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QTL mapping of leaf related traits of maize with or without nitrogen stress
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Abstract: [ Objectives ] Leaf is the important organ for photosynthesis, transpiration and resistance in crops.
The purpose of this study was to provide an important theoretical basis for breeding maize cultivars with high
sunlight utilization efficiency, to dissect genetic variation of maize leaf-related traits under normal and no nitrogen
application, and to map related QTLs. [ Methods ] Using maize backbone Zong3 as the donor and Xu 178 as
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the acceptor, a total of 166 single segment substitution lines (SSSLs) of maize backbone Zong3 were
constructed with Xu 178 as the background by means of hybrid, backcrossing and molecular marker assisted
selection. All the SSSLs and Xu 178 were treated under normal (N+) and no N supply (N-) conditions in field
plot experiment. The experiments were conducted in Guiyang and Dejiang City of Guizhou Province and
Luoping City of Yunnan Province. The leaf area (LA), chlorophyll content (CC) and number of green leaves
under ear (NGLE) were investigated. [ Results ] Across the whole genomes, 42 leaf-related traits QTLs were
identified under both N+ and N- conditions and located on ten chromosomes. Under N+ treatment, we
identified 8 QTLs related to leaf area, 5 QTLs related to green leaf number under ear, and 8 chlorophyll content
QTLs at the three experimental sites. gLAI1b was detected in all the three sites, and it contributed 14.41%,
14.47% and 16.38% of phenotypic variation in Dejiang, Guiyang and Luoping, respectively. The allele from
Zong3 exaggerated the phenotypic effects. Besides, the QTLs (¢LN7a and gLN7b) related to the number of green
leaves under ear were detected in the three experimental sites. Under N— treatment, we identified 9 QTLs
related to LA, 7 QTLs related to NGLE, and 8 chlorophyll content QTLs at the three experimental sites. Among
them, QTL gLAI3b, which was located on bin3.08, whose fragment size was 120.48 cM, and it contributed 20.4%
(Dejiang), 12.8% (Guiyang) and 13.2% (Luoping), respectively. The allele from Xul78 synergistic the phenotypic
effects. QTL ¢LN9 (umc1957~umc1867~umc2078), which was located in bin9.01, whose fragments size was
62.7 cM. QTL gCHL4a, which was located on bin4.08, whose fragment size was 18.69 cM, and it contributed
17.6% (Dejiang), 10.6% ( Guiyang ) and 11.4% (Luoping), respectively. The allele from Zong3 exaggerated the
phenotypic effects. [ Conclusions ] Two QTLs are detected under two nitrogen treatments, one is gLAI3b, which
is located on Bin3.01 with flank markers of umc1844~umc1320~bnlg1182, and the other are ¢LN7a and gLN7b,
which are located on bin7.01 and bin7.05 with flank markers of umc1642~umc2160~umc1929 and phi328175.
These loci may play important roles in nitrogen absorbing, transporting and utilization during maize development,
and served important candidate loci in further map-based cloning of maize leaf-related traits.

Key words: maize; single segment substitution lines (SSSLs); nitrogen stress; leaf related traits;
quantitative trait loci (QTLs)
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Table 1 Basic fertility of tested soils in 0-20 cm depth

Hb 5, Experimental site 2% Total N (g/kg) B Avail. P (mg/kg) HRLET Avail. K (mg/kg) FHHLIF OM (g/kg)
FBATH Guiyang 1.69 47.1 333 29.0
% -1 Luoping 245 38.4 303 55.1
T Dejiang 1.96 52.7 162 22.5
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Table 2 Phenotypic value of SSSLs population in three experimental sites

e PEk H # 178 Xul78 #% 3 Zong3 SSSLs #f{4& Population
Treatment Trait Site SEH{H Mean SEH{H Mean 712 FFl Range SE44{H Mean + SD
N+ AR I Guiyang 524 266 292~599 471 + 60

Leaf area T Dejiang 584 150 307~621 499 % 53
(em?)

%3V Luoping 526 376 354~648 524+ 47
MR E e HtFH Guiyang 39.3 33.1 32.9~46.1 40.4+2.18
Chl. content 9T, Dejiang 40.4 352 32.8~51.7 42.4+323
(mg/g)

%37 Luoping 46.5 37.8 39.8~54.7 482 +2.78
T a4 #FH Guiyang 3.87 2.46 1.47~5.35 3.39+0.75
GLUE 57T Dejiang 2.01 0.33 0.60~4.11 2.30+0.70

%3V Luoping 247 2.64 1.36~4.61 3.12+0.70

N- FtFH Guiyang 434 345.0 252~504 378 £ 47

Leaf area #T Dejiang 402 187.6 166480 322+ 64
(em?)

%37 Luoping 480 268.0 212~572 424 £ 61
TS gy #FH Guiyang 36.4 34.7 26.6~45.2 343+3.15
Chl. content T Dejiang 418 315 21.1~49.2 37.4+44
(mg/g)

%3V Luoping 43.8 343 27.9~50.5 425+37
I A HtFH Guiyang 2.03 2.40 1.15~5.14 2.69 +0.89
GLUE 7T Dejiang 1.11 0.20 0.15~3.61 1.70 £0.75

%37 Luoping 2.09 2.45 0.98~4.40 2.62+0.70

¥ (Note ) : GLUE—Number of green leaves under ear.
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Fig. 1 The QTL identified for leaf traits in different developing stages under N+ and N- conditions
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