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The Genetic Analysis of Kernel-Related Traits and Fine
Mapping of a Major QTL ¢gKW2.04 in Maize
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WANG Tianyu', LI Yu', SHI Yunsu', LI Yongxiang'
('Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/State Key Lab of Crop Gene Resource and Breeding,

Beijing 100081 ;*Hunan Crop Research Institute, Changsha 410125)

Abstract: Kernel-related traits, including kernel length, kernel width, and hundred kernel weight, are
pivotal factors in determining maize yield. In this study, a recombinant inbred line (RIL) population derived
from the maize inbred lines B73 and CML277 was utilized as the experimental material. Based on the high-
precision genetic maps constructed through genotyping-by-sequencing (GBS) technology, nine kernel-related
quantitative trait loci (QTL) were identified. The major locus gKW2.04 was precisely located on chromosome 2
using the inclusive composite interval mapping (ICIM) method, explaining 20.34% and 15.84% of the
phenotypic variation on grain width and 100-grain weight, respectively. In addition, an F, segregating population
was developed using the recurrent parent B73 and its introgression line (NIL-1041A) to further delimit
gKW2.04. This locus was found with contribution due to two tightly linked kernel width major QTL, designated
as gKW2.04-1 and ¢gKW2.04-2, which were located in the marker intervals InDel23.32~umcl1555 and
InDel47.09~InDel57.06, explaining 22.45% and 12.22% of the phenotypic variation, respectively. The favorable
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allelic variations for both QTLs were contributed by CML277. Through the selection of recombinant individuals

within the target region, gKW2.04-1 was finely positioned between molecular markers InDel26.76~InDel27.86

within a 1.1 Mb interval. This study provides new clues for elucidating the genetic basis of kernel-related traits

and gene resources for high-yield molecular breeding in maize.

Key words: maize; kernel width; hundred kernel weight; genetic dissection; fine mapping
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F1 SHETETRILEEHITREREIRQTLEME R
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Table 1 QTL analysis of kernel related traits under multi-environments in RILs

[ERIRARIN SUREN QTL £ % FricIX A LOD fH TR (%) IO
Kernel trait Chr. QTL name Marker interval LOD score PVE Additive effect
PN 10 qKL10-1 m6839~m6859 3.01 7.98 0.111
Kernel length 10 gKL10-2 m7117~m7130 3.10 7.54 ~0.107
HELBE 2 gKW?2 m1403~m1420 9.65 20.34 0.122
Kernel width 3 gKW3 m1869~m1896 3.94 8.42 0.079
9 qKW9 m6598~m6608 2.63 5.12 0.061
ERLEE 1 gHKW1 m855~m857 3.24 6.36 0.497
Hundred kernel weight 2 GHKW? m1403~m1420 7.59 15.84 0.781
5 qHKWS m3463~m3503 3.65 7.44 -0.535
9 qHKW9 m6641~m6650 2.79 5.51 0.460

PVE: Phenotypic variations explained; The same as below

23 IEZEEFESANENIL-14IA REMENF K
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X B73 Fl5 A Z& NIL-1041A B FFRAH Mtk
TIABHETEAN (B 3) , & BUH & TEFFRIIE A5 3R A Jr 1
EAE B 22 5 . B3 FFRLE T S5 TE AT KL, KPR
s NIL-1041A F7b7 & F 5 U5 T8 kL, (EAF R
B 76 TE 7 10, NIL-1041A 2 %11 (7.80 cm) % &
5T B73(6.50 cm) , {HFFRL BTG 3 ARk 5 7
R E 7, NIL-1041A (21.70 g) Wk 8 2 5 T
B73(19.70 ).,

