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Abstract In order to explore the aluminum tolerance gene resources in sweet maize, a hybrid combination
‘T49 x T56° was generated by taking two inbred lines ‘T49’ (%) and ‘756" ( 3 ), which have significant
differences in aluminum tolerance characters, as the parents. A total of 208 F, individual plants were used
as genetic mapping population to construct the genetic linkage map of maize. Seedling height coefficient,
seedling weight coefficient, root length coefficient, root weight coefficient and whole plant fresh weight
coefficient were selected as the evaluation indexes. The aluminum tolerance of maize QTL related to
aluminum resistance traits was detected by composite interval mapping. The results showed that: Ten SSR

marker linkage groups were obtained on ten pairs of sweet maize chromosomes. The total length was
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1 199. 10 cM, and the average distance was 7.83 cM. A total of 3 QTLS for seedling height, 4 QTLS for
seedling weight, 4 QTLS for root length, 3 QTLS for root weight, and 3 QTLS for whole plant fresh weight

were detected. One single QTL could explain 6.46% to 25.37% of phenotypic variation. In the labeled

intervals phi065—umc1271(bin 9. 03-9. 04) on chromosome 9, a major QTL was detected in the coefficient

of seedling height, seedling weight, root length, root weight and whole plant fresh weight, and the

contribution rate was 13.1%-25.3%. Combined with GO and KEGG databases, two stable genes
Zm00001d045472 and Zm00001d046391 related to abiotic stress tolerance of sweet corn were found in

phi065—umci1271.

Keywords sweet corn; aluminum resistance; composite interval mapping; QTL
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Table 1 Phenotypic characters statistics of parents at seedling stage
‘ T49 T56
ERIN — .
Trait I H P i 22 - H it 22
raits
Mean value SD Mean value SD
[NES . .
. . . 86. 36 4.26 64. 30 4.03
Coefficient of seedling height
EES
. . . 88.72 3.76 69. 10 3.39
Coefficient of seedling weight
A FR H
. 79. 44 2.48 66. 80 2.21
Root length coefficient
R R A
. . 80. 23 3.08 64.70 2.77
Coefficient of root weight
A b i TR KL
79.68 2.42 66. 80 2.19

Whole plant fresh weight coefficient
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Fig. 1 Frequency distribution of aluminum tolerance coefficient of sweet maize F,_; seedling height (a), seedling weight (b),

root length (¢), root weight (d) and whole plant fresh weight (e)
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Table 2 Statistics of phenotypic traits at the seedling stage of F,,; families
PR BohME BORfE R 3} 3 i 2 A5 R

Trait Min Max Mean value  Kurtosis Skewness CcvV

EEEES ¢
Coefficient of seedling height
(L

58.70 96. 80 74.63 0.31 0.05 8.84

- . . 59. 60 96. 10 83. 86 2.64 —1.22 7.23
Coefficient of seedling weight
PR
R R AL
o 55.10 97. 80 76.52 —0.10 —0.39 10. 56
Root length coefficient
HRE R
- . 61.70 92. 10 75.99 —0. 36 —0.22 8. 37
Coefficient of root weight
bR i R AL
) o 59. 80 95. 50 76.43 —0.47 —0.06 10. 31
Whole plant fresh weight coefficient
Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6
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. % pod X 5
46 ame2Ate £, 4e1—1-ncoos $ 46.1 —1—bnig1755 iﬁ g BT—umenss ig o
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umoit22 g j‘;’ 621 umc1080 W& 028y =zt & ¥ 5121 bnigaor 2
70.1 =~ umc1147 2 7161 umct946 69.0 T~ umc1775 60.0 ——|— phi331888 & &
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124 4 ——— bnlg197 < 104.9- phio78
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Fig. 2 SSR genetic linkage map

umc1271 (hin 7€ 9. 03~9. 04) . LOD 43 5 4 7. 6 Al £ F mmc0501—umc1785 (bin 10.03) ,LOD K 2.6
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Table 3

Linkage groups, Marker Distribution and genetic distance in genetic Map of F, population

