T E U4 2024, 25 (6): 978-989
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240127001

KR AERmE Y E I GmDUF247-111)
val& B e ir

Ak, 3LEH X, TR, AR TR
(B Ip VT N\ —fe B R Bt , REK 163319)

WE RELBMSF T ARK, A TZHEEINTR BRI ZOBERES”, 124 AKX RA LMk
B, il ad 2 B SR B A A AR K S A, RSB A AN B R RB K EFENARBRZ—, R L
B 1 AVRA A it TR R GA 89 R B Glyma.02g271000(GmDUF247-1) . 2% 7% GmDUF247-1 % & .4~ 1 A~ DUF247 & #
e | A5 4 My 3%, ) A 8 3 et 5 BB & & & L GmDUF247-1-GFP @2 4B @ £ fx e tmfinfit £, % % % % PCR 8%,
GmDUF247-1 AR E K BT R R B R &, L RA LB TR E TR, AME GmDUF247-1 {2 K 2304 3 A4 T 445
AR K 2 2IRAR R it KK GmDUF247-1 AW | K I RA B & 25 , GmDUF247-1 34 &k X 8 2R oMkt A
EERENESHTEHMENR, AEE REKAkS ZEIKT AR, 5F GnDUF247-1 AR X & 8 RBHR T 0 LR 54 &
I, H 23T KA 8/ SNPs A= 4 A~ InDels, 7T 4 -F- 80 5 1 52 i B Fo £ KA FH A0 K 69 5 B F 175 T4 55 & £ 5 % ;CDS B &
FE3F LR, GmDUF247- 1" AR A 22| T A RHA Tk, KR T T GmDUF247-1 K B 7 A4z K 284w 248
W, A RABR GmDUF247-1 3 R o fe A= 3 #0458 T AP 5 b

R K 8RS M ; DUF247; S ie 57 3 45 1)

Cloning and Functional Characterization of the GmDUF247-1
Gene in Soybean Response to Saline-alkaline Stress

GU Qiannan, KONG Ruiwen, SUN Mingzhe, LI Jianwei, SUN Xiaoli
(College of Agriculture, Heilongjiang Bayi Agriculture University, Daqing 163319)

Abstract: Saline-alkaline lands, which are found with large area in China, are considered as potential
exploitable land resource inagriculture. Breeding of new soybean cultivars showing salt-alkaline tolerance in
these regions is a way to improve the soybean production in China. Therefore, identification of the negative
regulatory genes to saline-alkaline stress is of interest, and editing of them in elite varieties is able to create new
soybean cultivars with salt-alkaline tolerance. Previously, we found that the gene Glyma.02g271000 (named as
GmDUF247-1) was down-regulated under mixed salt-alkaline stress condition. GmDUF247-1 was annotated

with one DUF247 (Domain of Unknown Function 247) domain and one transmembrane domain, and the
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GmDUF247-1-GFP fusion protein was observed on the cell membrane when transiently expressing in tobacco
leaves. GmDUF247-1 was detected with the highest transcripts in roots, and its expression was down-regulated
under mixed saline-alkaline treatment. Through generating the hairy root composite plants, the transgenic plants
overexpressing GmDUF247-1 showed more wilted leaves, lower survival rates, shorter roots and shoots if
compared with these lines expressing the empty vector. Based on the haplotype analysis of GmDUF247-1 in
soybean population, eight SNPs and four InDels in the promoter region were detected, implying alterations
potentially in the binding of growth- and stress-related transcription. Three haplotypes were identified based on
the coding sequence variations, and the haplotype GmDUF247-1"" was detected with artificial selection. In
summary, we provided the preliminary results on negative regulation of GmDUF247-1 under mixed salt-alkaline

stress treatment, which will facilitate to systematically characterize its function and elucidate its potential in

breeding new soybean cultivars with superior tolerance to mixed salt-alkaline stress.

