ElaZA

1 K & # % Soybean Science 2024 ,43(6) :695-707
E! http://ddkx. haasep. cn DOI.: 10. 11861/j. issn. 1000-9841.2024. 06. 0695

REWER D XEKEAE2EFNALERMEHES

AHE 328, 7088 .5 B AT E 4 F

(1. TR R R G AW AR Z B/ B AR KA RGN R G, B B 650201 ; 2. )7 K% L dn Bl Be/ 4 7 st A%
AL RUET O/ T AR A RIS I 5 o TR E AR, TR TN 5100065 3. AL ARMENEBE MAIIESITRIET WAL 41 %% 050035)

# . UEIRHE D(Phospholipase D, PLD) S 3L PIBASHR (Phosphatidic Acid, PA) 76 A 1 % 75 A1 36 W 1 ) 7 £
RGN, HAT AR T PLD 3EB SR MR AT 3 — A T 5k o 0 4 6 0 985 7 1
AR 2L AU HT 7% 28 A GmPLDs (33£S Hy 26 1 (RS R 2 Mok 362 1 1 28 55 2 75 0 3% 26 A7 B
5% R qRT-PCR J7 4 T SE B4R A T 122k it . 4502200, KT PLD SWESEI AN 76 16 43tk I, Hr B
GHIER T PLD S GO TP i T R IR, LB A B AN 57 GmPLDs 76 AR 418U 1y i A7 4 22
R A TR FTE AT 77 GmPLDs FUAT % AR YuMa MM R A RIS ETIAE, qRT-PCR 407 75,18 4~
KT PLDs LA H W0 7 5 55 1, 0T AR 15 o i Hh Wt 5 5 5 A 7 I 4k o 3 P 4
YRR AR, I AR AR G GmPLDs SEP LA T LR

S KT IR PLD S8 5 Eh it
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Abstract; Phospholipase D (PLD) and its product phosphatidic acid (PA) play important roles in the regulation of plant
growth and development and stress response. Currently, the study of the PLD gene family in soybean is still not comprehensive
enough. In order to further search for potential candidate genes related to soybean stress resistance, we used genome-wide
analysis to study the gene structure, protein conserved domains, collinearity and phylogenetic relationships of 28 GmPLDs.
And the expression levels of genes under salt stress were analyzed by qRT-PCR. The results indicated that GmPLDs were
distributed on 16 chromosomes, fragment duplication played an important role in the expansion of the soybean PLD gene
family. The gene expression pattern analysis showed that the expression of GmPLDs varied in different tissues, and the
promoter cis-acting element analysis showed that GmPLDs have potential functions involved in abiotic stresses and hormonal
pathways. The qRT-PCR Analysis showed that 18 GmPLDs expression was significantly up-regulated by salt stress induction,
which may be involved in soybean salt tolerance stress. The results provide theoretical basis for the analysis and cloning of
soybean salt-tolerant genes, and provide basic information for mining GmPLDs in response to abiotic stress.
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1 BT PLD EEZKEMERE ZFRFER ID
Table 1 Gene name and gene ID of Arabidopsis

PLD gene family

FLIK Z PR Gene name H:IH Gene ID

AtPLDal A13g15730
AtPLDa2 Atlg52570
AtPLDa3 At5625370
AtPLDad Atlg55180
AtPLDBI At2g42010
AtPLDB2 At400240
AtPLDyl Atdgl1850
AtPLDy2 Atdgl1830
AtPLDy3 Atdg11840
AtPLDS At4g35790
AtPLDC] A3gl6785
AtPLDL2 At3g05630

1.3.2 X2 PLD B AR FH
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FPAIHEXS S 2R GE % B 4 M, R SR AR ik Al &
1 000 YK 542 [ bootstrap MK, i f ITOL 47
RGERF IR

1.3.4  PLDs A B ¥ R B 25 M Ao 4R 7 245 M 38 oA
FIFH TBtools 4341 PLDs B[ i 5K 2544 A1 Al
W& T R O7 & AR . A TBrools A1 GFF3
SRS PLD HEPR G065 28 A 1L b1 i B A 45 44
[, ] ] NCBI CDD ( https://www. ncbi. nlm. nih.
gov/cdd/ ) Tt & (AR SF 25 #4453 3 TBtools %K {4
X EE SR EA T T AR AL HE

1.3.5 F&EhKElEELXMESH M Phytozome
Bl 22 AR I PLD 35 DR G205 18003 1 G 8 Ak ) BELA57
‘& 18 F TBtools H'AY One Step MCScanX Ji {4 X K
SLIA TR 45+ AT S L 3 A, JF 6 Advanced
Circos R FHEAT AT AL, 0 THRER GmPLD EE H
)5 32 B %07 30, [T MEGAT0 B9 2 Ka/
Ks IR A EA PLDs B0 AER X (Ka) #1
i) X (Ks) B2 p LA,
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& 1 (wifoliolate leaf ) F1 4£ ( flower ) ) FPKM
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2 H 11 AN 739 GmPLDal ~ GmPLDad 1 5 H:
U AtPLDS , A7 6 N [FIESE ], 430 & GmPLDSI ~
GmP-LD86 ; APLDB A 5 A~ [a] I % A, 4 51 &
GmPLDBI ~ GmPLDBS ; AtPLD{ 45 4 SRR LA, 73
SZ GmPLD{1 ~ GmPLD{4 ;11 AtPLDy FE R G H AW
ANFIEIED A3 GmPLDyl Fl GmPLDy2( 35 2) .
K PLD K& R 520 9 5 2 10 38 40 M 5T 43 B
SERANFE 2 s PLDa3 1Y 28 5L % 7 91 J i, M
265 A, FHXT 4 F BT o 30. 32; s K A LR

