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Fig. 4.  Chromosome 1 Genotypes in MSV Resistant-S5 and F2 Progenies. 
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Resistance to Maize Streak Virus in the MSR Pool 9 x CML312 Population, 
Hunting for non-Msv1 Resistance Loci

Introduction

Maize Streak, caused by Maize streak virus (MSV), is an
important disease that affects sub-Saharan Africa. The
use of resistant germplasm is an effective method of
controlling yield losses caused by MSV. Inbred lines and
populations with high levels of resistance to MSV have
been developed with most carrying the Msv1 locus on
chromosome one (bin 1.05). Nine S5 lines developed
from the MSR pool-9 population by the CIMMYT MSV
Resistance Breeding Program in Zimbabwe were highly
resistant to MSV, but lacked alleles associated with
Msv1 at the SSR markers bnlg439, bmc1016 and
bmc2295. This QTL mapping study was conducted to
study the resistance in the MSV resistant inbred line
MSR176 derived from the MSR pool-9 population.

Results and Discussion

Analysis of the F2 population indicated a major QTL with a LOD peak of
14 between umc2390 and umc2232 on chromosome 1 that was
centered on bnlg2295 (Fig. 3). This locus is coincident with Msv1 found
in previous studies. Additional minor QTL were found on chromosome 2
(bin 2.02-bin 2.03) between bnlg1297 and umc1185 (LOD 3.5) and
chromosome four (bin 4.08) between bnlg2162 and bnlg589 (LOD2.9).
These two loci have been found to contribute to MSV resistance in other
populations. There was significant marker segregation distortion at
markers bnlg439, bnlg1016, and umc1144 in bins 1.03 and 1.04
associated with an excess of heterozygotic plants. Similar distortion
has been reported in this genomic region in other studies using several
marker types and populations.

Seven of the S5 lines expressing high levels of MSV resistance were
homozygous for the susceptible parent allele at marker bnlg2295, the
marker with the highest LOD score for resistance in the F2 population.
These resistant S5 lines were homozygous for the resistant parent
marker allele at the next proximal marker (umc2232) which mapped 22
cM from bnlg2295. Recombination between the markers bnlg2295 and
umc2232 and the selection of MSV resistant lines in the inbred line
development process could develop lines carrying Msv1 and the S5
marker genotype. It is also possible that these lines do lack Msv1 and
the cumulative effect of minor (non-Msv1) resistance genes results in
the phenotypes seen in these resistant S5 lines. Such an additional
source of resistance may have significance in gene deployment
strategies designed to prevent loss of Msv1 resistance.

Phenotyping and genetic analysis

MSV infection was rated in F2:3 families from the MSR176
x CML312 or MSV-resistant S5 plants from the MSR pool-
9 at CIMMYT-Harare. Plots were artificially inoculated
with viruliferous leafhoppers, then rated for disease on
two dates using a 1 (no symptoms) to 5 (severe
streaking) scale. Data presented are for the mean (a)
and lattice adjusted mean (b) (Fig. 1 and 4). SSR
markers were used to genotype 248 F2 and 9 S5 plants at
58 loci on ten chromosomes. Composite interval
mapping (QTL Cartographer ver. 2.5) was used for QTL
analysis.

Maize streak virus-infected plant.

Bin 1.01 1.03 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.05 1.05 1.06 1.06 1.06 1.06 1.07 1.07 1.09
Marker umc1071 bnlg182 bnlg439 bnlg439* bmc1016* umc1144 umc2390 bmc2295* bnlg2295 umc2232 umc1395 bnlg1598 bnlg1615 umc1709 umc 1335 umc1883 umc1278 umc 1082

1 a a a - - b b - b b b b b b b b b b
2 a b b - - b a - b b b b b b b b b b
3 a a a - - a - - a b b b b b b b b b
4 a a a - - a a - a b b a a a a a a a
5 a a a - - a - - a b b a a a a a a a
6 a a a - - a a - a b b a a a a b b a
7 a a a - - a a - a b b b h h h b b a
8 a a a - - a a - a b b h b b b b b a
9 a a a - - a a - a b b b b b b a a a

Rating 1a Rating 2b

1.27 1.23 b h h h h h h b b b b b - h h h h -
1.72 1.3 h h h h h h h b b b b b b b b - b -
1.6 1.36 h b h h b b h h h h h h - - h b b -
1.32 1.42 h b b b b b b b b h h h h h h b h -
1.33 1.42 h h h h h b b b b b b h - h h h h -
1.47 1.42 h a a a a - h h h b b b b b b b b -
1.51 1.49 h h h h b h b b b b b b b b b b b -

1.66 1.51 h h b b h h h b b b b b b b b b b a
1.37 1.52 h h h h h h b b b h h h h h b h h -
1.5 1.53 h b b b b b b b b b b b b b b b b -
1.51 1.53 h b b b b b b b b b b b b - b h h -
1.52 1.55 h h h h b b b b b h h h h h h h h -
1.52 1.57 a b b b b b b b b b b b b b b h h -
1.85 1.62 b h h h h h h b b b b b b b b b h -
1.71 1.63 h h h h h h h h h h h h h h b b b -
1.73 1.66 b b b b b b b b b b b b - b b b h a
1.86 1.69 h h h h b b b b b b b b b b b h h -
1.81 1.69 h h h h h h h h h b b b b b b b b -
1.76 1.71 h h h h h - - h h h h b b  - b  b b  h
2.04 1.73 h b b b b b h h - - h b b b b - b h
1.75 1.75 h h b a h b b b b h h h h h h h h b
1.89 1.76 b h h h h h h h h h h b b b b b b -
1.77 1.79 h b b b h h h b b b b b b b b h h -
1.94 1.84 a h h h h - - h h h h h h h h h h a
2.1 1.84 h h a a h - - h h h h h h h h h h -

1.95 1.86 h h - h h h h b h b - b b - - - b h
1.95 1.87 a a a a a a h h h h h a a a a a a h
1.79 1.87 b b b b b b b b b - h h h h h h h a
1.81 1.87 b h h h h h h h h b b b b b b h h -
1.57 1.87 h b b b b b b b b b b b b b b b b -
1.95 1.88 h h a a h - - h h h h h h h - b b h
1.81 1.88 a h h a h h h h h b b h h h h h h -
2.11 1.89 h b b b b - b b b b b b b b b b b a
2.12 1.9 a h h h h - - h h h h h h h h h h h
1.79 1.91 b b b b b b b b b b b h h h h h h -
2.14 1.92 a h h h h h h h h h h h h h a h h -
1.97 1.93 h h h h h - - h h h h h h h h h h h

