HIYI8 AL 0 AR 2023, 24 (3):732-743
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20221213004

/N R 999 =y L AT

IOAV O #LE ORVLERELRERLE LI B RARLEEE,
JLER"# B4, FREV TR E O E
CHIRE R G AL RETFE B, MR 5 2655005 200 & K2E ALk 0% M1 5 264005 ; 2B AR K2R 2L BN AR R 2B EY B oy 1
BT S, G 264025 Y0H G T Hb g AR H O, I & 264003)

PR D E BRI LA G- AT TS AR 999 69 AF A RIR A & 5 R AR B, 7T A IR 999 F AF
B AR X AE . ABERAN R SSK /K SNP X R 2B R 999 & H 46 4T A Su At () 2430 F e b A (R) A
MAHLR G B RBRRTTAEARAARAL T BT ELRFTHABFRER LR EAN , AT 22 227545 H
A5 520 R M T &3 PR R pt it s ah, AR LR RN, BRI & FEE®FIKRAEL SR PR LEER
B 46 IR 999 £T A Su At (£ )-FH AR AR & 2 0.87, EAK KK MR I99 55 F, F, F A&F, A L4745 R4
Ak A 4 84.94% .86.19% .86.67% F» 87.65% ., 46 15 XA 999 47 & Fu Al (R ) v IAbin] B 222 AF i F 42 95% vh ey IR R
999 Z IR F A F R B, KE LN 5.04~108.75 Mb, ¥ 2A L8 S MF A FR R ERERK, 2% 483.37 Mb; 71D 42, 4 A
13.84 Mb, 222 A F#R F S FR BN 4 135 Lsmth 5 = F kA X6 QTL, P AKX W44 804, BA DA E 4145 5] %
A8 M Fn T A, AT B RBLIRPATIT QTL 547 246 5] 1195 A48 5 4k 7~ 8 267 MR AR EHK TO0ANF2H T T/ 678 M4z
P ARARA Y B F M K IR SNP AL &, 3 IR R 999 K B AL A 3G a4 5 &t 5 A 84.02% .51.69% .94.18% F= 13.42% , 1L 1A
RIVELFET 2= EhTEERFFEERLE, AL GH S B0 TR 458, AR AMRIN 65T F A F AR
A58 R 999 & = K W AT BRI A

KR MR 999; 55K N & SNP ¥ 1 5 i A4 1 s & 7% RAER B R A BT A

Unlocking the Genetic Basis of High-yield Wheat Variety
Yannong 999
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Abstract: Wheat variety Yannong 999 (YN999) shows stably high yield potential with strong environment
adaptability. Unlocking its genetic basis and key chromosomal regions underlying high yield performance will
provide theoretical support for the further application. In this study, a 55K wheat SNP array was used for
genotyping the YN999, its 46 derived varieties (lines) and a natural mapping population containing 243 wheat
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varieties (lines). The genetic effects of the key chromosomal segments undergone strong selection was
elucidated. The genetic cause of high-yielding potential in YN999 was dissected based on the composition of
excellent alleles underlying the three yield components. The characteristics of high thousand kernel weight were
preferentially selected and present in the derived varieties (lines). Genotyping using the wheat 55K SNP array
revealed that the average genetic similarity coefficient of YN999 if compared to 46 derived varieties (lines) was
0.87. The genetic contribution of YN999 to its derived varieties (lines) of F,, F,, F, and F,were 84.94%,
86.19%, 86.67% and 87.65%, respectively. A total of 222 segments of YN999 with over 95% transmission rate
were detected in the offspring of YN999, and the length of the segment varied from 5.04 Mb to 108.75 Mb,
among which 2A contained the longest segment with high frequency selection, being 483.37 Mb, and 7D
contained the shortest of 13.84 Mb. A total of 135 identified QTL related to yield traits were coincided with the
222 high-frequency selection regions, with 80, 48 and 7 QTL in the A, B and D genome, respectively. A total of
1195, 267, 790 and 678 significant SNPs, which were correlated with yield per plant, kernel number per spike,
1000-grain weight and spike number per plant, respectively, were detected by single marker QTL analysis using
a natural mapping population. Among those, approximately 84.02%, 51.69%, 94.18% and 13.42% alleles
contributing to the higher yield performance were identified from YN999. These results indicate that YN999 has
enriched the superior alleles of yield per plant and 1000-grain weight, which might be the important genetic basis
for the high and stable yield in YN999. This study provided theoretical reference in application of YN999 as key
parent in molecular breeding programs, and identification and cloning of the genes with high yield performance.

