. 4, and GmDof4 was closely
related to GmDof6. The expression levels of GmDofI and GmDof3 increased obviously under drought stress, and their promoter
sequences both contained several cis-elements related to stress. The results showed that soybean Dof transcription factors have
potential application in genetic engineering of plant drought resistance.

Keywords: Soybean; Seedling stage; Dof transcription factor; Drought stress; Expression analysis
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Table 1 Sequences of primers in real-time fluorescent quantitative PCR

FH GenBank % 5% 5 LY R

Gene Accession number Forward primer Reverse primer
GmDof1 XMO006585467 5’-AACAAGAACAACTCCAGTGTCCAC-3" 5'-GTGGCTGCGAGAGGTTATAGTTG-3’
GmDof2 XM003524447 5"-GCAGCAGCAGCAACGAAGAG-3' 5'-GCCAATCCAACGATCCGAATCC-3'
GmDof3 XM006598832 5'-GTACCATCATCATGGCATGTCACC-3’ 5'"-TGGAGGAGCAGAACAAGAAGGAG-3’
GmDof4 XM003532264 5'-AGGAACAAGAGGAGCAGAGGAAG-3’ 5'-TCTAAGCGACGGTGGCACTC-3’
GmDof5 XM006586451 5'-CACCACCACCACCACAACAAC-3' 5"-ATGAATCGCATCGTGGACACTTC-3’
GmDofb XM006590925 5'-CATCAGTTGCCACAGCCACAG-3’ 5'-TCCATTCCTCCACCAGCAGAAG-3’
GmDof7 XMO003545945 5'-CGCTATTGGACAAGAGGTGGAAC-3' 5'-TTGTAGTGAAGCAGCAGCAGTG-3’
GmDof8 XMO006594518 5'-GAGCACCATCAGCACCACTATTG-3' 5'-AGAACCAGCACCAACATCAACAC-3’
B-Tubuin GMU12286 5'-GGAAGGCTTTCTTGCATTGGTA-3’ 5'-AGTGGCATCCTGGTACTGC-3’

Js CEATHEREAT 1 AMRSF Y Dof 254038, 251 55
BIFETE CX2CX21CX2C L7, & 4 MRSFIY Cys 5%
BEUIESCEANTRIE T Dof 56158

2 HFRESH

2.1 84 KE Dof HRKEAFHEMEERFEN
%ﬁﬁ%%ﬁ?ﬁﬁ@ﬂwm®B¢ﬁﬁ%8
A~ Dof FEIN Gty ) G FEIR PP 5 EA T LUXT, 45 2R A 1

GMDOEL  MOHPTIFPGVKB. . e e e e eteseeeeeaeeaennnneeannnenn PBHFPE . ¢ o veeeeeeenaneennnnnennn NTKE 35
GMDOE2 eeeeeeeeenaeenannnn MQEIHTMGEGRFFS. . . ... . GDRRLRBHHOS « « « v e veeeeeneenaneennnnnnn : SINTKEC 42
GIMDOE3 eeeeeaeeeeaee e MEGMAPNS. . ..... CARPVVEKKAR . « ¢« v evveveaeeeennneennnns S 37
GmDof4  .MVYTSIPAYIDBAN..WQQQQPNHQQQGNNTAASSHLILPQPIQPPQPPESQPHGLGGSTTAGS IRPGSMADRARMANIPMOEAQQ) 97
GMDOES  eveeeenneennnnnnn MATAPATKDQEPTQERKFTT. . . .TTTTTTTTTR. ..... .. CPRCSEINTKFC 50
GmDof6  .MVFSSIPVEVDBEN..WQQQPNNHPQANNNGGDNTQLLEE. . .. ... LPBHOSH . VGGS . . VGS IRPGSMADRARLAKLPPBEAAL A 87
GmDof7  MSANCEKMVAIPBTTNQWLQVDDHKVLMGSNGGSSNNNKVMEKPGONQLVOOOOH . « « v v e evveeeeneaneeanennnns ; 72
GMDOEB  weereerenneannanns MEQRVGEGGGMNKQPRDS. . . . . . . RVKETIQQGDAQVHAQA . « + e v v eveeeennennnns Bdoro i g 52
Consensus _‘l‘”ﬁ"‘k“