2 1.97 a a a a a a a b b b b - b b b h h -
1.81 1.98 h h h h h - - h h h h h h h h - a h
2.13 1.98 h h h a h - - h h a a a a a a a a a
2.01 1.99 h h h a h h - h h h h h h h h b - b
1.98 1.99 h h a a h - - h b h h h h h h h - h

umc1071 bnlg182 bnlg439 *JMbnlg439 *bmc1016 umc1144 umc2390 *JMbmc2295 bnlg2295 umc2232 umc1395 anlg091598 bnlg1615 umc1709 umc 1335 umc1883 umc1278 umc 1082 bnlg 1297 umc1185 umc 1004 bnlg 1946 umc1042 bnlg1505 mmc 0022 umc1639 umc2048 umc 1136 umc2008 umc 1008 umc1550 bnlg 2162 bnlg589 bnlg 105 bnlg 1879 umc 1208 umc1941 bnlg 1867 umc 1422 umc2006 umc 1248 mmc0171 umc1015 umc1708 umc1760 phi116 umc 1194 bnlg 2235 bnlg1823 phi015 bnlg 1724 umc 1037 umc1519 umc2053 umc 1506 umc 2122 bnlg1028 bnlg2190
S5-1 a a a  -  - b b  - b b b b b b b b b b a a a b a a b b a b b a b b  - a a b b h a b b b  - a b b a a  - a a b b a a a a a
S5-2 a b b  -  - b a  - b b b b b b b b b b a a a b a a a b a b b a b h b a a b b b a b b b  - a b b a h a a a b b a a a a a
S5-3 a a a  -  - a  -  - a b b b b b b b b b b  - b b h b b b a b b a b b b b b b a h b a b a  - b b b b b b a b b a b b b b  -
S5-4 a a a  -  - a  a  - a b b a a a a a a a  - a b a b b b b a b a a a a a b b b b a a b b b  - a b b a a a a b b a h b h h b
S5-5 a a a  -  - a  -  - a b b a a a a a a a a a b b b b b b a b a a  - b a b b b b a a b b b  - a b b a a  - a b b a a h b b b
S5-6 a a a  -  - a a  - a b b a a a a b b a b a b b b b b b a b b a b a b b b b a a a b b b  - b b b a a a a b b a a a a a a
S5-7 a a a  -  - a a  - a b b b h h h b b a h  - b b b b b b a b b a b a b b b b a a a b b a  - b b b a a a a b b a h a a a a
S5-8 a a a  -  - a a  - a b b h b b b b b a a  - b b b b b b a b b a b a b b b b a a a b b a  - b b b a a a a b b a h a a a b
S5-9 a a a  -  - a a  - a b b b b b b a a a a h a h b a a b b b b b a b  - b b a a b b b a  -  - a b b a b a b a a b b a b b b
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KP MSV KP MSV  *umc1071 *bnlg182 b439bu1025 *JMbnlg439 *bmc1016 *umc1144 *umc2390bu *JMbmc2295 *bnlg2295bu *umc2232bd *umc1395bu *bnlg1598bd *bnlg1615bu *umc1709 *umc1335bd *umc1833 *umc1278 *umc1082 bnlg1297 umc1185 umc1004 bnlg1946 umc1042 bnlg1505 mmc0022 umc1639 umc2048 umc1136 umc2008 umc1008 umc1550 bnlg2162 bnlg589 bnlg105 bnlg1879 umc1208 umc1941 bnlg1867 umc 1422 umc2006 umc1248 mmc0171 umc1015 umc1708 umc1760 phi116 umc1194 bnlg 2235 bnlg1823 phi015 bnlg1724 umc1037 umc1519 umc2053 umc 1506 umc2122 bnlg1028 bnlg2190

1.27 1.23 b h h h h h h b b b b b  - h h h h  - b h h b a a a h h h b a a  h h h h h h b b a h a h  - a a a a  - b h a h b h h h b
1.72 1.30 h h h h h h h b b b b b b b b  - b  - b h h b h b h h h h h a a a h b b h b a a b h h h h  - b h h b b a h h a a a a a
1.60 1.36 h b h h b b h h h h h h  -  - h b b  - h h b b b h h h h h h b h b h a a h b h h h b h b h b b h h h  - b h h h h h h a
1.32 1.42 h b b b b b b b b h h h h h h b h  - h  - h b b  - a h h h b a h b b h h h a h  - h b b a b a a h a h b a h h h h h h  -
1.33 1.42 h h h h h b b b b b b h  - h h h h  - b b h b h h h h h h b h h a a a a a h a a  - h h a a a a a a h h b h h b b b b h
1.47 1.42 h a a a a  - h h  h b b b b b b b b  - b h b b b b a b b b b b b  b h h h b h h h h h a h b h h a a h a a h b h h h h b
1.51 1.49 h h h h b h b b b b b b b b b b b  - b a h h h h h a a a a a a h b h h h a h h h b a h h  - b a h a h b a b h b h h b

