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Excavation and creation of pre-harvest sprouting resistant
germplasm resources in Chinese wheats

CHANG Cheng, WANG Xuyang, YU Zhaoyu, ZHANG Haiping, LU Jie, SI Hongqi, CHEN Can, MA Chuanxi
(School of Agronomy, Anhui Agricultural University/Key Laboratory of Wheat Biology and Genetic Improvement on South Yellow
& Huai River Valley, Ministry of Agriculture and Rural Affairs, Hefei 230036)

Abstract: Based on four years' phenotypic data, and combined with 13 molecular markers developed and
identified in our laboratory, 833 wheat germplasm resources (including 278 wheat micro-core germplasms, 124
local varieties and 431 modern promoted varieties and advanced lines) were identified for pre-harvest sprouting
(PHS) resistance. The results showed that the differences in relative germination index (RGI) were significant or
extremely significant between the resistance and sensitive alleles (R/S) of the 13 molecular markers, respectively.
Among these markers, the largest difference between R/S was identified in TaMFT-222 and TaMFT-194 markers,
which U values were 14.98%* and 11.30**, respectively, and reached the extremely significant level. The RGI
could be reduced from 0.21 to 0.32 by the two resistant alleles, respectively. The next markers were Sdr2A,
CNGC2AL, Vpl-b2, TaMKK3-A, PM19, CAPS-2AL, A17-19 and EX06323, as well as the significant differences
in PHS resistance were also detected among R/S alleles. The Qsd1 and Barc321 markers could also significantly
distinguish PHS resistance between R/S alleles. A total of 63 germplasm resources with high PHS resistance were
identified in this study. The 41 germplasms mainly including red-grained and local varieties had higher PHS re-
sistance than that of the 22 germplasms mostly with the white grained. Through using hybridization combined
with marker-assisted selection, the PHS resistance genes/loci were pyramided, and 12 new breeding materials with
high pre-harvest sprouting resistance were created, which carried at least 3 genes/loci for PHS resistance. The re-
sult can provide important genetic resources for breeding new varieties with high PHS resistance.
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1 #MRE5ER*®
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SHe EUSCER I 833 A1 N /N ZE R B, FREE
ARG /NERRZ ORNR (278 43 HUJ7 dh Al (124 43
BUARHET b R R R (431 1) %5
1.2 HERES&IT

T 2018—2021 FFERKIER T LM R A T
KW IE R, RS RFE 217, 17K 2m,
ATHE 0.25 m, BAT 40 RL, FEHLIXAHEF, 5 #H [
L, EMIEAN, WGBS H SN R ERG. 1
FFIE L RIEFA RN 10 ~ 15 MEbk 258,
FERR IR E H . T8 /R 28 35 REVN AR
R CRIEE D Ussk 10 MR AR, BkLS
e A RS FEEL (RGD o

® 1 NEFRBLFHTNIRE

W N NG 21 Sk gt kU, H RT A RIS b B R AL Table 1 The evaluation standard of resistance to PHS of wheat
WEFECHBEH 6 MERE, W Talp-12. X 2 R BURGE B 1023
TaPM195), TaMFT/TaPHSI¥), TaSdrS, TaMKK3! <005 FBL (R
0.05 ~0.20 i (RO
1 TaQsdl/TaAlaAT?®!, 0.21 ~0.40 3t (MR)
A RS HRI S S T R A 0.41 ~0.60 B
IR T R DL SO 3R T, RN A Z080 Hig (HS)
= 2 /Ei PHS ER/ALS S FiridER
Table 2 The information of genes/loci for PHS resistance
FE R/ 551 Frid SMFE (5-3) SCHR
TaMFT-34 TaMFT-222  F: GTAGCGGGTGAAATCTGCAT; R: GGGACGTACGAGGGTGTAGA [4]
TaMFT-194 F: GGCTACGTGTCGCTTGAC; R: GCGGCGGATTATTAACTG [12]
TaMKK3-44 TaMKK3-A  F:CACCAAAGAATAGAAATGCTCTCT; R: AGGAGTAGTTCTCATTGCGG [7]
TaVP-1B Vpl-b2 F: TGCTCCTTTCCCAATTGG; R: TGCTTCTCTTCTCTCACCAGTG [11]
TaQsd1-5B Qsdl F: GTTTGACCGTACAAGTTTCC; R: AGACAGCAATGCCTCCC [8]
TaSdr-24 Sdr-2A F: CGTCGGCAGACATCGACTCC; R: GAAGCTCACTAGCTCAGAACACGC [5-6]
TaPM19-44 PM19 F: CATGTACTAGTGCACGGATG; R: CTGCGCTAGTTTCACTACAC [3]
TaCNGC8-24 CNG-2L F: TGATTCCCTTAGGATTGC; R: CCCAGGTCAGGGTTCAG [13]
BS00019095 51  CAPS-2AL  F: CCCTGATGTCAAATACGGC; R: CAACTTGTAGTGCTCGGTGA [14]
TaVP-14 A17-19 F: TGCTTTCATTAGTTCACTTTTATC; R: GCAGGTTTGGTTCTCTTCTCT [15]
TaDFR-1B DFR-3B F: TGCGGTCTGGCGGGG; R: CGT ACGTCGAGAGAGAGAG [16]
Ophs.ahau-6B EX06323 F: GAAATAATGCCTGTTTCCG; R: GGTCATCTTCATTTGCGTC [17]
Osd.ahau-34 Barc321 F: TGCACTTCCCACAACACATC; R: TTGCCACGTAGGTGATTTATGA [18]

