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Creation of Near-Isogenic Lines and Analysis of Candidate Genes for
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Abstract: To create genetic materials with breeding value and to identify candidate regions affecting the grain number per spike
in wheat, this study used near-isogenic lines (NILs) constructed from hybrids between the octoploid Thinopyrum ponticum and
common wheat cultivars Hengguan 35 and Kenong 199 as research materials. Seven yield-related traits, including plant height,
effective tiller number, spike length, spikelet number per spike, grain number per spike, grain yield per plant and thousand grain
weight, were phenotypically evaluated. The 660K SNP array was used for whole-genome scanning of NILs with phenotypic
differences to analyze polymorphic SNPs loci and consistent physical intervals between two pairs of NILs. Important candidate genes
affecting the grain number per spike were predicted based on gene function annotation and gene expression analysis within the

candidate regions. The results indicated that N81 and N82, as well as N86 and N87, are two pairs of NILs with significant differences
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in spike traits, with genetic similarities of 98.02% and 98.78%, respectively. Polymorphism analysis using the 660K SNP chip
identified genetic diversity in the physical intervals of 662-669 Mb on chromosome 1B, 19-25 Mb on chromosome 3B, and 541-548
Mb on chromosome 5B, indicating that these intervals can be candidate regions affecting spike traits. By integrating QTL mapping
intervals from previous studies, gene functional annotations, gene expression analysis, and homology gene function analysis, three
important candidate genes related to grain number per spike were identified: TraesCSI1B02G443200 on chromosome 1B, encoding
malate dehydrogenase; TraesCS3B02G042400 on chromosome 3B, encoding an AP2/ERF transcription factor; and
TraesCS5B02G366500 on chromosome 5B encoding a C2H2-type zinc finger protein. These findings provide a theoretical reference
for the gene mining related to grain number per spike in wheat.

Key words: Wheat; 660K SNP array; Near-isogenic lines; Spike related traits; Candidate genes
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oK B [F]—FAT AR R AT AR SR A, 0REE H X ZE AR MR R 22 5 W 2 Ok R N8 1 R N82 (ffi
M 35 % /ME 78829). N86 FII N87 (FFA 199 x /ME 693) 1EAHLIH k.

FIF 660K SNP J [R]85 Fy % A IR J 25 22 o FR) o 0 55 i R 28 N8 1T 1 N82. N86 Al N87, AT 4 dt[A]
AR, HIHIEIRTT 461,658 i SNP Az b, N81 A1N82 HA 9,128 ML A SNP fiLsi, &t
1.98%; N86 1 N87 H A 5,638 M2 A& SNP fi7 £, ditt 1.22%. 0I 0L, N81 F1 N82 [t (& #HLEE A 98.02%,

N86 FI N87 [t L AH Uy 98.78% (5K 1),



7 1 N81 1 N82, N86 1 N87 &I R SNP i HMLER
Table 1 Genetic background analysis for N81, N82, N86 and N87 by SNP chip

bl 2 YiS P AL A 225 (%) FEFEIL AL WAL FARUZ (%)
Near-isogenic lines Effective detection site Heterozygous site Homozygosity Difference site Genetic similarity
N81 461,658 22,881 95.04%

9,128 98.02%
N8§2 461,658 26,656 94.23%
N86 461,658 25,293 94.52%

5,638 98.78%
N87 461,658 26,822 94.19%

2. 2 EFERARSERXERHORE S

L 2017-2018 441 2018-2019 FFEXF PR UL EHE R 2 (N81 M1 N82. N86 £l N87) HEAT /™ EAH K MR
R, REIR, N8I bkeE . A BEE B, SR ORI sk = S 38 v T N82 (R 2 fIE 1,
P<0.01), THREZRAREE (K2, P=0.09); N8I HkE FEIIN 7.76%, A %5 EEHCTF 10 21.04%,
FEACSP R0 8.50%, RRRERIECT- 3N 11.24%, HpE= PRI 42.95% (B 1),

N86 HUbkm . A, R AERERIEOR bk B B S T N8T (R 2 MK 2, P<0.01), THREZE
BAEE (2, P=0.41); N86 M TN 5.73%, FK TN 9.16%, /NEECFEIHN 3.53%, &
FERLECT- Y30 20.62%, FpkF= BP0 31.15% (B 2). LRGSR, Fixtin S REm /e Bk,

