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Bioinformatics Analysis and Gene Editing of Soybean SDP/ Lipase

GU Xinru, LIU Xinyu, HAN Xuda, ZHAO Changjiang, FEI Zhihong, WEI Jinpeng, XU Jingyu" , LI Zuotong"
(College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: Triglyceride lipase (SDP1) is a lipolytic enzyme, which plays an important role in plant development. In order to
explore the biological function of soybean SDPI gene, we analysed the evolutionary relationship, conserved motifs and cis-
elements of soybean GmSDPI genes analyzed by bioinformatics analysis method. We created the soybean gmsdpl-1* mutant
by gene editing technology, and analyzed its editing events, oil content and fatty acid content. The results showed that four
soybean GmSDP1 genes were closely related to dicotyledonous plants, and the conserved domain and protein secondary
structure were highly similar. The promoter region contained stress-resistant and hormone-related regulatory elements.
Analysis of the expression level of GmSDPI in different tissues showed that GmSDPI was highly expressed in cotyledons .
leaves and flowers. We created the gmsdpl-1°* mutant of soybean Willimas 82 using CRISPR-Cas9 gene editing technology,
designed a specific target targeting the target gene GmSDPI-I1, and constructed a pGES201-GmSDP1-1 knockout vector.
Through hairy root transformation test, the editing efficiency of hairy roots of positive soybean reached 56.52% . The results of
stable transformation of soybean showed that the editing efficiency of T, gene editing positive plants was 1. 5% . Further
JCR

phenotypic analysis of gmsdpl-1"" mutant showed that oleic acid content was significantly reduced and linolenic acid content

was significantly increased. The result provides a reference for further study on the function and regulation mechanism of
GmSDPI gene.

Keywords: soybean ( Glycine max L.); SDPI gene; CRISPR/Cas9 technology; bioinformatics analysis; tissue
specificity expression
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WA AFR R R K G GmSDP1 M, At. $L85 IF (Arabidopsis thaliana ) 5 Ah. 65 (Arachis hypogaea ) ;
Bna. J3% ( Brassica napus) ; Bra. 3¢ ( Brassica rapa) ; Gh. fiti A ( Gossypium hirsutum) ; Gm. K5 ( Glycine max) ;
Je. WRRUB ( Jatropha curcas) ; Re. BE WK ( Ricinus communis ) ; Csa. YU JKFE ( Camelina sativa ) ;Si. 2 Bk ( Sesamum
indicum) ;Ha. [i] H 3% ( Helianthus annuus) ; Nt. ¥ 5 ( Nicotiana tabacum ) ;Sb. %5 (' Sorghum bicolor) ; Os. 7K F&
(Oryza sativa) ;Pv. FF R ( Pistacia vera) ;7m. EK( Zea mays) .

Note: The red font represents soybean GmSDPI protein. At. Arabidopsis thaliana; Ah. Peanut ( Arachis
hypogaea) ; Bna. Rapeseed ( Brassica napus) ; Bra. Eurasian plan( Brassica rapa) ; Gh. Cotton( Gossypium hirsutum) ;
Gm. Soybean ( Glycine max) ; Jc. Jatropha curcas; Re. Castor( Ricinus communis) ; Csa. Camelina sativa ; Si. Sesamum
indicum; Ha. Sunflower ( Helianthus annuus) ; Nt. Tobacco ( Nicotiana tabacum) ; Sh. Sorghum bicolor; Os. Rice
(Oryza sativa) ; Pv. Pistacia vera; Zm. Corn( Zea mays).
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Fig.1 Phylogenetic tree of plant SDP] gene family
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Table 2 Physical and chemical properties of GmSDP1 protein

RO R 4y F i SEHLN Bk TV 41 5 Ao
4 A M oiL /I 4] JEM.
% HRE G o A
K Molecular Isoelectric SEH(E Subcellular
Gene Gene 1D Chromosome
N Length/aa  weight/kDa point GRAVY localization
0.
GmSDPI-1  Glyma. 02G190000. I Chi02 805 91.037 8.57 -0.289 SNAERZ AT -k
GmSDPI-2  Glyma. 106105200. 1 Chr10 854 96.187 7.67 -0.346 ANAEAZ T Sk A4
GmSDPI-3  Glyma. 19G132900. I Chrl9 840 94.561 6.39 -0.302 g1k 2N R o
GmSDPI-4  Glyma. 03G130900. 1 Chi03 844 94.826 6.39 -0.285 A% PP A T
2.3 GmSDP! ERGEHMMETFTEF S A E IR IR N, H 5 e BE DR ST 1Y 1R s il

