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Cloning and expression analysis of Triticum aestivum
vitamin E gene TaHGGT-7AL

Guo Qi-Ping, Zhang Shan, Liu Yuan-Yuan, Tian Shu-Jun, Li Chun-Lian®, Wen Shan-Shan”

( Crop Molecular Biology Laboratory, College of Agronomy Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract. The vitamin-E gene TaHGGT-7AL and two other copies were cloned from Triticum
aestivum L. variety “Kenong 199’ and the sequence structure and phylogenetic relationship
of the protein‘sequence were analyzed by bioinformatics. Results showed that the coding
region of the TaHGGT-7AL gene was 1227 bp in length, encoding a total of 408 amino
acids; the sequence identity of TaHGGT-7AL with the two other copies was 95.45%. The
TaHGGT-7AL protein sequence had nine a-helices and showed the sequence homology with
grass HGGT protein of between 58.7% and 98.5%. The three TaHGGT genes were located
on the 7AL, 7BL, and 7DL chromosomes of the genome, each having a conserved domain
of the UbiA prenyltransferase family associated with the membrane and a transit peptide.
Phylogenetic analysis showed that TaHGGT-7AL was closely related to gramineous plants.
The gRT-PCR analysis results showed that TaHGGT-7AL was only expressed in T. aestivum
hulls and grains, and the highest expression was observed 13 d after flowering. Under ABA,
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low temperature (4°C), drought, and dark stress treatments, the expression of TaHGGT-7AL
was up-regulated compared with the control; after 24 h of NaCl treatment, the expression
increased, indicating that TaHGGT-7AL responds to abiotic stress.

Key words: Triticum aestivum; TaHGGT-7AL gene; Bioinformatics; Stress; Expression analysis

INFE ( Triticum aestivum L.) J& T RAFF /N
&, BHA L =KEWZ—, WA ERRHH
(FAO) 4iil, 2017 4= & ¥R/NZZ P71l 7.548 X
10" kg, W T £ K (Zea mays L.) (1.371 x
10"” kg) .

AR E(Ve) A2 B — M rY 28 I = &tk i
Ty 34 Se B 2 B A0S W IR FR TR (3R K) Rl—A 5=k
TR (HEK) AR PP, R A A
WEZ PR R He A LI LS i
2 ( Geranylgeranyl pyrophosphate, GGPP) 1R
MR (Homogentisate acid, HGA) 7£ I B 2 4 4~
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PRt BEEFERGL, RSN AW AE B
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WFFE R, 123k HGGT Wl fifi JH % ( Nicotiana
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o, WA Vs RS T 15 50 AR
PRt Eik HGGT B EKRFFRip, 4 F
IEE S EIINT 20 %, Ve EHinT 6 5
1E D-ZBAn PR B o 7 E T, RKiGdR
ik HYHGGT W3R K37 ( Hordeum vulgare L) ,

HrFhAs =mmmEaEigimr 10% ~
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HGGT By3&3h o M AE/INZE A5G % H R] Y 6 38 oy
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RETEH/NZRL A BlA 1997 MBFRHIS ™ TE R
PAF TaHGGT 19 3 N5 0L, @t AE Y15 B %
B WP HIA N, f50 B R R G LT
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1.1 KIE##
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1.2.1 ZEHRIRLE
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PN B TSR A AW AL B 24 h, DL B A B4 5
F 0. 3, 6,9, 12, 24 h BHBUNERRL, HAFT
-80°C#H.,
1.2.3 /INEFFHLE RNA 12EUR cDNA &1

KT RNA $2 3B & 42 I BHR 199 FF kL
RNA JfE% 5% cDNA, #5 cDNA Fifé 2 100 ng/ul,
T-4CHRAF, &H,
1.2.4 INE TaHGGT-7AL EEMIE

