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Abstract: A chromosomal fragment substitution line(CSSL) CL.137, which was constructed with Ye478 as the
recurrent parent and (1319 as the donor parent was used as the male parent to hybridize with Ye478 to construct the
F, segregating population. The polymorphic Indel markers were developed based on the re—sequencing data of
Qi319 and Ye478. The plant height QTL on chromosome 10 was identified in two environments. In 2017, the QTL of
PH was mapped between the markers mk7-bnlgl655, corresponding to the 83.86—85.34 Mb interval of the B73 ge-
nome(RefGen_v3), the physical distance was about 1.5 Mb, and the phenotypic variation explanation(PVE) was
7.57% . In 2018, the QTL of PH was mapped between the markers mk5—bnlgl1655, corresponding to the 82.76—
85.34 Mb interval of the B73 genome, the physical distance was about 2.5 Mb, and the PVE was 5.75%. Notably,
the genetic effects of gPHI10 were mainly additive effects. This study also annotated the functional genes in the posi-
tion interval and predicted candidate genes that may control plant height. The results of this study can provide a ba-
sis for fine mapping the plant height QTL on chromosome 10 and explore the functional mechanisms of candidate

genes.
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Table 1  The information of polymorphic primers

128 5117 & (bp) kLl

Marker Position Sequence of primer (5" - 3')
mk3 79044524 79 044 543 TCCCCTAACCTTACCTCCTT ATCAGAGGGAAAGAGCACGA
mk5 82758896 82758915 ATGACCAGGACAAGGGAGAC TTCGTTGATATAGAGGCGGC
mk?7 83078495 83078514 GTCTAGCGAAGGGGGTATTG TCGGTGTTTGGAGGATTGTA
mk8 83855006 83855115 TTAAGACGAAACGCTAGGGC CCTGCTGCGGAAAACTAAGA
mk13 84045098 84 045 081 GCTGGAATCGGTAAACTCGT AGATTGCTGAGGTTTGCCAC
bnlg1655 85338479 85338499 ATTAAAATCTTGCTGATGGCG TTCTGTTCCCGCCTGTACTT
umel336 86431890 86431 867 GTACAAATGATAAGCAAGGGGCAG CTCTGTTTTGGAAGAAGCTTTTGG
mk22 87798234 87798253 CTCTCCTCCCCTTCTATCGG AACAAGGCAGGGAAGCAGAT
mk23 89087180 89 087 199 GTGTGCTCGGTTCATTGCTG TAGTTTCCTGCTCTGTTGGC
mk24 94265666 94265 649 ATTGCTCTGGCAGGATTG TCAGTATGGGTTGTTGTATG
mk25 95219147 95219 166 AGGTTGTTTGCTTATGGTGG AGAAGGGGGAGTCTGTTGAT
mk28 100 147586 100 147 605 GCAGCAGGTCACAATACTCG TATGCGGGTAAGGCTTGATG

1.2.4 SMAEEHEAMEL QTLE L

I A QTL IciMapping(Version 4. 1) 4111815
P A R R QTL A /2 2. AL S5 36 [ R AR
Oy B BER B B DR B AR A kosambi 1 1] bR 50K H 21
RRELR N AL IR B 38 FHR ) MAP DB gt 1%
MRS . BT AR EER B S B T
FRie 56 PR R BG40 D K e B4 5 R LOD 45 F 3 X
FRiCHEAT 34 5 48 F nnTwoOpt J7 5 % 5 i 547 HE
J¥ 5 FH SARF J5 ik, i B 1 R/ R 5 AT hRiC i)
FOHET ; e 8 B AL E RS . R A 52
£ IX ) AE 8] ¥ (ICIM— ADD) % K Bk 185 P R gk 47
QTL ENL, X T Bl 4 2 AU 42z M B Ab B 5 52 2 g 21
KL E N 1 oM, %4 0 A BERBEE R 0.001 ;{1
B B0 1 7 ARSI QL S 57 F8 A, YRS N
1 000, 55— AR AR 4 0.05,

2 ZER55HT

21 REISWH
2.1.1 CL137 i AE# s,

CL137 22—~ AR H 57 319 Fr Bery Je i fk
Bt &, 2L FORIE T 478, L%
HI A FH Y 20 430 A F 4 L ALY 200 457 319 59
478 (8145 Z A PER SSRARIE , X CL137 14K 478 [R] 1)
AL 22 TR, B SSRPR  E 10 554

I HIHRIC y10q20-y10g30 LA M y10g65-umc1911 22
] P e e fd v BOoR B TR AR, R Bei i B 24
}167 Mb, /N BE A S 10 Mb 2247, HoAv e o ik
FED YA 55 oA 478 AR
212 CLI137 5447889 % A £

