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Abstract: In this study, the fatty acid desaturase gene FAD2 was cloned from Coix lacryma-jobi L. and its
molecular structure and function were studied. The results showed that the full-length cDNA sequence of FAD2
gene was 936 bp encoding 311 amino acid residues. Bioinformatics prediction results showed that the protein
encoded by the FAD2 gene was an alkaline hydrophilic unstable protein with a molecular weight of 34.87 kDa. It
contained three transmembrane helix domain, and did not contain the signal peptide splicing site, and was most
likely to be located in plasmid membrane. Compared with other similar genes in plants, it has only a histidine
conserved site, His Box IIT histidine site (HXXHH), suggesting its activity may be reduced. Phylogenetic tree analysis
showed that FAD2 was closely related to monocotyledonous plants, especially Maize and Oryza sativa japonica
Group, but farther from dicotyledonous plants. Therefore, it was inferred that FAD2 might have similar functions
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with similar genes in Maize and Oryza sativa japonica Group. In addition, the expression of FAD2 gene could be
detected in Coix lacryma-jobi L. with high oil content, but not in low oil content of Coix lacryma-jobi L. In order
to clarify the function of FAD2, the gene was heterologously expressed in sporomyces cerevisiae. The results
showed that the protein encoded by FAD2 gene did not catalyze the formation of C18:1 unsaturated fatty acid into
C18: 2 unsaturated fatty acid. Therefore, it was speculated that the deletion of histidinine conserved site of FAD2
gene might lead to the decrease of protein activity or even inactivation. This study provides reference value for
further understanding the molecular structure characteristics of fatty acid desaturase. At the same time, it laid a
foundation for elucidating the biosynthetic pathway of Coix lacryma-jobi L.
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910 920 930
901  CACI GTCTACTGGTACAACAA TCTARA
301 H K GV ¥ WY NNIKTF *

Figure 1 Sequence of gene and amino acid sequence
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Figure 2 The result of transmembrane helices analysis of FAD2
protein

18 20 30 4@ 5@ L) 7@

| I | I I | |
MAEKKARKNQYNVGGVRRSPYDKPPSTLGDIKSIPPHCFQRSARRSFSYLLHDLATAAGLLYIPALPSAT
hhhhh cece [ ehhhtccc hhhhhhhheechhhhe « hhh
LRLVATTRCTWPRPGTPCGGTRPTCSATPHWAGHY IALQLTLAWPLYLAFNLSGQPYGGGDGGRFITSHYD
he eeee thhhheeeeettcceeeee
PYSPLYKAQERVPVLVSDAGILAALLALYRLAAAFGFCTVVRLYGVPLLYVSALFYLITYLHHTHLALPH
ttcceecttccceeeehhhhhhhhhhhhhhhhhhttchh h
CDSSEWEWLRGALATHMDRDYGYLNRVLHNVTDTHVLHHIFPSHMPHYHAMEATRAMRPLLGEYYMSDDTPL

hhhhhhhhhhhhecthhhhhhhbhtccchhhhhhhott hhhhhhhhhhhhhh

LKATWREAKQCIYVEPVKDEHKGVYWYNNKF
hhhhhhhhhhheeectttcccccceeenee

tcceeeetth

Figure 3  Secondary structure prediction of FAD2 protein by
SOPMA

5 F oK (Zea mays) 1 [F 2R 85 1 1 [FJR 14 87.02%; &
M) & H (Setaria viridis) [ [F] 5P 66.35%; L5 %R 5
(Brachypodium distachyon) 1) [R5 14 4 66.35%; 54+
(Setaria italica) (1) [F] 5 14 9 65.87%; 15 5E K (Panicum
miliaceum) (1] [A] J 1 v 65.87%; 5 Z& (Panicum hallii)
F) TR A 65.87%; 5 k32 (Hordeum vulgare) ()17 &
% 65.38%; 515 11 % (Aegilops tauschii) [ [F] Y5 14 A
65.38%; 5 & 1L (Coix lacryma-jobi) H CL & 1) fIg 7 R
25V N I [R) 95 14 A 65.38%; 5 1 42 (Sorghum bicolor)
(¥ ) 5 14 64.90% . F1] i DNAMAN 8.0 % -} FAD2
N R IR FFF) 5 H Al 10 R ka9 b [F R0 R 55
G BAT Z E X, 5 R W E 4R, %8 A N iR
SEVERET, C o RSP PEBUIR, (B R BB P HIAA AR SR R
fr . SeAh, B AT E4RIE T delta-12 fig BT ER 2 M A 1 7
SEAL A 3, 20 SR HXXXH HXXHH il HXXHH,
oAt 10 PP AR A 16 B (139 3 AR S A s (U8 U AE R 4
OHERRE) 28, i A AR A — A HZ IR IR 57 A7
“HXXHH” (ZL A HERRTE)

