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QTL mapping for chlorophyll content in maize

WANG Ai-Yu, ZHANG Chun-Qing

State Key Laboratory of Crop Biology, College of Agronomy, Shandong Agricultural University, Tai’an 271018, China

Abstract: In order to explore the genetic basis for chlorophyll content in maize (Zea mays L.), a total of 189 F, individuals
derived from the single cross between the inbred lines A150-3-2 and Mol17 were used as mapping population. Four traits
associated with chlorophyll content were measured at the trumpet stage and at the flowering stage. Total 32 QTLs were
investigated on all the chromosomes except for chromosomes 6 and 10. There were 24 QTLs located on chromosomes 1, 2,
3, 5,7, 8, and 9 at the trumpet stage. Six QTLs were investigated for chlorophyll-a content (chla), chlorophyll-b content
(chlb), other chlorophyll content (chic), and total chlorophyll content (chlz), respectively. QTLs for four traits were located
in the same marker intervals in many cases. The distance among different QTLs of the four traits in the same marker inter-
vals ranged from 0 to 2 cM. The four major QTLs for chla, chlb, chic, and chlz at the trumpet stage, which explained
11.63%, 10.3%, 10.77%, and 11.51% of the phenotypic variance, respectively, were investigated between umc1098 and
bnlg557 on chromosome 5. There were 8 QTLs located on chromosomes 4 and 5 at the flowering stage, with 2 QTLs for
chla, chib, chlc, and chlz, respectively. QTLs were investigated between umc1098 and bnlg557, which controlled the four
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chlorophyll content traits (chla, chlb, chlc, and chlz), at the trumpet stage and two chlorophyll content traits (chla and chlb)
at the flowering stage. QTLs between umc2308 and bnlg386 for the four traits related to chlorophyll content were investi-
gated only at the flowering stage.

Keywords: maize; SSR linkage map; chlorophyll content; QTL
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Table 1 Variation of the five traits between two parents and among the F, population
Parents F, F, population
Trait  Stage  A150-3-2 Mol7 i Mean Range Skewness Kurtosis
chla L 0.281 0.219 0.290 0.243 0.10-0.38 -0.335 -0.471
K 0.306 0.268 0.416 0.360 0.19-0.46 -0.771 1.152
chlb L 0.075 0.057 0.079 0.658 0.02-0.10 -0.321 -0.506
K 0.084 0.079 0.119 0.106 0.06-0.14 -0.459 0.511
chlc L 0.041 0.033 0.043 0.391 0.02-0.06 -0.316 -0.410
K 0.054 0.046 0.061 0.056 0.03-0.07 -0.941 1527
chiz L 0.396 0.309 0.413 0.348 0.15-0.54 -0.340 -0.475
K 0.445 0.392 0.597 0.523 0.28-0.67 -0.746 1.067
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Fig. 1 Frequency distribution of chlorophyll content among F, population
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Table 2 QTL analysis and estimation of genetic parameters for the chlorophyll content at the trumpet stage in F, population

