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Regulatory roles of DGAT and PDAT genes in plant oil synthesis
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Abstract: There is a large gap between production and demand of plant oil in China, which
leads to the heavy reliance on imports. Diacylglycerol acyltransferase (DGAT) and phospholipid:
diacylglycerol acyltransferase (PDAT) are two key enzymes responsible for the synthesis of
triacylglycerol, thereby affecting the yield and quality of plant oil. This paper comprehensively
reviews the research progress in DGAT and PDAT in terms of their biological functions in plant
oil synthesis, the molecular mechanisms of regulating plant lipid metabolism, growth, and
development under stress, and their roles in driving oil synthesis under the background of
synthetic biology. Furthermore, future research and application of DGAT and PDAT are
prospected. This review aims to provide a basis for deeply understanding the molecular
mechanism of plant oil synthesis and improving the quality and productivity of oil crops by the

utilization of DGAT and PDAT genes.
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Figure 1 Pathways of TAG biosynthesis in plants. G3P: Glycerol-3-phosphate; LPA: Lysophosphatidic acid;
PA: Phosphatidic acid; DAG: Diacylglycerol; PC: Phosphatidylcholine; TAG: Triacylglycerol; GPAT:
Glycerol-3-phosphate acyltransferase; LPAT: Lysophosphatidic acid acyltransferase; PAP: Phosphatidic acid
phosphatase; PDCT: Phosphatidylcholine diester choline phosphotransferase; CPT: CDP-choline:

1,2-diacylglycerol choline phosphotransferase; DGAT: Diacylglycerol acyltransferase; PDAT: Phospholipid:
diacylglycerol acyltransferase.
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Table 1 Functions of DGAT and PDAT genes in plants
Gene source Genetic experiment Functions References
material
DGAT1
Jatropha curcas Jatropha curcas Increase oil content, reduce protein and soluble  [6]
sugar content, change fatty acid composition in
seeds and leaves
Glycine max Glycine max Enhance TAG synthesis, affect the accumulation [8-9,19]
of C18:1 fatty acid, sugar and protein in seeds,
regulate seed weight and plant aging
Vernonia galamensis Glycine max Increase oil content, affect the accumulation of  [10]

Vernonia galamensis, Glycine max,
Ricinus communis, Xanthoceras
sorbifolia, Hippophae rhamnoides

Arabidopsis thaliana

Brassica napus

Sesamum indicum

Paeonia suffruticosa, Cyperus

esculentus, Perilla frutescens,
Glycine max
Arabidopsis thaliana

Arabidopsis thaliana

DGAT2
Jatropha curcas

Hippophae rhamnoides

Paeonia suffruticosa, Cyperus

esculentus
Glycine max

Arabidopsis thaliana, Glycine max,

Ricinus communis
Glycine max

Perilla frutescens

Moringa oleifera

Arabidopsis thaliana

Arabidopsis thaliana

Arabidopsis thaliana

Glycine max

Nicotiana tabacum

Glycine max

Arabidopsis thaliana

Jatropha curcas

Arabidopsis thaliana
Nicotiana tabacum

Nicotiana tabacum
Arabidopsis thaliana

Glycine max
Nicotiana tabacum,

Arabidopsis thaliana
Arabidopsis thaliana

unsaturated fatty acids in seeds

Increase oil content in seeds [11,14,16]
Increase TAG content and affect seed fatty acid [11,20,36]
composition in seeds, regulate pollen

development

Increase seed oil content, especially [12]

co-overexpressed with BnNWRI1 and BnGPAT9

Increase oil content, decrease protein and soluble [13,15]
sugar content, affect fatty acid composition in

seeds, regulate seed size

Increase oil content in leaves, affect the [21-23,47]
accumulation of unsaturated fatty acids
Enhance sucrose metabolism and glycolysis, [30]

when co-overexpressed with AtWRI1
Enhance plant cold tolerance by increasing TAG [73-75]

content

Increase TAG content, affect fatty acid [6]
composition in seeds and leaves

Increase oil content in seeds [14]
Increase TAG content, affect fatty acid [21-22,41]
composition in seeds and leaves

