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Abstract: Stem diameter is an important trait that affects the plant architecture in maize ( Zea mays L. ).
In order to study the genetic mechanism of stem diameter in maize, a recombinant inbred line ( RIL ) population
(241 lines ) derived from Zheng58 and D863F was used to determine the stem diameter at two environmental
conditions, followed by QTL mapping using the best linear unbiased prediction values ( BLUP ). A total of 6 QTL
for stem diameter were detected on chromosome 3, 6 and 10, each of which contributes to the phenotypic variance
ranging from 4.30% to 10.73%. By transcriptome analysis, 106 ( D863F/Zheng58 ) differentially expressed
genes ( DEGs ) were identified in the physical intervals of the QTL. Forty-nine genes were up-regulated and 57
genes were down-regulated. GO functional enrichment analysis showed that most of the DEGs were enriched
in molecular functions, including catalytic activity, transferase activity, malate dehydrogenase activity, ion
binding and so on. KEGG enrichment analysis showed that the DEGs were mainly concentrated in biosynthesis of
secondary metabolites, alanine, aspartate and glutamate metabolism, and phenylpropanoid biosynthesis. Twelve
candidate genes were identified by integrating analysis of QTL mapping and RNA sequencing. These results

enabled future fine mapping and functional analysis of these QTL and their candidate genes, which might provide
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a reference in marker-assisted maize breeding for ideal architecture.
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%, n flr A RIMCR IR BEHCR 2 k. SR SPSS
21.0 C http: //www.spss.com ) Xf 25 PR35 T (1) 58 AU %L
AT G

5 58 \D863F I RIL ¢ R A 17 1 2 m, 171
0.6 m, BEEE 0.25 m , #5750 H 1 Jm 1E 5 R4S, X
S HH R 2 ok FH 2 A Bl AL IX L 3T, 3 K A,
A3 BB T3] 2 A SR AR Y ZEFF AL 40 ( ZRHEH0ER
3T ), 2 ARG T 80 CHBMIRIR VKA
M BARER 3 M EY ¥ EE . SFEMARA
FF 5 )5 1 TRNzol 7 #2 BUEL RNA, 1% BB ¢
JRCEELIRAG RNA SE#M: . DI A KRR AL RNA
M, FH T RNA-seq & qRT-PCR 4347
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H A 215 %) 22 25 P SSR 45 il X RIL #f
PR AT 3 PR B 43 4, i 3 JoinMap4.0 2117 (www.
biometris.wur.nl ) ¥4 & 5t 1% 3% 8 F 3%, K% 4 K
1832.35 cM, FRic 1] i~ F- 2 51 B o 8.52 cM' 7,
ABFFREE G RIL BEARIEEAL, >R H IciMapping v4.0
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Table 1 Primer sequences of twelve DEGs for qRT-PCR

exon model per Million mapped reads ) i1 %" ", F
H DEseq ( http: //www.bioconductor.org/packages/
release/bioc/html/DESeq2. ) 43 #r 25 ¢ R iK FE A, DU
| log2 (Fold change ) | >1 H.#5 12 K5 i1 % ( FDR ) <0.05
IBRE T e AR A ZEAT ) 22 SR IR BE TR X i 3
(LR HEA T A o B o T I RE RN AN o T R
JH GOseq ( http: //geneontology.org/ ) X 7 57 & 1k 5L [K 7
17 GO WA MEHITEL M KOBAS (htp: //
kobas.cbipku.edu.cn ) # 17 KEGG ( Kyoto Encyclopedia of
Genes and Genomes ) il VRS, $R HH 22 57 TR BE K B 52
FREsA G AE

BT QTL & A X | tricfF B, 2% EKH
& % B73 %t [H 20 (B73 RefGen V4, https: //www.
maizegdb.org/genome/assembly/Zm-B73-REFER
ENCE-GRAMENE-4.0 ) |- f#y 8 & , i it H AR X
Be iy 26 5 R IKHE N, 455 GO M KEGG 73 #r, i
— i 18 5 EARZEFT R B AR IEEE A
1.5 SLAFRHEEE PCR( qRT-PCR ) 547

TEABETE X Be N T i 5 K ZEFF & B ARG 12
A~ 22 57 R IRHE R BEAT QRT-PCR R TE (R 1), L)
AN I) R A i B RNA S AR Al 38 5 B 2 s &
( PrimeScript RT-PCR Kit, TaKaRa ), 355 cDNA %
—HE. LEKRBNIShE FEH (B-Actin) N INS:
LI, DL KA [R) 4 LA 25 5T cDNA Sy Al ik 47
qRT-PCR. qRT-PCR % Jij {& & : cDNA 5 #fz 1 pL,
SYBR Premix Ex Taq( TaKaRa ) 7.5 uL. | FiiF514)
£ 0.6 pL.ddH,0 5.3 pL, BAR R 15 uLo R JHARXT
SEH 20 Ak M R SR N R A