1 /N2 LR 20 8008 P (https ; //wheat-urgi.ver-
sailles.inra.fr) #47 TaHGGT-7AL H:H JF5) (5 5
5. AY222861) ) BLAST #2%, 153 3 ZAHBIME
A, 3 LT /N R 7TAL, 7BL, 7DL
gefafk b A Primer 5.0 # b %} 3 48 513
SRS (K ), TERERIKR 1997 B HGGT Jk
P, DL BEA 199° cDNA N4k, ) ] w5 4
DNA %4 PrimeSTAR #E17 PCR 43, ik %
A: DNA Polymerase (1.25 U/uL) 1 uL, dNTP
Mixture(2.5 mmol/L) 4 uL, 5 x PrimeSTAR GXL
Buffer (Mg® plus)*® 10 uL, 1E. & 16 51 ¥
(0.2 ummol/L) £ 2.5 uL, cDNA (100 ng) 2 uL,
PCR f&/¥ 2 : 98°CHiAE: 10 min; 98°CAE 110 s,
60°CiE k15 s, 68°CHEfH 90 s; Ik 34 A3 fi
Jri 68°CHEAH 10 min, ™4 ) 1y 28 [N e A UK
Z AU DHS o, B T R 28 88 0 I 2K
1.2.5 TaHGGT-7AL EEWEYEBFES

K H ExPASy-ProtParam( https : // web.expasy.
org/protparam/ ) FE £k T-HX < B4 199 TaHGGT-
7AL F R G % 8 L0 B4R I 1 AT T R
Pfam( http ; //pfam xfam.org”) Al TMHMM (http: //
www.cbs.dtu. dk/services/ TMHMM/ ) %54 28 %f
FI 5 5 Ik S i Rtk A7 3L ;. >R Plant CARE
(http: #bicinformatics. psb. ugent. be/webtools/
plantcare/html/ ) B4 12 43 #r i 3l i =X /6 oo
4 ; R H SOPMA( https: //npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl? page =npsa_sopma.html)
F1 Phyre2 (http: //www.sbg.bio.ic.ac.uk/phyre2/
html/page.cgi? id =index) 7 £k T.E #il Ji & 4 it —
WM =55 FH MEGA7.0 44 Neighbor-
joining ( bootstrap {7 1000) J7 iE A4 H2E HF 51 1Y
RGRAEW,
1.2.6 TaHGGT-7AL EREMRIES

K Primer 5.0 #X {1 Primer-BLAST 7E£k T.

B it TaHGGT-7AL FEH I 5658 = Fr F L5
Y RT-F #1 RT-R(#£ 1), DL Actin H NS, R
% K76 E R Lighteycler 480, %t Fl4k 199°
NEE DA A= NGV a1 N NGB Er: =E i)
 TaHGGT-7AL Wik ST 00, BAFE R
23K,

x1 5l9ER
Table 1 Primers used in this experiment

ZFR 51955

Name Primer sequence (5'-3")
HGGT-F CGAGGATGCAAGCCACCAC
HGGT-R TCACATCGCTGGCCCTTGT
7BL-F CATTACGCACGCACGACA
7BL-R TTTGCCTCTTTCTCTAGATCATGG
RT-F CCTATGGGGCTGCCACTGTA
RT-R GCTTTGACACTTTGGCA GAGGT
Actin-F TAGATGCAGTAAAGAACCTGAC
Actin-R GCCGTGGAGAAGAAGGATC

102.7 HESWRIER
K H Excel 2010 #k {F #4788 40, R H
Photoshop CS6 % f-1EE

2 HER59H

2.1 ‘®l&K 199’ TaHGGT K=&

Wi/ TaHGGT-7AL K 7 91 %51 4,
Xt Bl 199° 7k cDNA #4T PCR §73, 2553 12
AP HEH 3 S, FE H A I T A5 R 5 /N
S I W FEA TP B R, RAE T < Bhk 1997
1) 3 AR PRI TaHGGT-7AL, TaHGGT-7BL #il
TaHGGT-7DL(E 1),

M 7AL

7BL 7DL

(bp)
2000

1000
750
500

250

100
M: Marker; 7AL. TaHGGT-7AL; 7BL. TaHGGT-7BL; 7DL;
TaHGGT-7DL.

B1 ‘RK199’ TaHGGT EE R E
Fig. 1 Cloning of the ‘Kenong 199’ TaHGGT gene
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2.2 TaHGGT-7AL RBBEAWMEMIEEFEST

2.2.1 TaHGGT-7AL ERA&RBEAMIEL MR
s R B, Bk 199° /) 3 4 TaHGGT

LAY AL T /N LI 41 7AL, 7BL Fil 7DL %t
ik b, 3R 8 [A] 1 15 31 95.45%
(1 2), Hrft, TaHGGT-7AL 4fiBIX 4K 1227 bp,
g 408 N HERR ; AT RN 45.13 kD,
IS H o 9.57, JE/KMEN 0.368, [H It Ta-
HGGT-7TAL A B /K EH
2.2.2 TaHGGT-7AL EAMMRTLEHIE, Bk
K 0 20 B 7E oL

