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https://www.triticeaecap.org/qtl-cloning-projects

1 University of California, Davis Spikelets per spike 7AL (160-165 Mb)

2 Colorado State University Grain width, thousand kernel weight 6BL

3 Cornell University Seed size 5BS

4 University of Idaho Spikelets per spike 5AL

5 Montana State University Tiller number 6BS (30 Mb)

6 Texas A&M AgriLife Research Yield, thousand kernel weight and harvest index 2BS (18 Mb)

7 USDA-ARS, Fargo, ND Grain yield, Spikelets per spike, grains per spike 3A, 1BS, 2BS

8 USDA-ARS and Kansas State University Yield 2DL (111 Mb)

9 South Dakota State University Yield 7DS

10 University of Minnesota Kernel weight and kernel width 2A

11 Oklahoma State University Yield 1BS

12 North Carolina State University and USDA-ARS Kernel weight 6A

13 University of Arkansas Yield, thousand-kernel weight 1A, 3AL

14 Washington State University Spike length, kernels per spike and thousand kernel weight 4AL

15 Michigan State University Yield 2DL (637-640 Mb)
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A major QTL QYld.osu-1BS for grain yield 

Conclusion:

▪ QYld.osu-1BS cannot be cloned in the short term.

▪ The KASP markers can be used in molecular breeding programs.
Kan et al., Mol. Breed. 40: 26 (2020)

▪ Duster and Billings, two locally adapted winter wheat cultivars.

▪ 260 doubled haploid (DH) lines.

▪ GBS markers for the DH population.

▪ Field-based grain yield from breeding plots for two years.

▪ A major QTL on chromosome arm 1BS (QYld.osu-1BS) for

13.9% and 23.5% of the total phenotypic variation.

▪ No crossover in the targeted region from the telomere to 18.4 Mb 

among >4,000 individual F2:4 plants. 

▪ KASP markers for unique sequences in the QYld.osu-1BS region 

in the Duster allele.

Results:

Forrest Kan

(Initially proposed gene cloning project in Oklahoma)
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https://www.science.org/doi/10.1126/science.abm0717

Xiaoyu Zhang      Haiyan Jia Tian Li 

Science 376, 180-183 (2022)

A back-up plan for the WheatCAP3 project in Oklahoma
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CItr 17600 (L20) Yangmai18 (Y18) CItr 17600 (L20) Yangmai18 (Y18) 

CIMMYT Yangzhou 

Two parental lines used for gene cloning  
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QSns.osu-7B on chromosome arm 7BL 

LOD value:15.3 

Effect: 43.1% of the total phenotypic variation

A major QTL for the number of spikelet nodes per spike 
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▪ WF112 F4 population showed 

3:1 segregation ratio for the 

number of spikelets per spike.

▪ L20 carried the dominant 

allele, whereas Y18 carried 

the recessive allele.

▪ 1,857 individual plants were 

screened for crossovers.

The number of spikelets per spike was controlled by 

a single gene in the sub-population
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Recombinant lines used for cloning of TaCol-B5

A allele                  B allele      Heterozygote
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Two candidate genes in the targeted genomic region 

673.890,507 bp 674,209,292 bp (CS)
318,786 bp

TraesCS7B02G400700: no difference between two alleles 

TraesCS7B02G400700

TraesCS7B02G400700 encodes F-box domain containing protein 

TraesCS7B02G400600

TraesCS7B02G400600 encodes CONSTANS-like protein (TaCol-B5) 

10 SNPs between two alleles 
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Phylogenetic analysis of CMF, COL, PRR and ZCCT proteins, 

based on the CCT domain 

CCT: Constans, Constans-like, 

TOC1

Constans: A mutant flowers 

in a ‘constant’ manner 

regardless of 

photoperiod. 

TOC: Timing of CAB 

expression

CAB: Chlorophyll a/b 

binding protein.

CMF: CCT Motif Family

COL: Constans-Like

PRR: Pseudo Response Regulator

ZCCT: Zinc CCT

Cockram et al., PLoS ONE 7: e45307 (2012)

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjqgYWjys3XAhVGxVQKHUSvD78QjRwIBw&url=https://www.istockphoto.com/photos/wheat-field&psig=AOvVaw1I2iLnL5O-oKFm4ov_FJyf&ust=1511281990153886


Xue et al., Nat. Genet. 40: 761-767 (2008)
OsGhd7: Grains per panicle, plant height, heading date. 

Yan et al., Science. 303: 1640-1644 (2004)
VRN2: Vernalization gene 2, ZCCT1 and ZCCT2. 

Multiple sequence alignment of TaCOL-B5 and related proteins
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Chrom. 1  2  3  4   5  6  7

TaCOL-A5

TaCOL-B5

TaCOL-D5

TaGhd-A7

TaGhd-B7

TaGhd-D7

TaCol-B5 was not orthologous to OsGhd7
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T1

Phenotypic effects of overexpressed TaCol-B5 in Yangmai18

(-) (+) (-) (+) (-) (+) (-) (+)

T2

(-) (+) (-) (+)

(-)

(+)

T3

(-) (+) (-) (+)
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GGAAGGCCTACGCCGAGTCGCGGTacol-B5-ED1                             

EditedEditedUnedited Unedited

Tacol-B5-ED12                             GGAAGGCCTACGCCGAGTCGCGG

EditedEditedUnedited Unedited

Pleiotropic effects of edited CCT domain in Tacol-B5 protein
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Interactions of TaCOL-B5 with TaK4

Mechanisms of TaCol-B5 underlying the traits 

Phosphorylation of TaCOL-B5 

by TaK4
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https://www.cerealsdb.uk.net/cerealgenomics/WheatBP/Documents/DOC_Evolution.php

TaCol-B5 in ‘Zavitan’ 

0 / 5 

33 / 1,657 (2%) 

Origin and distribution of TaCol-B5
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The distribution of TaCol-B5/Tacol-B5 alleles in 

global wheat accessions

0/51

0/53 0/157
4/342

3/787/37715/464

3/102 (CAP)

WheatCAP: McNeal, RSI5 (PI584453), Billings
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