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Table 1 Field performance of the seven agronomic traits investigated

785 AR He/ME YN YE +hR DR i 2 3} 3 75 5
W 1) Bk & PH 200.0 248.0 222.4x11.2 0.2 -0.5 126.3
T = EP 70.0 117.0 94.9+11.0 -0.2 -0.5 120.6

A RLN 16.4 21.4 18.7+1.1 0.0 -0.6 13

Rl EL 11.0 16.8 14.2+1.4 -0.1 -0.6 1.9

FEAMLSD 3.2 5.1 4.2+0.4 0.1 05 0.1

FEATHIR/E 10.1 17.6 13.8+1.9 0.0 -0.8 3.7

EHR.EHGW 20.7 38.6 29.2+3.9 -0.1 -0.3 15.4

HEI2(N) PR PH 199.3 255.0 226.8+13.0 0.0 -0.5 168.7
FENL = EP 66.8 123.8 96.1x13.5 0.0 0.4 183.3

R BLN 16.4 21.4 18.7+1.1 0.0 -0.6 1.3

UK EL 11.4 17.2 14.5+1.3 -0.1 -0.3 1.7

FEAMISD 2.2 5.1 4.2+0.4 -0.1 -0.2 0.1

FEATHR/E 10.0 17.9 13.8+1.9 0.0 -0.7 3.5

HH EHGW 24.2 38.9 31.1£3.6 0.2 -0.7 12.9

a) PH: plant height; EP: ear height; LN: leaf number; EL: ear length; SD: shafts diameter; R/E: row per ear; HGW: 100 grain weight
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Figure 1 (Color online) QTL analysis of seven agronomic traits under two conditions
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Table 2 QTL analysis of seven agronomic traits under two environmental conditions

T FEg i y
Z P ﬁfzfﬁj PR i fE Lop R m(fff ZE%
HE1 KRB PH 4  gPHI-1 bnlg1007-3~phi260485-4 87.5 3.4 34.5 5.0 5.8
4  qPHI-2 phi308707-2~bnlg1792-2 159.0 5.1 35.7 8.1 -11.3

6  qPHI-3 mel/em10-1~mel2/em3-4 96.8 43 26.0 5.0 5.1

6  qPHI-4 umc2105-3~me7/em6-5 108.1 3.4 25.5 3.7 4.5

6  gPHI-5 mel/em10-5~mel/em10-10 122.1 6.4 25.9 7.8 -10.6

6  qPHI-6 me5/em16-5~umc2122-3 183.4 4.5 21.7 12.4 7.4

6  gqPHI-7 umc2122-3~Bnlg1012-2 186.5 7.8 25.5 9.4 5.9

7 gqPHI-8 me2/em15-3~me4/em4-9 53.5 3.7 17.8 2.8 43

7 gPHI-9 mel4/em9-14~me9/em16-5 133.6 42 18.0 3.6 11.4

7 qPHI-10 mel4/em9-8~Bnlg1012-1 144.1 4.9 18.2 3.5 -6.3

7 qPHI-11 me4/em12-1~mel l/em4-5 160.9 4.9 20.6 2.6 -9.6

8 qPHI-12 mel3/em3-2~mel2/em6-9 73.7 3.2 73.8 6.4 -8.5

T = EP 3 gEPI-I mel4/em10-8~mel4/em8-8 142.0 5.1 93.1 22.0 5.1
4  gEPI-2 me10/em6-9~mel0/em15-5 66.6 3.2 35.8 5.1 7.6

4  gEPI-3 bnlg1007-3~phi260485-4 87.5 4.1 35.8 6.7 6.5

4  gEPI-4 phi308707-2 ~bnlg1792-2 159.0 3.6 37.7 6.0 -9.6

7 gEPI-5 me9/em4-2~med/em4-13 79.5 4.5 20.5 4.5 9.0

7 qEPI-6 mel14/em9-10~bnlg1025-1 85.8 3.7 20.5 3.7 4.6

A BN 1 gLNI-1 me4/em1-4~me9/em13-8 60.7 3.2 1.1 14.3 0.5
4  gLNI-2 me10/em6-9~mel0/em15-5 66.6 3.4 0.4 5.7 0.8

