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QTL Mapping of Kernel Quality Traits under Different

Nitrogen Treatments in Maize
LAN Tian-ru, CUI Ting—ting, HE Kun—hui, CHANG Li-guo, LIU Jian—chao
(College of Agronomy, Northwest A&F University, Yangling 712100, China)

Abstract: One hundred and fifty recombinant inbred lines(RILs) as the experimental materials derived from a
cross between maize inbred line Xul78XK12 were used to identify maize kernel quality traits(protein, starch and oil)
under the high nitrogen(HN) and low nitrogen(LN) treatment in Yangling over two years(2014 and 2015). Using the
best linear unbiased prediction(BLUP) combining with the phenotype data in two years estimated breeding value of
each trait under different nitrogen levels. QTL mapping for 3 traits were detected by inclusive composite interval
mapping(ICIM) in QTL IciMapping V4.0 software. Totally, fourteen QTL associated with 3 kernel quality traits at
the two nitrogen levels were detected, including 8 QTL under HN and 6 QTL under LN treatment. The presently
study found 2 consistency QTL across two nitrogen treatments might be stable QTL controlling kernel quality trait,
which were less influenced by environments and might be used in molecular breeding for kernel quality traits in
maize. The results showed that four specific QTL expressions under LN treatment were possibly applied in improv-
ing quality traits in maize in low nitrogen stress.
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Table 1  Breeding value of the parents and RILs population under two nitrogen treatments
2EAS Parents RILs BE{A RILs population
(EIRN AL
S RS Y ve
Trait Nitrogen treatment 178 K12 o i PRk i 12 e 2
Range Mean SD. Skewness Kurtosis
HEH LN 9.92 11.00 6.99 ~ 12.74 10.03 1.03 -0.32 -0.53
HN 10.06 12.05 7.97 ~13.32 10.60 0.91 -0.08 -0.44
ek LN 70.02 72.5 67.51 ~76.29 71.79 1.95 -0.15 -0.37
HN 69.32 70.17 65.72 ~75.44 70.70 2.02 -0.19 0.14
g LN 3.88 3.30 2.56 ~5.05 4.08 0.38 -0.26 0.16
HN 4.40 4.03 3.17~535 4.38 0.40 -0.06 0.31
F2 EXRFr@mRERNTZESHR(FE)
Table 2 Variance analysis of kernel quality traits in maize(F value)
PE Ik iy it P ARy xAb B AR K 7R JEHIX IR 7 AR <A HIX AR F
Trait Year Treatment Lines YearXtreatment YearXlines TreatmentXlines YearXtreatmentXlines
A 10 427.71% 1 205.06%* 258.88%#:* 573.139%:* 44.018%* 17.560%* 19.778%:
W 968.027# 59.40%* 86.15%* 43.020%* 11.8907%: 6.600%* 5.8207%:
gy 333.12%* 8.95% 23.54%% 15.030%* 5.000%%* 3.580% 3.421%%
T+ RIRTE P<O.OL K P 25 57, Rk,
Note: ** indicated significant difference at P<0.01 level. The same below.
#3 WHAKFETER@REREMENHEXES
Table 3 Correlation analysis of kernel quality traits in maize under HN and LN
ERIN St TE Sl
Trait Protein Starch Oil
HA R 1 -0.520%* 0.51 1%
U -0.6427% 1 -0.212%
gy 0.364%:* -0.196%* 1

TE AL T7 0 HN K R ARSE R B XTI INJKE R RIAR R R AL

Note: Data above the diagonal is indicated the correlation coefficients in HN and data below the diagonal is LN.
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x4 FERMEEREMERNQTLENM
Table 4 QTL mapping of kernel quality traits of maize

