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Abstract: To accelerate the creation of high-quality germplasm resources for drought-resistant wheat and enrich genetic diversity,
this study constructed a mutant library of wheat Chang 6990 using EMS (ethyl methanesulfonate) mutation technology and
systematically screened its phenotypic traits and high molecular weight glutenin subunits (HMW-GS). A phenotypic analysis of 20,331
individual plants from the M» population identified 3,244 mutant plants, covering 10 phenotypic traits, including stem, leaf, awn, spike
type, fertility, and growth period, with a total mutation rate of 15.96%. Additionally, a phenotypic analysis of 2,064 harvested mutant
materials revealed 25 grain mutants, with mutation types including grain length, color, and fullness, yielding a mutation rate of 1.21%.
Through SDS-PAGE identification, a total of 23 HMW-GS deletion mutants were screened, which showed the deletion of Bx7, By9,
Dx5 and Dy10 in Glu-B1 and Glu-D1 loci. In this study, EMS mutagenesis technology was used to create abundant phenotypic
mutants and HMW-GS mutant materials, which effectively eliminated the potential interference of genetic background differences on
wheat quality traits, provided valuable genetic resources for dryland wheat quality breeding, and provided important basic data for
in-depth understanding of the relationship between wheat quality traits and genetic variation.
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1.2.1 EMS BT 5K 6990 /N2 Fh1-FH 0.1% HgClL VIR IETH#E 15 s, Bl 5 FH TG IR ZK IS BE 3 4%, SRJE 1E 20°C
FAF T I BEIKIR I 8 h, BERE 2 h FHTC B/KIG UE 1 UG M8 A5, IR T 0.6% EMS BERRZ2 /1, 30 r min!
7= 6 hy, M 5% NaxS:03 e 3 ¥k, feJm FHUKAYE 5 min, B4 M.
122 HEMESKZHRALE 2022 4 10 H, FAEHEFH MK 6990 AN Fh-F M T 1L 75 R RN 32
WAL RTERA IR GG (111°34'36"E, 36°8'43"N) , A/ Wl WL BRI, (igim B9 b7 v6 5 H 1)
Ttio FEFRA S E T AT, ATK 1.5 m, ATIEIEE 0.2 m, HRIEIEE 0.08 m. 2023 4E 6 A, YIKFAE (i
Pho 2023 4 10 H, # Mo MR TalB0 H, XUTRME, ST 58 30 KL, 471, ATEEEAPRIE RS A
MRl 2024 45 H, (E/NFERERITINT Mo BEGRHEAT SRR 2, o AL, AL, MRS, TR0, HMAEE
SERARTER . 2024 6 H, RS EMS RAEFR R S AU HL 3-5 BRIEATOGR, BORLIS BEATRF LI A A b 1
SDS-PAGE Il 5E
123 INEIFREREQRR NERNEREAQIRNSHLESE IR (AN « $hik 3 KK/ —5
(RN RERL, 850 EE JE TN 1.5 mL (I BSOE . I 300 ul 25 RO H| &7, ## & 12 h; 100°C
K¥ 7 min, BARMRG 2-3 Ik, MEHAMRS: 4°CH%A4F T, 12000 rmin' B0 10 min: WHL 60 ul FIEHR A
0.5 mL B OB, Frieed AN B8 FET, BN 4°CUKFERAF 4
1.2.4 SDS-PAGE JU7E SDS-PAGE i€ 27 X7k 2552571k (A 5D o H% 8% IR I 7> B A 4%
RN BE IR R, B 3.5 ul AR A RES SRE s TN BGIAT Bk, Ar iy i 465 T B B AR 20 385
ZERRK: B ST R B, AR E BTG . S Payne SERO2HE H 7 BE-H T
T 2450 E K 6990 ) HMW-GS KM (7+9/5+100 , FFRITZR 02-1 (1/7+/9/5+10)  FrZ 44 (1/7+8/5+10)
TERRHR .



1.3 BIESH

KA SPSS 20.0 AT HIAYES T 53 #r, KA Origin 2024 2 FHR A
2GR 5
2.1 My REUSSTLLBIFIRE R

TBIEN Ma FEAR ) 20331 AN BRRAVRBEAT Go vt 2007, LRI 3244 ANRARHRR, RABLMRF T2
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s o FERTA RARHEA A, JFF. SEEERE MR REERE, 50009 503 Bk 527 ol 397 bk, RAEZFES)
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Fig. 1 M2 phenotype mutation type and quantity statistics

2,11 EFFMIREE K 6990 B AR RIUVF KB, R4 65cm, 7 BEHUN 8~14 1. My A
FRIEH 1774 D ZFHOIRRARR, SRR HRALRBFBERAE, RABFN 8.73%.

PR R T B Nk B R AR R 3 Fh A (B 2A) « Horh, Rk bk i Va4 77~
83em Zity, ArBEN/D, T8 MR, RALFEN 0.38%: FEMRRALIAM &AL R H 2909 30~45cm, FRAUH
%, L2310k, RN 1.14%:; WIEMR R SR I E 24 10~25em, RIDIMAE, A R0 BEEUH
I, FMTIREGR, R OE TN, AR RN, F 126 Bk, RAEEN 0.62%.



