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Seed-specific expression of heterologous gene DGAT1 increase
soybean seed oil content and nutritional quality

Fei Zhang', Xiuging Gaod? Jingjie Zhang? Baoling Liu®, Hongmei Zhang®, Jinai Xue?, and
Runzhi Li?

1 College of Life Science, Shanxi Agricultural University, Taigu 030801, Shanxi, China

2 Institute of Molecular Agriculture and Bioenergy, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: Enhancing soybean (Glycine max) oil production is crucial to meet the market demand of vegetable oil.
Diacylglycerol acyltransferase (DGAT) catalyzes the final acylation reaction of triacylglycerol (TAG) synthesis, acting as one
of the rate-limiting enzymes for oil biosynthesisin plant seeds. Here, a cDNA clone VgDGAT1A encoding the DGAT1 protein
was isolated from the high oil plant Vernonia galamensis. VgDGAT1A was specifically overexpressed in soybean seeds, and
several high-generation transgenic lines (T7) were obtained by continuous selection. qPCR analysis showed that VgDGAT1A
was highly expressed in the mid-development stage (3045 DAF) of the transgenic seeds. Accordingly, the DGAT enzyme
activity in the transgenic seeds was increased by 7.8 folds in comparison with the wild-type controls. Seed oil and starch
contents were, respectively, increased by 5.1% (Dry weight) and reduced by 2%—3% in the transgenic soybeans. Importantly,
protein content was not significantly different between transgenic and control seeds. Seed weight and germination rate of the
transgenic lines exhibited no negative effect. Fatty acid profiling demonstrated that antioxidant oleic acid (C18:1A9) content in
the transgenic seed oil was elevated by 8.2% compared to the control, and correspondingly, easily-oxidized linoleic acid
(C18:2A9,12) and linolenic acid (C18:3A9,12,15) were decreased by 6% and 2% respectively. Taken together, seed-specific
overexpression of an exogenous VgDGAT1A gene can break the negative linkage of oil and protein contents in soybean seeds,
indicating that engineering of this highly-active DGAT enzyme is an effective strategy to improve oil yield and nutritional
value in oilseeds.

Keywords: soybean (Glycine max), Vernonia galamensis, seed nutritional quality, diacylglycerol acyltransferase 1 (DGATY),
seed-specific expression, fatty acid and oil content

K& (Glycinemax L. Merr) J&3& [ i1 5t 3=
LHRMEY Z—, &S EAR (2 40%), IR

(sn-1. -2 F1-3) MUK I3 A& — A KA g T BRIt
R o e TAG . T A b O B R i

kL, S, MBS =S (2 20%).
KGR TR A S M) R8Ok IR Z A8, 8
HTF A e . i TSN, B4 e
Bk 28% 1 AH P IR TR G, T HOR S py T
G e AR K P R R K R AR
R 7 A I X A BROR I T 3T SR A 0GR
o BRI, HLE Fh T BOUE LS IR BN & 2
B G ROUEC B, A58 RIS i
IR 5 2 0L 1 R O

FEYIRH -3 =2 =Wl (Triacylglycerol,
TAG). TAG TEAHMEPNJE M b A MOt A7 Tk A
Mo FEAECEERMEAL TS, Thhsar+ 3 ANklE T
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(Diacylglycerol acyltransferase, DGAT) £ 5 TAG
G IR — BB, & TAG A LY FR 3
fift. DGAT (EC2.3.1.20) 445 4& T CoA 43T K fi
HE MR IR A 2 — Wk Hylh (sn-1,2-diacylglycerol
DAG) 1 sn-3 fi E M A= ik, TAG. #ii i DGAT 4%
LA SR, AT ARy 3 Rl
DGAT1, DGAT2 1 DGAT3, DGAT1 #1 DGAT2
HREGE AR I, (A SR EL R R B
C 7SIt Arabidopsis thaliana. 3% Brassica
napus I K 52 55 A W) P o B 3 g S AT D RE 1Y
DGAT1 5 DGAT2 J:[H . DGAT3 X FRjifl i DGAT
(Cyto DGAT), AW ¥ B 1, fdl MAEE
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Arachis hypogaea Fi -1 43 2 3k 15, HHA DGAT
BiEEED . BIRST . WRRSE Camelina sativa filk
A SR E Yk I DGAT3 Y[R J5 %41,
(IR KA DHAERAETO L 423 DR 20 40 H7 S 7 K T 2
[K 20 4 fich 22 >4 U1 i) DGAT1, DGAT2 #il DGAT3
oY, Y2414 GmDGATIA (Glymal3g16560)
1 GmDGATI1B (GImal7g06120) 1L 15 3 %
5E . GMDGAT1A Fl 1B Y78 K & FfFih g K
BRI, BUsE ZHE KRG T MIE S W
MR EEEH.