13 HEAZHEENE (RGI, relative germination rate)

WI5E 715228 L AR R 2 % e AT bR ifE
(NY/T 1739—2009) PIfIE g0 20753k, Inbh
A it . PLFRARR 9507 St & Sl Fl, BX 100 HL R
TR R B IR B/NEAPRL, JEIRARA T 25 (4%

JAE KRB R ZFARRIE R (090 mm) 1,
I 10 mL GRK, 2 NEE., FREFRITAN T
AR E AT R AFSLE (22°C, 100% RH), JglER
BN~ 14 h/10h (HR/BRD, HEL:HFE 48 ha

53 0 58 B A LR R AR 9507 [9°F
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Gl = (FR R SHFRIED <100,

RGI = {350 5 2 28 )0k Rt et 5 2 26
1.4 DNA ZEUESI¥mgit

DNA £HZ [ Chang MG EE M. AL
FERTHAS TR R E IR 2 B, ReRslma
R AR TARAIRA R 6. DhRebsic kil B
PRSI AZ ER N VIES7/E NEB Fll TaKaRa A&
W6, PCR 414 B UIA =1 B IR W r kAl 35

ZEHNIRIE .
2 HER59R

2.1 FREIENEZFEB ST

Farill 1 2018—2021 4 833 4y /N2 Fh it BRI )
X R ZEFREL, ERNER 3 . AR R4
ZEFIOR, H 2018 4FFE RGI A7 REm K, N
51%; JLIRGE 2019 4R, 4 48%: AR 2020
R, AR RHCH 38%.

Table 3 The analysis of relative germination index (RGI)

® 3 HEXNLFEH RGO

Ay ERLE: i/ME SON ] HfE AR5 RHCVI%
2018 833 0.09 1.03 0.61+0.31 51
2019 833 0.07 0.92 0.56+0.27 48
2020 833 0.03 0.89 0.45+0.17 38
2021 833 0.04 0.98 0.58+0.23 40

+* 4 EHE RGI FEN

Table 4 The variance analysis of RGI between years

A SRR EHA HBHE ¥ F&
HE) CEEfr(a)) 8.975 3 2.898  64.705%%*
H 49.875 3329  0.045
BE 58.850 3332
VR FeriR 2 R AR 0.001 KT FHE.
= 5 48 RGIHEXMSHT
Table 5 The correlation analysis of RGI between years
_— Ay
2019 2020 2021
2018 0.697*** 0.7027%%* 0.631%**
2019 0.644% % 0.626%**
2020 0.662%**

ANFAEA [A] RGI 2 ik il E K (R 4D,
VLI PERER T 52 2 R B 2 4b, 2 R 5
HF 5 Tl ANFEFAR ], A IR 2 2 K,
oAb 2018 12020 4EJF RGI AHISMERAET, R REL
90.702%** {5 B A ST E i RGL A EAN A5 T
A BT — 5
22 MBEAFERRLEERSH

