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Abstract: Wheat lines carrying the 1B/1R translocation have been widely utilized in breeding due to
their enhanced disease resistance and yield stability. However, its impact on the three-dimensional
(3D) chromatin architecture and transcriptional regulation of non-translocated subgenomes remains
largely unexplored. Here, we used a 1B/1R translocation line, Wanmai 270, and its corresponding
near-isogenic line lacking the 1B/1R segment to investigate chromatin spatial remodeling in the wheat
A subgenome and its relationship with gene expression. By integrating Hi-C, RNA-seq, and qRT-
PCR, we systematically characterized the effects of the 1B/1R translocation on 3D genome organiza-

tion. A substantial number of A/B compartment switching regions were identified in the A subge-
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nome, with a predominance of B-to-A transitions. Notably, compartment reorganization exhibited
pronounced heterogeneity across chromosomes. To assess the association between compartment
switching and transcriptional changes, 20 differentially expressed genes located within translocation
regions were selected for gqRT-PCR. Genes in A-to-B regions showed reduced expression in Wanmai
270 relative to those in the near-isogenic line, whereas genes in B-to-A regions exhibited increased ex-
pression, consistent with the direction of compartment transitions. Subcompartment analysis revealed
a genome-wide decrease in A1/A2 proportions and an increase in B1/B2 proportions in the A subge-
nome of Wanmai 270, with the most prominent reorganization observed on chromosomes 1A and 3A.
Topologically associating domains(TAD) analysis showed that the overall TAD framework was large-
ly conserved between the two lines, although local TAD merging and boundary reorganization oc-
curred in specific regions of Wanmai 270. Integration with transcriptome data further indicated that
compartment-translocation regions were enriched for differentially expressed genes involved in chro-
matin organization, DNA replication, carbohydrate metabolism, and amino acid metabolism. GO,
KEGG, and GSEA analyses revealed that transcriptional differences in Wanmai 270 were not charac-
terized by global activation of basal metabolic pathways, but rather by fine-tuned regulation within
specific pathways. In summary, the 1B/1R translocation preserves the overall 3D chromatin frame-
work of the A subgenome while inducing multiscale spatial remodeling at the levels of compartments,
subcompartments, and local TADs, thereby modulating transcriptional responses through changes in
the chromatin regulatory landscape.

Keywords: Wheat; 1B/1R translocation; Three-dimensional genome; A subgenome; Chromatin com-

partment; Transcriptional regulation
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1.6 qRT-PCR

BAREEORE B 18] 5 Hi-C 0 AR TR B i R 7
TR R B B R AL SR ] RNS3-EASY spin
Plus IR & (Jb 5t SLFE S A W RHECA R A\l 42
ICH RNA, 42509 RNA 76 1.0 Y B AR W e
FL, Yk ARG 0 HG 5 R A [) ISP 56 A0 43 01l BE A
W GAH L K 5 4 . SR JH PC54 TRUEscript RT
kit [z 5650 & (b st SCHESR AR W RO BR
ADA M cDNA, TE 4A Yo Ik B A 4 Kt
A/B X 3 45 X B A e ik 25 5 W 0 20 Ak
, M Primer Premier 6 f&#i GC &&= & Tm
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qRT-PCR 5| #1152
qRT-PCR primer information

A/B X % 5 i JE R

LS 5
Upstream primer
sequence(5' —3")

TSI F A
Downstream primer
i
sequence(5 —3)

1 Tl
ABwmpriment &R ERTD

A—>B Al TraesCSC4A01G096400
A2 TraesCSC4A01G103700
A3 TraesCSC4A01G119100
A4 TraesCSC4A01G129500
A5 TraesCSC4A01G148300
A6 TraesCSC4A01G153100
A7 TraesCSC4A01G157300
A8 TraesCSC4A01G157400
A9 TraesCSC4A01G253700
Al0 TraesCSC4A01G311100

TraesCSC4A01G002100

B2 TraesCSC41A01G005400
B3 TraesCSC4A01G079200
B4 TraesCSC4A01G108600
B5 TraesCSC1A01G212800
B6 TraesCSC1A01G248900
B7 TraesCSC1A01G252100
B8 TraesCSC4A01G080800
BY TraesCSC4A01G086700
B10  TraesCSC4A01G106600
Ref. B-Actin