F1] Fl MaizeSNP50 =5 %5 B 5E [R5 B %) NIL-
1041A 15 A R Bt 4750, 45 R R W NIL-1041A
Ko HAg Il 3E A B73 2 (6] (1) 4= 5k DR 41 48 L1 R
86.2% . —Hr kM, £ B73 istfE 5t T, NIL-
1041A 1 2T A 24k JEF CML277 I e iR
B, B T A 2 N 3 e ta i 3 AR BeR /N
7182.63 Mb133.97 Mb(5£2) ., AR ¥ RIL BEAKHKE
AR QTL N 45 4 NIL-1041A A5 A Befy
B2 RLTE QTL (gKW2 ,gKW3) #1141~ H R QTL
(qgHKW2) , H v 43 & kL 58 F A kL 8 3 2% QTL
gKW2.04 FiT7E ) G AR X B, DA NIL-1041A A
N qEW2.04 TR BALSEHT A2 A1 L
24 ETBBRERESANZRAGF, 5B EENIFA

X MR QTL Efix

FR 4 MaizeSNP50 FE RGeS | X% NIL-1041A %) 4
OIRT AR B g S B XA 2 3k i
T AR B, — 5 HITE MazieGDB /A 50405 22 o i 1%

SEAR HA 2R SSRERIE, B — S %5 A
CML277 F1 B73 )27 3L [ 4 [ 515 11 InDel #5iC
I 8 S AR [B) HL A 22 5 19 2 5P InDel #Ric (6 3) o
FIF X s Z 85 PER D % 2 B73 FINIL-1041A 415 F,
TR (AL 564 A~ FRR) (R LR Y FRA S A R Bt
(1) Jey kst A% i i A

% Jil QTL IciMapping V4.1 [ ICIM-ADD # 1
AAHTEE , % B73 FINIL-1041A 414 F, FEAA 1 47 55 Fl
FORLEHEAT QTL 43 M7, A5 21 3 4~ KE 58 QTL, Horp
FESS 2 Lo (AR T AR B ARSI 381 2 /> B 1 s
F& QTL, 43 I Fhric X ] InDel23.32~umc 1555 Al
InDel47.09~InDel57.06, 3% 1 57 ik 2 53 51| by 22.45%
1 12.22% , B4%4 25 A8 458 1 CML277, S5 RIL
TR 25 AR, 7R 50 3 e A b [RIREAG I 21 1
KL FE QTL, A1 X 8] 4 ume1908~umc1223, 5 1%
RN BN, R TTHR AR 6.90% . [A]Is, i A6 5] 2
ASA R E QTL, 43 Bl 78 55 2 44 4 1K Fr i X 1]
umcl1555~umc1448 I 55 3 Y& {4 1K f5 id X [A]
phi053~umec1501, %% 7 57 ik 2% 43 51y 13.97% Fil
8.21% , H4RAEA A8 S 352k A CML277(3%4) .

S5 RIL BRI A R AT AR B R 8 v 245
AT, RIL AR %2 07 (9 4 58 A A A B 3 2L QTL
gKW2.04 W] JE— 200 fift S 2 4 B E B AH 51 A1
QTL, 2 1 LS ACHE gKW2.04-1, 56 2 P s 1
gKW2.04-2(%4) . HF gKkW2.04-1 ) LOD {H 1 57
HRR I 5 T gKW2.04-2, A 2E$% gKW2.04-1 1 Ky
R A E A 1) B RS
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Table 2 Analysis of chromosome introgression segments in NIL-1041A

efafk Fric X 1] YE E (Mb) BRI (Mb)
Chr. Marker interval Physical position Size

2 PZE-102045397~PZE-102159564 23.32~205.95 182.63

3 SYN682~SYN15478 28.33~162.30 133.97

YIBLAE 2% B73_RefGen_v2
Physical location reference B73_RefGen_v2

®3 EEMARCHISIHFS

Table 3 The primer sequences of polymorphic markers

Fric# E#EEIH (53 TG (5—-3)

Marker name Forward primer (5'—3') Reverse primer (5'—3")

phi053 CTGCCTCTCAGATTCAGAGATTGAC AACCCAACGTACTCCGGCAG
phi083 CAAACATCAGCCAGAGACAAGGAC ATTCATCGACGCGTCACAGTCTACT
umc1223 TTCAACAGATTCAGAGAAAGCACA TTGATAATTAATCCGCAGCTCTCTC

umc1448 ATCCTCTCATCTTTAGGTCCACCG

CATATACAGTCTCTTCTGGCTGCTCA
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=3 (&)