1.66 1.51 h h  b b h h h b b b b b b b b b b a h a h b b b b h b h h h h a a a a a h b b h a h  - h a a h h h a h h b a a h b h
1.37 1.52 h h h h h h b b b h h h h h b h h  - h h h a h  - h b b b b a a h b h h b b a a a h h b b a  - b b h h a h h  - b b b b
1.50 1.53 h b b b b b b b b b b b b b b b b  - b h h h b h h a a a  - h h a h a a h b h h h h h h h  - h a a b b b h a h b b b h
1.51 1.53 h b b b b b b b b b b b b  - b h h  - b h b b h h h h h h b h a h b h h h a h h h h b b h b b b b h b h h h h a a a a
1.52 1.55 h h h h b b b b b h h h h h h h h  - h h h h h a a h b h b a h h h h h b b h b h h h b h h h h h b  - h a h a b b b h
1.52 1.57 a b b b b b b b b b b b b b b h h  - b h h a a b b b h b b a h h b h h h a a  h a h b a a h h h h h h h h a b b b b h
1.85 1.62 b h h h h h h b b b b b b b b b h  - b a h h h h h h h h b b b b h h h h a h h h h b h a h h b h h h h h h h a h h h
1.71 1.63 h h h h h h h h h h h h h h b b b  - h a h b h a a h h h h a b h h b b h b b b a h a b b a h b b h h h h h a a a a b
1.73 1.66 b b b b b b b b b b b b  - b b b h a b h h b h b b b b b a h a a h b b a a h h h h h h h  - h a a h  - h h h h b b b  -
1.86 1.69 h h h h b b b b b b b b b b b h h  - b a a a a h h b b b b h b h h h h a h b b a b h h h b b b b a h h h h h a a a h
1.81 1.69 h h h h h h h h h b b b b b b b b  - b h h h h a a h h h h b b h h b b b b b h b b h b h b b b b b b h b b h b b b b
1.76 1.71 h h h h h  -  - h h h h b b   - b  b b  h h h h  - h h h a b   -  -  - h h a h h  - a a h a  - b a a b b h a a h h a b b b b
2.04 1.73 h b b b b b h h  -  - h b b b b  - b h a h h h a h a h a h b h b b b a h h a a h a h a  - a h h h h h a h b h a a a a  -
1.75 1.75 h h b a h b b b b h h h h h h h h b b h b b h b b b h h h h b a a a a h a a a h h h h h h h b b h a h h h h b b b  -
1.89 1.76 b h h h h h h h h h h b b b b b b  - h a b b b a h h h h h b h h a h h h h h h h b b b b b b b b h h a h h h h h h b
1.77 1.79 h b b b h h h b b b b b b b b h h  - b  - h b h  - h h h h a b h h h h h h a h b a h  - a  - h h h h h a a h h h h h h  -
1.94 1.84 a h h h h  -  - h h h h h h h h h h a h a h  - h h h a h  -  -  - b h b h h  - h b a h  - h a a b b h b a h h h h h h b
2.10 1.84 h h a a h  -  - h h h h h h h h h h  - h h a  - a b b a b  -  -  - h b h b b  - h h h a  - h a a b b h h h  - a a h a a a
1.95 1.86 h h  - h h h h b h b  - b b  -  -  - b h a a h a a a a  - h b b b h b b h h b b b h  -  - h  - h h h  - b a a h h  - a a a a  -
1.95 1.87 a a a a a a h h h h h a a a a a a h h b b b h h h a b a a h h b b a a a a h h h b b  - h h h  - h b a h h h b b h h h
1.79 1.87 b b b b b b b b b  - h h h h h h h a h b h a h h h b a b b b h h h a a h b a a b a a  - h h h b a a b a a a h b b b b
1.81 1.87 b h h h h h h h h b b b b b b h h  - b h h h a h h a a a b h a a b a a h b h h h h h h h  - b a a h a b a h a h a a a
1.57 1.87 h b b b b b b b b b b b b b b b b  - b h a a a h h a a a h h h a h b b h h b b h a a b b  - h a a b h h h b h h h a a
1.95 1.88 h h a a h  -  - h h h h h h h  - b b h h h h  - a b b h h  -  -  - h b h h h  - h h h b  - b a a h h h h a b b h b b b h
1.81 1.88 a h h a h h h h h b b h h h h h h  - b h b b b h h h h h b b h a a h h h h b b h h h h b a h h h h b h b b a h h h a
2.11 1.89 h b b b b  - b b b b b b b b b b b a h a h h h b b b h b b h b a b b b b b a h a b b  - b h h a a h  - h h h h h h h h
2.12 1.90 a h h h h  -  - h h h h h h h h h h h h h h  - b a a h h  -  -  - h a b h h  - h h h h  - h h h a a b b b h h a h h h h
1.79 1.91 b b b b b b b b b b b h h h h h h  - b h b b h h h h h h b a h h h h  - h h b h h b h a h h h h a b b b h h b h h h b
2.14 1.92 a h h h h h h h h h h h h h a h h  - h h b b b h h a a a h h b h h h h a a b b a a h h h b b h h b b h h h a b b b b
1.97 1.93 h h h h h  -  - h h h h h h h h h h h h a h  - a h h h h  -  -  - b a h b b  - h h h b  - h b b h h a  - b a a  - a a a b
2.00 1.97 a a a a a a a b b b b  - b b b h h  - b h h h h h h b b b b h h a a b b b b b b h h a h h h h h h a a a h h h h h h b
1.81 1.98 h h h h h  -  - h h h h h h h h  - a h h a a  -  - b h h h  -  -  - a h h b b  -  - h h b  - b h h h h a h a h b h b h h h
2.13 1.98 h h h a h  -  - h h a a a a a a a a a a h h  - h h h h h  -  -  - b a a a a  - a h h a  - a b b h b h h h a h b h h h h
2.01 1.99 h h h a h h  - h h h h h h h h b  - b h h h b a h h b b b b a h h h h h b b h h b h h h a  - h a a a h h b b a h h h h
1.98 1.99 h h a a h  -  - h b h h h h h h h  - h h h a  - a h h a b  -  -  - h h h a a  - h h h b  - a b h h a b b h a b  - h b b b

