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Effects of Overexpression of AtHPT and AtTC Genes on Tocopherol Content
and Yield Traits of Wheat Grain

WANG Dan, GUO Yajie, LIU Mengtian, HAN Xueying, LI Huifang. JI Xiang, LIU Huiyun

(College of Agronomy, Hennan Agricultural University, Zhengzhou, Henan 450046, China)

Abstract: Wheat, as one of the main cereal crops, is the primary source of human dietary nutrition.
Biological breeding methods can increase the content of vitamin E in wheat grains, especially the a-to-
copherol. This study Agrobacterium-mediated transferred AtHPT and AtTC genes into hexaploid
wheat Fielder, and selected the lines with high expression of AtHPT and AtTC genes in grains
through qRT-PCR experiments. HPLC was performed on their tocopherol content, and the plant
height, grain length, grain width, thousand grain weight, spikelet number, and grain per spike were
determined. The results showed that transgenic wheat overexpression lines of At7C gene showed no
significant difference in the content of 3-tocopherol compared to Fielder, the content of a-tocopherol
was significantly increased in transgenic wheat grains, fB-tocopherol was no detected, and the agro-
nomic traits of wheat were significantly increased in spike length, number of spikelets, and number of
grains per spike in the offspring lines. While the transgenic wheat lines overexpressing the AtHPT
gene showed no significant difference in - or 3-tocopherols content compared to Fielder, a-tocopherol
was no detected. Y-tocopherol was no detected in transgenic wheats of AtHPT and AtTC. The above
results indicate that overexpression of AtTC can significumtly increase the content of a-taopheral in

wheat grains without apparent negative effects on wheat yield traits.
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[ 5%k cDNA N MY AcHPT M AtTC 1y
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¢cDNA (100 ng « L. '),0. 8 pL 3I¥IRE&W (10
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Wt A R 19514 110-Bam H I-HPTF/
110-Sac FHPTR #1 110-Bam H [FTCF/110-Sac I~
TCR(FE D, 433 8 AcHPT 1 AtTC ) CDS
Jr 8, FH TR) 5 2] 0 )R I E HE B 4 Bam H T
M Sac 1 Y1 W oT F ik A& pMWBL10Y , £
i B ST R 8 AN Sanger I PS5 A8 L S A A T £
K AR pMWB110-HPT Hil pMWB110-TC; #2 Bt
pMWBI110-HPT 1 pMWB110-TC Ay 5 %7 , 3 i
PO o3 AR L AARFF R C58CL ., #RAE 7 an

T pL FORL 4300 AR AZ Z C58CT L TR
S JEAMRIR VK 5 min, AR R 5 min, 37 CKE
5 min, K _ECE 5 min J5 A A PUE 0 AR 1S
FRHETYRE A S ¢ BEREE 3 g, 3 T 1 000
mL ddH, O & K K %) .28 ‘C.200 r « min '
s 2% F T R 9% 2 ho SR 5K 100 pL 16 4k 1 BV EY
SR T RS 3 TY(RE AR 5 o BB
3. BIE 15 g, 8 T 1 000 mL ddH,O & JE K
B L Zead 2~3 d Y A B IR, 0 PH 1k PR T
1% 5E.
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Table 1 Primers for amplification of AtHPT and AtTC genes and detection of the transgenic plants

3149 51407 51 N
Primer Primer sequence(5 —3")

TCF GTCACCACCAACACCAAACACACA
TCR1 CCGTATCATTTACCACAAGGACCG
HPTFI CGACCCACACAATTCTACAGTTCT
HPTRI1 TTTTTGCAGTCTGCCATGTTTCAG

110-Bam H 1-HPTF

CGACTCTAGAGGATCCATGGAGTCTCTGCTCTCTAGTTCT

110-Sac I -HPTR
110-Bam H I -TCF
110-Sac I -TCR

GGGGAAATTCGAGCTCTCACTTCAAAAAAGGTAACAGCAA
CGACTCTAGAGGATCCATGGAGATACGGAGCTTGATTGTT
GGGGAAATTCGAGCTCTTACAGACCCGGTGGCTTGAAGAA

Bar67F ACCATCGTCAACCACTACATCG
Bar496R GCTGCCAGAAACCCACGTCATG
HPTF CCGAGTTCTGCGTTGTGATTCGAG
qHPTR CTGTGCCAATAACTGTATGAGGCC
qTCF CTCCTACCACAGAAGTTGGGCT
TCR CGTGTTGCTCGTATCTCCTTTCCA
TaactinF AGGTGCCCTGAGGTGCTGTT
TaactinR GCCAAAATAGAGCCACCGAT

