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Abstract: Double haploid techniques have been widely used to accelerate plant breeding, and in recent
years, maize (Zea mays L.) lines containing mutations in the membrane protein (DMP) of the functionally
unknown domain DUF679 have been used as haploidy-induced lines. In this study, soybean DMP genes with
more than 60% homology with maize DMP gene were searched and bioinformatic analysis was performed. The
molecular mechanism and biodiversity of GmDMP gene in soybean were investigated by using 2214
resequencing databases. The analysis results show that: GmDMPI (Glyma. 18G097400) and GmDMP2
(Glyma.18G098300) have high evolutionary affinity with maize DMP gene. The full length of genes is 645 bp,
the homology rate of amino acid sequence is over 95%, and the number of encoded amino acids is completely
consistent with the isoelectric point. The phosphorylation distribution differs at only one site. Both GmDMP1 and
GmDMP?2 genes have the same domain DUF679, which is more likely to locate in the ER, and both are
transmembrane non-secreting hydrophilic proteins. There were 3 and 1 non-synonymous mutations of GmDMP1
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and GmDMP?2 genes in 2214 germplasm resources, respectively, consisting of 3 and 2 haplotypes. GmDMPI™
has been strongly selected during domestication, and the mutation site of the GmDMPI" and GmDMPI™"

haplotypes is located in the DUF679 domain. It is possible to obtain a haploid inducible line by mutating two

DMP genes in soybean, thus shortening the breeding life of soybean.

Key words: soybean; GmDMP1 ; GmDMP2 ; haplotype analysis; haploid induction line
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225 BERUAIR EORBERARAEWIRNE BB, 45158 0.477.0.985.0.827, GmDMP2 3
BN —, SESE S AR AEKE A 3RO B AR BRI A5 44,
B MIIENLIEA TR, GmDMPI M GmDMP2 — HIShY13.Y76.Y117.Y118; 1R PRBE R AL (7 5 AT
SR G RR P9 B BB AL AL 5 M & SR 8 Bir - 144, 40 511 o T18 ., T25.T49, T53 . T62 . T64 , T67 .
INo GmDMPI I:A 30 MHERRALA &5, B A BR MR T82.T86.T106.T122.T146.T169 . T204; 22 %4 Fk
LS 4, B Y13.Y76 Y117 Y18 2 BRALA A 134, 70 5114 S29.S30,S51.S54 .S74
PR W R AL 67 S5 AT 144>, 73 512 T18 . T25.T49 . T53. S99, S108., S154. S164. S186. S196., S197. S213.
T62,T64,T67,T82.T86.T106,T122,T146.T169,  GmDMP2 "} 22 % FR W FR L 51 15t GmDMPI ()42
T204; 22 A FRWEFRALAL AT 127, 4330 S29.830,  ZAIREERRAL A7 52—~ S197, Ik 18wy
S51.S54.S74.S99.S108,S154,S164.S186.S196.  fii i 5 GmDMPI ) — %, 43 % 2~ Y118 (0.477) .
S213, HHrY118.T122 . S54 7Efirfafi s rh kiR fb  T122(0.985).854(0.827).
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Fig.8 GmDMPI and GmDMP?2 protein phosphorylation sites

2.2.6 KE GmDMPITIGmDMP2AIF&ALRFE  FRiBEIE LR GmDMPI F GmDMP2 FER ¥4 H 1k
B FRIE S K412 A Phytozome 19 R 5 B4l 76 haRik HITEMR (B Rak iy, HUth H 4L AR
Tbtools FXAF4 1% H K G GmDMPI F1 GmDMP2 X ik, GmDMPIFEUG AL 5 AL IR 3Rk 1 5
AE LR AR FR 57 (K1 9) . Phytozome F GmDMP2 ,BEUEAIZA K,
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gene expression in soybean tissues
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Table 2 Polymorphism analysis of GmDMPI and GmDMP?2 genes