23 RGABWHME MNCBIH ik 5 FAD2
DRI g 65 2 A AL LU B 1) A3 SR ER P A1, TR0
PR A . T MEGA 7.0 84 T
Neighbor-Joining (NJ) 244 & & ¥ FAD2 & 5 R )7 )
PRG5BS B, ELFAD2 5[ A1
HHE W) 1 K K KRS (Oryza sativa japonica) . 4 & 52
R BT KB RVRE I EMEREN
— R, AT FE A H % AL S (Brassica napus) Al
K5 (Glycine max) HAh 5 Ny —2; Ui B HAEA FMEY)
At iz, B R A AR R — B
AN, BEFAD2 5 T KRN —2K, H G2 /KA, it
M H 5 T K AN KR Hh [B] S8 35 R 1) Ty g 58 AR AR

2.4 FAD2 EERIFRIESTH  FAD2 F [5 4 i i 1L il
JIg T R L R B A R R T D7 TR A AR A (R 5 BT i U
2RI . AR PRAF T AN A3 G & B e A
[Fi) B34 110 % s 20 40 , ad o 43 A FAD2 26 [T [ % s K
-, GERANFR LFTR, SIMIL 43 338 (12 R DL s 4



- 1482 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(5): 1478 -1485
FAD2 oo s« VAERRARKNCYNVGG. .. ..... VR 21
XP_008662593.1_[Zea_mays] NAVGVATAEEI RKKSHSCG. | VR 101
XP034570926.1_[Setaria_viridis] AGAGGRANTEKEREKGELLG, RAAGGAAN 106
XP( ' 010231291.2_[Brachypodium_distachyen] MCACCRANTEKERERCEVLSKRASCCGAAV 107
XP_004953689.1_[Setaria_talica) MCGAGCRMTEKEREKGELLG. RAAGGAAM 106
RLY{80779.1_[Pamicum_mibaceum) MGAGGRMTEKEREKGECLG. RAGGGAAM 107
3003.1_[Coix_lacry ] MCACCGRATERERERCECLA. RATCGAAM 106
XP_025805116.1_[Panicum_hall) MCACCRMNTERERERCECLG. RACCCGAAM 106
KAE$§821404.1_(Hordeum_vulgare] MGAGGRMTEKEREKCECLG. RAGGGAAF 106
XP_0201892741 _[Aegiops_tauschi) AGAGGRATEKEREKGEGLG, RANCGAAY 106
XP_021316019.1_[Sorghum _bicolor] MCACCGRMNTEKERERCECLA. RATCGGAAM 3 106
Consensus :pph:! rs sfsy dl
FAD2 R 0 B A B B A T Y 132
XP_008662593.1_[Zea_mays] AFSCYPLLENAVGFVLHSALLTPFFAVRYSHRR NTGSMENCEVYVAKTRCALRVYTPLVFCNPVGRLYV 208
W 034570926.1_[Setaria_viridis] AFSCYGLLLLI VGLVLHSSLAVPYFSVEYS NTGSLERCEVFVPREKEAMPYYTPYVYMNPVGRLL 213
XP 010231291 2 [Brachypodium_distachyon) AFSCYSLLLTI VGLVLHSVLLVPYFSVKYS) NTGSLERCEVFVPKCKEALAVYTPYI YANPVGRLY 214
XP_ 004953689, 1_[Setaria_jtafica) AFSCYCLLELI VGLVLHSSLAMWPYFSYRYS NTGSLERCEVFVPREKEAMPVYTPYVYMNPVGRLL! ik
RLME0779.1_[Panicum_maEaceum] FSCYSLLECVVGLVLHSSLMWPYFSVRYS NTGSLERCEVFVPERKEALPVYTPYVYMNPVGRLL: 214
3003.1_[Coix_lacryma-jobi] AFSCYSLLLLI VCLVLHSSLAVPYFSVEYS NTGSLERCEVFVPRKKEAMPVYTPYVYMNPVGRLY 213
XP_025808116.1_[Paricum_hats] AFSCYSLLLEVVCLVLHSSLAVPYFSVKYS) NTGSLERCEVEVPRKKEALPYYTPYVYMNPVGRLL 213
KAES821404, 1_[Hordeum_vulgare] FSCYSLLCCTVGLVLHSYLLVPYFSVRYS NTGSLERCEVFVPRCRKEALAVYTPYI YMNPI GRLV 213
XP_020189274.1_[Aegtops_tauschE] AFSCYSLLCECTVGLVLHSVLLVPYFSVEYS NTGSLERCEVFVPECKEALAVYTPYI YMNPIGRLV 213
XPL021316019.1_[Sorghum_bicolor] AFSCYCLLETI VGLVLHSSLAVPYFSVKYS] NTGSLERCEVFVPKEKEALAVYTPYVYANPVGRLY 213