Key words: Yannong 999; 55K wheat SNP array; genetic characteristics; key segments underlying high-

yielding potential ; candidate founder parents
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Table 1 The derivative generations of Yannong 999

(R)161 MR RIEFELIE 1 243 0/ NEF K
At Al (R D) AL A AR BER B B AR R e i T B 4
HE H AR BERL 64 43, DU 3040y T A
2817, T 190, BEVEAE 170y i dbAs 124, Jb st
1303 YLHAE 740y, SEINAE 50y, TUK H iR X 4 47,
LRAA 3, NS HIRIX 20, TR VT E AR
X BEPEA 25 1407, o5 A E SR 36 45 (1 I https -/
doi.org/10.13430/j.cnki.jpgr.20221213004, f £ 1) .

i FrE PR A il %' MR AR BN

Code Varieties Generation Pedigree Code Varieties Generation Pedigree

1 F,-214 AR HhZZ 895/4H4¢ 999 24 F.-56 SBHA KY088/4H4% 999
2 F,-254 =R KA 5177004 999 25 F,-61 BHAR JHA 999/L.84778
3 F,-262 H=A KA 5177004 999 26 F-62 EHA JHA 999/1.84778
4 F,-255 H=AC KLAL S17/004¢ 999 27 F,-1 EAYA Z& 1L 7087/414% 999
5 F-424 H=AR B 51306/H04% 999 28 F-2 EAYA #1111 7087/4H4% 999
6 F-454 H=AR BRI 51306/484€ 999 29 F-7 EyaViv A< 999/Fc009

7 F.-1 FHEAC AR 999/ % 26 30 F,-8 el JHA 999/Fc009

8 F,-2 HnAt HHAR 999/ % 26 31 AR i 3 01 Rif TARE 17/4H4% 999
9 F-13 FIAR A4 999757 BH 669 32 HRAR 6 R 02 A HHAS 999104 19
10 F-14 A A4 999757 FH 669 33 HRAR 7 03 A HHAZ 999/104% 19
11 F.-19 AR KA 6037004 999 34 HRAR &4 7 04 A HHAS 999/3i 42 18
12 F-20 FTAR KL 603/4H4¢ 999 35 HEA b 2 05 ZNE AR 999/%4: 7048
13 F-25 AR 4R 999/IN1076 36 HRAR i 2 06 FNEe AR 999/By18

14 F-26 ESE v A4 999/IN1076 37 HA A 07 A M4 999/57 4 2 5
15 F-31 ESE v A 999/443f1 700 38 A i 52 08 ZNE: SN055849/4H/4< 999
16 F-32 ERIAR A 999/443f1 700 39 A 52 09 A HAAR 999/74 1864
17 F-37 A FEAR 187/104< 999 40 TAR i 5 10 AT JAAE 999/ 9946
18 F.-38 SR EAR B4R 18714 999 41 JA AL 11 A AR 999/ 7 27
19 F-43 AR A4 999/L.85082 42 TRAR it 5 12 R HAAC 999/ 65
20 F-44 AR JAA% 999/L.S5082 43 TR 7 13 R JEIZZ 2714 999
21 F-49 AR I 2 5 /04 999 44 TA it 5 14 A Z2111 42417404 999
22 F-50 A IR 2 5 /14 999 45 A A 5 15 A J0 181/414€ 999
23 F,-55 SR KY088/4H4% 999 46 A 7 16 A AR 999/ 7 22

TR i FR 01-16 R S ARLL B bt AR HEAURTE

Yannong wheat lines 01-16 are above the seventh generation of high generation material, the specific generation is unknown
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78 H BLAST % 14 (ftp : //ftp. ncbi. nlm. nih. gov/blast/

executables/release/) 3K 15 SNP X I i) 47) FRAV B 15
B . FI A Microsoft Excel 2016 X 3 [K] B F ¥ i 47
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K Wy A AR BRI, K 8 4% 32021 A 5K
SNP ARic H T 5 e 74 o

