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Analysis of the Effect of HGGT Gene on Reducing the Accumulation of DON
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Abstract ; Fusarium head blight is a worldwide disease caused by Fusarium graminea , which seriously
affects the yield and quality of wheat. The toxin of deoxynivetol(DON) produced by the grain infected

by the pathogen poses a serious threat to human and animal health. In wheat, the toxicity of DON
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toxin is mainly caused by oxidative stress, and the main function of vitamin E in plants is antioxidant. In
order to verify the effect of HGGT gene on reducing toxin accumulation in wheat grains, we developed the
specific markers for HGGT gene and screened 23 varieties carrying HGGT gene from 133 national
dominant varieties and some local varieties and lines. Combined with the data of two-year average dis-
eased spikelet rate and grain DON toxin content, the correlation analysis showed that: the average
discased spikelet rate with HGGT gene was 20. 47 %, which was 22. 67 percentage points lower than
that without HGGT gene (P <C0. 01), indicating that HGGT gene also had a certain effect on the
spread resistance of wheat scab. Under the conditions of no inoculation, the average grain DON toxin
content of cultivars carrying HGGT gene was 0.12 mg » kg~ ', which was 75.70% lower than that of
cultivars without HGGT gene(P<C0. 05). Under inoculation conditions, the average grain DON toxin
content of cultivars carrying HGGT gene was 5.51 mg » kg™ ', which was 52.97% lower than that of
cultivars without HGGT gene(P<C0.01). The difference of DON toxin content in grains after inocu-
lation and before inoculation was correlated with genotype data, and it was found that there was a sig-
nificant difference in the changes of toxin content in grains between varieties carrying HGGT gene and
those without HGGT gene(P<C0. 01), and the DON toxin accumulation with this gene was reduced
by 51.93%. It was verified that HGGT gene had a significantly negative regulatory effect on the accumulation
of DON toxin in wheat grains. Yangmai 18, Yangmai 33, Sumai 3, harboring HGGT , had the lower grain
DON toxin content than the national standard GB2761-2011(1 000 pg « kg™') based on the phenotype of two
years. This study could promote development of new wheat germplasm with low DON toxin.
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1.1 RIEH R

2022 F 2023 4FFE 1T S5 B Ja] X AR B T 7S
Sk ML (4K 10~20 m,Jb4f 32. 247, R 4 119. 267,
AEFEKEE 1020 mm) FPAE 133 43 o 35 9 5 b K
H 43 bl AL B SRR B S D AT R
30 ML 2T 1 AERE KK 2 MEE TR 150
em, ATHE 30 em., I Y R H A S 4 RN M A9 BR
HERE AT AT HF BT R
1.2 /IZEEEZH DNA ZE

B 133 15 4 kL o R CTABMY %
PO A BRI L R 240 DNA L M B 20
JEEETHAR I DNA (9 B, DNA ¥ & 6 000 ng -
L ZEH D ssonmn / D ason 20T 1. 7~2.0 JE .
1.3 HGGT EE 5| ¥i&it R 15

HT PR SO e HGGT 3R B 45 43 7%
5,138 i+ GenBank R 3% %] HGGT K Y
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PCR W& R A 10 pL & &R, H 50 ng
DNA ##i, F. T 54 0.2 pL (10 pmol -
L '),5 uL 2 X Taq Plus Master Mix (i ME % 2>
D LRI AR ddH, O #h 2, PCR f&F:95 C
TASPE 3 min; 95 ‘CARPE 30 s AR5 4 Bk 55~
58 ‘CiR:k 45 5,72 ‘C ZEAH 1 min, 33 PEIF; 72
C #Ef# 5 min,
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4 PR AT SF- 3595 /N B 3 G T 43 BT R B L T O 2 0 B
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A 35 KA 9023 A HED % KL K AE /N 2 R R
W R HTE I A] e R — R RS PUE A .
2.2 BABEFEHRNMEERFMIFN DON FZ
SEER

PHAT S5 5 (R D B, 7 P9 AR 5048 % 1 B Ah
T BARBEMR A 50 A i AR SF 0 /N iR
R 0~ 255,35 A i Bl I A 7 2 /N B 32
T A 25 %6 ~50%6 543 A il Tt 5 457 2595 /N
TR 50 %6 ~75% .5 A B 9 A7 295 /)N il
TR 75 % ~100 %, UL BT [ SR B4R o i A Y o
G TR IR = N 1 T = S S K 1
TERIER AT, HARBEAR TR B DON % % i
e N 5,89 mg + kg L 4 MRS DON #

