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Molecular Marker Selection of Genotypes Associated with Reduced Allergenicity and
Bread—making Quality in an Ofree x Keumgang Recombinant Inbred Line Population
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THEHE NSMYIEE; Abstract Animportant objective in wheat breeding is the development of cultivars with re-
Department of Crop Science and duced allergenicity and enhanced bread-making quality. In this study, we conducted mo-
Biotechnology, Jeonbuk National lecular marker analysis using 1,780 F1o recombinant inbred lines derived from a cross be-
University, Jeonju, 54896, Republic of . . .

Korea tween the hypo-allergenic cultivar Ofree and the Korean bread wheat cultivar Keumgang,
2eaRSH ARG WSR2} and assessed the genotypes associated with w-5 gliadin, a—gliadin epitopes, bread-mak-
National Institute of Crop Science, ing quality, grain hardness, total gliadin content, and the glutenin/gliadin ratio. A Gli-B1
Rural Development Administration, deletion—based w-5 gliadin—deficient genotype was detected in 18% of the population,
Waniju, 55365, Republic of Korea whereas no lines lacking G/i-D7-derived w-5 gliadin or a—gliadin epitopes were identified.
The AX-108761918 marker was found to have segregated into TT and GG genotypes at

frequencies of 48% and 52%, respectively. Eleven lines carrying favorable combinations of

Glu-D1d, Pinb-D1b, and TalAA10-6DHap |l were selected as promising bread wheat can—

didates, and a further nine lines combining the G/i-87 deletion with Glu-D7dand Pinb-D1t

were identified as candidates with both reduced-allergenicity and enhanced bread-making

quality genotypes. SDS-PAGE analysis confirmed patterns of storage proteins consistent

with the results obtained for marker genotyping. These selected lines may provide valuable

breeding material for the development hypo-allergenic wheat cultivars with enhanced
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F9 Q] w2 283 4 QIti(Scherf et al. 2016). 2Totd 719 -5 :"E] } Wheat-dependent exercise-
induced anaphylaxis (WDEIA)S] 8 U 2Al0o2 44 glon, ZFEMo] ZHS vk AY Y E4 ofjnjExr}
IgE Zg}of HAAQA H&-& Strh(Matsuo et al. 2004, Matsuo et al. 2005). @-5 é"?ﬂ }ﬂ S A5 olol= SARE=
T2 1B GMAA|9] Gli-B1 FAAE0] A5k, o] f-A#] A& -5 SE|otdiE otz A7 y-, -2 otd
9 AE2ATF 2FH d(low-molecular-weight glutenin subunit, LMW-GS)2] FA| A4S x5t AP HA 24
Zutof] 93-S u]ZIth(Payne et al. 1984, Singh & Shepherd 1988). Y =27] A ¥ &5 21 &|(Ofree)= |5t
Gli-Bl1 |§ARF} A4o] ThE -5 2T otd A4S EAOo R ol= EF07 HIUEOM(Lee et al. 2017, Lee et
al. 2018), ¢F=27] A7 U == Jjto] 983 8F AAE FEdky 9t}

e 9 mej Ao Bejat Glu-DIf (1IDx2.2+1Dy12) hd-9ARte} A2 2AAT 9429 (Pina-Dla/Pinb-Dia)
S B, dEs] A BHL SAFEAE Sad AN B4 BAo] 2& BFozel sl Wastt,
FUoA g AujEE e E5 0L &40 282 g 9 A A4 A3 Glu-Did (1Dx5+1Dyl10)
Y5879 A FAAE SUARPInb-DINE et Webd 9 xzig) B7e] wu) YolHE 9] gl

o5 Felobd AW S4T 37 fle) A B B JUKAAS BA0) A % glol, AL2] - A
92 AU A% %40l 7Hssit
2 Aol o] fo GBI 24 7o) del2r] A7 TR SR 27 ool A B B A
How sjoict. olsh W Wl o Wk ) 2/1Hel Le2o) A B fAAR) 2 odng
D A% -5 2ot B2l SR GU-DIT o-Zejoel oMED P §
marker 248 439519 tH(Altenbach et al. 2018, Park 2024). 38 U] & AujEAqAE 577 &

