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Abstract: Husk number is a key trait influencing the suitability of maize varieties for mechanical grain harvesting. To investigate
the molecular mechanisms and candidate genes associated with husk number, the multi-husk inbred line YD97 and the few-husk
inbred line YD132 were used as experimental materials. Transcriptome sequencing was conducted on husk tissues collected at the
seven-leaf stage and the silking stage. Using YD97 as the control and YD132 as the sample, a total of 4089 differentially ex-
pressed genes (DEGs) were identified, including 1979 upregulated and 2150 downregulated genes. K-means clustering grouped
these DEGs into eight distinct clusters. Gene ontology (GO) enrichment analysis showed that the DEGs were primarily involved
in responses to stimuli, amino acid transport, auxin response, branch morphogenesis, nitrogen compound metabolism, and cell
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cycle processes. Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis revealed that the DEGs were significantly
enriched in pathways related to photosynthesis, plant hormone signal transduction, starch and sucrose metabolism, and motor

proteins. Notably, the plant hormone signal transduction pathway—particularly the auxin signaling pathway—appears to play a
critical role in the morphogenesis of maize husk number. Furthermore, two candidate genes, Zm00001eb156610 (encoding gluta-
mate synthase 2) and Zm00001eb275220 (encoding a protein S-acyltransferase), were identified by integrating transcriptome se-
quencing, QTL mapping, candidate gene association analysis, and quantitative real-time PCR validation across husk tissues from
25 maize inbred lines. These findings contribute to a better understanding of the molecular mechanisms regulating husk number in

maize and provide valuable insights for its genetic improvement.

Keywords: maize; husk number; transcriptome sequencing; plant hormone; candidate gene
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Fig. 1 Comparison of husk number and identification of DEGs between YD97 and YD132
A: YD97 Fl YD132 Bt M Ao A/ 5 cm. B: YD97 Fl YD132 Bt H 4407 . BURARR T ebrf 2 . w8 M 0 F A
Student’s t-test T8, ***FIR P <0.001, n FRMHEE, C: YD97 il YDI132 Z[AI 2R HKIALFEH . D: 4B EE/R YD97 Al YD132
ZIR 2R AR IEHEH . V77 ] R k22
A: husk phenotype of YD97 and YD132. Scale bar = 5 cm. B: statistical analysis of husk number in YD97 and YD132. Data are presented as
mean + standard deviation (SD). Significance was assessed using Student’s ¢-test. *** indicates P < 0.001. n represents the number of indi-
vidual plants. C: number of differentially expressed genes (DEGs) between YD97 and YD132. D: Venn diagram showing the overlap of DEGs
between YD97 and YD132. V7: seven-leaf stage; R1: silking stage.

F1 HRNFRENSH
Table 1 Quality analysis of the sequencing data

B FIRES i 75 L 51 LR B LR
Samples Raw reads Clean reads High quality rate (%)  Overall alignment rate (%)  Unique alignment rate (%)
YD97_V7-1 48,138,904 45,355,162 94.22 88.47 82.56
YD97_V7-2 54,751,468 52,583,682 96.04 88.70 84.31
YD97_V7-3 45,804,592 44,474,340 97.10 90.77 86.38
YD132 V7-1 46,922,316 44,898,478 95.69 88.65 82.77
YD132 V7-2 46,922,414 45,055,192 96.02 89.35 84.68
YD132 V7-3 44,494,410 42,917,810 96.46 89.16 84.48
YD97_R1-1 53,148,972 51,146,790 96.23 89.54 84.95
YD97_R1-2 58,479,998 56,783,176 97.10 90.20 85.87
YD97_R1-3 53,024,428 51,199,102 96.56 89.46 84.78
YD132_R1-1 43,873,188 42,166,088 96.11 88.85 84.78
YD132 R1-2 47,811,968 46,586,542 97.44 89.19 85.27
YD132 R1-3 55,492,932 53,894,340 97.12 88.66 84.25

V7: 7 i R1: i 221, V7: seven-leaf stage; R1: silking stage.

A W B R N (GO:0043207) . /N Ay o AR (GO:0009416), C4 [ DEGs & 4 T & W % iz
(GO:0044282)%%, C3 ) DEGs & £ TICHIFm N (GO:0006865).YD97 FiHFE AN EEEETHEKE
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Fig. 2 K-means clustering and GO enrichment analysis of DEGs
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FoR GO HAEMER, V77 MH; R1: nh22i,

