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Abstract: To develop novel genetic materials with breeding potential and identify genetic intervals
regulating grain number per spike in wheat, we conducted a comprehensive study using near-isogenic lines
(NILs) through crossing the octoploid Thinopyrum ponticum derived wheat cultivars Hengguan 35 and Kenong
199. 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 systematically evaluated.

Genome-wide scanning was performed using the 660K SNP array to identify polymorphic loci and conserved
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physical intervals between two pairs of NILs. Candidate genes were predicted through integrated analysis of gene
annotation and expression profiles within the candidate regions. The results indicated that NIL pairs N81/N82 and
N86/N87 exhibited significant differences in spike-related traits while maintaining genetic similarities of 98.02%
and 98.78%, respectively. SNP polymorphism analysis identified three conserved genomic regions associated
with spike architecture, 662-669 Mb on chromosome 1B, 19-25 Mb on chromosome 3B, and 541-548 Mb on
chromosome 5B. Through integration of QTL mapping data, gene functional annotation, expression analysis,
and orthologous gene comparison, we identified three putative candidate genes regulating grain number per
spike: TraesCSI1B02G443200, encoding malate dehydrogenase on chromosome 1B, TraesCS3B02G042400,
encoding an AP2/ERF transcription factor on chromosome 3B, and 7TraesCS5B02G366500, encoding a C2H2-
type zinc finger protein on chromosome 5B. These findings provide a theoretical reference for identifying genes

regulating grain number per spike in wheat.

Key words: wheat; 660K SNP array; near-isogenic lines ; spike related traits ; candidate genes
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Table 1 Genetic background analysis for N81 and N82, N86 and N87
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Near-isogenic lines  Effective detection site Heterozygous site Homozygosity Difference site Genetic similarity
N81 461658 22881 95.04 9128 98.02
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N87 461658 26822 94.19
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Table 2  Statistical analysis of yield-related traits in near-isogenic lines

PR §78:7 UTAFEHER & NILs P UTSEHER & NILs Pl
Traits Environment N8§1 N§2 P-value N86 N§7 P-value
B (em) 2018812 56.77+3.57  53.61+346  547x10°  57.80+2.74 54524393  2.04x 107
Plant height 20198]Z  6853+3.08  6250+3.13  2.60x107  6633+£392 6289173  472x10%
ARG B 2018SJZ 6.85+ 1.09 5.90+1.07 420 x 107 3.65+123 3.80+ 1.01 0.34
Effective tiller number 20198JZ  539£092  428+107  1.03x10° 3.50£0.61 3204052 0.05
K (em) 2018812 7444057 7.20+0.59 0.10 8.13 +0.69 7364075  9.50x 10
Spike length 2019817 8.14 +0.54 7.15+0.60 228 x 10 7.28+0.73 6.75+0.43 3.80 x 107
IR 2018SJZ 17.00 = 1.65 16.75+1.16 0.29 17.30 +1.26 17.15+1.87 0.38
Spikelet number per spike 5419577 19604160  19.00+1.25 0.10 1975+ 1.68 1860075  4.10x 10°
TR 2018SJZ 5120+7.66  48.95+7.39 0.18 5830+5.66  48.11+9.41 1.01 x 10
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Grain yield per plant 20198JZ 10574314 6.68+243 493 x10° 792£231  566+1.10  2.17x10*
THE (g) 2018SJZ 4291+049  40.80+0.49 0.09 4375+2.14  43.51 £4.00 0.41
Thousand grain weight 201987 / / / / / /
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Fig. 1 Comparisons analysis of yield-related traits of NILs N81 and N82
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A': Expression of genes on chromosome 1B;B: Expression of genes on chromosome 3B; C: Expression of genes on chromosome 5B.

WIL.5: Transition apex; W2: Early double ridge stage; W2.5: Double ridge stage; W3: Glume primordium stage; W3.25: Lemma primordium

stage; W3.5: Floret primordium stage; W4: Late terminal spikelet stage; Gene expression data were derived from reference [ 19 ]
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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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Fig. 6 Comparison of candidate regions on chromosomes

1B, 3B and 5B with previous mapping studies
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