3 Ao AT T (] 2 7R 00 5% Kl i, CL137 5 %% [l
SEAHE 478 T[] ik e AR 22 5 I W, AR R CL137
RE B35 E T 478, 2017 44k 478 ¥k & 179.6+
8.8 em, CL137 £k &1 4 196.1+10.4 ¢cm(P<0.01), X
CL137 Ff 478 FEZAR ZMRIATHI 00T, h & 2
ATLAE Y, CL137 M 478 MR A B 2 5% (B2
THEN E IR E ZER(P>0.05), Ui T EHRm £
S EZEM AL LS ES R, CL137 ik 478 1
TRV S (O B 25 5 (P>0.05) B 1 F Y
W KAFAE 3 2 5(P<0.05), I G 2 CL137
S48tk R FERERE LK E 2R
2.1.3 EHFRRE ZEBKRER ST

FIIFHAR 478%CL137 FE 1 S5 3L R 2R Kooy B
bk RABBAR ST o PR W, 2017 AEREAR bR i 1
{H ] 189.40+15.87 em, FEIRKE = 5 FAE M 245 em,
e/ MECA 137 em, f BEAE M -0.06, I FEAE R 0.13 5 5
A 478 F-XIRR R 3 AR AE 170 ~ 180 em; CL137 -4
BRI A TE 190 ~ 200 em(51 2), 2018 SRR Bk R 1



40 £ ok B 28 %

{84 179.39+15.20 cm , BEAR KR = e K AH M 220 em, IR S A A 7E 180 ~ 190 emo ZEA VL L4558, KW
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Note: a, PH performance of CL137 and Ye478; b, the phenotypic difference of CL137 and Ye478; c, the genetic composition of CL137.
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Fig.1 The genetic composition of CL137 and the phenotypic difference of two parents

&®2 CLIS77E 478 REMEIK
Table 2 The agronomic characters of CL.137 and Ye478

2018 I'J¥ Shangzhuang 2018 2017 &°F  Changping 2017
Ye478 CL137 Ye478 CL137
Trait P-value P-value
N Mean+SD N Mean+SD N Mean+SD N Mean+SD

PH 34 167.6x4.7 13 183.8+10.6 sk 44 179.648.78 20 196.1+10.4 sk
NOI 34 13.1+0.7 13 14.3+0.5 ik 10 14.2+0.8 11 15.3+0.8 i
TL 34 29.2+4.2 13 34.5+7.8 s 10 37.245.1 11 41.6+3.9 #
EH 34 66.1+5.6 13 67.4+6.6 10 74.6+8.2 11 80.2+8.0
PH-EH-TL 34 72.6+7.1 13 78.549.6 # 10 66.2+10.1 11 78.548.7 s
PH-EH 34 101.9+7.6 13 112.9+10.3 sk 10 105.1x13.7 11 120.2+10.6 sk
BNOI 34 6.020.6 13 6.3+0.6 10 6.1+0.6 11 6.45+0.5
INT 34 17.2+1.4 10 19.0+2.3 * 10 17.540.6 11 18.5+1.1 *

T N A AKEG SD g ARIERE 3 0 R B K 0.001 5 R 2 7K F- 9 0.05 3 PH kiR s NOL i3 TR0 TL O HERE IS s EH BT 5
PH-EH-TL F5{v 2 Hi A & B2 s PH-EH 8807 15 B2 s BNOT B L5 140 INT e Ll g

Note: N, number of individuals; SD, standard deviation; *** indicates significant level is 0.001; * indicates significant level is 0.05; PH is plant

height; NOI is internode number; TL is tassel length; EH is the height of ear; PH-EH~-TL is the height from the ear to the tassel; PH-EH is

the height of the ear; BNOI is the number of internodes on the ear; INT is the length of the internode on the ear.
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Fig.2  The phenotype distribution of F, population
®3 FREFKRESRESITR
Table 3 The plant height statistical of F, population
Ay PUMIIEAS FH(em) 7% (cm) AREL (cm) hrifE2E JEHl (cm) 1Z5°3 i J&
Year Number Mean Median Mode SD Range Kurtosis Skewness
2017 1830 189.40 189 192 15.87 137 ~ 245 0.13 -0.06
2018 911 179.39 179 177 15.20 136 ~ 220 -0.27 -0.01

2.2 EARHKEQTLENR

T a l820 2017 4R4K 5 QTL 2 745 5 s b B R 2018 4FHK 5 QTL B 745 54 5 RE2k 4 LOD {1 4 2.93.

Note: a, QTL mapping results in 2017; b, QTL positioning results of PH in 2018; dotted line indicates LOD value is 2.93.