Key words: soybean;saline-alkaline stress; DUF247; functional analysis; haplotype
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1 MRERE
1.1 RIEHR

KE R A4 50(DNS0) A FC Al L (Nicotiana
benthamiana) . & FT ¥k GV3101 ., 21K K599,
pGreen 11-62-SK-GFP Fl1 pCAMBIA1300-3FLAG 1%
P AR S0 2 LR 5 KIAAT 1 DHS o B AR ) H HE Hi A=
YA B vl 5 BRI N U Spe 1FT EcoR 11 F $8 Bk
KA IR B 2 T AR A T AW TR A PR W 58 i
M
1.2 KEHE
1.2.1 GmDUF247-1EEEYERFESH  7ENCBI
(https://www. ncbi. nlm. nih. gov/) f & 3 T %%
GmDUF247-1 HIE B DUF24 7T AtDUF247-1
M7 B LpSDUF247 #l Bt DLEL . K Z HvSR1) 1Y
FHEBR 7 41 . i 1F NCBI-CDD (https : /www. ncbi.
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nlm. nih. gov/Structure/cdd/wrpsb. cgi) I SMART
(http://smart.embl.de/index2 ) [ 3k 43 £ 1 25 #4358k
FIFH Clustal X 3 F #4720 LR T 51 LU AT

1.2.2  GmDUF247-1 £ H 72 [& & 1L 48 B 7E i 43 17
PR OB AR KN B K E R T, DLg A o 5
3 IR I AR BB W AU A K
) TRIzol 37 HE B RNA Al FH i ME 58 2\ ]
RT-PCR &5 £ (HiScript I One Step RT-PCR Kit) J
5 S A L cDNA, ik WUt B A5 . 6 4 55
¥ GmDUF247-1-GFP-F il GmDUF247-1-GFP-R
(%£1), Ll cDNA N #AR#ETT PCRY Y , PCR G
& Z& 15 uL: 7.5 pL TransStart Top Green qPCR
SuperMix (2x),0.3 uL_F M5 147 (10 pmol/L) ,4.9 uL
ddH,0,2 pL ¢cDNA. KW RN : 94 CTiASE 30 s5
94°CAES s,60°CIR K 15 s, 72°CHEH 20 5,40 MG
R 72 CCLAEM 10 min, B H &9 H B F . F
®1 KRRHAESIY

Table 1 Primers used in this study

H Cell-Ploc (http://www. csbio. sjtu. edu. cn/bioinf/
Cell-PLoc-2/) il UniProt (https://www. uniprot. org/)
I 3 7E 28 T B F00 GmDUF247-1 85 A V40 i /e 7
K JH pGreen 11-62-SK-GFP {f & GmDUF247-1 & 4
STV 24 L 57 A, AR S 8.0 1 (Green
fluorescent protein) , LA B J5 5 CaM V35s Bk 5
GmDUF247-1 3:H ik o F| I BR il 4 P9 Y) il Spe 1
F1 EcoR 1 %} pGreenll-62-SK-GFP # {& XU i V] , 55
GmDUF247-1 JE A Fr Brb A v i 452 o B0 5 1E 6 11
T 2 R RN A0 L 72 137 Marker (AtPIP1A-RFP) 54k,
2 GV3101 RATRAZ A, PRIECHME BT P50 1k e
WA, (T2 44 (10 mmol/L MES 150 mmol/L
AS .10 mmol/L MgCl,) T % OD,=1.0, =il # &
2 h RS A TR 260K, 3 d JE kO
IR 5 158 (FV3000) WL %E GFP Fl RFP 266155,
43 GmDUF247-1 8 [ 1 5E 7

EiLY] SIYFEHI(57-3") Hig

Primer Primer sequence (5'-3") Application
GmDUF247-1-GFP-F GGCGGCCGCTCTAGAACTAGTATGGAAGAAACGAAGTGGGTGG V40 7 A
GmDUF247-1-GFP-R GCCCTTGCTCACCATGAATTCGGGACGAAACCAAGGTCTTGG

GmDUF247-1-qF AGAAACGAAGTGGGTGGTCC SE 9 RE it PCR
GmDUF247-1-qR GCCTTTTGGTTCAACGCAGT

SUB-qF GTGTAATGTTGGATGTGTTCCC ANE-=R95
SUB-qR ACACAATTGAGTTCAACACAAACCG

GmDUF247-1-F GGGGTACCATGGAAGAAACGAAGTG U ST\ A LN (I
GmDUF247-1-R GGACTAGTGGGACGAAACCAAGGTC

pCAMBIA1300-3FLAGR TCTAGATCTCAGGCGCC HAREA S
123 GmDUF247-1 EBE REHERX 44 A TRIzol 752 HUE RNA I 5% 545 i cDNA. )

