
ORIGINAL PAPER

Quantitative trait loci mapping of leaf angle and leaf orientation
value in maize (Zea mays L.)

L. X. Ku • W. M. Zhao • J. Zhang •

L. C. Wu • C. L. Wang • P. A. Wang •

W. Q. Zhang • Y. H. Chen

Received: 21 July 2009 / Accepted: 12 May 2010 / Published online: 5 June 2010

� Springer-Verlag 2010

Abstract A major limiting factor for high productivity of

maize (Zea mays L.) in dense planting is light penetration

through the canopy. Plant architecture with a narrower leaf

angle (LA) and an optimum leaf orientation value (LOV) is

desirable to increase light capture for photosynthesis and

production per unit area. However, the genetic control of

the plant architecture traits remains poorly understood in

maize. In this study, QTL for LA, LOV, and related traits

were mapped using a set of 229 F2:3 families derived from

the cross between compact and expanded inbred lines,

evaluated in three environments. Twenty-five QTL were

detected in total. Three of the QTL explained 37.4% and

five of the QTL explained 53.9% of the phenotypic vari-

ance for LA and LOV, respectively. Two key genome

regions controlling leaf angle and leaf orientation were

identified. qLA1 and qLOV1 at nearest marker umc2226

on chromosome 1.02 accounted for 20.4 and 23.2% of the

phenotypic variance, respectively; qLA5 and qLOV5 at

nearest bnlg1287 on chromosome 5 accounted for 9.7 and

9.8% of the phenotypic variance, respectively. These QTL

could provide useful information for marker-assisted

selection in improving performance of plant architecture

with regard to leaf angle and orientation.

Introduction

Maize is one of the most important cereal crops worldwide,

and increasing grain yield per acre has been one among the

most important goals of maize production. Several decades

of breeding effort striving for consistent performance under

high-density plantings have enhanced the genetic gain of

yield. The remarkable importance of plant architecture in

maize is well underlined by the retrospective analysis of

the hybrids (Russell 1984, 1985, 1991; Duvick 1977, 1992,

2005; Tollenaar and Wu 1999; Troyer 2001; Duvick and

Cassman 1999; Sakamoto et al. 2006). Among the agro-

nomic traits that have changed markedly as a result of

selection, plant architecture, e.g. leaf angle, has played a

predominant role in adaptation to the historical increase

(ca. fourfold) that has occurred in plant density from 1950

to the present (Duvick 2005). With arable land gradually

decreasing, it is likely that planting density will continue to

be a target for selection in the years ahead (Kebrom and

Brutnell 2007). Therefore, breeding of maize with opti-

mized plant architecture is regarded as one of the most

important goals to improve maize yield.

Two parameters, leaf angle and leaf orientation value, can

be used to evaluate the efficiency of plant architecture.

While leaf angle (LA) is the main plant architecture trait

influencing the penetration of light into the canopy in maize,

varieties with similar LA, but different rigid length from the

leaf collar to the flagging point (where leaf blade and soil

surface become parallel) have different capacities to capture

light. Leaf orientation value (LOV) was proposed by Pepper

et al. (1977) to further explain the above phenotypic dif-

ference (see detailed illustration in Fig. 1 and formula 1).

LOV was affected by LA and the ratio between the length

from leaf collar to flagging point and the entire length of the

leaf. In densely planted stands, maize plants with a relatively
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wide leaf angle and lower leaf orientation value will increase

leaf shade and decrease photosynthetic efficiency, whereas

plants with relatively narrow leaf angle and high leaf ori-

entation value will display a plant architecture that is more

efficient in capturing light for photosynthesis, improving

grain filling, and increasing grain yield. Thus, maize hybrids

with an optimum light-allowing leaf angle are more pro-

ductive. The liguleless2 hybrid has upright leaf angles, thus

allowing more light penetration into the canopy, and a

positive correlation has been suggested between the narrow

leaf angle and higher crop yield (Pendleton et al. 1968;

Lambert and Johnson 1978). When liguleless2 and normal

hybrids were compared, an astounding 41.2% of grain yield

increase was seen in erect leaf genotypes (Pendleton et al.

1968). The effects of leaf orientation and plant density on

maize yield were evaluated using hybrids B14 9 Oh43 and

Oh43 9 R177 with normal, liguleless1, and liguleless2

genotypes at three planting densities (Lambert and Johnson

1978). The results showed the liguleless2 hybrids had

significantly higher yields relative to the normal leaf hybrids

at the two highest planting densities (75,000 and

90,000 plants/ha). A record high yield of 27,750 kg/ha was

achieved with Pioneer� brand hybrid 34N44, which has a

narrow leaf angle, at planting densities of 108,360 plants/ha

in 2002 (Sun 2003).

A large body of QTL data for plant architecture, e.g. plant

height, ear height, leaf length and width, tassel branch

number and angle, and yield components, are currently

available in maize (Berke and Rocheford 1995; Frova et al.

1999; Austin et al. 2001; Mickelson et al. 2002; Yan et al.

