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Table 1 Species, gene name, accession numbers and protein length of DGAT sequences retrieved in this study
Y b AR FLH 1D Bl 7315 K BE (aa)
Species Taxa terminologies Gene 1D Database Access Length

Chlorella vulgaris Cvu DGATI1 NCBI ALP13865.1 460
DGATI1 NCBI ALP13863.1 460

Chlorella variabilis Cva DGATI NCBI XP_005842809.1 445
Solanum pennellii Spe DGATI1 NCBI XP_015059289.1 516
Solanum lycopersicum Sly DGAT2 NCBI XP_010317058.1 304
WS/DGAT Phytozome Solyc01g011430.2.1 506

Medicago truncatula Mtr DGATI1 NCBI XP_003595231.2 539
DGAT?2 NCBI XP_003612436.1 321

DGAT3 NCBI XP_003609890.1 341

WS/DGAT Phytozome Mtr_XP_003588522.1 483

Zea mays Zma DGATI1 NCBI NP_001288553.1 494
Perilla frutescens Pfr DGATI1 NCBI AAG23696.1 534
Xanthoceras sorbifolium Xso DGATI NCBI AGO32048.1 518
DGAT?2 NCBI AG0O32049.1 333

Sesamum indicum Sin DGATI1 NCBI NP_001291334.1 543
DGAT?2 NCBI XP_011098009.1 335

Olea europaea Oeu DGATI1 NCBI AAS01606.1 532
Nicotiana tabacum Nta DGATI1 NCBI NP_001313014.1 532
DGAT?2 NCBI NP_001312219.1 332

Lotus japonicus Lja DGAT1 NCBI AAW51456.1 511
Jatropha curcas Jeu DGATI1 NCBI NP_001292973.1 352
Punica granatum Pgr DGATI1 NCBI AFX71924.1 540
Volvox carteri Veca DGATI1 NCBI XP_002957418.1 464
DGAT?2 NCBI XP_002947215.1 325

DGAT3 NCBI XP_002946808.1 370

Chlamydomonas reinhardt Cre DGATI1 NCBI XP_001692593.1 387
DGAT?2 NCBI XP_001694904.1 324

DGAT?2 NCBI XP_001691447.1 346

DGAT3 NCBI XP_001691342.1 346
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L7EE I KA L ID e 751 KJE (aa)
Species Taxa terminologies Gene 1D Database Access Length

Gonium pectorale Gpe DGATI NCBI KXZ53651.1 277
DGAT3 NCBI KXZ54505.1 314

Vernicia fordii Vio DGAT3 NCBI AGL81309.1 278
Ricinus communis Rco DGAT2 NCBI NP_001310616.1 340
WS/DGAT Phytozome Sco_29742.m001420 506

Solanum tuberosum Stu DGAT2 NCBI XP_006365015.1 333
Nannochloropsis oceanica Noc DGAT?2 NCBI AQT19709.1 363
DGAT?2 NCBI EWM23187.1 360

Phaeodactylum tricornutu Ptr DGAT?2 NCBI AFM37314.1 329
DGAT?2 NCBI AFQ23659.1 359

Emiliania huxleyi Ehu DGAT?2 NCBI XP_005760702.1 334
Camelina sativa Csa DGATS3 NCBI AQM52372.1 285
WS/DGAT NCBI XP_019091450.1 469

Rhodotorula glutinis Rgl DGAT3 NCBI ABC41546.1 221
Glycine max Gma DGAT3 NCBI XP_003542403.1 327
WS/DGAT Phytozome Glyma.09G196400.1 480

Cicer arietinum Car DGAT3 NCBI XP_012573346.1 315
Vigna angularis Van DGAT3 NCBI XP_017423000.1 330
Phaseolus vulgaris Pvu DGAT3 NCBI XP_007154487.1 328
Vitis vinifera Vvi DGAT3 NCBI XP_002269582.1 362
Arabidopsis thaliana Ath DGAT3 Phytozome ATI1G48300.1 285
WS/DGAT Phytozome AED91807.1 480

WS/DGAT Phytozome AED92282.1 488

WS/DGAT Phytozome AAU90066.1 481

WS/DGAT Phytozome AAT69156.1 206

WS/DGAT Phytozome AEE35275.1 470

Raphanus sativus Rsa WS/DGAT NCBI XP_018475406.1 481
Noccaea caerulescens Nca WS/DGAT NCBI JAU65157.1 483
Brassica napus Bna WS/DGAT NCBI XP_013674531.1 476
Brassica rapa Bra WS/DGAT NCBI XP_009131282.1 479
Manihot esculenta Mes WS/DGAT Phytozome Mes_ OAY49015.1 515
Arabidopsis lyrata Aly WS/DGAT Phytozome AL7G45900.t1 500
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Fig.1 Phylogenetic relationship among plant DGAT1,DGAT2,DGAT3,WS/DGAT protein sequence
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Fig.2 Predicted transmembrance domain for DGAT1,DGAT2,DGAT3 and WS/DGAT from plants
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Fig.3 The analysis of gene structure in DGAT1,DGAT2,DGAT3,WS/DGAT from plants
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Table 2 Parameter estimates for the four DGAT's genes under site-specific model