122 FEMRRBETE A 999 M H 46 (3l
Azl A (32)2019-2020 4R 7E M 5 HEA TR B HEE 5
243 i B LA R (R ) 4L A SR #E R T 2019
2020 FFETEM & YT A R 3 A FREEHEA TR A
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Fig.1 Histogram of frequency distribution of important agronomic traits in offspring derived from Yannong 999
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Table 2 Genetic contribution ratio of Yannong 999 to its offsprings at the genome level

(%)

BTk Contribution ratio TiHk% Contribution ratio Tifk% Contribution ratio

ARERAL = I AR o BRIl 4= it HAMR o DEMAL = HIfL AR o
A genome Third. F ifth. Sixth' High B genome Thirc? F ifth. Sixth. High D genome Thiré Fifth. Sixth. High

generation generation generation generation generation generation generation generation generation
1A 74.07 82.53 66.52 82.03|| 1B 95.37 81.72 98.71 91.93|| 1D 80.43 83.39 81.97 84.84
2A 97.50 92.49 96.80 97.22|| 2B 87.83 88.02 89.95 89.22{| 2D 83.01 87.53 78.18  84.85
3A 89.91 89.06 89.08 87.61||3B 79.98 88.95 86.57 88.09|| 3D 90.17 89.22 91.02 87.58
4A 75.92 76.73 63.96 71.48||4B 78.12 70.44 94.92  87.44|| 4D 90.85 91.46 96.32  89.13
5A 90.01 88.67 88.87 91.38|| 5B 78.56 86.66 94.58 83.87|| 5D 77.24 81.29 89.37 84.38
6A 85.88 84.34 80.21 88.65|| 6B 82.85 86.90 79.99  95.68|| 6D 88.65 93.38 94.20 93.87
TA 89.52 92.33 95.38 93.52|| 7B 91.92 90.33 93.45 89.44|| 7D 75.85 84.62 70.05 7837
Sy 86.12 86.59 82.97 87.41||Fy 84.95 84.72 91.17  89.38|| ‘¥4 83.74 87.27 85.87 86.15
Average Average Average
JEe o) 85.77 JE S| 87.56 JESSi] 85.76
Total average Total average Total average

21 Syt fi M4 999 XF F, F, F,.F, 2 L) |
mﬁﬂﬂwﬁmﬁﬂ(%)ﬂﬁ 5% DT AR AR R 430 Ry
74.07% (1A) ~97.50% (2A) . 70.44% (4B) ~93.38%
(6D) .63.96% (4A)~98.71% (1B) Fl1 71.48% (4A ) ~
97.22%(2A) . LA EZREN FEANTIRF SRR,
HHAR 999 X AT AR dt i (R ) 18t A% D RS AS [ e 2 1K
PR ISR, o 4A Yo AR PR T ) I A, X
AR 13545 TTERFEARAR, Ry 72.02% , 2A B AR
VERE R a5 K % e AR B AL ok R i, o
96.00% .,

24 MARIYEIMEIEFEREREEEAS
FRAEAS R AT AR S A (R R — o sk I TR AR
999 114 L A91] Sz JL I PRI A0 43 AT AR AIE , 280 H AR 999 1

3 AR SMEFIEREREHEREEFNASH

BRVEPEIXBE( > 95% )i+ 222 4, 3 F/NAE 21 4%
Yea ik b B R 3580.78 Mb, 2 i /N3 LR 4
R 21% (£ 3) . BRI B K AR IR
5.04~108.75 Mb; {H4& 999 = S K ¥ £5 X Be7E A (B

D 3 /3 A 21 K R 4300l o 2101.93 Mb (58.69%)
982.87 Mb (27.45%) F1495.98 Mb (13.85%) . 21 4%
e fkrh 2A S SRR X BRI, AN
483.37 Mb; 7D fieJH , 14 13.84 Mb, DL B 45 &
7R, K B 999 A LR S ik B X B de %2, # 3
B 1 D J PR 2H m i ade 15 X B 2 i, I 7 AR 999 1 A
FER A Y AT e & A 2 07 s R 5 45 7
FEIA A5