FHASE A P 10 g T A LAt TR E Y o 52 PR 1Y
LRI R, ERIAAFRIER DGAT K
RER b o, (HRN A 225 . Jako SEmFSE
BRI, PIEIT AtDGATL RAMAK ASIL Hfh1-5h
iR 20%-40%, 13Ri5 AtDGATL TR+ i
BATRERST, FEIETR4% Tropaeolum
majus L. 1) TMDGATL 4% 5 R 40w I+ -7 1% i 4
25 3.5%!%, JH%E Nicotiana tabacum L. NtDGAT1
SE PR T R ) e 5 DR R R R T O e
9%—49%!%, [ili i GhDGATL L2k 5 | LA kr b
iR T M 3.13%" . Taylor ¢4 48 £ kM
I+ AtDGATL FIH ¥ AU S Y BnDGATL W] ffi il ¢
Brassica napus i T & i & 4 51 $2 & 2.5% il
59" . ¥t BNDGATL 7Eih3Ef Tl &k, Fh 1
TR G 14%, T L% 3 [N R bk i S g i 1
[F—EW) A R i DGATL 4540 3k R H A5 vt A7 A
225, Zheng %R BN, Ak AR E KA
ZMmDGATL B[R S 5L IR F KA b i 42 /&
12.4%, Tieikk A il £k ZmDGATL 3L A,
Bl e DR T R S 5 T v 26,1967

H#ik DGAT KK JR AT 48 = K 5 A0 1 5 i
i, Lardizabal 2576 K & i Fik % e —
A E I Umbelopsis ramanniana UrDGAT2 J:[H
fili R GRS e T 1.5%, (H R F T E A
S /MRS . BRIk A 2K Sesamum
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indicum /1Y) SIDGATL, %% 3k [ R G Fh 7 i i 32
1.75%™, RAR BT A R T2 L . Roedler
L%t K & GmMDGAT1 (Glyma.17G053300) #5434
WA (T 14 MR KEEIR) RIS IS
PEBE R I 2B IR, KB AR R GmDGATL g8 A5 Y
GMDGAT1 43l fE K GARA IR ik, A2 i
RS I A AR 5% 10%. —4FE— K K
LR BN, RAFR GmDGATL 4% 5 Kl s Fib 1
TR 3%, RS EARRD, SR A
BRAKAL A AR 1996110, AT L, AR R IR AN
DGAT 8 K AN B DGAT 3k [K ) n $ 5 K G fh 7
MR, RERNAES

A% R AL T H N TR T A A W B 2
Vernonia galamensis L. (7%= % 60%) & &I+
/359 2 4 5 DGATL 1) cDNA Fe % (VgDGATIA,
GenBank % 5% 5 : EF653277), ZF KN Flik st
SARIGIER VODGATIA G M i T ok 5 4ok}
YEY) DGATL &1k 5 /5219 ERATH KNk
VR TR] AR DGATL WG 1 i e o Sl 5 5%
¥ VODGATI1A T A B W 0 JBR 55 I (f HL 5y 3=
ik, LR Al FR O RR SN - e A A A
(1 37%3E 5 B 46%-51%20 ¢ #kF o ik
VODGATIA 75 54885 T AR o2, it
A TENR R ZE I 5B SR ST Rk VODGATIA
A AR SRS SR TAG &8 NEFA BRI 2.1%
(T3E) 4257 9.8%%2 jxsest LB, VgDGAT1
FE IR P35t 4% ol R R AR TR H A
M B, VODGATLIA H 5 5 3 1k A AN AT $2 = Fil
T, T ELEE AR R AR B SR A
EFEE

FEFRATHT S B P45 Fh 7 572535 VODGAT1A
L2 SIS NIER v/ =9 i T S B N O D W B s
WARTFA RS (T7) LT E 1% SE R K Wb
EAT R A4y Hr s H 3 SR P 6 B PCR G
VODGATIA 7E R E L B MRy &REIE; SR
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TUNIARREZE A . FRRIIARR 5 b DGAT il
T A3 RGN B 5 DR K S 7T i % g I T ok
gy, BOMRER SR, UWRMTTE, Pk
RAER . HARFEAL R FBAEARA L, Fh AR
i F 1K VODGATLA i [H (1 F i 5% FE IH R iR 7
SRR 5.1%, HEASE (41%) A%
%, A7 T RRRD T & SRR ZHERR B 5UR0
AR GE Ry 4 T AT R I A R SR AL K 4%
P28 SR AL T AT, R R A MR P i g
GGl RS S E W N