FRRR BRI AR B S 22 e, N81 S EL T N82, N86 wZ{LT N87.
%2 IEFRERRFEHXMERNSEH SR

Table 2 Statistical analysis of yield-related traits in near-isogenic lines

LGN 28 18R 2 NILs wEN ITAE3E R & NILs BEE
Trait Environment N81 N82 P-value N86 N87 P-value
R (cm) 2018SJZ 56.77 £3.57 53.61 +3.46 5.47 x 103 57.80 +2.74 54.52+3.93 2.04 x 107
Plant height 20198JZ 68.53 +3.08 62.50+3.13 2.60 x 107 66.33 +3.92 62.89+1.73 472 x10*
AR BERL 2018SJZ 6.85+1.09 5.90 £ 1.07 420 x 10 3.65+1.23 3.80 = 1.01 0.34
Effective tiller number 20198JZ 539 + 092 428+ 1.07 1.03 x 1073 3.50 £ 0.61 3.20+0.52 0.05
K (cm) 2018SJZ 7.44+0.57 7.20 +0.59 0.10 8.13 £0.69 7.36+0.75 9.50 x 10"
Spike length 20198JZ 8.14 +0.54 7.15 + 0.60 2.28 x 10 7.28 +0.73 6.75 +0.43 3.80 x 107
N 2018SJZ 17.00 + 1.65 1675+ 1.16 0.29 17.30 £ 1.26 17.15+ 1.87 0.38
Spikelet number per spike 20198JZ 19.60 = 1.60 19.00 + 1.25 0.10 19.75 + 1.68 18.60 + 0.75 4.10 x 10’3
TR 2018SJZ 51.20£7.66 48.95+7.39 0.18 58.30 + 5.66 48.11 £9.41 1.01 x 10
Kernel number per spike 20198JZ 56.65 +9.44 48.05 + 6.27 9.89 x 10+ 60.80 + 8.40 50.65 + 6.34 5.51 % 10°
B E (2) 2018SJZ 821+ 1.66 6.43 +1.81 1.57 x 10° 6.93 + 1.687 5.67+0.92 532107
Grain yield per plant 20198JZ 10.57 £3.14 6.68 +2.43 493 x10° 7.92+£2.31 5.66+1.10 2.17 x 10
THE (g) 2018SJZ 4291 +0.49 40.80 + 0.49 0.09 4375 £2.14 43.51 £ 4.00 0.41

Thousand grain weight 20198JZ / / / / / /
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Fig. 2 Comparisons analysis of yield-related traits of N86 and N87
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Fig. 3 Polymorphic SNPs distribution of N81 and N82 on chromosome 1B, 3B and 5B
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Fig. 5 Gene expression analysis in candidate intervals on chromosomes 1B, 3B and 5B during spikelet development
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Table 3 Gene functional annotation

BTN TRE PR DhRe R
Gene ID Chormosome Functional annotation
TraesCS1B02G443100 1B GTP 454 W% GTP-binding nuclear protein
TraesCS1B02G443200 1B SERBR I EBF Malate dehydrogenase
TraesCS1B02G442300 1B PR R SR 57 1B Ketol-acid reductoisomerase
TraesCS1B02G441900 1B CTP 4l CTP synthase
TraesCS1B02G443900 1B EHMAIE Proteasome subunit beta type
TraesCS1B02G446000 1B DUF617 £5#918 1) 8 1 DUF617 domain containing protein
TraesCS1B02G446300 1B [ B IR R Delta(14)-sterol reductase
TraesCS1B02G446700 1B B-2F-FLPETE EF beta-galactosidase
TraesCS1B02G446800 1B 5% K X 7 1 Transcription elongation factor 1
TraesCS1B02G442000 1B 1 3K ¥ Y T4 B Nuclear transcription factor Y subunit B
TraesCS1B02G442500 1B CHUP1 ZH Protein CHUP1
TraesCS1B02G441700 1B P51 Transmembrane protein
TraesCS3B02G042400 3B AP2/ERF #3% AT~ AP2-ERF transcription factor
TraesCS3B02G042600 3B 55 MBI K5 (A Signal peptidase subunit family protein
TraesCS3B02G045400 3B FEFEIT R Aldo-keto reductase
TraesCS3B02G047500 3B RuvB-like f#JiEfif RuvB-like helicase
TraesCS3B02G039900 3B #5554 214 Transmembrane protein 214
TraesCS3B02G042000 3B Yot Jii YA Chromatin remodeling 8
TraesCS3B02G047300 3B EEHIZE A Hexose transporter
TraesCS3B02G040600 3B DNA S 7 A AR 1