The line chart on the left shows eight gene clusters identified by K-means analysis. The central heatmap displays the normalized FPKM val-
ues (Z-score) of DEGs; n indicates the number of genes in each cluster. Annotations for gene ontology (GO) enrichment are shown on the

right. V7: seven-leaf stage; R1: silking stage.
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Fig. 3 KEGG enrichment analysis of DEGs
A . . ) B Zm00001eb290140: abscisic acid receptor PYLS
* | Zm00001eb010460: auxin transporter-like protein 3 Zm00001eb433500: cytokinin response regulator 2
% | Zm00001eb314010: ZIM transcription factor Zm00001eb052600: SAUR 14-auxin-responsive SAUR family member
Zm00001eb377810: SAUR-like auxin-responsive protein family
- Zm00001eb067420: auxin-responsive protein SAUR36 Zm00001eb066570: cytokinin response regulator 1
) Zm00001eb082130: RR1-corn type-A response regulator
* Zm00001eb158020: probable protein phosphatase 2C 8 Zm00001eb301590: TAA24-auxin-responsive Aux/IAA family member
o Zm00001eb088070: probable protein phosphatase 2C 37 @m00001e5055210- receptor protein kinase TME
Zm00001eb213280: calcium-dependent protein kinase 10
Zm00001eb331080: protein ethylene insensitive 3 Zm00001eb090870: IAA27-auxin-responsive Aux/IAA family member
Zm00001eb015200: calmodulin
* Zm00001eb331250: absisic acid-insensitive 5-like protein 2 * | Zm00001eb432920: ARG7 indole-3-acetic acid-induced protein ARG7
&« Zm00001eb151250: probable indole-3-acetic Zm00001b066640: auxin response factor 4
acid-amido synthetase GH3.1 Zm00001eb067430: ARG7 indole-3-acetic acid-induced protein ARG7
* Zm00001eb433020: auxin response factor 11 10g (Fold Change) Zm00001b066640: auxin response factor 3 log, (Fold Change)
. 11 Zm00001eb055280: histidine kinase4 . 4
* Zm00001eb143050: histidine kinase 2 * | Zm00001eb054990: glutamine synthetase 2 0
0 Zm00001eb399870: glutamine synthetase 3
i Zm00001eb179390: protein TIFY 6B . 1 Zm00001eb405030: RR10-corn type-A response regulator l -4
V7 Rl Zm00001eb031190: AUX/IAA transcription factor
YD132 vs YD97 Zm00001eb218860: auxin-responsive protein IAA4
Zm00001eb190310: SAUR-like auxin-responsive protein family
V7 R1

YDI132 vs YD97

4 C4WFCs BTREMBEFESREBEXERREAE

Fig. 4 Heatmap analysis of plant hormone signal transduction genes in clusters C4 (A) and C5 (B)
*FoR P<0.05, V7: 7 H#; R1: nh223] .

* indicates significance at P < 0.05. V7: seven-leaf stage; R1: silking stage.
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Fig. 5 Putative candidate genes located within QTL regions for husk number in maize

V7: 7 W, R1: 2230, V7: seven-leaf stage; R1: silking stage.
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Fig. 6 Haplotype analysis of candidate genes for husk number in maize
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A: association analysis within QTL regions gHN3, gHN6, and gHN?7. B: visualization of SNP linkage blocks in Zm00001eb156610. C: identi-
fied haplotypes of Zm00001eb156610. D: comparison of husk number between two haplotypes of Zm00001eb156610. E: visualization of SNP
linkage blocks in Zm00001eb275220. F: identified haplotypes of Zm00001eb275220. G: comparison of husk number between two haplotypes

of Zm00001eb275220.

3'UTR X, 1 212 (3 FK HAZ RSN 2 R gl
(Hap3 F1 Hap4), Hap3 W &L04 H (7.45 )8 /0 F
Hap4 454 H (8.35 5K) (&l 6-F, G). ¢HN7 IX[i]
e 926 4~ SNP #ric, ML CH AT, 7 P <
1.08 x 107 (1/926)/KF F, &4 %5 5 1 % i) SNP
7 FL(E 6-A).
Zm00001eb156610 F1 Zm00001eb275220 J2-5% 5
HEHE T DEGs, SEAT2EGE it PCR 45 56 5%

2 P2 R R B R, AR TR H
M YD132, 2 NS K 7E 2 A4 H AL YDOT i
FIR(E 7-A), UL 2 AL IR E S F ORI 4L
HAOC, MREX —45 58, BEVLERCT 25 a4k
HAATE & 22 R A SC &R, #1T qRT-PCR 4347, [l
5T SRR, 2 M IRE PR B ST EH 2R
FIEM (K 7-B, C) 25 L4, 4 Zm00001eb156610
F1 Zm00001eb275220 15y F KA -5 H (R 3L




798 (7 552 %
A B s Cis—
29 y=158x+575 y=220x+553
RNA-seq R=029 R=0.21
- M qRT-PCR P=0.006"° . P=0.02 .
2y RI o &
& 8 10+ 810+ .
O 14 g g %
= V7 = = .
o 4 A ? O .
= z 3 LX) ..
o T 5 T 5
)
0 T T i T T
0 Y '\S@Q 5@@ q@’& 0 ' ' T 10 : ' l
0‘0\ e& e“\ ® 0 1 2 3 4 0 1 2 3
Q@\ QQQ\ QQQ\ QQQ\ Relative expression of Zm00001eb156610 Relative expression of Zm00001eb275220
W A o w

