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Abstract: Drought is one of the typical abiotic stresses that seriously affect the yield and quality of crops.
Identifying the functions of key genes for the drought resistance/tolerance of crop and analyzing their regu-
latory mechanisms are of great significance for developing new drought resistant germplasm of crops and
ensuring food security. Soybean is a crop that is more sensitive to drought stress. Exploring and searching
for soybean drought resistance/tolerance genes, identifying their functions, and revealing their regulatory
mechanisms are hot topics in the field of soybean stress resistance research. This study analyzed transcrip-
tome data of drought treated soybean roots and obtained a drought induced G-box binding protein gene
GmDIBL1 (Drought Induced B12D Like 1). The cloned cDNA contained an open reading frame of 261 bp
length, which encoded 86 amino acid residues. The molecular weight and isoelectric point of GmDIBL]I
was 10. 1 kD and 9. 647, respectively. The GmDIBL1 protein sequence exhibits a high conservation with
G-box binding proteins from other species, including the B12D domain (6-73 amino acid residues) and
transmembrane helix. The N-terminus has a signal peptide, while the C-terminus forms a non-cytoplas-
mic region (34-86 amino acid residues). GmDIBL1is located in the nucleus. The expression level of Gm-
DIBLI gene in root nodules is the highest, followed by roots. After drought treatment for 12 h, Gm-
DIBLI1 expression level significantly increased. The expression level of GmDIBLI1 was much higher in the
root of ‘Jindou 21’ (a drought resistant variety) than in that of ‘Suinong 26’ (a drought sensitive varie-
ty). Furthermore, the response of this gene to drought was identified by overexpressing and knocking out
the GmDIBLI gene in soybean. Overexpressing GmDIBLI1 gene significantly enhanced the drought resist-
ance of the hairy roots complex. These results indicated that the GmDIBLI1 gene is a drought stress
responsive gene in soybeans and plays an important role in resistance/tolerance to drought stress.
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T 58 R A R AR A 7 I i R 2 PR AR AR R A S . S R iR R N AR R
TEARA B R SRR LG . Al A= 7 v B £ 7™ H A e /ORI %5 1)+ 52 2 28 7 thE 5090 16N 3 L R |y Kk 3
SHGF Z AW KE(Glycine max) =B EWIMEHEY . 2% EY N FEEEY , EREERZLF P S
A EBHAL SRR TR — DX K> T SRR EY) . TET R A T . R R T RE R A 4000, i
28 W N R RS ) B B2 B Ry 7 N L e U R P | Y 1ok 7ok | NS /Y [ Sk 55 I % VTS < NS 71
T 57 ) T RE R 45 I 4% L R O 55 BT/ T R R R b o EORT A B A SR S A SO N, R
2 5 SCRI R I A

AR A Y 38 e — A A b i B, 95 R 25 SR I . AR R SR T P, G-box
2t & AT (G-box Binding Factor, fij #% GBF) it % i i3 1R 71 48 5 & J3 3h 7 o 69 i X AE A 8 15 T G-box
(CACGTG B, CANNTG) , i {78 5L K iy %355 . BABIREY Gbox HHEAS S T ZFh 4l
it FEAE AR A K T R/ A R AR A B B A AR Y. B12D 2 — G-box G5 AR, 1%
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DR R 1 A A ) 2 3 R O 3802 7 1) 45 A D T v G 240 i 3 i A O A R T R 5 VR Y. BI12D R
ZAWB . BI2Dg R FGERAZ —, BRI E REZW B E MR Hrh L8, wERR &
R R REBICIE . 18 KER T & 25 AL 3 ek 0 L 2 S ] 5 3 IR AE S 0 AP s YL
FITH Bl12Dg 7EM T & . HMRAE K. FFAE MR & FhE £LM . M (Rehmannia glutinosa) )
Bi2Dg #:M 28, GA MELaiE S &K, /NE Bi2Dg 75T R M8 F F#Y . §H2E (Beta vulgaris)
B12Dg REREWA N £ Wpaa . Z RN RK RS, FE /K H Wl 400 FERRER N 2] B12Dg JEN M S K5, 1
HK SR 3 T F 50 58 G-box fii 557, Almutairi™™ 2347 T 14 MRk 66 4~ B12D & H .
TEFI ) B12D 8 Frh & 7 X6, B . AR EE . 4B 7 245 . 1 5 A e i iy =X 9 45 T
XSRS U] GBF i R A 4 i 17 3 A= 4 3 rh BLA E A .