4  gLNI-3 bnlg490~me10/em6-8 75.9 3.2 0.4 5.3 0.7

4 gqLNI1-4 me4/em2-8~mel0/em15-7 117.2 3.1 0.4 5.0 0.5

4  gLNI-5 phi308707-2~bnlg1792-2 159.0 3.2 0.4 5.3 -0.9

6 qLN1-6 mel/em10-5~mel/em10-10 122.1 3.6 0.3 4.9 -0.9

7 gLNI-7 mel4/em5-1~mel4/em13-2 44.4 3.5 0.1 2.2 0.4

7  gLNI-8 mel4/em13-2~me2/em15-3 49.4 7.7 0.0 9.9 0.9

7 qLNI-9 mel4/em9-8~Bnlg1012-1 144.1 4.1 0.1 2.9 -0.5

7 qLNI-10 me3/em18-4~mel/em9-7 151.0 3.3 0.1 22 0.9

7  gLNI-11 me4/em2-4~me9/em16-4 205.3 8.7 0.0 9.5 0.9

8  gLNI-I2 mel2/em6-1~mel4/em7-2 85.3 3.8 0.5 6.5 -1.0

9  gLNI-I3 mel4/em2-12~mel5/em3-8 140.5 3.1 0.9 10.0 -0.7

K EL 1 gELI-I mel5/em2-11~mel/em11-1 166.4 42 1.5 18.7 -0.6
3 gELI-2 mel4/em10-8~mel4/em8-8 142.0 3.5 1.6 15.5 0.5

5  gELI-3 mel2/em13-5~me2/em18-8 35.8 6.3 0.2 35.2 -1.8

5  gELI-4 me9/em2-6~umc1225-2 168.8 3.8 0.6 15.8 1.0

FEMLSD 3 ¢SDI-I mel2/em9-8~mel2/em13-7 113.3 3.0 0.2 15.4 1.1
3 ¢SDI-2 mel4/em8-10~bnlg125-3 149.9 3.9 0.4 5.6 -0.7

3 ¢SDI-3 Umcl414-1~mel4/em9-2 242.9 4.7 0.4 6.9 1.7

7 qSD1-4 me4/em4-12~mel4/em13-5 22.0 3.7 0.2 2.8 -0.5

7 ¢SDI-5 mel4/em5-1~meld/em13-2 44.1 6.2 0.2 4.8 0.8

7  ¢SDI-6 me9/em4-2~med/em4-13 79.5 5.1 0.2 3.9 0.9

7 ¢SDI-7 me4/em12-1~mell/em4-5 160.9 5.7 0.2 4.3 -1.0

7 ¢SDI-8 me4/em2-4~me9/em16-4 195.3 4.4 0.2 3.7 -0.7

9 qSD1-9 me2/em10-4~mel5/em7-1 82.7 3.1 0.3 10.8 -0.4

HHRIEHGW 3 gHGWI-I mel0/em4-9~mel4/em4-8 82.4 3.4 3.0 3.5 1.6
3 gHGWI-2  mel5/em7-13~mel2/em9-8 108.3 3.1 3.0 3.2 1.9

