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Developing DNA Markers for Assisting Selection of Field Weathering Re-
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Abstract The deterioration of seed vigor as well as viability, due to high temperature and high relative
humidity during the stages of the post-maturation and pre-harvest period is referred to as field weathering.
Field weathering is the main limitation for producing high quality soybean seeds in the tropics and sub-
tropics. The purpose of this study is to identify DNA markers linked to the field weathering resistant
genes,and to develop markers for assisting selection in breeding program. The field weathering resistance
of soybean variety Chiangmai 60 (susceptible) ,GC10981 (resistant)and 139 F, progenies derived from
the cross of CM60/GC10981 was tested by modified incubator weathering and the controlled deterioration
treatment. The seeds germination and viability of F, progenies showed normal distribution under both
treatments. It hinted that the field weathering resistance was controlled by polygene. According to the
seeds germination and viability of the F, progenies, six extremely resistant plants and seven extremely sus-
ceptible plants were pooled for bulk segregant analysis by AFLP markers. Five field weathering resistance
linked polymorphism were identified from 2 162 AFLP markers. The 5 DNA fragments were cloned and
sequenced. PCR primers were designed from the sequences to amplify the related DNA fragment from the
genomic DNA of F, progenies. It was found that marker Eaag/Mcac-233 and Eact/Mectt-157 were in the
same linkage group with a genetic distance of 25.8 ¢M. A major QTL controlling the field weathering re-
sistance was identified between these two markers. The QTL located at 14 ¢M from marker Eaag/Mcac-
233 and explained 29.7% of the variation in field weathering resistance. These two DNA markers have
been used for assisting selection in breeding program as an attempt. Seven F, progenies were selected and
backcrossed to CM60 using the developed markers in combination with field weathering resistance charac-
ters. The germination and viability of 18 BC,F, progenies (41.9% ) were higher than the mean of CM60
and GC10981 by controlled deterioration test. It is potentially possible to use these markers for assisting
selection in breeding programs that focus on seed quality in the tropics.
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1 INTRODUCTION

Soybean [ Glycine max (L. ) Merrill | is one of the
worlds leading sources of vegetable oil and plant pro-
tein. High temperature and moisture during post-matu-
ration and pre-harvest period is a major obstacle to pro-
duce high quality soybean seeds in the tropics and sub-

tropics[ !

. Soybean seed vigor and viability reach a
peak ,and attains its highest potential quality at physio-
logical maturity ( maximum seed dry weight). Due to
high moisture content (about 55% ) ,unfortunately, the
seed cannot be commercially harvested and must re-

main on the plant until a harvestable moisture level was

”WﬂﬁmfkiWM%%ﬁé%ﬁ%%ﬁﬂ%o
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reached'?’. This period may vary from a few days to o-
ver 3 weeks. Climatic conditions during this post-matu-
ration and pre-harvest period have a great influence on
the quality of the harvested seed”’

Soybean seed quality deteriorates in the field prior
to harvest in tropical regions,and the deterioration con-
tinues at a rapid rate after physiological maturity be-
cause of high temperature , high humidity and frequent
or prolonged rainfall. Deterioration of seed vigor and
viability due to high temperature and high relative hu-
midity during the stages of seed physiological maturity
and harvesting is referred to as field weathering'*
Genotypic differences in resistance to field weathering
have been observed. However, genetic differences ap-
pear to be small in comparison with the effect of envi-

ronmental stress'?’.
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In recent years, significant progress has been made
in soybean genomics to target important genes, which
provides a deeper insight into its genome structure and
organization. Based on the construction of soybean ge-
netic maps,some quantitative trait loci ( QTL) for seed
quality in soybean have been mapped"*’. There are al-
so some reports on environmental stress resistance of
soybean, such as chilling tolerance'®’. DNA marker
technology has been developed and integrated into soy-
bean breeding programs,such as marker assisted selec-
tion (MAS). By using AFLP combined with bulk seg-
regant analysis( BSA) , Meksem et al. " identified mo-
lecular markers closely linked with the two major QTLs
associated with soybean cyst nematode resistance. In
soybean , some varieties have been found to be resistant

to the field weathering'®'. Based on the prior resear-

ches, Chiangmai 60 ( CM60 ) and GC10981 were chosen
as susceptible and resistant variety for genetic analysis
in this study. AFLP markers combining with BSA were
used to identify the markers linking to the field weathe-
ring resistance. Furthermore, the obtained markers
were used for MAS in a backcross breeding program as

an attempt.