B3 thEEMLERE
Fig.3 The QTL mapping result of plant height
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Table 4 QTL analysis of maize plant height in different environments

Ay (IR LEbwid Fhwic LoD FAI TR JnPERL SRRV
Year Trait Left—-marker Right-marker PVE(%) Add Dom
2017 PH mk8 bnlg1655 28.60 7.57 5.87 -0.56
2018 PH mk35 bnlg1655 11.06 5.75 4.76 2.30

J T RAERI L AR AR CL137 S
Wi 478 2422, 2018 F 4 T L D HFAA I 911 19 FL ¥
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Table 5 Gene annotation of the QTL interval
P e aE R BRI E (bp) ZALfiE®bp)  fE W TR
Number Gene ID Gene start Gene end Crop Annotation
1 GRMZM2G002818 84 043 613 84 045592  Arabidopsis  Leucine-rich repeat transmembrane protein kinase
Rice verticillium wilt disease resistance protein putative expressed
2 GRMZM2G168795 84061 218 84 063 729  Arabidopsis  Leucine—rich repeat transmembrane protein kinase
Rice verticillium wilt disease resistance protein putative expressed
3 GRMZM2G123963 84 079 614 84 081 619  Arabidopsis  (AtRLP27, RLP27) receptor like protein 27
Rice verticillium wilt disease resistance protein putative expressed
4 GRMZM2GI148909 84 102 747 84 105 858  Arabidopsis  (AtRLP50, RLP50) receptor like protein 50
Rice verticillium wilt disease resistance protein putative expressed
5 GRMZM2G148924 84 106 322 84 110776  Arabidopsis  (FIE, FIE1, FIS3) Transducin/WD40 repeat—like superfamily pro-
tein
Rice WD domain G—beta repeat domain containing protein expressed
6  GRMZM2G004957 84242542 84246 083  Arabidopsis  (PDF2) protodermal factor 2
Rice homeobox and START domains containing protein putative ex-
pressed
7 GRMZM2G005024 84247242 84250053  Arabidopsis  (ATTSB1, TRP2, TRPB, TSB1) tryptophan synthase beta—subunit 1
Rice tryptophan synthase beta chain 1 putative expressed
8 GRMZM2G005126 84 252239 84259713  Arabidopsis  Zinc finger C—x8—C-x5-C—x3-H type family protein
Rice zinc finger C—x8-C—x5-C—x3-H type family protein expressed
9 GRMZM2G170291 84 269 093 84278 641  Arabidopsis  DNAse I-like superfamily protein
Rice endonuclease/exonuclease/phosphatase family domain containing
protein expressed
10 GRMZM2GI133529 84 369 139 84370401  Arabidopsis  Ca(2+)-dependent phospholipid—binding protein (Copine) family
Rice copine—0 putative expressed
11 GRMZM2G022793 84 500 884 84 504 860  Arabidopsis  nodulin MtN21 /EamA-like transporter family protein
Rice transporter putative expressed
12 GRMZM5G845163 84 609 055 84613942  Arabidopsis  S—adenosyl-L-methionine-dependent methyltransferases superfam-
ily protein
Rice NOL1/NOP2/sun family protein putative expressed
13 GRMZM2GI139157 84 614 500 84 622087  Arabidopsis  Protein kinase superfamily protein
Rice tyrosine protein kinase domain containing protein putative expressed
14 GRMZM2G439268 84 621 545 84 622031  Arabidopsis  (LTP, LTP7) lipid transfer prote
Ri LTPL24 - Protease inhibitor/seed storage/LLTP family protein pre-
ice
cursor expressed
15 GRMZM5G830329 84 622 439 84 624 344 Arabidopsis  (CYP703, CYP703A2) cytochrome P450 family 703 subfamily A
polypeptide 2
Rice cytochrome P450 putative expressed
16 GRMZM2G086303 847 41 380 84742366 Arabidopsis etratricopeptide repeat (TPR)-like superfamily protein
Rice RNA polymerase [I-associated protein 3 putative expressed
17 GRMZM2G136341 84769 353 84774213  Arabidopsis  (ATEYA, EYA) EYES ABSENT homolog
18  GRMZM2G177620 84 800 604 84 805061 Rice LOC_0s02g14500.1 expressed protein
19  GRMZM2GI126007 85027 936 85028 422  Arabidopsis  PPPDE thiol peptidase family protein
20  GRMZM2GI125977 85023 075 85025866 Arabidopsis  beta—carotene isomerase D27
Rice LOC_0s05g04070.1 expressed protein
21 GRMZM2G101932 85186461 85196 661  Arabidopsis  (ATRPA70B, RPA70B) RPA70-kDa subunit B
Rice LOC_0s03g63870.1 expressed protein
22 GRMZM2G101926 85197 047 85200378  Arabidopsis  transmembrane protein
Rice LOC_0s05g04150.1 expressed protein
23 GRMZM2G101875 85201 886 85207 308  Arabidopsis  (CERS, LACS1) AMP-dependent synthetase and ligase family pro-
tein
Rice AMP=binding enzyme putative expresse
24 GRMZM2G425427 85332939 85334512  Arabidopsis  (AtMYB112, MYB112) myb domain protein 112
Rice MYB family transcription factor putative expressed
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