XPRE G @R R (/) AL ER/ N .
L B TR R /M K /M TERE Y
) Corresponding cM )
Linkage group . i Average spacing  Length Label number
chromosome Max (Min) spacing
Lgl 1 13.30C1.70) 6.05 115. 00 20
Lg2 2 14.00(2. 60) 8.40 117. 60 15
Lg3 3 21.10(2.40) 11.61 139. 40 13
Lg4 4 20.40(2.50) 7.76 116. 50 16
Lgh 5 15.10(4.20) 10. 94 98. 50 10
Lg6 6 26.80(2.20) 7.55 120. 80 17
Lg7 7 21.10€2.40) 11.61 139. 40 13
Lg8 8 26.80(2.10) 7.19 136.70 20
Lg9 9 21.20(1.80) 8.22 98.70 13
Lg 10 10 20.4002.20) 7.76 116. 50 16
FERN
7.83 1199.10 153
Total

3.6CHE 3, MR 6. 1% R LRI

TE KA AR R BL(RWC) QTL 1, gRWC-
chr5-1 R qRW C-chr5 -2 ¥ 050 T 55 5 G A 44, 53 il fif
F umc2063—bnlgl50 1 bnlgl150—phi331888
(bin 5.05), X 24 QTL A LOD 45l J& 6. 9 Fl 7. 4
CIE3), 43 Sl f B 13, 1% A 14. 1% (R AR 7 |
559 Y a R K I B Y gRWC-chr9-1 17 F phi065
—umc1271,bin 4 9.03~9.04,LOD Jy 11. 5(|& 3),
TR RIBE] 23. 7% 6

e X 4 Bk i B R BU(FWO QTL #4746 I 15
TESS 6 e fk ARG H 24 QTL, gF WC-chr6-1 13
F umel753—umc1133 (bin 6.01~6.03) , LOD J
3.1CKEI3) Al iR 6. 400 MR R . gFWC-chr6-
2 fi; T bnlg2097—bnlg391 (bin 6.03) , LOD Jj 4.5
(B3, ik R K 8.3%. T IYEik LA 14
QTL, fii T phi065—umc1271 (bin £ 9. 03~9. 04) ,
LOD Jy 8. 3CE 3), BTl R M 18. 7% .

qPHC-chr9-1., ¢SWC-chr9-1. qRLC-chr9-1,
gRWC-chr9-1,gEWC-chr9-1 #B 1 T 55 9 42 4 {k
o, H A F phi065—umc1271 (bin £ 9.03~
9.04) , 5T #k % 4> K 18.9% . 25.3% . 23.5% .
23.7%  18. 7% (W 2 F1K 3) . fEX A HRiciE BN,
A RE A7 A A [R] A 32 2005 PR Bl B PR AR o ok R R OK S
PR 2 K305 1 19 8508 7T 0, phiO65—umce1271 3445 186
A3 I AE7E (www. maizegdb. org) . 4 iX 186 4~ %

Wit4T GO M KEGG FE R, 9128 B 24~ 5 4R
W 30 55 o 36 T 52 A R O B ok e B TN 43 i 2
Zm00001d045472 F1 Zm00001d046391

R .

SR A R S B U R S
#EAT QTL & A7, 45 ic °F ¥ ] #5235k 78 10 cM LA
P O A AR R A DA S el P s 2 BE S ] R
B 08 A% 2B o F bR e 22 8] A7 7R B B 1 RRAE
i I R R A = 51| A AR S B S Il
‘B73XS313" B F AR, M i 1 A& 174 4> SSR 4%
0 A 38 AR R L K 1 180. 88 oM, bRid -1y
[E] 6. 78 cM. F %5 LA 4L 23867 X ‘1T 6082
S kr Rk, B 158 43 B M SSR FRiC M H 4r FhRic i
B, MK 765.4 M, N FE 6. 90 <M, A8
5 T FH A 7. 83 M i -3 a) B E T QTL & i
WHoE