1€ Pfam £dig b, A5 Tt TaHGGT-7AL
B 5 BEAE 0 5 50 3t 7 B 1l K % (UDi

prenyltransferase family, UbIA) Y {5 5 45 #4 s 1
—ANEZ K (Transit peptide) , X EEARAE R 5 k5
FI/KFE ( Oryza sativa L.) ) HGGT & H AL, I
A B A SR R, %R e T AT A
2.2.3 TaHGGT-7AL & K"K =R 5T
TaHGGT-7AL E F1 B9 — 2% &5 4 T ) 25 1 &
N, EEHASA 47.55% 0 o-18iE (Alpha helix) |
14.22% 14 4 B 4% ( Extended strand) . 2.45% 1
B % (Beta turn) Fil 35.78% A KL 25 i ( Ran-
dom coil) , & 11y 3D FAIMGS SR KB, ZE
FI7 66%1 (271 A ) 42 iR 7k 5L 4544 A T 35 3]
100% (&l 3), % &E A H9 Do-lRIEd L, 5
TMHMM F1 Uniprot &8k e a9 7 I 25 52— 2,

TaHGGT-7AL  [FISEey¥yy it 83
TaHGGT-7BL  IeENw eS8z cir 83
TaHGGT-7DL [N av 888 -~ i TrTs 83
TaHGGT-7AL 1 AR L CMNTY| 166
TaHGGT-7BL WODFTATVLRGYLEATALLCMNTY| 166
TaHGGT-7DL WODFTATVLRGYLEALHARLCMNTY| 166
AEIalclc /N LHQ L YDIQIDE INKEGLELAM 249
IEIs(clCaey4= 1M v v LHOL YD IQIDK INKEGLEL B SGSVELMeALVVSFLLGSAYSIEAPLLRWKRHAL) 249
LELs(cleh 4o NN v v LN L YDIQIDK INKEGLELAM B SGSVELMSALVVSFLLGSAYSIEAPLLRWKRHAL) 249
AEIalclCa ey /NN 2.~ SCILFVRATLVQLAF FARMQQEVIERELAATESLVEATL FMCCESAVIALFRDIPDVOGDROEGIQSLSVRLGEQRVYQL) 332
RE R (CICR 4= 1N 2.7, SC T L FVRA TLVQLAFFARMQQEVIERELAATRSLVEATL FMCCESAVIALFRDIPDVODGDROEGIQSLSVRLGEQRVYQL) 332
LElRlcIca ey M1 2.~ 5C 11 FVRA TLVQLAFFARMQQEVIERPLAATRSLVFATL FMCCESAVIALFRDIPDVOGDROFGIQSLSVRLGEQRVYQL, 332
B R (CICR e /NN C TS 111 T YMAATVVGASSTRIMORIITVE L R R 408
TaHGGT-7BL CISILLTAYEAATVVGASSTRIMQEIITVE 408
Il (CICAEYAn I - TS 1L L TAYEARTVVGASSTI MG I ITV]S L (AP FE 408

2 ‘R 199’3 & HGGT EAMF 5tk 3¢
Fig.2 Amino acid alignment of ‘Kenong 199’ HGGT

B3 TaHGGT-7AL EEMI=%K4H
Fig. 3 Prediction of tertiary structure of TaHGGT-7AL protein
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2.2.4 TaHGGT-7AL ZEEFIIKNREEE ST
RGERE AR ER (K 4), HGGT HAR
G AR Hh 43 Ay B i 5 X R ) K 43 32
TaHGGT-7AL J& THFMAEY) 73 3¢, AR5
# (Aegilops tauschii Coss.) ., K& . R %
( Brachypodium distachyum (L.) Beauv.) , EXK
HUKFRGERAFHEY R RGO RGO, SRR RE
( Nicotiana attenuate L.) . ¥ ( Nelumbo nucifera
Gaertn.) . %3 ( Spinacia oleracea Gen.) . #if=¢
( Beta vulgaris L.) . # 3 ( Chenopodium quinoa