Frics

Marker name

s (53"

Forward primer (5'—3")

T (53"

Reverse primer (5'—3")

umc1501 CCACATTTGGCTGAATTTGTTGTA CTTGTTGGCTAGAAATTTGCCTTG
umc1535 GGCAGAGAGATGAAAAAGAATGGA CAAGGCACCCACACACATACATA
umcl555 ATAAAACGAACGACTCTCTCACCG ATATGTCTGACGAGCTTCGACACC
umc1908 CGTACACTCAATCACGATCCAAAC AACTTTGGGTACAAGTCAAGAGGC
umc2002 TGACCTCAACTCAGAATGCTGTTG CACAAAATCCTCGAGTTCTTGATTG
umc2254 GCACAAAGCATCGTACTTGGATAG CCTTTGTCCTCGATCTCTCAGTTC
umc2625 GTGTGGTTGGATCTCTATGAGCCT CGCTGACCATGTAGCGTCATTAT
bnlg108 GCACTCACGCGCACAGGTCA CGCCTGCCAAGGTACATCAC
bnlg2077 GACCAGAGGATGGGGAAATT GTAGGCACATGCACATGAGG
InDel23.11 GAAACCGAGATGAGGGAATA GATGTGATGACGACCAGTAAG
InDel23.32 ACAGGGGCAGACCCAAAAGG TTTCGGGGACGAGGATGGAG
InDel23.73 GCCAGTTTGGACCAGGGACG CTACGAGCAACACCTTTATCTTTA
InDel26.76 GGAGCAGGCAGAAAAGAAAC AGGGAGGGAAACGCTATACTA
InDel27.86 CTAATGGGCTCTAAGATGGT CAATAGCTTTGGTTGGACGT
InDel28.31 GAGTTCACGCTCAAGTCGG CAAACAGTGGCGGCAGATA
InDel28.64 GTTGGTCGGTCAGTTTGCT CTCGTCCTCTGGTTCGTTC
InDel29.12 TTTCTGTTCAGGCACAAGTA TCGTGACAGGATGTGGCTAT
InDel31.06 TCCGACAAGTACAACGAGAT ACACGAGCGTCACTCCCTAT
InDel32.58 AGGAGGATGAAGATACGAGTG CAAGAAGCAACCAGGACAGC
InDel47.09 GGGCTGGACCAGGCACTAT CGGAAGCAGAGGCATGAGA
InDel57.06 CTGGGCTGCTCACGAAGTCA ACTCAACCACCCTCGCCATT

=4 BEFEARBTI S NIL-1041A HE B F, BHERIFFRIMEIR QTL EAL

Table 4 The identification of QTL for kernel traits in F, population derived from B73 and NIL-1041A

. . . PR YA SR
KRR Yeta i QTL A4 FR Fric X ] LOD 4 TR (%) - )
. K Additive Dominance
Kernel trait Chr. QTL name Marker interval LOD score PVE
effect effect
g 2 gKW2.04-1  TnDel23.32~umc1555 16.18 2245 0.266 0.101
Kernel width gKW2.04-2  TnDel47.09~InDel57.06 9.41 12.22 0.195 0.069
gKW3 umc1908~ume1223 3.51 6.90 0.139 0.087
R GHKW? ume1555-ume1448 12.04 13.97 1588 0.706
Hundred kernel weight GHKW3 phi053~ume1501 7.22 821 1.254 0.706

2.5 HIZEEQTL gKW2.04-1 WIS E (it

MG R Z L2017 FEAE R — IV a1 AU LA 0

e ¥t gKW2.04-1 X B (InDel23.32 Fl umc1448)
MA A TR A X Bk B73 4l 3 R R A 2
PR E A, Tk H AR QTL IX [0 N Y s 4L bk, M
Gl HAR QTL 5 A R Bk 4l e 1 45 R 52l
W A B 2 bk [ 5 24X, R A8 4 8 0 1 43 A
ek Al S EAR AU IEEAR R, 2218
TSR 0 e ) gKW2.04-1 X BER = 28 #9101

