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Transcriptomic analysis of wheat in response to zinc deficiency stress
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(Anhui Science and Technology University, Fengyang 233100, China)

Abstract: Zinc (Zn) is one of the essential micronutrients for the growth and development of animals and plants,
and living organisms can only acquire it through external intake. Wheat is one of the three major staple food crops globally,
and even serves as the primary staple food crop in regions deficient in Zn nutrition. Enhancing Zn content in wheat grains
via molecular design breeding is an efficient strategy to alleviate the issue of hidden hunger in these areas. Based on compa-
ring Zn accumulation capacity among multiple wheat germplasm accessions, this study selected Zhongmai 175, a wheat va-
riety with high Zn accumulation efficiency, for Zn deficiency stress treatment. It was found that compared with the control

(without Zn deficiency) , indicators including total root length, root volume, root surface area, average root diameter, and

number of root tips significantly increased in the early

e B #A :2025-05-08
HETH . ZHE ESK A RBHEF7E 9 H (2023AH051846 . 2022AH-
051626) ; B8 e A BT RO b 4 ol FE B A B 1R 351

stage of stress. Further transcriptome analysis revealed that
under Zn deficiency stress, there were 1 936 and 2 287
differentially expressed genes ( DEGs) in the roots and

H (2024jsqygz68 )
RS+ IR (2000 ) L 40 . ARG A B P55/ | 5 5 A o leaves of Zhongmai 175, respectively. GO analysis showed
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ling pathways. KEGG analysis indicated that DEGs in leaves were primarily enriched in the cysteine and methionine

metabolism pathways. Among them, genes involved in the biosynthesis of mugineic acids (e.g., SAM and NAAT) and genes

related to ethylene synthesis (e.g., ACO and ACS) were significantly up-regulated. DEGs in roots were mainly enriched in

the phenylpropanoid biosynthesis pathway, and key genes involved in lignin synthesis (e.g., CCR, CAD, COMT, and LAC

genes) were significantly down-regulated. Tt is hypothesized that Zhongmai 175 may improve the absorption efficiency of Zn

ions in roots by reducing the ability of cell walls to retain metal ions under Zn-deficient conditions. The results of this study

provide genetic resources for deciphering the molecular mechanisms of Zn absorption and accumulation in wheat, as well as

for Zn biofortification breeding.
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Table 1 Primers used for quantitative real-time PCR ( gPCR) in this study

ElE/EA S FF31(5'—3") AL
iDT-F CGCCGCCATCACGGAGTT SRR B T AR
(DT-R GCCCACCACTTTGATCGGTATT
ZIF-F TATCTACCTTCGAGCCGTTCCT BRSO HE R R
ZIF-R GTCGCACGTTGTGATCTCCC
(DTI-F GCGCTCACCTACCTTCTCGTC SRR B AR
(DTI-R GCCCCTCCAGCCGTCCTTGCACCAG
HMAI-F CGACGGTCATGCGGTTGG /RIS ATP FFSEH
HMAI-R GCGGCGATCAGGAGGAGA
RMA2-F CAGTGCCACATCAAGCAAGAAA E3 Z R EHIGEEH
RMA2-R CTCCGTCATTAGAAGATCACAACAG
COA-F GTACGAGGGCCTGGTTGCG PRIH: IR G A 4 B D
COA-R GTGAAGGTCCAGCCGTTGC
POD-F ATGGCGAAGCTGAGGAACAA it SE AL P G EE D
POD-R CCGTCGGAGTGGAAGAGGC
ITF-F CGAGGTCCCACCGAAAGATG BRAR I s 5 7 FE A
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Fig.1 Zinc content in grains of the tested wheat varieties
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Table 2 Effects of different zinc supply levels on roots of Zhongmai 175