B YISk 3l LT i SR THE P {H 1E [ S 7 5
Type Model i Estimates of parameters P value Positive sites
P,=0.280 83 P,=0.603 92 P;=0.115 26 ]
M3 THLSASTIOTIO 004150 1 =0.178 69 w,=0.512 95
Mo —11 700.040 900 Not allowed
M2a —11 650,177 670 P,=0.906 09 P,=0.003 63 P;=0.090 28 ]
wo=0.148 35 w1 =1.000 00 w>=1.000 00
DGAT1 Mla —11 650.177 670 P,=0.906 09 P,=0.093 91 Not allowed
wo=0.148 35 w1 =1.000 00
M8 —11 548.435 290 Py,=0.993 21 P=1.143 15 q=15.263 97 4 M* ", 5 A"
(P1= 0.006 79) w= 3.278 90
M7 —11 552.954 300 P=1.113 43 q=4.872 29 0.002645 Not allowed
M3 —3 795.099 496 P,=0.338 22 P1=0.539 47 P,=0.122 30 ]
wo=0.043 58 w1 =0.346 82 w2;=0.735 13
Mo —3 854.774 459 wo=0.2380 4 Not allowed
M2a —3 822.990 554 P,=0.537 87 P,=0.045 84 P,=0.416 29 ]
DGAT? wo=0.139 96 w1 =1.000 00 w2 =1.000 00
Mla —3 822.990 554 P,=0.537 87 P1=0.462 13 Not allowed
wo=0.139 96 w1 =1.000 00
MS8 —3796.435 199 P,=0.999 99 P=0.696 94 =1.583 04
(P;= 0.000 01) w= 19.648 63
M7 —3796.434 07 P=0.696 94 q=1.583 04 Not allowed
M3 —3 795.099 496 P,=0.338 22 P1=0.539 47 P,=0.122 30 ]
wo=0.043 58 w1 =0.346 82 w2 =0.73513
Mo —3 854.774 459 wo=0.238 04 Not allowed
M2a —3 822.990 554 P,=0.537 87 P,=0.045 84 P;=0.416 29 ]
DGATS3 ©0=0.139 96  w1=1.000 00  w,=1.000 00
Mla —3 822.990 554 P,=0.537 87 P,=0.462 13 Not allowed
wo=0.139 96 w1 =1.000 00
MS8 —3 796,435 199 Py=0.999 99 P=0.696 94 =1.583 04
(P;= 0.000 01) w= 19.648 63
M7 —3796.434 070 P=0.696 94 q=1.583 04 Not allowed
M3 — 13 458.582 279 P,=0.524 78 P,=0.475 22 P,=0.000 00 ]
wo=0.097 75 w1 =0.424 60 w;="T71.057 04
Mo —13 619.203 977 wo=0.228 32 Not allowed
M2a —13 510.017 419 P,=0.822 08 P,=0.161 15 P,=0.016 77 ]
WS/DGAT wo=0.188 89 w1 =1.000 00 w>=1.000 00
Mla —13510.017 419 P,=0.822 08 P,=0.177 92 Not allowed
wo=0.188 89 w1 =1.000 00 2E**,166 E* ",
M8 —13 443.133 331 P,=0.951 74 P=1.077 07 =3.440 92 197 S**,264 T,
(P;= 0.048 26) = 1.000 00 0.008 374 415 AT
M7 — 13 446.609 198 P=0.932 70 q=2.517 87 Not allowed

VE S 7E 9526 F1 99 V0 5 S ML il iy 9 LE SRR 8743 00 « R+ + ARl . Note

95% and 99% posterior probability values,respectively .

: The positively selected sites were in * and * * under
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Table 3 Parameter estimates for the DGAT genes under branch-specific model
E 3] (o8] In SHAGTTHE P {H
nir.
Type Model Estimates of parameters P value
. Model 2 —7 433.800 756 w1=0.086 26 wy=0.277 04
DGAT1 0.392 559 242
Model 0 —7 434.166 256 w=0.087 02
. Model 2 —11 698.044 070 w1=0.165 50 w2 =0.005 22 _
DGAT?2 0.045 672 081
Model 0 —11 700.040 900 w=0.163 49
. Model 2 —3 852.040 818 w1=0.245 40 _
DGAT3 wy;=0.011 57 0.019 375 736
Model 0 —3 854.774 459 w=0.238 04
VR BHE N A 38 4> 32 BUE . Note: The microalgae branch data marked by black box.
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Structure and evolution of diacylglycerol acyltransferase
(DGAT) in microalgae
YANG Xiao LIANG Chengwei
College of Marine Science and Biological Engineering ,Qingdao University
of Science and Technology ,Qingdao 266042 ,China
Abstract Microalgae is the third generation of potential bio-energy resources,and the presence of

grease in microalgae is mainly triacylglycerol.Diacylglycerol acyltransferase (DGAT) is a key rate-limit-
ing enzyme in the control of TAG synthesis. DGAT is divided into DGAT1,DGAT2,DGAT3 and WS/
DGAT.The DGAT of microalgae and higher plants was obtained from the database.The diversity and e-
volution of the four DGAT types and gene and protein structures was analyzed with phylogenetic meth-
ods.In order to further analyze the evolution of DGAT in microalgae,the positive selection sites were se-
lected to estimate the selection pressure in the evolutionary process.Result showed that the genetic struc-
ture and protein structure of different DGAT types in microalgae were different.In the same DGAT
type,the gene structure and protein structure of microalgae was different from that of other higher
plants.It was found that microalgae did have different evolutionary processes with other higher plants.
There was a positive selection sites of DGAT2 and WS/DGAT. Thepositive selection sites of DGAT1
and DGAT3 were not found.It will help us to decipher its functional role in plants and promote the re-
search of renewable energy.

Keywords microalgae; diacylglycerol acyltransferase; gene structure; positive selection site; phy-

logeny
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