3 gHGWI-3  mel2/em9-8~mel2/em13-7 113.3 9.1 1.1 15.8 43

3 gHGWI-4  me9/em6-5~bnlgl25-6 132.8 4.9 2.9 5.1 -1.8

6 gHGWI-5  mel/em10-9~mel/em10-6 161.9 3.3 13.0 15.1 2.1

8  gHGWI-6  bnlgl007-1~me4/em12-7 56.4 5.6 6.2 10.0 3.7
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78:%) = PH 3 gPH2-1 mel4/em4-8~mel3/em2-7 88.6 4.2 39.2 25.1 14.8
4 qPH2-2 mel0/em6-1~bnlgl154-4 57.4 43 37.2 6.2 14.3
4 qPH2-3 bnlgl154-4~bnlg1702-3 59.5 5.0 39.3 6.6 6.2
4 qPH2-4 me4/em2-8~mel0/em15-7 117.2 5.5 36.1 6.7 6.1
4 qPH2-5 phi260485-1~me10/em6-7 140.7 34 35.7 3.9 6.5
6 qPH2-6 mel/em10-5~mel/em10-10 122.1 4.7 31.6 4.8 -9.8
6 qPH2-7 me5/em16-5~umc2122-3 183.4 35 24.6 7.8 6.3
7 qPH2-8 bnlg1025-1~mel3/em18-3 93.9 43 11.3 11.2 12.7
7 gqPH2-9 me3/em18-4~mel/em9-7 151.0 5.8 30.2 6.2 19.2
8 gPH2-10 mel4/em7-2~mel3/em18-1 86.4 5.1 54.5 9.2 6.1
8 qPH2-11 mel2/em2-16~bnlg589-2 93.1 5.5 14.9 26.3 -17.7
T = EP 4 gEP2-1 mel10/em6-9~mel0/em15-5 66.6 3.5 55.2 5.7 9.9
5 qEP2-2 mel0O/em13-3~mel0/em15-2 48.5 7.2 22.0 19.3 18.4
5 qEP2-3 mel4/em4-6~mel3/em2-2 123.9 3.6 49.5 52 6.0
6 qEP2-5 mel5/em2-1~umc1225-1 152.1 3.5 54.5 5.7 -6.9
5 qEP2-4 mel0/em13-5~mel2/em13-1 131.2 3.6 57.8 6.2 5.8
7 qEP2-6 bnlg1025-1~mel3/em18-3 93.9 4.3 11.3 11.2 12.7
7 qEP2-7 me3/em18-4~mel/em9-7 151.0 5.8 30.2 6.2 19.2
8 qEP2-8 mel2/em17-4~med4/em12-3 8.0 3.9 46.7 54 7.5
8 qEP2-9 mel4/em8-2~mel2/em9-6 68.7 33 46.7 4.5 9.8
8 qEP2-10 el4/em7-2~mel3/em18-1 86.4 34 54.7 5.5 4.9
A LN 4 gLN2-1 bnlg1154-2~bnlg1538-5 34.4 42 0.5 6.5 1.1
4 gLN2-2 Phi019-2~bnlg1185-2 180.4 3.7 0.5 5.7 -0.5
7 qLN2-3 me2/em5-2~mel4/em13-1 104.6 5.7 0.2 3.2 0.5
7 qLN2-4 me3/em18-4~mel/em9-7 151.0 5.5 0.2 3.6 1.5
7 qLN2-5 me3/em18-13~mel3/em18-6 166.9 3.8 0.2 2.2 0.7
8 gLN2-6 mel2/em6-2~mel4/em10-3 14.6 6.2 0.4 7.1 1.0
8 gLN2-7 mel4/em10-3~mel4/em10-4 24.6 3.7 0.4 4.7 0.7
8 gLN2-8 mel2/em9-5~mel3/em13-4 57.7 3.8 0.4 4.6 1.6
8 gLN2-9 mel4/em4-4~umc1065-1 107.7 4.8 0.4 5.4 0.7
T EL 3 qEL2-1 mel4/em10-8~mel4/em8-8 142.0 3.5 1.4 15.6 0.5
5 qEL2-2 me2/em6-1~mel0/em4-2 119.9 3.5 0.5 5.7 0.5
5 qEL2-3 mel0/em13-5~mel2/em13-1 131.2 4.7 0.5 8.1 0.6
5 qEL2-4 me9/em2-6~umc1225-2 168.8 3.6 0.4 10.8 0.8
7 qEL2-5 me3/em18-4~mel/em9-7 151.0 5.0 0.3 5.1 1.6
7 qEL2-6 mell/em4-5~me9/em11-3 165.4 6.6 0.3 7.0 1.3
FEASD 3 ¢SD2-1 me4/em2-8~mel2/em11-8 155.7 3.1 0.4 5.1 0.6
3 qSD2-2 mel4/em8-10~mel4/em9-2 242.9 5.8 0.4 9.4 1.9
6 qSD2-3 meS/em16-6~mel/em10-8 158.3 7.1 0.1 28.8 1.6
7 qSD2-4 mell/em4-5~me9/em11-3 165.4 5.1 0.2 4.6 0.9
7 qSD2-5 me4/em2-4~me9/em16-4 195.3 5.7 0.2 5.0 -0.8
9 qSD2-6 mel5/em7-10~mel4/em2-10 56.3 5.0 0.7 23.3 0.8
9 qSD2-7 mel4/em2-10~mel5/em7-5 58.4 43 0.8 14.1 0.6
TEITHR/E 2 qR/E2-1 mmc0241-1~phi072-2 125.6 5.0 1.6 21.2 -1.4
2 qR/E2-2 phi072-2~umc1551-2 131.8 32 1.7 21.8 -1.4
3 qR/E2-3 mel4/em8-7~mel4/em4-9 99.1 3.8 0.4 20.2 2.2
3 qR/E2-4 mel4/em9-2~phi96100-3 285.7 3.5 0.6 15.7 -1.2
BHREHGW 4 qHGW2-1 phi308707-2~bnlg1792-2 162.2 3.7 4.5 7.1 2.0
4 qHGW?2-2 bnlg1185-2~bnlg1702-2 186.4 5.5 4.3 10.3 -2.2
8 qHGW2-3 mel2/em6-9~mel/em9-6 78.8 3.0 34 4.2 2.7
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QTL mapping of seven agronomic traits in maize based
on the introgression lines

