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QTL Mapping of the Tassel Branch Number Using
High-density SNP Array in Maize
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Abstract: The tassel branch number of maize is one of the important factors affecting the yield production.
Unlocking the QTL loci to control the tassel branch number of maize is of great significance for maize variety
improvement and molecular assisted breeding. In this study, the individuals of a BC,F, population derived
from the parents Jing724 and Jing92 of Jingke968 were genotyped using high-throughput high-quality SNP
array Maize6H-60K. By taking use of 28910 polymorphic SNPs, a high density genetic map containing 2737
BIN markers was constructed. The number of BIN markers on each chromosome ranged from 145 to 512,
and the average genetic distance was 0.56 cM. Both parents and 727 offspring lines were planted in Beijing in
2021 to investigate the tassel branch number, followed by QTL mapping using Inclusive Composite Interval
Mapping ( ICIM ) in software QTLIciMappingV4.2. A total of 6 QTL were detected, located on chromosomes
2,5,6,7,8 and 9, respectively. The LOD score of QTL ranged from 3.18 to 11.08, revealing 1.58% to
5.59% phenotypic variation. While four QTL were located in the same or adjacent area as previously reported,
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two novel QTL qTBN6 and qTBN7 have been revealed. The LOD of qTBN6 was 6.73, and the synergistic
allele derived from Jing724, with a negative additive effect to reduce the tassel branch number. Collectively,

this study laid a foundation for future isolating the functional genes that regulate the tassel branch number

1n maize.
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A': Tassel phenotypic pictures of Jing724 and Jing92, B: Tassel branch number in BC,F, population, the arrow in

figure B indicates the average and standard deviation of the phenotype of the high-value parent Jing92
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Fig.1 Phenotypic map of parents and histogram of frequency distribution of tassel branch number in population
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Table 1 Phenotypic analysis of the tassel branch number in BC,F, population and its parents
/A M ROkt T4t iz fite g
Parent/Population Minimum Maximum Mean SD Skewness Kurtosis
5724 Jing724 0 1 0.33" 0.47 - -
92 Jing92 11 15 12.50” 1.26 - -
BCF, #/& BCF, population 5 22 12.32 2.58 0.005 0.314
T FORE 724 55 92 MRS RECRIN 1L F 22 5 (P<0.01)
. Indicates that there is a very significant difference in tassel branches number between Jing724 and Jing92 ( P<0.01 )
x2 BEEEHEEFEER
Table 2 Details of the genetic linkage map
SNP HricF-1 e 1 SN " ) BIN #ric 11
NP e F’\ sy PN K BINBRCHIRG PP Mpmslaek 0
i sfLE (o
et fk Bkt , g (M) (>5cM) (Mb) (%) N ,
Average physical . . Average genetic
Chromosome No. of . No. of Group Gap of BIN markers  Physical Physical .
distance of SNP distance of BIN
SNP BIN length (>5cM) length coverage
markers markers
Chr.1 4323 69.6 512 229.8 2 300.5 99.8 0.4
Chr.2 3758 63.2 362 1723 0 235.2 98.9 0.5
Chr.3 3264 70.4 278 140.9 1 228.5 98.4 0.5
Chr.4 3373 71.3 241 118.3 0 240.1 99.2 0.5
Chr.5 3108 69.8 267 151.8 0 216.1 99.2 0.6
Chr.6 2403 70.3 256 1254 1 168.1 99.3 0.4
Chr.7 2243 78.5 240 140.3 1 175.6 99.3 0.6
Chr.8 2513 69.6 229 132.6 0 174.5 99.6 0.6
Chr.9 2133 73.4 207 140.2 4 156.5 99.8 0.7
Chr.10 1792 82.8 145 109.3 3 147.8 98.8 0.8
G1F Total 28910 - 2737 1460.9 12 2042.9 - -
V¥4 Mean - 71.8 - - - - 99.2 0.56

BIN #Rict/alf (>5 cM ): /145 BIN FRic i kT 5 oM #lalfe s B

Gap of BIN marker ( >5 ¢M ): Indicates the number of gap where the distance between adjacent BIN markers is greater than 5 cM
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The black stripe on the linkage group indicates the BIN marker, the different color on the left and their representative

values indicates the distribution of BIN marker on the linkage group, the smaller the value,

the smaller the distance between BIN markers and the denser the distribution
Bl 2 ETF Maize6H-60K i 5 8 BC,F, B¥{dis &5 EiE
Fig.2 Genetic map of BC,F, population based Maize6H-60K chip
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Table 3 QTL of the tassel branch number in maize was detected by BC,F, population
oTL Rtfk A8 (M) ARICKE (M) PRI EHLEE (kb) LOD FIWVERAA (%) kA