EIEY R IEm5I(s-3") S5 (s -3")
Primer name Forward primers ( 5" -3" ) Reverse primers ( 5’ -3" )
Zm00001d025316 TCTCCACTCGTCGTCC GCCCTCCATTTCCTG
Zm00001d025345 TTTGCCGCCAATTCTG GCACCACTGCCTGTCATAC
Zm00001d025490 CGGAGGACACCCAGCAACT GGGACCAGCATCAGCATCG
Zm00001d025539 GTCTCACGCTCCTCTTGC CATAGTCCGCTGCCACTC
Zm00001d025593 TGCTCCGACTTCTCCTCCA CGACCCTTTGTGAGTATCCC
Zm00001d025696 CAAACCCTAATGTCCTG TCAACAACCATCCCAC
Zm00001d036700 TCAGCACGCAGACGGAGACG GCCGAGGTAGAGGCACTTGAGC
Zm00001d036703 CCAGGAGCGGAGTCGTT GCGCCAAGGCTATGAG
Zm00001d036807 CAGCGTTGGTGCTAGATGAG CCACTGTGAAGCCACTTGGT
Zm00001d036880 CGCTCCCTTACCCTGTG AACCGCCTGTAGCTTGG
Zm00001d042727 CATACTAACCCATCCAGACAT CACAAACTTGGCAACAGG
Zm00001d042752 TGGCGGAGGAGGAGGTGGAT AGATGGCGGGCAGAAGAGGC

p-Actin

CCCTGAGGTTCTATTCCAGCC

CCAGGGAACATAGTGGAGCC
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2.1 EXK RIL BE R XFEZHERE S

RIL B {4 F1 3L E 7E 2018 Fl 2019 4 (14 25 fH &
RIDNATEE R UL 2, S5 R KW, 2 AT, 5 A
D863F [y 25 -4 (H 1 B 3 = T 4K 58 ( P<0.05 ),
RIL fEAR AN R k2R B 225 R B0 A R AR 57
2 AR S R B R 10.69% F1 12.64% ., Hirh
2018 4F: 25 #H 4 14.83~26.75 mm, “F- #J{E 7 20.77 mm,

U 5k 0.24, M BE R —0.115 2019 4F 2501 4 11.98~
24.72 mm, “F-3{E K 18.83 mm, W FE Hy —0.18, fi BF
g —0.14, RIL BEARZERL A 06 152 A1 2 0 46 XHE 2
INTF LR A SR IEZS S A, 32 B LAY i
PEARFRAE, 3E A 1T QTL @i BFot (B 1. £ 2),
D57 2203 A4 T I, M7 R R R R D R R I
Rl x IREEHAET A 22 5 KF 23k 20 2 25 K-
(P<0.01), BLUP {H ¥ gt % 113K %) 71.13%, %
HHZS R IR Bt A% s, B AR RE (R 3 ).

£2 FEFETFERSEMRE T
Table 2 Phenotypic value statistics of stem diameter in maize under different environments (mm )
AR RILs Ffif
HIE Parents RILs population M
Environment #B 58 DR63F PIE =+ bR AR IR BRFE(%) IE35°8 Skewness
Zheng 58 Mean + SD Range cv Kurtosis

2018 19.00 + 0.82 21.25+0.87" 20.77 +2.22 14.83~26.75 10.69 0.24 -0.11
2019 17.45 £ 0.46 21.71 £0.64" 18.83 +2.38 11.98~24.72 12.64 -0.18 -0.14

+ TR F R PR, SR AR FombriE 2% 7 R AE 0. 01 KF BRI, NI

The data before + represents the average, The data after + represents represents the standard deviation: ~'mean significant difference at 0.01 level, the same as below
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Fig.1 Frequency distributions of stem diameter in RILs population in 2018 and 2019

#3 FEFETENXRRIL BHAEZHENHFEDN

Table 3 Variance analysis on stem diameter in maize RIL population under different environments

781 g 37 REil ¥iJ5 F ] SGEAE ) (% )
Environment Variation Sum of square Mean square H
2018 FER Y 4631.72 21.64 8.34" 88.01

22 1590.56 2.59
2019 SEpR A 4019.97 18.78 8.30" 87.95

R 1428.32 2.26
BLUP FLPR Y 6315.37 29.51 12.20” 71.13

W 1597.91 1597.91 660.68"

LT x FREE 2353.21 11.00 455"
R 1244.00 3008.71 2.42
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2.2 EXK RIL B4 QTL EfL

P~ P58 & BLUP {H B 24603 6 4~ 5 F oK
ZEHLA I QTL, 43l F F K5 3.6 A 10 Y
otk b, g 3 Ye iR A B QTL Hak &1
FEPR SRR T4 58, Hidy QTL AR &0 S K 158 |
T D863F, H.1~ QTL fi# B vl LLfif B 4.30%~10. 73%
Ay BIAR S (K 4), 2018 4= PG F 2019 4 5 BH 2R
5%} BLUP {H F4&KE] 2 4~ QTL, Hrp i T E ok