1.4 HEREREKRRSE

FFAERH G 15~16 d BUR BBV 2 KR, 1
T TG T H 75% LB YE 1 min, 15%
WA BR NS B 8~10 min. & )o H ICH /K IEPE 4~
5. W Wang 55 {5 88 #4 pMWB110-
HPT Hl pMWB110-TC [ ki (1) 4 ¥ 5 43 51 5 4k /N
i Fielder B4R, 200 3L 5 3% KB i & L 43
P FNA AR5 57, e ARG % FE R AR AR
1.5 HEEE®KRKLN

UG FL A AR M 7, R CTAB 35 43 1 2 X
HAELHH DNA, ¥ it 51 ¥ Bar67F/Bard96R (%
D) X EARICEE N bar FEATHEI . VAR R A .
10 pl. Mix(2X),1 pL. DNA(100 ng « pL.='),0. 8
pL Bar67F Fll Bard96R i & # (10 pmol -

L ,8.2 ul. ddH,O, PCR [z F£/¥ .94 C HiAg
P 5 min; 94 ‘CAE M 30 5,60 CiE k 305,72 °C #E
fift 30 5,30 MEX ; JJ5 72 CILEAH 5 min,

Ak, R B A A9 28 w19 PAT/BAR 4 5
G PR I 4 3R] &, X A% 3k A R b BAR R
P 235G 0 HE AT A . B 5 TR A fR o R R
FCBIFBE WKy A S5 S 4 B A 400 pL Buffer 1A
WL R AT 5 He BT Sk 7 4l A48 4% .5~ 10 min
Jei BIAT S 5 e P L S R AR
1.6 AtHPT 1 AtTC & H R L #&

R T WY R bR R o AR R AcHPT
MATC BB FRIRE AL 15 d 53 5 HUNE
I HFORE R, AT RNA 482 B0 #) & 52 0CH
RNA,Jf 5% i cDNA, 511 AcHPT
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AtTC 3 ) RT-PCR 5% HPTF/qHPTR Al
qTCF/TCR (£ D). % AcHPT il AcTC 3 [H 1)
TR EOL AT T, RARRAT 10 pL
Mix (2>X),1 pL ¢cDNA (100 ng + pL™") . 40510
A 0.8 pL. HPTF/qHPTR #1 qTCF/TCR KR4
¥ (10 pmol « L.°1),8. 2 pL. ddH,O, PCR JZ i
FEFF .94 CHUAEYE 5 min; 94 CAEHE 30 5,60 “CiR
K 20 5,72 ‘CHEMH 30 5,20 NMEIR; fcJ5 72 “C it
{5 min,

FH ChamQ Universal SYBR qPCR Master
Mix 3 1) &5 %) % ik P A8 R i#F 47 gRT-PCR 43 #r .
R Z 10 pL SYBR qPCR Mix (2X),1 pL
¢cDNA(100 ng » pL™") 4351 A 0.8 L. HPTF/
qHPTR Al ¢TCF/TCR MR A % (10 pmol -
L ),8. 2 pl. ddH,O., F ABI PRISM 7500
(ABI, Los Angeles, CA, USA) Y2347 PCR
PG, YA Y 2 M E &, &5 1 Bio-Rad
CFX Manager 5417047 .

1.7 HFHRAEEHESE HPLC 7047

R TN R RN o B v A H
(R 55 B WSORR LA T /N 22 R - IF IS S . A 3
mL &A 2:1 (V/V) R EE: @0 (FH 0.01%
W/V T AR EEF R BWRIRA YA HE 20
min J& , 390 B AR I T mL G451 8
mL ddH, O, IR5)J5 B0, FR R E A HLZ . 7R
RTF TG ERIFE AW b FEE(1:5, V/
V) T HPLC 40 #7 . 7EFE S BCZ /L 4% 5,
7T-—HEAF B (Matreya 24 1)) fE R NARE N
A RE R, ] XDB-C18 #: (Agilent E-
clipse) M B EE: 7K (95:5, V/V) HHE R &
B AEWH# K 1.5 mL » min~' F ] Agilent 1100
HPLC & $ Wy AR J &
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JINFERERLSE 42 LR ) 9 55 5 R bR R
7 = SV iy QNN 12 G B Ty @ L e
JE A PR R BERE 10 BRI AT R A R R SE A
TR, AR SPSS 20. 0 % A 1 4% 1R bk i
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2.1 TRk AtHPT 0 ArTC ¥ E EEKHIKS

¥ Ubi (Ubiquitin) A8 AtHPT 1At TC 3
PR ¢ 35 19 BT % 35 8 ik pMWB110-HPT 1 pM-
WBI110-TC (& 1A), 2R F AR AT H A 5 19 18t 1% 7%

7 B0 AL BN W . 285 A 2% 3R R
e ANFRAS T 14 M AcHPT A RRAT 8 1
B At TC JERAE PR 8 1 PCR FHK 48 4 K 0 #
LR T 12 BEEE AcHPT 3 K 1% BH A Ak
(HPT-1~HPT-12) fl 6 #5 ArTC 3 [H ) BH 1
HRE (TC-1~TC-6) (F 1B #1E 1C),

A —.— Ubi:AtHPT — 35S::har _._

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

A AE Ubi J3 81 AtHPT M ArTC 3[R i 3655 844 B 7 3%
AR PCR 378 (1~14. % AcHPT SEH/NERIBR; 15~22. 5%
AtTC LR /NEZ R B ;23 Fielder; P BHA% Bk ; M: 2 000 bp mark-
er) s C. R AE MR AR A K I (1~ 14. ¥ AtHPT 3% F /N3 Hi
B :15~22. %5 AdTC FEBE/NERKR .