GmSDPI ~4 SR Gt ) R B & A 2 M85 TP (GXSXG) , HIE MM &S A 22 7 (K 24) .
5. —AJ& C Ui DUF3336 (PF11815) 258938, i Z3#T GmSDPI W3k 2548 &AM i F-E0 3 3 4
143 ~227 NS A ILRFRIL AR, HA KA YI6E; (B 2B) , 4t GmSDP1 LR 17 51 ik A7 L % 52
B—A 2 N ¥ Patatin (PFO1734) 45 F4k, 1 224 20 DNARIZEAARSF L (motif) (18 2C) 4



A OHNEE R TE DTG SDP A= )15 8 2% 43 B R L B 4 i

57

2.4 GmSDP1 EBHRZHN=FKLEHTN

K& GmSDP1 #5 [ i) 225 A i 25 R n 5% 3
FIE 3A BN, - 88 05€ 5 G- 8 1% 43 A o B Y AE 1
—EES . oMEBE N 47.51% ~49.69% , oI %:
i 35.90% ~38.76% ,HEK4E N 8.57% ~10.31% ,

A
1 91 225 232 434 805
GmSDP1-1
92 227 234 854 | ] DUF3336
GmSDP1-2 I
1 9 226 233 840 [ Ppatatin-like phospholipase
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GmSDP1I-2 : e wsu upstream/downstream
GmSDPI1-4 _, ) e S =S ) N — Intron
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Note: A. The conserved structural domain analysis of soybean GmSDP1 protein; B. The gene structure analysis

ps
ul

GmSDP1 & 114

of soybean GmSDPI ; C. The conserved motif analysis of soybean GmSDP1 protein.
2 GmSDPI KM RRTFEMEH EREMINMRTFEF S
Fig.2 Analysis of conserved structural domains, gene structure and conserved

motifs of GmSDP] family members
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Table 3 Amino acid number and percentage of secondary structure of GmSDP1 proteins in soybean {7 .%

HEHRA a-BRE A 1L SEACHE AT L BRI TEHL L it 5 b
Protein name a-helix percentage Extended strand percentage B-turn percentage Random coil percentage
GmSDP1-1 49.69 9.57 4.84 35.90
GmSDP1-2 47.54 8.90 4.80 38.76
GmSDP1-3 48.81 8.57 3.93 38.69
GmSDP14 47.51 10.31 4.62 37.56
A n
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Note: A. Secondary structure of GmSDP1 protein; B. Tertiary structure of GmSDP1 protein. Blue
region is a-helical structure; red region is extended chain structure; green region is B-folded structure;

purple region is randomly coiled structure.
3 GmSDPl ZEHM_REH 5 = REHHN

Fig.3 Prediction of secondary structure and tertiary structure of GmSDP1 protein
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02-site 1
ARE 1 Joly 3L 8 764
TC-rich repeats Stress responsiveness response elements
G box 1 1
I-box 1

MYB -binding site
TCT-motif 1

AT

NN SN LY
s s
S

TE:A. GmSDPI-1 J3 3 F I AE T A e BB AL s B. GmSDPI-1 J 33 I £
JCA e o TG R
Note: A. The location of the GmSDPI-I promoter cis-acting element; B. Number of
response elements in the GmSDPI-1 promoter cis-acting element.
4 GmSDPI Fixm R 3 FIRAE R T

Fig.4 The cis-elements in promoters of GmSDP] family members
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2
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B
flower-3
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SR U S |
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leaf-3