AL AIERIT A2k
FEIK 44 FR ZRARIE I Base change Amino acid sequence change
Genename  Mutation type {3745 (bp) T RARHHAE a5 (bp) SRR RAZE LR
Site The original base Mutant base Site The original amino acid Mutant amino acid
GmDMPI A fm] X5 +61 C G +21 it 2R IR
A fm] 57 +76 C G +26 SR SR
Ik R X geE +431 G A +144 Ha R
GmDMP2 Ak IR A% +454 G A +152 ETERN I SRR
A
GmDMP1 GmDMP?2
|¢————Promoter T CDS ———»| Je———— (DS ——
ATG I | TAG ATG TAG
] —
- = / /
o Z / 1454
+61 +76 +431 G/A
(C/G) (C/G) (G/A)
[Pro-Ala] [Ceu-Val] [Gly-Glu| ANNO nonsynon
AN—NO nonsynon nonsynon nonsynon ymous
ymous ymous ymous
POS 10065390 10065405 10065760  Number POS 10205652 Number
REF (ce: €e REF GG
ALT GG GG ALT =
H1 e (o 1526 - 1990
H2 cc e 77 Hl
H3 GG GG 28 H2 AA 210
B GmDMP 11 GmDMP "2 GmDMP 113

38%

@

59%

67%

GmDMPZH 1 GmDMPZH 2
m YA K G Wild soybean
HiJ5 5l Landrace

13% ‘
W EF SRk Improved cultivar

A:GmDMPI 55 GmDMP2 L H SAAE RT3 B: GmDMP1 55 GmDMP2 SEHAENTF A= KT ARk KT 7 R ks KT s 75 B e 11 43 i 2
A': The haplotype analysis of GmDMP1 and GmDMP?2 genes; B: Distribution frequency of GmDMP1 and
GmDMRP?2 genes in wild soybean, cultivated soybean local varieties and cultivated soybean selected varieties
10 GmDMPI1F1 GmDMP2 BAEEI 1
Fig.10 Haplotype analysis of GmDMPI and GmDMP2
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59%, 33 K E1E T AP i b 31%, BF AR KW
10%. 1l GmDMPI"F1 GmDMPI1"" SAE R AEAE T
ek, kb GmDMP I35 R S 17 R 5
67% ARG K GIEE MR H 33%, GmDMP I 335K
ST SRR 38%, 3R B K Sk E SR 62%.
RINZIE KD B b 2 8 TomBsk s, Mtk

%3 GmDMPIS GmDMP2 £ H & B SRS 1ER

T, GmDMP2FERTH K G SR K G R ALY E
(7[R e N o N [ RE i3 s N i et )
G S KA BR AL, B IR R T
GmDMP " A5 RSERISAE 54~76 bp B T M5
NRLEFIZ A1, Hx i SRR AR (R 3) . T
DIRZAT A AL ] RE F EORAEAE T RIIRRI A

Table 3 Changes of haplotype characteristics after GmDMPI and GmDMP?2 gene mutations

LA BT FHKHE ER AR EREZIIN BERR AL A

Gene Haplotype Hydrophilic Domain Signal peptide Phosphorylation site

GmDMPI GmDMPI™" FAKEA 5Z5RIN A5 A5k 5SH RN 5
GmDMPI'™” KN H5S5RIN A5 A5 Bk 5S5RINA—5
GmDMPI'® KN Z— NS HLE R 8 (54~76 bp ) PR R0 H5Z5RNA—5