A Construction of the overexpression vectors of AtHPT
and AtTC genes; B: Identification of the transgenic plants by
PCR(1—14: The transgenic plants of AtHPT gene; 15— 22:
The transgenic plants of AtTC gene; 23: Fielder; P: Positive
control; M: 2 000 bp marker) ; C: Identification of the transgenic
plants by quickstix text(1—14: The transgenic plants of AtHPT
gene; 15—22: The transgenic plants of AzTC gene).

B 1 AtHPT fl AtTC B EFEKLEE

Fig. 1 Identification of the transgenic plants of
AtHPT and AtTC genes
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it A Rk A A HAE#E HPT-2 . HPT-3,
HPT-6 ,HPT-8 #1 HPT-11 A4 ¥ERL p 46 I 3], I B
& HPT-3 Fl HPT-8 & A K F-ie i (K 2A~ [
20), J4b. i X it ik AeTC 5% 3 /N 2tk
RUEATREI , & B TC-1 1 TC-3 [ F FRE R
AtTC M FRBEE R (K 2D~K 2F),
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Transgenic plants
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Transgenic plants

WT:Fielder; M:2 000 bp marker; A~C:% AtHPT 3K /N# (A M RT-PCR; B: ¥ ki RT-PCR; C: ¥4 qRT-PCR; 1 ~12. %%
AtHPT B:HMH) ;s D~F . %% AtTC B /N (D: i i RT-PCRE #7 % RT-PCR; F: A KL qRT-PCR; 1~6: % AtTC R AR . * * .

P<C0.01,

WT: Fielder; M: 2 000 bp marker; A—C: The expression levels of AtHPT gene in transgenic plants(A: The RT-PCR of leaf; B:
The RT-PCR of grain; C: The qRT-PCR of grain; 1—12: Transgenic plants of AtHPT gene); D—F. The expression levels of AtTC
gene in transgenic plants(D: The RT-PCR of leaf; E: The RT-PCR of grain; F: The qRT-PCR of grain; 1 —6: Transgenic plants of

AtTC). * x . P<<0.01.

B 2 AtHPT F0AIC EEEHRER/NEM AR RHRESH
Fig.2 The expression levels of AtHPT and AtTC genes in transgenic plants
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W AtHPT M At TC K2R AE KR P ik &
BERE N R HPT-3, HPT-8 & TC-1,TC-3
PEATAEF B & 0. HPLC 4538 B8, 75/ &
Fielder DL K 55K /N4& HPT-3 . HPT-8,TC-1 Al
TC-3 (kPR R B RER I 2] o-E B, 2R AR
0 v-LEE W AE DL L RE FR b R A T B 5 R
ki B B W & S 7E Fielder /N2 8 T 5% 3 /)N
FHkF& HPT-3 Ml HPT-8, % 4b, 785 3L /N &
PRAR TC-1 1 TC-3 BYFFRL P BOR RGN B -4 F
W A0 o4 B B A & R A A AR I R 3
¥k & HPT-3 fl HPT-8 LA ) Fielder /N3 B ¥