Increase oil content in leaves [23]
Increase TAG content, affect fatty acid [36,38]

composition in seeds and leaves

Increase oil content and C18:2 fatty acid content [39]
in seeds

Increase TAG content, affect fatty acid [42,47]
composition in seeds and leaves

Increase the content of very-long chain fatty acid [48]

in seeds

http://journals.im.ac.cn/cjben
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(E= )
Gene source Genetic experiment Functions References
material
DGAT3
Arachis hypogaea Glycine max Increase oil content and C18:1 fatty acid content [8]

Glycine max

Nicotiana tabacum
PDAT1
Paeonia suffruticosa

Glycine max
Arabidopsis thaliana

Sapium sebiferum
Arabidopsis thaliana

Arabidopsis thaliana

Nicotiana tabacum

Nicotiana tabacum

Paeonia suffruticosa,
Nicotiana tabacum
Nicotiana tabacum

Brassica napus
Brassica napus

Arabidopsis thaliana

Arabidopsis thaliana

in seeds
Increase oil content and C18:1 fatty acid content [55]

in leaves

Enhance plant cold tolerance [76]
Increase C18:3 fatty acid content in leaves [22]
Increase oil content in leaves by 4.2 times [55]

Decrease oil content slightly, change fatty acid  [66]
composition in seeds

Increase oil content and C18:2 fatty acid content, [71]
reduce C18:3 fatty acid content in seeds

Increase TAG content in seeds and leaves, delay [75,77-78]
plant senescence and enhance cold tolerance

Increase the turnover rate of fatty acids, maintain [79]
membrane lipid homeostasis, mediate TAG

synthesis as energy reserve in leaves

7o ASUREUZE 38 32 % i 2% i R S A T R
HAoHr kB, 557615 3% T CoDGAT1 #ll COPDAT1
FEREE T, TAG 2SR, 255
R PR — N EEE R, E SRR
fifrif 3 AR, RS ST DGATA-3 1 PDAT1-2 A
FIGEHATAT— A 51 BB R ER 25 R %] TAG 19 3R
L, REO T XS A i —
N THERNE TR TAG A HUE— R AEY
34, JE i DGAT Hl PDAT L[R5,

2 DGAT #u PDAT #t [ 7E K 5
AL i B o B 1
GBI TR S, AH
PR e A i 3L R 2 ik, ot s EHT i dE—A
HAAHIhRER A ikl BE2E A A WA AR )
AWk &, DGAT F1 PDAT 3[R TELR St Mg
A IS T AR A P2y TR & 45 B AR P,
Al Al G A B, BRI G E A] Al RE LN
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KA AEHL . Al TR SC ) TcDGATL 5 TeGPAT .
TCLPAT 7E R e Bl pipml e ik , B AR B TRk A
AT AT & i TR 8 AE LA L, KR AR R
YN T A T AT AR R AL T — A AU
ALY, Liu 20978 KR IRFL o 4 5 254
FIJT AtDGATL, [A]AF]H CRISPR/Cas9 FA G
Br T ADP-7 %5 bl £ B 2 b il R 5 2 LA
(OSAGPL2) FZE fi {A Bk DNA 455 1 1 &[N
(OSMTSSBYL), K¢kl 51 9 2 i is & s %, K
AR 23%FAE 11.7%, FEH
IKFE  EKEETEM AW S B EY R AL T
B B E & R SRR I R (hydroxy
fatty acid, HFA)Z 20 Tl 5ok, (HE R
) B PR 27 2 P R oo SRR B 1, S O DA
BRI o 7EFUL R T b 235 B RR i 7 2 2 A il R 1R
RCFAH A f#ifh T+ HFA S EAREE 17%, HE
I KR T B 5 T RePDATL 5 ReFAH 3t
Fik, MUpeik—LHEm HFA &, @ ffis
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TR P S B B A R AR KO0 AR, RO
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