2003; Lima et al. 2006; Ribaut et al. 1996; Tang et al. 2007;

Wang et al. 2008a, b). In rice, QTL for leaf and tiller angle

have been researched extensively, and recent advances in

the cloning and characterization of LA1, TAC1, PROG1 and

OsLIC have shed light on the molecular mechanisms that

control tiller angle in rice (Li et al. 1999; Li et al. 1998; Qian

et al. 2001; Yu et al. 2005; Shen et al. 2005; Xu et al. 1998;

Yu et al. 2007a, b; Wang et al. 2008a, b; Chen et al. 2008; Li

et al. 2007; Tan et al. 2008; Jin et al. 2008). However, only

three QTL mapping studies for leaf angle and leaf orienta-

tion in maize have been published (Mickelson et al. 2002;

Yu et al. 2006; Lu et al. 2007). Mickelson et al. (2002)

identified nine QTL for leaf angle, and speculated that the

QTL on chromosome 7 has an additive effect in the IBMRIL

population. Lu et al. (2007) detected six QTL for leaf angle

and eight QTL for leaf orientation in a F2:3 population. The

QTL on chromosome 3 and two QTL on chromosome 8 had

an additive effect for leaf orientation, whereas all six QTL

for leaf angle showed partial dominance or over dominance.

Nine QTL for leaf angle were detected in two different F2:3

populations and two QTL on chromosomes 1 and 2,

respectively, indicated additive effects in one of the popu-

lations (Yu et al. 2006). Inconsistent results in terms of QTL

locations have been found in the above studies, indicating

that further investigations of the QTL underlying the phe-

notypic variance of these traits are needed.

Studies have supported that leaf angle, leaf orientation,

and other morphological traits contribute to adaptation to

dense planting and affect yield, so it is important to study the

molecular mechanisms of these traits. However, the

molecular basis of leaf angle and leaf orientation value

remains unknown to date. The objectives of this experiment

were to (1) identify further genomic regions of QTL for leaf

angle and leaf orientation, (2) estimate the magnitude and

type of their genetic effects, and (3) provide information for

fine mapping and marker-assisted selection.

Materials and methods

Population development

Yu82 was crossed with Shen137 during the spring of 2005

at the Scientific Research and Education Center of Henan

Agricultural University near Zhenzhou, Henan, China.

Fig. 1 Schematic explaination of h, Lf, and LL. h leaf angle, Lf the

length from the beginning of the ligula to flagging point of the leaf,

LL the length from the beginning of the ligula to tip of the leaf

(LL = Lf ? B); LOV is calculated from formula as shown in

‘‘Materials and methods’’
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During the winter of 2005, F1 plants were self pollinated at

Sanya, Hainan, China. In the spring of 2006, F2 plants from

a single F1 ear were self pollinated to develop 229 F2:3

families. The 229 F2 individuals served as the mapping

population and 229 F2:3 families were used to identify

quantitative trait loci (QTL) for leaf angle, leaf orientation

value, leaf length, leaf width, plant height, and ear height.

The parents of this population were chosen based on

distinct plant architecture and maize germplasm groups.

Yu82 is an inbred line with compact plant architecture

derived from a Chinese Stiff Stalk germplasm, a heterotic

group used broadly in China, while Shen137 is an inbred

line with expanded plant architecture derived from a

Chinese non-Stiff Stalk germplasm, also a heterotic group

used broadly in China.

Field trials and trait evaluation

The 229 F2:3 families, two parents and F1 were evaluated in

three environments: Sanya, Hainan province, in the winter

of 2006 and Zhengzhou, Henan province, during 2007 and

again in 2008. Each field experiment followed a random-

ized complete block design with three replications. Each

plot included one row that was 4 m long and 0.67 m wide,

with a total of 15 plants at a density of 52,500 plants/ha.

Ten days after pollen shed, five consecutive plants from

the middle of each plot were chosen for evaluation of the six

morphological traits: leaf angle (LA), leaf orientation value

(LOV), leaf length (LL), leaf width (LW), plant height (PH),

and ear height (EH). LA was determined for three consecu-

tive leaves (the first leaf above uppermost ear, the leaf of the

ear and the first leaf below the ear) as the angle of each leaf

from a plane defined by the stalk below the node subtending

the leaf. LL was determined for the three leaves as the length

from the beginning of the ligula to tip of the leaf. LW was

determined as the typical width across the widest portion of

the leaf. LOV was calculated as follows:

LOV ¼ 1=n
X

90� hð Þ � Lf=LLð Þ ð1Þ

where h is the measured leaf angle, Lf is the length from

beginning of ligula to flagging point of the measured

leaves, LL is the leaf length, and n is the number of leaves

measured (Pepper in 1977). A schematic explanation is

shown in Fig. 1. PH was measured from the ground to the

top of the tassel and EH was measured from the ground to

the node of the ear. Trait values for each family were

reported as the average from five plants in each replication.

The overall performance was the average over the three

experimental environments.

Broad-sense heritability (h2) for each trait was computed

according to Knapp et al. (1985). The heritability was

calculated as follows:

h2 ¼ r2
g= r2

g þ r2
ge=n þ r2

e=nr
� �

where rg
2 is the genetic variance, rge

2 is genotype-by-envi-

ronment interaction, re
2 is the error variance, r is the rep-

lication number, and n is the number of environments. The

estimates of rg
2, rge

2 , and re
2 were obtained by analysis of

variance (ANOVA) using the general linear model proce-

dure of the statistical software SPSS 12.0. Simple Pearson

correlation coefficients (r) were calculated between the

traits, using the adjusted means of the F2:3 families.