7|20l w=A Asstol Zejotdo] SFH W Hls) dHAor Aty A HIL, oz Qls) A
o] x5 4~ QJth(Blumenthal et al. 1995, Corbellini et al. 1997). o]2]st 342 EAL 13T uf, A =2
AT AdolA= HMW-GS 2443 SAF =R otz & =dlotd o % 2FHd/=zlotd vl ddd
I AET Dot Qleh & Sejobd Fekat Ak KASP #A] AX-1087619182 6D FAH| o] Z&]otd
9198 QTL cluster®t A= marker®, T TIPS AR Ajd oz ko Zejold Fefy) I3y Aoz W gt
(Zhou et al. 2022). TaIAA10-6DS] Hap II |-AAE S AH O T 2 FFHH H& <=3t A& 4o 23t
AoZ Ad#A 9o}, FFHU/ZEold vH]LL T3 AW A2 8= 4= Qri(Liu et al. 2025).
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ZAAEE ABEgety g A EAo)A 20243 10 25%0] 1¥(plot size: 0.25 m x 2.0 m)Z TFE35}9] 0 H,
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= $J3 genomic DNA= 2404 357t 53t {19 A3Hol|lA FE3HT. AT 2412 A EA
2 34 Ysst 3 ujA By B45to] 70T o] Hi5tth DNA 322 Solg” Genomic DNA Prep Kit (SolGent
Co., Ltd., Daejeon, Korea)s 0]-&ot0] A|FAF T2 EZO| wlgt =5} o, £ A]F 100 mgofl4] genomic DNAE
Eolol9ct. &5 DNAS] 5E9} <= NanoDrop 1000 spectrophotometer (Thermo Scientific, USAYE ©]-85}9]
=48, B A7) 2000 Bk,

RIL 1780 A5-€ giFos Zelobd 24 9 226 23 B2 FALA(Table 1F ol8olo] $14Y BAS
SIS o5 Felobel B GIBI U GI-DI A B4 Alienbach et al. (018)0] WS wskos], o-2joldl
Aelof o gD B Gli-D2 FAAE B Park 2024)0] HEE o1 8349Ch Glu-DI hSHAY £4L Shin
et al. (20209 HP¥lo] whe} 25900, SUAE T Pinb-DI EHL Choi et al. (2022)9] FHL o] g3kt

Table 1. Molecular markers used for genotyping reduced-allergenicity-related and bread-making-quality-related loci in the Ofree X
Keumgang RIL population.

Target trait Locus Chr Primer sequence (5'-3") Marker type’ Reference

Low-allergenicity

¢-gliadin epitope Gli-D2 6D TAGCAACCACCGCCACAATT STS Park 2024
GCAAAACTTGTGAGCTTCCATACGC

-5 gliadin Gli-B1 1B AGTAGGCTGCTAAGCCCTAGA STS Altenbach et al. 2018
ATATTGTTGGTATGGGGAAGG

-5 gliadin Gli-D1 1D ACTAGGCAACTAAGCCCTAGA STS Altenbach et al. 2018
GCTTCTTGCGATTGTTGTTGG

Bread-making quality

Total gliadin content AX-108761918 6D CCGGAGTGTGGCTCATTGTGAAATT KASP Zhou et al. 2022
CCGGAGTGTGGCTCATTGTGAAATG
GTAGTACTTGCCTAACCACACCTCTA

HMW-GS* composition Glu-D1 1D ATAGTATGAAACCTGCTGCGGAG KASP Shin et al. 2020
ATAGTATGAAACCTGCTGCGGAC
TACTAAAAAGGTATTACCCAAGTGTAACTT

Grain hardness Pinb-D1 5D CTCATGCTCACAGCCGCC KASP Choi et al. 2022
CTCATGCTCACAGCCGCT
CGTGATGGAGCGATGTTTCAC

Glutenin/gliadin ratio TalAA10-6D 6D CCTTCGGCTCACTCTAGTGCATG STS Liu et al. 2025
CTGCGCTCGCGTGTCTGAG