B 7 Zm00001eb156610 0 Zm00001eb275220 R KL SR

Fig. 7 Expression analysis of Zm00001eb156610 and Zm00001eb275220
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A: comparison of expression levels obtained from RNA-seq and qRT-PCR for Zm00001eb156610 and Zm00001eb275220, with YD132 used
as the control. B: regression analysis between expression level of Zm00001eb156610 and husk number; expression in B73 was set as 1. C:
regression analysis between expression level of Zm00001eb275220 and husk number; expression in B73 was set as 1. V7: seven-leaf stage;

R1: silking stage.
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Table S1 Husk number of twenty-five maize inbred lines
SRS A4 H HAH A ECH HAH A4 H SRS A ECH

Inbred line Husk number Inbred line Husk number Inbred line Husk number Inbred line Husk number

T877 7.93 NIl 8.30 12HTJ 7.21 HX3M 6.30

5% 319 Qi 319 7.03 i 853 Ji 853 10.17 B73 6.75 Q248 6.34

#R 58 Zheng 58 6.50 PH814/PH848 5.63 HA0213 7.19 DH382 7.36

i 478 Ye 478 7.23 BSKRL2 7.22 #9086 Wu 9086 5.67 CS01 11.42

CCM 7.38 XL21 8.52 CT3566 9.26 YL2333 7.17

ZGF 8.87 12HT113 5.80 9F592 7.37 YL2338 12.04

DH4866 9.54
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MiF2 SKEPZEEEE PCRIIYEER
Table S2 Information of primers used for quantitative real-time PCR

HEIN 5 B 1514y

Gene Forward primer (5'-3") Reverse primer (5'-3")
Zm00001eb155860 GCGAGACCAGAACAGCTAAT GAATCTCTCCACGAGGCTTATC
Zm00001eb157100 CTGTTCGGCAAGGTCATCC GAGGAAGGGCCGTCTGT
Zm00001eb156130 AACCCGGTGCACAAGAAG AGGTACTGCAGGATCACGA
Zm00001eb275120 TGCGTCTACAAGGCAGTTT CCAGCTCATTCTCGAATTCCT
Zm00001eb274280 TGACAGGTATGGGCTGAACAG TTTGAGCAGCGAGCAGTT
Zm00001eb312490 CAGCTGAGTGTGACAGTAGTAG CGAAACACATCATCTGGGAATG
Zm00001eb312480 GGGTCACATTGGTTCCTCAA GCGTGCGTGTTTGTTTCTT
Zm00001eb312740 ACAAAGTGCCTGATGGTCTC CTTTCGCTTGACCAAAGTTCTG
Zm00001eb156610 GGTTCCATGGGAAACGATACA GGTCAATCGGAGGGTTTGTAA
Zm00001eb275220 CTGTGGATCACACTGGACAAA CAGCATCCATCTTAGCTCCTTC
P-tublin CTACCTCACGGCATCTGCTATGT GTCACACACACTCGACTTCACG

RNA-seq qRT-PCR
Zm00001eb155860: ABC transporter B family member 9 | # * *
Zm00001eb157100: cyclic dof factor 2 -
Zm00001eb156130: glutathione S-transferase GSTU6 R * *
Zm00001eb275120: phytosulfokine receptor | * * *
Zm00001eb274280: speckle-type POZ protein & * log, (Fold Change) * —AACt
K K
Zm00001eb312490: CAAX aminoermil protease family protein * *
0 0
Zm00001eb312480: zinc finger C2HC5-type domain-containing protein | * . * * .
Zm00001eb312740: double-stranded R binding motif protein family ¥ - * . .
V7 Rl V7 Rl
YD132 vs YD97 YD132 vs YD97

HE1 8ANERFREEFAMIARALESE PCRIEIE

Fig. S1 Quantitative real-time PCR (qRT-PCR) verification of 8 differently expression genes

PR EWLER 10 N30 TEHE R E 5% S L e (72 B RSS90 2 & PCR 45 R (F BRI LL YDO7 7 MRt 22 AR A ) 3R ik
BN, BUERA 3 WAEYFEENYME, BEMEOH A A Student’s t-test 115, *F/R P<0.05, V7: 7 H#; R1: nh2231

The heatmap visually displays the expression patterns of 8 validated genes in RNA-seq (left panel) and qRT-PCR (right panel). Using ex-
pression levels from YD97 samples at the seven-leaf stage and silking stage as controls, the data represent means from three biological repli-
cates. Statistical significance was determined by Student’s ¢-test, * indicates P < 0.05. V7: seven-leaf stage; R1: silking stage.