SoyOmics ¥ 3} (https://ngdc. cncb. ac. cn/soyomics/
index) L GmDUF247-1 £ K AR U i R ik
4 o 43 BUK &R (Root) | 2% (Stem) | F i
(Cotyledon) .M %f (Leaf bud) , = H & ' (Leaf 1-3) |
2~4 J& CBR 73 S7E 55 2 6] 565 3 ] 565 4 TRl O ) B35
(Pod) FIFh ¥ (seed) .3~10 J& 1 F (Seed) 241 21,

T GmDUF247-1 BN H AR K 3 M o $5 K E T
DIEA B fEZE 5 d, 588 2 & 1/4 Hoagland &
TR YK G b Ak 255 952 2 — 19 91, 60 mmol/L
1R A 88 (NaCl,Na,CO, ,NaHCO, fil Na,SO, 4 & /K
Fe1:1:9:918 G, pH=8.9) AL B K G4 , BRI IR
A A FEAREEO o1 h .6 hAr BRI TR
FEREIE T GmDUF247-1 3R 335 5087 o I

GmDUF247-1 3£ K gRT-PCR 5| ¥ GmDUF247-1-qF
1 GmDUF247-1-qR (£ 1), LA cDNA MR 2EF 5 2¢
JE it PCRAGIN A R 5FEIPIR] 1.2.2, % H 3 IE
RELZ M3 RAEY=ER , LK 5 SUB3(Soybean
ubiquitin-3)fE R NS, R A 24 THAR
XFFRIRH

124 GmDUF247-1 EE Y RIEHFREHE
% i pPCAMBIA1300-3FLAG 1 N GmDUF247-1
Yyl IR AR AR 5 A 1) %5 = (Hygromycin)
TR IC R, DA AL S 3l CaMV35s 3K 3
GmDUF247-1 5: 33k . FI ] Primer 5.0 #5115 A
Jig U1 o7 A 1 4R 5% 1 51 9 GmDUF247-1-F #l1
GmDUF247-1-R(#1). Ll pGreen [I-GmDUF247-1-
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GFP J5i ki b A5t 347 PCR 97 14 , 1K 2 5 72 % [A)
1.2.2,7.5 pL 2xEasy Taq PCR Super Mix, AN 35;
Bl GmDUF247-1 3£ K Fr Bt . % pCAMBIA1300-
3FLAG AU , 5 GmDUF247-1 5&R Fr B b4 7
R AL KT R DHSo S 2540 . Pkt PCR
Y AP B TRV, TR AL S B TR 26 A I, I 1
Ty 1Y 5 ki (pCAMBIA1300-GmDUF247-1-3FLAG )
T-20°CHR-AF o

1.2.5 GmDUF247-1-3FLAG EA R EWEM @it
URRNEAL B B 2H Fokl pCAMBIA 1300-GmDUF247-
1-3FLAG ¥ AR A HT B GV3101, 7 5H0H B F
J& 55 48 h,60 h F1 72 h BUkE , 4R BUS & 11, %
Anti-Flag /A E1 T Western blot 41, [ 21 44 4
THERAWERI