“HMW-GS, high-molecular-weight glutenin subunit.
YMarker types: STS, sequence-tagged site; KASP, Kompetitive Allele-Specific PCR. STS markers included PCR-based assays detecting
presence/absence or insertion/deletion polymorphisms.
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o

2Hd/Zgotd vl& B TalAA10-6D 242 Liu et al. (2025)9] WS wston, & JFelotd f} Badd
AX-1087619182 Zhou et al. (2022)9] HIHH-& 0|85}t
Kompetitive Allele-Specific PCR (KASP) u}# £4-& 9sto] P-FHA} E0]& primer?] 5° @of 22 FAM
(5'-GAAGGTGACCAAGTTCATGCT-3") ¥ HEX (5 -GAAGGTCGGAGTCAACGGATT-3") ¥ AFS Z715A
t}. KASP HFS-H-2 genomic DNA 5 uL, 2xX KASP Master Mix 5 L % assay mix 0.14 xLZ FASIH. ¥
CFX96 Real-Time PCR System (Bio-Rad Laboratories, USA)Z& ©]-&35}o] A|ZAF B4 touchdown PCR ZZACZE
PolR o, FH1ZE T|EL2 CFX Maestro Software 2.0 (Bio-Rad Laboratories, USA)YS ©]-85}%t}. Sequence-tag-
ged site (STS) u}# 9] PCR Z-Z-2 Veriti Dx 96-Well Thermal Cycler (Applied Biosystems, USA)E ©|-&5}0] 434513

). 5E AFE2 1.5% agarose gelof|A] 135 V A0 F 1A]7F A7]Y53SH & UV transilluminatorE: ©]-8-5to] 151t

HMW-GS =4 &4

HMW-GS 24 42 95t Z24€ 4 40 mgo 2 RE AFgadS &5t @il 352 extraction
buffer [0.125 M Tris-HCI (pH 6.8), 1% (w/v) SDS, 24% (v/v) glycerol, 0.003% (w/v) bromophenol blue, 5% (v/v)
B-mercaptoethanol] 500 L& 7}t 95C 55 *{2] & SDS-PAGES 5%t} SDS-PAGE £ 22 13% poly-
acrylamide2 A|Zo}Ftt. A7|G52 120 V ZAA 6A17F 353 D795 & 22 Coomassie Brilliant
Blue R-250°0.2 HM3t H 10% trichloroacetic acid 2402 EASIHTE. HMW-GS 24J2 Payne & Lawrence
(1983)9] grgrgell whet =FsHieh

7 BATAY) SUAY BEE AT o} wEez Yehic GlBl Ex9] 24T 247 449 2}
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EARAL SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA)E o]-&
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Table 2. Genotypic distribution of reduced allergenicity-related and bread-making quality-related markers in the Ofree X Keumgang RIL
population (n=1,780).

Target trait Locus Ofree Keumgang Genotype’ No. of lines Frequency (%)
a-gliadin epitope Gli-D2 Functional Functional Functional 1780 100
Non-functional 0 0
-5 gliadin Gli-B1 Absent Present Present 1461 82
Absent 319 18
-5 gliadin Gli-D1 Present Present Present 1780 100
Absent 0 0
Total gliadin content AX-108761918 TT GG TT 860 48
GG 920 52
HMW-GS* composition Glu-D1 Glu-DIf Glu-D1d Glu-Did 58 3
Glu-Dla/f 1722 97
Grain hardness Pinb-D1 Pinb-Dla Pinb-D1b Pinb-Dla 1521 85
Pinb-D1b 259 15
Glutenin/gliadin ratio TalAA10-6D Hap I Hap I Hap I 1078 61
Hap II 702 39

“HMW-GS, high-molecular-weight glutenin subunit.

YThe Genotype column indicates the marker-based classification for each locus/marker, including target-region presence/absence (Gli-B1 and
Gli-D1), functional status of the e-gliadin epitope marker (Gli-D2), SNP genotype (AX-108761918), allelic type (Glu-D1 and Pinb-DI), or
haplotype (TaIAA10-6D).