AW 5% R K B I 0 T R A B R AL
MR Z B AR EE R BRI bk ff F R B AT T I S A
TR, I XK 5 A R AT QTL & A7, A A il )
1740 QTL, Hr 15 aik BRI 24 QTL, /¢
B gSWC-chr1-1,qSWC-chrl1-2,3 5 3 ik 4
M #) 24 QTL, 43 9 J& gPHC -chr3-1,qRLC-chr3 -
1,55 Je iR EAR 2] 24 QTL, 4 ) J& gRWC-
C/lr5-1\qRWC-chrb—-Z,ﬁ%ﬁ%?ﬁ%'—?fm%:mﬂ@
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Table 4 QTL for aluminum tolerance related traits detected by composite interval mapping in F, population
. SRR PIRERS X
‘ fm FRL K B T &
. QTL (Mb) Marker . Dominant LOD Contribution Bin
Trait ) ‘ Additive
Location interval effect rate
effect
nc003—
qPHC-chr2-1 56. 08 —2.15 2.02 4.9 9.8 2.07
umc1080
e oy
Hi R A
e , bnlg2241—
Coefficient of seedling ¢gPHC-chr3-1 115. 00 —2.26 1.45 3.9 1.2 3.06
. bnlg197
height
phi065—
qPHC-chr9-1 24.40 —3.93 0.31 8.7 18.9 9.03~9.04
umcl271
umc2112—
gSWC-chrl-1 52.62 —2.97 0.75 4.4 8.9 1.04~1. 06
umcl335
SWC-chri-2 60. 35 umel 1227 2.41 0.01 4.7 7.9 1.06~1.07
e ¥ -chrl- . —2. —0. . . .06~1.
i AR 1 7 umel147
Coefficient of seedling
weight ) phi065— £
g gSWC-chr9-1 26.40 —4.16 2.04 11.3 25.3 9.03~9.04
umcl271
umcl691—
gSWC-chr9-2 45.93 . —3.21 0.16 6.3 13.7 9.04~9.05
phi032
dupssr23—
qRLC-chr3-1 109. 00 —4.20 0.19 7.6 13.6 3.06
bnlg2241
phi065—
qRLC-chr9-1 28.40 —5.57 —0.31 11.8 23.5 9.03~9. 04
K 2% umcl271
Root length coefficient mmc0501—
qRLC-chr10-1 39. 10 3.59 5.34 2.6 5.6 10. 03
umcl785
bnlg1250—
gRLC-chr10-2  107.70 —0.28 4.80 3.6 6.1 10. 05~10. 07
umc2122
umc2063—
gRW C-chr5-1 41.03 —3.20 —1.14 6.9 13.1 5.05
bnlg150
GRS
o bnlg150—
Coefficient of root qgRW C-chr5-2 48.91 . —3.32 —1.15 7.4 14.1 5.05
. phi331888
weight
phi065—
gRWC-chr9-1 26.40 —4.49  —0.50 11.5 23.7 9.03~9.04
umcl271
umcl753—
gFWC-chr6-1 36.85 —2.83 —0.97 3.1 6.4 6.01~6.03
umcl1133
e bk B R L
bnlg2097—
Whole plant fresh gFWC-chr6-2 48.54 bnle391 —3.27  —0.82 4.5 8.3 6.03
n
weight coefficient g
phi065—
qgFWC-chr9-1 26. 40 —5.02 —0.60 8.3 18.7 9.03~9.04

umcl271




2024 4F 55 29 %

0 LN ES I Y NS S 4

110

(b) Chr 2

— I Seedling height

— 1K Seedling height
— LK Root length

—HiH Root weight

— 4R EE T Whole plant fresh weight

2.5

5.0

(a) Chr 1

4.0

3.0
20

aot

A~

N

50

4.0

4R Linkage

JERHE Linkage

(d) Chr 4

3.0

(c)Chr3

24

1.8

aot

ifff Linkage

=
=

g

FEE Linkage

B Linkage

o
:
=
@)
<
(=1 (=1
a2 5 “a,
aot 2
—— o
=
<
-4
=
s]
pul
"
&
=
o
=
z
S *  «
<) o A
aot

—— I
K. g
-
~) =
W\Q..L
23
MHU\
#
x =
= =
= 3]
& =
S 9 o 5]
= - - <
aot aot
o
(« =
\ <
£
3
£
=
C i
~
=
o
C
o © a
& - —-
aot aot

FEHF Linkage

i

i Linkage

LOD (I BEH R 2.5, B LOD=2. 5 WA AE %2k R B8] % 17 1)