1.2.6 GmDUF247-13FF KT ERIRE SATHER
PRSI LR A E A ok p)CAMBIA1300-
GmDUF247-1-3FLAG FIzs 84 ki pCAMBIA 1300-
3FLAG 73 5l 5% A\ K AR AT T K599, kB B 4 5 1
s AL W AR 8RR 24 (10 mmol/L MgCl,
10 mmol/L MES Fl 150 mmol/L AS) % £ OD,,~=
1.0, i R AARAKT B A5 0 B AR AR AL 7L R AR 5
FEHEARAE A AR 1 DNSO K & AP+ DL g
AR SRS dJE BT 5 AR 1 mL ARG R
BURYI , 76 K GG R ST 015 b b 1 7
S B4l AR L W IR I 1 min S5 A5 2 T 9 4%
AR, R AR I SRR 7
o I R PR T 53R 3 RS BEALIE 10 - HE Ak
i3 2 R CTAB A SR UK G BRI DNA, FI I
R E s S 51 % GmDUF247-1-F Fl #5448 51 4
pCAMBIA1300-3FLAGR (£ 1) ##47 PCR %€ . #k
PEEARMIE T 5~8 1~ MR 9~12 em Bk 14~16 cm
B4 A FERRBEL 4> B 4, 2 = 1/4 Hoagland & 57
WP E Y 1 d, 7 0 F 60 mmol/L IR £ Eh i 1 8 75 Wk
HEESR, 6 dJE B K BRI SAE PR 3246
PriE L , AR AR T A 4 i SRR 25 M nifE g ik
SRR AAE SO . WEAAHE KT E
DRAR B = AR, AR A R =y AR O A
HRAG A A K = (b BSR4 BEFTAR 4 ) /4 B
FITAR A < 100 M 5 A X AR K = (b B A g - Ak B
MR 5 )b BR R RE 25 <1002, SEEG AR5 B 3 AR
FEE IR EE PRI A FR R 124>
FEA

1.2.7 GmDUF247-1ER7E B4R PR BER S
#r FH SoyOmics (https://ngdc. cncb. ac. cn/soyomics/
haplotype/) 53 12 1 3000 73 R A 5 9% 5 2 0 ¢
Kot R H GmDUF247-1(SoyZH13_02G248900) %
1Y) SNP/InDel A5 5 5 4 FU6F 0L it Al 5. 78
PlantTFDB [ 3} (http://planttfdb. gao-lab. org/
prediction.php ) TN AN [R] KL A 8 f5 2~ X (5" UTR Hif
2000 bp) ¥ sk 455 a0 BEECIE[R] AR 28
LU ST ES e i S 22 B NS L B NSRS = 4 NS
i BB, X GmDUF247-1 ZE R 1 S A5 R R4
I3HT o

1.2.8 HIEALIE R SPSS 22.0 H X HE A T
45115347 , #F GraphPad Prism 8 X {F1EA .

2 FERESH

2.1 GmDUF247-1 ZEBR-F LIS

i 17 SMART £ NCBI ¥ 3 43 Hf GmDUF247-1
FAICAGEDUF247 811 AtDUF247-1%¢ LpSDUF24777 |
AtDLE1 I HvSR1"'G5 4y, Y& 4 1 DUF247 4%
Pl ZF P8 X & B S AN 1) DUF247 2544
0 91 22 S R AL 30 N7 R I R — B, LA
GmDUF247-1 2 T 9], 755 49~59 i1 55 118~
13015 565 165~178 1% .55 307~312 {37 2 3£ iR ¥ 51| #H
XFORAT, HEM AT g2 S R PRI RE I A o HeAh,
X4 DUF247 8 Y C ol & A 1A 2242 1R
2H B 5 RSt AR 38, 150 B DUF247 25 11 5E 7 fl I g
AIRE SRR G (1) .
2.2 GmDUF247-1ERRESEBTHMEES T

GmDUF247-1 3 [H 4= K 2814 bp, CDS 4 £
1380 bp, 4ifith 460 12 MR . GmDUF247-1 CDS
4K 4 7 % pGreenll-62-SK-GFP il 4 78 5 44K .
FI R e 72 51 9 547 PCR Y3 , 78 Marker 45417
1500 bp ZeA7 B — 59 14 45417, ST B 1y 7 Bek
J& 1380 bp A4, UL B s 2l (K1 2A) . TR % PCR
G3 M SR DL A A B X BE 3 H 1380 bp
Aedn A, ISR VR R BAR Y 3 257 5 BT B
£, LA H,0 A B BE A UKk 8 B A 9 3 2500 (1A
2B), VLW EE 4 ORI A RS o OB IR AR W iR
WML R (B 2C) , 71 A RFPARZE 1 AtPIP2A 25
F7E 1 ARG 31 9% % , GmDUF247-1-GFP %56
5 RFPUOEREE A, & GmDUF247-1 & (v 7E 4
JHJEE
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S TR B R IR ST AT 5 T R ORI e SR AR, - IR 2

™

= DUF247 domain

"#1, "«"and ' different colors ' indicate the degree of conservation of amino acid residues in different sequences, among which ' * ' is highly

conserved, followed by '+’
E1 GmDUF247-1F1REIRE B F 5ttt
Fig.1 Sequence alignment of GmDUF247-1 and homologous proteins