GmDof1 RSSSTSKRSSAPS% 91
GmDof£2 . DHHNNNTNSHSSS! 114
GmDof£3 . KVPDLNPPNHSAIS| 102
GmDof4 REPANEDRQTASA 162
GmDo£5 RVVVKPSB8SSSSLSSSPRFSNEFSLRGLNVPPSVEFNLGALPFPASSRLNI PTTLNTGL 150
GmDo£6 KSPASSEKQQTszI 150
GmDof£7 . SNSSNSSSAPTA 144
GmDo£8 RELPLQOPQGMVVQT 125

Consensusy nny 1 gpr fck c rywt gg lrn p ggg r

GmDof1l SEAVSDPD. . ..veveeeennnnn PTRNCTNPVDODORVLNIG. c c cccccococcocccsccs BGSFSSHLASSGHFf. ... ....ccc0veeeennn. (1183
GmDof2 SELTAAAATAT........ ...TTTTTEAVSABETLNLDSNNNNN. .NMQESK. . ....LLIPALETNPEEHGTGDCGGIFSEIGP...... .o 181
GmDof3 HNPKIMHGGQODLN.........0.. LAFPAMEKYHHHGMSPYNVEMONSNTTTT....... HHHHQTSPSCSAPPANSLSALELLRS...... 170
GmDof 4 ABTTSGESSADL. . cecvuennn VAGLGGGTGVBPSLRFMAPLHQLGDHHHHLGGGGGEIGLSYGLNYGAISGPMGGIGDLNFHIGGS 244
GmDof5 FSNQFSSSPLSFGGDVNSVSVTNNALSGFQLDATPATVLSNSEMSLASNNNTQNNNNFWALQDRSQGSTLELSDSFNSSAMQSMQQSLNVHSSLASSIES 250
GmDof6 TEAIVPRG.GTT........... HEQIGHQLPQPONLPFLASEQNLN. .RYAVG........ NMGLGLREIHGQNENMG. . .FQIGNS....... SAGG. 217
GmDo£7 LQPQIDTASTSNHINP. ..LFYGLPSSSSDVNLBLFSRFGSRISSSGFDLQLNN. . .ALGLGFSSGVELSNEASDNNGYRSGFGSN. ...... NM... 225
GmDof8 QAPPLTSVVKAKDP. .. ..00vvn SSVVASPFYQSGGYLSSHAAMHSLNPSSS....... HPFDQSLNVEAGSDALRSSNLGLLSG. « v v v v vvvwnnn 194
Consensus

GIDOE T e fel el e Ve slakaatis s o s TIRFITNPTG oo s o5« » oo s o sife s s SSLKMGEFGEGVSSDPG LNLVSGQONPGLQVQSTNGRSE. . ... 181
GmDof2 . .FTSLITTTTSTNEPLAFGFGNSTLP....... DASSFQWLHQKVSSSSNEELKLP. . . ESSLLDHTVDFHSKISHGGGF..... 250
GmDof3  ..... SMASRGLNPYAPNSSEMPNSTNN. ......000.. NNNALYPSGFPMQEVKPSLN. . FSSVDGIGNNRSYDQERGG. ...... 232
GmDof4 CSMLSGLEQWRVPQTHQFPFESGLEATSS........ HGLYPFEGASGSDGYGSTPIKVS TSGVMSQLASVKMEDNHHHHH. . ... 317
GmDof5 LSCVNQDLHLKMQQQORYATMMFGGDSYHHKGGGGGGGDENNGVSFSQTANRFENQKQLVGNPVMFQONLE I SKPPGSSVUTEDPSGATVTTTVAPPTEWFFG 350
GmDof6  ..... GMDQWRLHQ. . QVPFENGFESTS......... AGSYPFQNEGINETPSGFGGDIT.......0ovuunnn TNSRVSQMPSVKMEESGALNL. . ... 282
GmDof7 . .LLSSYTSTTTTTPAMSSLELQQKFISGGLK. .NDADSSNTFQHGLSLTSLEQLQIASD. . HSSEAGMVALKDVKVELGQNN. . ... 302
GmDof8  ..... FNVQRPIGQICPPYLYHQOMGSDER. . ... EMVSLYEQGLVNPSSSSMANTNTNTN GSGVSQHDWPQSFINNNVSNRASDAS 270
Consensus