1 MBEFE

11 BEWMERRXZIEEENK

AR S5 i P %) B R TR 32 A K 2 b B 4 R Rk
AT Jack . TR st A R AN IR DR B
T AEAE Y BENY 25 Vernonia galamensis, 4wt —ig
Bt HImmE LS4 740 1 (Diacylglycerol acyltransferase
1, DGAT1) ) cDNA wif% (VgDGAT1A) (GenBank
AR5 EF653277), FEFh R Rk EAk, R
FHZE T U200 if P A AR R B 25 i X R 6 Jack
AT AL AR . A S26 Bk 9 4 VD GATIA
FEE R E B (T7) dilpgll R2E5 T4
v 5 AR BRIAAE 5 I i B A OR A7 . % VODGATIA
FERI K GHA B (T7) B T 107 Rk K22 A ARk
W2, IEH R A EE R ok

1.2 % VgDGATIA ERFE KX T7 1E¥kE] DNA 2
PL ARG 4T (4-6 B E) Ak,
WCHT e 4l R R, SR B CTAB 24
PLHUH H- DNA. ] Primer Premier 5.0 5|#i%3t
BT PCR TSI (B8 1), BCIHIRh 4
YRR B, 519 TSINGKE Biological
Technology /A @4 i, PCR J2 % % Jil 2xTaq PCR
StarMix with Loading Dye i & (Genstar /A +]).
SN AR AL 1 ) A ) 5 [ 9945 1l (10 nmol/L),
10 puL 2xTaq PCR StarMix J 4,1 uL DNA F1 7 uL

&: 010-64807509

ddH,O. PCR N2/ : 94 °C 2 min; 94 C 30's,
58 ‘C 30s, 72C 30s, 30 4E¥. PCR F~#H
1935 A B EE e H Dk ARSI
1.3 #EREKE VgDGATIA BIRIES

fdi[f] Total RNA Extractor i £ (BBI Life
Science A7) $2HUE RNA, BUKGIFIE)S (Day
after flowering, DAF) 12, 25, 35, 45, 50, 60d
BRI FE S, TERA T R, SR E TR
RNA 25, ¥ Ari321A9 RNA K5 B T-80 T
% M. f#iF cDNA Synthesis Kit [ %% st 7] &
(Genstar /A7) A i cDNA, I 23 i 7 Yy 5
B} 29¢ Yo i PCR iR (GenStar 23 F]) A7
ORT-PCR. MK ZA4E: EmM A5 (E
BEHSE 1) % 1 uL (10 nmol/L), 25 pL
2xReal Star Green Power Mixture JE 4, 1 uL DNA,
1 uL ROX Reference Dye (50x), 21 uL RNase-free
HO. BAFESE/AME 6 MEY¥ER . Rk
FFR:95°C 10 min; 95 °C 15s, 59 °C 1 min, 72 C
30 s, 40 MEH . LI K G ZFK AN ActinfEnZS: (N
ZE|YIE 1), KA 27220 HE B B 5L AT
FRKI

B8 SRR TN, 25, i 78 (fEk
RIFIR) FIRIENMES, TERA P T oHE, A
JE EAT B RNA $2HC, K s 215 RNA K5 & T
& 1 PCR % VgDGATIA X SH#EHkRIS|4

Table 1 Primersof PCR test for VgDGAT1A-transgnic
soybeans

Primer name Primer sequence (5'-3") Size (bp)

VgDGATI1A-F TGCGACTCATACAGGATTCA 22
AC

VgDGAT1A-R AAATGTGTCCCTTGGGTTTGT 21

gRT-PCR-F  CCACTTGCTGCCTACATT 18

gRT-PCR-R CGAGACGCCTGATAGAAC 18

GmActin-F AAGCTGTTCTCTCCTTGTAC 23
GCC

GmActin-R  GCACAGTGTGAGACACACC 23
ATCA

B<: cjb@im.ac.cn
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—80 ‘C#A7 % F . /4] cDNA Synthesis Kit J % 5%
RF & (Genstar /A H]) & cDNA., FIAIR#E
1 35 d #F19 cDNA #f i #4172 22 5 RT-PCR
Rl o 1R R IEm A S (Ew5149 0
# 1) 4 1 pL (10 nmol/L), 10 pL 2xTag PCR
StarMix j& 4, 1uL DNA Fil 7 uL ddH,O., PCR %
MNWAERFN: 94°C 2min; 94°C 30s, 58 C 30s,
72 °C 30s, 25 MfEH. PCR =¥ 1% b e
JE L KA
1.4 VgDGATIA #ERXTAEMFH DGAT
B E MDA