Molecular linkage construction and QTL analysis

A total of 896 pairs of simple sequence repeat (SSR)

markers were chosen from the maize genome database

(maizeGDB; http://www.maizegdb.org) to detect poly-

morphisms between the two parents. Ultimately, 222

markers that clearly had distinct co-dominant segregation

were used to genotype the 229 F2 individuals. Linkage

analysis was done with the software package Mapmaker/

Exp version 3.0 at the LOD threshold of 3.0 (Lander et al.

1987). Chi-square values were generated for each marker

to test for expected segregation ratios.

QTL mapping was done using the composite-interval

mapping method of Windows QTL cartographer version

2.5 software (Wang et al. 2007). For CIM, Model 6 of the

Zmapqtl module was used for detecting QTL and their

effects. The genome was scanned at every 2 cM, with a

window size of 10 cM to exclude control markers (covar-

iates) around the tested interval (Tang et al. 2007; Trachsel

et al. 2009). Five control markers were identified by for-

ward and backward regression. Empirical threshold levels

for declaring QTL significant at the 5% genome wide type I

error level were obtained by performing 1,000 random

permutations. Additive and dominance effects of the

detected QTL were also estimated by the Zmapqtl

procedure.

Gene action was determined by the ratio of the absolute

value of the estimated dominance effect divided by the

absolute value of the estimated additive effect following

Stuber et al. (1987) (additive 0–0.20, partial dominance

0.21–0.80, dominance 0.81–1.20, over dominance [1.20).

Results

Performance of leaf angle, leaf orientation value,

and other morphological traits

Some differences were seen among traits between the two

parents (Table 1). The leaf angle for parent Yu82 (P1)

was 20.1� less than the angle for parent Shen137 (P2).
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Similarly, the leaf orientation value for P1 was 34.4 higher

than the value for P2. However, LL, LW, PH, and EH of the

Yu82 parent were 5.7, 1.2, 18.1, and 25.5 cm shorter than

the same traits in the P2, respectively. The values for LA

and LOV for the F1 plant were between the values measure

for P1 and P2. Values of the other four traits were higher in

the F1 than in the highest value parent (P2). The values of

the measured traits among F2:3 families showed a pattern of

continuous distribution around the mean (Table 1). Broad-

sense heritability for LA, LOV, LL, LW, PH, and EH

reached 81.2, 89.0, 81.3, 79.0, 89.0 and 73.0%, respec-

tively (Table 1).

The six measured traits were phenotypically correlated

(Table 2). LA showed the most significant negative

correlation to LOV (r = -0.72) and LOV had the most

significant negative correlation to EH (r = -0.33). LL had

the most significant positive correlation to PH (r = 0.52)

and also a significant positive correlation to EH (r = 0.23).

PH showed the most significant positive correlation to EH

(r = 0.55).

SSR data analysis and genetic linkage map construction

The percent of missing data in the genotyping of the

mapping population across 222 SSR loci was low (2.96%).

Statistical tests showed that most of the 222 SSR markers

followed the expected 1:2:1 ratio. The linkage map con-

sisted of all ten maize chromosomes allocated to ten

linkage groups, spanning a total length of 1864.7 cM with

an average marker interval of 8.40 cM (Fig. 1). 220 of the

222 SSR loci in this linkage map were consistent with the

chromosome bin locations in the maizeGDB maps. Two

loci, ZCT421 and umc1987, on chromosome 1 and 7,

respectively, in maizeGDB map were located on chromo-

some 4 and 2, respectively.

QTL analysis

QTL for LA, LOV, and other morphological traits were

mapped to all maize chromosomes except for chromosome

6 and chromosome 8 (Table 3; Figs. 1, 2). Among 25 QTL

detected for the traits, three were associated with LA, five

were associated with LOV, and 17 were associated with

other morphological traits.

The three QTL associated with LA were located on

chromosomes 1, 2, and 5, and together contributed 37.4%

of the phenotypic variance (individual variance ranged

from 7.3 to 20.4%). The QTL, qLA1, located on chromo-

some 1, showed additive effect, accounting for 20.4% of

the phenotypic variance. The other two QTL were detected

on chromosome 2 and chromosome 5 and showed partial

Table 1 Leaf angle, leaf orientation value, and other agricultural traits in the F2:3 population and its parents

Population LA (degree) LOV LL (cm) LW (cm) PH (cm) EH (cm)

yu82 (P1) (mean) 16.83 ± 0.23 73.10 ± 0.40 78.87 ± 0.42 7.60 ± 0.10 176.87 ± 0.71 51.63 ± 0.69

shen137 (P2) (mean) 36.93 ± 0.21 38.80 ± 0.36 84.53 ± 0.31 8.80 ± 0.13 195.03 ± 0.75 77.13 ± 0.72

F1 (mean) 26.67 ± 0.18 53.70 ± 0.39 96.23 ± 0.36 10.30 ± 0.12 227.97 ± 0.67 85.30 ± 0.62

F2:3 population

Mean 27.50 ± 2.26 55.85 ± 4.13 85.90 ± 2.94 8.89 ± 0.40 201.04 ± 8.65 69.12 ± 6.01

Range 19.45–35.04 44.82–69.12 77.42–94.13 7.51–9.94 174.14–221.07 53.07–88.07

Skewness 0.06 0.105 -0.23 -0.12 -0.25 -0.07

Kurtosis 0.21 -0.04 0.24 0.16 -0.16 0.14

rg
2 613.73 142.8 70.48 1.27 52.73 279.54

rge
2 402.64 48.82 44.39 0.88 17.28 192.98

re
2 74.88 11.98 13.25 0.42 6.645 39.32

HB
2 81.15 89.03 81.25 78.92 89.03 72.95

Confidence interval 78.66–86.88 84.36–93.25 73.68–88.42 69.82–85.63 84.36–93.25 63.56–80.76