10 weeks leafbud-2

ﬂower—l

Fiveleaf

GmSDP1-1 GmSDP1-2 GmSDP1-3 GmSDP1-4

T A. GmSDPI AEARIRI LA B B. GmSDPI AEARIH LA I e AT
Note: A. Heatmap of GmSDPI expression in different tissue of soybean; B. Model of GmSDPI expression in different tissue sites of soybean.
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Fig.5 Tissue-specific expression analysis of GmSDPI genes
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i1t CRISPR/ Cas9 45 A4 pGES201-GmSDP1-1
MR AR I 6A s, B AR SRS
¥ GmSDP1-1-F F1 JPCR-R X 55 1k J (19 K o A 1 ik
TTEW PCR, A I Y 2 /N B PE B ST B 19 pGES201-  AS[m] 4 4 i 245 5% 130 10 Ot 00 5 BB e G i 8, HL 9
GmSDP1-1 ZfA& (&l 6B) , MJFLERAUEEARCH AR N 56. 52% , H b sl 5 19 B 4 R 3 A9 48 A
AT, TR M KRG BRREEIL (K 6C),  FBRINCRIIHN 28.26% (£ 4)

PIFARAS 2 1Y) 46 Z5 56 5L R G BRI DNA 5
M, M 519 TYKZ1-F fil TYKZ1-R §#4 ¥ 5L K H
) B, Sanger /5 45 5 7w, 46 S R E BARR
H 26 LR IHPESS SR, 7E GmSDPI-1 F$E S AL T B



60 KB B 2 4]

B

2000 bp

1 A. pGES201-GmSDP1-1 £k A4 3% ; B. PCR %6:31E 52 41 k7 (M 4 DNA marker DL 2 kb, 1 ~2 kil &
B B S e BT 7 ) 5 C. A pGES201-GmSDP1-1 # (L KR EBARM (1 A RERIK 2 HILHE IR 3 A BIRARA A4
K)o
Note: A. pGES201-GmSDP1-1 linear vector mapping; B. PCR validation of the recombinant plasmid(M: 2 kb
ladder DNA marker, Lanes 1-2 are positive monoclonal colonies) ; C. Vector pGES201-GmSDP1-1 transformed soybean
hairy roots (1 is soybean germination, 2 is co-culture, 3 is hairy root growth).
6 pGES201-GmSDP1-1 HEHESAEERRAEL

Fig.6 pGES201-GmSDP1-1 vector construction and transformation of soybean hairy roots

%4 pGES201-GmSDP1 ERIRFBL R LT
Table 4 pGES201-GmSDP1 hairy root editing result statistics

R iﬂﬂ?#ﬁﬁ%%ﬂﬁ% SRR (5737 %?ﬁ%ﬁﬂﬁwéﬁﬁ
Editorial vector Number of sequencing Edit type (5'3") Edit sequence
samples and efficiency change analysis
pGES201-GmSDP1 -1 %Ak 50 AATGGTCTGCAACTCTGATTCGGA
e = AATGGTCTGCAACTCTGATTGGGA C-G
(13746 =28.26% ) AATGGTCTGCAACTCTGATTCGGG A-G
AATGGTCTGCAACTCTGAATGGGG T-A.C-G A-G
AATGGTCTGCAACTCTGATGCGGG T-A . T-G .A-G
AATGGTCTGCAACTCTGAATCGGG T-A A-G
AATGGTCTGCAACTCTGATTCGGC A-C
AATGGTCTGCAACTCTGAATGGGT T-A A-T
AATGGTCTGCAACTCTGATTGGAA C-G
Tl By A A IR R AATGGTCTGCAA-----ATTCGG -5 bp
(13746 =28.26% ) AATGGTCTGCAACTA—-TT CGTG “3bp
AATGGTCTGCAAAATTTGC + +//--TTCTGT +73 bp. +6 bp
AATGGTCTGCAACTCTG-TTCGGG ~1bp
AATGGTCTGCAACTTTGA---GG-G -4 bp
AATGGTCTGCAACTCTGAATT CGGA +1 bp
AATGGTCTGCAACTCTGA-----GG -6 bp
AATGGTCTGCAACTCTGA------A -5 bp
AATGGTCTGCAACTCTGAATTCGAGGGAG-TT +1bp, -1 bp
AATGGTCTGCAACTCTGAATCGGGGGGGCTTTGAATGAA - AA +8 bp. =7 bp

TE 2L IRAUR I - IURITE B + + /- AURERBR LB P RIZACERE R

Note : Red font represents base substitution; -- represents base deletion; + +//-- represents both deletion and insertion; underline represents target site.
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2.8 pGES201-GmSDP1-1 FaE L 418 45 R0k
BEENH