TR R S/ A OGRS XS R G ST T T S AL SR XA R AT TR SR 2 4 A
Glyma. 08G250300 J& R #E T 2 AR S h B % B, 2 — T 2iES N (W4 8 GmDIBLI , Drought
Induced B12D Like 1), FIRETE R 40/t 2 Wha rh BAAEN. AR5 — P50 T GmDIBL1 He K Y 5
K20 7 51 A1 &b DN A (complementary DNA. ¢cDNA) F51 . 438 7 HFFVERAE . K T 2% 3% R 78 K 5OAR [
AU E LA AN R A BT i SRk Rt . 10E I 38 2k A ok 2 3k M I g AR R O 1 AT R B AR AR 8 AL e Ak
Y5E T GmDIBLI £ R G R TG, DIMIR AR GmDIBLI 18K &40/t 5 w4 i A= 9 Dy fig A 45
B 2952 LAl

1 #R57FE
1.1 EYHREEk

I KRGS A ol Williams 827 ¥ &2 217 F @A 267 fdi FH 09 18 bk A KW FT T8 18 Ak 8k 32
DH5«, MU AR AT B2 A GV3101 & HAR FF B Z 25 K599.

1.2 KREMERENTRLE

Pk K/NAIEG ) —S0h B 5L 21 Mgk 267 Fh - TREFRAR I R L AR, AR R ONIRE 25 T, R
FAXFRREE 6000~702, K H MO 16 h/% 8 h). FR& B 5 — 0 B JRIT 5 . KR SL4 i N 1 s vh e 4k
AR, A SRAK e iR R m e £, FHIE AN TR R K o, T T R, T RAR B B R E
B E F WSV T, BT 15% PEG6000 1) 1/2MS E W h k47 TR Wia. 40l EA#E)S 0 h, 6 h,
12 h Y I Ta) s SRORE AR ARLRE o s ABCHFRE i . B BORE IS B) S 3 N AR WA T AL T R A TR A PR
B, JFTE—80 CHAAF & M.

1.3 #% RNA B91R Y

PRFE R /ANFITE J)— B0  Williams 827 KRG M ¥ T HAR KM T Wik, A&, BOELMHR, 25, . 46, W9,

JERE . W3 DAY EE . ] Trizol Jrik, $EMUK AR AH L)L T A0 BEAE & 9 50 RNA, JF 17 3
R BE 5 H Dk ARG T
1.4 KE GmDIBLI W¥ &

PRI 2 Y RNA B R S0 & (TaKaRa , JE50) BEH B A BAREAE LR, 5 KT cDNA, —20 °C
RFE. LR T A cDNA N #i#, DIBL1-F/DIBL1-R & 5| ¥ (DIBL1-F: 5-ttggagaggacagggtaccAT-
GGGGCGTTGGATGAAACCA-3’, DIBLI-R: 5-gccatggatccecgggtaccTTTATCCTCGCTGAAGAAGT -37),
R A BE4E W (Polymerase Chain Reaction, fij K PCRY ¥ #4538] GmDIBLI .

1.5 ERNENEREST

VARG GmDIBLI a0 & H KR ¥ 51 . A A TBrools K {4 #E 17 )7 5] [5) Y5 P Hb X A1 AH {014 48 2R
M IE InterPro 3 4E /& Chttps: //www. ebi. ac. uk/interpro/result/InterProScan/) i il GmDIBLI1 4% 15 &
M ZE A BE. MRS Panther 045 B2 43 GmDIBLI % % 485 1 00 28 1 Bt K G2 B0 ) T 1% R 285 #49 3 43 i ( TML-

b

C

s 2 i
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HMM) Hitill GmDIBLI 4t 8 (/9 5 45 #9 3. MR 9% Phobius Wl GmDIBLI 48 A M R 45 1. %t
$# 5 K'Y GmDIBLI %% 8 A0 & B R IR )7 510, M MEGAL1 # 2 i AL
1.6 EEREHH