)

i

HIEE 14 QTL,

The threshold of LOD is set to 2. 5, thatis LOD =2. 5, the highest peak corresponding to the trait interval is determined to be a QTL.
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Fig. 3 QTL mapping of aluminum-resistant related traits
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FEAE il RN Bl RS E T 5 KR RIS AT 5 5 )
AT FF %A SR AT T QTL 0, 45 3R ok, 1
Bl AE TR 48N AT S 2 Ak A G R T R U AT 4
(ADFOMEARTE 6 5 G a4k ¥4 %) 14~ QTL, H
FRic X 8] 7E umc2309—umc1887, 5 AW S 1E S 6 5
Yo A ARG I B 1 QTL AR . 78 4B Mk At 119 il 20
Z1FF ,ADF 7F 95 g ok LR 2 14~ QTL, sk
F N 8.8% , HALT phi065—umcl1271, 5 A 56 75 9
YR RSB QTL A AR B I 45 )
HH R WO W, 317 £ KBk = 9 QTL & i i
I 9 S Yk EEME 24 QTL, 43 5 & gPHI-
1 #1 gPH9-2 fii T phi065—umc1271, LOD 43 5
3. 98 F14. 57, TTHK 43 5HIh 6.53% FI5.18% , 54
IR )  QTL AL, X 5% A A5 ) H 4% 5 Fh
AR K108 1Y ooy K 43 W A TR it 7K 7 F Kl
PR A QTL, 25 5 8 7n 7 it 2045 14 T Rl 2] 14>
PR B QTL, TRk E M 9. 3% , bRid X ] g phi065—
umcl271, 5AM 554 9 5 Y ik LRI 3 5 QTL
AL, B — 2 WS M0nE. h Tt E
DK 1 A 65 2 3 A% ML A 32 B REAOR U RN e
R R 28 A5 5 ), R () 0F 5 A R 1 5 A7 &
2R WL, 5 20 E— 2 R A 361 KT
BT R A DR I 5 O 50 4 3 S DR D R
4 & i

DL E K A3 ER TA9X T56° B F, 1V EIREIA,
G55 Foo K R MBI R 26 DX Ta] AR 1 3 A ) 2]
SAMN FE A SCHARITE 9 S e ik A 14~ QTL X 5
A~ QTL 7€ phi065—umc1271. #7145 B i X ] {1

PRl PN A7 AE 2 45 3 2 400 300 5 J 360 1 i 52 A A G 1 f
B Zm00001d045472 %1 Zm00001d 046391,

S %k References

[1] B, B BREE . KEW. MG AR BE. HEXTALEESE

[2]

[3]

[4]

[7]

[8]

[9]

[10]

[11]

[12

MO FIRCMSEMLI]. 5 FEYE M, 2023,21(15):5032-5036

Yan Y, Liu P F, Chen Q C, Zhang Z L, Sun W, Wan X R, Jiang F.
Preliminary location of molecular markers for soluble sugar content in
sweet corn by molecular markers[J]. Molecular Plant Breeding, 2023,
21(15):5032-5036 C(in Chinese)

B, B EXRMRFRAMEREERZEEKR QTLEMID]. I MERLT
BER, 2015

Chen Q. QTLs mapping for southern leaf blight resistance and main
agronomic traits in sweet corn[D]. Guangzhou: Zhongkai University of
Agriculture and Engineering, 2015 (in Chinese)

R, EE B FEEE.KE IRP. KRB ERFHEARSE
BQTLEALT) B RABMBEXRZZHR: AR, 2013,41(3):
99-104

Zhang Z L, Jiang F, Liu P F, Chen Q C, Zhang Y, Wang X M. QTL
mapping for grain protein content in fresh sweet corn kernels[J]. Journal
of Northwest University: Natural Science Edition, 2013,41(3): 99-104
(in Chinese)

BRE BT KB, BBARAL, £, 3K EFE . BRI T4 LB Y R SR A
BEERSHE ] B A ERFHR2013,24(10):3003-3011

Zhao T L, Xie G N, Zhang X X, Qiu L Q, Wang N, Zhang S Z. Process
and mechanism of plants in overcoming acid soil aluminum stress [J].
Chinese Journal of Applied Ecology, 2013, 24(10) : 3003-3011 (in Chinese)
S ERCE NG SN ERRNS S ABERAAMEK ] BMR
A AEE2009,37(5):94-98