2  MATERIALS AND METHODS

2.1 Plant materials
Soybean Chiangmai 60 ( CM60 ) and GC10981
were used as susceptible and resistant parents in this
study. Kaowanant'®' had evaluated the field weathering
resistance of these two varieties and indicated that
CM60 was susceptible and GC10981 was resistant to
field weathering.
2.2 Population development, sampling and field
weathering test
Soybean CM60 and GC10981 were planted in a
greenhouse as female and male parents for crossing.
The obtained F, seeds were also grown in the green-
house to produce F, seeds. The F, seeds were grown in
a field at National Corn and Sorghum Research Center,
Nakorn Rachasima Province, Thailand. Four weeks af-

ter planting, every F, plant was numbered and 1g leaf

from each F, plant was collected for DNA extraction.
At physiological maturity,the yellow pods were harves-
ted from each F, plant for field weathering test. The
field weathering resistance of each F, progeny was test-
ed by incubator weathering and controlled deterioration
methods as described by Dassou and Kueneman'®' and
Ye et al''.
2.3 DNA extraction and AFLP analysis

According to the field weathering resistance of the
F, progenies, equal amounts of leaf tissue from extreme-
ly resistant plants were pooled as bulked resistant sam-
ple,while equal amounts of leaves from extremely sus-
ceptible plants were pooled as bulked susceptible sam-
ple in the same way. The genomic DNA of the parent,
bulked samples and all F, plants were extracted by u-
sing the extraction protocol described by Keim et
al''""'. AFLP analysis was conducted according to the
procedures of Vos et al''>) and Maughan et al. '/, The
genomic DNA of the parent, bulked resistant and sus-
ceptible samples were digested with EcoRI and Msel,
and amplified using E ( ANN) and M ( CNN ) selective
primers. The PCR products were separated in 6% de-
naturing polyacrylamide gel and stained by silver ni-
trate solution. The polymorphism was identified based
on the visualization of the DNA bands. DNA bands
showed linked polymorphism were excised and re-am-
plified. The PCR product was then cloned into the
pGEM-T Easy Vector Systems ( Promega Co. ), trans-
formed into E. coli XL-1 competent cell and sequenced
following the manufacturers protocols. The sequence of
the cloned DNA fragment was used to design sequence
characterized amplified region ( SCAR ) primers for
checking the relationship between the markers and the
field weathering resistance of all the F, progenies.
2.4 Marker assisted selection, backcrossing and

efficiency evaluation

Based on the band pattern of the DNA amplified
by SCAR primers, the F, progenies that showed the
same DNA pattern as GC10981 were considered to be
resistant to field weathering. The F, progenies showed
resistant DNA pattern and resistant to field weathering
(high germination and viability ) were grown in a green-

house as male parent and crossed to CM60. The ob-
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tained BC, F, seeds along with CM60, GC10981 and
relative F; lines were grown in a field to compare the
field weathering resistance of the BC, F, plants and
their parents. The physiological mature pods were har-
vested from each plant for field weathering test. The
pods from each BC, F, plant were treated separately,
while the pods from each F; line were mixed as one
sample. The pods were dried and threshed, and then
50 seeds of each BC,F, plant and F, line were treated
by controlled deterioration as described above. The ef-
ficiency of the marker assisted selection was evaluated
by comparing the backcross progenies to CM60,
GC10981 and corresponding F; lines.
2.5 Data analysis and QTL identification

The statistical analyses were carried out by using
Microsoft Excel and SPSS 11.5 for Windows ( SPSS
Inc. ). Genetic map distances were calculated using
Mapmaker/EXP 3. 0 computer program''*'. Information
from Mapmaker was used in windows QTL Cartographer
V2.5 10 verify the candidate QTL by composite in-
terval mapping (CIM). A location with a LOD score
greater than 3. 0 was considered to identify QTL signifi-

cantly associated with the trait.