LA leaf angle, LOV leaf orientation value, LL leaf length, LW leaf width, PH plant height, EH ear height, rg
2 genotypic variance of measured

traits, rgy
2 genotype and environment interaction variance of measured traits, re

2 residual error variance of measured traits, HB
2 the broad-sense

heritability of measured traits, confidence interval the confidence intervals of broad-sense heritability between 5 and 95% significance levels

Table 2 Correlation coefficients between leaf angle, leaf orientation

and other morphological traits in the F2:3 population

Trait LA LOV LL LW PH

LOV -0.72**

LL -0.15 0.05

LW 0.15 0.08 0.14

PH -0.01 -0.13 0.52** 0.11

EH 0.12 -0.33** 0.23* 0.14 0.55**

LA leaf angle, LOV leaf orientation value, LL leaf length, LW leaf

width, PH plant height, EH ear height

* Significant at P \ 0.05; ** Significant at P \ 0.01
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dominance and accounted for 9.7 and 7.3% of the variance,

respectively. All the alleles decreasing LA were contrib-

uted by Yu82 (P1).

The five QTL affecting LOV were located on chromo-

somes 1, 4, 5, and 9, and accounted for 53.9% of pheno-

typic variance, with individual effects ranging from 5.6 to

23.2%. The QTL qLOV9a on chromosome 9 showed over-

dominance and accounted for 7.7% of phenotypic variance.

Three QTL detected on chromosomes 1 and 9, respec-

tively, showed an additive effect, while two QTL on

chromosome 4 and 5 showed partial dominance. All the

alleles associated with increased LOV were contributed by

Yu82 (P1).

The three QTL for LL were detected on chromosomes

7 and 10, and accounted for 32.2% of the phenotypic

variance, with individual effects ranging from 8.0 to

14.3%. The QTL qLL7a located on chromosome 7

showed an additive effect. The other two QTL BC3F3

population with the markers developed from the target

region (Chen Y., personal communication) detected on

chromosome 7 and 10 showed partial dominance. All the

alleles for shortened LL were contributed by Shen137

(P2), except for qLL7a.

The four QTL were associated with LW on chromo-

somes 1, 3, 7, and 9. These four QTL accounted for 51.3%

of the phenotypic variance, with individual effects ranging

Table 3 QTL for LA, LOV, LL, LW, PH and EH based on combined data across environments for 229 F2:3 families

Trait Chr. QTL Closest

marker

Position (cM) Support

interval (cM)

LOD Gene effect R2 Gene

actionc
LOD0.05

d

Additivea Dominantb

LA 1 qLA1 umc2226 51.5 48.7–53.5 10.8 2 -0.4 20.4 A 3.2

2 qLA2 Phi328189 125.7 123.7–127.7 3.8 1.2 -0.5 7.3 PD

5 qLA5 bnlg1287 58.9 56.9–68.0 4.7 1.4 -0.9 9.7 PD

LOV 1 qLOV1 umc2226 51.1 48.7–53.5 11 -2.5 -0.7 23.2 A 3.2

4 qLOV4 umc1999 212.6 210.6–216.8 3.3 -1.7 0.4 5.6 PD

5 qLOV5 bnlg1287 58.9 56.9–68.0 4.9 -2.2 0.3 9.8 PD

9 qLOV9a umc2130 75.2 71.2–80.7 4 -0.9 -0.8 7.7 OD

9 qLOV9b dupssr29 168.7 164.1–172.4 3.6 -1.7 0.2 7.6 A

LL 7 qLL7a umc1015 68.2 62.2–72.3 5.5 2.2 -0.4 14.3 A 3.1

7 qLL7b umc2190 123.6 119.4–125.6 3.7 -1.9 0.4 8 PD

10 qLL10 Phi059 36.1 30.1–38.3 4.1 -1.1 0.8 9.9 PD

LW 1 qLW1 umc1085 291.4 287.4–300.3 3.9 -0.2 0.2 8.7 PD 3.3

3 qLW3 umc2258 90.4 85.1–94.4 9.2 0.3 0.1 20.4 PD

7 qLW7 bnlg339 73.2 70.2–81.2 5.8 0.3 -0.2 9.6 PD

9 qLw9 umc1657 135.1 129.1–139.2 7.2 0.3 0 12.6 A

PH 2 qPH2 umc1622 10.9 5.0–14.9 3.7 -4.2 5.7 7.8 OD 3.0

3 qPH3 unc2127 124.6 120.0–126.6 3.2 -5.2 2.7 6.5 PD

7 qPH7 umc2325 36.3 32.3–40.3 5.7 7.3 -3.5 16 PD

EH 1 qEH1a umc2226 51.1 48.7–53.5 3.7 3.3 -1.7 6.5 PD 3.0

1 qEH1b umc2029 269.1 265.1–271.9 4.1 -3.3 0.9 6.8 PD

4 qEH4a mmc0371 95.9 91.9–97.9 3.1 2.5 0.2 6.7 A

4 qEH4b umc2046 212.6 210.6–216.8 7 2.2 2.2 12.1 D

7 qEH7a umc2325 36.3 32.3–40.3 3.1 3.7 -2.2 6.4 PD

7 qEH7b umc1015 68.2 62.2–72.3 5.6 4.6 -2.9 11.9 PD

10 qEH10 bnlg1655 46.6 44.3–50.6 4 2.7 -1.5 5.1 PD

LA leaf angle, LOV leaf orientation value, LL leaf length, LW leaf width, PH plant height, EH ear height, LOD0.05 logarithm of odds at P \ 0.05