2.02 2.01 b h h a h  -  - h h b b h h b b a h h  - b b   - b  h h a b  -  -  - b a b h h  - a b h b  - h h b h h b b a h h a b b b h
2.02 2.01 h h a a h  -  - h h h  - h h  - a h h h h a h  - b h h h h  -  -  - h b a a a  - h a b b  - b a a a a a h h h h h h h h h
2.09 2.01  - a a a a h h a a b b h h h h h h h h a h h h b h b h b h a h h h b b b h h h h b h  - h b b h h h a b h h h  -  - h h
1.86 2.01 h h  - h b  -  - a h h h h h h h  - h a h h h  - h b h h h  -  -  - h a b a a  - h h h b  - h h h h b a h h a a h b b b h
2.32 2.02 h h h h h  -  - h h b b b b b b b b h h  - a  - h a a h  -  -  -  - a h b b b  - a b  - b  - a h h a a b b a a a h a b b b
2.00 2.03 h b  - b b b  - b b b  - b b  - b  - b h a a a a h h h a h a a h a h h a h b h b b a a h  - b a a a a b  - h h  - a  - a b  -
2.03 2.03  - h h h a h  - a a  -  -  - b  - b b b  - h  - a a a h  - a a a h b b b b h h h b h  - h b h h  -  - h h h a h a h h b h b b b
2.01 2.04 a a a a a h  - a a b b b b b b b h h a a h h h b a h h h h a b  - b h h a h a a b h  -  - h h h h h a a h b b a  - b b a
2.03 2.04 a b  - h b h  - h  -  - h  - h h h  - h h b h h h h a a h  - h h b h b b h  - h h h h h h b  - h a a b h b  - h b h h  - a  -  -
2.18 2.06 h b b a b h b b b h h b b h h h h h a a a a a a a h a h h h a b b b b h b a a a b b  - b h h h h a b a a h a a h h b
2.16 2.06 a h h h h h b b b  - b b b b b b b a h b b h h h h h h h h h a a h h h h h h h b h h  - h b b a a h h a a a b h b a  -
2.03 2.06 b b  b b h  -  - h h h h h h h h h h h h a a  - h h h h h  -  -  - h h h h h  - h h h a  - h h h h a h h b h a a h h h h
1.99 2.07 b h h h h  -  - h h b b b b b b b h h b h  -  - a b h b  -  -  -  - a a b h h  - h a h h  -  - a a b b h h a h h a a h h h
2.19 2.08 h h h h h h h h h h h h h b b b b  - h h h a a a b b b b h h a a h b b h h h a b h h h a b b h b a a h h b b h h h b
2.02 2.08 h a  - a b b b b b b b h h h h b b b b  - h h h  - h a a a h a a a a h a  - h a a b b  -  - h h h h b h b b h a a h h h  -
2.34 2.09 b h h h h a  - a a h  - a a a  - a a b a h h a a h h b b b b b b a a h h h h b h b h h  - b a a a h a a h h b a  - h h b
2.18 2.10 h a  - a h  - b b  - b b b b b b b b a  - h a a a h h h h h h h  -  - a h h a a h b h h b  - h h h  -  - a  - b a h h  - h  -  -
2.20 2.10 b h h a h  -  - h h b b b b b b b b b b h h  -  - h b h h  -  -  - h h a b b  - h b a h  - a b b h h a h h h h  - h a a a
2.35 2.11 a h b a h h h h h a h a a a a a a  - h h h h a a a a a a a b h h h a a h h a a b a b h a h h a a a a h h a h h h h h
2.18 2.11 h b b b b b b b b b b b b b b b h  - b b h h a b a b b b b h a a h a a h a a a a h h b b a a b b h h a a a h h h h h
2.06 2.11 h h  - h h b b b b b  - h h h  -  - h h  - h h h h h h a a a a h h b h h h h b a a b b h  - a  - h  - h b b h b a a h  -  -  -
2.21 2.14 a  -  - a b  -  - a  -  -  -  - a  - a a  -  - a  -  -  - h  -  - a  -  - h h h  h  -  - h b  -  -  - a  -  -  -  -  -  -  - a  -  -  -  - b  -  - h  -  -
2.21 2.15 h a a a a h a h h a h h h h h h b a b a h h h h h a h a h a b b b b b h b h  - h a b  - h a a h h h h h a h a  - b b  -
2.22 2.15 a h h h h  -  - h h a a a a a h h h h h h a  - a a a h h  -  -  - h h a b b  - h b a h  - h  - a b h h h h h b b b h h h
2.22 2.16 b h  - h h  -  - h h b b h h h h h h h h h a  - b h h h h  -  -  - b h h a a  - h a h b  - h h h b b b b h a a a h h h h
1.91 2.17 b h  - h h h h h h h h h h h h a a a h h h h h a a h b b b b h h h a h b b h h a b  -  - h a a b b a h h h h a h h h h
2.04 2.18 h b h a h  -  - h h h h h h  - h h h h h h h  - h h h a b  -  -  - a b h a a  - b h h h  - b h h a b h h a a a b b b b b
1.92 2.18 b h  - h h h  - h h h  - h h  - h  - h h  - h h h h h h b a b b h h b b h b h h a a  - h a  - h h h  - h h h  - b b  - h h  - h
2.23 2.20 h h h h b h b b b b b h h h h h h h a  - h h h  - b h h h h b b h h h h a h h h h a h  - b h h a b h h h h b h a a a  -
2.37 2.21  -  -  - h h  -  - h h h h h h h  - h h h h h h  - h b b h h  -  -  - b b b h h  -  - h b h  - b a  - a a b b b h h h h h h h
2.39 2.22 b h h h h a h a a a a a a a a h h h h h b h h a a h h h b h h a b h h h h h h h b a  - h a a a a b h b h h b  - h h h
2.38 2.23 a b  - b b b  - b b h  - h h  - h  - a h b b b b h h a a a a a b a a a a a a h  - a h b h  - h a  - h h h b b b b h  - h h h
2.25 2.24 h a a a a a a a a h h h h h h h h b a a h a h b b b h b b b a h b h h b b a a h a a  - h b b b b a h h h h a  - b b b
2.40 2.24  - h h a h  -  - h h h h h  - h h h h h h a a  -  -  - b h h  -  -  - a h h h h  - h h b  -  - a  - b h h b b  - h b  - a h h h
2.09 2.24 a h h a a a a h h h h h h h a h h  - h h b b b h h b b b b h h h h h h a h h h h b b b b b b h a h h a a h a a h a h
2.20 2.25 h h h h h h h b b b b b b b b b b h a a h h h a a h h h h h h b b h h b b h b h h b  - h h h a a h b a h a a  - b b  -
2.25 2.25 a h  - a b h  - h  - h  - h h h h h h h a h b b b  - b b  - b b b b h a h h a a h h h h h  - b h h a h b  - h h a h  - b b  -
2.24 2.26 b h h h b h h b b b b b b b b b b h a a h h b h h a a a a b b b h h h h h a a h a h  - h b b h h h h  - a h h  - h h  -
2.07 2.26 h h  - h h  -  - h h h h a b a a h h b h a a  - h h h h h  -  -  - h a b h h  - h b h h  - a h h b b a h h h h h h h h h
2.12 2.28 a h h h h  -  - h h b b b b b b b b b b h h  - h h h h h  -  -  - a a a a a  - h h  - b  - a b b a a h h b b b b b b b h
2.41 2.29 h h h h h  -  - h h h h h h  - h a h h h a a  - h a a b a  -  -  - h h h h h  - h a b a  - b a a a a h a b a h b b b b b
2.41 2.29 h a a a a h a a a h h h h h h a a a b h a a b h h b h b b h a h  - h h h h b b b h  -  - h h h a a  - h b h h h  - h  -  -
2.26 2.30 b b h h b h h h h  - h h h h h h h h b h h h h a a a h a a h h a h h h a h h h h a a  - h h h a a h a h a a a  - b b  -
2.41 2.30 h h h h h h h b  - h h h h h h h h  - b h b b h a b b b b h h h a a h h b h h h h a a h a h h h h a h a h a h h a a b
2.43 2.33 a h h a h  -  - h h h  - h b b b b b b h a a  - a b h  - h  -  -  - h a b b b  - b h a h  - a h h h h h h b h b a a a a a
2.28 2.33 h b b b b h b b b b b b b b b b b h a h h h h h h b h b h h h h b h h h h h h h b b  - b h h a a b  - h b b b h h h h
2.24 2.33 h h h h h  -  - h h h h h h h h h h a h a a  - a h h b a  -  -  - a h h h h  - b h h h  - a b b h h h h h b h a a a a h
2.59 2.34 a a a a a h h h h h h h h a a a a a h h a a a a a h a h b b b h h b  - b h a a h h b  - a b h a a a a h b b h h a h a
2.46 2.35 h b h h b b h b b b b b b b b b b h h b b b h h h b b b b b b h h b b b a h h a b a  - b h h h b a h a h h b b b b b
2.13 2.36 h h h h h h a a a a  - h h h h h h h b h h h h a a b h b b b h h h a a a a h h h b b  - a b b h h h h h h h h b b b b
2.44 2.36 h h  - h h  -  - h h h h h h h h h h b  - a h  -  - b b h h  -  -  - a a h h h  - a a b h  - a b b h h h b h a a  - h b  - b
2.29 2.38 h a a a a a a a a h h h h h h h h h h h h h h a a a a a h b a b b h h a b h h h b a  - b a a b b a a h a a h  - b b b
2.10 2.39 b h h a h h h h  - h h h h  - h  - h  - h h b b b b b a a a h a a h h b b b b a a h b h b a  - h a h b h h h b h a a a h
2.28 2.40 h h h h h  -  - h h a a a a a a a a a h a a  - h h h h h  -  -  - a a h h h  - h b b h  - a h h h h h h h b b h b b b b
2.41 2.40 h h a a h  -  - h h h h a a a a a a h a h h  - h h h h h  -  -  - h h  - a a  -  - a b h  - b h h b h a h h h h h b b b b
2.47 2.42 h a h a b  -  - a h h h h a a a a  - a b a a  - a a a a b  -  -  - h a b h h  - a h a h  - h h h h b a a h h h h h a a h
2.29 2.42 a h a a h h h h h a a  - h h h h b  - h h h b h h h h h h a h h h b a a h b a a b a b h  -  - b h b h h a a a h  - a h a
2.32 2.42 h b h a b h b b b h h h b h h h h b h a b b b h h b a b b h h b b h h h h a a h h b  - b a a h h a a h a h b b b b  -
2.32 2.42 h h h a h  -  - h h h h h h  - h a a h  - h h  - b a a h  -  -  -  - h a h a a  - a b a  -  - a h h a a h b h b b h h a a h
2.48 2.42 a b b b b  - h b b b b b b b b h h h h a b b b h h h b h a h h h h h h h h h h h h a  - a h h a b a h b a a b b h h h
2.47 2.44 a h h h h h h h h a a  - a a a a a a h b b b a h h b b b b h h b h a a a h h h b a h b h b b h h h b b b h h a h h b
2.47 2.44 b h h h h  -  - h h b b b b b b b b a b h h  -  - h h h h  -  -  - h h a h h  - h h h a  - h h h h h h h h b h  - a h h h
2.49 2.45  - h h h a h h h h  - h h h h h  - h b a a a a a b b  - a a a b b b h h a b b h b a h h  - h h h b a h h h a a a h h h h
2.33 2.46 b b b b b h b b b b b h h h h h h h a a a a a a a a b a h h h h h h h h b b b h a h  - h a a h h h  - h b b a a a a a
2.52 2.47  - h h h h  -  - h h a a a a a a a a a a h h  - h a a a b  -  -  - h h h b b  -  - h h h  - b a a a h a h a h h b b b b b
2.39 2.49 b h h a h  -  - h h h h h h h h h h h  - a a  - h b b a b  -  -  - h b b a a  - h h b h  - b h h h h a h a h h h b b b b
2.31 2.49 h a b a a a a a a h b b b b b a a  - b h h h h h h h h h h b a b b h h a a h h h h b h h h h h h h b a a h h h b b h