GmDof1l . .SFLGLONBDSSCW.NGTHG. . . .« o v v v e e e SPLAIYTPGPSFQ..... 213
GmDof2 . .GSEDWQGEADQ. .. ... GLFDLPNTVDHAYWSHTHWSDHDN. . . STLFHLP. .. 292
GmDof3 . .GRVLFPFEDVKQL.SAAAGAADQVEQQQQOGNSTGYWTEMIGEGTW. . . ... ... 276
GmDof4 . .QEEGLPRQFLGVN.NNPS. . TNEQYWSGGGGATSANTDLSAFSSSSTTSNNAL. 367
GmDof5 NSSFSSAGNINDGANSNNNNINININDANNNWSDALA IGBFQQOQOQQQYSALP. . . 403
GmDof6 .SRSTLNNVLQKIT.STIHGLICQVLLLFLLLISCNEEHITCMWSITTSPELLCP 335
GmDof7 ..NRLEWNGIAFQSQIQHVGLYDPLLYWNNSATALGV INDQAANIGSSVTSLI. .. 353
GmDof8 LWSTISTTIGGNSER.TSTSGVGVDVGAGSSSFVTNQWPNLPGYGPPP. .. ..... 317
Consensus

T RIZANEK Dof Z5Mykl; = MUK 4 RFHY Cys TR

The Dof domain is underlined; The triangle represents the four conserved Cys residues.

E1 84 KkE Dof EEHEEMFFILLIT

Fig. 1 Alignment of amino acid sequences of eight soybean Dof proteins
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Table 2 Identification and features of Dof genes and proteins in soybean

HH e fh sy A B Oy ik I ) Uhe A

Gene Chromosome distribution ORE/bp Amino acid Molecular weight/kD o Subcellular localization
GmDofl 8 642 213 22.86 9.05 A%
GmDof2 5 879 292 31.92 6.61 A%
GmDof3 16 831 276 30. 16 9.16 £k 23
GmDof4 8 1104 367 38.57 9.01 A%
GmDof5 8 1212 403 43.34 8.45 2 A
GmDof6 11 1008 335 36.56 9.36 JR I 2 %
GmDof7 15 1062 353 38.02 8.74 AR
GmDofS 13 954 317 34.10 9.18 A%

2.2 8 NKE Dof BEEMIBHL A

¥ 8 KT Dof EH S HIREIT ML H T BT
ARG R E B 355 8 AR ) Dof 25 11 #EA T [R5
PESHT A R G A . &5 R W GmDof2 5%
fifi SIDof5. 4 ELAT #5035 1 3 % ¢ &, GmDofl | GmD-
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GmDof7 53 I CsDofl. 4 HAZEGE M EL KR, 1M
GmDof4 1 GmDof6 HA T MEE LR (K 2) .

0.05
(I

=

— l

GmDof2
SIDof5.4
GmDof1
GmDof8
GmDof3
GmDof5
GsDof1.4
GmDof7
GmDof4
GmDof6
AtDof3

GaDof5.2
GsDof5.2
~|— StDof2

MtDof1

SIDof5. 4 . & jili XP004241613 ; CsDofl. 4 ; %5 JIL XP004134698 ;
AtDof3 : T AEET78290; GaDof5. 2 : i #£ KHG00596 5 VvDof2 : 3 %
XP002283706511 ; GsDoF5. 2; B 4= < ©7. KHN11617; StDof2 ; B 44 1
XP006338444 ; MtDof1 ; F 15 XP003607748 ,

SIDof5. 4 ; Solanum lycopersicum XP004241613 ; CsDofl. 4 : Cucumis
sativus XP004134698 ; AtDof3 ; Arabidopsis thaliana AEE78290; GaD-
OF5.2: Gossypium arboretum KHG00596; VvDof2: Vitis wvinifera
XP002283706511 ; GsDOFS. 2 ; Glycine soja KHN11617; StDof2 ; Solanum
tuberosum XP006338444 ; MtDofl : Medicago truncatula XP003607748.