R RGNS o BB (3. 2),
2.4 HERNERZERSH

Xt Rk AtHPT W 5L/ vk &2 HPT-
3 F1 HPT-8 Je ARk ZHE R A7 40 #r , R LA
B BRI MR i R L/ INEEI ROR B R R
MTRE S Fielder /NZ A H 34 T0 18 35 22 5 5 1 ik
Fik AiTC WyFE RN /N TC-1 1 TC-3 Bk & Y
Ja ARAE AR = R R TE TR AN AR B L
5 Fielder /INZZAH Hb 0 35 18 0 1T 48 Bk 169 43 %5 57 B
BB RERLBCR N (B 4,3 3) . LRSI
SRR ATC S TR /N 7= i LA
TRTE I N AN
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1'362 Table 2 Tocopherol content in the seeds of
o 1.2e
g‘g 1.0¢6 wild type and transgenic lines
(=]
e Bl B o BAETM yERE LT
Eg 6.0e5 Material a-tocopherol B-tocopherol 7y-tocopherol §-tocopherol
™ 2, 4.0e5 g 4 N -
&"’) 2 0e5 ‘ a;':. > Fielder 0 0.41+0.11 0 0.78+0.09
; i % =%
0.0e0 | ./ "y Renstimers s e HPT-3 0 0.25740. 02 0 0.6670. 04
-2.0e5
20 50 75 100 125 150 175 200 225 250 HPT-8 0 0.3740.02 0 0.7240.06
g 1566 I#[F) Time,/min TC-1 0.2740.02" " 0 0 0.8040.05
1.4e6
= 1.2¢6 ‘ TC-3 0.40+0.01" 0 0 0.8340.03
~ 8 1.0e6 e . e
3 8.0¢5 % * ;HPT-3,HPT-8, TC-1,TC-3 #k £ &5 Fielder [i] 22 5 .
Ig% 6'0:5 . (P<0.0D. £3H.
L& é 4.0e5 § . * % . Significant difference between the lines HPT-3, HPT-8,
S 2.0e5 | e 7 TC-1. TC-3 and Fielder(P<<0.01). The same in table 3.
0.0e0 W’W’WWWWL \ A A e
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i} 1] Time/min 3 it
c L
= 1Zeh MR ITCR k= PN E A R — il 7
g0 Lot b 3 AFTE R BEAE . BE B B E HOR B R R TER
8.0e5 N T N
EF 60 BUEAE DR A N IR LB AR TR ZER
= & . N - R N DAY =
X 2 4.0e5 5w B AEY) T £ T 43 T A 2% i st 1 MR D4R v
S 2.0e5 T a L ; e A A
= oe S WAV o SEEERIBUR LB FUR IR S K
Ea e ——— e s 3o EFITE . BERR I TERI R IF A R
T i mmermin Y M R B b Rk E A A R
1.5¢6, B . L e b e e -
D 1ie6f | TR RSN T LA 4w AR R OE A i
| -
g ié:: BGEEYI ) E RN E™ . Sundararajan %50 41
-8 1
F 2 8.0 RIS ACcHPT #1 AcTC 3[R 43 5 6 AL 2 00 85, %
5@ de: i} it ik AcHPT MAtTC B IR R T o2k
o .Ue > e 1 . 27]
S 2.0es: ||, %g B oS W AR R L i, Harish 4527
=}
g.gng st TEMR B BF ST & B, i % ik AcHPT R AiTC H
—z.Ue
20 50 75 100 125 150 175 200 225 250 BEAE T3 Ml 5 Th A= B By A A E PR B R, fil o
i Ti i = - 2 Do e
gl A e RN AR AR AT A
.4€0 i N Y ~
= 1.2e6; \ B AL 5 AL )T V¥ AtHPT R At TC KK 43 5] 4
82,00 L% Fielder /N Kol % BLid %3k ArTC 1% 3%
T2 8.0e5 ‘ .

%’g 6.0e5 /N RFR o4 B B A % 125 Fielder 41 L 2
g a0 2 g IO . o T FR R o ) — T S A
-0e5 < . N . N N e g o

 00e0l] W " I 05 15 S ) 5 42 21 S o J9% B 20 L BEE 4 52 A5 5
=2.0 57 ~ & b e _ 25 N i3 N "j]: g
%20 50 75 100 125 150 175 200225 250 L AHHIEIOI HL oo B AR AR N ARG T
B [B] Time/min B i DGR R W 5 Y B AR R A O T AR R
TC—BA*’;*E%%U% Fielder F1%% 3£ K bk & HPT-3, HPT-8,TC-1, WEREEWER , AR, 5 Fielder /h
A—E: Grains from Fielder, HPT-3, HPT-8, TC-1, and FM T FEIE ArTC IR R GICH LT o
TC-3 plants.

B 3 % AtHPT #1 AtTC B R /INEFFHL
£ EH & E HPLC H#7
Fig.3 Analysis the tocopherol content of transgenic
plants of AtHPT and AtTC genes using HPLC
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ARk AtHPT JEBE/NEZ R Bl 335 AeTC SEBE/NEZ MM s C 1 D ad 3k AtHPT FEBHE/NEFFRLGE R Fad ik A TC $EH

INZERE R

A Plant of AtHPT overexpression lines; B: Plant of A¢TC overexpression lines; C, D: Grain of AtHPT overexpression lines; E,

F: Grain of AtTC overexpression lines.

B4 HERMNERZERDH
Fig. 4 Analysis of the agronomic traits of AtHPT and AtTC gene overexpression wheat plants
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Table 3 Main agronomic traits of wild type and the transgenic lines

e TR LIRS A R =
., 1 000-kernel Grain Grain Plant
Material

weigh/g length/mm  width/mm  height/cm

(28 g AN FHRL L
Spike 'I"llﬁ%ﬁl Spikelet Grains per
length/cm tier number number spike
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