significance level, R2 contribution rate
a Additive effect: positive values indicated that Shen137 carries the allele for an increase in the traits, while negative values indicated that Yu82

contributed the allele for an increase in the trait value
b Dominance effects were doubled because F2:3 families were used rather than F2 individuals
c Gene action was estimated by (d)/(a): A (additive effect) 0–0.2, PD (partial dominance) 0.21–0.80, D (dominance) 0.81–1.20 and OD (over

dominance) [1.20
d LOD0.05 logarithm of odds threshold at P \ 0.05 genomewide risk level
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from 8.7 to 20.4%. The QTL on chromosome 9 had an

additive effect, while the other three QTL on chromosomes

1, 3, and 7 showed partial dominance. All the alleles for

narrower LW were contributed by Yu82 (P1), except for

one QTL on chromosome 1.

The three QTL related to PH were identified on chro-

mosomes 2, 3, and 7, and accounted for 30.3% of the

phenotypic variance, with individual effects ranging from

6.5 to 16.0%. The QTL on chromosome 3 and 7 showed

partial dominance, while one QTL on chromosome 2

showed over-dominance. All alleles associated with

increased PH were contributed by P1, except one QTL on

chromosome 7 contributed by P2.

The seven QTL for EH mapped on chromosomes 1, 4, 7,

and 10 accounted for 55.5% of the phenotypic variance,

with individual effects ranging from 5.1 to 12.1%. Of these

seven QTL, five showed partial dominance, one, qEH4a on

chromosome 4, showed an additive effect. The QTL

qEH4b accounted for 11.9% of variance and showed

dominance. Alleles related to increased EH were contrib-

uted by P2 for six out of these seven QTL.

Discussion

Maize plant architecture is an important agronomic trait

and has long attracted attention of breeders for achieving

ideal plant architecture to improve grain yield, focusing

especially on leaf architecture and angle, internode elon-

gation, and tassel morphology. One of our interests was to

investigate genetic controls underlying leaf angle and leaf

orientation value for maize architecture improvement. A

few QTL for leaf angle and leaf orientation value have

been detected in previous studies (Mickelson et al. 2002;

Yu et al. 2006; Lu et al. 2007), but chromosome regions on

which the QTL have been located vary across studies. In

this study, we have identified major QTL affecting leaf

angle and leaf orientation value in 229 F2:3 families derived

from compact and expanded inbred line cross and evalu-

ated in three environments. Among these QTL, three for

leaf angle were detected on chromosomes 1, 2, and 5 and

individual effects ranged from 7.3 to 20.4%, while five

QTL for leaf orientation value were detected on chromo-

somes 1, 4, 5, and 9 and individual effects ranged from 5.6

Fig. 2 The QTL detected for leaf angle, leaf orientation value, leaf value, leaf length, leaf width, plant height and ear height
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to 23.2%. As far as genetic effects and actions were con-

cerned, their additive effects were more important than

dominant effects (additivity and partial dominance in

general, Table 3).

Two key genome regions controlling leaf angle and leaf

orientation were identified from our study. The QTL on

chromosome 1 displayed the largest additive effect, and

another QTL on chromosome 5 showed the largest partial

dominance for leaf angle and leaf orientation value. All

QTL were contributed by Yu82 for decreasing leaf angle

and increasing leaf orientation value.

The important QTL associated with LA

on chromosome 1

An important QTL, qLA1, for LA was identified in the 1.02

region of chromosome 1 (close to umc2226). A decrease by

2.0� was observed for the compact alleles at the qLA1 loci.

Yu et al. (2006) also found QTL for LA in the bin 1.02

region of chromosome 1 (close to bnlg1429), which had

additive effect and explained 14% of the phenotypic vari-

ance in F2:3 families derived from H21 9 Mo17 cross. Our

and Yu’s results suggest that qLA1 for LA in the bin 1.02

region of chromosome 1 is a major effect QTL in different

genetic backgrounds and environments. Furthermore, QTL

associated with LOV and EH were also detected in this

region, ‘‘compact alleles’’ increasing LOV by 2.5 and

decreasing EH by 3.3 cm. These results together suggest

there might be crucial genes for these traits in this region.

According to Sakamoto et al. (2006), this region is syn-

thenic to a rice region which contains an ortholog of the

rice osdwarf4-1. The osdwarf4-1shows slight dwarfism and

erect leaves without undesirable phenotypes. OsDWARF4

is a homolog of A. thaliana DWARF4, which encodes a

cytochrome P450 and catalyzes C-22 hydroxylation, the

rate-limiting step of brassinosteroid biosynthesis (Sakamoto

et al. 2006). Thus, osdwarf4-1 gene appears as a good

candidate for qLA1. To identify if qLA1 is in fact orthol-

ogous to osdwarf4-1, a gene-specific marker should be

developed and used to confirm co-segregation between the

QTL and orthologous gene of osdwarf4-1 in a large map-

ping population. This work is currently underway in our lab

(see below).