2.37 2.53  - h h h h h  - h  -  -  - b b  - b b  -  - h a  - b h a  - b b b  - h b h b h h h a h  -  - h h h  -  - h h a h a a h a h a h h  -
2.37 2.53 h h b h h h  - b h  - a a a a a h  - a h h a a a  - h h b h h h  - h h b  - h b b b a b b  - h h h a h a h b b a  - h h  -  -
2.53 2.54 a a h h a h a a a a a a a h a a a h h a h h h h h a h a a a h h h b b h b h h h h b  - a b b b b a h a a a a  - a a a
2.51 2.54 b h h h h  -  - h h h h h h h h h h b h h b  - h h a h h  -  -  - b h h h h  - a h h h  - a b b b b h  - h h a h h h  - h
2.67 2.57 a a a a a a a a a a a a a h a a a h h a h h h b b a h a a h h a h a a a a h h h h  -  - h b b b b  - h h a a a  - h a  -
2.34 2.57 h b b b b b b h h h h h h h h  - h b h h a a a a a a h a b a b a h b b h h h h h a b  - b h h b h b b h h h b b h h h
2.52 2.58 h  - h h h  -  - h h h h h h  - h b b h b h b  -  - a  - a b  -  -  - a h b b b  - h b a  -  - h a a h h b b b h h  - h h  - h
2.54 2.58 h b b b h  -  - h h h h h h h h h h h h h b  - h h h h h  -  -  - a h a a a  - h h b h  - b h h h h h a h b b a h b b b
2.37 2.58 h h h a h h h h  h b b b b b b  - b  - b a a a a h h a a a b a b h h  - a b h b  - h h h a a h h a a a a b b h h h h h b
2.39 2.59 h a a a a a a h h h h h b b b b b  - h b a a a h  - h h h b b h h h b b a a b b a h a b h b b h h h b h a a h h h h a
2.53 2.60 b h h h h  -  - h a a a a a a a h  - a a h h  - b h a h h  -  -  - h h b a a  - b h a b  - a b b a a h h a  - h  - h b b b
2.68 2.60 a b b b b  - b b b b b b b b b b h  - h a a a a h h a a a h b h h b a a a h a a h h h  - a b b a b h h b b b h h h h h
2.37 2.60 b h h h h  -  - h h h h h h h h h h h  - h h  - a h h b a  -  -  - a a a a a  - h h h b  - h h h h h h h b b b b a b b b
2.55 2.60 h b b b h  -  - h h h h a a a a a a h h h b  -  - a a h h  -  -  - a a b a a  - h a a a  - h a a h h a a a h h h h h h b
2.85 2.61  - h a h h  -  - h h h h b b  - b b b b h b b  - b h h a b  -  -  - a h b a a  -  - a b h  - h h h a a b a b b h  - b b b b
2.56 2.61 h h a a h  -  - h h b b h h h h h h h h a a  - a h h a b  -  -  - h h b b b  - h a h b  - a h h a h  - h h b h b a a a h
2.55 2.62 h h h h h  -  - h h h h h h h  - a a b h b h  - h b h h h  -  -  -  - a b b b  - h h h h  - h a a b b h h a a a h h h h h
2.53 2.62 a b h h b h b b b b b b b h h a a a a a h h h b b h b h a h a h h a a a h b b h a h  - h b b b a h a a b h h h h h h
2.55 2.62 a a a a h  -  - h h h h b b a b b b b   - h h  - h h h h h  -  -  - b a b b b  - b a b a  - a b b h b a h h h h h h a a a
2.87 2.65 b a a a a a a a a a a a a a a a a  - a h h h b a a b b b b a h a a a a h h h h h a h a a h h h h h h b h h h h a a h
2.67 2.66 b h h h h  -  - h h h h h h h a h h h h h h  - h b b h h  -  -  - h a b a  -  - a a b b  - h h h h b b h a a a h ha a a a
2.86 2.66 h h h h h  -  - h h b  b  b b b  b b b h b h h  - h a a a b  -  -  - b h a h h  -  - a b h  - h a a h h h h h h h  - h h h h
2.42 2.67 h h h h h h h h h  - h a a a a a h  - h h h a h a a a b b b h a a a h h h a a a b a h h a h h b b a a  - h b b h h h h
2.73 2.67 b h h h h h h h h h h h h h h b b  - h b b b h a a h b h h b h h h b b h b h h h h a a a h h a a a a h b h h b b b b
2.73 2.68 h b b a b h b b b  - h h h h h h b  - h h a a a h h b h b h a a a a h h b a h h h h h  - h b b h h a a  - h h h b h a h
2.57 2.69 h  - h a h  -  - h h h h h h h h h  h  -  - h h  - h a a h h  -  -  - h a h h h  - b a h  -  - a b b h  -  - b b  - b  - b b b h
2.60 2.70 h a a a a a  - a a a a a a h a a a a h a h h h a a a b a h b b h b b b h b b b h b b  - h h h h h h h b h  - h h h a h
2.58 2.70 h h h h h h b b b b b b b b b b h  - b a a a h h h h h h h b h h b b b h h a a b a a h h h h a a b h a h b h h h h h
2.74 2.70 h h h h h h h h h h h b b b b h h  - h h h h h h h b b b b a a a h h h a h b b a h b h h h h a h  - a b h h a a h h h
2.74 2.70 a a a a a a h h h h h h h h h h h a h a h h h b b a b a a h h h h a a a a b h a a h  - h b b h h h a a h h b a a a a
2.58 2.70 h a a a a h a h h h h h h h h b b h a a a a a  - h h h h h a b h h h h a a h a b h h  - a b b h a b b b h b h  - a a  -
2.55 2.71 a a  - a a a a a a a a a a a a a a h b  - b b b  - h h h h h h h a h h h h b b h h b b  - b a a b b  - b h b b h h h h  -
2.89 2.74 h h h h h  -  - h h h h h h h h h b h b a a  - h b b h h  -  -  - b h h b b  - h a h h  - a h h h h h h h h h a h h h h
2.74 2.75 a h h a h  -  - h h b b b b b b b b h  -  -  -  - h b  - b a  -  -  - h h h h h  - a a b a  - h h h a a a a h b h  - h b b h
