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Abstract; The aleurone layer of blue-grained wheat is rich in anthocyanins, which offer numerous
health benefits to humans. To elucidate the molecular mechanisms underlying anthocyanin synthesis
and regulation in the aleurone layer, this study compared the blue-grained wheat material E10-2B with
its white-grained counterpart E10-2W using agronomic trait evaluation, molecular markers, liquid ar-
ray technology, and transcriptome analysis. The results showed that compared to E10-2W, E10-2B
exhibited a 15. 31% reduction in plant height, indicating a dwarfing trait. However, its panicle
length, 1 000-grain weight, and grain length decreased by 17.93%, 5.99%, and 4.40%, respective-
ly. Molecular marker and liquid chip analyses revealed that E10-2B contains the complete genome of

common wheat, along with the 4E chromosome from Thinopyrum ponticum. The grain color of E10-
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2B undergoes a transformation between 20 and 25 days post-anthesis, with 25 days post-anthesis iden-
tified as the critical time point for anthocyanin accumulation. Transcriptome sequencing analysis iden-
tified 748 and 5 246 differentially expressed genes at 20 and 25 days post-flowering, respectively.
KEGG enrichment analysis indicated that the differentially expressed genes at 25 days post-flowering
were significantly enriched in pathways related to phenylpropanoid, flavonoid, and anthocyanin bio-
synthesis, suggesting activation of the anthocyanin synthesis pathway at this stage. To further identi-
fy key genes in the anthocyanin synthesis pathway, we analyzed transcriptome data from the blue-
grained wheat material Blue 1 and its white-grained control White 1, available in public databases.
Comparative analysis focused on the expression patterns of anthocyanin synthesis-related genes in the
two blue-grained materials(E10-2B and Blue 1). A total of 77 and 21 up-regulated anthocyanin syn-
thesis-related genes were identified in E10-2B and Blue 1, respectively, including chalcone synthase
(CHS), flavanone 3-hydroxylase(F3H), and MYB transcription factors. Notably, 15 genes showed
shared up-regulation in both blue-grained materials, accounting for 19. 48% of the up-regulated genes
in E10-2B. Among these, three flavonoid 3',5'-hydroxylase genes(F¥3’5'H ) and three flavonoid 3-O-
glucosyltransferase genes(UFGT) exhibited high expression levels in both materials. These co-upreg-
ulated genes likely play a pivotal role in the differential anthocyanin accumulation between blue and
white wheat.

Keywords: Blue-grained wheat; Anthocyanin; Agronomic traits; Differentially expressed genes
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Table 1 Specific molecular markers on chromosome 4E of Thinopyrum ponticum
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Marker Forward primer(5'—3") Reverse primer(5' —3") Tm/C
4Ag-802 AGTGGATGCATGAGGTTGGT TCGCTCGATCACACGTATAGCTA 58
4Ag-828 TCAGTATAAAAATTCATATATTTG ATATATGATTTTTACAGCTGCAAG 58
4Ag-1084 GCTCGTATGAGCTTACGAACTG AGGTTCTGTTGTATGGTGTTTGC 58
4Ag-1689 GGTCGGATGTTCATCCATTT GTTTTATTTTGATTAGGGGCA 58
4Ag-1767 AGGTTCTGTTGTATGGTGTTTGC ATCAATCCATACTGCTCGTATGA 58
4Ag-1860 TTGTAGAATGATAATATACATTGC TAATAGATATGTAAATTAGCTGGC 58
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2.1

#z 2 qRT-PCR BIEFTAZIRISI 4
Table 2 Primers used for qRT-PCR validation

A NALEIEY] S 10514

Gene Forward primer(5'—3") Reverse primer(5'—3")
TraesCS7B02G088600 GGTAGCATATCTGTCTCGTGGG CTTTGTCGTTCTCATGCCAGTC
TraesCS7TA02G155400 TAGTTTCTCGGGTGTGATCGTG CGTGAAAAAGTGGCAGGGATTC