PLDE3, HAKJE Ry 1 126,47 F 10 127. 84, H %
L5 pl 4 5.48 (PLDal0) ~9.36(PLDLL) , iR
SR B M 32.95(PLDyl) ~52.89(PLDy2) , JENi &
%04 70. 79 (PLDB4) ~89.27(PLDa8)

it FH B KA SR 4 R S UL T /9 PLD ik
R GRS R BN 1 iR, PLD 3R FK 5 5
I3 3 A3 3, A0 TN AN, AR T F T iy
LR HEA, T A 11 A 6 AN, 4rWrds
PR PLD FEH ARG R i 80 T 401k

%2 XEHPLDs ERELER
Table 2 Physicochemical properties of protein coded by PLDs gene in soybean

- 2E D HAKE Vi AREERE Ml RE FERI
Protein Molecular pl Instability Aliphatic Gene

Gene name Gene ID

length/aa  weight/kDa index index location
GmPLDod Glyma. 07G010900 769 88.23 .11 41.17 77.97 Chr07 :830442-834361
GmPLDo2 Glyma. 08G194100 776 89.34 .23 41.21 78.14 Chr08 ;15635255-15639129
GmPLDa3 Glyma. 13G351100 265 30.32 .92 39.05 76.23 Chrl3:44037497-44039749
GmPLDo4 Glyma. 15G023500 759 87.08 .75 41.41 76.17 Chrl5:1855930-1859297
GmPLDaS Glyma. 06G068600 826 94.26 LT7 30.27 80.70 Chr06:5257870-5262176
GmPLDa6 Glyma. 06G068700 821 93.47 .16 38.27 80.95 Chr06:5264110-5268817
GmPLDo7 Glyma. 15G008500 711 81.22 .01 44.00 84.60 Chrl5:679167-684356
GmPLDa8 Glyma. 15G008400 464 52.65 .12 42.38 89.27 Chrl5:674148-677358
GmPLDo9 Glyma. 13G364900 807 92.08 .90 41.36 86.22 Chrl3:4511980445125074
GmPLDal0 Glyma. 07G031100 809 91.55 .48 42.06 82.20 Chr07 :2461422-2465693
GmPLDall Glyma. 08G211700 788 89.30 .49 40.63 81.66 Chr08:17098304-17101929
GmPLDBI Glyma. 03G018900 759 85.05 .72 42.49 75.13 Chr03 :1886323-1892076
GmPLDB2 Glyma. 20G049900 291 33.65 .80 41.34 85.15 Chr20:10146547-10150981
GmPLDB3 Glyma. 07G080400 1047 117.36 .63 45.54 74.00 Chr07;7312326-7319873
GmPLDB4 Glyma. 02G093500 1106 124.09 .63 47.80 70.79 Chr02 ;8320962-8329508
GmPLDBS5 Glyma. 18G288600 1097 123.22 .64 46.15 71.00 Chrl8 :56840392-56849007
GmPLDyl Glyma. 01G215100 853 96. 10 .65 32.95 80.53 Chr01 :54579927-54585779
GmPLDy2 Glyma. 19G034800 291 33.87 .06 52.89 71.99 Chrl9:4609484-4611782
GmPLDS1 Glyma. 05G168300 857 96.97 .24 36.19 83.36 Chr05 :35880139-35891738
GmPLD52 Glyma. 08G126700 857 96.94 .22 33.77 83.48 Chr08 :9760165-9769637
GmPLD3 Glyma. 01G162100 864 98.12 .56 35.47 79.22 Chr01:50010864-50019215
GmPLD&4 Glyma. 11G081500 866 98.44 .56 35.12 79.61 Chrl1:6113533-6121086
GmPLDS5 Glyma. 04G020400 847 96.10 .94 40.68 79.28 Chr04 :1603208-1610515
GmPLD6 Glyma. 06G020500 847 96.41 .09 37.96 79.50 Chr06 :1546982-1555296
GmPLD{1 Glyma. 10G150200 350 39.56 .36 51.21 73.43 Chr10:38559851-38564099
GmPLD{2 Glyma. 20G238000 1120 128.45 .85 39.75 83.66 Chr20:46972127-46987629
GmPLD{3 Glyma. 09G041400 1126 127.84 .31 45.50 81.68 Chr09 :3462604-3475431
GmPLD{4 Glyma. 15G152100 1123 127.63 .28 45.09 82.24 Chrl5:12613311-12626308
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Fadal, SR I ANE (& 3b) o
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2.4 XE PLDs EEBHTFHIRK TS

FIF PLDs B[R4 B 1iF 3 000 bp J3 51 15l 5t
LICHE . 7€ GmPLD S5 8 X M85 16 A
APETCIE, Horr, 8 87 P A e — S 6 W Te
(light-responsive element ) Fl /& 7 7 & 2 il JC 7
(circadian control element) , 32 B PLDs B:[H 7] GE S
5E5 %%, Al FIRAE— L 50EL Rk 4
K TG (endosperm expression element) 434 2H 214
S FIE IO (meristem expression element ) LA K
K 7 A A 95 T F (zein metabolism
Ub AN, 55 AR A Wy 3E AH OC FiAR

regulation element)
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