1380bp

HARERS it {S TS

Merged

GmDUF247-1-GFP
+

AtPIP2A-RFP

2 20 jum |
A:GmDUF247-1 3K PCR 4 #4558, M : DL2000 Marker; 1~5: GmDUF247-1 3£ R4 $#74) ; B: GmDUF247-1- GFPE@&WW%PCR&ML,
— B H,O Xt 5+ i B =0 1~5 : GmDUF247-1-GFP BA 7% ; C: GmDUF247-1-GFP 5 AtPTP2A-RFP % [ 46 B 4 i b iy 3t

FEAL

160
230
156
210
183

345
436
363

448

A: PCR amplification of GmDUF247-1 gene; 1-5: GmDUF247-1 PCR amplification product; B: Colony PCR identification of GmDUF247-1-
GFP recombinant vector; —: Negative H,O control; +: Ligation product control, 1-5: GmDUF247-1-GFP single colony; C: GmDUF247-1-GFP
co-localizes with AtPIP2A-RFP in tobacco leaves; GFP: Green fluorescent protein; RFP: Red fluorescent protein; Bright: Bright field; Merged:

Merged image
B2 GmDUF247-1 %% H 5% GmDUF247-1-GFP 5 AtPIP2A-RFP & B H£ E I 47
Fig.2 Cloning of GmDUF247-1 and co-localization analysis of GmDUF247-1-GFP with AtPIP2A-RFP
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2.3 GmDUF247-1 EFEBARREER ST TR Em T IHAAL, 290210 19158
#£ SoyOmics 5 I HL GmDUF247-1 SRR . RIXEEEWALUEA 2 JHTERFIF 3 J&%
SRR AL R S A, R E e ki AR LA 3 JAFP T, 20 5ok 10 JEFP 72658 5 1
B, HUOR B LA (B 3A) . FIFHqQRT-PCRE: 7.7 .8.1 1 8.12 i, ¥yik B 22 FK - BRAE3 JE 1Y)
ARIHT GmDUF247-1 FERAER GAR 25 0F FERFr  FhFrh Rk i moh, AR U3k i 5 5% 5 4l
FHFRIREN, 25 R E 3B frs, L0 AR P P25 SRR —20, th BN GmDUF247-1 3£ H ]
(255K |, GmDUF247-1 JERE W A AR BEESAE R S AR 4 R 45 RE .

A
| |
0 020 040 0.60 0.80 1.00
SJERIPPT fip-
N Pod and seed Seed
& x}z‘{& \f’éf S T > ‘3 NOS
S > 2 VoK 25 S > 5 ) S S
d\z'b q‘:@é @/&\@/W \OQAé 4g<¢\04@ Oa@ $\b 685 08& \é’ 0@& aaﬁ' e,ae' $©©
§ & I 2 S S
& v b oV > @b o §
k&i%‘q;/// N @&"?‘Q\@%\@@oﬁ\é@
T AT KT B
Germination stage Reproductive growth stage
B
20— Cip2il] AT KB

Germination stage Reproductive growth stage

LiEROP SNy
Relative expression level

N ¥ e 5’ ¥
5 S P 2l 4%’@ & & &* & &“ & @e
6\ S N Vv o v 2 ™ b‘ ™ &
< G z;;g ,\)@‘Z& 6{’\:
N
M JeFuFpr FhF Seed

Pod and seed

A BRI B T GmDUF247-1 BB TER GA R LN 5 B : qQRT-PCREGIE GmDUF247-1 KE R i 4 S 335655
Pl R ] 5 B3RS 22 57t .25 (P<0.05) 5 T I7]
A': Expression pattern of GmDUF247-1 in different tissues of soybean based on RNA-seq data; B: qRT-PCR assays of the tissue expression pattern
of GmDUF247-1 in different tissues of soybean; Different letters in the figure indicate significant differences (P<0.05);
The same as below

E|3 GmDUF247-1 EREAXEARRHAFHRIERN
Fig.3 [Expression pattern of GmDUF247-1 in different tissues of soybean
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24 GmDUF247-1 EFE LB RiXEX D