Allelic Discrimination
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Fig. 1. Genotyping results for gliadin composition-related markers in the Ofree X Keumgang RIL population. (A-C) Agarose gel electrophoresis
for STS marker analysis: (A) -5 gliadin (Chr. 1B); (B) w-5 gliadin (Chr. 1D); (C) e-gliadin (Gli-D2). M, size marker; lanes 1-8 represent
individual RIL lines: 1, JB-0006; 2, JB-0019; 3, JB-0166; 4, JB-0660; 5, JB-0023; 6, JB-0390; 7, JB-0079; 8, JB-0105. (D) KASP genotyping
result for AX-108761918. The X-axis indicates FAM fluorescence and the Y-axis indicates HEX fluorescence, with each dot representing
a single RIL line (n=1,780). Clusters correspond to homozygous parental alleles (Ofree-type and Keumgang-type), while samples with
low fluorescence signals were classified as no calls. The genotype distribution for each marker is presented in Table 2.

Gli-Bl 2+q FAAF Y HI%7} Fio RIL JHofA] 7|tiE= 1:1 £ 8|04 Hlojuh=A] &2lst7] fIs] 71olAl%
e AGS sHSIAT AP 249 T Wk 7t EEjHjolA Fo5HA Yol om(x?=732.68, df=1,
p<0.001), & HTO| Gli-B1 HANA SAHCE Fgt Ee|fo] TP SRISHAT. T RIL A=
EAY QARF B JMA L7toA o9} 722 B 9jZo] B uE Hf QUrh(Li et al. 2015). J1#U} & JLoA =
Z7] A9 AR EX, At A™ 59 A o]g & Gli-Bl FH FAARE £AI6HA] gigteong, vt

welgEe) AU AT SHIIE olEch. B GIEL T8 U marker $4 9 EYH4 DFLAe



Hd 24 TS A T8 FE AR FUHE 5 Qv 2e] SEord

SRl o] 9lom, B3] Gli1 SRR LMW-GS 28} 2
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Gli-BI A& Ale2 A%
QAR 19 9 69
ATE] £5 HHE A4
A 27] A7 I FEL Gli-Bl AR dia TE, o]of w5 SEjofdiE ofdzt IR y- 9 2ot
I LMW-GSQ] FA] A4lo] el 2102 R EQtk(Payne et al. 1984, Singh & Shepherd 1988). thqt Gli-B1
Aol d dE 27§ JIANE FAs| AASH: A ofyH, y-ZElotd, 4 e-Zotd ¥ BZFH T
A G| 27] ¥k st 4= = Ao 2 H 1 E| QK Palosuo et al. 2001, Scherf et al. 2016). WahA] & ALof A
]

=
dtE] Al So] tisjAE FF immunoblot = enzyme-linked immunosorbent assay (ELISA) 7]4t9] H<IshA
o

+ Gli-DI 7 0-5 2¥]°otd 23 A% e-=¢lotd 2¥ A2 SAHA ot ol& 229
A =7] A7 E40] B Al Gli-Bl 2&0| 7|0t W, D Alw FAAERS] 371 déo] wHf FoiolA oA
UERg 71540] W] ujolc, Et ¢-Zelobele of2] SRl Tide] BARo] ZRjel thE A multigene
family)0.% 740} 9lo], At WelITolA] g 28 o] Falo] Uehd A5 g
olrh(Kasarda et al. 1983). WebA] 2 A3k Wi 7]k E|2s] A W SEolH Gli-Bl A& 7|5k Ak Feo]
g AA A2 PEAS A,

AX-108761918 SNP ¥ X|&= & Zdotd sty Ads 7y A X EZ B E QO H(Zhou et al. 2022), £
AFoM= TT FAAFGo] JA| o] 48%F AFAISIAH:. =2]ohd2 BH59] FAa Aol 7]ofsh= 8 A
ZojA|ut, o} X HH FFE FEe}t v PYAdE A5tE 4 QUth(Uthayakumaran et al. 2001). Zhou et al.
(2022)°]] W= AX-1087619189] G HH-F A= & =¢lotd TS FosH S7HA7I= dEF-A R HAEgle
o, YHE T fyd{dA= S2otd o Faet Avd o
TT A B Ale2 AdiAom W2 Sjotd g2 yetd oz JiSHu, SFHd/Z8otd HlE 7S
S A FE FF SHANAN 78T S5 AAlE E8E 7o
AA 2ot g ¥sk= RP-UPLC 7[8F Thilld A BAZ &3 7t 45 a7 ok

