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Unlocking the Genetic Basis of High-yield Wheat Variety Yannong 999

WANG Chu*?, YIN Yan', WANG Hao"?, LI Shi-hui?, ZHAO Chun-hua?, QIN Ran?, SUN Han? WU Yong-zhen?,
MU Yan-jun’?, KONG Jun-jie!, XU Ling*, HUANG Xiao-mei“*, XIN Qing-guo*, WANG Jiang-chun’, CUI Fa

(*Yantai Academy of Agricultural Sciences, Shandong Province, Yantai 265500;°School of Agriculture, Ludong University, Key Laboratory of Molecular
Module-Based Breeding of High Yield and Abiotic Resistant Plants in Universities of Shandong, Yantai 264025; ®Yantai University School of Life Sciences,
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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 varieties (lines). The genetic effects of the key chromosomal segments undergone
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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 of
YN999 if compared to 46 derived varieties (lines) was 86.50%. The genetic similarity in YN999 to its derived varieties (lines) of Fs, Fs,
Fs 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 483.37Mb, 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, 268, 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 laid a foundation for 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 Yannong 999 and its derivative generations

s MEHERR AR R WS MR R AR At

Code Varieties Generation Pedigree Code Varieties Generation Pedigree

1 F3-214 AR 3 895/ 999 24 F5-56 HHAR KY088//H4% 999
2 F3-254 BER K& 517/H4 999 25 F5-61 HHAR JHAR 999/L.S4778
3 F3-262 HER K& 517/H4 999 26 F5-62 HHAR JHAR 999/L.S4778
4 F3-255 BER K& 517/H4 999 27 F6-1 AR &1l 708714 999
5 F3-424 HFEAR i} 51306/4H4< 999 28 F6-2 AR 7= 11 7087/44 999
6 F3-454 HFEAR i} 51306/4#H4< 999 29 F6-7 AR 4% 999/Fc009

7 F5-1 HEHA A% 999/Hi 7 26 30 F6-8 AR 4% 999/Fc009

8 F5-2 HEHA A% 999/Hi 7 26 31 AR 5 & 01 NG T-RZE 17404k 999
9 F5-13 HHAR JHAR 999/5FH 669 32 JHAR T & 02 ZNzS JHAR 999/ 19
10 F5-14 FOR JHA 999/5¢BH 669 33 JHAR 5 % 03 NS A 9997304k 19
1 F5-19 HHAR K& 603/ 999 34 JHAR 5 & 04 ZNzS 1A% 999/% 3 18
12 F5-20 HHAR K& 603/ 999 35 JHAR 5 % 05 ZNzS JHAR 999/4%: 7048
13 F5-25 EHA JHA 999/IN1076 36 JEAR i F2 06 NG JH A4 999/By18
14 F5-26 EHA JHA 999/IN1076 37 JEAR i F 07 NG JHA 999/55% 2 5
15 F5-31 EHA JEA 999/%%3F1 700 38 JEAR i F 08 NG SNO055849/4:4< 999
16 F5-32 HEHA A% 999/423H 700 39 HRAR 5 % 09 NG A% 999/ 1864
17 F5-37 HAAR ZEA 1871104 999 40 TR & 10 NS JHAR 999/ % 9946
18 F5-38 HHAR ZA% 187/1H4% 999 41 JHAR 5 & 11 AP JHA 999/ Z 27
19 F5-43 HHAR AR 999/L.S5082 42 JHAR & 12 NS JHAZ 990/ 6 5
20 F5-44 HANR A< 999/L.S5082 43 JHAR & 13 N JAZZ 271§4% 999
21 F5-49 HHA Hhi s 2 S/ 999 44 HAR 5 R 14 A ZE 1l 4241/ 4% 999
22 F5-50 HHA Hhi s 2 S/ 999 45 JHAR T & 15 A 181/ 999
23 F5-55 EHA KY088//4 999 46 JRAR i F 16 A JH A 999155 % 22

JEA & 01—16 B -EA L bR, BRI TE.

Yannong wheat lines 01 -- 16 are above the seventh generation of high generation material, the specific generation is unknown.
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Fig.1 Histogram of frequency distribution of important agronomic traits in offspring derived from Yannong 999
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Fig. 2 UPGMA cluster tress of Yannong 999 and its offsprings
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ZEG A 999 KL 46 I fiTAE SR ARIERIBUAE, r ALt 46 A7l RV L TTER. SR ER (K2, 1E
RIERIHAT, M 999 X Fo AR Fs AR Fe Ry Fr RS LA EATAE S RIBHEL TTHR %71 84.94%. 86.19%.
86.67%AH1 87.65%. —AMVIERFIAIA], MHAC 999 Xf Tk &R I E AL TrikF | 20K O B ZEHA
(87.56% ) >A LKL (85.77%) >D KR4 (85.76%) o F: T HARHEAT /0T, AR 999 X} F3 Q5 RTE
A, B. D B:RAKEETTIRR 5N 86.12%. 84.95%F1 83.74%; X Fs UM RIE A, By D LKA
TURRZE 5379104 86.59%. 84.72%1 87.27%; %14 Fe AR7E A\ B D ZER AL TTRR %2 73 71l Jy 82.97%. 91.17%
H1 85.87%; Xf FARK LA @A BHE A By D BRI ZH M8 AL DTik %73 71 87.41%. 89.38%71 86.15%.
MHAR 999 Xf Fa AR, Fs AR, Feft. FrARALL BATA: S &P I58HL DTk 43 7l 9 84.94%. 86.19%. 86.67%41
87.65%, L/~ TTHRFRMEE M R AW T R idg s, SRR R AR IR AR 999, =M 4
Hr, AR 999 1 B BRI BAL Y A I R AT R R, O AL D AL, H TR LA AR SE

