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QTL Mapping of Seedling Growth Traits and Grain Yield Under
Two Nitrogen Conditions in Maize
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Abstract: [Objective] The purpose of this experiment was to study the genetic linkage between seedling growth and grain
yield of maize under different nitrogen (N) applied. [Method] An Fg maize RIL population derived from an elite hybrid maize YY
22 (Z3%87-1) was used to identify the QTL for seedling growth traits and grain yield under high nitrogen (HN) and low nitrogen (LN)
conditions. QTL for shoot dry weight (SDW), root dry weight (RDW), the total root length (TRL), root/shoot ratio (R/S) and grain
yield (GY) were identified by composite interval mapping. [Result] Totally, 22 QTL were detected by using the software Windows
QTL Cartographer version 2.5 (LOD>2.5). Ten QTLs were detected under HN condition and 12 QTLs under LN condition. Few
loci were detected under both LN and HN conditions for the investigated traits, suggesting there is a different genetic basis
controlling maize growth at LN versus HN conditions. The genetic linkages were found between seedling growth traits and grain
yield in chromosome 5 and 7. [ Conclusion] Root traits at seedling stage are very important for grain yield. It could be a critical
factor for developing N efficient cultivars in maize.
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Table 1  Phenotypes of parents and RIL population under two N conditions

PEAR N 7K SEA Parent HEHALARRIL

Trait N level z3 87-1 BME Min, BOKf Max.  THIME Mean  hiE% SD
BRK HN 490 325 101 907 437 177
TRL (cm) LN 833 374 154 1148 598 171

M TR OHN 273 227 103 458 230 83.4
SDW(mg) |y 164 130 62.9 353 159 51.2
W& HN 42.0 28.4 9.4 57.8 30.0 9.7
RDW(mg) |y 54.8 50.1 17.2 121 53.9 195
e HN 0.154 0.125 0.0623 0.242 0.138 0.0390
RIS (mg:mg™) | 0.333 0.385 0.159 0.524 0.336 0.0768
e HN 267 218 212 1141 280 52.4
GY@m) |y 243 160 12 961 238 478

TRL: Total root length; SDW: Shoot dry weight; RDW: Root dry weight; R/S: Root/Shoot ratio; GY: Grain yield. [ The same as below
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Fig. The QTL detected for five traits under two N conditions
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Denote QTL for SDW, RDW, R/S, TRL and GY under LN condition
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Table 2 Broad sense heritability of five traits under two N conditions
PEIR Trait HKT N level MK TRL Mo E#E SDW RFE RDW et RIS fei GY
]S ) HN 87.6 84.1 83.2 71.9 80.9
Hb*(%) LN 87.0 825 84.8 700 83.6
3 FMEKETEMIKE QTL AL
Table 3 The QTL detected for five traits under two N conditions
[E27N FKT PSRN FRic XA LOD k2 Y DTHRA (%)
Trait N Level Chr. Marker interval Additive effect R%(%)
Bk HN 7 umc2142-mmc0411 2.7 -70.1 145
TRL HN 8 umc1997-umc1724 28 64.6 130
LN 7 umc1782-phi328175 26 60.2 1.1
LN 8 umc1960-umc1997 33 60.2 117
LN 10 bnlg1716-umc2067 36 -70.6 160
M EETE  HN 3 umc2277-bnlg1496 2.9 273 9.2
SDW HN 7 umc1782-phi328175 3.4 30.0 107
LN 3 bnlg1350-umc2050 26 0.03 19.2
LN 10 umc1993-phi323152 41 245 143
W& HN 4 umc1232-umc1017 33 -4.05 151
RDW LN 4 umc1017-umc1164 26 -6.17 8.7
LN 7 bnlg1666-umc1782 3.9 116 32.4
i b HN 1 umc2149-umc1774 3.0 0.80 105
RIS HN 5 bnlg1006-umc1260 33 0.89 119
LN 8 phi065-umc1741 26 0.34 107
LN 8 umc2147-umc2075 35 -0.40 129
7 b HN 3 umc2127-umc2166 2.7 24.6 137
GY HN 5 bnlg1006-umc1260 2.7 -25.7 157
HN 7 bnlg1305-bnlg339 3.7 30.8 220
LN 5 bnlg2305-umc1072 3.0 -29.3 8.8
LN 7 umc1782-phi328175 47 424 17.3
LN 8 phi115-umc1460 3.2 -35.0 145

VAN 5 P IEF AN REAS Z3 (04 DR 80 Y, A 8R4 97323 b QAR 87-1 4458 o7 35 DRI 19 2 e P
Y A positive value means that Z3 carries the allele for an increase in the trait, and a negative value means that 87-1 carries the allele for an increase in the trait
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