2 ST A e D 1 TR — e A \' - —
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A: 1.High plant; 2.Dwarf plant; 3.Extremely dwarf plant; B: 1.Loose type; 2.Compact type; C: 1.Multi-tillers; 2.0ligo-tillers; 3.Single-stem; D: 1.Large spike;
2.Tip spike; 3.Short spike; 4. dense spike (1); 5. dense spike (2); 6. rolled spike; 7. dense spike (3); 8. bracted spike; 8 Bract spike; E: 1.Short awn; 2.Brown awn;
F: 1.Infertility in the upper part of the panicle; 2.Complete sterility; 3.Infertility in the lower part of the panicle; G: 1.Round leaves; 2.Curly leaves; H: Premature

aging; I: Purple leaves; J: Spotted leaves; K: Striped leaf
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Fig. 2 The main manifestations of M> mutation type

FRALGEAR F B NFAB. BB Fh A KA (& 2B, 435109 181 BN 35 Bk, FRAZZA» 54 0.89%F1

IYBESUR FELONMAT . HEEMZBESL 3 PR (B 20) o i, ZEERABRA M BERZIL 22 4,
L O3Bk, RAEN 0.46%; FEEERADIRAGMITEERAL 2 1, L 527 bk, RAFEN 2.59%;: MAFRALMNE
, JoorBE, L5030k, RAEN2.47%.

2.1 2RISR K 6990 B AR TR R IA TR, FEAC 9~11cm. Mo BEAARH I 392 BRAEAL R AR K, R
ARRANR G KRR AR, AUAR, BRI ELL S AT, RAEFN 1.93% (K 2D) .

KRIEERAAFERKLI N 12~ 14em, BT, JL 71 #k, TRAEFN 0.35%; SAERDAFEK LN 6.5~8.5cm,
RO RHETE, FRADEORE, BUOCHXTRCRE, It 48 #k, RAZEN 0.24%. FHIFBHBK LN 5~Tcm, FFHL
SESED, SR 231 bk, RABFN 1.14%. HERDAIL 21 ¥k, RAEFENRN 0.10%. Hi, ZE—FhEERasik
KL 4~60m, BHELE, FEBARRTY, 3L 15tk REFN 0.07%; 5 _FhE R AEK L) 4~6cm,
PR E LW, M EMEEEE, BRIKR, L4k, REER0.02%; H=FhH R AEEK L 2~
dem, FPRIZESZHIXTELD, FE2 MR, TAEERN 0.01%. ERRBEKLN 4~6cm, Bk ESE, 3t
19 Bk, RAEFK 0.09%. LAHRBABKL N 6~8cm, MEFMETHEN, L2k, REERN0.01%.

2. 1. 3 MR K 6990 B A RITHIK, Bl Rk A . Mo SR ORI 7 BREPERRAR IR, 400 s s
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EMERAG, HERWREEERIRREGR, 3223 bk, RAEFN 1.10%; FEAHRAZE (820 &
PN E OB R T B, R RGEE TR, 3205 Bk, RAEEN 1.01%;: FOHRZE (K 2K) &
DU sk BSOS HEA T B b, 2SR BUESE B SV E 7 AR, 36 2 Bk, RAEERN 0.01%.

2. 1. 6 EHHRE Mo ORI 237 #R I RARM, WS 2H s, HARRIUY B2 T 4G T4 &
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A: 1. kernels become longer; 2. kernels become shorter; 3. kernels become shorter and narrower in width; 4. kernels become shorter and rounded;
B: 1. kernels become shriveled; C: 1. kernels become lighter in color (whitish)
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Fig. 3 Grain mutant materials



2.3 HMW-GS ZRI A
%2 SDS-PAGE #&ill, K 6990 Bf4E % HMW-GS 41 &4 7+9/5+10. 7 2064 43 5281 Rl % 58 1 4 F

HMW-GS $R AR, 43518 Bx7. By9. Dx5 Al Dy10 BiFREL (K 4) .

1: Bx7 #; 2: By9 @t 3: Dyl0 HftZk; 4.DxS ok

1:Bx7 deletion; 2: By9 deletion; 3: Dyl0 deletion; 4.Dx5 deletion;
[ 4 SDS-PAGE U HMW-GS =3I H
Fig. 4 The type of HMW-GS mutation was determined by SDS-PAGE