Hed Yu SRR 7 B AT A R 40
I DGAT G oM. FEALRALE . BUL &R
RETPWRER AL (500-800 mg), B THA
HOIE S R AR, AR ERZE M (100 mmol/L
HEPES-KOH, pH 7.4, 0.32 mol/L ##%, 1 mmol/L
EDTA, 1 mmol/L —Ai7nbEEE), VK a4kEafiE .
W BIF B A5 4 A T R U8 5 250> (20 000 r/min,
20 min), B 35 70 & 00 (105 000 r/min, 1 h),
AT RAE 5 o AR BUR TR iR A,
T2, 10 B K 25 AR R A o — U TS
L3

DGAT i I T HTBCRH IS4 M Sigma
AFER, A 1-[*C)16:0-CoA (56 mCi/mmol).
1-[**C]18:0-CoA (56 mCi/mmol). 1-[*C]18:1-CoA
(56 mCi/mmol), 16C DAG (56 mCi/mmol) #I 18C
DAG (56 mCi/mmol). JES 4RI CoAs.,
ATP., CoASH D) K TAG HrkE A5G PRI Ak 2724 it
W H Sigma /Al BEEHENERR AR (500 uL):
AE R (84 DGAT) 100-200 pg, 90 mmol/L
HEPES-NaOH, 0.5 mmol/L ATP, 0.5 mmol/L
CoASH, 1 mmol/L MgCl,, 200 um **C labeled sn-1,
2 di18:1 (T 0.02% Tween 20, V/V, 10 nCi/nmoal),
18 &}, 40 um **C-labeled acyl-CoA (10 nCi/nmol).
RN ZRAE pH 7.4, 30 C/KHIEY (100 r/min)
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SN 30-60 min, JIA Sk - FAEE (1:2)
LR o 43 )2 I BUA B R RIS G ARikqT TLC
JZHT, s L bR iE TAGs, JZ A i
HERE : Ok 2R (70:30: 1, VIVIV), H
HCEHE TCL HRU AR TCL M bl s 4717
R S5 BT, R AR TN R T B0 A D 45 A
FITBCR P TAG 2540 R 5 st BE A A 22 /0
6 DM B, THEAE TS DGAT BT 1E
(pmol/min-mg #E 1),
15 XE#FiHAERERAER R 52 M ZE

S Li PN 07 p R IBOK R TS D R I
PEAT R ERAL R0 . i Agilent 7890B S AH (23X
X4 E P K LT F ER AR A i AT 2B, VF-23MS
B4 (354 30 mx0.25 mx0.25 um., 25 5 4l
RS, Ml 300 1, PEREOEEE 250 C, i
FEARR R Lul, BIFFHE: #aIEE S 110 C,
47 3min, Ll 4 ‘C/min 7+ & 220 ‘CJ5iz47 15 min,
FID Kl &5 i6 5 k 260 C, BAS 45 mL/min,
253, 450 mL/min, &’ 40 mL/min, MRS 2
6 NEYIEER
16 XEMFIHE. EEAREMEE. BRNE
MAEFEHNE

o=~y 15 0 R R SR 0 R s o R 4
B K20 BIVERGFREL 50 mg ML 10 B A4 50k &
Jack 1 VgDGAT1A ¥ 5L R R G F#AR, IMAG
YLD JE SR RES . PSS EF 50 mL B A
A 75 mL B &5 (2: 1) Wi, BT 37°C
MIFEIRAMAE 24 h, B0 JEIE DR A . R4
FORE AR BN 7.5 mL HI . 05 (2: 1) &
WEL ML 12 h, FEE.OWE LIZAHHE, [F2E
PEATES 3 AR A A 9F 3 RIA ML . imA 5mL
S, 9mL 1%I1) NaCl W, fifSda . &
f5: HO By 2 2 2 ¢ 1.8, JRAJJ5 8000 r/min
B0 10 min, W T A WU BIFRE B S,
R TG PR B RIRNi R B E 5. B4
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FEfh 2=/ 6 M EYFEK

BEEOENE RS S, EhE =
N SR FH RO L 60 o AR R 6 AW
HEA

ORI AE + FH AR M KX B 2 ALY Jack K
2 F VgDGATIA % 5L K & A7 B R
MEER B 6 MY A

KR E B R Jack K B A VgQDGAT1A
FEILIN R G4 150 R Fl 7, CE THiAa L
REFUEARM BRI, 30 K/, BT 25 CHE
FEFRARN o KRN E W), B K E A A (R 4F
URARIRNE . DARAR ZE MR R, KR IR B AT K
FE () 12 150 K bR, Gtk 2F BRI A &

IR A MR B ] SPSS B i AT 5t
THEEAHT, 255 B TER ttest K50 .