*¥ 1 HGGT trids|¥iER

Table 1 Information of HGGT marker primers

FRig 31 F %) Sequence of primer(5'—3") 3 B BRI
M/ ke Amplified fragment
arker F R size/bp
IndHggtl TTCATGGTGCAATTATAAGGGAG AAGGAAAAGGGAAGAAAAAAGAA 416
IndHggt2 TCCGCATAACAATGCAATCA ATAAAATGAGAAACGGGTCGG 215
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Table 2 Scab diseased spikelet rate in the varieties containing HGGT gene
5 s i HGGT %A - By N R
Accession Variety HGGT gene Average rate of diseased spikelets/ %
1 PEH 17 Jimai 17 + 53
2 W 77231 Jimai 77231 + 21
3 Z£# 198 Taimai 198 + 27
4 = H # Sanyuehuang + 57
5 1 7495 Zhen 7495 + 29
6 T 17073 Ning 17073 + 25
7 17258 Xumai 17258 + 17
8 1J683 + 12
9 % 35 Sumai 3 + 9
10 T4 9% Ningmai 9 + 12
11 J3Z 5% Sumai 5 + 14
12 % 6% Sumai 6 + 30
13 R 3046 Yangfumai 3046 + 22
14 % 17 Yangmai 17 + 11
15 7 18 Yangmai 18 + 12
16 FRAZ 9023 Zhengmai 9023 + 16
17 % 28 Yangmai 28 + 17
18 T % 13 Ningmai 13 + 17
19 # 17G83 Yang 17G83 + 16
20 B4 133 Emai 133 + 12
21 477 12 Zhenmai 12 + 10
22 T 17396 Ning 17396 + 24
23 % 33 Yangmai 33 + 9

+ BWHGGT RN, % 30,

+ . Carrying HGGT gene. The same in table 3.
ZH5 BB 2 mg - kg 1L 17 A DON 5%
FERAET 1~2 mg -« kg ' JLHL 112 &R AY
DON F#REFH/NT 1 mg « kg ' (& 2), WU 7E
WA NTHMRSHRITIE ST K
mn A RF B DON B 3 & & 68 8% 157 & B &K 5 i
GB2761-2011 & % MR & b5 1 5 76 42 Fh 25 14 (&
3) . AARBEAR TPFERL Y DON 35 2 R R Fl i i &
R 0,35 148,07 mg » kg 'L Hith 86 44
Ffi) DON 8 % & &4 F 0~10 mg « kg ' JEH,
334 DON 8 R & #4 T 10~20 mg -
kg ! YL 7 NEFE DON # £ &84 F 20~
30 mg « kg ' JEMHL5 AN S AN DON 8 2% & it 4b
F 30~40 mg « kg ' JEMH 2 ASEFA DON 5%
HHEALT 40~50 mg » kg ' JEHL B & RA
Bl I TR Y L i FORERL R R B KR EE T L (H
54 DR R AEAE DU RE R LR R

2.3 ERBSREXEKSNW

N TN HGGT He [N 55 /N 22 o5 % 9 I /)
HPOFFRE DON 3 2 R R 19 5C &, F 4 53 A
ICTE HARBEOR b 7 15 45 20 9 & B 50diE 230 5
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-
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Fig. 1 Frequency distribution of diseased spikelet rate of
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Fig.2 Average distribution of DON toxin content in

AR E & B Grain toxin content/(mg * kg™)
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Fig. 3 Average distribution of DON toxin content in
grain of natural population varieties in two years grain of natural population varieties in two years under

without inoculation inoculation conditions
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Fig. 4 Association analysis of HGGT gene with diseased spikelet rate and grain DON toxin accumulation of wheat
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Table 3 Wheat varieties with low toxin levels
o #EE & Toxin content/(mg « kg™ 1) 195/ HGGT %
Variety b ﬁ‘iﬂ]ﬁlu _ boe ifffﬂ’}ﬁl _ dis‘za":;';g;);ﬁgfes/f% HGGT gene
re-moculation ost-moculation
7 33 Yangmai 33 0.00 0.75 9 +
%7 18 Yangmai 18 0. 00 0.91 12 +
% 3% Sumai 3 0.03 0.35 9 +
23 9 2 Ningmai 9 0.01 2.42 12 +
A 9023 Zhengmai 9023 0.34 2.08 16 +
7% 28 Yangmai 28 0. 00 2.65 17 +
S 133 Emai 133 0.07 2.74 12 +
4 12 Zhengmai 12 0.15 2.73 10 =+
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2 45 %

AR R R R 7 3500 /N R DL S ol L R b 2%
PRI T YRR R S AT R T, T
Zor el B (R O R HARBER R T HGGT
FEN S5 AR HGGT R B & Fh 22 8] 148 7 35
i /IR SRAE AR B3 2 5 (P <<0. 0D, ¥#7 HG-
GT Fe PR RUR#E T 122 3 DR (1) P 47 235 /Nl R 4y
A 20,47 Y6 RN 43,10 %0 » #5712 3 R B4 b B R AF
B NER AR 22. 63 N E AL HGGT
FE PR /N2 25 85 s B B S AT — 8 BN