Ak 24 B8 AR MRS 9I5te] Glu-D1, Pinb-D1, AX-108761918 X TalAA10-6D 5 4%9] BAHAS
ol-&ste] FHAY BAHS stAer, 1 AIE Table 2 I Figs. 2, 30 YA Glu-DI {42 24
23, 9t A A3 A Glu-Did HEFAAE B/ A2 58A5(3%) 22 WERETH(Table 2). o&

o, ZHog FFHJ/ZTotd v&3} BeH TalAA10-6D Hap 11 SHAF L SAof| B G35 11450] #-&
= et

-5 F2jold ZH(Gli-BI deletion) ¥}7& 717l 3197416 % Glu-Dld A3 B/ Al 234180]2H,
7H&H| Pinb-DibE A0l EFSE 9A&0] FH=27] A & AP 2 #d TE Aso= AYEAtH(Fig. 2).
% IB-0683 A5 Gli-BI deletion, Glu-D1d, Pinb-D1b Y TalAA10-6D Hap II FZHAE S FA]9] E-{-5}9]
A
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Ofree x Keumgang RILs
(n=1,780)
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[ |
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[ GuD1d }{ s8RiLs | (Chr. 1B)
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( GI:—D1d [ 23RILs |
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-
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Fig. 2. Schematic diagram of the stepwise marker-assisted selection strategy for RIL lines with favorable bread-making quality and
low-allergenicity in the Ofree x Keumgang RIL population (n=1,780). Lines were selected based on two independent criteria. For
bread-making quality, lines carrying Glu-DId, Pinb-D1b, AX-108761918 TT, and TaIAA10-6D Hap II were sequentially filtered (58 —
21 — 17 — 11 lines). For bread-making quality without -5 gliadin (Chr. 1B), lines carrying Gli-BI deletion were first screened, followed
by Glu-Did and Pinb-D1b (319 — 23 — 9 lines). JB-0683 satisfies both criteria (Gli-B1 deletion + Glu-D1d + Pinb-D1b + TaIAAI10-6D
Hap II) and is therefore included in both groups. Details of all selected lines are shown in Table 3.

A Allelic Discrimination B Allelic Discrimination
T T

6000 + : _ ;
* Glu-D1d .| ’5 * Pinb-D1b |
s AT 1 x Keumgang
w Keumgang 4 4500 |-
< 5000 + : -
@ Q
K T 4000 + ; .
T 4500 + <
s 8
T 4000 + ; ] 2 3500 +
) Glu-D1aff " ) Ofree
3500 + NTC u- a v 1 3000 -+ Pinb-D1a il 1
. NTC
3000’ i : | i e * i i i : i
5000 5500 6000 6500 7000 4500 5000 5500 6000 6500 7000 7500
RFU for Allele 1 - FAM RFU for Allele 1 - FAM

Fig. 3. KASP genotyping and agarose gel electrophoresis results for gluten quality-related markers in selected RIL lines. (A) KASP
allelic discrimination plot for Glu-D1I; clusters correspond to Glu-DId (Keumgang-type, blue squares) and Glu-DIa/f (Ofree-type, orange
circles). (B) KASP allelic discrimination plot for Pinb-D1I; clusters correspond to Pinb-D1b (Keumgang-type, blue squares) and Pinb-Dla
(Ofree-type, orange circles). In both panels, the X-axis indicates FAM fluorescence (Allele 1) and the Y-axis indicates HEX fluorescence
(Allele 2); NTC, no-template control. (C) Agarose gel electrophoresis for InDel marker analysis of TaIAA10-6D; the 609 bp and 850
bp bands correspond to Hap I and Hap II, respectively. M, size marker; 1, JB-0006; 2, JB-0019; 3, JB-0166; 4, JB-0660; 5, JB-0023;
6, JB-0390; 7, JB-0079; 8, JB-0105.
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59 AgHWA 2443 SDS-PAGER =43 A3 Fig. 40 Yeidlth. A AleE2 ZF
Glu-D1d SR dol= HMW-GS band patternS WYEF{ S O™, Pinb-D1b F-HAES HHst 2072 EXHA
A0 A ERI= QI Gli-BI deletion 7|8F 27| A7 i A ASoA= o-5 gliadin band2] 44 0] £Q1E o]
SR B Z3oh AASke Tl Wl opge HSlth HE A AB0) A4 YR Table 30 AAISIC