Another important QTL associated with LA

on chromosome 5

The other important QTL, qLA5, for LA was identified on

chromosome 5 between bnlg1287 and mmc0282. A

decrease by 1.4� was observed for the compact allele at the

qLA5 loci. Mickelson et al. (2002) also detected one QTL

for LA on chromosome 5 (nearest marker bnl5.02)

with LOD scores of 9.90 and 10.98 evaluated in two

environments using the IBMRIL population. Lu et al.

(2007) also found QTL for LA on chromosome 5 (interval

between umc1822 and phi048), explaining 8.65% of the

phenotypic variance in F2:3 families derived from

Ye478 9 D340 cross. In addition, a QTL associated with

LOV was also detected in this region, with compact alleles

increasing LOV by 2.2. The consistent identification of a

QTL on chromosome 5 by different researchers suggested

that this region includes a crucial gene(s).

Yabby15 gene involved in leaf development was located

in the vicinity of qLA5 according to information of the

maizeGDB database. Yabby15 was one of the maize yabby

gene family expressed on the adaxial side of incipient and

developing leaf primordia. A genetic pathway involving

yabby genes integrated positional information within the

shoot apical meristem and led to adaxial/abaxial patterning

and mediolateral outgrowth of the leaf (Juarez et al. 2004).

This suggests Yabby15 was required for the specification

of the adaxial/upper leaf surface (regulating leaf angle).

Further fine mapping and identification of a gene specific

marker are essential to confirm whether the QTL is

Yabby15. Positional cloning can be done using near-iso-

genic lines (NILs) constructed using main effect QTL

identified for LA to further explore mechanisms of leaf

angle regulation and validate the identity of the gene

controlling the trait.

QTL application of maize plant architecture

improvement

Crop plants with desirable architecture are excellent targets

for genetic selection to enhance grain yields. One of the

greatest successes of the Green Revolution, which led to

major increases in production per unit area, was based on

the modification of plant architecture (Khush 2001). Li

(2001) has also developed the idea that improving plant

architecture is a powerful way to increase planting density

and further enhance production per unit area. In China, a

commercial hybrid DH3719 associated with narrow leaf

angle, at planting densities of 102,075 plants/ha, set a

record high yield of 21,043 kg/ha under the conditions of

short summer season (Yang et al. 2007). Erect leaves

enhance light capture for photosynthesis, serve as nitrogen

reservoirs for grain filling and enable more dense plantings

with a higher leaf area index, and then increase yield

(Sinclair et al. 1999). Therefore, a complementary strategy

for plant productivity improvement is to develop varieties

displaying more erect leaves. In this study, we detected

QTL for LA, LOV, and EH located in clusters within a

4.8 cM interval in the chromosome 1.02 region. These

QTL explain 20.4% of the phenotypic variance in LA,

favorable alleles being contributed by Yu82. Therefore, the

QTL for LA and LOV in this study could facilitate MAS
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for maize architecture improvement to create hybrids with

ideal plant architecture that are more appropriate for high-

density planting. We selected for all favorable (compact

plant architecture) alleles identified and developed a plant

with 19.82� leaf angle and 70.06 leaf orientation value in a

BC2F2 population of Yu82 9 Shen137 (Yu82 as donor)

genetic background. The plant was selected in a BC2F2

population of 1,328 plants, where the recovery rate of

Shen137 genetic background reached 98.4% using fore-

ground selection based on markers umc1166 and umc2226

and background selection with 100 markers, in the field

trial during the spring of 2008. The inbred line with

compact plant architecture and Shen137 genetic back-

ground was developed from this plant. Hybrids with opti-

mized plant architecture derived from this inbred line are

being tested with regard to yield in different environments.

In addition, recombinant plants from BC2F2 population

were backcrossed with Shen137 and then selfed to develop

BC3F3 population. The QTL is presently delimited to an

interval of 0.7 Mb according to the fine mapping of BC3F3

population with the markers developed from the target

region (Chen Y., personal communication) Therefore, the

results of this study may provide valuable information for

the further identification and characterization of genes

responsible for leaf angle and leaf orientation.

Acknowledgments The authors are very grateful to Professor

Robert Turgeon and Mrs. Georgene Strauch of Cornell University,

USA, and Professor Li Jiansheng of China Agricultural University,

for critically reviewing and revising the manuscript. This work was

supported by grants from the National High Technology Research and

Development Program of China (No. 2006AA001003) and National

Basic Research Program of China (No. 2009CB118400).

References

Austin DF, Lee M (1998) Detection of quantitative trait loci for grain

yield and yield components in maize across generations in stress

and nonstress environments. Crop Sci 38:1296–1308

Austin DF, Lee M, Veldboom LR (2001) Genetic mapping in maize

with hybrid progeny across testers and generations: plant height

and flowering. Theor Appl Genet 102:163–176

Beavis WD, Smith OS, Grant D, Fincher R (1994) Identi-fication of

quantitative trait loci usinga small sample of topcrossed and F4

progeny from maize. Crop Sci 34:882–896

Berke T, Rocheford T (1995) Quantitative trait loci for flowering,

plant and ear height, and kernel traits in maize. Crop Sci

35:1542–1549

Chen P, Jiang L, Yu CY et al (2008) The identification and mapping

of a tiller angle QTL on rice chromosome 9. Crop Sci 48:1799–

1806

Duvick DN (1977) Genetic rates of gain in hybrid maize yields during

the past 40 years. Maydica 22:187–196

Duvick DN (1992) Genetic contributions to advances in yield of

United States maize. Maydica 37:69–79

Duvick DN (1997) What is yield? In: Edmeades GO (ed) Developing

drought and low N-tolerant maize. CIMMYT, El Batan, Mexico,

pp 332–335

Duvick DN (2005) The contribution of breeding to yield advances in

maize (Zea mays L.). Advances in agronomy, vol 86. Elsevier

Academic Press Inc., San Diego, pp 83–145

Duvick DN, Cassman KG (1999) Post-green revolution trends yield

potential of temperate maize in the north-central United States.