46

M TaHGGT-7DL

M TaHGGT-7AL
100

100

0.05

XP 019054296  Nelumbo nucifera &

100 XP 021859268  Spinacia oleracea 3
9 XP 010667279  Beta vulgaris  FH3E

83 XP 021769512 Chenopodium quinoa %3

XP 019232225.1  Nicotiana attenuata * B4 HREL
51 BBD96136  Rhododendron dauricum  #tg8

XP 002282953 Vitis vinifera E%E
BAH10642.1  Hevea brasiliensis B 78 1B
4] — PRQ26919  Rosa chinensis B Z

® XP 021820912  Prunus avium <R3 A 424k
100|
6

XP 008220876  Prunus musiic < ¥
9% XP 020412863 Prunus persica” 1

[ALA65417 Elaeis guineensis ~ 3EM3HARE
100 ALA65418 Elaeis oleifera . 3&:M3hx
9oy XP 020152843 Aegilops tauschii \LEE

B TaHGGT-7BL

Q7XB14 Hordeum vulgare X%
o XP 010227356 - Brachypodium distachyon

I_—_XP 006656304 Oryza brachyantha  1&Z5 T4 75
1005 AY222862 Oryza sativa 7K¥&

ﬁc XP 004965732 Setaria italic 1)K
XP 025811424  Panicum halli MEEHR

98 _|:XP 008659772 Zea mays Ek
9 XP 021304514 Sorghum bicolor =%

Willd. ) S5 XL MR ) ) SR % 0 R e
2.2.5 TaHGGT-7AL BEhF 5

ABFGE R FH/INZE 3 DR AU 2 1) )P AR B, 3K
B TaHGGT-7AL EIH#ZASF i 2000 bp HIAX TR
FE3, e I sl B R ol T 0%k X ) 3 T R
AR e B2 T F (LTR) o 26 Fi1 B2 1 g i B JC
( CGTCA-motif Fll TGACG-motif) , Mi& B2 o1
(ABRE) . Ji 8l T 1 34 58 F X T /4 ( CAAT-box #ll
TATA-box ), 't Wil Ji7 7T 14 ( Sp 1945 it =X 75 FH 7T 14
(£2),

WFRHHEY)

Dicots

Triticum aestivum

U\ES

BFRHEY

Monocots

FERE

B4 ‘BKR199 5EEHMMT HGCT EAMNRSZXEH
Fig. 4 Phylogenetic tree analysis of HGGT protein among ‘Kenong 199’ and other plants

*2 TaHGGT-7AL B FXRIEETH
Table 2 Prediction of TaHGGT-7AL promoter cis-elements

i TJLHF AR (ANl B Yk
No. Element name Core sequence Number Function
1 LTR CCGAAA 4 A1 3 197 ST 4
2 TGACG-motif TGACG 1
EETHA bu —
3 CGTCA-motif CGTCA 1 AR R
4 ABRE ACGTG 1 8 7 W i 1o T
5 CAAT-box CAAT 26
7 Jti i, X T4
6 TATA-bOX TATATAA 15 R T AR T RTf
7 Sp1 GGGCGG 1 S g TG
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2.3 TaHGGT-7AL NERRIEHDH
2.3.1 AEHLEA, HEARRHEMERRIE
ARBFFTHREL B 199° (MR . 25 M| Fise
FPRL 5 N, Kl TaHGGT-7AL ik i, 52
rE R BN (K 5), TaHGGT-7AL AN TE Fi 5 FlkF
BRI ETﬁﬁ$%LE%E G 4
5o BITERMRAEIG RS 7. 9. 11, 13, 15 d K ik
Fﬂ?d%ﬁﬂ&Tﬁ@GTMLﬁl%%L% b8
PZIENTEAL G 7 ~ 13 d MIXF AR & I Es,
13 d BRIk E R, EX(ER 7 d) 15 £
7E 15 d JE iR Rk R TR,

A :

1B

»

e

AHXS Ik B
Relative expression
= N
OGO NGO WOOOC

o

iR S nf Fik FPHL
Roots Stems Leaves Glums Seeds
B
=

AHN ik
Relative expression

O 44O N W w » g O
T T T T 1

_erﬁ.(ﬁ. A1V
7d 9d

11d 13d 15d 17d

B 5 TaHGGT-7ALFEAREAELA(A)
REEAEEAB) HEREREE
Fig. 5 Expression-patterns of TaHGGT-7AL
gene in different tissues(A) and different
days after flowering (B)