m]I:
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aEma - & ,. =5

LMW-GS
and gliadins

Fig. 4. SDS-PAGE profiles of storage proteins in selected RILs and parental cultivars. (A) Bread-making quality candidate lines and
(B) reduced-allergenicity and bread-making quality candidate lines. The HMW-GS bands corresponding to Glu-DIf in Ofree (1Dx2.2
+ 1Dyl12) and Glu-D1d in Keumgang (1Dx5 + 1Dy10) are indicated. All selected lines showed the Glu-Did-type HMW-GS pattern,
consistent with the marker genotyping results. Lanes: 1, JB-0483; 2, JB-0674; 3, JB-0688; 4, JB-0719; 5, JB-0720; 6, JB-1222; 7, JB-1225;
8, JB-1226; 9, JB-1231; 10, JB-1733; 11, JB-0127; 12, JB-0143; 13, JB-0151; 14, JB-0182; 15, JB-0683; 16, JB-0918; 17, JB-0929; 18, JB-0930:
19, JB-0931; O, Ofree; K, Keumgang.

Table 3. Selected 19 RILs with favorable allele combinations for bread-making quality. Lines were selected based on the stepwise filtering
criteria shown in Fig. 2. Eleven lines carrying Glu-D1d, Pinb-D1b, and TaIAA10-6D Hap II were classified as bread-type candidates
with a high glutenin proportion. Nine other lines, lacking -5 gliadin (Chr. 1B) and carrying Glu-Did and Pinb-D1b were classified
as low-allergenicity bread-making candidates.

No Line ID -5 gliadin (Chr. 1B) Glu-D1 Pinb-D1 TalAA10-6D
For bread-making quality
1 JB-0483 Present d b Hap II
2 JB-0674 Present d b Hap II
3 JB-0683 Absent d b Hap II
4 JB-0688 Present d b Hap II
5 JB-0719 Present d b Hap II
6 JB-0720 Present d b Hap II
7 JB-1222 Present d b Hap II
8 JB-1225 Present d b Hap II
9 JB-1226 Present d b Hap II
10 JB-1231 Present d b Hap II
11 JB-1733 Present d b Hap II
For bread-making quality without -5 gliadin (1B)
1 JB-0127 Absent d b Hap I
2 JB-0143 Absent d b Hap I
3 JB-0151 Absent d b Hap I
4 JB-0182 Absent d b Hap I
5 JB-0683 Absent d b Hap II
6 JB-0918 Absent d b Hap I
7 JB-0929 Absent d b Hap I
8 JB-0930 Absent d b Hap I
9 JB-0931 Absent d b Hap I
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Glu-D1 SRR o] Al Z239 A1 ATk 7290 A-chila §AxFlo|w, £3] Glu-DId (1Dx5+1Dyl0)
YPHS AR = 2451 Z2H 4ot A FA3 AHE= o7 %_PE% 74 AcH(Payne et al. 1987, Shewry and Halford
2002). ¥ A4 Glu-DId $A o] Akl ABL HA] kel 3% $F02 Uekgton), oj= Yutk 1 Glu-DId
FAAGO WMETH FRolE BT, EAEA 7N LS 5 oH FAAGE agson AT > 52
sl £ PoDIb AINYE FY Y TSI AL A 5 SYUL UL SILE S42 ehe
Aeg 9 2243 DH5HA AfEE Aog HUE It Morris 2002). WekA Glu-DI1d®} Pinb-DIbE A
Aee =d g ¥ £FoM 783 & H_E-_ 284 7540l At