Table 3 The number of high frequency selected chromosomal segments of Yannong 999 and their distribution in wheat genome

XBHuE X B MK (Mb) X B I (Mb)
A LA SR (Mb) (%) || B RERZL dith(%) || D BEFE4H Hi kb (%)
. No. of Total . No. of Total .
A genome Total length Proportion || B genome Proportion || D genome Proportion
segment segment  length segment  length
1A 14 265.42 7.41 1B 6 63.21 1.77 1D 3 43.19 1.21
2A 34 483.37 13.50 2B 10 160.70 4.49 2D 13 185.89 5.19
3A 19 393.31 10.98 3B 18 319.15 8.91 3D 8 96.81 2.70
4A 14 143.90 4.02 4B 4 65.08 1.82 4D 6 68.16 1.90
SA 11 181.34 5.06 5B 62.48 1.74 5D 4 31.03 0.87
6A 4 178.64 4.99 6B 16 251.43 7.02 6D 5 57.06 1.59
7A 18 455.95 12.73 7B 6 60.82 1.70 7D 2 13.84 0.39
A1t Sum. 114 2101.93 58.69 41T Sum. 67 982.87 27.45 471 Sum. 41 495.98 13.85
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TKW-IWB47942
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1766 TaGSS-A13A 1875
2954
3258
3550
478.1 Xbed366 4709
5492 QSN.cans-3AL
685.4 WP1562
687.6 QTKW.caas-3AL
6913 WPt-2740-Xcfa2076
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Table 4 Genomic distribution of significant SNP with excellent alleles from Yannong 999 underlying YPP, KNPS, TKW

and SNPP
PR AFEHU BILHA DHEEH S
Triaits A genome B genome D genome Sum.
Bpkr= i YPP 574(511) 316(253) 305(240) 1195(1004)
TR KNPS 142(114) 57(15) 68(9) 267(138)
THRLE TKW 442(411) 134(122) 214(211) 790(744)
FARIEEL SNPP 95(25) 251(31) 332(35) 678(91)

RPIE S IR MR B AR TORCE  FARRAEECEE O O A5 S N RN ST S 78 S 6N
In the table, the significant SNP associated with YPP, KNPS, TKW and of SNPP are indicated outside the brackets, and that with the excellent

alleles from Yannong 999 are indicated inside the brackets
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Table 5 Distribution of significant positive SNP loci and QTL reported previously in the 7 high-frequency selection

segments of Yannong 999

Rk PELIE (Mb) FEhE QTL AV A BRI LA TRIEE AT AL

Chr. Physical interval Yield-related QTLs Number of excellent alleles for YPP Number of excellent alleles for TKW
2A 703.05~715.99 MQTL-20,21,22 4 4

2B 406.11~448.40 MQTL-27 31 6

3A 57.73~75.42 MQTL-36,37,38,39 35 9

SA 702.50~709.22 MQTL-77,78,79 4 52

6B 430.94~451.93 MQTL-109,110 1 1

TA 117.27~189.33 MQTL-115,116,117 20 2

TA 433.41~505.72 MQTL-121,122,123,124,125 98 2

S Sum.  251.96 21 193 76
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Btz 1 243 4 BSRBHAM R

Attached table 1 243 natural population materials

wmS mip (R) S mi (F]) wmS mi (F]) = mi (F]) wmS mi (R)
Serial Variety/Line Serial Variety/Line Serial Variety/Line Serial Variety/Line Serial Variety/Line
1 RZ 887 51 hRlZE 138 101 I8 5 151 BE 28 201 PR 3517
2 R 912 52 JII&R 17 102 =22 152 #1917 202 Bk 157

3 25 158 53 JIIZE 41 103 Z=1 21 153 Z=RIE 33 203 Bk 538

4 RE 517 54 JIIZ= 28 104 Z=1| 24 154 KY88 204 =R 142
5 3 631 55 B 17 105 Z=1l| 27 155 YRR 173 205 /K 33

6 BE 99 56 hRlZE 47 106 Z=ll| 28 156 R 9204 206 AR
7 SR 29 57 JIIAKR 16 107 MRS E 157 hzs 175 207 %z 13
8 =22 58 JIIZE 36 108 R 18 158 PI2771 208 wZE 14

