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Identification of Regulatory Gene Controlling Red Coleoptile
in Wheat, and Development of Its CAPS Marker
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Abstract: The red coleoptile in wheat confers antioxidant, photoprotective, and seedling stress-toler-
ance enhancing physiological functions. To provide key support for clarifying the molecular regulatory
mechanism of the red coleoptile in wheat and improving the theory and technical system of morpho-
logical marker-assisted breeding. this study used a population of 127 F,, recombinant inbred lines

(RILs) derived from the cross between a common wheat Ning 7840 (white coleoptile, female parent)

W Hs H 9 . 2025-11-30 6 1| H 1 :2026-02-03

EL£WHB . 6 AAR=E ST H (2025GXNSFBA069446) 5 E 5K A SRR} 243 450 H (32560088) 5 17 P4 A Mk Bl 2% B J AR 0l 55 &
W CREAR AL 2025YP00632026 YP109) 3 7 P4 # AR A A T2 % B0 H (GXYESS2025198) 5 fii bk 24 1+ BLF )5 3h 3£ 4
T H (2024GK21)

% —{£& E-mail:jiangwenhui323@163. com G L) ; 826672589@qq. com (iR ZE3E)

BiIL{EE E-mail:zhonghuawang@nwafu. edu. en( F H4E)



. 852 - # X E B ¥ M % 46 &

and Clark(red coleoptile, male parent) as materials. Quantitative trait loci(QTLs) controlling the red
coleoptile were mapped using the inclusive composite interval mapping-additive effect (ICIM-ADD)
method combined with a high-density genetic map containing 593 SNP and 402 SSR markers. Com-
parative genomics was used to align the collinear chromosomal regions between wheat and Brachy po-
dium distachyon , sorghum, and rice to screen candidate genes related to anthocyanin regulation. Can-
didate genes were cloned, and sequence differences between red and white coleoptile lines were ana-
lyzed. CAPS markers were developed to verify gene-phenotype associations. The gene characteristics
and functions were examined through subcellular localization and transient expression in wheat calli.
The results showed that the ratio of red to white coleoptile lines in the RIL. population conformed to 1:1. A
major QTL(gRc-7A ) was detected on chromosome 7A, located between markers Xsnp7205 and Xs-
np5258(1.69 ¢cM), explaining 66. 4% of the phenotypic variation. Collinearity analysis revealed a col-
linear relationship between this mapped interval and the corresponding regions on chromosome 1 of
Brachypodium distachyon , chromosome 10 of Sorghum bicolor , and chromosome 6 of Oryza sativa.
Within the collinear regions of Sorghum bicolor and Oryza sativa, anthocyanin regulatory R2R3-
MYB transcription factor-encoding genes, namely Sh10g06800 and Os06g10350(OsCI), were identi-
fied, which shared high sequence similarity with the TraesCS7A02G165700 gene on wheat chromo-
some 7A. It was thus preliminarily inferred that TraesCS7A02G165700 is a key candidate gene regula-
ting anthocyanin biosynthesis in the red coleoptile of wheat, and this gene was designated as TaCl.

TaCla in red coleoptile lines (cDNA length 774 bp, encoding 258 amino acids) contains a complete
R2R3 domain and motif 5 domain, while TaCIb in white coleoptile lines has a frameshift mutation due
to a 714 bp deletion, resulting in the loss of motif 5. TaCla is localized in the nucleus and can induce
anthocyanin accumulation in transient expression experiments in wheat calli, whereas TaCIb lacks
this function. CAPS marker detection showed that TaCla was significantly associated with the red
trait, but 4 red coleoptile materials carried TaCIb. In conclusion, TaCl is the core gene regulating
anthocyanin synthesis in wheat red coleoptiles, and TaCIb loses its function due to base deletion. The
CAPS marker based on this variation can be used for molecular identification of red coleoptite, but
other regulatory genes may be involved in some red materials, requiring further analysis of multi-gene
interaction mechanisms.

Keywords: Wheat; Red coleoptile; Anthocyanin; QTL mapping; Transient expression
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From left to right in the figure are the genetic map generated in this study, the genetic map of wheat chromosome 7AS, and the
physical maps of Brachypodium distachyon chromosome 1, sorghum chromosome 10, and rice chromosome 6.
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Fig.2 Synteny analysis of the genetic map generated in this study, the genetic map of wheat chromosome 7AS,

and the physical maps of Brachypodium distachyon , sorghum, and rice
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Fig. 3 Difference of red and white coleoptile phenotypes(A), and sequences of the coding genes(B)

and their deduced proteins(C)
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Fig.S Subcellular location of TaCl in onion epidermal cell
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Fig. 6 Particle bombardment-mediated transient expression of the 7aCI gene in wheat calli
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th i & A JVR 2 W B 6 1) /N 22 R R AT B G R il S E L 4
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H5TaC1b F WA, TaCla FER K P 5 7= 4) R 162 FINTaCla HPR B, 5340 4 4y bR Can /N2
bp, ZBEYIJE 724 103 bp+49 bp A BE TaC1b H A 76 B —5) N TaClb R R, B R A7 7 H Al 3

95400 161 bp, JCik BREYI (B 7B) CEANCN (8 GHVE SN
A O c

abcdefghijklmnopgq

GGCCGAGCOGTGCTCGTCGGGGTCGGGCGGGGGAGACTGGATGGACGACGTGA
Banll

GAGCCCTGGCGTCATTCCTCGAGTCCGACGAGGAATGGCTCAAGTCCCTGCACA 161 bp
TGGCCGGTTAAAACCTCTCACACGTGATCGATCCGGCTCAGTTCAGTCACATGTT

CAPSR
103 bp
B B8 White coleoptile LR Red coleoptile
M 3 15 31 42 58 72 82 96 106 117 124 2 92139 5371 890 114
a . <161 bp
| f =4 1
g ‘55{”- el 103 bp
&y i
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49 bp

B T,

AARBETEHRTF R ) CAPS #7298 CAPS-F/CAPS-R;: B: CAPS FRiC#E RIL (R i 57 1 MBI 45 5 Ho b 3 2~ 124 S # k4 5 5 C:
CAPS FRICTE 17 3 /NER B (a: B/ANE 7650 BB — 55 BB —55d: AY30- 15 A 5 & AR B2 5 g PR 13765 h: AY18;1: Bob-
white;j: #22 158 k: HE & ;1. /ME 22;m: W] 988;n: Al4;0: BEKL/INAE 5 p:lcaros q: BFAE — /N v Y LT L 41 68 5 B b 1 19 B4 RHERL A 21
R 2 TR AR TE AR R R A B AR 2

A The CAPS marker CAPS-F/CAPS-R developed in this study; B: Amplification and restriction enzyme digestion results of the
CAPS marker in the RIL population, the numbers 2 to 124 represent the material codes; C: Amplification and restriction enzyme diges-
tion results of the CAPS marker in different wheat materials(a: Heixiaomai 76; b: Qinhei 1; c: Luozhen 1; d: AY30-1; e: Zhiluowu-
mai; f: Hedongwumai; g: Xinong 1376; h: AY18; i: Bobwhite; j: Yangmai 158; k: Chinese Spring; 1: Xiaoyan 22; m: Ming 988; n:
Al4; o: Durum wheat; p: Icaro; q: Triticum monococcum) , materials marked with red letters have red coleoptiles, while those marked
with black letters have white coleoptiles.
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Fig.7 Amplification and restriction enzyme digestion results of the CAPS marker in different wheat materials
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