Qin S, Fan C W, Sun R F. Characteristic, problems and utilization
countermeasures of soil resource in Guizhou [J]. Guizhou Agricultural
Sciences,2009, 37 (5): 94-98 (in Chinese)

B EXFENMRZHERNYEREARRERGE FHENERE
SREMEID]. RN R K, 2005

Tang H. Maize quantitative genetic studies of yield and agronomic traits
and gene differential expression induced by aluminum stress [D].
Wuhan: Huazhong Agricultural University, 2005 (in Chinese)

Kochian L V. Cellular mechanisms of aluminum toxicity and resistance in
plants [J]. Annual Review of Plant Physiology and Plant Molecular
Biology, 1995, 46:237-260

Ma J F, Ryan P R, Delhaize E. Aluminum tolerance in plants and the
complexing role of organic acids[J]. Trends in Plant Sci, 2001, 6(6) :
273-278

Delhaize E, Ryan P R. Uptake on environmental stress: Aluminum
toxicity and tolerance in plants[J]. Plant Physiology, 1995,107:315-321
HEZ FTER BELHEASSEVEFARERD] AHERLFER,
2006,19(6):1180-1188

Xiao HJ, Wang Z Y. Advance on study of aluminum toxicity and plant
nutrition in acid soil [J]. Southwest China Journal of Agricultural
Sciences, 2006,19(6): 1180-1188 (in Chinese)

Borrero J C,Pandey S, Ceballos H, Magnavaca R, Filho A F B. Genetic
variances for tolerance to soil acidity in a tropical maize population [J].
Maydica,1995,40 (3):283-288

Krill A M, Kirst M, Kochian L V, Buckler E S, Hoekenga O A.
Association and linkage analysis of aluminum tolerance genes in maize [J/
O]. PL0S One,[2023-10-01]. DOI: doi. org/10. 1371/journal. pone. 0009958
RE B2 ABE. EYRESNHARERD]. RERLHZE, 2021,
49(5):31-34

Song X, Xu S, He Y H. Research progress on mechanisms of plant
aluminum tolerance [J]. Journal of Anhui Agricultural Sciences, 2021,

49(5): 31-34(in Chinese)



112 IS [ N SR S 2024 4F 55 29 %
[14] B%T. EXHEEEE ZmSTAR] M ZmSTAR2 M) 2 91 2 1 B 5% [22] M EER, EEMH, SEM, MBS, A5 WA ERFHAS

[15]

[16

[17]

[18]

[19]

[20

[21]

[D]. #Z=. MRk, 2012.

Xie G N. Functional analysis of aluminum resistance genes ZmSTAR1and
ZmSTAR2in maize (Zea mays L) [D].
University, 2012 (in Chinese)

Yaan: Sichuan Agricultural

Guimaraes C T, Simoes C C, Pastina M M, Maron L G, MagalhaesJ V,
Vasconcellos R C C, Guimaraes . J M, Lana U G P, Tinoco C F S,
Noda R W, Jardim-Belicuas S N, Kochian L V, Alves V M C, Parentoni
S N. Genetic dissection of Al tolerance QTLs in the maize genome by
high density SNP scan[J]. BMC Genomics,2014,15(1):153

EH K EX% EZHE . REB NE BEFHENERRENY
Mg B R AL BB R R (J/OL]. S FEMEM, [2023-9-30]. http://
kns. cnki. net/kems/detail/46. 1068. S. 20230302. 1041. 010. html.

Li Y, Wan Y B, Fan Y W, Jiang X Q, Yuan S X, Liu C. Research
progress on the effect of AI’* on plant growth and development and the
mechanism of aluminum tolerance [J/OL]. Molecular Plant Breeding,
[2023-9-30]. DOI: http://kns. net/kems/detail/46. 1068.  S.
20230302. 1041. 010. htmICin Chinese)

cnki.

