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Abstract. DGAT2, a rate-limiting enzyme of the TAG biosynthesis pathway, was coded by the
acyltransferase supergene family. Genome-wide analysis revealed 73 acyltransferase
supergene family members and five DGAT2s in the genomes of Ricinus communis L.,
Arabidopsis thaliana Heynh., Populus trichocarpa Torr. & A. Gray. and Manihot esculenta
Crantz. based on the whole genome database Phytozome. Analysis of the physical and
chemical properties and transmembrane domains indicated that DGAT2s were hydrophobic
transmembrane proteins, and DGAT2s of M. esculenta differed from the others due to their
single transmembrane domain and wide chloroplast membrane distribution. We concluded that
functional differentiation of M. esculenta DGAT2s may exist and DGAT2s may be involved in

the anti-stress pathways in M. esculenta.
Key words . Diacylglycerol O-acyltransferase 2 ( DGAT2); Triacylglycerol (TAG) ; Limiting-
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Ath_AT1G51260.1
@_Potri.OMGZSQZOOJ
Rco_30169.m006433
Ath_AT3G57650.1
Ptr_Potri.006G055000.1
Ptr_Potri.016G053000.1
Mes_cassava4.1_014282m
Mes_cassava4.1_014620m
0.72 - Mes_cassava4.1_014647m
Rco_27810.m000646
M Ptr_Potri.009G054500.1
* Rco_30169.m006432

Ath_AT1G75020.1
Ptr_Potri.002G133100.1
Ptr_Potri.014G040600.1
Mes_cassava4.1_024286m
Mes_cassava4.1_027835m
06 Reo_30170.m013990
Ath_AT3G18850.1
Ptr_Potri.009G112300.1
Mes_cassava4.1_009731m
0.99 ~Mes_cassava4.1_011030m

Rco_29851.m002448
Ptr_Potri.002G192600.1

Ath_AT1G78690.1

1 Ptr_Potri.011G146800.1
‘—EI Mes_cassava4.1_013592m
1 Rco_29682.m000590
P Ath_AT3G05510.1
1 Ptr__Potri.005G025400.1
_ ‘—‘0 94 Mes_cassava4.1_007040m
0. Mes_cassava4.1_007049m
Rco_30128.m008828
~Ath_AT1G80950.1

Ptr_Potri.002G134100.1

L‘O 55; Ptr_Potri.014G042200.1
Rco_30170.m014002
Ath_AT2G45670.1
Ptr_Potri.002G151800.1
Ptr_Potri.014G074300.1
Mes_cassava4.1_004651m

0. 86Mes cassava4.1_022185m
Rco_30174.m008937
0.81 Rco_30830.m000024

0.55 075 Ath_AT5G60620.1
@tr_Potri.OMG 183300.1

0.55

0.6

Ptr_Potri.009G143200.1

o Mes_cassava4.1_009862m

1
EMes cassava4.1_010441m
Rco_30122.m000357

ﬁAth AT4G30580.1
Ptr_Potri.006G183700.1
Mes_cassava4.1_014002m
4':[Mes cassava4.1_014015m
Rco_29687.m000572

Ptr_Potri. .011G138900.1
H 0.8 A Mes_cassava4.1_012802m
1L Mes_cassava4.1_015616m
Rco_29666.m001430
1 Ath_AT3G26820.1
0.58 1 [ Ath_AT3G26840.1
Ptr_Potri.005G046700.6
‘—(TEMes_cassava4.1_013523m
Mes_cassava4.1_028636m

094 Ath_AT3G51520.1
089 — Ptr_Potri.011G145900.1
1 Rco_29682.m000581
0.88 Mes_cassava4.1_028223m
0.98 Mes cassava4.1 _034096m
Mes_cassava4.1_031165m
— Rco_30068.m002660

_Wmh AT1G32200.1

0.3 Ptr_Potri.001G136600.1
Ath: $RIIT; Mes: A#; Rco: HIR; Ptr: BAWG, AR L 8T FRR T (UG RABRN KN, EESEN
DGAT2 4, ZLEFRELLEERER DGAT2 J751,
Ath. Arabidopsis thaliana; Mes: Manihot esculenta; Rco: Ricinus communis; Ptr. Populus trichocarpa. Different val-
ues of the nodes indicate the posterior probability of each node. The DGAT2 clade is highlighted in blue, and red in-
dicates experimentally characterized DGAT2 sequences.