AR SCHRYE S50 = 4248 LA AT ARG 12 ANt
FER ZEIEH AL, FERAEE T 13 AN Fhric,
X 833 A7y [ P /N2 Fof o AT R DR B R o AR
4 FE[) RGI ¥, AT Se L R/7 5 B 25T 2
A (R) FURMESEAIZRA (S) MM EREEME, L
ify 7 S DR, RO R U AR F o AR 6 I
AT U-test, X 13 AMFRic %52 FIPT/ERER 25 27 8]

FEXS R F P 50 72 S 3808 B 3 B B 35 K, o
TaMFT-222 1 TaMFT-194 Fgic %5 5€ f 0/ B A ]
ZEFHOR, U AE49008 14.98%*F1 11.30%*, HJikik
BRSSP AT DA XS & 2 HE % 0.21 ~ 0.32,
e Fhmid i B Bt A B S A E . HIk
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) AR ZF Utk 2 e IR AR 2 UK P Qsdl AW
Barc321 prictife & X MR i, R —¢
FIRN MM . R 12 N4 S, FilEk
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B, EXFER R R ERAAR, SH
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FRFRIBNER, HEGENEMTFE, KAk (TaVp-1B)+ 4AL (TuMKK3-4). 5B (TuQsdI-5B)
REEFEN . AR AIFIPRR EEMHMEL 124y, F1 6B (Qphs.ahau-6B) Jetafk I, fEPRER ZF 5L
Horp A 5 4 (R0, MR 74 (B0, /s, TaMFT-34 (3AS). BARC321 (3AS).
Wk 8 fivn. B Thric%e, XEEMBME  TaVp-1B (3BL) fl TaMKK3-A (4AL) H BRI
B 3 ~ 4 MR FRER/ALS, FEMT 2AL BE GR8).
(TaCNGC-24)~ 3AS (BARC321, TaMFT-34). 3BL

* 6 MBEAFERLEEREMNREERIT

Table 6 The identification and analysis of effect of PHS resistance genes/loci on phenotypes

FELRI/AL A Fric S hE il RGI ¥+ U 36
R 0.4120.21
TaMFT-222 11.30%*
S 0.62+0.30
TuMFT-34
R 0.380.18
TaMFT-194 14.98%*
S 0.700.26
R 0.52+0.29
TuMKK3-44 TaMKK3-A 4.51%
S 0.65:0.26
R 0.4420.19
TaVP-1B Vpl-b2 5.17%+
S 0.630.28
TaOsd]-SE Osd1 R 0.49+0.23 s 16r
aQsdl- s S 0.59:0.28 '
R 0.42+0.29
TuSdr-24 Sdr-2A 5.14%
S 0.600.32
R 0.4620.31
TaPM19-44 PM19 4.37%
S 0.600.29
R 0.45:0.21
TuCNGC-24 CNGC2AL 5.08%+
S 0.630.15
BS00019095 51 R 0.45 +0.23
- CAPS-2AL 4.49%%
24L S 0.59 + 0.24
R 0.50+ 0.23
TaVP-14 A17-19 4.33%%
S 0.63+ 0.26
R 0.500.23
TuDFR-1B DFR-3B 2.97%
S 0.59+0.28
R 0.41+0.22
Ophs.ahau-6B EX06323 4.73%
S 0.57+0.21
d.ahau-34 Barc321 R 0.54+0.22 2.83%
Osd.ahau- are S 0.63+0.21 :

E: Re PUBUAZFSFAIRM; S ARACZFIM , R+ 22 7 W VE 70 ik 0.05 #10.01 7K.

#F= 7 PIREEAFRUENNERWNER
Table 7 The wheat varieties and advanced lines with MR and R levels
UK P/RGI o i R AR
LA 1118 Z4R 1124, 3 18528, #3F 91F138. 45 16 #3 23 3 19. #3F 20 Niavt14.
W 836, #khiZ 15, ZLlhF. 02P67 . 02Y151 . Bk 98, 520717, K. &l 24,

?Qozo M AFE4T. KUK Amd. STRAET. TR 3207, wR 1121 %R 1123, 583 5. %R
: : 1131, % 11, 2R 1039, LR 1130, FIELAE . WHEASE. WhaE. BT,
KFE . AfEE. ATEE. £/ 35, AT, MK 34, 2R 0942-14
LA 196 A 0711 3 90-30. 3945 93-11. HAK 64. BB5F 64, NF 836, F AL 898, &
;'?f%io 22 £ 1014, 2248 1008, Z24R 1006, &7 502, 75 853, MR ZF 081. 4 10, HAK 3271, 1