Crop Sci 39:1622–1630

Fellner M, Horton LA, Cocke AE, Stephens NR, Ford ED, Van

Volkenburgh E (2003) Light interacts with auxin during leaf

elongation and leaf angle development in young corn seedlings.

Planta 216:366–376

Frova C, Krajewski P, di Fonzo N (1999) Genetic analysis of drought

tolerance in maize by molecular markers. I. Yield components.

Theor Appl Genet 99:280–288

Jiang C, Zeng ZB (1995) Multiple trait analysis of genetic mapping

for quantitative trait loci. Genetics 140:1111–1127

Jin J, Huang W, Gao JP, Yang J, Shi M, Zhu MZ, Luo D, Lin HX

(2008) Genetic control of rice plant architecture under domes-

tication. Nature Genet 40:1365–1369

Juarez MT, Twigg RW, Timmermans MCP (2004) Specification of

adaxial cell fate during maize leaf development. Development

131:4533–4544

Kebrom TH, Brutnell TP (2007) The molecular analysis of the shade

avoidance syndrome in the grasses has begun. J Exp Bot

58:3079–3089

Khush GS (2001) Green revolution: the way forward. Nat Rev Genet

2:815–822

Knapp SJ, Stroup WW, Ross WM (1985) Exact confidence intervals

for heritability on a progeny mean basis. Crop Sci 25:192–194

Lambert RJ, Johnson RR (1978) Leaf angle, tassel morphology, and

the performance of maize hybrids. Crop Sci 18:499–502

Lander ES, Green P, Abrahamson J, Barlow A, Daly MJ, Lincoln SE,

Newburg L (1987) MAPMAKER: an interactive computer

package for constructing primary genetic linkage maps of

experimental and natural populations. Genomics 1:174–181

Li DH (2001) History and review of the prospect of compact maize

breeding. J Laiyang Agric Coll 18(1):1–6

Li Z, Paterson AH, Pinson SRM, Khush GS (1998) A major gene, Tal

and QTLs affecting tiller and leaf angles in rice. Crop Sci 38:12–19

Li ZK, Paterson AH, Pinson SRM, Stansei JW (1999) RFLP

facilitated analysis of tiller and leaf angles in rice (Oryza sativa
L.). Euphytica 109:79–84

Li PJ, Wang YH, Qian Q, Fu Z, Wang M, Zeng D, Li B, Wang X, Li J

(2007) LAZY1 controls rice shoot gravitropism through regu-

lating polar anxin transport. Cell Res 17:402–410

Lima MLA, Souza CL Jr, Bento DAV, Souza AP, Carlini-Garcia LA

(2006) Mapping QTL for grain yield and plan t traits in a tropical

maize population. Mol Breeding 17(3):227–239

Lu M, Zhou F, Xie CX, Li MS, Xu YB, Marilyn W, Zhang SH (2007)

Construction of a SSR linkage map and mapping of quantitative

trait loci(QTL)for leaf angle and leaf orientation with an elite

maize hybrid. Heredita 29:113–1131

Mickelson SM, Stuber CS, Senior L, Kaeppler SM (2002) Quanti-

tative trait loci controlling leaf and tassel traits in a B73M o17

population of maize. Crop Sci 42:1902–1909

Milena L, Souza C, Bento D, Souza A, Carlini-Gracia L (2006)

Mapping QTL for grain yield and plant traits in a tropical maize

population. Mol Breeding 17:227–239

Pendleton JW, Smith GE, Winter SR, Johnston TJ (1968) Field

investigations of the relationships of leaf angle in corn (Zea mays
L.) to grain yield and apparent photosynthesis. Agron J 60:422–

424

Pepper GE, Pearce RB, Mock JJ (1977) Leaf orientation and yield of

maize. Crop Sci 17:883–886

Qian Q, He P, Teng S, Zeng DL, Zhu LH (2001) QTLs analysis of

tiller angle in rice (Oryza sativa L.). Acta Genetica Sinica

28(1):29–32

958 Theor Appl Genet (2010) 121:951–959

123



Ribaut JM, Jiang C, Gonzalez-de-Leon D, Edmeades GO, Hoisington

DA (1996) Identification of quantitative trait loci under drought

conditions in tropical maize. 1. Flowering parameters and the

anthesis-silking interval. Theor Appl Genet 92:905–914

Russell WA (1984) Agronomic performance of maize cultivars

representing different eras of breeding. Maydica 29:375–390

Russell WA (1985) Evaluations for plant, ear, and grain traits of maize

cultivars representing 7 eras of breeding. Maydica 30:85–96

Russell WA (1991) Genetic-improvement of maize yields. Adv

Agron 46:245–298

Sakamoto T, Morinaka Y, Ohnishi T, Sunohara H, Fujioka S,

Ueguchi-Tanaka M, Mizutani M, Sakata K, Takatsuto S,

Yoshida S, Tanaka H, Kitano H, Matsuoka M (2006) Erect

leaves caused by brassinosteroid deficiency increase biomass

production and grain yield in rice. Nat Biotechnol 24:105–109

Schön CC, Utz FH, Groh S, Truberg B, Openshaw S (2004)