TraesCS3D02G237400

TGATCTGGGTTCTGTTCTGTGG

GCTCACACGCAGACTCTTTTAC

TraesCS6D02G004300 AGAGGAGGAGAAGGAGGTTGTT CGTACAGTTACCCCATGTGAGT
TraesCS6A02G001500 GATCAACAGGAGGAGGAGGTTG TTCACTCTGCTCCTTCTTCACC
TraesCS1A02G104500 TGGGCAAGATGTATTCCCGAAA TTGTTACCTTTCTGTTGCAGCG
TaActin AGCCATACTGTGCCAATC GCAGTGGTGGTGAAGGAGTAA
%3 E10-2B 1 E10-2W B R Z MR
Table 3 Agronomic traits of E10-2B and E10-2W
‘ " /N o A s 1 s e -
o mpsmen omk TEMEE g THE Bk ¥ 1
kL 31 . . Spikelet Thousand
. . Tillers Spike Floret Kernel Kernel Awned
Material Plant height/cm lant | th/ number cpikelet kernel | th/ ioht/ =
per plan ength/cm per spike  SPikele weight/g ength/mm  weight/mm ness
E10-2B 92.7043.50b 13+1a 11.4040.88b 22+2a 4+1a 30.0241.13b 6.08740.07b 2.84740.04a szﬁgf—;“
E10-2W  109.45%+6. 37a 124+2a 13.89%1.80a 23%+2a 4+1a 31.8740.95a 6.3640.07a 2.90%0.04a Awell;e:%%

B R /NG TR MRHRIAE 0. 05 KF B 2R R 3%,

The letters following the data indicate significant differences between materials at 0. 05 level.
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Fig. 1 Phenotypes of plants, spikes, florets, and grains of E10-2B and E10-2W
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Fig.2 Phenotype observation of pigment accumulation during wheat grain development
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Fig.3 Molecular markers analysis(a) and liquid array analysis(b) of E10-2B
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Table 4 Statistical analysis results of transcriptome sequencing data
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Mapped reads
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Q30/ %

B20
B25
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W25
Blue 1
White 1

25 542 661
28 528 564

7 441 549 972
8 358 985 228
25 788 493 7 506 313 090
33 447 551 9674 717 632
8 956 033 2 559 048 688
19 367 436 5 756 742 776

22 273 521 86.37 95.78 90.
29 072 611 86.92 94. 83 89. 09 51.16

7 640 392 85.31 91.02 86.56
15 428 099 79. 66 98. 77 96. 38 59. 61

22 132 716 86. 65 95. 84 90.71 51.59
25729 912 90. 19 96. 78 92.41 53. 67

69 51. 89

B20 1 B25 445 46 5

20 1 25 d B9 E10-2B ¥k ; W20 F1 W25 20 5l#5 46 )5 20 1 25 d B E10-2W Arki. TEIFE .

B20 and B25 refer to the grains of E10-2B at the 20 th and 25 th day after anthesis, respectively; W20 and W25 refer to the grains

of E10-2W at the 20 th and 25 th day after anthesis, respectively.

T AN 20 d ATRE RN ARG 25 d R B 60 5%
AR S EEBY Bl A X b Rk R 5 R
#r.B20 vs W20 5 Blue 1 vs White 1 [8] LA & B25
vs W25 5 Blue 1 vs White 1 [a]3L5 1925 B 3L K 4

FIA 130 Fl 241 A, 43 510G R RSB 1. 8%
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(El 5b), 7443 5A 255 Gl te 3. 6 %) Fl
3775CH I 52. 8V M EHTE E10-2B AL )G 20
A1 25 d RS R L 7E Bluel RORRSE B R IR Y

The same in tthe following figures.
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ways) KA AR 1 A= W) A B (biosynthesis of
secondary metabolites) i 8 i (carbon metabo-
lism) \fA JBT A BT AL BT A2 96 i Ceutin, su-
berine and wax biosynthesis) fll DNA & i (DNA
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