12 ] S 58 i B B A W 5% 20 W (Real-time PCR, fii#k RT-PCR) ¥ 34 72 HF GmDIBL1 1£ /A [6) 41 41
DL T RAL TR R IEAKE. RS Actin fENZEEW . Actin 518 GmActin-F (5-CCGGTCGTGAC-
CTCACTGATTTCT-3") M GmActin-R(5-CATCAGGCAACTCGTAGCTCTTCT-3"), GmDIBLI H5|#
4 GmDIBL1-qRT-F (5-GGGCGTTGGATGAAACCAGA-3") Ml GmDIBLI1-qRT-R (5-TCTCTGGTG-
GTCGAGTACGA-3).

1.7 EREHEWHE

VeI E NI K pn | % #84K pCAMBIA2300-35s-dsred-eGFP #EATHEY), I %5 W VI 5 04 7 4 i 47
W, K GmDIBLI K i Be i [nl Wi ™ 9 5 i U1 2 1 /b pCAMBIAZ2300-35s-dsred-eGFP # {4 Jv Bt % [l
W™ Wy AT T 4 N
1.8 ERFEHREHHE

PL pTX2262 A itk , KO-DIBL1-F/KO-DIBLI-R A 5|4#), il PCR 15 2 WU & B 09 1 Be, Il
Golden Gate ¥ )7 5 B 2R #/k pTX2262 & 4.

1.9 040 AR E ke )

AN B 1 B 19 4 i3 )7 31 (Coding sequence, fajFk CDS) F Be4fi A pCAMBIA2300-35S-GFP # /4,
PAFE LA BORL 35S IGmDIBLI 2 GFP Jf 5 AU R AT B GV3101. K 5 A 8 4 BokL 19 A AT T T W T 5 3
AEKRE B AR R Bk b, BE R R G IE W OL IG5 1 d. i DAPT 4 kLX) JH &0k B 3 4
10~20 min, fif F#OEIE R £ 8RS UL 50T R 40 i b i 28 615 5
1.10 XEERBEUESHEEKRNTE

WKRERFRA LR RAAK 1R, M RGHWE TR R RS, 6K SR 707 &4 K E
HER AT AR, B ) 8 4 1) ok 3R 3K 2880 0 5 IR 4 68 480 1 LA R0k 7 25 3 A i A R AR AR AT TR K599 1 %2
A, JFEIER T EA FIREE MRS ZWERESFRE DI AERK 1~2 4 AL P ICE ik
B g KR W &G A 1 d, WBOE LS BB 300 pl IRAE BIRKE IR AL I, T 28 CIHIR KT IR 46
HIEFE 1 ~2 dE AT KB, PR R B T R . KR G4 AE TR 1 em A 457K,
Y11 AT HE v e B A TR SR A K599 BA L CKE B K599 B 1 K 54 1 4 A B A R A R R AR
PSR 10~14 d, B A IR 26 °C, SAMXBE 60%, KHOE 16 h/#K 8 h).

1.11 GmDIBLI XEERBFUESHEERNRELETE

PG, B AR AR, 76 S SR G R R ARG BH AR . RS AR R HURA 1 AR DM 9 BH AR, il BH M AR
FEAPEAR SIBE T4, [RIE 2 BGE 38 BARAR M RNA #E47 RT-PCR LUBG AR % 5 I 7E AR b oo i 360k, $R 03
PRl 2 4 B IR AR 19 DNA 0 77 56 0E DA O 12 866 P BRIk . A 15 U PEG6000 AR BR O B AL &1k, Bl
g HAE 15% PEG6000 AbBE R AR A, R Ab T 24 h 5 47 B8 42 K 5 A ik 4 2.