2.3.2 A EMEAET TaHGGT-7AL EEHFRIE
fipif Ab BE S AG 25 R WK, 7 PEG AAHLF,
TaHGGT-7AL TEALFR)G 2 h Fil 4 h BOAEXT 635 H5A
B KAA, BN BERTY 3 5H 2.7 7%, fEAbEE
()8 ~ 24 h FHXF F ik i 5 X BAH L 22 57 A
(6. A); 7 ABA AbEETR | 35 PR AR X 383k i 1
0 ~24 h Wi ETH#E%, 1624 h ik ﬂrkﬁ
XA 2.7 5 (K 6. B); MO T, §
%EE0~thMN%ﬁ%%$&ﬁﬁw,@
FE 24 h BFIREIRRAE, EXHRM 2.3 f%5(&1 6. C);

TEMGIRACEL T, ZIEEH R R E R BT, 4
FAE2, 12, 24 h WP RBEEK, IXTHEE 4.5,
35 M3 (K 6: D); fERELET, AN
2 h iR aRK, EXTIRE 35.4 15, 7E4b#E 4 h
AR TR, HHEFE RS2 2 ~ 3 4%
(Kl 6. E), HILaI A, TaHGGT-7AL Wik %Z %
HNFIA R, HEMNZIE R 25 T ) R
ERAINLEa

3 g

AW FE N /INZZ G B SBE A 1997w v B 4R A5
TaHGGT Z:H 3 45 [WEJF 5, H 3 &7 5 4
IbERem, UL VoI TR AR, AHE
FALAE /N KERL RN 5 R I 31 TaHGGT-7AL 1
Fik, MrEHL 22 MHRAE LB, H TaHGGT-
7TAL TE/NEIEIG 13 d R m, S5FFHRT
Y A HE (Trachycarpus fortunei (Hook.) H.
Wendl.) HGGT &5 je FiAZ A~ rh 23k IR 5E 45 SR AN
|§‘|[12]

RGEKB e LW, TaHGGT-7AL HH
HHRG KA SRAREY R, H TaHGGT-
7AL 5 TaHGGT-7BL ® i —3%, TaHGGT-7DL 5
AeHGGT %l —37 ., Cahoon 2" ({1 #F 58 /N5
Ha e R S —A HGGT £, LB E
T7AL Jeafk, HizEPS HPT EH L5 —
FE, HREA SIEAEH) UbIA S0 B4 T 45 1 B A

—ANEE R, HEM X A A s A HPT 4 W
SRR EAEAE — IR, (A EARIERILHIA TS
— A5

AR K, SFEAEEY M a S, Ta-
HGGT-7AL R Kk 2 FIHEH, X 55
2 4TV AE 2 6 B 1 ( Medicago sativa L)
RV A NN y-TMT 7E4 Rl e T, 3
ARG e ik 2 I R 45 R — B0, AR B ST
TaHGGT-7AL JEH P9 /N 22 3¢ 35 5 84 e A7
), g5 R HAE A SR FRKE R,

R RY, HGGT & Ve & BN — 15030,
AL A AT =y, MR Vo4 B |
AR 2 VARERE R RS S T s
SERME R, Wit Fis VIET IR, Mk & 5
SR ERIN, XX ERPAE Y R N A LA SR S A



380 W R 2 R %375
4 - A 35 B
35f 3k
c c
o 3r % 'g 25F
i g 25 ‘} i) g ]
b= [ [oR
1 g 38 ?r
®E 2f jg=e
ro Ko 15F
Z2 15} =2
- g 4|
g 1 Z
05k ’_1—‘ ’_}‘ 051
0 I I I I 1 ) 0 L L L L )
0 2 4 8 12 24 0 2 4 8 12 24
et (h) Jop et ) (h)
Treatment time Treatment time
251 6
C ks D
s 2 5 °f
S a
o e 4r
E[g % 15F < g
o £5 st
z o = o
= o 1 z29
= > =
£ 5 2
@ Q
 05f H %
ﬂ 1_ ’%‘
0 1 1 1 1 1 | 0 1 1 1 1 1 J
0 2 4 8 12 24 0 2 4 8 12 24
JHa i (h) et (h)
Treatment time Treatment time
451
E
40f
s 351 + A 20% [ PEG6000 4 ¥ ; B. 100 umol/L ) ABA
2 30l 4bFE; C. 200 mmol/L ) NaCl 4 ¥; D. 4°C{Li
s YbER; E. WEALEE,
) E;) 251 A. 20% PEG6000 stress treatment; B: 100 umol/L
g % 20f ABA stress treatment; C. 200 mmol/L NaCl stress
ZQ treatment; D. 4°C temperature stress treatment; E.
kS 51 Dark stress treatment.
] |-
x 10 B 6 TaHGGT-7AL EEARRRE
5r RETHERREE
ol= . I T T - Fig. 6 Expression analysis of TaHGGT-7AL