3 RESULTS

3.1 Field weathering resistance of F, progenies
The field weathering resistance of 139 F, proge-
nies was evaluated by the germination and viability of
the treated seeds using incubator weathering and con-
trolled deterioration methods. For incubator weathering
test, the germination of the F, plants ranged from 21.3
to 81.6% ,whereas those of CM60 and GC10981 were
34.7% and 75% ,respectively. The viability of the F,
plants ranged from 47. 8 to 95. 6% , whereas those of
CM60 and GC10981 were 59.7% and 93.4% ,respec-
tively. For controlled deterioration test,the germination
of the F, plants ranged from 20 to 82% , whereas those
of CM60 and GC10981 were 32% and 72% , respec-
tively. The viability of the F, plants ranged from 44 to
90% ,whereas those of CM60 and GC10981 were 54%
and 94% , respectively. The germination and viability
of both treatments showed normal distribution ( absolute

value of Skewness = 0.079 ~ 0. 395, Kurtosis = 0.

523 ~0.742). The field weathering resistance of soy-
bean appeared to be a quantitative trait controlled by
polygene. A significant correlation was observed be-
tween the incubator weathering and the controlled dete-
rioration ( germination r = 0. 331" " | viability r = 0.
425" n=139,P <0.001).

According to the germination and viability of the
field weathering tests,six F, plants with extremely high
germination and viability were bulked as resistant pool ,
while seven susceptible F, plants with extremely low
germination and viability were bulked as susceptible
pool for BSA.

3.2 Polymorphism detection and marker develop-
ment

Totally,2162 DNA fragments were amplified by u-
sing 64 E ( ANN)-M (CNN) primer combinations, and
120 of them (5.6% ) were polymorphic between CM60
and GC10981. Based on the bulk segregant analysis,
five DNA fragments showed linked polymorphism with
the field weathering resistance (Fig.1). These 5 DNA
fragments were cloned and sequenced. The sequence
data were registered to the DNA database of Japan
(DDBJ) (Table 1).

The SCAR primers from Eaag/Mcag-180 and Ea-
ge/Mecac-115 showed a very small difference with a co-
amplified band making it difficult to check the segrega-
tion in the F, progenies. The primers from Eage/Mcag-

104 could not amplify the
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Fig. 1
ting linked polymorphism by

An example of detec-

bulk segregant analysis using
AFLP primer combination Ea-
gg/Mcac. Lanes from the left
to right are GC10981, CM60,
resistant bulk and susceptible

bulk. The arrow indicates the

- |=— linked  polymorphism  that
GC10981 and resistant bulk
showed DNA band, but CM60
and susceptible bulk showed
no band.

- -

Table 1 ~ Clone information and SCAR primers of the
sequenced DNA fragments
DDBJ
Clone name Origin  accession ~ SCAR primer sequence
number
Forward ;5 “ttaacaccaattgtc-
Ea: tgcat-3”
e cM60  AB213662 57
/Mcac-233 Reverse: 5 “gaattcaaggaccett-
tact-3~
Forward ;5 “gaattcaagctaaca-
Eaag agtttetet-37
CM60  AB213663
/Mcag-180 Reverse: 5 “ttaacagcagctgcaa-
caacaat-3~
Forward ; 5% gaattcactcagetgtta-
Eact cat-3”
CM60  AB213664
/Mett-157 Reverse: 5 ttaacttgtccagcatgat-
3
Forward: 5% ttaacaggaaaaggta-
Eage
GC10981 AB213665 cat-3”
/Mcag-104
Reverse ;5 “gaattcagcecttet-3°
Forward ; 5 “gaattcagggtgtigaaat-
Eagg 3
GC10981 AB213666
/Mecac-115 Reverse: 5° ttaacaccataagaggt-

tat-3”

The primers from Eaag/Mecac-233
and Eact/Mctt-157 showed a very clear polymorphic

correct fragment.

band with a co-amplified band. Therefore, these two
markers were used to check the segregation in the F,
progenies. For marker Eaag/Mcac-233,108 F, proge-
nies showed the same genotype as CM60 , while the oth-
er 31 F, progenies showed the same genotype as
GC10981 (fit for 3: 1,%” =0.540,p =0.463). For
marker Eact/Mectt-157, 102 F, progenies showed the
same genotype as CM60, while the other 37 F, proge-
nies showed the same genotype as GC10981 (fit for 3

1,x2=0.194,p =0.659). The SCAR markers de-
veloped from AFLP marker were inherited in a Mende-
lian manner with dominant segregation patterns (3:
1). A t-test was carried out to compare the means of
the germination and viability between the two geno-
types,the P values for all tests were less than 0. 001.
There was a significant difference between the two gen-
otypes. The germination and viability of the GC10981
genotype were higher than the CM60 genotype.
3.3 Genetic mapping and QTL identification