2 HRE5HMHh

2.1 GmDIBL]I ERZTERELABFESRIE

J TR SRR A I, B PEG6000 4bBE K B 42k 267 41, 4> BIEALFE 0 hy 6 h
12 h R P47 5 SEH I T 8. g5 R FM, GmDIBLI (Drought Induced B12D Like 1) 3£ 7E T 5 Ab
FRAY AR v 3k K B (F 1), ZEERAE T 508 6 h A 12 h B h 3K KP4 53 i 1 477 %
705 45 (E 1b). X —45 R UL GmDIBLIT B & — 5 T 51 S 0y 2 K, v] Ge7E K 2 m iy 5 i
HABEZ/EM.
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2.2 GmDIBLI MM 54547

N T 3R GmDIBLI 3R B FH, LLA B E (https: //www. soybase. org/) H Glyma. 08G250300
WP 2275, Bty iz 5K CDS 19514, M AR5 williams 827 (YR cDNA Sy AR #E1T
W, ZERLARAS K 261 bp B cDNA JEHI, iZF 51 4 i 86 MR IR R R (E 2), S T84 10. 1 kD,
SEHL SN 9. 647, MR InterPro 204 )% (https: //www. ebi. ac. uk/interpro/result/InterProScan/) il , 4%
J R GmDIBLI (2 1 ¥ 8045 & B12D 45 #4381 (IPR010530 Fil PF06522, MEIEER K 6-73) (] 2a) ,
G Panther 4347, GmDIBLI1 J& G-box &4 & 1 (PTHR33417). TMHMM 43 # & /8 1% 8 11 5T 51 &
A —A 52 R 3Rk (R IR R FE 10~32), GmDIBL1 & A {5 KF S (1~33 AA), & FS K N-IX (1~
11 AA), fH5 K H-IX (12~25 AA) FIfE 5k C-IX (26~33 AA). 4 Phobius Hiil 45 5H /R 34~86 & 3
122 3¢ Rk 49 i 3 B R X 388 (non-cytoplasmic region). 2> GmDIBL1 & [ i 5 510 B4R 57 . Hod N-3q A1 C-
RSP B (B 2b) . RGEHEAL AT 45 B R GmDIBLL 5448 . SR IF 00 8 40 R B, i 5K A .
FRAF IR Y B12D MY SEZ R RBGE (B 3). LR UL GmDIBLI 2P G-box 454 H 1Kk
PRIy TR R o B 1) T 9] R < e 5 s G EL A B A= 0 ) g

24 000
21 000
oy
2
18 000 g
z
15 000 §
g
12 000 &
Q
(=5}
9 000 of'
(=]
=
6 000
-—< (\1 -—1 o
O T 4 % 3 000
2 8 8 a4 A a
S = = 9
h
a BEEFXELAE b, EERATUEY

B 1 GmDIBLI EE 7 PEG6000 b IRH ‘4K 26" KEHEHMRPHRIETH

2.3 GmDIBLI MR EHH

LR 2GR R AR A B B R D e 0 R, A T W GmDIBLI R R A REAE, Bl RT-gPCR
R 7z B R AE R AN ) 2 8L B B 3R GR KO TE T R PSR 58 AR Ak DL B 5K R A A
CH 21D WRURTH R 5 Al C gk 26 ) g Rk 22 5. 25 R WA 4 BTk, GmDIBLI J: e Ko
(&AL LA B AR 3R A . FEMUIE ) R A KT I v T A 2 SR 2R . LR AE AR Hh ) 3R A KT
B, AEZE L ML AR E A KA (B 4a). PEG6000 ARFE 6 h 5, %3 RIAEMR o i 6 38 KB4 Fr ETF . 78
WP 12 b5, IR RO B S (8 4b) . CE T 217 & — AN M R 0 K T R, L —
Xt 5 H AU ) L Rl . GmDIBLI SRR 8 T 217 M 19 3k KO 35 8 T AR 267 R P 2k KT
(40>, XU R U] GmDIBLI FEF & — R, BB MM AR BEN, Z T RFFRE, ATRRIEDL/ T
T 5 aE B AR .
2.4 GmDIBLI1 04 R % i 3 17

T 53HT GmDIBLI (420 M58 A RHAE . #4427 M5 Rk GmDIBLI &1 eGFP il 5 55 K 04 1) 3 35 AT
HEFT T RO By R 23R S0, A FHEOEIL IR A BB T GFP F5 e v, 45 %R, GmDIBLI .
GFP {555 DAPI £ (55 E & . DAPL ALYk, UM GmDIBL1 BA 40 A i (F 5).
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1 86
40 60
MGRYMKPEVYPLLAANTFYTGHNCVEQLTRNVLGNPDVRINKTRRSHAVLENREEGEKYAEHGLRKFLRTRPPEINPTINHFF SEDK