FIHAFF A T R 7 R e A K G

Z AR Williams 82, 152 f4 24 45y K &2 BAPERIRE T, M H-

(B 7A) ., FIHEI¥ TYKZ1-F F1 TYKZ1-R 3" 34 1

DNA P45 7R .24 K 5 BH A AR T, it Frvp

A 3 RSB 7E GmSDPI-1 HOHE S AL H B

ST f10 i 45 SR, 156 A I I 0 RE B A s e, L g
AR 1. 5% , Horboms B 0 g B SR
4.17% BB 55 ) i AR 81 2% 1 4 BB 50 % 8. 33%
(F£5), SAMOTEIHIRI, T BT gmsdpl -1 AL
T Williams 82 A2 fE A 2, BRAE R (C18:0) |
METHITR (C18: 2) A i 35 14 fin, B i R (€16 0) Fih
BR(C18: 1) NI (7B f1C),

#&5 pGES201-GmSDPI #EH N AT Z{ Williams 82 T, K FiE4E R4t
Table 5 T, leaf editing statistics of pGES201-GmSDP1 transformation of soybean Williams 82

NP i et AR R

Number of sequencing

EILEE

Editorial vector
samples and efficiency

A (573)
Edit type(5'-3")

S P TN AAL ST

Edit sequence change analysis

pGES201-GmSDP1 -1 Williams 82
B (1/24 =4.17% )

BRI A H ARG (2/24 =8.33% )

GAATGGTCTGCAACTCTGATT CGG J5)7 51
CAATGGTCTGCAACTCTGATT CGG G-C
GAATGGTCTGCAACTCTGAATG CAG +1 bp
GAATGGTCTGCAACTCTGAATG CGA +1 bp

25 9

20 A

s

0il content/%

15 4

WaE

10

Willimas82

gmsdpl-1k

RERTRR & &

Fatty acids content/%

80

@B Villimas82

o gmsdpl-1€F Aok
604
404

skkk

20  kkk

a2l =

0-

AR TEARER MR TER TUARER
C16:0 C18:0  Cl18:1  Cl18:2 C18:3

T ARFFRE A IR E T84 pGES201 - GmSDP1-1 20k (1 S 3b85 35 2 AR ZFIFES,3 NI 4 WER)
B. gmsdpl -1 {3l 53 & i AEAK 5 C. gmsdpl -1% (R ITIR & A5k

Note: A. Agrobacterium-mediated transformation of soybean cotyledonary nodes with pGES201-GmSDP1-1 vectors (1 means co-

cultivation, 2 means clump shoot induction, 3 means shoot elongation, and 4 means rooting; B. Change in oil content of gmsdpl

C. Change in fatty acid content of gmsdpl-1°K.

CR
JICR,

7 gmsdpl-1"RERN AN REFEHBREIENN

Fig.7 Analysis of gmsdpl-1* transformation, oil content and fatty acid content
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MR i 0 B 3 A IR R = A
TR = H 3 B 2 1%, T SDPL J& 2 5 = Ik H i o
f i EEASHEE " . H AT SDP1 K 5 R R 7E K
R T R R N 2 IR 6 v ) 4 A 5T
A E G ERE R R K S SDPL KB 4 4~ SDPI 3
R F 5L . 2006 4F Eastmond 28" 7R 42l m I rh it
Wit 2 A~ SDPI IR, AtSDPI F AtSDPIL., 2019 4F:
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KRB, HKFEA = e 4 R M A R 5 O R
TE, K GmSDPI 13 [F 25 k6 Fl B A 45 44 3
TRAF # & A patatin Z5H438RTR A DI RE R DUF3336
ZEF3,, CRISPR/ Cas9 R 4 i 4 AR B R 2h i 78
KGw Hi g GmSDPI K - #5¢ HiTh ik
K WARE

2016 4F Cui 217 9T k9, 5 B 4 RIAH L,
sdpl 41 2 30 Ik A4 B B2 o 1 5 1ot S A i
Z (] BELAH B AR R JEG v A T AR SRy vl 4 Rk
S ALY AE AR R 505 5 SO BR W 3 . 2015
4E Thazar-Poulot 5" [ 5% % P, GFP-SDP1 %% 1k
PRI AR RS AT e B 4 e (o, i ad B 1 L R A
(A SE B BGOSR 2R 4 ARG I T R4, & 3K SDP1
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4 it
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