1E 2064 17 A BRI H 23 4 HMW-GS A TRAZAF R, 5 AR 1.11%. £+, Glu-B1.Glu-D1
LA, By9 A1 Dyl10 SRR FIRBMEIERZ, & 710, RABFRLN 0.34%. Glu-D1 {7+, Dx5 k%R
BMEHIEE R, 346, REFEN0.15% (K5
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Fig. 5 Statistics of HMW-GS deletion types and mutation number
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(28291, PhE R ECOER A EMS WRIB LA I AL 1 S5, M 4500 MERPifiEH 174 DRABEMEL, K
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AFEFA K. BHFRY, el Ed, ARAEKEEBXS EMS RIBUSIEAEZE R, X450 g svrms
BAEMIGIE . ik, SRH EMS VR R (R, FH S A2 20400 EMS IS BURkE, KRt s
T RARIRRRIAR A, R/ NFEUR B RS AL TR R ST R 1

A FEM Mo BEVR T 15158 1R B2 AR R AR, SRR AR5 257, by 75, Bl BRI
B 10 AN . Horr, JFF . SEERE MR AR R E R E, ARG 1.95%. 2.47%H 2.59%.
FXRAF IR ] EMS M EEMEJE 4110 AR MRFE, MBI E MR B RAB L R =yl SBIIT Fib
WESE T B MR N EMS IBUBMERGR . £ EMS AR R, BYEAROCER A T RAERAL, i H Al TR
AU 22 5 7T e -5 2 I 1) () AH LA B AR DT VA AN R 56 o DRI, 3 — 2R Ji IR () A B AR ) B AR AL
i, LR AT R AL AR 75 2 AR AT BE AR [ AR A, A Bl T JRAT T S A M B AR s A AR S L D
52 T PRS0 R B B A 2500 T v A SR

HK, EMS HARHAIE HMW-GS 248 Jige A i i e R 2 A EEAEA . 8 1d EMS A H AR BIHIK 6990
HWM-GS M EL,  RESEA RO BRd (%15 522 e B0 25 B A0, SEERR LA 70 HMW-GS 15 5 26 5
AR, I B IR NTR T ST BRI, /I 22 0 I it o P e R R 3k T 08 £ 38 40 A4 0 52 e i 5051
TR AESEPOR ) EMS WA R RAR 201 Fhr, e 21 £ HWM-GS SRR RAZFRL,  TRAHIARN 2.26%.
TRIFHCTEF A EMS SRR AR TG E 69 RAAEE, fik i 101 fr HMW-GS RS EL, RARAGE T
e, WHEE e, WAL, RRANIRN 6.06%. AW FERINIRE H 23 4 HMW-GS H2 548 b K]
FERIN Glu-Bl 1 Glu-D1 {7 £+ Bx7. By9. Dx5. Dyl0 IV FEEL . HEMX —I R AR T/NEL
if EMS 45 4b P J5, DNA A B ISR AN Bk, SEOERUTBREHRRNNEREL. X—K
B /INGZ SR 4 R AR T T (KBS, IR AR T HMW-GS (R385 LA AN D RE 2 R 4122 W T 3R 00t 17 5 5 i1
B TR AL H

RN, Glu-1 FERIAT SO /N ZZ T I T 55 B AP AE 5235 22 5% 0 Glu - 1AL 5%t /N 220 Tt B ¥ TR Gl -

D1>Glu-A1>Glu-BI1B8, 7F Glu-Al {7 AT, Ax2+«WIEHZERH /15T Ax1 Al Null 1391, 7E Glu - Bl f7 /&4
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H1, Bx7 + By8 l Bx7 + By9 [ i 5 5 AT A1 F2 e e s, H Bx7 + By8 fT Bx7 + By9 Y, 7t Glu - D1 fif
mH, DS A Dy10 B A A ARBIERE, H Dx5 X JkA i 50 58 R E-421, (R, R NI FEAN [F) JE R A3z 5 Clan
Glu-Al. Glu-Bl. Glu-D1) EEEF/ERBLH], FF i J K g 48 S5EAS 1 B AP BRI AL IX B A7 s R R Y,
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b4, HMW-GS FRASMPRIE 5 1/ 22 Hadi v e R A B T R 6 B T 5t . HMW-GS AR R /N 22 F PR 8
EAMEBEHARI S, 25 7T/NEHHMNSIE, EEMER I TSR . AMantk, HMW-GS RAZE
REE B AR B A OR[N T 5 Shi AR ia i 3268 70, B Ko R Rk
YA BE I YERE AR BT RE AAR R PR, MR i R /N 2 AP MR = B ) o X SR SR PR b/
AR PRI, TSR AE RO SR AR R RO s PR B A AT TH, BT B SERR R . AHEFAE
Mo BRI AT 0 HY 3244 AR AR FRAZ FARR AT 23 £ HMW-GS Bk RAFA L BT Mo AURE R 2 51
WA MEIR AT E R J5 22 75 B M AU I RASARLEAT P S50k, DLVl Haste e e . JF45-5
RO FHEMERAR, WA FHUEZ EIRAN ST HMW-GS 23RN In T RS2 . Ak, 5 Re3)iX
LeRARSS A B /N SR S R R D, BIE TR A AR SR m e R o T A DT A R AT
WAPETTRIAE, BRI A e RS LT SE R L TR0, #ESh R “HiR 5B Bl H ARk
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