F 4 FEKRILs BHEAZEMER QTL EMLER

55 10 Yt fR Y gSD10 £ 2 A BT A BLUP {H F 3
BRI B, ] iR ) R TAR 5y 8.769%~10.73% ,
AN 1 R R e 2 1K T 7 TR ZE M MR ) 323k
QTL., 1 T4 3 4L fi ik bnlgl350~umc2266 f ¢SD3
16 2019 4 J5 BHEREE F1 BLUP {8 F X8 E 673, 55 6
YL (4K umc1979~bnlg2191 X [&] Y ¢SD6 1L AE B —
I BRI F, 35X 2 4~ QTL i B 1 R AU AR 53
4.30%~7.00%,

Table 4 QTL analysis for stem diameter in the RILs population of maize

b or et FRiEK PR (Mp) TR C) b
Environment Chromosome Marker interval Physical position R” Additive effect
2018 qSD6 6 umc1979~bnlg2191 93.37~106.24 2.97 6.32 0.56
qSD10 10 umc2350~umc1697 120.70~121.42 3.14 8.76 0.58
2019 qSD3 3 bnlg1350~umc2266 178.24~179.32 2.52 430 -0.50
qSD10 10 umc2350~umc1697 120.70~121.42 4.12 10.73 0.71
BLUP qSD3 3 bnlg1350~umc2266 178.24~179.32 3.61 7.00 -0.52
qSD10 10 umc2350~umc1697 120.70~121.42 4.14 9.42 0.57

IETHZF/R K [ D863F B IEIA , R /R R 58 HYZE( 3L A

Positive values indicate that the D863F allele, negative values indicate that the Zheng 58 alleles

23 ZEMHQIL RE5ERRJEEFEBKE S

MR R 0 25 M QTL Fr FE M LA B, 2% &
K B73 J: [ 40 ¥ 51 ( RefGen v4 ), ¥ QTL & fii 5
B SR P 25 AR EE A, 6 2 A AR 325
 RNA-Seq ik i i (1) JE R 3R ih it b A7 43 B, 3
Ko 2 106 4> 22 5 LK B, 49 A B, 57
W Hor oy A 7E gSD3 Jr 7E X [R] 1) 25 5 R ik L A
A 134, 54 L, 8 ANl A A 7E gSD6 Fi7E IX.
[/ DEGs A 53 4>, 26 4~ B, 27 A~ TR 43 A 1
gSDI0 It 7E X [] () 25 5 R IA HE A 40 4>, 18 4~ I
W, 22 A~
24 ERFRIZEE GO LR KEGG EEA

XoF 7 DX ] PN ) 2 S R FE R 1T GO T fg i
FE, 106 22 F R IRHE 4051 5 £ 5 64 5% GO b %
2 B, Hor 40 jg 2H 43 ( Cellular component ) 1 5%,
SR AR, (5 1L 1.56% ; 433 2 ( Biological
process ) 21 5%, FE S 5HE AR AL A
AR I AR A TS B R4, 5 1L 32.81%; 43
¥ 31 fig ( Molecular function )42 4%, 3 37 M {4k
TG 1 e B T TG 1 S SRR O ST R S A S
%, 65.63%, RN ZH 22 F RA KA FES 5
— L IfE (B 2), 25 SRR B g — 0k AT
KEGG & £ #% 73t , HL 485 3 4% KEGG & 42
B, 53 A S8 TR A AR = W LE W5 1, TR 2R

RAGTRIA AR, ORI IR G i, 22 31k
B R E TR I AEY & R, X
R E R EF R, RFIZEHN B R %
AT 2 R R, W R A Wi B R 47T
RE 7 T JRE PR TR B M TR R
25 (REEFEZHE K qRT-PCR WHE

MR GO 43 B 45 2R S g B {7 B, R =%
PURE IF KA G RN [R) RS A A ) D R,
76 3 ANZEH QTL hiifie i 12 Al REJH I 2E ML &
14 fige 326 Ak PRI, HG o g A A gSD3 ., gSD6 #1 gSDI0 1)
i 3 F K43 3 R 2 A4 4 R 6 AN (R 5), X i ik
BB SR E AT GO B 4T, B A R, 6 A
¥ 3 P (Zm00001d025490 . Zm00001d025539 . Zm000
01d025593 . Zm00001d025696 . Zm00001d042752 il
Zm00001d042727 ) & 5] 1242 H, A= i B A4y
TFIIReS S 64, B B AR AR R L R kiR
Jrash FE A DA R AE s 3T D Re S rh e AR
BTG VE oK RS TERIBH B F a5 G5 DhResc H . Hay
6 /I 5 2 3 P ( Zm00001d025316 . Zm00001d025345 .
Zm00001d036700 . Zm00001d036703 . Zm00001d036807
F1 Zm00001d036880 ) 7r. A 2¢ % D863 (£ FF 35k ) th
(IR T S 2 58 (ZEATEe4N ), Mk 3
TERE, X 6 M 3 R m] R AR K 3R e st
TFEHEBREEZEFFIIRE .
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Fig.2 GO annotation and classification of DEGs in QTL interval
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