GmDMP2 GmDMP2"! SRKEN 5 HA 8 BHERZ)N Y52 SN —3
GmDMP2* FAKEA HSEIENA 5 Jefs5 ik 555 5L 3

3 3t % % DMP ()[R V5 3% [ GmDMPI 5 GmDMP2. %4

3.1 1EYBREEEMEA G

JE IR D) 75 Tl AR 2K 4M I DNA 5 A S FE
Py DR 2 v S B R 58 (A R, (AR PRI R
W FRIREPAR R B R E R E A+
Oy A%, NI 18 B K 2 8 A ity ZE T AR AR A A st )
MR B ARANE R GG o R AR T B, B R
AT E o = RN ol = N R i = X 16 - N AT
Prasi ke ) 2 A R AL T E B A EOR R
R sh R el A B TR S ERReR . EidiE
WE SR A RS S R RO R E 2
Pio VEPEASIA™ A 10 ) 1k B A2 B IR 3R |
NSRBI EHOR . BAGIARAEARAE J H
SRR ERARERS, ST BESE 4
A2 G SRR 7 A AR AR AR B R B
Jaia F/INE TR IR AR AN EE 2 K FE ™ KRR
EVEY T AR TR O NP R
Zz N 38 FH A 2% 2 S B R AR AR T B R A
Y
32 XKEDMPEREEFXFFESER

DMPREH ) BIFRE T SR B R e =,
2 (VR R T 2 3 BB RS 2 R AR
S5 50 F FPAERR I B AR, NI ek A TS & Fhor
%, SPGB 1] 55 A AR A S AL 1 AR
R DMP KL H 4 DUF679 45438, , AL I
218 AEY = A BRI AR , S PR A PR
B BRI R 2 — o AW 5E 7 K G i 3k o A~

o AEWE B o M ke B A SE R 1) Th g5 25 F A7
TER =5 WAL, 34 4 it DUF679 45 Fa I I 26 11 o
HEARA 2B e B A B A 2 791 5 B0k
FAST H B RIISE R AL A 1Y DMP SE R P 5
— R UL HCEZ S R BGE . Ml WL GmDMP1 5
GmDMP2 BEPR e AL T N 5 I vp i T B R, T 7E
FOKH DMP 1 [) 5 35 PR 11 0 A0 5 BS540 kA
BT LA [ Y DMP 528 A REAETE D RE 24 5
R AN U85 B i 2Rk 4 B As iz SE R
AL EIE X 5 K DMP IEIRALEAL A B h 32k 45
A3, K & DMP R T R B2 7T B 5%
WA AE ) 32K NI 75 5 T BRI BAAR IR 7 A iR
B, KOG A FE R i 1 2 REPE S R i i 5 A e
FORLE T SR RN B SRR AR R
DMP 3ER Z 8550 11 & LS A8 J& GmDMPI™ Hf%
RIZERIR 2t — A BE RE2 H 3, W9 & IR £k DMP
B 2R g T AR R %0
SRR AT BB IR K & AR IR i 0K Ja
S0 3 A S0 0] S A EA T — 2 WE Y BE . %
HEHEM AN 2RI TR GG EM TR T
BEIWEFE 7 0] DMP SERAE 57 55 00T A )
HER A 5 BRI T RE " R A FAE Y B
AR T B e R G AL 58 5 R K A [ 4 4t
B

4 ZEig
ABFST I 31 % 1T 5 S R bR 2 19 DMP SE A
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AT RS RIEEE S 2R, 315 GmDMP1 5 GmDMP?2
HH, “HNEATH LR S =4
SERIEAR— 0, MR 95% LU L. Zad AvifE B
E TR, GmDMPI 5 GmDMP2 35 R 4 i5 1)
M8 T B A A b S5 K B 1, SN E TN
JoT R A AT e R R . AR BRI B Z W R R Gk
AR DL S G i 91 A 22 BH K G0 DMP JETR 5 £
KEEVEWAIAET] — 73 b RG R R KR FIH
2214 Gy 8 I R R X GmDMP1 5 GmDMP2 3 [H ik
11 Z 050t RIS L R 43 G AE D B 0 B R
BT 3AFAAEF SCGAE  JE R T 3 R 2 B
R I 58 J5 PR R R K M S5 M IS R A T
XA TS 5] B A GmDMP I SAERIZ T 1/ 54~
76 bp M RRAS Y2 A1, HAR 5728 I (R B B AR
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