B 1 BEZRPBERNBRERSKFINREZXER
Fig. 1 Phylogenetic tree of peptide sequences from the acyltransferase supergene family
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Cassava4.1_028223m HH—H—+H1H
Cassava4.1_034096m [H—HH—H-

29682.m000581 -
Potri.011G1459001  IHH—H—HH—
AT3G51520.1 HHHHHHEHI

L Potri.005G0467006

0.99
1 1Cassava4.‘l_013523m .—I—l-.
1 1 Cassavad.1_028636m —H—HE
] E AT3G26820.1 H—+HHHHHHHH
! AT3G26840.1 EHHHHHHHEHH
L AT3G57650.1
—
0.2
BOFTIFRINLF, HEFRNEF, AT3G57650.1 FFMAEHE,
Black boxes and lines represent exons and introns, respectively. AT3G57650. 1 is the outgroup.
2 DGAT2 /i SHIRGHFIINEREMIMRELZE SN
Fig. 2 Phylogenetic tree and gene structure of the DGAT2 clade and its relative clades
F1 HEDGAT2 EEMBUERSH
Table 1 Physical and chemical properties analysis of five DGAT2 sequences
A = \,J‘/ﬁ Le Pt 25 ’ NI \/b/\ T
751 iyt AR5 A Wi FRERE Mmook
Sequence Isoelectric point  Molecular weight Half life Instability index Aliphatic index Grand average
(h) of hydropathy
AthDGAT2 9.00 35845.0 30 43.43 97.77 0.190
PtrDGAT2 8.84 37027.6 30 45.55 105.78 0.346
RcoDGAT2 8.94 38662.0 30 39.65 95.97 0.142
MesDGAT2A 9.47 374231 30 37.82 98.90 0.166
MesDGAT2B 9.27 36870.3 30 32.55 95.67 0.238

INF 40—k, ARRGERBUNT 40 A R
RaEmn

Xt 4 FhAE Y DGAT2 1Y 41 e %43 Hr 2 1
5 % DGAT2 S Z )7 51 Akl (B 3) , Liu
TS | A AIECH Y DGAT2 & (A 551 k7
THX M, IR T 4 ANESFIEA, o 5h
YFP. (H/E)PH(G/S) . GGXXE Hl RXGFX ( K/
R) XAXXXGXXL (L/V) VPXXXFG (E/Q) ., K uk#}
HLH B AN A 0 YFP <7 36 A o 5 — A~ 2R R
A5 R S S R A A SR, X 5 A Sl A 4 A0 L T
HRFFESS R R S Ak, 78 Rk RHE ) AR 2
FIB R DGAT2 fi N-3ii X Sl 2] 7 —Bif &% 3~6
AR A ATRFE, BLEH W AL IF DGAT2
FPIh IR &,

XHUREST . BRR . BARM . AKET DGAT2 &
FI S IS S 45 51 (1 4) B, 4 Py
5 7% DGAT2 ¥ B IR 5 Bk MesDGAT2A
il MesDGAT2B & H — A5 LS LA AL, g
DGAT2 # & AP L5 #3, Stone %1% & 3R
/NEL DGAT2 25 11 N-ii B 2 P 5 5 435 44 4a 5L
N-3i il C-Uig ¥ AL T MU B e vh, A SCrh gt | B2
RIS ST DGAT2 BRI 52 —3 (K 4)