2 BREMT

21 Bf VgDGATI1A #ERE KT HEFKAY DNA
)

DL e AR B JRE DR K A AR 19 A% DNA SR B4l
PCR fi{ll VgDGAT1A JE[H (1828 bp), #EMikH
Uk B PCR™7 W) (&1 1), 1258 7R EZ M #Hp,
LA K GAE KR 2 000 Ak, KGN H B A S IR Y
MR 1 988 ¥k, 5 99.4%, 25K 4% A
W KEGM B E A4S, HHEMWERBE

2.2 SMNREE VgDGATIA EAEABMFHH
RIED

KK G & BA T8 RNA $RBUR R ER,
Aosol Aogo TR FEITE 1.97—2.01, ScH7vEMr . A IR HEL
WL BiEE, ATRUHFIRSE cDNA 5 —8E A
QRT-PCR L85 . XHEFERGH . Z£. 1F, 1.
SIERFIF RNA ARG HETT 2 i RT-PCR Al
(F 2), {UAEREF il 2] VgDGATIA 115
Fik, XULWITE B AR RE R S b R B g ]
FOX B I HUAE R B A aim Rk, Histfe
FUE o XE LR B R F & B A B BRE
VODGATIA WRIXHATHOE T PCR Al (&
3), 45N, VgDGATIA KN FE kB TR E
BT E R g 2 . VOQDGATIA 7E K
TR A ERI (1225 DAF) filJ5#] (60 DAF)
FIREAR, AERE T (35-50 DAF) FHiitaRik,
VODGATIA 5 it 2R3k I 5 K 2 =il g bR sk AR
KB A, X TR E VIDGATIA FEHE 3L K
AR A RO R AR A AR
23 VQODGATIA #%ERKXKZAEMTFH DGAT
B 5 4G

FATHIIHFSE EUEW] VgDGAT1A REMS (L —
Tk Hih (DAG) HEHEK F It HE-CoA i 17 R 1 ik
AR R (TAG) 7281 S 8 52 i VgDGAT1A
EE KRG RBEMTFEHEL VIDGATIA HEI1If
IEWRAT AL D BE, A3 A T B AR AL Jack Al
T7 5% VgDGATIA B K K & & B FFH i DGAT

bp M+ - 12345678 91011 1213 14 15 16 17 18 19 20 21 22

w-'u—-"'ww'w—r"'ﬂ'ﬂ"'w
- 1"828 bp

1 VgDGATI1A #ERE KX ZH PCR il

Fig. 1 PCR test for VgDGAT1A DNA in the transgenic soybeans. "+" represents the positive plasmid; "—" represents
wild-type soybean (negative control); "1-22" represents VgDGAT1A-transgenic soybean plants.
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& 2 5’5%!*; VgDGATI1A £RE E AR E fHLD

hRIXHEEE RT-PCR 4347

Fig. 2 Semi-quantitative RT-PCR analysis of VgDGAT1A
gene expression in different organs and tissues of
transgenic soybean. "+" is a positive plasmid positive
control; "R", "St", "L", "F", "P", "Se" represent
transgenic soybean root (R), stem (St), leaf (L), flower
(F), soybean pod (P) and 35 d seeds (Se), respectively.

B M o AE N Y) DAG At JE-CoA 4

T SR M CIU PEARIC . A OGRS B & 4
VoDGATL Jiff 25 11 1% f 1A B 2 1 R PR IS0
ASCREARZ 38 Al sy iR 2R A s e TAG
()22 /D HIER R 2 DGAT BHETE (B 4). SRR
FE B AERUR AR L, % VODGATIA B K&
flrh DGAT IS4 & 120 7.8 f5 A4 . Fidl

25000¢

=
o

ab

— = D N W W
o S o
o

o

Relative expression levels

<o

CK 12d 25d 35d 45d 50d 60d

3 HERKXKSMTARLERE VgDGATIA & [H
By FRIBIKF

Fig. 3 Relative expression levels of VgDGAT1A genein
different developing stages of transgenic soybean seeds.
"CK" is the wild-type Jack soybean; "12 d", "25 d",
"35 d", "45 d", "50 d" and "60 d" are the time of seed
development after flowering. Relative expression levels
are shown as X+s. Letters a, b, c, indicate significant
differences at the level of P<0.05.