Consensus

AD2
XP_008662593.1_[Zea_mays)
W 034570926.1_[Setaria_viridis]
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Figure 4 Multiple comparisons of FAD2 protein in Coix lacryma-jobi L. and other plants
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Figure 5 Phylogenetic trees of FAD2 protein from other plants

Table 1  Analysis of the expression level of FAD2 gene from
different Coix lacryma-jobi L. resources. S/M/L refers to the
sampling time every 20 days after the heading date, respectively.
FPKM: Reads per kilobase of exon per million reads mapped

Sample number Description ~ S-FPKM =~ M-FPKM  L-FPKM
1 Low oil 0 0 0
2 High oil 0.206 378 0.14986 0.035 348

—m‘— XP_008662593.1 Zea mays

XP_014617578.1 Glycine max

XP_015645528.1 Onyza sativa Joponica

A FADZ

k& 20 K S B 1 I 1], FPKM (reads per kilobase of exon
per million reads mapped) 18 3% 1) /& FAD2 % [A [ & ik
KA, A AR i 7 & S, IR RAG I B FAD2 £
DRI P 2, T s vt T 3 2 38 A AN [ B S 85 my s 0 3]
BRI Rk, IF Bl A& R A I R A Ak 7K1 S B L O
PRI
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3 FAD2EFZEEIZMESHHNRIFERIE

¥ pCAMBIA2300-pPGK-FAD2-tHSP # 14 54 A\ #f
A Y R £ A fa e BERRT R, 985 N5 S P _E BB LBk EC
7, HRIZ T84 300 pg-mL k41 50 fi5 81 20 pg-mL?
W EE ARV YEPD i P, 7] I LS A 7 5 40 4¢ 1 15
BEFE XS i, 30 °CH 77 B VE Kk, S uE b 7R 4
M IERYE . Bl S PRI AR AR KR TR, NS
4 300 pug-mLt 3k 78 7 f5 A1 20 pg-mL*t ¥ % & 1 YPD
TR TR FE P AR SR IR, S R AR KAF L, It — 2
Wik . S5 Rl 6 P, AT LA B bk 5 B AR A R
LI I BE S S AL AL S, A B A B R R I I i
BRE BT 3RAF T AT, TS R T AR T R L
FRAE A B0 B A 5 20 & O B BF, A B A 07 6~ A B3R
AT

Figure 6 The R. toruloides resulted from Agrobacterium-mediated
transformation with pCAMBIA2300-pPGK-FAD2-tHSP

4 #5 Ak 3R A5 1 T A2 B R 72 30 °C 200 r-mint 1) 4
PR P RE R A %, I MR TR AR B e i, e ASORE €l
YE . SRR 2 Fow, BALRINE] 7 RARIER, 4 B 2
W 5 5 R (C14:0) AKX AR (C16:0) ARHAMER (C16:1).
fifi i 2 (C18:0).HIE (C18:1). IE iz (C18:2) 1T j#k
I (C18:3), HH FAD2 BRI FiA =), kil #) C18: 1
F1C18:2 B AHXS & & 53 5l h 57.6% F1 7%, L5 8 £ A
P BE B AR AR LE, C18:1 L ARXT & &4 &1 1 4.5%, 1 C18:2
FEAK T 1.2%, H b3 B BE R g il 1) =) R A0 C18:1
B C18:2 Ay Z 1A, M A 75 C18: 1 (1 AH XS & & A Bt
Pew o T ARIA S b i R R R ) A AR A
f, D FAD2 B Al Re A T T