2 AolMs SFH /280 viedt d¥E TalAAI0-6D Hap I 7349 S 5712 A2sto] g ssiith
Z < Liu et al. (2025)2 TalAA10-6D7} 25 ]H_ T FARY] W 240 TodshH, Hap I S-AA g 0] Atz o2
e FEd/2elold v 947 WS S0 Sesi wsldrt.
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©H
Y= 585 £ B ARG o g wetbEth £3] AX-108761918 TT -AAF 7} TalAA10-6D Hap 11 -AXF
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A S FHFD &= Qloj(Payne et al. 1984), 258l F4 A5} 7hsAdo] S-St 12y & Ato|A= Glu-Did,

Pinb-DIb ¥ TalAA10-6D Hap IIE FA|o| E/SE AEe] gRl=o], =27 Az i ARSI A 4
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RP-UPLC 7|4t A& etz Ak 24 2 WDEIA 3} €32 0|83t immunoblot T ELISA H-4]o] $=3)%]ojof
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SheF ¥ AX-108761918 SNP FX
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o AE3} g-gliadin 2Y ASL BHQIEA] g9kt & 2 AX-108761918 SNP HX|ofA= ZEjotd
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o) A& Glu-D1d, Pinb-Dib & TalAA10-6D Hap II FHAH S FAlo| HR3t 11 Al5o] ¥g TH Ao
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H A5oz AutE] 9t} SDS-PAGE £4 Ay}, Ad ASEL BEALEA] £4 Akel dx|oh= Aok gk
S UEHHSIth £ dAolM= Gli-BI deletion 7|9 LE27] A7 B §A4F L 45 A F4 &

AAE o] BA| A 7F5ALS g RIL A4 olsiglon, Ads AESS Ty 1 2204 227

A9 aEd 2 EFF NEE SRt #8% 5% Az 282 & S AR VddH

o,
5‘,0
OF
uj
o
e
i

N o
)

)

A

—~

2 do 0@ Hob 2 e o
2

ALAL

E AT 5235 SHAHA 0 35 ATAFE (RS-2025-02214999)7 HAEH et A-7|wF 2/dH] Aoz
SR= sy
References

1. Altenbach SB, Chang HC, Simon-Buss A, Jang YR, Denery-Papini S, Pineau F, Gu YQ, Huo N, Lim SH, Kang
CS, Lee JY. 2018. Towards reducing the immunogenic potential of wheat flour: Omega gliadins encoded by the
D genome of hexaploid wheat may also harbor epitopes for the serious food allergy WDEIA. BMC Plant Biol 18: 291.

2. Blumenthal CS, Barlow EWR, Wrigley CW. 1995. Growth environment and wheat quality: The effect of heat stress
on dough properties and gluten proteins. J Cereal Sci 21: 149-160.

3. Choi R, Yu J-H, Hong S-M, Kim K-M, Jung H-Y, Mo Y, Park CS. 2022. Identification of Korean wheat cultivars
using multiplex STS-SSR markers. Korean J Breed Sci 54: 119-129.

4. Corbellini M, Mazza L, Ciaffi M, Lafiandra D, Borghi B. 1997. Effect of heat shock during grain filling on protein
composition and technological quality of wheat. Euphytica 95: 177-184.

5. Galili G, Feldman M. 1984. Mapping of glutenin and gliadin genes located on chromosome 1B of common wheat.
Mol Gen Genet 193: 293-298.

6. Ganbaatar U, Bodisad G, Jambal T, Noov B, Dorjgotov D, Subedi M. 2025. Allelic variation in HMW-GS of Mongolian
wheat varieties using KASP molecular marker. Plant Breed Biotech 13: 5-14.

7. Kasarda DD, Autran JC, Lew EJL, Nimmo CC, Shewry PR. 1983. N-terminal amino acid sequences of w-gliadins
and @-secalins: Implications for the evolution of prolamin genes. Biochim Biophys Acta 747: 138-150.