P Ik ) Fric X [a] V7 (cM) TR DU (%)
QTL Bin LOD
Trait Marker interval Position A R?
IEH il (HN)
EEIn qPRO4a 4.07/4.08 umel194-umc2384 148 5.61 0.42 12.10
qPRO6a 6.05/6.06 bnlg1732~umc2162 132 3.43 0.29 8.39
qPRO10a 10.03/10.04 umc2067-umc2163 53 3.26 -0.23 6.28
R qSTA2a 2.09 bnlg1520~bnlg1893 241 3.53 -0.62 7.33
qSTA3a 3.09/3.10 ume1641-umc2048 189 3.69 0.64 7.94
qSTA5a 5.05/5.06 ume1722-umc2216 150 4.06 0.75 9.35
qSTA5b 5.07 phi048-bnlg1306 177 3.55 -0.67 8.41
b qOTL9a 9.07/9.08 ume1714-umc1137 162 4.19 -0.14 8.23
ANt (LN)
HI qPRO1a 1.00/1.01 ume1041-umc1071 0 3.14 0.26 6.17
qPRO4a 4.07/4.08 ume1194-umc2384 151 6.64 0.61 18.26
qPRO6b 6.00/6.01 umc2068-bnlg391 10 3.30 0.29 7.96
TER qSTA3a 3.09/3.10 ume1641-umc2048 188 3.47 0.67 7.52
v qOIL1a 1.01/1.02 umec1071-bnlg1083 11 473 -0.15 9.32
qOIL6a 6.00/6.01 umc2068-bnlg391 19 445 0.15 9.08

Chr2 Chr3 Chra Chr5s

— umc1419 ] “umc2118 62 22T - "umc1097
17.5 — oe 78 . oni104127 e “phio72 20.0 —
H -onve . - 1478
135 | . 2.1 umc1276 12.8 — ume
bRIg1017 = ame1164 28 TH— -baig143
235 — res “umc1294 21.3—
el | S~ “umc2211 | “wmo2118
e 111 22 “amci117 25.4 —|
iy | T 37 [umeigs2 6.4 —H Tumc22s
“bnig125 13 108 —|| = "umciesz
23.1 — 13 Jumc19s3 | Tumec1332
e —H—- 72 Tumei142 w2—|| et
S rumc2248 72 Sl 12.2 — ese-
,:': I -uomciess 198/ '\ Jumc1869 umc1722
- - e 135 7l Jumc2038 19.2 —
umc1 "I rem<it9s ER———
23.4 — 208 < - 17.8 —
22 || "umecie37 L umc2384 -
! -~ “umc1536 17.9 orz 23.8 — L
20.0 — o4 Tum< 7.9 = ‘bnig1306
P | 'umc;g:; I “umc2286 13.5 —||  “bnigiiis
1632 I~ ume: 159 —H— boigiis
124 —||_ [Pni91520 o 102 || Tum<2287 8.6 "U— -umci22s
- “brig1893 L ~umc1574
19.3 — 13.7
— *phi101049 7.5 —{| ‘brigsse
71—
“Ho umci738
320 rumcrees

“umc1426 o5 [ "umcii3e — umc1279 I "phiosr
“mmco171 y “umc107s 19.7 — 1as—||
155 — L -phio2s s0—{[” umcizer
- - "umc1817 341N ~phi017 “Bnigiest
umc1270 | ot ~umc2128 e
“umc1632 192 ns—|y] v L -, 7
“umc232s Tumc1872 8.0 —| UMc2337 92— P
“umc1016 11— | —H-enigazr ."“"""
Cono34 umc1034 139 03 7Hy ‘umc2163
pe s 158 — s.0—l— "umciasz 227/ ]I -umcioss
wmc103 70— "ehit11s . — ~umc2341 207 ||t
- 1983 oo || umecizes 22.6 — 2s6—]| U122
umc1865 “H— ~umci3ie 6.3 —{I_ ""'::?‘;: _H "umciose
“umc188s 11.6 —| 23—y 1344
Ceitrd] 279 — 75 | prissssso Taa [ Tume
“umci194s L omc2021
~phi328175 2.0 —H< "umci182s 198 [N SUmeirie 227
B e 6.6 ~H\ "umciiat QY umciizz :
R 747 uMc1960 6.1 7V~ Gmci982 - “baigl1es
Umc1103 ey = ~amc1997
“bnig106s
- 141 -
umc1412 10.4 ey
“umc112s %2
o2 —[[ “umcio3s
“umc2222 -
“umc1799 42 ZH Onisso =
20 :
1377 Bhigidae HN:qPRO & qSTA ® qOIL =

LN:qPRO © qSTA O qOIL O

B1 EHEARJVESTRSNQTLERER EHSH

Fig.1 ~ Chromosome location of QTLs for protein, starch, oil comtent
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