0 2 4 8 12 24

a s (h)

Treatment time
i B AT 8B R SN0 - TMIT 14 T Sk 2 i A8 4 o
NaCl i 52 PP AR, it 2k y-TMT uf L) 3%
T4 %t NaCl #91it 52 fig 77721, X se g J i il
VA REE R A4 PR g i i i EZAE T, B F
W E M EALRE R P A RIETE
AT W B A A A RE D = A F B W 60
5120 AERFET, HVHGGT (3 36 35 7] LG 58 3
[ T A2 1, FEAR P R I T R B
ek ¥k A HGGT BH VLB G, KM
Foft Bz v B A T =0 B A B T AR QI 2
INEVE R P EEAREEYZ —, HEiJL 7K

under different stress treatments

AiE RN TR T B Ve i aiol, btz
/NE HGGT WMHHRMETE . 1E5EkE/NE HGGT 2
Senb b, N — AT XHZ L R D RE A TR A
o

SE

[ 1] Meéne-Saffrané L. Vitamin E biosynthesis and its regulation
in plants[ J]. Antioxidants, 2017, 7(1) . 2.

[2] Kim YH, Lee YY, Kim YH, Choi MS, Jeong KH, et al.
Antioxidant activity and inhibition of lipid peroxidation in
germinating seeds of transgenic soybean expressing OsH-
GGT[J]. J Agric Food Chem, 2011, 59(2) . 584-591.

[ 3] Matringe M, Ksas B, Rey P, Havaux M. Tocotrienols, the



(g

553 BRI, INEYEEE E S TaHGGT-7AL W vafe 5 363K 07 381

[4]

[10]

[11]

[12]

[13]

[14]

[15]

unsaturated forms of vitamin E, can function as antioxi-
dants and lipid protectors in tobacco leaves [ J]. Plant
Physiol, 2008, 147(2) ; 764-778.

Hunter SC, Cahoon EB. Enhancing vitamin E in oilseeds:
unraveling tocopherol and tocotrienol biosynthesis [ J ].
Lipids, 2007, 42(2) . 97-108.

Horvath G, Wessjohann L, Bigirimana J, Jansen M,
Guisez Y, et al. Differential distribution of tocopherols and
tocotrienols in photosynthetic and non-photosynthetic tis-
sues[ J]. Phytochem Lett, 2006, 67(12) . 1185-1195.
k. KFEEAER E. CRIFEENZ[D]. M. MK
22012

Brenchley R, Spannagl M, Pfeifer M, Barker GL, D’Amore
R, et al. Analysis of the bread wheat genome using whole-
genome shotgun sequencing [ J ]. Nature, 2012, 491
(7426) . 705-710.

Gutierrez- Gonzalez JJ, Garvin DF. Subgenome-specific
assembly of vitamin E biosynthesis genes and expression
patterns during seed development provide insight into the
evolution of oat genome[ J]. Plant Biotechnol J, 2016, 14
(11) . 2147-2157.

Hiroyuki T, Yukinori Y, Masahiro T, Noriaki T, Shigeru S,
et al. Generation of transgenic tobacco plants with en-
hanced tocotrienol levels through the ectopic expression of
rice homogentisate geranylgeranyl transferase [ J]. Plant
Biotechnol, 2015, 32(3) . 233-238.

Cahoon EB, Hall SE, Ripp KG, Ganzke TS, Hitz”WD,
et al. Metabolic redesign of vitamin E biosynthesis. in
plants for tocotrienol production and increased antioxidant
content[ J]. Nat Biotechnol, 2003, 21(9) : 1082—-1087.
Chen J, Liu C, Shi B, Chai Y, Han N, et alOverexpres-
sion of HvHGGT enhances. tocotrienol levels and antioxi-
dant activity in barley[ J].-J Agric Food Chem, 2017, 65
(25): 5181-5187-

Kong SL, Abdullah SNA, Chai LH. Molecular cloning,
gene expression profiling :and in silico sequence analysis
of vitamin E biosynthetic genes from the oil palm[J]. Plant
Gene, 2016,:5(C) : 100-108.