GTTAGTAGTTTCTGTCACAGATTGGTG
CACAGGGAAACAGTTCAATATACTAGC
TATTTACAACCTCCTATAAGTTGCCGA
ATTAAGATTAAGATGGTCCAGGGTGAT
TAATACAGTTCCTAGTTGGTCGACTTT
AGCCATGCTTATGTCTACCTAGTAAAT
AAAAACGAATCCCTTGCTACATATACC
TTTAGCAGATGATCGATCTTACATGTG
AAAACCTTTGCAAATCAAATCTCACAG
GTTCAGTCCAGTGAAGAATAAAGACTC
GCATCAAAGTTTGTCAGAACTAGAGAA
TGGTCAATAGTCCTACCAATTGATCAT
GTGTACGTTTTCTTTTTCCGGATAGTA
TATTGGTAGCGAAGAGATAATAAGGGG
TATAATTTCATGTCTTCAGCCAAGAGC
GTCTTCGTTACTCAAACATCAGTACTC
ATTTTGTTTCACACTCAGCCATTATCT
GAAGGTAGAATCTGTACAGGATGGTTG
TTAAGAGTCTCCAAAACCCAAATCATG
GAAAAACCATCGAAAGCTTCTTTGATC

CTCCCTCACAACAACCGC

CGTTATGCATTAACAGGGAAGAACATA
AACCACTCTTTATTCCATCAGAATTCG
TAGTAAAAGAAAACGAGTGTGGAAGTG
TATATTCACGTGTATCGGTATAGGAGC
GCTTACACAAGAAAGAAACAAGAAACC
GATTCAGAAACAGAAGTGGACATCAAT
ATGGAAACCGATAAGCATATATTCAGC
ATGCATCTTTATTTATTGACGACACCA
TCAATCATGTCATGTGTGAAAGGATTT

TGACATGAAAAACTTAACACTATGCCC

GTTCCTTAATTAAATGCAGCACACATC
AGCTTATTCGGCATTTAACAATCTCAA
GCCTCATTTATTACAAAGAGTTTCCGA
ATAGTCTACGTGTTAACAAGTACTGCT
CATGAACCAAAATGCATATGTCTGTTC
GGGTTACGTTAAAGAAAAGGTCATCTT
AACTATTCCCACCAGCTTAGCTTT
ATTCCAAGTGCTAAACAATGAGAAAGT
TACAAACTCGGCCTAAATCAACCTATA
AGAAGCTGCTGATGAATCTTTTGTTTA

TACCAGGAACTTCCATACCAAC
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— X R A0 4 G 32, 74 Y% 42, T4 % oK H R

|
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chr2A

chr3A

chr4A

chr5A

chr6A
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BE i R B 20 R 2R i 1Y 91 43 5 o 17, 15 %%
M 10.80% , & J¥ 5 LBl k4. 97% . #E A AL
Hi-C BEZE X, e IR N K AR BAE (=20 kb) (5 1
Hermr A F] 60,10 %, 1M G AR ] B AE &5 27, 739,
ANIEEE B U7 1] (inward . outward . left Fl right) 43 4
B AT, W SCOFEM B R R, hicBuildMatrix
MR8 A 0N X 09 8 51 G5 1A (] 55 R 4 X B 2
V] 8 R B A P, A i A S35 PR A ) G ) ik
SR CIE LI o 6 S 38— MR 7S IR, B R
A A — B S T SR BT L
FEA Hi-C B0 0T i vl 5%, 0T W R S 0 T —
Y2548 53 BT 1 T oK
2.2 IB/IRGHESETNEATEEALER
A/BRERITRXEMTIFE

BT Hi-C 886 09 50 B, X5 42 270 545
IB/1R A Bty NIL270 78 A W5 K4 R 1)
Jetr it A/B K& A BT A U B 2 4k R A
KRS 22 57 KB, BUEORE, 5% 270
TEA WHRA P YR 194 > A—>B Ff X B
DL K364 A~ B>~A 4 X B, g X BAGETTS .B
—>A B X BRI T A—>B X B, R Y

chrlA  chr2A  chr3A  chr4A chrSA chr6A chr7A

.,

-2

-4

I -5
Befili 58 BE Score

12583 270 TR 2438, SR FRIC R 1B/1R S A7 g AR (i Sk i) 5 1l 5822 270 323 36K R (NIL270) (56 R 2438, T8
IB/1R Gifs 5 (ARG AT B s T . 582 270 19 A W3R 2 Hi-C T fh 422 fol 605 B4, BB AL 7 35 R 4 PN 3 e A 1) R e € 44 PN (1 3% 1k 14