JEL) 18:1-CoA Fi1 18:1-DAG HJEMIIF, DGAT i
TR o X F AN VODGATLA 2 [FUA AR E
FAERIR, FrgmiS i b RR IER AR, HEA
W i) DGAT Jg ., JoIJEX) 18:1-CoA f 4%
R Bk

o Jack
== Empty vector o
%5 200001 w VeDGATIA .
= 2
£ % 15000f
= £
=
ZE 10000
52
£ E so000f I I
= =
) i) ﬁ@
\,\
\ \
C.P Q\C (/0 Q\C (/0 Q CO C CQ (, C}O (,
C\b \bc\cb \% ‘O C/\ C\b \%C\
0\ 0\ 0\ 6\ 6\ OK
IR ;9 F

4 VgDGATIA #ERE X2 5H 4B Jack & B #FHI DGAT BEIE &N
Fig. 4 Detection of DGAT enzyme activity in developing seeds of VgDGAT1A-transgenic soybean and wild Jack.

"Jack" represents wild-type soybean, "Empty vector"”

represents the empty-vector transformants, and "VgDGAT1A"

stands for VgDGAT1A-transgenic soybean. DGAT enzyme activity (Triacylglycerides formed) are shown as X+s. **
indicates significant different between transgenics and wild-type soybeans at the level of P<0.01.
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2.4 VoDGATIA HERE X E#F AR 4 E T HAH
B 5 B9 A

RGN AR VgD GAT LA #E ik J2 75 % K & Fh
FMAR LA s e, FRATT N T GC IR R (A
R I N Y A= A Jack FNANZS BARFL LK) At
e B DR Fh S [R] & & B 003 R A o 2 B2 BRI R
B, SR BN (K 5A-C), SBFAEA (Jack) Filzs
BWARELALAE S A, VODGATIA #E 3L K & 1
KE R (25 DAF) & NEWiMR & & ICW] B 25 5+
(P<0.01). 7EFP ¥R & 1 (45 DAF), MR
(C18:1A9) i bF+, FJ5HHT (55 DAF) TR &
LA RREE R T 8.2%. AR 1M, MR (C18:2A9,12)
M FERR (C18:3A9,12,15) & ®RAEF T & il
H XTI, FERN TR B R WO B BT 4%
M 2%, FEMEER (C16:0) FfigEHER (C18:0) % &

A~
§ 60 O Jack
< 50 @Empty vector
2 BVegDGATI
2 40
z
= 30+
2
= 20}
A A
5
=0
16:0 18:0 18:1 18:2 18:3

!
=N
=)

[ o Jack

N
<

m VgDGATI

_— N W B
=R =l = =]

Percent of total fatty acids (%)

(=]

| @ Empty vector

L]

FE 5 LR Fh - R B[R] i 25 5 0 B TR
TG IR e o R i R R IV R R 1 e
I AT B 8 e R b A R R S
25 VODGATIA BEFEAXEHMFLRMAE. EHR
REM R ENNT

KGR 23k VODGATIA JE R 2 A 51 K&
Fh¥-ulg . OB e A AR R AR, FRAT
Ay T T7 AR I R R Gk 2R IR 11 o
FomE., EARAER SR, K6 R, 5§
A=Y (Jack) AhFIAH L, VODGATLA &% 5L K K G
Tl 7 G & AR 4%-9%, I T 5.1%.
EA T RAEX I (5 39.94%) FIfEHEE KT
Fl 7] JC B35 25 F (P<0.05), S48 04315 BL DA ik
R IR A SRR TR 1% 47 I K B R
TIEM & A IER T (10%) U870 2%-3%. X

B
= 60 @ Jack
z 50l @ Empty vector
3 m VeDGATI 1
= 40t
&
= 30
g *
= 20¢ %
5 10} g
5
=0
16:0 18:0 18:1 18:2 18:3
]+

7 |

16:0
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18:0
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Fig. 5 Fatty acid content in deferent development stages of soybean seeds. (A), (B) and (C) indicate the seed samples
taken from soybean plants at 25, 45, and 55 DAF respectively. "Jack" represents wild-type soybean, "Empty vector”
represents the empty-vector transformants, and "VgDGAT1A" stands for VgDGAT1A-transgenic soybean. Fatty acid
contents (% total oil) are shown as X+s. ** and * indicates significant different between transgenics and wild-type

soybeans at the level of P<0.01 and P<0.05, respectively.
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Fig. 6 Contents of total oil, protein and starch in the
VgDGAT 1A-transgenic soybean seeds. "Jack™ is non-transgenic
wild-type soybean seed, and "1-10" represent the
VgDGAT1A-transgenic soybean lines. Total oil, protein
and strach contents (Dry weight) are shown as X+s. *
indicates significant different between transgenics and
wild-type soybeans at the level of P<0.05.