AHFFER; GmDUF247-1 KN AE 60 mmol/L R4
£08% (NaCl:Na,SO, : NaHCO, : Na,CO,## FE /K [, 1:9:
9: 1 fic il , pH=8.9) ZbH T () ik b 7 b, 4521
W RTEIR A ERE AL B 1 h B, GmDUF247-1 3[4 (1)
FkE B E FEEREFEE A 0.2 4%, 3 HXflF
WRIBEA—ERFL 2P 6 h(E4) . |
Bl UL TR A R A A T GmDUF247-1 3£ [H 3%
ik, HEW GmDUF247-1 5 RAE R G ER i 8 i 2 rh
Al RERFE SRR

1.5

AR R IX R
Relative expression level

Ab3EtE] (h) Treatment time
El4 GmDUF247-1 8 HETER A BEME THREEK
Fig. 4 Expression pattern of GmDUF247-1 under mixed

salt-alkaline treatment
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A Colony PCR identification of GmDUF247-1-3FLAG recombinant
vector; —: Negative H,O control; +: pGreen II-GmDUF247-1-GFP;
2: GmDUF247-1-3FLAG single colony;

B: Identification of GmDUF247-1 protein expressed in tobacco
leaves, Anti-FLAG: Western Blot assays with the anti-FLAG antibody
to detect GmDUF247-1-3FLAG protein; Rubisco: Ponceau S staining

showing the total protein concentration of different samples;
+: CHYR16-3FLAG protein is used as a positive control; WT: Total
proteins from un-infiltrated tobacco leaves; 48 h, 60 h, 72 h: Total

proteins from infiltrated tobacco leaves at indicated time points
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Fig. 5 Construction of GmDUF247-1 overexpression
vector and detection of GmDUF247-1-3FLAG

protein expression

#1380 bp H 145 , 1 /KX BEFI S A & BoRAR
WA 7, UL K G B IR AR Y R0R & H 28 # kA
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AAERRAAR AR A A Ko R S B RRIUM. GmDUF247-1-3FLAG #i #E U Ky 2.9% , % @ 2K T
KA A KR4 6.99%, 1 GmDUF247-1-3FLAG - 25 #iA Xt B (K 6D) . XF 60 mmol/L IR 4 h i 4k it
FERRIH 3.44% W BB T BT (K60). 2538 6 dJR MK EBARME S UMMk AAE R 7503,
TR AR B BR 5 A O AR K O 4.67%, 1 RIS SRR R A TG 2R N 97% , 11T GmDUF247-1-

A
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A KEBRARE A AHFE PCRAGI , M: DL2000 marker; —: H,O Xt 8 ;+: GmDUF247-1-3FLAG Jithi ; EV : 45 3R K 5 B ARMH IR 5
1~10: 1 3K GmDUF247-1 KIZBMRAAE ; B : KBRS A RRIRER AL FLRT S M HTE SRR ETB A, XTER : 0 mmol/L iR 45 4 b 3,
Ak B : 60 mmol/L{R-& Hh AL B ; C D B : RETBIAR 60 mmol/L{R-GERHAEBE T 6 d MM BRI FIAEG 3O A K s ARSEIR I 3 YA Wy
HIL, IR A PR HAA B E 12 A, oo ROR 22 574 .3 (P<0.001)

A': PCR identification of soybean hairy root composite plants, M: DL2000 marker; —: H,O control; +: GmDUF247-1-3FLAG plasmid;
EV: Empty vector soybean hairy root plant; 1-10: GmDUF247-1 overexpression soybean hairy root plants; B: Leaf morphology and root
morphology of soybean hairy root composite plants before and after saline-alkali treatment, Control: 0 mmol/L mixed salt-alkaline treatment,
Treatment: 60 mmol/L mixed salt-alkaline treatment; C,D,E: The relative growth of root length, plant height and survival rate of soybean hairy
root composite plants under 60 mmol/L mixed salt-alkaline treatment for 6 days; Three biological replicates were performed with 12 plants from
each vector and each treatment. *** indicates significant difference(P<0.001)
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Fig.6 Salinity tolerance analysis of soybean hairy root composite plants
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Fig.7 Haplotype analysis of GmDUF247-1 in soybean germplasms
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