21 Sy, AR 999 X Fa R Fs s Fefty FrARZ LA B ARMRHITAE i R (1 I8AL SRR AR 43 5]
N 74.07% (1A) ~97.50% (2A) . 70.44% (4B) ~ 93.38%(6D). 63.96% (4A) ~ 98.71% (1B) Fll 71.48%
(4A) ~ 97.22% (2A) o VL EEERERMY, fENTERFERES, MK 999 MiTA J5 A& srbk R A R 4
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Table 2 Genetic contribution ratio of Yannong 999 to its offsprings at the genome level

A K Tk Contribution ratio (%) B JEKIZH TTHkZE Contribution ratio (%) D 3 TTHkZ Contribution ratio (%)
4] e N oo =i Genome o = /] — —y Py T
’Gﬂenome F=R FRA BAR &AvE HEA B WA "M Genﬂome WA IR HEAR "KM
Third Fifth Sixth High Third Fifth Sixth Bl Third Fifth Sixth Bl
generation generation generation materials generationgenerationgeneration High generation generation generation High
materials materials
1A 74.07% 8253%  66.52%  82.03% 1B 95.37% 81.72% 98.71% 91.93% 1D  8043% 83.39% 8197% 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 7856% 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% 9568% 6D  88.65% 93.38% 94.20% 93.87%
A 89.52% 92.33%  95.38%  93.52% 7B 91.92% 90.33% 93.45% 89.44% 7D  75.85% 84.62% 70.05% 78.37%
Ty 86.12% 86.59%  82.97%  87.41% S 84.95% 84.72% 91.17% 89.38% F¥) 83.74% 87.27% 85.87% 86.15%
Average Average Average
B8y 85.77% JEe 2] 87.56% SN ] 85.76%
Average Average Average
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Y HE R ZH K 43930 A 2101.93 Mb (58.69%) « 982.87 Mb (27.45%) A1 495.98 Mb (13.85%) . 21 4k Htfk
t, 2A BLE IR R R B IX Bl K, 400 483.37 Mb; 7D #fE, #14 13.84Mb. DL ESEREIR, RHE A
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Table 3 The number of high frequency selected chromosomal segments of Yannong 999 and their distribution in wheat genome

A BERA  XBEHE JSBiS ditt (%) B HHA XBHE Bk gk D HERM XEBE Bk ditt (%)
A genome No. of (Mb) Proportion B genome No. of (Mb) (%) D genome No. of (Mb) Proportion
segment Total segment Total Proporti segment Total
length length on 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%
5A 11 181.34 5.06% 5B 7 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%



A 18 455.95 12.73% 7B 6 60.82 1.70% 7D 2 13.84 0.39%

& it 114 2101.93 58.69% &t 67 982.87 27.45% At 41 495.98 13.85%
Sum. Sum. Sum.
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b, AN 42.76%F1 52.03%:; H kst B AR, 430 21.17%F1 15.44%; D I [RIZH 5 Loy
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Fig.3

The distribution of key segments in Yannong 999 and 135 QTLs reported previously
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Table4 Genomic distribution of significant SNP with excellent alleles from Yannong 999 underlying yield per plant, number of

grains per spike, thousand grain weight and number of spiks per plant

PR AR B S 4l D R4 AN
Triait Genome Genome Genome Summation
bR 574 (511) 316 (253) 305 (240) 1195 (1004)
TR A 142 (114) 57 (15) 68 (9) 267 (138)
T E 442 (41D 134 (122) 214 (211) 790 (744)
RS 95 (25) 251 (31) 332 (35) 678 (91)

RPFE SRR B, TRE ., MRS LR, S R IR SR AL
In the table, the significant SNP associated with yield per plant, grain number per spik, thousand grain weight and of spike number per plant are indicated outside

the brackets, and that with the excellent alleles from Yannong 999 are indicated inside the brackets.
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SRR 251.96Mb (% 5) o TA Gutiufh b Bk R 2 EHE A SNP A7 A5 i Ak 5 X B A AT N ARGE 11
QTL EBN R HuR%, 984> 5A YLt Rk Tk f B MR SNP A7 i 55 R R 1k £ X B A AT A#RIE QTL
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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

et i YIHALE ;o8 QTL AL R B R A R RIS
Chr Physical interval (Mb) Yield-related QTLs YPP-ADD TKW-ADD
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

5A 702.50-709.22 MQTL-77,78,79 4 52

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

A 117.27-189.33 MQTL-115,116,117 20 2

7A 433.41-505.72 MQTL-121,122,123,124,125 98 2
SRR Sum. 251.96 21 193 76
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