9 HEE 29 59 JI|Z 58 109 HERE 159 Freeman 209 wmE 15
10 Z=RIZE 31 60 #4538 110 3EM 953 160 Pronghor 210 %E 17
11 =39 61 JIIE 23 111 EX15 161 FEA 328 211 Eh3 s
12 25 181 62 4837 112 =3 162 B 419 212 =i 9-3
13 g 5136 63 JIIER 21 113 BE& 66 163 Y& 58 213 =i 12-1
14 thzE 23 64 JIIB 20 114 RE 162 164 %5334 214 SR 25
15 A 11-4195 65 JIIE4H 14 115 AR 19 165 Bz 18 215 CMT-3
16 YR 1212 66 JIIE 19 116 AR 22 166 *BE 366 216 CMT-4
17 &R 116 67 JIIE 24 117 mE2 £ 167 1= 54 217 CMT-5
18 BRETE 68 #30A 33 118 Wiz= 18 168 s S 218 CMT-6
19 BR6ES 69 7 2889 119 Wk 15 169 LRIZE 1405 219 CMT-7
20 F=RIZE3 70 =[S 120 e 17 170 2R 1124 220 CMT-8
21 5z 78 71 & 26 121 L 22 171 =3 198 221 CMT-9
22 3% 149 72 #BZ= 9023 122 =R 19 172 B 416 222 CMT-1011
23 FE 262 73 BE 15 123 =R 32 173 #E 19 223 CMT-1012
24 L 25 74 E& 254 124 E[E 502 174 Bz 28 224 CMT-11
25 XZE 12 75 =325 125 &F 25 175 Bz 32 225 CMT-12
26 I 629 76 EBE15 126 £/ 288 176 IRERZE 168 226 CMT-13
27 BFB1 77 FHES 127 &= 22 177 BE1E 227 CMT-14
28 gff; 957 78 BIE 356 128 R 17 178 BAZ 22 228 CMT-15
29 iz 162 79 FE 415 129 7 20 179 = 26 229 CMT-16
30 % 169 80 H&2 130 FE 21 180 =23 230 CMT-17
31 FzE 895 81 BE 12 131 & 37 181 BE 31 231 CMT-18
32 CAI1218 82 E#0 853 132 P 98 182 &E 29 232 CMT-19
33 iz 415 83 K& 811 133 =& 296 183 BZE 28 233 CMT-20
34 H411 84 =& 587 134 =2 289 184 BE 21 234 CMT-21
35 E[=E= 85 B0 588 135 =23 185 %z 49 235 CMT-22
36 #5PH 28 86 EHK 469 136 FXEIE 186 ER 4110 236 CMT-23
37 JIIE 21 87 RESE 137 KEME1IE | 187 %= 54 237 CMT-24
38 JIIE 42 88 B 138 KEfiE6S | 188 BE 21 238 CMT-25
39 2215 89 Bobwhite 139 &2 189 BETS 239 CMT-26
40 3 45 90 HK3e 140 EF62 190 Bz 27 240 CMT-27
41 FEE 91 =R 412 141 S 17 191 /IME 22 241 CMT-28
42 JIZ 56 92 ES#0 665 142 1= 192 /ME 68 242 CMT-29
43 INEEEBIAZE4 | 93 BIE 465 143 thzE 479 193 /ME 81 243 CMT-30
44 JIIR 12 94 BHZ 14 144 17 529 194 /IME 503

45 JI|Z= 46 95 =2 891 145 A 4185 195 PR 9871

46 JIIB 16 96 HZE 13 146 A 828 196 7K 59

47 JIIR 19 97 =E 182 147 ME13 S 197 FEA 2000

48 JIIZE 45 98 =12 148 ZE 16 198 PR 2611

49 JIZE 17 99 5z 4 5 149 L 711 199 7oA 889

50 &S 100 IfE 75 150 rE1E 200 Ak 979
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