Quantitative trait locus mapping based on resampling in a vast

maize testcross experiment and its relevance to quantitative

genetics for complex traits. Genetics 167:485–498

Shen S, Zhuang J, Bao J, Zheng K, Xia Y, Shu Q (2005) Analysis of

QTLs with additive, epistasis and G 9 E interaction effects of

the tillering angle trait in rice. J Agri Biotech 13:16–20

Stuber CW, Edwards MD, Wendel J (1987) F1 Molecular marker

facilitated investigations of quantitative trait loci in maize. II.

Factors influencing yield and its component traits. Crop Sci

27:639–648

Stuber CW, Polacco M, Senior ML (1999) Synergy of empirical

breeding, marker-assisted selection, and genomics to increase

crop yield potentia1. Crop Sci 39:1571–1583

Sun SX (2003) Introduction on America corn yield contest in 2002.

J Maize Sci 12:102

Tan LB, Li XR, Liu FX, Sun XY, Li CG, Zhu ZF, Fu YC, Cai HW,

Wang XK, Xie DX, Sun CQ (2008) Control of a key transition

from prostrate to erect growth in rice domestication. Nature

Genet 40(11):1360–1364

Tang JH, Teng WT, Yan JB, Ma XQ, Meng YJ, Dai JR, Li JS (2007)

Genetic dissection of plant height by molecular markers using a

population of recombinant inbred lines in maize. Euphytica

155:117–124

Tollenaar M, Wu J (1999) Yield improvement in temperate maize is

attributable to greater stress tolerance. Crop Sci 39:1597–1604

Trachsel S, Messmer R, Stamp P, Hund A (2009) Mapping of QTLs

for lateral and axile root growth of tropical maize. Theor Appl

Genet 119:1413–1424

Troyer F (2001) Temperate corn-background, behavior, and breeding.

In: Hallauer AR (ed) Specialty corns. CRC Press, Boca Raton,

pp 393–466

Veldboom LR, Lee M, Woodman WL (1994) Molecular marker

facilitated studies of morphological traits in maize. II. Determi-

nation of QTLs for grain yield and yield components. Theor

Appl Genet 89(4):451–458

Wang S, Basten CJ, Zeng ZB (2007). Windows QTL Cartographer

2.5. Department of Statistics, North Carolina State University,

Raleigh, NC. (http://statgen.ncsu.edu/qtlcart/WQTLCart.htm)

Wang CL, Cheng FF, Sun ZH, Tang JH, Wu LC, Ku LX, Chen YH

(2008a) Genetic analysis of photoperiod sensitivity in a tropical

by temperate maize recombinant inbrid population using

molecular markers. Theor Appl Genet 117:1129–1139

Wang L, Xu YY, Zhang C, Ma Q, Joo SH, Kim SK, Xu ZH, Chong K

(2008b) OsLIC, a novel CCCH-type zinc finger protein with

transcription activation, mediates rice architecture via brassi-

nosteroids signaling. PLoS ONE 3(10):e3521

Xu Y, McCouch SR, Shen Z (1998) Transgressive segregation of

tiller angle in rice caused by complementary gene action. Crop

Sci 38:12–19

Yang JS, Wang YJ, Li DH (2007) Study on cultiva tion of super-high

yield summer maize. J Qingdao Agric Univ (Natural Science)

24:97–100

Yu CY, Liu YQ, Jiang L (2005) QTLs mapping and genetic analysis

of tiller angle in rice (Oryza sativa L.). Acta Genetica Sin

32:948–954

Yu YT, Zhang JM, Shi YS, Song YC, Wang TY, Li Y (2006) QTL

analysis for plant height and leaf angle by using different

populations of maize. J Maize Sci 14(2):88–92

Yu BS, Lin ZG, Li HX et al (2007a) TAC1, a major quantitative trait

locus controlling tiller angle in rice. Plant J 52:891–898

Yu BS, Lin ZW, Li HX, Li XJ, Li JY, Wang YH, Zhang X, Zhu ZF,

Zhai WX, Wang XK, Xie DX, Sun CQ (2007b) QTLs mapping

and genetic analysis of tiller angle in rice (Oryza sativa L.). Acta

Genetica Sin 32(9):948–954

Theor Appl Genet (2010) 121:951–959 959

123

http://statgen.ncsu.edu/qtlcart/WQTLCart.htm

	Quantitative trait loci mapping of leaf angle and leaf orientation value in maize (Zea mays L.)
	Abstract
	Introduction
	Materials and methods
	Population development
	Field trials and trait evaluation
	Molecular linkage construction and QTL analysis

	Results
	Performance of leaf angle, leaf orientation value, and other morphological traits
	SSR data analysis and genetic linkage map construction
	QTL analysis

	Discussion
	The important QTL associated with LA on chromosome 1
	Another important QTL associated with LA on chromosome 5
	QTL application of maize plant architecture improvement

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