100-seed weight (g)

Seed germination rate (%)

KU VODGATIA TE K Rl T8 5 m AR I8 B 25 48
Rl S R R, IR LRI 1 5
GO, TG R TER & D . TE
WA S W) R LR AR S R AL B 2 i T
#rh.

26 VODGATIA#ERASMFEENLFEY
I

R T A3 Rl SR e 15 VODGATLA & [H &
BXF KGR SR AR e,
SERTIN T T7 AR R DR R W AR R ISR I LR
PLE I R RERA, MAKNENS (K 7A),
VODGATIA 5L [ K & 5 By AR RUAH LU A I 25 22
St (P<0.01), REA R BL PR 2 1 kL E 2
T o Fh 78 &SRR, (B 7B-D) %W, VgDGAT1A
B LR R G 5 W A U AH LGB 8 25 57 o sk S g &

100.0 [
80.0 |
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Fig. 7 100-seed weight and germination rate of the VgDGAT1A-transgenic and wild-type Jack seeds. (A) 100-seed
weight of the VgDGAT1A-transgenic and wild-type Jack seeds. (B) Germination rate of the VgDGAT1A-transgenic and
wild-type Jack seeds. (C-D) Germination and growth of the VQDGAT1A-transgenic and wild-type Jack seeds. "Jack" is
non-transgenic wild-type soybean seed, and "1-10" represents the VgDGAT1A-transgenic soybean lines.100-seed weight

and germination rate are shownas X+s.
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PRI, PRSI ERIR VODGATIA Bt K3 A Xt
KGR H i R & S8 MR A s i
3 Wit

MR EEEMEME S, EMT &
AR (R A R T, BRI E R
SRS AN R VSR AT I, R4 TRl
YEW B R FE bRz —. SR, A5
AR R AR ER AR, R Ry
A PRAT B AR . LR R R A
R R 24, SREBREIALK
R R Il R A B4R R AE 20%F0
4O%ZEE [27-28] .

FATHAPFEmEAE A S ENAEE, A
IR B T xS S ORG24 R A
ST B Y AT SR B A . IR TA, Rt
TAG & Wids i — A WS S Ny 1Y) DGAT il 3 A 2
— ADNEEAR . PR R RIS DGAT R 8Ul=E
Brassica napus i 7 & i it 42 55 296-5%511 ) £
KRR S R 1206-26% 2% ) FH M, k4
DGAT FEIERFlF & B/ NERER . fE KSR T
PR RIAk B B2 £ Umbelopsis ramanniana
) UrDGAT2A JE[H, Ffr 5 i it b ok B2
1.5%, AR EINEERD, REHILRM T
7R 0] R He A B R 25 M AR Rk
R AR5k H E R ALRE Bk A9 5 Neurospora crassa 1
NcDGAT2 JE[H , T2 F KPR I i L XTI (4%)
- Ft 0.5%-0.9%, {EXJ I & K& E KA L
W2 E R DGAT 5 5 R R - I 1y 192 1 4
AAGIN 2] 5 2 g

R 2 S b B 1 R D 1R 2H g I Y TR
(18:2A9,12) F it 5 SR 50% DL b, X B
RIS 2 A f, SECEFR MR, AT
AEHAR (18:1A9) FeH AW FN AR IR 1 2 R A
FRG W FR R PE , & S TR i vk B b A AR PR RS

&: 010-64807509

b A O3 | R Kl T G R
EaR PN R R e O T Y = T NS )
P AN {ECFN £ BB SR DI RE . Zheng S5 4 EOKFlF
R P SR R A S DGAT1-2 1Y i Il 5 i1 5k
ASKC281B1, ‘73 F KK R 7 v it Lo B AR Y
X HEAR 5 0.9%-1.3%, [n] i 5| i iR & & Lt
18%, WML & LA 13.7%%, SEMER Corylus
americana Fj i 7 5y 60%, H AR % R ik
79%. Fk HEWMERN S CaDGATL [ cDNA
S REAER ARG IR Ry S 3108 , PRA IR it
B A= T 7,694 5 5] 10%-12%., S5HFAE IR I, %5
SRR AR fr it 17.9% ETHE] 27%, T
F IR S A AR T 6%-9%"% . Hg Xt
R SRR S GmDGATL (Glyma.17G053300)
RANRIER GARI MR 23K, VR0 IR 55 v
P 7 10%, WK R T L AR AL
1 3%, T H A8 S AR, (R AT ARk
L EW & BIEIRT 1.9%. S5XTHM L, maGE Ik
PRIR S R IR % B 42 = 3] 23%—-28%, MR !
ERRR O i 48 00 4% Fi 6%, WL, wFk
ik DGAT #8 fm Fi -7 s FH R i B LA %o g iy iR
YRR B A A AR 2R R e K NEAS
[FIAEY) b 800 A 25 5, X AT g 5 DGAT RR I
R FHEF IR 3 F . DGAT BTG 5 AN 52 (4
PR AR TRA