E2 Dof EH R LR
Fig. 2 Phylogenetic tree of Dof proteins

2.3 8 AKE Dof ERETEME THIRIL

KRELH 2 PEG AU FACHUS , R 222
JtE  PCR X 8 MK EL Dof HEPH B R IK s AT
R, 5 5R B BEE T R A B AT, 25 R Y
FIREAANFERE RN ERES, HA R
F#kH . H, GmDofl GDof2 .GmDof3 .GmD-
of4 F1 GmDof8 (R IKETEALBS 24 h K K
{8 ,GmDof5 (iR EAEAL 5 10 h ik 3 & K1H,
CmDofs il GmDof7 {123k B EIELMIG 2 b 51 B,
KAt H GmDofl FI GmDof3 {3254 - i i £ 42
KOALFE 24 h FFRIA R TR 1S A%, B IL
AR R FIkE FIR IR AR K, B 10 B Y 8 %
DI o HHED 8 > Dof e 5% K75 K W ih H AR
[Fi] e 2 g e iy A3 (181 3) o
2.4 GmDofl #1 GmDof3 BEhFFE 4o

GmDofl F1 GmDof3 %t~ 538 1Y 1 24 3 0 W
b, T DA AE K 5 R B8 R 48 R GmDof1 A
GmDof3 FFE RS F ATG L7 2 000 bp [1))5 3)
FIFEH, X 2 17 8 v AR oo F 4 S
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Fig. 3 Expression of soybean Dof genes under drought treatment
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Table 3 Prediction of cis-elements in GmDof] and GmDof3 promoters in soybean
e %50 o Lhhe gl #H
Motif Predicted function Sequence Amount
Ml
ABRE P BRI BT A ACGTG GmbDofl ;1 ;GmDof3 :0
ABA responsive element
ARE R AAACCA GmbDofl ;2 ;GmDof3 ;3
Anaeroblc induction element
N l] —
AE-box HIBLICH AGAAACTT GmbDofl ;1 ;GmDof3 ;0
Light responsive element
ST —
Box 4 Jemb e ATTAAT GmDof1 ;7 ; GmDof3 .4
Light responsive element
1l
G-Box Jem L e ACGT GmDof1 ;2 ; GmDof3 ;0
Light responsive element
N —
GTI -motif Te e GGTTAA GmDof1 ;1 ;GmDof3 ;2
Light responsive element
U
I-box HIRRL A TGATAATGT GmDof1 :0;GmDof3 ;1
Light responsive element
1l
LAMP-element . JEINLIEE CTTTATCA GmDofl ;0 ; GmDof3 ;2
Light responsive element
&
LTR (Rt CCGAAA GmDofl ;05 GmDof3 ;2
Low temperature response element
=28 ) MYB 255 45
MBS . q:q:ﬁ%?,i B ne {lu o CAACTG GmbDofl ;1;GmbDof3 ;1
MYB binding site involved in drought-inducibility
i MYB %% =y
MRE LY HEL AACCTAA GmbDof1 ;:0;GmDof3 : 1
MYB binding site involved in light-inducibility
i l
TCA-element kRS CCATCTTTTT GmbDofl ;0 ; GmDof3 ;2
SA responsive element
A
TC-rich repeats PRI A AT ATTCTCTAAC GmDofl :0; GmDof3 ;1
Defense and stress responsive element
N — I
TCT-motif I BLTCH TCTTAC GmbDofl ;1 ;GmDof3 ;1
Light responsive element
) 455 7 2%
WUN-motif R AAATTACT GmDof1 ;1 ;GmDof3 :0
Wound responsive element
N " —
chs-CMAla LML TTACTTAA GmDof1 ;1 ;GmDof3 ;1
Light responsive element
SRR T RS A DT
circadian BRI CAAAGATATC GmDof1 ;1 ;GmDof3 ;1

Cis-acting regulatory element involved in circadian control
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