Xianmei Xi'?, Xiaoping Lu'", Chunlei Xue', Junwei Li', Ping’an Han’, Kunming Zhang' & Yanli Lu’

! Agricultural College, Inner Mongolia Agricultural University, Hohhot 010018, China;

2 Institute of Plant Protection, Inner Mongolia Academy of Agriculture and Animal Husbandry Sciences, Hohhot 010031, China;
3 Institute of Agricultural Resources and Regional Plainning, Chinese Academy of Agricultural Sciences, Beijing 100081, China
* Corresponding author, E-mail: LXP1960@163.com

Maize (Zea mays L.) is an important crop with great nutrition, fodder and energy values. The yield of maize is dependent
on the integration and coordination of a lot of agronomic traits, such as plant height, ear length, grain weight per spike
and others, which are controlled by micro-effects of multiple genes. The objective of this study was to identify genes
related to agronomic traits in maize inbred line PHBIM and to investigate the correlation between those genes and
yield-related traits. An introgression line was constructed using tetra-287 as a donor to improve the backbone maize in-
bred lines and create new breeding resources. The progenies were grown and evaluated in both Helin and Hohhot, Inner
Mongolia of China. With 70 pairs of SSR and 64 pairs of SRAP primers, the constructed introgression materials were
genotyped. As a result, a total of 793 polymorphic loci were obtained locating 10 linkage groups. A linkage map was
then constructed with a length of 1917.2 cM. By using MQM mapping method, a total of 100 QTLs were identified in
both locations, which distributed on 9 linkage groups except the 10th linkage group. Fifty QTLs were detected in single
environment, with LOD values ranged from 3.20 to 9.12, and contribution rates ranged from 2.2% to 35.2%. Among the
100 QTLs, 23 for plant height, 16 for ears height, 22 for number of leaves, 10 for ear length, 16 for shafts diameter, 4 for
ear rows, and 9 for 100-grain weights were identified; Eight genes controlling 5 traits were consistently expressed from
plant of both locations, including 2 QTLs controlling plant height (¢PHI-5 and gPH2-6, gPHI-6 and qPH2-7), 1 for ear
height (gEP1-2 and gEP2-1), 1 for leaf number(qLNI-10 and gLN2-4), 2 for ear length (gELI-2 and gEL2-1, gELI-4 and
qEL2-4), and 2 for shafts diameter(¢gSDI-3 and gSD2-2, qgSD1-8 and ¢SD2-5). Three QTLs expressed stably for plant
height and ear height, and 14 enriched QTL regions were found on 6 linkage groups. This research provided theoretical
support for gene cloning and marker-assisted maize breeding.

maize, introgression lines, agronomic traits, QTL mapping

doi: 10.1360/N972018-00208
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