AR S5 25 A N — b BT A A R AE P B0
%5 Vernonia galamensis & & Fl - /43 B 21 4 5
DGAT1 i) cDNA il (VgDGAT1A), — Z 4l
IS UER] VODGATLA J& iz A Ha I Aty i M8 v 1) —
A~ DGAT F#E 1,  H X Bt -CoA AR 5=
PEI1922) A BE g K SRR (1 Glysin F T
¥ 58 3 79K 5 VQDGATIA 1 K . & & Fh 1l
Tk, SRR KGR RRA ST ER, WK
AR F I LT R S T 5.1%, EE GRS
TR TC R 255 (P<0.05) (K1 6), R IRAFEHR
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HRFFEO S EA TS X RVIF R 7
FIRHME VODGATIA B[, T T K SR+ 7k
SRR U A AL, R SR
HRLIBEIRE AR E M. HEER KRR F&
i RS, AT T VODGATIA FERNF &
B TR R S R B s RS (K 3)
F DGAT BTG 2 kg (Kl 4). DGAT Jis o
BRI, FMiEEH 21 DAG FIEESEE-CoA 43
TAR TAG My s EA . TAG Iffad
MR B s Z 0eE M Tilis &, (H
TH IR B I 0 5 oA 5 i 21 2R 5 A ik T
P25 o AR FH AR B G A i s 1 4 4 Mk
ok A T HAbAEE AL S Y-S i, FeAr Tt 1
VODGATIA BRI KA FIEm S =, 5
XA EG, VERY O T T4 3% (K 6). 5
ZHIZERIAY R, Lardizabal %% UrDGAT2A %%
HE TR R STl 6 I A B S SROBE SIS Ak G 4 D R
iK1, L)% Roesler %% ¥ CaDGAT1L % 3 [F &
ALK S SRR, SRR
U5/ T 1 A48 Rl TEAR AT B8R 4 b A TR i
Bo ARRATI T BETIAE A 43 M e 22 35 DGAT J&
Tl = PR e 5 2 Gy 43 e TR IRl ot R SR ik
.

5 bk Roesler ZMHREAMIML, AHFE A
7, VODGATILA i 3 1) K & B A Fh 31t i I iR
BLAT RAE T WU o A B TR R R il T R
(C18:1A9) it Ie 18.1%42 15 21| 26.9%, H )
i 5 A AL B0 W T R (C18:2A9,12) A1 . iR B2
(C18:3A9,12,15) 415l /L 6%F1 2% (&1 5). MR
SHEETRS S AN VoDGATIA i (%t
Mt H-CoA IR m L FEPEA DG . X VODGATI1A
FILRIK T DGAT FiE MR & B, el R
f) DGAT fifiX} 18:1-CoA KMkt m X I 7 1%
% (A 4), BIRXS 18:1-CoA i) s MR I T
VODGATIA a5 [, 12 5 1 RE = RO R T 5

http://journals.im.ac.cn/cjbcn

1) 18:1-CoA JHIME 5L B H: I 54 5% 2 DAG 1 A4 1
W2 18:1-TAG, AHR H# /T 18:1-CoA JHk
e A PC (Phosphatidylcholine) 43+, 54 FAD2
(Fatty acid desaturase 2) #il FAD3 (Fatty acid
desaturase 3) fifbAKIK A= AL 18:2 F1 18:3-TAG 1Y
&, B, BT DGAT 404 o B BHE Y,
i 328 R Ul 0 M R HLXOT Y P9 -CoA IR R Sk
1= %) DGAT [, X FE L AT ARA5 B3 i & R R
SHRYE LS. DGATL fE h—Fil 1,
S Y. A AN AR RN T DR
R AR TR 7 A B PR DGATL 5
PR IK T HE R R B A, VDGATIA %% 5k
IS NSRS A i S I RS N ST R S I
(B 7), FR & X EFEE 5t B0 5 5 1R o &R
G SR oA N1 I = G N S g o
Z AR SEES, Rl ik 2 i R AR
PR

B2, PP R R R Ok g TS MR Y
VODGATIA B @ E#m T RUfFmEa, H
T 7Rl ie & | S E A SR uEs, Rxf
B TR BB R AR 7 E R R SR 2R
IS, O E S, R ELOR SR IR
PRI E I8 00 BB s . ARUESRAE R 4
T fiff 1T R 2 4 SRV E W R RS S A4 B 5 BURR
RPN St i R 2t T 2%
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