3, chrlA~chr7A 435048 1A~T7A Je(afhk,

I : Fluorescence in situ hybridization (FISH) image of Wanmai 270. showing the 1B/1R translocation chromosomes marked by

green signalsCarrows); I : FISH image of the Wanmai 270 near-isogenic line(NIL270) lacking the 1B/1R translocation, used as the non-

translocation control; [ll : Balanced Hi-C contact matrix of the A subgenome in Wanmai 270, showing the global intra-and inter-chromo-

somal interaction patterns. chrlA—chr7A referto chromosomes 1A—7A, respetively.
Bl 1 3% 270 1B/IR B EEM A T E FHE (E4HE

Fig. 1 Identification of the 1B/1R translocation in Wanmai 270 and chromatin interaction patterns of the A subgenome
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SRy B IE X 5 bR A A 4 5 R PR 3 A 8 Ak 22 ] 1Y
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X BN 20 M2 R KN4 T qRT-PCR
XA AT (210 . &5 B8, A—>B
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I : Chromatin observed/expected(O/E) contact heatmaps of A subgenome chromosomes constructed from Hi-C data(1 Mb resolu-
tion) ; Genomic coordinates along the chromosomes are shown on both axes in megabases(Mb) ; Colors range {from blue to red, indicating
low to high normalized contact frequencies, respectively; Tracks above and below each heatmap indicate A/B compartment states along
the corresponding chromosomal regions, with red representing A compartments and blue representing B compartments; [l : qRT-PCR of
20 differentially expressed genes located within A/B compartment translocation regions; genes Al— A10 correspond to loci that shifted
from A to B compartments in Wanmai 270, whereas genes Bl —B10 indicate those shifted from B to A compartments; [ll : Quantitative
comparison of A/B sub-compartment composition across A subgenome chromosomes in Wanmai 270 and NIL270. chrl A—chr7A refer to

chromosomes 1A—7A,respectively.
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Fig. 2 Three-dimensional chromatin organization, expression of compartment-translocation genes,
and sub-compartment distribution in the A subgenome between Wanmai 270 and its NIL270
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Fig. 3 TAD size distribution and local 3D chromatin architecture on representative regions of the A subgenome
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Table 2 Size distribution of TADs on the A subgenome chromosomes in Wanmai 270 and its NIL270
[N DLSERYN TAD &% N /N TAD ik TAD SEH) TAD h i % TAD
Sample Chromosome Total TADs Total size/Mb Minimum TAD/kb Maximum TAD/kb  Mean TAD/kb Median TAD/kb
e 270 chr1A 547 587. 80 250 6 600 1074.59 750
Wanmal 270 oA 738 790. 45 200 11 950 1071.07 750
chr3A 747 751.75 100 12 500 1 006. 36 750
chrd A 676 753. 85 225 13 900 1115.16 800
chr5A 684 716. 60 250 13 500 1 047. 66 750
chr6 A 588 623. 60 250 10 100 1 060. 54 800
chr7A 710 746. 45 200 9 300 1 051. 34 750
N chrlA 539 600.20 250 7250 111354 s00
chr2 A 706 791. 05 200 9 700 1 120.47 800
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chr4 A 683 754,05 100 11 850 1104.03 800
chr5A 691 705. 30 200 10 250 1 020. 69 750
chr6 A 568 623. 60 200 19 525 1 097.89 800
chr7A 677 742. 85 225 8 550 1097. 27 800

chrlA~chr7A 4338 1A~TA Jefaffk,

chrl A—chr7A refer to chromosomes 1A—7A, respectively.
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I : Volcano plot of differentially expressed genes; [l : Gene Ontology(GO) enrichment analysis for differentially expressed genes;
Il : KEGG pathway enrichment analysis for differentially expressed genes; IV : Gene set enrichment analysis(GSEA) of representative
KEGG pathways for differentially expressed genes located in A/B compartment translocation regions; the x-axis indicates the gene rank in
the ranked gene list, and vertical ticks at the bottom represent the positions of pathway-associated genes in the ranked list. The displayed
pathways include basal transcription factors (K0O03022), phenylpropanoid biosynthesis (K000940), 2-oxocarboxylic acid metabolism
(K001210) , phenylalanine metabolism(K000360), and DNA replication(K003030).
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Fig. 4 Functional and pathway enrichment of differentially expressed genes associated with A/B compartment translocation regions
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