97-4119. HZE 8. /IME6 5. BF 15, H¥ 169, K 9267

3 s e, MERTHERS, KNP R E KBk,
R RS PRI 24 /N2 o 2 7 i3k — 1] S
NERERERE M E AR, B 4R, TR R R 2R R R R
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Table 8 The PHS resistance of wheat breeding materials and PHS resistance genes/loci

RELTK  HEHIE BB S AR/ RGI mfg’f
AR 196 S| TuMFT-34 (3AS), TaVp-1B (3BL), TuMKK3-A (4AL) 0.30 /MR
AR 1008 =i BARC321 (3AS), TuVp-1B (3BL), TaMKK3-A (4AL) 0.29 /MR
2% 1006 =i TuMFT-34 (3AS), BARC321 (3AS), TuVp-1B (3BL), TuMKK3-A (4AL) 0.26 HHH/MR
24 1014 =i BARC321 (3AS), TuVp-1B (3BL), TuMKK3-A (4AL), TaCNGC-24 (2A) 021 HHH/MR
AR 9267 =| TuMFT-34 (3AS), TuCNGC-24 (2A), QOphs.ahau-6B (6B) 0.30 HHH/MR
24 1123 a TuMFT-34 (3AS), BARC321 (3AS), TuVp-1B (3BL), TuMKK3-4 (4AL) 0.12 HUR
A% 0942-14 AN TuMFT-34 (3AS), TaVp-1B (3BL), TuMKK3-A (4AL), TuCNGC-24 (2A)  0.20 YR
2R 1121 7 TuMFT-34 (3AS), BARC321 (3AS), TuMKK3-A (4AL), TaQsdl-5B (5B)  0.17 PR
2R 1131 AN TaMFT-34 (3AS), TaVp-1B (3BL), TaQsdl-5B (5B) 0.18 HUR
24 1130 L TuMFT-34 (3AS), TaVp-1B (3BL), TuQsdI-5B (5B) 0.20 PUR
2R 1039 4N TuMFT-34 (3AS), TaMKK3-A (4AL), TaQsdl-5B, TaCNGC-24 (2A)  0.19 PR
21118 ar TuMFT-34 (3AS), TaVp-1B (3BL), TuQsdI-5B (5B) 0.15 PUR
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ZRRW KR FE Y E R EZAEXPRRERF E G KA EEVIS AU T R

ZHMRLEKRFERFERARF R ERH AT EHIRETHE—E top AT (FiF4~) ((Journal of
Cleaner Production) X & 7AA (RTRALNENZHERERINLEL: —HEE. S K RGEY
A K Ma AR R R B ARk 77 %) (High-performance desalination systems from Natural Luffa Vine: A simple, efficient
and environmentally friendly solution for bio-based solar evaporators) 9, %A 5 TR Z A2 SR K5
FAE ) AR ILIR A O B R, AR RARAR L LA LINEHEKMESEKILEE, RHEALT S
A& R et AR

A AR R F- 22 NFE A B, KA & @il KOH & 32 54K T 1A s 669 7 ik 41 & KM AL A &
Bo EIAKMAT, 2@maB0L N EAKMAERRLBZEMEAKRAALAR K REZL 3.26kgm?-h!,
ARHE (118%) £ER T T MR, RAARLINEGN S ERZEMEILREMT R T A KL RRAKZ,
1 L B A RS ittt E8ER 36 DEHE, JLFRARA. AT L2NEGKMmAARS B
FALE 99.9%, * Jetfod bk AKALA RIFHHRBR . ZAXH BT RRGEHERAREK
BEHAERER LTI S FFOBEARMA, AHEMKEH R K BARERKIENEE QT RARETHE
Y&

WK, FOKRTRN B SAEER|IRT AN ZKE. KEATF® KA KRG KINAINA R FE
A F KK — AR A 8GR, R, KRS E AR SR BT % IEBAKAG KA KRR, & 2OKEK LR FEFRL
Fr 0 @ 2 ITARAE ) A7) AR R — I BB

HFEHERAMRFRMEA S &K, HEAERER, RIBFEBFITALR S —EH, RE2EHXZNE
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s ig T B ERAE A
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