AbBR B (em) R (em?) FHAH(em?) FHIEAE (em) RIH
CK 444.99+4.87h 1.89+0.03b 72.32+1.54h 0.56+0.02b 72491
T 549.03+9.46a 2.08+0.20a 85.19+2.49a 0.63+0.25a 873+6a
CK X HR(IEFH55%) ;T Bep i A B, W38 5 A F/NG PR R 2257 B3 (P<0.05) ,
70.00 A 14.00¢ 5

w  60.00f T _12.00F |

) T 50 I

2 s000f 2 1000f | 1

I 40.00F ! = 8.00F

ks T 8

& 3000f 41 6.00F

B 20.00F ﬁ 4.00F

B 1000k 2.00F

0 CK T 0 CK T
Qb Qb

CK.T W3R 24, A2 175 RSP T RIR & i B 22 175 ARPR W) h B iR & i,
2 EREERMBAMERTRE 175 RES D ENBRSENZN

Fig.2 Effects of zinc deficiency stress treatment on organic acid content in root exudates of Zhongmai 175
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Fig.3 Volcano plot of differentially expressed genes in roots and leaves of Zhongmai 175
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Fig.4 Bubble diagram of GO enrichment analysis for differentially expressed genes in roots and leaves of Zhongmai 175
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Table 3 Significant enrichment of differentially expressed genes in metabolic pathways in roots and leaves of Zhongmai 175

HLRp it feiigpnn RIS R P

LiFS HRBEEY A AL Traes00940 59 8.243x107°
VAT P BN Traes04141 29 6.605x107*
FRRAEYE Traes00908 23 1.855%107°
ik ARG Traes00350 6 1.216x107°
AR Traes00910 11 9.112x1073
AR A E R R Z R Traes00250 7 0.000 445 5
AP BRI A R A Traes00430 4 0.000 513 6
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L Rt B fepmptrn T S B P
P Ik 2 R A 2 R AR Traes00270 10 0.004 079 0
ZEEY A R Traes00904 9 0.005 810 0
MR NEEAEY A Traes00905 6 0.009 088 0
L) Traes00680 4 0.009 671 0
S HCEA W) Traes00943 7 0.015 990 0
NI =S Sawi) Traes00860 8 0.038 520 0
RIATH 72w Traes00591 3 0.039 180 0
g Traes99973 3 0.028 650 0
Ly WY BERR A P G i Traes01058 8 9.663x1077
e S R AN R B R £ R Traes00270 15 4.546x107°
TR EEE I R A Traes00945 14 6.771x1073
FEH A W) A L Traes00941 18 0.000 330 0
RS2 A W) 5 Traes00902 18 0.000 506 0
ARNBEA WA R Traes00940 51 0.000 890 0
L AR A Traes00460 9 0.001 632 0
EHFREYE I Traes00942 8 0.001 849 0
HYMERFETHT Traes04075 39 0.006 610 0
FAFF IR A A Traes00261 4 0.009 319 0
H R Traes00561 4 0.021 850 0
EKE PREYEIN Traes00906 7 0.030 260 0
TETREYE M Traes00401 3 0.032 690 0
PGt o R B,
F4 PRI RERMFHRERRIZER KEGG EESNER
Table 4 KEGG enrichment analysis results of differentially expressed genes in roots and leaves of Zhongmai 175
EIEAG ) i BN ERRIIMEE RBEL FEH A
& RNBEEY G TraesCS2A02G574400 2.36 A i A AL 12
TraesCS2A02G107300 3.25 -9 1 ALY 2
TraesCS2B02G615600 2.01 FiA FH B -3k A AL P SPC4
TraesCS2D02G583100 2.10 A 1t AL i
TraesCS2D02G 108100 3.50 i i S ALYt
TraesCS6A02G381300 0.19 T PR TBEAE G a 30 i il
TraesCS6D02G365700 0.16 T PR B B o 305
TraesCS5A02G205700 0.03 T PR S L
TraesCS5D02G210600 0.34 T PR A
TraesCS3B02G489700 0.08 T ey
TraesCS5D02G488800 0.05 T WERR-0- FY SL 5 RS il
A 2l e S A0 R R 1 R TraesCS1A02G089500 3.41 1A ACC Z AL
TraesCS1A02G089600 2.99 i ACC %Akl
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TraesCS5B02G063300 0.41 T [ 70 o a2 S-H 54 RO 3
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