By linkage analysis, marker Eaag/Mcac-233 and

Eact/Mectt-157 were in the same linkage group. The
genetic distance between the markers was 25.8 ¢cM. A
QTL was identified by all the four indicators including
IW germination, CD germination, IW viability and CD
viability. The QTL explained 29% and 32% of the
variation in the viability of the two weathering treat-
ments. It was higher than those in the germination of
both treatments (12% and 19% ). This QTL may con-
tribute more for viability than for germination. If the av-
erage score of germination and viability of both treat-
ments was considered to be a composite index for field
weathering resistance ,a QTL could also be identifiedat
14 cM from marker Eaag/Mcac-233 with a LOD score
of 9.4. This QTL explained 29. 7% of the variation in

weathering resistance (Table 2).
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Table 2 The QTL position and genetic contribution for the ger- trolled deterioration method
mination and viability. The map distance was 25.8 ¢cM F, F, BC, F, (Average)
beginning from marker Eaag/Mcac-233 (0 c¢M) to Line ] . ] . ] .
Germina- Viabi- Germin- Viabi-  Germin- Viabi-
. e . : name
marker Eact/Mectt-157 (25.8 ¢M) ,and the QTL posi Gon/% Tity/% ation/% lty/% ation/%  lity/%
tion was the peak LOD score from marker Eaag/Mcac-
Al10 82 90 56 78 49.3 77.7
233 All 74 86 66 88 56.8 85.2
Weathering QTL position Additive ) A35 76 90 68 82 50.0 78.5
o, LOD score ’ R*/% A63 72 90 70 88 53.1 77.8
indicator /cM effect
- — C2 76 90 58 84 45.3 73.3
W germl.natl.on 18.0 3.4 -5.518 11.9 G20 70 82 7 92 50.3 771
CD ger.nur.la.tlon 10.0 5.1 -7.850 18.7 @1 62 36 62 86 50.0 74.9
w v1.ahl-h.ty 16.0 9.0 -6.002 29.2 CM60 3 54 2 58 30.0 56.0
CD viability 12.0 9.0 -6.270 31.8 CC10981 7 04 76 % 74.0 90.0
Overall resistance 14.0 9.4 -6.107 29.7

# [W = incubator weathering; CD = controlled deterioration; Overall re-

sistance is the mean of the germination and viability of both treatments.
3.4 Marker Assisted Selection, Backcrossing and
efficiency evaluating

According to the DNA band pattern of SCAR
marker Eaag/Mcac-233 and Eact/Mectt-157 , among the
139 tested F, progenies,91 progenies presented bands
by both markers (A _B _), 28 progenies presented
bands by only one marker ( A_bb or aaB_), and 20
progenies showed no band by either marker (‘aabb).
By one-way ANOVA test, all the P values were less
than 0. 05, most of the P values were less than 0. 001.
There was a significant difference among these three
genotypes. In both treatments, the aabb genotype
('same as GC10981 ) had a higher germination and via-
bility than other heterozygotes and homozygotes.

By comparing the germination and viability of the
20 F, progenies that showed same DNA pattern as
GC10981 (absent band at both markers) ,seven F, prog-
enies with high germination and viability were selected
for backcrossing to the recurrent parent CM60. Totally
43 BC,F, plants were developed. The yellow pods from
the 43 BC, F, plants were harvested separately for field
weathering evaluation by controlled deterioration test.
The germination of BC, F, plants ranged from 28 to
78% ,while those of CM60 and GC10981 were 30% and
74% , respectively. The viability of the BC, F, plants
ranged from 58 to 94% , while those of CM60 and
GC10981 were 56% and 90% ,respectively.