¥ Family
[ iprotos3o
PEOG522
¥ Unintegrated
G-BOX BINDING PROTEIN PTHR33417
v Other Features
PHOBIUS: SIGNAL_PEPTIDE_C_REGION
PHOBIUS: SIGNAL_PEPTIDE_N_REGION
PHOBIUS: SIGNAL_PEPTIDE_H_REGION
PHOBIUS: SIGNAL_PEPTIDE
Non cytoplasmic domain PHOBIUS: NON_CYTOPLASMIC_DOMAIN
] TMHMM: Thhelx

a. InterPro¥N|{IGmDIBL1 & [ iy £ 4415

LA PIoRN R VR PEV Y PLIJe AMe FV T MY VEQLTRNNGLN PSR TN K2z RIS Vle I LENIS EGEK YAQHWARK Y LR TR PQVM P LN3 F F S{ojo 1) 87
(el =3 PI Bl M GRWMK PEVY PLV K 86
GmDIBL1 : [UIS3NUIS% ARSI K————— 86
=3P N M GRW IR PEV Y PL) N-——m e . 88
ZmB12D : |USASE TG NNTEADK : 94

b. GmDIBL1 S5#{m5+. #8346 FaMEKFBI2DERNZ ST 5 LExT
2 GmDIBL1 F 3447

Glys0.08G225300.1
{ Phvul.008G028700.2
Phacu.008G029600.1

Vigun05g030000.1

68

78 75

37 [ Ca20658
(7)) E— Lj1g0001351

Gohir. A08G055100.1

40

31

Prupe.3G250200.1

AT3G29970.1

MgNONTOL.L0225.1
AHO016584-RA

12 7m00001d022084
—99|: OsKitaake07g221700.1
B 3 GmDIBL1 &R&#H LS

2.5 #BEXRIEGmDIBLI BEFEERRHLEE

R T AT R R I GmDIBLI WY 5L A YA kL, 38 i A4 i R 38 GmDIBLI He R 1A ) 3 35 ik
I N AR AAT B K599, M # 47 K & B 8L 5 4k, i TAL Y Rk A1 T-DNA X B 4%
CaMV 35S Ja 8 F# il GmDIBLI ::eGFP fill &5 BN R IE T, UL Je i 3 9 A5 5 00 i 2 5% 55 11 &
IR, IR 1 RN BARAR AT RS2 B 9T . 45 WoR, BE 5L DN BR AR L A6 T e s & 2 W 2 Y
W55 (B 6a, 6b). #E—254 M GmDIBL1 S HAER L B R P i Rk, S5 RBR, 5L ER
P GmDIBLIT H:[H Y 2 125 KOF- 8 58 22 T4 BB (18] 60). 3k 46 2% SR A A B 5% 3545 48 B K iKGmDIBLI 3
PR A B B DR B AR AR
2.6 GmDIBLI BBERRHVEE

J T AR R GmDIBLT BRI Ak, M H GmDIBLI 3 DX 2 45 19 R 90 36 30K 30 0 5% A B AR AR AT
W K599, #FiMi#AT KRG BAIRMRBAE . BT iZ8dk T-DNA KBNS 14 CaMV35S Ji 8 F# 1l eG-




% 9 rEFE, F. TRAREHKE Gbox 4 HBF GuDIBLI ) %4 Fesh e 5% 41

FP 23580, FE M T 2RENECES. 4R TR, W0 BREE B MIEOLES, W kE
T-DNA X B & i K 5 3 R4 1 IE 8 Rk i L BB (B 7a, 7b). BAE GIRMRMA R 1 &5 3N
BORAR 4k 22 15 3% I 47 356 IR G 4 45 SR 0 (B 7o),

or 3 4
Kk

IS
T

)
T

Normalized fold expression
Normalized fold expression
Normalized fold expression

0

T E % B 2 % 0 6 12 SN D

& 2 4 2 F = "