2.60 2.76  - h h h h  -  - h h h h h a a a a a h h b h  - h b b h h  -  -  - a a h h h  - b h a h  - a h h b b h h b h h a h h h h
3.06 2.77 h h h a a h h a h a a h h  h a  - h  - h h a  - h h h h h h h b h b h h h b h a a b h h h  - h h h a b h h b h a  - h a  -
2.76 2.77 h b b b b b b b b b b b a b b b b b b h b b b h h h b h h b a a h h h h a b b b a h  - h h h b h h  - h a a b h b b b
2.71 2.78  -  -  - b h  -  - h h a   - a a a a  h h a h h a  - a h h h  -  -  -  - h h  - b b  -  - b a b  - h h  - a h a h h b a h h h h h
2.84 2.78  - h h h h  -  - h h h h h h h h a a a h a a  - a h h h h  -  -  - h b b h  -  - a a b b  - a a a h b h b a b b b h h h h
2.58 2.79 h h h h h  -  - h h b b h h h   - h h h b h h  - h h h b a  -  -  - a a b a a  - h h h a  - a a a h a b h b a h h h h h b
3.09 2.80 a h h h h  -  - h h h h h a h h h b h h a a  - h b b b a  -  -  - a a a b b  - h a b a  - h b b h h b b a a a b a h h h
2.77 2.80  - b h h h  -  - h h b b b b b b b b h h  - a  - h h  - h h  -  -  - a h h h h  - a h h h  - h h h h b a h  - a h  - a h h h
2.94 2.81 h h b a h a h a a  - a a h a  - h h a a a a a h b b h h h a h b b b h h b b h h a a a  - h b b  - a h h h a a a a a a a
3.17 2.81 h h h a h  -  - b b h  -  -  - h h h h a h a h a a h h a  - a a a h a h h h h b b b h h b  - h h h h h h h b a h h b h  -  -
2.74 2.82 b b b b b b h h h h h h h h h h h  - h h h h a h b b b b b h a h b h h h a h h h b h h h a a b h h a b h b h h h h h
2.93 2.82 h b b b b b b h h   - h h h h h h b h h h b h b h h h a h h h h a b h h a a h h h h b  - a b b h h h h h  - h h b b b  -
2.93 2.83 h h h h h  -  - h h h h h h h h h h a h h a  - h b b h h  -  -  - h a a h h  - h h h h  - h a a h b b b h h h h h h h h
2.77 2.83 a b b b b b  - b b  -  -  -  -  - h  - h h a a h h h  - a h h h a b h a  - a a h h h h  - a h  -  -  - b b a  - b a a h  - h h  - h
2.77 2.83 a b b b b  -  - b h h  - h h h h h h h h  - h  - h a a h h  -  -  - h a a a a  - h h  - h  - a b b a  -  - h a a h  - h h h h
2.61 2.84 h h h h h  -  - h h h h h h h h h h a h h h  - h  - a h h  -  -  - b a h h h  - h a a h  - h h h b h h h b b b b h b b b
2.94 2.85 h h h h h  -  - b b h h  - a a a h h a b h a h h h h h h h b h h a h a a h  - b b a h h  - h a a h h b h  - h h b b b  -  -
3.09 2.85 a a h a a a a a a a a a a a b a a h b h b h h h h b h b h b h h b a a a h b b a b  -  - h h h h h a a a h h h  - h h h
3.09 2.85 h h h h h  -  - h h a a a a a a a a b h b b  - b h h h h  -  -  - h a h h h  - b b h  -  - h h  - h h h b h h h h h h h h
3.09 2.86 h h h a h  -  - h h h  - h h h h h b h  - a a  - a h a a b  -  -  - a h h h h  - b h b b  - a h h b b a h b h a b b b b b
2.95 2.86 h a h a a a  - a a a a a a a a h h h a  - h h b  - b h a h a h b b b h h h h a a h h h  - h b b b h  - h a a a h  - h h  -
2.77 2.87 b h h h h h h a a h h h h h h a a a h a a a a a a b b b h a h h a h h h b b b b b h  - h h h h h b b h h h b b b b b
2.81 2.88 a h a a h  -  - h h h h a a a a h h h b  - h  - h h a h h  -  -  - a h h b b  - h h h b  - b h h h h h h h  - h  - h b h b
2.98 2.92 a h h a h  -  - h h h h b h h h h h h b a a  - h b b h h  -  -  - a b h h h  - b  - h h  - b h h a a b b b h h a a a a a
2.83 2.92 a h h a h  -  - h h h h h h h b h h a h h h  - h a a h h  -  -  - h h a h h  - a h h h  - b h h b b h h h a a a h h h h
2.82 2.93 h h h h h h h a a a a a a a a h h  - a h h h a h h a a a h h b b b b b h a h h a a b b h h h b b h a b a h h h h h h
2.66 2.94 b h h h h h h h h h h h h h h h h  - h h b b h h h b b b b a a h h b b h h h h b h b h a b b h b a a h a h h h h h h
3.13 2.94 a h h h h  -  - h h h h h h h h h h b h h h  - h h h a b  -  -  - a h  - b b  - h a a h  - h h h b b a h b a a h h b b b
2.99 2.96 h h h a h  -  - h h h  - b b h h h h a h b b  - b h h h h  -  -  - h b h h h  - b h h h  - h a h b b h h b b h b h a a a
3.13 2.96 h h h a h  -  - h  - h h h h h h h h h  - h a  - a a a a b  -  -  - a a b h h  - h h b h  - h h h a a b b a a b  - a a a h
2.98 2.97 a h h h h  -  - h h h h h h h h h h b h a h  - a a a h h  -  -  - a h h b b  - h h h h  - a b b b b a h h h b h h b b h
1.96 2.98 a h h a h h h h h b b b b b b h h  - b h h h h b h a a a h a a b a b b b h h h h h h a h a a h h b b h h h a a h h h
2.92 2.99 h h h h h  -  - h h h h h h h h h h  - h h a  -  - h h b  -  -  -  - a h b a a  - h h b  -  -  -  - h  -  - a h a a  -  - a a a h