Wi

ANV R 7 TR A2 20 BB 1 2 B ALy, R AR
KRB Tl 5 B — 2B FR I, L 3 BAE T A P9 It
W e e e 2R A 1 R T 2 R AR £ 25 S Y (1

Table 2 Fatty acid composition analysis of FAD2 gene

U7 W 25 LRIV A A, 5 52 B3R B W de DL R B R
P00, AHIE T8 A AE 4R B0 R S R AR g
1 ¥ delta-12 iR i B8 26 ML FITG (FAD2) HEAT 1 B AL 1
J R EE K T RE S S A o BRSO TN 45 SR RO, B
FAD2 3 [X] 4= K cDNA v 936 bp, %i i — 4> 311 & & 2
Ha B PRV SR K AN ARLE BRI, 431 i &y 34 871.30 Da,
A 3 R HE A5 A A, AN S E T KB DAL A, E4H
fse b EEAETAE . REREM oI RY, EiX
FAD2 5 [A] Ay 57 R () oK R ARG ) e L R A
BORT VKB R VRE W EMSREN—K
2, 1M X P AR A H 0 2R e SR N K T B R S — 2K, iR
AP A I L B A P B I AR P LR R ST
TEREYI & AR i R 1A I R, R T delta-12
JIg i |2 2 1 Al DA A1, 38 £ 45 delta-6 . delta-9 1 delta-
15 I 107 R 2 M RO 55, X e A [ 2 B (1 2 M RO g 1) 5
B IR AR & £ 1X 0 His Box 1. His Box II
A1 His Box III, H: r delta-12 i i 12 2 v AN (1) 3 > 4.
FR A 57 AL A AR R N HXXXH  HXXHH AT HXXHH.
AW T, B FAD2 4i 5 1) & (A S B — 4
His Box I 57 i f“HXXHH” . 7 5% % B His Box
DRI 2K B HRAR AT g 2 3 B0 0 14 R %, His Box 11
1 Bk 2 BCHCAR T A 2 5 B0 Ok 2595 1RO, Libisch
S0 B 38 1 delta-6 I 7 R 25 7 AN G o 1) HISTIX Rl
HISIIIX % 2 R F1 delta-8 AR i & 25 18 F1 B (1) HIS TIT
X HEAT E A, 45 5 R B 20 g 3 Ok 1 4k C18 g i R it
A Thhe, (AR DU ERATIE R (C16:1) FIPY &80
2 (C14:1) A, HARHE HISTFIHISIIZ 5 T R4 &
AL TR B, TR AN L AL T BRI 07 1R JEs 4 1)
Koo N T IRAIE e 7 R 2 TR ) B AN A PR R et T
BE X152, K FAD2 56 [K] 7 8] 40 & f s BF o b 47 1 5%
PRIk, GC I 45 R 7R C18: 1 1y & & J 1, C18:2
()25 5 PR AR, 35 L& (178 C18:1 1 C18: 2 [ AN Fi i
078 2 8] R AEAE L, GC A 45 SR C18: 1 & &
P#A%, C18:2 )& & T, 1H & GC AL 25 S 5 Al =
HH A I C18: 1 (1 A X 25 & E X HE R A it i, =2
T 1% 2 PR 1) HXXHH A7 5506 F) 176 C18:0 3 C18:1
(R MFRL . BEAh, # 5K T 0 M o, il s & &
AR R ) R K PRI, H R IUEWT T B &
e, TR i B P IR R A B % B R R A
BT R A b, HE W A SRR AR 57 AL AU R R T B 22 i

Normalized relative fatty acid percentage/%

. -1 ini 0, ini . -1
Sample 1D DCW/g-L™  Lipid content (wt%)  Lipid/g-L C14:0 C16:0  C16:1  C18:0 cle:1 Ci8:2  c18:3
AS21389 114+06 528+5 64404  15+0  237+12 06+0 101405 531+08 82403 17+0
FAD2 9.4+09 494+5 46+03  17+01 226+11 07+0 81+03 576407 70+01 11+0
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Ji% FAD2 & 13 T AR L 22 K0, DA T e AL i
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— B T T T A S g 7 TR % R A i (14 5 ) AN 1)
A€, M0 HL th oy H b A W inh B 5 B A5 (R S B D R 1F 7T
R®ET —ENSE,

{EE STRR: B/ AR 55 2 ACHIE TE ) S 06 e vk AT
N BUMESERL T B A LR SCHIRR RS TS S
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