DNA-binding storekeeper protein-related transcriptional regulator
TraesCS3B02G047700 3B KIRLF4EE A Cotton fiber-like protein (DUF761)
TraesCS3B02G046800 3B HAZRPERIGIA T Eukaryotic translation initiation factor 4E
TraesCS3B02G047800 3B EEHIZE A Hexose transporter
TraesCS3B02G045500 3B 545 A AR 1 Calcium binding family protein
TraesCS3B02G046100 3B e Wi HR ¥4 AL fatty acid hydroxylase
TraesCS3B02G040000 3B C2 45k 4 C2 domain containing protein
TraesCS3B02G041400 3B PR B A (NBS-LRR 28) %K% Disease resistance protein (NBS-LRR class) family
TraesCS3B02G048100 3B RNA EA 0 1T 5% W14 Mediator of RNA polymerase IT transcription subunit
TraesCS3B02G041700 3B FEIL /KRS Glycosyl hydrolase
TraesCS3B02G041800 3B FIPEALIRR T Translation initiation factor IF-2
TraesCS3B02G047100 3B FRWE R R H IOK R BS Hydroxyacylglutathione hydrolase
TraesCS5B02G366000 5B #HEEE 1 Transmembrane protein
TraesCS5B02G366500 5B F{8 A Zinc finger family protein
TraesCS5B02G361200 5B BTB/POZ 4538 K % 1 BTB/POZ domain-containing family protein
TraesCS5B02G368600 5B S-HIL M S-acyltransferase
TraesCS5B02G362400 5B %R AN E2 i B 2 1 Low temperature and salt responsive protein
TraesCS5B02G365600 5B R E A Microtubule-associated protein TORTIFOLIA1
TraesCS5B02G362100 5B P58 H Transmembrane protein
TraesCS5B02G363500 5B 1% HE4KR BOP1 & [ A4 Ribosome biogenesis protein BOP1 homolog
TraesCS5B02G362500 5B IR AN B 25 H Low temperature and salt responsive protein
TraesCS5B02G366100 5B CASP-like #5/Ji CASP-like protein
TraesCS5B02G362700 5B RAFRR 19538 Cyclic nucleotide-gated channel
TraesCS5B02G367100 5B Pt L FISAIERE-DNA £54 5% H  Chromodomain-helicase-DNA-binding
TraesCS5B02G366200 5B DNA #{7 & A RIS/ & Mediator of DNA damage checkpoint protein 1
TraesCS5B02G362300 5B AT 2C ZK ) A Phosphatase 2C family protein
TraesCS5B02G363900 5B L9 18 % F RS e R85 1 Guanine nucleotide exchange family protein
TraesCS5B02G362200 5B Wi 4 H Blue copper protein
TraesCS5B02G363800 5B NADPH-A1Jif & 3 P450 i&JiE NADPH-cytochrome P450 reductase
TraesCS5B02G364100 5B RNA RA M 11 #5% WHE MK Mediator of RNA polymerase 11 transcription subunit
TraesCS5B02G364900 5B PHD #5 [ PHD-finger family protein
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The red pentagram is the physical interval on chromosomes 1B, 3B and 5B in this study. The blue fonts are the sites identified in Hao et al. The purple font is the
site identified in Li et al. The green fonts are the sites identified in Pang et al. The orange font is the MQTL identified in Yang et al. The black font is the MQTL
identified in Saini et al. The red font is the site identified in Liu et al. The gray font is the site identified in Li et al. The yellow font is the site identified in the Ai

et al
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