3.16 3.00 a h h h h  -  - h h b b b b b b h h a h a h  - h a a b a  -  -  - h b a b b  - b h h h  - b h b h a a h a h h b a a a a
2.85 3.01 a h h h h h h h h  - h h h h h h h h a h b b b  - h a a a a h b h h a a h h a a h h a  - h a a h h b h h h h b h h h h
2.84 3.02 h h h h h  -  - h h h h h b b b b h h h b h  - h h h b h  -  -  - b h h h h  - h h h h  - b a h b h a h a a h h h h  - h
3.09 3.02 a   -  - h h  -  - h h h  - h h  - h h h h h b h  -  - a h a b  -  -  - a h a h h  -  - b b h  - a b h h h a h h h h a b b b b
3.01 3.05 b a a a a h a h h h h h h h h b b h b h b b b h h h h h h b b b a b b b h b b a h h  - h h h b h b h b h b b b b b b
3.02 3.06 h a a a a a a a a h h h h h b h h  - h a b h h h h h h h h a h a h h h a b b b a h a a h a a  - b h h h h h a h h h b
2.83 3.06 b h h h b h h h h h h h h h h h h  - h b h h a h h h h h h h h a h b b b h h h b h b b h b b b h h h h h h h a a a h
3.03 3.06 a a a a a a a h h h h h h h h h h h b  - h h h  - h b b b b h h h h a a a a b b h h a  - b a a a a b a h b b h a a a  -
2.54 3.06 b h h h h h h h h  - h h h h h b b  - h a h h a h h a a a a h h h h h h h b a h a h a h a h h h a h h h a a a a a a h
2.99 3.09 h h h h h h a a a h h h h h h a a h h a a a a  - b a b a a b h a h h h h a h b b a h  - a h h h h a h h h h h h h h h
2.84 3.09 h h  - h h  -  - h h h h a a a  a  a a  h h a h  -  - h h a a  -  -  - h h b b b  -  - h a h  - b h h b h b h b h h h h h h h
2.89 3.09 a h h h h  -  - h h h h h a b a a a a  - h h  - h h h b a  -  -  - b b a h h  - h h h b  - h h h h h h h b b h a  h h h h
3.17 3.10 b h h h h h h b h h h h a a a a a h h a a h b h h a h a a a h a a h h h h b b a b h  - h a a a h h a h h h h h h h  -
2.99 3.11 h h h h h  -  - h  - h h h h h h h h a h h h  -  - a a h  -  -  -  - h h a a a  - a b a a  - b  - a  -  - b h h a b  -  - a a h
3.36 3.12 h  - h h h  -  - h h h h h h h h h h b h a h  - h h h b a  -  -  - h h h h h  - h h h h  - h h h h h h h h h a  - h h h h
3.23 3.14 h a h h a a a a a a a a a a a a a h b h a a h h h a b a a a a h b h a a b h h h b b  - h a a h h h h b h h h  - h h h
3.17 3.14 a a a a a a a a a a a a a a a a a h h h h h h b b a h a h h a h b a a a h h h a a b  - a h h a h h h h b h h  - h h  -
3.20 3.15 h h h h h a h a a a a a a a a h a a a b h h a  - h h h h h a h b h h h b b h h h b  -  - h b b h h h h h a a h b h h h
3.22 3.18 h a a a a a  - a a  - h a a  - a a a  - h  - h b h b b b b b a a h b b b b h  - b b a h h b h h h a a a a a h h h h h h  -
3.22 3.18 h a  - a a  -  - a h h h a a a a a  -  - b  - h  -  - b b a b  -  -  - b b a b b  - a b a  -  - h h  - a a h h  -  - h  - h h  - h
3.10 3.19 a a a a a a h h h h h h h h h b b b a  - a a a a a a h a a h h a h b b  - a h h h a h  - h h h a a h h b h h b  - h h h
3.47 3.22  - h h h a a a a a a a h h h h b b  - a h h  - a a h h h h h a h a  - h  - h a h h h h b h  -  -  - h b  -  - a h h a h h h h
3.26 3.23 b a a a a a a a a a a h h b h h h h h a a a a a a b h  - b b h a a h h h a h h b b b  - h h h a a a a b h h  -  - h h h
3.25 3.25 b h h h h h h a a  - h h h h h h h b h h a a a h h  - h a a a a h h h h h h h h h b b  - h a h h h b a h h b h a h h h
2.91 3.25 a a  h h h  -  - h h  - a  h b a a h a h h h h  - h b b h h  -  -  - b h b b b  - h h h b  - b a a h a b b h h h a h b b b
3.27 3.26 h h h h h  -  - h h h h a a a a a h h h a b  - h h h h h  -  -  - h h h b b  - a b h h  - b h h a a h h a b b h b b b b
3.10 3.27 a a h a a a a a a  - h h h h h h b a h  - b b b h h b h b b b b h a h h h h b b a b b  - b h h h h b h b  - b b  - b b a
3.27 3.29 a a a a a a a a a h a a h h h h h  - a h h h h b b b b b b h h a b a a h h h h h a b a h b b b b a h h h h h h h h h
3.28 3.29 h h h a h b a a a a a a a a a a h b a  - h h h h b b h b h h b b a h h h h h h a b h  - h h h h h h a  - h h a b h h  -
3.40 3.31 h h h h h h  - a a a a a a a a a a h b b h h h b b b a b h b h b h h h h h a a h h h  - b h h h b a h h a h h h a a h
3.43 3.31 a h h h h h h h h b b b b b b b b  - h b h h b b b h h h a a h a a b b h h h h a h b h h h h h h h h a a a h h h h a
3.23 3.32 h h b b h h h a a h h h h h h a a  - a h a a a h h a a a a h h h h h h a h h h b h b a h b b h h h b h h a b h h h  -
3.28 3.32 b  h  - h h  -  - h h h h h h h h h h h  - h h  - a a a h h  -  -  - a a b b b  - b h h a  - h h h h h h h a a h h a a a a
3.20 3.33 a h h h h a a a a a a a  - a a a a  - a  - a a a  - h h h h a h h h b h h h h b b a h  - b h  - h h h b  - b b h h a a a  -
3.44 3.33 a h h h h h h h h  -  - h  - h h  - h h h h b b a  - h  - a h b h a h a a a b h a a h b a  - b h h h a b h a b b a h b b  -
3.28 3.35 h a a a a b a h h b b b b b b b b b b  - h h h b b b h b h h b a a b b h b h h b h h  - h h h a a b b h a h a a b b  -
3.60 3.35 a h h a h  -  - h h h h h h h h h  - a a h h  - h h h h h  -  -  - b h  - b b  -  - h h h  - a b b a a h b  - h h b h h  -  -
2.84 3.35 h h h h h  -  - h h b b h h a a a a a b b h  - h a a h a  -  -  - h b b a a  - a h b b  - b a a h h h h h a h  - h h h h
3.44 3.40 a a a a a a a a a a a a a a a h  - h a  - h h  -  - a a h a h  - a b b h h h h b b h h h  - a h h h h h h h  - h  - a a a  -
3.64 3.44 h a a a a a a a a a a h h h h b b  - a h h h a b b a a a b h a a h a a h a h h b h a a a b b a a h  - h h h h h h h h
3.48 3.48 h a a a a a a a  - h h h h  - h h b  - a  - h b b h  - h h h h b b h h b b h b h h h h  - h  - a a h a b h b h h a a a a a