Table 3 A comparison of the germination and viability of

the F; line and the BC, F, family derived from the

same F, plant. All the seeds were treated by con-

The average germination and viability of the BC,
F, plants derived from the same F, plant ( F,/CM60 )
were calculated and compared with the germination and
viability of the relative F, progenies and F, lines ( Ta-
ble 3). By paired t-test, the correlation between the
different generations was not significant (p > 0.05).
This might be due to the limited sample number. The
difference between F, progenies and F; lines was not
significant (t, =2.228,p =0. 067 for germination and
to =0.834,p =0.436 for viability ) , but the difference
between F, progenies and BC, F, families was signicant
(tg =7.862,p <0.001 for germination and t; =4. 948,
p =0.003 for viability). There was also a significant
difference between F, progenies and BC,F, families (t,
=6.992,p <0.001 for germination and t, =3. 744 ,p
=0. 010 for viability). The germination and viability
of the treated seeds of BC,F, were lower than those of
the F, progenies and F; lines. By comparing the germi-
nation and viability of different generations, the field
weathering resistance of F; lines was weaker than the
relative F, progenies due to the genotypic segregation.
After the F, plants were backcrossed to CM60 , the field
weathering resistance of BC,F, families ( mean ) further
decreased due to the permeation of the CM60 back-
ground. However, 41 of the 43 the BC, F, progenies
still showed higher germination and viability than
CM60. The germination and viability of 18 BC, F,
progenies (41. 9% ) were higher than the mean of
CM60 and GC10981 by controlled deterioration test.

4 DISCUSSION
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The use of BSA in combination with AFLP method
has been proved to be a very useful and powerful tech-
nique for identifying markers that are tightly linked to,
or cosegregated with, genes underlying monogenic
traits' '), The limitation is the difficulty of using AFLP
markers on large population directly. Meksem et
al. """ had successfully converted AFLP band into STS
which provides an efficient tool for genomic mapping
and marker assisted breeding. But the loss of the origi-
nal polymorphism during generation of the STS and loss
of the locus specificity of the STS is still an experimen-
tal challenge in generating sequence-specific STSs from
AFLP bands. In this study, though we successfully i-
dentified 5 polymorphic AFLP markers linked to the
field weathering resistance of soybean, only two of the
five sequenced fragments were successfully transfer into
SCAR markers. The segregation and linkage analysis
indicated that the SCAR markers developed from AFLP
markers were inherited in a Mendelian manner with
dominant segregation patterns (3: 1). The dominant
homozygotes ( CM60 genotype ) and heterozygotes could
not be distinguished by these dominant markers. How-
ever,since the recessive homozygotes ( GC10981 geno-
type ) were considered to be resistant to field weathe-
ring , it is possible to select the resistant homozygotes by
these markers in breeding programs.

Michelmore et al. '®’

suggested that BSA can be
used for “genomic walking” to develop markers for ge-
netic mapping. In order to look for more markers link-
ing to the two markers developed from this study and to
fine mapping QTLs controlling the field weathering re-
sistance of soybean,we registered our sequence data to
DNA database of Japan ( DDBJ) and compared them
with the soybean sequence data from DDJB by BLAST
and FASTA analysis. By BLAST searching,only acces-
sion BU765372 and BU549864 were found to have
102bp same as marker Eact/Mectt-157 within 118bp o-
verlap (86. 4% ). By FASTA searching, accession
AF180335 and AF186186 were found to have discon-
tinuous similarity ( 80bp and 129bp ) with marker
Eaag/Mcac-233, accession AF243378 has partly dis-
continuous similarity (46bp) with marker Eact/Mctt-

157. No sequence was found similar to marker Eaag/

Mcag-180, Eagc/Mcag-104 and Eagg/Mcac-115 by
both BLAST and FASTA. It was clear that these se-
quences were not the same as the existed sequences in
the database. All the similar accessions were ¢cDNA
clones from soybeans, but there was no chromosomal
information about these clones. Thus,the chromosomal
positions of the markers developed in this study could
not be identified by current searching from the data-
base.

Although it is possible to use either marker or ag-
ronomic character for assisting selection in breeding

programs[ 18]

,especially at an earlier stage, however, a
selection index that includes both phenotypic measure-
ment and a molecular marker score can increase the se-
lection response relative to phenotypic selection alone,
particularly if much of the additive genetic variance in
a character can be explained using the molecular mark-
ers. In this study,when only the markers were used for
selection,20 F, progenies were selected. After combi-
ning the DNA marker selection with the field weathe-
ring resistance ( germination and viability ) for selec-
tion, only seven progenies that highly resistant to the
field weathering were selected for backcrossing. Most
of the backcrossed progenies were still more resistant to
field weathering resistance than CM60. Thus, this se-
lection seems to be efficient. However, more markers
and larger population is needed to make an efficient se-
lection in the later generations.
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