FERBEF ZAET, HARBIR D HGGT
RN S AW HGGT FH B &R 2Z kR DON
HBREERAAEREZER(P<0.05 ., #4 HGGT
R 5 AN ¥ 45 i 3 Y T AR S R R DON 3
oMK 0,12 F10.51 mg « kg ', #EAF X
FE TR B i B AR ST ¥R B DON 3 2 % & (% I%
T5. 70 %0 s FERERN AL T . ASRBE R 54 HGGT
RHEEGAHEEW HGGT K (1) & Fh Z 18] FF46 DON
HRGEAEN R F 25 (P<<0.0D) . #:4 HGGT
F N 5 AR IZEE IR B P AR Y kPR DON 3 K &
B0 5.51 fT11.70 mg « kg ' A IZ LR 1 5
Tl 45 - H4RE DON 32 & BIRAIE 52. 97 %,

YL HGGT R AE/NE B &/
FEAEIR S5 KR DON B 2 L B0 , L T 133
A AP R B SRR R T S B S R R
DON # & & & . JF 5 3 H BB 98 47 S B4 17
WA T 224507 #54F HGGT 3N 5 K4 HG-
GT LY 5 22 [ kB DON 2 % & 8 17 16
WEER(P<<0.0D) MW M AW HG-
GT LY Fh -  DON 2 2 & & 3 Ao 4
SIEEE 5,39 F 11,20 mg » kg ', HEAFIZ I Y
DON #Z R EFEME 51, 93% . i HGGT [ AFAE
AE A R AIR DON 2 2 76 S Pk iR SR AL
2.4 {KDON SEMKAREFMRITIE

FIF HGGT FE PR 55 5 P a0k 0 &5 SR &5
B VA KT BT 2 B AN /N SR B A T 9 3
8 AN/NE SR (F 3) . X 8 AP HGGT
FEDH A e 3L R 4 00 7 Y N SR Ol 1206, 8
B DON RS EWMT 3 mg» kg ' HpHE
33 & 18 MHE3EWMET 1 mg+ kg ', X
8 S BN RT AR SR /N 22 005 B 9 I DON 2 2R Fil 52 2]
il i R A HEAT A

3 it
3.1 HGGT EEH[E it 3F #F %L DON 5 & 0 4% /b

MEREERIER
AWFFEAE R AL TG W A T /A B ARIEA T

AR /NREL SR 8 T AR 170 35 DR 7R B0 O B, 4
HGGT 5& K1) 22 2 715 85 008 PO B0 19 o o, G 24
INDUPEE R W8 22 33,904 3 %5 (b 2% 9023 4§,
A 3o S I A AT . 385 T 12 3 TR ) o B OAS 385 A % 3
DL Fr it B A S 15 /N RIS T 22, 63 AN H 43
SLHEN HGGT JEHBR T XHFFRLHT DON 8 R
BT W RN A L AE /N R B R T Ty IH
B¥E—EMEEYUEN . RS0 s b bl e
H# PCR(qPCROM 445 R 437 HGGT JEHAEAR
] /N2 it e 1) 3R 38 KT L O 55 208 3 0 B PR AH G
PR HEAT B0 T, LI 8 HGGT JEH £k 5
IREERHUEZ I R . AR R B 50K 1) 3 A
G R B R  RIEG S R R 6 HGGT
EAT DI RE B AIE L BF 78 FL X /N 22 R B 1 e bt
Pt DON 5 Z R B RO KN, 58 1% 5 K ALE /)
4 W B F R A FE L
3.2 {EDON FEZMFARBRMERME MF A
ARBEFEVEAG T A 2K B K 25 8 9% Bt A1 DON
FRMERMN . 454 HGGT K, 7 2% 1y
ik DON SR RF i, X &k DON &%
B B0 /N2 P T A kg /0N 22 0 9 R 9 Rl BB o A S
A 5 AR B F AT 4458 B HGGT 3
O R o S Tal i W = AV i< b A NN 1
HGGT 3P4 F) 55 A7 A8 S F0 oAb A R IR 09 )5
AR i 3 0 S AR HEAT H B , PP AN L AE A 4R
BT X R B A P ME A DON 8 % 19 BRI
o B PRI AE S BR A 7= g R B, IR A A
M HGGT KA R 5500 A8 5 0 Fh BT 47T &
T, 155 B IR EE 23 B 1 /N2 B R T AR R
95 7 B R DON 5 2 BUR XN A 7= 15
L A 7B Y 11 BU s = = s e al = B B 2 N
454K HGGT B: 5 H A & A0 Bt o 55 05 5
HEAM B E kR 4L R E & & & H DON
B 2 ARHU IR B 1) St €085 35 TR /IN 2 0 il ol

4 Hik

FIFH HGGT HEHFE R PEFRIC7E A SR B 5R
B A1 35 DR 7R 40000 4 30 55 A A K T BRSO /AR
B A5 Tl 5 AN E b A5 A 0 22 19 FF B DON 8 R &%
AT R A R AL 5 HGGT MY
st G AN 485 4 12 3k PR ) R ST 2495 /)N R R IR 2
23 NE S ULZSE AR /N 22 AR B R B 1 B
J T HAFAE — E BB . RAEFI T . A SRR
A rh 4 I B DR R AR S 246 B DON 3 &R
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F s R /N2 B B B RPN A AR T B
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