3.51 3.52 a a a a a a a a a h h h h h h h h  - a h b b b h h b b b b h h h h a h h h b b h h h h h  - b h h h  - b b b h h h h h
3.51 3.53 b h b b h h a a a h h h h h h h b  - a h b b b h h b h b h h h a a a a h  - h h h h a h h  - h h h h b b h h h h b b h
3.68 3.58 h a h h a a a a h a a a a a h a a  - a a h h h b b  - h h b h h h b h h h b b b b a a b h  - h b b h h h b h a h  - h h
3.53 3.59 h h h h h  -  - h h h h h h h h a a a h h h  - b b h a b  -  -  - h h b a a  - b b a h  - h h h b h h b h h h h h h h h
3.53 3.59 a a a a a a a a a h h h h h h a a  - a h b b b h a h h h h b h h h h h h h b b h b a h h  - h a a b b b a h h a h h h
3.52 3.60 h h h h h a a a a a a a a a a a h  - a b b h h h h b b b b b a h a h h h a a a b h h h a b b h h h h b  - h a b h h h
3.84 3.60 b h h h h  -  - h h  -  - a a a a a h a h h h  -  - b b h h  -  -  - b h b b b  -  - h h b  - b a a h b h h a a a a h h h h
3.39 3.60 h h h h h h h h h h h h h h h h b  - a a h h a h h a a a h a h b b b b b b a a h a a a h  - h h h h h h h b a a a a h
3.55 3.61 h a h h a a a a a h h b b b b b b  - h a a a h b h h h h h a h h h h h h h h h b a h h b h h h h a a a a h h a a a b
3.70 3.62 b h b b h h  - h  - a a a a a h a  -  - a h  -  - h h h h  - h h b b a  - b b b  - b b a b h h h  - h h a h b h b h a h h h  -
3.55 3.62 a a a a a a a a a h h h h h h h h  - a  - a a a h h b b b b a h h h h h b h h h h b h h b h h h h b b h a a a a h h b
3.55 3.62  - a a a a a a a  - a a a a a a a  -  - a h b  - b h h h  - h  - h h h b h  - b b a a h b h a a b b a h a h h b b h  - h  - h
3.74 3.70 h h h h h b b b b b b a a a a a a  - b h b b h b b b h b h h h h a  - b b b h h b a a a a a a h h h a a  - h a a h h h
3.58 3.71 b h h a h a a a a a a a a a a b b  - a a b b b h h h h h h h b b b b b h a h h h a h h b a a h h b b h h a h h h h  -
3.73 3.72 h h h h h h a a a a a h h h h h b  - a h h h h h h b b b h a a h a a a a h b b h h h h h b b h h b h a a h b h h h b
3.83 3.76 h h h h a a a a a a a a h h h b b  - a b b b h b b h h h h a h b b h h h h a a b b h h h b b h b h h h b h  - h h h h
3.94 3.84 a a a a a a a a a a a a a a h h b  - a a a a a h a h h h h h a a a h h b b h b h h b h a h h h h h h h b h h h h h b
3.81 3.87 h h h h h a a a a h h h h h h a a  - h b h h h h h b b b b b h a h h h b h h h h a h b b b b h h b b b h b h a h a h
3.82 3.92  - a a a a a a a  - a a a a a a h b  - a h h  - a b b h h h h h b b b b b a h b  b a a h a a  -  - h b a b b b b h h h a h
3.84 3.96 b h h h h h h h h h h h h h h h b  - h a b b b h h h h h h h b h h a a a h a a h b h h a h h h h h h h h h a h h h h
2.42 4.07 a a a a a a h a a a a h h h h a a a h   - b b b h h h a h b b b b h h h a a a a h a b  - b a a h h b h b b h h  - h h a
4.05 4.12 a a a a a a a a a h h h h h h h h  - a h h h h h h a a a h h h b b a a h h h h h h b b h  - h a h a a b b b h b b b h
4.20 4.13 h  - b b h h a a a h h h h h a h  -  - b  - h  - h b h h h h h a h a b  - h h h a  - h h h b  -  - b b b h h b h h b h b a  -
4.22 4.17 b h h a h a  - a a a a a a a a h h b a h h h h h h a a a h a h a a b b b a a a a h h h b  - h h h a a b a a b a h h h
4.24 4.19  - h a a h h  - h h h h h h h h h b  - h b b  - b b b h h h b a h a a b b a a h  - h b a a h  - h a a b h h a a h h h a a
4.40 4.28 a a a a a a a a a a a a a a h h h b h  - a a a a a a b a h b h h h b b b h b b h h h  - h h h a a h h h a a b  - h h  -
4.04 4.29 h a a a a a  - a  - a a a a a a h b  - a h b  - b b a a  - a h b b b a h h h a a a b h b h b  - a h h h h h b b b  - h h h
4.46 4.40 a a a a a a a a a h h h h h h h h b a  - a a h b h h h h a b h h  - h h h h h h a a h  - a  - h b a  - b h h h a  - b  - a
4.36 4.56 b a a a a a a a a a a a a a a a a  - a h a a h h h a a a h h h b b h h h a h h h h h  - h  - h b b b h h  - h a a a a a
4.68 4.59 b b b b h a h a a a a a a a a a a a a a h h h h b h h h a h a a a a a a h h h b h b  - b h h b b h a h b h b  - h h h
4.76 4.79 h b b b b b h b b  -  - b b b b h h a h a h h h h h b a b b h a h a h h h a a a b h  -  - a a a h h b b h b a h a h h  -
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Fig. 1. Graphical Genotypes of MSV Resistant-S5 and F2 Progenies.
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Fig. 3.  Composite interval mapping.

Composite interval mapping analysis for
chromosomes 1 to 10. The horizontal
red line indicates a LOD score of 2.5.

Fig. 2.  Genome coverage for SSR markers.

Marker order and map distances 
were determined with Mapmaker 
3.0.
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