F IRTIIN R I, PR ST M 1) DGAT2 J¥
41 N-3i 594 —Befw 54 € J¥ 9] ( signal anchor se-
quence) , H HXF R [ 700 48 % 43 5] A 0. 996 Fl
1.000; A HRFBHE P A 2 F1E K1) DGAT2 J3 5]
N-3i 3o & B 5 ik ( signal peptide) Fil{5 5 4
FE O IAFTE
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AthDGAT2  Saisiss s ns s NGG. . . . SREFRAE[H. . SNQFHSI |
MeSDGAT2A « « «« -+« MVEKEMNGNNNNQE] . . . VTI FNSR[ZI NPSSLFHSI

JMAIL L G FNVARVLCSLI [@UPPSLS[ENMVL[EL LSLFI [§] [§] DHRSKY]|
AL GLENG FNFL{MFFI PLL[GMPFSKFALFFleL QLVLMg! [§VNENSNL|

HKIBAR
YRIBAR
VRIEAR
SRIECR
LRIECG

MesSDGAT2B iisiiiiisia sisisio sisis MNGNNDNQE. . . . VTI FNSR[EI CPTSLFHSI LEFTIGTA LNFLEFFI PLL{@NPFSKFLFFlEFQLLLMzI [§1 DET SNF|
RcoDGAT2 MGEEANHNNNNNNI NSNOEKNEFKSNYTVVNSRELYPTNI FHALLLSI I GS{j[gFNLF{RLFI SYL|[@RSFPTF{ELI VEF FVVLMgI [§] DEHSKL
PUrDGAT2  :isidiiii aims MENHKQEEQEQGE. . . . LTTFKAR[SLFSSNI | LSLI QvAI [§L GS]|[fFVVL[EVI FSLL[FNSFSKOELVF[ELLLLL %! DDDNKL]

BT e a w ih | £ | | g fp |
AthDGAT2 i ckHACNY[FalsEYRIEr Y ERFoP I NIESIEGEY LG EvvaLcoLTerME! NI EVIEE SR @Y T[FL[Es ! [ LEL T AL S|REDS] VL
MesDGAT2A yLAKHVSSHERYFR ) | NCYRHADGEN QU d2a B[y | [EMGI LSESVGLMgLIgKI [ [IEESEIVIEI TIZF1 [ 1 [ARGCEL TP S[REK VL
MesDGAT2B WL VKHMASHERYF|R ) | NCYRHSAREY AR d2a bl | [yS{eL GI FSDSMGLMELIgKI [ WY SEIVIEI TigF LA, LR GlEVRAL S|RRE VL
RcoDGAT2 VCRHACSHERUTIN DL AFEIE RAY VF GY EPHSUE PR GREAY By [REAVE PR PLAG KL A S| AR F I PYAER HEWT We Gl A AS v
PtrDGAT2 u! CRYACCY[JNTIN p | NEYRHP DGEN ST d s BVWE I [EVVALADHT GF MELIEK VIS VIEES SEIVIEL MaF LS| DRI ClEL TSE BiL LA v

EChASS af rayvfgyephs p g pp klas af p rh wtwg a nft Il gysc
AthDGAT2 T(al eVFleSPLIFCROY eKI| [3VTKT
MesDGAT2A vigelevislRjcy M Algl | [§Wel LlesPFgyaHgl e K[l [EVRKN
MesDGAT2B vigeleT[e[RycY T AlSFFIEWEl L[ESPI (Y QRLEI eKIY| [BVRKN
RcoDGAT2 S{gl eV [eSHL gl QR[Y e K| [SVKAN
PtrDGAT2 A R TV £l FlETPL[EFQR[EMz! ER[H| [SL KAQN

B R pgg qet h e flI rrgf ame g plvpvicfgqg v I k ri fp fg g P p h vvg pie

AthDGAT2  LKETOEEI AKFHAEYVELRDIGERE KSRYEY . PIME@KI
MesDGAT2A pdlgTMaavvevanari TEIKINEEERTS ks rigey Pk E!
MesDGAT2B pafykMasvveEvaneri TENoRaeRTE kaoley PRRKAE!
RcoDGAT2 pdaTviEavsEvadeFvAIKWEGEERTS karNgey AMETE
PtrDGAT2 LT VEILAEVHSEF VAL ENNFKGTE RARNIEF ADTIE KV
ST R p ee q al dif rh vg dl I