Paterson A H, DeVerna J W, Lanini B, Tanksley S D. Fine mapping of
quantitative trait loci using selected overlapping recombinant chromosomes,
in an interspecies cross of tomato[J]. Genetics, 1990, 124(3): 735-742
Stam P. Construction of integrated genetic linkage maps by means of a
new computer package: Join map [J]. The Plant Journal, 1993, 3 (5) :
739-744

Basten C J, Weir B’ S, Zeng Z B. QTLs Cartographer, Version 1.15
[D]. Raleigh: North Carolina State University, 2001

McCouch S R, Chen X, Panaud O, Temnykh S, Xu Y, Cho Y G,
Huang N, Ishii T, Blair M. Microsatellite marker development, mapping
and applications in rice genetics and breeding [J]. Plant Moleular
Biology,1997,35(1-2): 89-99

FEY, RAN, BELR. /EY DNA fRiS BB EM (M. b5 R MM
4, 2001

Fang X J, Wu W R, Tang J L. Crop DNA Marker-Assisted Breeding
[M]. Beijing: Science Press, 2001 (in Chinese)

TR EAERK LT

[23]

[24]

[25]

[26]

[27]

HQITLEEES FEMII/OL]L. & FHEWHE F,[2023-9-28]. DOI:
http://kns. cnki. net/kems/detail/46. 1068. S. 20220207. 1321. 010. html
Zheng J X, QinJ M, Wang BW, Wei SL, He J D, Zhou BJ, ShiC Q.
QTL identification and molecular mapping of quantitative trait loci for
cold tolerance at the budding stage in maize [J/OL]. Molecular Plant
Breeding, [ 2023-9-28]. DOI:http://kns. cnki. net/kecms/detail/46. 1068.
S.20220207.1321. 010. html Cin Chinese)

ERLCERAB IV, B, EXFEBEEL QTLAI/OLL. &FHEY
B, [2023-9-28]. DOI: http://kns. cnki. net/kems/detail/46. 1068. S.
20230414. 1955. 012. html

Wang C, Li Y M, Sun N, Hao N. QTL analysis of cold tolerance in
germination stage of maize[J/OL]. Molecular Plant Breeding, [ 2023-9-
28]. DOI:http://kns. cnki. net/kems/detail/46. 1068. S. 20230414. 1955.
012. html (in Chinese)

ER UK EXF BRZE . REE R FTEMEBNEZEREETE
KRR QTL 47 )], YR E R RS, 2007(2):179-183

Wang Y, LiuC, Wang T Y, ShiY S, Song Y C, Li Y. QTL analysis of
maize yield components in maize under different water regimes [J].
Journal of Plant Genetic Resources, 2007(2): 179-183 (in Chinese)
HEMS. RBERGTEXRFUNBFRRERBQTLAM[D]. i .
AR K E, 2006

Tian G W. QTL analysis of nutrient components in maize under nitrogen
stress conditions[D]. Zhengzhou: Henan Agricultural University, 2006
(in Chinese)

B ERMBMBASHQTLEMID]. iR £hRil X, 2015
Yin P C. QTL mapping of maize plant height and ear height in maize[D].
Wuhan: Huazhong Agricultural University, 2015 (in Chinese)
Xk, DRtk X &7mW, AEG HER, KGR . RhBMES &G
TEXRERERE QTL ], FERILFZFE,2007,40(11):2409-2417
LiuZH, TangJH, WeiXY, Wang C L, Tian G W, Hu Y M, Chen W C.
QTL mapping of ear traits under low and high nitrogen conditions in maize

[J]. Scientia Agricultura Sinica,2007, 40C11) : 2409-2417 Cin Chinese)
FAL A B A

F—1EER N SRR LA T SO TR B S AW =B EF L. 5T
TRAR E AT AR FR B3 AL A A % 0 H (2022KT135) 7 M T 68 £ K K AR 0 7 A BB KB
SRR I H (22304496) % Z IR, 2021—2022 4E $E S R TRR B A g =S5\ W % 4

BIREE R A B8, RO W T il TR B, EE N F R OR s A AR,
RAEEERBEFIM LBREARVR DO EE, ) ARE ERKIRTEHE LR, RKEH T RRAED
e OO, WFEN R EKEE IR SR AR ERrHE TR SUE 20, M S 54
B KT T 93 H 10 & Wi . £ BMC Plant Biology .Science in China ({1 B 4l K 2= 2= )P AL A&
MBEBE R 2 24 i ) 5 30 R & 32008 SC 30 4k d o PN & R 34k, K E R AN 3R AR A ARk B R