=z c. GmDIBLIER{E ‘52426 (SN
a. GmDIBLITEFRBHRAREFTNRIE b. FRL4IBEGmDIBLIERMRILTN “EEH21" (ID)yhNFAER
IREERIR 3 WER MR, BIRG T 4Hi A student t-test, * x FR p<0.01.
El 4 GmDIBLI MFZEEXMFELEFHRIETN
GmDIBLI1 . eGFP DAPI BF Merge

B 5 GmDIBLI H48 ff 7E T

Normalized fold expression

T 07T 9 9
g 4 2 2
§ © ¢ ©O
S & B R

¢. GmDIBLITE#:EH
a. BXTRE b. EAETRA FERIRAARIAKE
P ¢ ' Control 875 # I H H AR ; ROD-1~ROD-3 15 #fi i ik GmDIBLI ¥FEMBIRR 14 ~35 . REBFIR 3 RELE R,
BAR G 3H18 H student t-test, * * FR p<<0.01.
B 6 MERiX GmDIBLI FEREERRMIGIE
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il <3
a. AL TR b ZINE TR
GmDIBLI_WT AAAAC TGGAGAACAGAGAAGAGGGAGAG/ /AGATTATGCCAACCATCAACCA GAAAG
GmDIBLI_R2
allelel: AAAACTCGGAGAAGCATGGCAG-———=—=—========———————————— e GAAAG -100bp
allele2: AAAACTCGGAGAAGCATGGCAG-———=—=—========———————————— e e e e GAAAG -100bp
AAAACTCGGAGAAGCATGGCAG == === === oo o - --- CTTCAGCGAGGATAAATGAAAG
VYRV Y /\\J\/\‘ QY WYY WA

¢. GmDIBLIZ K FFIMHREBIER
B 7 &% GmDIBLI EEMERREE

2.7 ERERIMBEMETE

97 Wl GmDIBLI1 B Tedt /i R0 b iy DR . A M 5 338 GmDIBLI1 Kk P AR 2 86 A 1Y
REZE G EHHEAT T 22 5080, 252 WoR, 15208 PEG6000 4b# 24 h J5, #i & %35 GmDIBLI %
HEERRE SREAFEE, M8 ME AR CKL M CK2) F1 3 H B AR E & B B A 2E
(1 8). X —Z5 KUl GmDIBLI JEPTEST /T T 52 Whia b BoA w2 U RE 4 w5 N 3Rk e 08 4 i oK it
.

3 itig
3.1 GmDIBLI 2#E¥HR M B12D EEMEREEE

TEG e R EWR 2R R B R T BI2D &A™, BI2D ZER A EE S S 5 IE WK
B12D 5 B S I H . @ E SO T, Bl2D EH MK EETE 86 1 98 AA Z[al, AL 45 B4 35 B8 fiE. %L
J7 90 A0 22 7 80 e X SR 11 BT AERL Y (9 B12D 2K B A B IR SE e AR 3R I % T RE
F19 B12D AR 1 GmDIBLL K 86 M S Mk, BA 1 AN B RIEGE, &4 BL2D 4585, S5
T ARAE . T A Ok B B12D JF A & BRI, X BEW] GmDIBLI 2 K& B12D WRIEERH. A8
W 4RIE B 7~ B12D BEWE U N Z2 Fp R 5% Bl 38 . 5] 40 M 8% (Rehmannia glutinosa) B12Dg &% %% . GA F13h B
WiF G F K, NE BI2Dg 5T 50 F F£i5 F Y, & 32 (Beta vulgaris) B12Dg fig % Wi B 5
5 FhOK ARG R B R 9 K RS h B12Dg #0BE % 0 R K 1 Ak AW E B R,
ZH B12D JREFHEAXG . W ER . KA PR, 4000 R E . T 2 M & Fh s oe A, 8
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OB-1 CK1 KO-1 CK2 OB-1 CK1 KO-1 CK2

a. AFREPRIEK A K24 h b. 4FAEHEITE15% PEG6000E R A K24 h

P OB-1 8% ik GmDIBL] # 3N BRMWE AR 125 CKEEHAERNBRRE A& ; KO-1 ##kbk GmDIBLI W EBIRRE &
TR 1% 5 CK2 45 95 P i 2 00K 19 5 3 D B AR AR 52 5 1
ES HERERRESEANTHEULE
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