TSR FORMIUE N 100% M E LR AN, BALAFE R Liu G0 IRTE PRSP IR, S HE R N-3 X R R IR IR 3L ]
Black background indicates 100% identity value amino acid sites, black lines represent conserved motifs as reported by Liu et a/ [%) |
and the black box shows the aspartate residues in the N-terminal of MesDGAT2A, MesDGAT2B and RcoDGAT2.

E 3 DGAT2 EEHIFFIEXI 47
Fig. 3 Alignment analysis of DGAT2s

A B JE Y (Inside)
® ®

34

i
56

M iz (Outside)
@ MesDGAT2A; @ MesDGAT2B; G RcoDGAT2; @ AthDGAT2; & PtrDGAT2
PR PR B B A P 50 7 P B 23 A Sl 9 e s R 28 1 BB RR 67 05

Numbers on both sides of the endoplasmic reticulum membrane represent initiation site and termination site of the transmem-
brane domain.
B 4 MF#XFHEY DGAT2 & KBRS

Fig. 4 Transmembrane domain analysis of DGAT2s in four dicots

4 BT MR DGAT2 25 A 040 it & 17
O3HT (3 2) FES 25 #4358 o0 B (1l 4) £, Mes-
DGAT2B, RcoDGAT2., AthDGAT2, PtrDGAT2
SEEEIRTE BT 5 R 1, MesDGAT2A NE
B A S AR IS IR L, Ak, AR
2 % DGAT2 B T HAMM G kA%, A8
FENF SRR B[R] I AE e LASN , 38 7E HoAth IV 20 it o
MAETE

3 itip

DGAT 25 H 2 4l g 5 il — 2 21 15 1 W)

B, B DGAT3 LIS, DGAT Y8 7 B 545 #h 5,
AL SRR, 5 R Z B KM B
FE, DGAT i i3 15 5 U kL ( signal recognition
particle, SRP) e EYEF . Stone 21K
BT M A TP R DGAT 25 17 Hid TAG it
T 1 IG W5 /N (lipid droplets) (19 52 s /s Bl
DGAT2 14 N-3iti Fll C-i i 43 DX dsk 14 42b - i o
e, T BE S M B I TAG I TR R A
KT AN 4 YT 5 %% DGAT2 R HHE T
S LR A (18 4) 2RBH, B, BERR . 40
J¥ i) DGAT2 HH 5/ DGAT2 & H i Fh 45 1)
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Table 2 Subcellular localization prediction of DGAT2s in four dicots
J¥%1 1D i A% JB R 0Bl £t TOR TR = % /X NI 1 Vit G U = A 7)) 27 NI i 2 N 2 TN W
ID of sequences Nucl Plas Extr Cyto Mito E.R Pero Golg Chlo Vacu
MesDGAT2A 0.24 - 0.49 - - 1.87 - 0.41 6.65 0.34
MesDGAT2B - 4.10 - - 1.60 - 1.85 - 2.45 -
RcoDGAT2 1.09 6.64 - - 1.61 - 0.67 - - -
AthDGAT2 - 7.33 - 0.15 - 0.36 1.10 1.06 - -
PtrDGAT2 0.01 9.91 - - - 0.07 - - - -
e =" FIRXERE S AW A AN
Notes: “ =" indicates the corresponding sequence not located on this subcellular structure. Nucl: Nucleus; Plas.: Plasmalemma;

Extr. Extracellular; Cyto; Cytoplasm; Mito: Mitochondrion; E.R: Endoplasmic reticulum ( ergastoplasm) ; Pero: Peroxisome;

Golg: Golgis; Chlo; Chloroplast; Vacu; Vacuole.
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