Wi, INEFRERBEARRAER[D]. M. IR,
2018.

M3, S8R, 2R, Sk, MWW, % %@ NE DREB
HE DR GRER ) A R A 2 5 R B3 T A SRR A A [ U]
HRANEYAAR, 2018, 38(10) : 1146-1156.

Tian W, Guo QP, Li ZZ, Zhang S, Wen SS, et al. Ge-
nome-wide identification and expression analysis under
heat stress of the DREB transcription factor family in bread
wheat ( Triticum aestivum L.) [ J]. Journal of Triticeae
Crops, 2018, 38(10) . 1146-1156.

XIFHE, B, BT, sk, ZESiE, 5§ NE TaHTAS-5A %

[16]

[17]

[19]

[20]

[21]

[22]

[23]

I sokE , Rk 0T R WA ML E i [ J]. ZRAEY W,
2018, 38(10): 1137-1145.

LiuY, Zhao Y, LG Q, Zhang L, Li LQ, et al. Cloning, ex-
pression analysis and subcellular localization of TaHTAS-
5A gene from wheat ( Triticum aestivum) [ J]. Journal of
Triticeae Crops, 2018, 38(10): 1137-1145.

Yang W, Cahoon RE, Hunter SC, Zhang C, Han J, et al.
Vitamin E biosynthesis: functional characterization of the
monocot homogentisate geranylgerany! transferase [ J].
Plant J, 2011, 65(2) ; 206-217.

oI, AR, ks, #EY, TiEE, & SR y-4E
B P LAl (y-TMT) 3 5] 19 ST RS 3058 T 19 3R 35 40
[J]. Bb2E4f, 2012, 21(6) : 198-206.

Jia HL, Wang XM, Gao HW; Dong J, Wang YQ, et al.
Cloning of y-tocopherol methyltransferase (y-TMT) gene
from alfalfa and its expression analysis under stress[J].
Journal of-Grass Industry, 2012, 21(6) . 198-206.
Méne-Saffrané L,Pellaud S. Current strategies for vitamin
E biofortification of crops[ J]. Curr Opin Biotechnol, 2017,
44, 189-197.

LiY, Zhou Y, Wang Z, Xiao FS, Ke XT, et al. Engineering
tocopherol biosynthetic pathway in Arabidopsis, leaves
and its effect on antioxidant metabolism [ J]. Plant Sci,
2010, 178(3) . 312-320.

Abbasi AR, Hajirezaei M, Hofius D, Daniel H, Uwe S,
Lars MV, et al. Specific Roles of -and tocopherol in abiotic
stress responses of transgenic tobacco[ J]. Plant Physiol,
2007, 143(4). 1720-1738.

Yusuf MA, Kumar D, Rajwanshi R, Strasser RJ, Tsimilli-
Michael M, et al. Overexpression of y-tocopherol methyl
transferase gene in transgenic Brassica juncea plants alle-
viates abiotic stress: Physiological and chlorophyll a fluo-
rescence measurements [ J ]. BBA-Bioenergetics, 2010,
1797(8) ; 1428-1438.

Zhang C, Cahoon RE, Hunter SC, Chen M, Han J, et al.
Genetic and biochemical basis for alternative routes of to-
cotrienol biosynthesis for enhanced vitamin E antioxidant
production[ J]. Plant J, 2013, 73(4) . 628-639.

Suzuki YJ, Tsuchiya M, Wassall SR, Choo YM, Govil G,
et al. Structural and dynamic membrane properties of
alpha-tocopherol and alpha-tocotrienol; Implication to the
molecular mechanism of their antioxidant potency[ J]. Bio-
chemistry, 1993, 32(40) . 10692-10699.

Chen D, LiY, Fang T, Shi X, Chen X, et al. Specific roles
of tocopherols and tocotrienols in seed longevity and ger-
mination tolerance to abiotic stress in transgenic rice[ J].
Plant Sci, 2015, 244, 31-39.

(PG JH %)