Chromosome  Position Marker interval ~ Physical interval length LOD score Phenotypic variation rate ~ Additive effect

qTBN2 2 45.0 43.5~47.5 246 3.31 1.66 -0.6832
qTBN5 5 126.0 123.5~126.5 115 3.47 1.73 -0.6994
qTBN6 6 10.0 9.5~10.5 132 6.73 3.34 -0.9676
qTBN7 7 130.0 128.5~132.5 160 4.52 2.24 0.7934
qTBN8 8 51.0 50.5~51.5 194 11.08 5.59 1.2545
qTBN9 9 135.0 134.5~137.5 166 3.18 1.58 0.6713

PRI - (B B, ARFA A T A 724 (A5 RE ARSI A MERE S BSOROVE A 5 (B IE  ARFK A T a0 92 K945 2 RS I I AERE S K/

Additive effect: The value is negative, which means that the allele from Jing724 plays a role in reducing the number of tassel branches, while the

value is positive, which means that the allele from Jing92 plays a role in increasing the number of tassel branches

A
—— LODfH LOD score * bRiC/ii# Markers’position - LOD{E LOD threshold
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o
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2 89
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0 /\'\/\W\‘\L._ a DM N g0 2N o Ll Al M A
200 400 600 800 1000 1200 1400
B
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0.5 A
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A RJERL QTL SENSEHE: B AR AE M4 RPN AR C: 56 6 Yeafhk [ QTL e {45 D: 28 8 Jefafk I QTL s it

A': Results of genome-wide QTL mapping, B: Additive effect value of genome-wide mapping results,
C: Mapping result of QTL on chromosome 6: qTBN6, D: Mapping result of QTL on chromosome 8: qTBNS
B3 ET BCF, BHERERSRE QTL EfL
Fig.3 QTL mapping of tassel branch number based on BC,F, population
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Table 4 Genome annotation of qTBN6 and qTBNS

QTL FEH 2 FK IR TR A
Gene ID Gene annotation information
qTBN6 Zm00001eb260790 fr NAC ZERI 0 TR (4L A
Zm00001eb260800 —
qTBNS Zm00001eb337540 HT 1O S5k
Zm00001eb337550 BRESF oA SR
Zm00001eb337560 —
Zm00001eb337580 —
Zm00001eb337590 —
Zm00001eb337600 IR TR AL
Gigantea 1 [E)JFME
A
qTBNG6
16 .
1
5 144
£
&/ 2
R =
& § 129
® £ VAR
5 3 7
E 10 (“)
8 T T
w724 3E92
Jing724  Jing92

BT, SRR AR RIS 6 4~ QTL
A3 S T Y 6 4K 7Y bin2.02., bin5.08 . bin.01 , bin7.05
bing.02.,bin9.07 [X f5, 5 Hif A 58 45 2R b K Ak B,
qTBN2. qTBN5 . qTBNS #1 qTBN9 5 1. 1if % 4% 85 2%
SRR YA bin XIP 25 AT bin7.05 1Y
QTL R WARE, 7T EK 8 SYL(aiA bing.02 1) qTBNS
TERT A BIBIESE T A ARG, BAEIE Th a0 (B i
KA QTL, LOD {4 11.08, ] L fif & 25 B 7% 5 i
5.59% , a2 75 bing.02 K IA6MIF] ) Qqpbns-1
LOD fH KT 10, Ui HH 1 X I B 5277 AE 5 HER A R 8
FHOCHY 85 QTL (HAMFFE IR B THEAHE AL, PyHE X
[ BE AR 194 kb, SR F e F fe 22k PR e (o2

qTBNS

HERE L
Tassel branch number
I~
1

w724
Jing724

5092
Jing92

A: FUAT qTBNG6 (5 724 ) G qTBNG ( 57 92) e (LA BLity BC,F, Mebk (R HERBA RO Sk U
B: FA qTBNS (51 92) FITC qTBNS ({724 ) Bk i Bt BCF, Fobk M MERE MRS S 1 LU
Bl ARAR 5T 724 ARK A Rt 724 ML RS AR, 50 92 A3k A 5T 92 YA AL EL I 5 + AURIERE /- R AL 35 25 5+ (P<0.05)
A Comparison of the difference of tassel branch number between the BC,F, plant with qgTBN6 ( Jing724 ) and the without gTBN6 ( Jing92 ),
B : Comparison of the difference of tassel branch number between the BC,F, plant with qTBNS ( Jing92 ) and the without qTBNS8 ( Jing724 ).

The abscissa Jing724 represents the excellent allele from Jing724, and Jing92 represents the allele from Jing92,

* indicates that there is a difference in tassel branches number ( P<0.05 )

E 4 qTBN6 5 qTBNS THERE 5 HUis 5 M AR AT
Fig.4 Analysis of genetic effects of qTBN6 and qTBNS on tassel branch number
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