HEAT I A 35 Rk TE R A LA . F B 4RI, 12
A3 FRRIC AT LK gKW2.04-1 %58 B4 Hkk 5N
9 FPEE ZH A, 45 4 REC1~RECY,

o 2H B S A 5 25 SR AR Y T r R 1L 2
MR 5, RECS . REC6 .REC7 .RECS [y 4li5 A K
RMAGAEEH R R I AR B &R v 25 5, AT LA
H gKW2.04-1 72 S 7E A7 1E InDel26.76 Fl InDel28.31
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O ¥ iR 25 4

1] 24 1.55 Mb 135 Fl A o T 7E e AR LL 2 S0
#i,REC1.REC2 .REC3 .REC4 .RECY [ 2l 45
RAMaiGAE AR R IR 5822 F R B, T LURE
gKW2.04-1 7€ {7 7E #73ic InDel26.76 Fil InDel27.86 [i]
291.1 Mb BRI . IR, R H AR QTL X[ N i)

s B R W gKW2.04-1 5E AL EFRIC InDel26.76
() N i A1 InDel27.86 [ L i , 7£ B73 RefGenV2 Z7%5
JE R 2H 55 2 Y o 1A 11 26.76~27.86 Mb IX [ 2 14, IX.
B R/NZ 1.1 Mb.

A B

— N o O O —= < AN O

= o, B %D =S N = -

N M O N 0 B8 RN — o < FE Hil

A AN AN n A AN AN AN on N <t b L

T % o O %% oo %o oo Nanbin Meishan

;5 IE lE 3 K== ;5 »EE IE »i—*: lS = aifEHAR AifdEEHAR PHE A EH R iy AR R Pla

HNR HR HNR P-value HR HNR P-value

RECI | | ] 72£039 (29) 7.140.33 (22) 02914  7.18£0.32 (20) 7.15£0.42 (20) 0.7993
REC2 T | | 047 (13) 69030 (15) 0.1302  733+033 (15) 7.20£025 (15) 02128
ReC3 |G [ 1 72:044 (17) 724033 (20) 08536  7.41£0.29 (20) 7.29£0.28 (20) 0.1950
REC4 [L 1 708027 (32) 7.140.51 (19) 03753 7.24£0.34 (20) 7272027 (20) 0.7769
RECS [ 1 74048 (15) 6.8£041 (15) 00013  7.47£039 (20) 7.14+033 (20) 0.0053
REC6 [ ] 7.6:038(23) 72038 (23) 0.0007 757028 (20) 7.29+033 (20) 0.0075
ReCT [ ! | 73-045 (17) 762051 (25) 00443 7332029 (20) 7.594030 (20) 0.0093
RECS |IE 72038 (26) 755040 (24) 00023  7.39£0.28 (20) 765029 (20) 0.0057
REC9Y B 4033 (22) 75:030(9) 02916 7.38£027 (20)  7.54+033 (15) 0.1351

AT KR FHA R A G AR G R ISEE R ; 1165 B73 SEE R, M4 CML277 JEFFRL, REC1~RECY JJyH4H bk O Rl 2 267 5
B RRIFREE R a5 BB R RHX M S S AT HR RIBIMRLTE2E T, 36 5 BB I FEA R IO
A :The genotype of the homozygous recombinant (HR ) families and homozygous non-recombinant (HNR) families; White and black indicated
introgressed segments from B73 and CML277, respectively; REC1-REC9 represent nine recombinant types of recombinant individual ;
B:Kernel width difference between HR and homologous HNR families, numbers in brackets is the sample size
B4 HI3EEALE gKW2.04-1 BIFEHTE L
Fig.4 Fine mapping of kernel width related QTL ¢KW?2.04-1
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