QTL - Genetic effect Explained
QTL. Chrom- Position Marker interval Range (cM variance
designation  osome (cM) ge (cM) Gene  yajue
a d [d/a]  action (%)
gchlal-1-1 1 119.7 mmc0041~bnlgl556  106.0-130.6  0.0266*** 00058  0.22 PD 9.19 3.93
gchlal-2-1 2 232.6 umc1165~phi96100  219.6-232.6  0.0199*** 0.0019 0.10 A 7.10 3.93
gchlal-5-1 5 93.0 umc1098~bnlg557  68.9-113.0 0.0263***  0.0206* 0.79 PD 7.80 11.63
gchlal-7-1 7 119.6 umcl066~umc2177  107.6-121.6  0.0156*** —0.0086  0.55 PD 419 3.29
gchlal-8-1 8 711 umc1457~umc2199  69.6-87.1 0.0200*** 00040 0.20 A 471 8.90
gchlal-9-1 9 155.9 bnlgl27~umc1037  146.6-164.9 -0.0209***  0.0003  0.01 A 4.67 5.12
gchlbl-1-1 1 119.7 mmc0041~bnlgl556  105.0-142.6  0.0067***  —0.0033  0.49 PD 7.40 3.14
gchlbl-3-1 3 182.0 bnlg1951~mmc0022  156.0-205.0  0.0062***  _0.0010  0.16 A 7.32 4.29
gchlbl-5-1 5 93.0 umc1098~bnlgs57  95.0-113.0 0.0064*** 00056  0.88 D 9.37 10.3
gchlbl-7-1 7 1216 umcl066~umc2177  109.6-121.6  0.0051***  _00004  0.08 A 4.45 3.88
qchlbl-8-1 8 72.1 umcl457~umc2199  69.6-89.1 0.0051%** 0.0019 037 PD 5.78 8.04
qchlbl-9-1 9 155.9 bnlgl27~umc1037  146.6-165.9 —-0.0067***  0.0006  0.09 A 4.53 6.02
gchlcl-1-1 1 119.7 mmc0041~bnlgl556  108.0-128.7  0.0037***  _0.,0004  0.11 A 11.24 4.36
qchlcl-3-1 3 172.0 bnlgl951~mmc0022  150.0-195.0  0.0035*** 00013  0.37 PD 6.85 455
gchlel-5-1 5 94.0 umc1098~bnlg557  100.0-113.0  0.0029*** 00025  0.86 D 11.95 10.77
gchlel-7-1 7 119.6 umcl066~umc2177  108.6-121.6  0.0020***  _0p0016  0.80 PD 4.85 3.37
qchlcl-8-1 8 71.1 umcl457~umc2199  49.6-83.1 0.0026*** 0.0014 054 PD 5.39 7.92
gchlcl-9-1 9 155.9 bnlgl27~umc1037  146.6-167.9 —0.0026***  0.0006  0.23 PD 4.02 5.35
qchlzl-1-1 1 120.7 mmc0041~bnlg1556  108.0-129.7  0.0333** 0.0063  0.19 A 10.54 3.81
gchlzl-2-1 2 2326 umcl1165~phi96100  219.6-232.6  0.0304** 0.0026  0.09 A 7.10 4.07
gchlzl-5-1 5 94.0 umc1098~bnlg557  69.9-113.0 0.0366** 0.0358 098 D 8.23 11.51
gchlzl-7-1 7 119.6 umcl066~umc2177  108.6-121.6  0.0195**  _00192  0.98 D 4.41 3.39
qchlzl-8-1 8 70.1 umcl1457~umc2199  10.0-85.1 0.0285** 0.0128 045 PD 4.64 8.81
gchlzl-9-1 9 155.9 bnlgl27~umc1037  146.6-176.2  —0.0304** 0.0094 031 PD 4.22 5.27
a: o d: ; dia : AL ( =0-0.2); PD: ( =0.21-0.8); D: ( =0.81-1.20); OD:
( >1.20) * wx e 0.05 0.01 0.005

a: Additive effect; d: Dominant effect; |d/a]: Dominant degree; A: Additive (dominant degree=0-0.2); PD: Partial dominant (dominant de-
gree=0.21-0.8); D: Dominant (dominant degree=0.81-1.20); OD: Over dominant (dominant degree 1.20). *, **, and ***: Significant levels
at 0.05, 0.01, and 0.005, respectively.
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Table 3 QTL analysis and estimation of genetic parameters for chlorophyll content at the flowering stage in F, population

QTL fr % : _
QTL. Chrom-  Position Marker interval Range S G Ev);e:g:]ceed
designation  osome (cM) (cM) €ne  value
a d |d/al action (%)
qchlak-5-1 5 2.0 umc2308~bnlg386 0.0-15.9 0.0146***  0.004 0.27 PD 5.84 6.05
qchlak-5-2 5 79.9 umcl098~bnlg557  67.9-113.0 0.0012 0.0277**  23.08 oD 4.32 3.85
qchlbk-4-1 4 160.0 Dupssr34~umc1532  117.0-186.0 —-0.0072***  0.0046 0.64 PD 4.24 5.33
qchlbk-5-1 5 1.0 umc2308~bnlg386 0.0-15.9 0.0054***  0.0029 0.54 PD 6.44 5.99
qchlck-4-1 4 89.0 bnlg1741~bnlg1755 85.0-94.0 —-0.0014* 0.0012 0.86 D 4.29 4.23
qchlck-5-1 5 1.0 umc2308~bnlg386 0.0-16.9 0.0023***  0.0011 0.48 PD 8.25 7.00
qchlzk-5-1 5 2.0 umc2308~bnlg386 0.0-16.9 0.0203***  0.0090 0.44 PD 5.91 6.10
qchlzk-5-2 5 80.9 umc1098~bnlg557 67.9-113.0 —0.0009 0.0148* 16.44 oD 4.32 3.79
a: ; ; |d/al: ;A ( =0-0.2); PD: ( =0.21-0.8); D: ( =0.81-1.20); OD:
( >1.20) * F* kxk 0.05 0.01 0.005

a: Additive effect; d: Dominant effect; |d/a]: Dominant degree; A: additive (dominant degree=0-0.2); PD: Partial dominant (dominant de-
gree=0.21-0.8); D: Dominant (dominant degree=0.81-1.20); OD: Over dominant (dominant degree 1.20). *, **, and ***: Significant levels
at 0.05, 0.01, and 0.005, respectively.
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