8. Lee JY, Altenbach SB, Kim KH, Seabourn BW, Park CS. 2017. Development of hypoallergenic wheat lines lacking
-5 gliadin. Theor Appl Genet 130: 121-131.

9. Lee YG, Choi SC, Kang Y, Kang C-S, Kim C. 2018. Genomics Approach to identify the cause of the missing omega-5
gliadin protein in O-Free wheat. Plant Breed Biotech 6: 413-425.

10. Li C, Bai G, Chao S, Wang Z. 2015. A high-density SNP and SSR consensus map reveals segregation distortion
regions in wheat. Biomed Res Int 2015: 830618.

11. Liu S, Xie L, Wu H, Xu D, Che R, Tian W, Liu B, Chao Y, Xia X, He Z, Cao S. 2025. TaIAAI10-6D orchestrates
processing quality and grain yield by modulating glutenin/gliadin ratio. Crop J 13: 1460-1469.

12. Matsuo H, Kohno K, Morita E. 2005. Molecular cloning, recombinant expression and IgE-binding epitope of w-5
gliadin. FEBS J 272: 4431-4438.



13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Qma| x ZZ RIL YHOIM L227| Mg 2 Mg S 22 QU 2XHEX| Mg 273

Matsuo H, Morita E, Tatham AS, Morimoto K, Horikawa T, Osuna H, Ikezawa Z, Kaneko S, Kohno K, Dekio
S. 2004. Identification of the IgE-binding epitope in w-5 gliadin. J Biol Chem 279: 12135-12140.

Morris CF. 2002. Puroindolines: The molecular genetic basis of wheat grain hardness. Plant Mol Biol 48: 633-647.
Palosuo K, Varjonen E, Kekki OM, Klemola T, Kalkkinen N, Alenius H, Reunala T. 2001. Wheat -5 gliadin is
a major allergen in children with immediate allergy to ingested wheat. J Allergy Clin Immunol 108: 634-638.
Park EJ. 2024. Development and characterization of wheat lines missing Gli-D2 locus by proton beam irradiation.
Master's thesis. Jeonbuk Natl Univ.

Payne PI, Holt LM, Hutchinson J, Bennett MD. 1984. Development and characterisation of a line of bread wheat
lacking the Gli-BI locus. Theor Appl Genet 68: 327-334.

Payne PI, Lawrence GJ. 1983. Catalogue of alleles for the complex gene loci, Glu-Al, Glu-B1 and Glu-D1 which
code for high-molecular-weight subunits of glutenin in hexaploid wheat. Cereal Res Comm 11: 29-35.

Payne PI, Nightingale MA, Krattiger AF, Holt LM. 1987. The relationship between HMW glutenin subunit composition
and the bread-making quality of British-grown wheat varieties. J Sci Food Agric 40: 51-65.

RDA. 2012. Standard of research and analysis for agricultural technology. pp. 339-365.

Scherf KA, Koehler P, Wieser H. 2016. Gluten and wheat sensitivities - An overview. J Cereal Sci 67: 2-11.
Shewry PR, Halford NG. 2002. Cereal seed storage proteins: Structure and role. J Exp Bot 53: 947-958.

Shin D, Cha JK, Lee SM, Ko JM, Lee JH. 2020. Validation of functional allele-specific molecular markers for glutenin
subunits. Korean J Breed Sci 52: 235-243.

Singh NK, Shepherd KW. 1988. Linkage mapping of genes controlling endosperm storage proteins in wheat. Theor
Appl Genet 75: 628-641.

Uthayakumaran S, Tomoskozi S, Tatham AS, Savage AWJ, Gianibelli MC, Stoddard FL, Bekes F. 2001. Effects of
gliadin fractions on functional properties of wheat dough. Cereal Chem 78: 138-141.

Zhou Z, Geng S, Guan H, Liu C, Qin M, Li W, Shi X, Dai Z, Yao W, Lei Z, Wu Z, Hou J. 2022. Dissection of the
genetic architecture for quantities of gliadins fractions in wheat (Triticum aestivum L.). Front Plant Sci 13: 826909.



