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ABSTRACT

Identification of DNA markers linked to genes controlling field weathering resistance
in soybean using bulk segregant analysis was conducted by 3 serial experiments.

Experiment 1 Variation in field weathering resistance was investigated among the
28 soybean lines/varieties collected from various sources. It was found that all soybean
lines/varieties showed variation in field weathering resistance. There were 4 soybean
lines/varieties having high resistance to field weathering involving SJ 1, GC 2796, GC 10848
and GC 10981.

Experiment 2 Genetic diversity was evaluated in 28 soybean lines/varieties using
morphological characters and DNA banding pattern (RAPD and AFLP marker). It was
revealed that the 10 morphological characters could classify 28 soybean lines/varieties into 3
groups while the DNA banding patterns could identify soybean lines/varieties into 5 distinct
groups. The results clearly showed that DNA banding patterns could be used the identify
genetic diversity in more detail than morphological characters. Moreover, the clusters of
soybean verified by DNA Banding pattern were corresponded with their germplasm s4ources
and pedigree.

Experiment 3 Identification of DNA markers (RAPD and AFLP markers) linked to
genes controlling field weatﬁering resistance was conducted using bulk segregant analysis. It
was manifested that two AFLP markers (Eaag/Mcac-233 and Eact/Mctt-157) were linked to a
major QTL (quantitative trait loci) controlling field weathering resistant character. This QTL
was located with a genetic distance of 14 ¢cM from Eaag/Mcac-233 marker. Both markers
were in the same linkage group with a genetic distance of 25.8 cM. The AFLP markers
obtained can be used for assisting selection of soybean resistant to field weathering in

breeding program.
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Soybean genotypes, origin and seed coat color.

Standard germination and field emergence of seeds of 28 soybean
varieties/lines following three weathering treatments.

Average values of electrical conductivity ([ls/cm/g seed) and imbibition
(mg/seed) in seeds of 28 soybean varieties/lines following three
weathering treatments.

Average values of seed size, hard seed, seed coat weight and percent of
seed coat of 28 soybean varieties/lines collected at harvest maturity.
Correlation coefficient between seed quality and physical characters of
seeds of 28 soybean varieties/lines from control and field weathering (SG =
standard germination, FE = field emergence, IMB = imbitition, EC = electrical
conductivity, ET = eccentricity, PHS = percent hard seed, SW = 100 seed
weight, SCW = seed coat weight, PSC = percent seed coat).

Data of 10 morphological characters used for cluster analysis of 28
soybean varieties/lines.

Morphological classification used for cluster analysis.

Nucleotide sequence, total DNA bands, polymorphic bands from DNA banding
patterns of 28 soybean varieties/lines by RAPD technique.

DNA bands of 28 soybean varieties/lines analysed by RAPD technique
using 30 primérs.

DNA amplification of soybean varieties CM 60, GC10848 and GC10981
by AFLP technique.

Total DNA bands, polymorphic bands of soybean identified by AFLP

. technique with various combination of primers.

Germination of the bulked F2 progenies resis_tant and susceptible to field
Weathering,

The sequencs of the cloned DNA fragments.

Sequence similarity of the clone DNA fragments and the accessions

searched from the database by BLAST and FASTA,
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Registering information of cloned and sequenced DNA fragments.
SCAR markers designed from the sequence of cloned DNA fragments.

One way ANOVA test on marker segregation and field weathering

resistance of 139 F2 progenies.
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Phylogenetic tree showing the relationship among 28 soybean varieties/line
based on the similarity in morphological characters.

Segregation pattern of 28 soybean varieties/lines identified by principal
component analysis (PCA) using genetic similarity of 10 morphological
characters.

DNA banding patterns of 28 soybean varieties/lines analysed by RAPD
technique with primer OPC 14 (M = standard DNA bands, 1-28 =SJ 1, SJ
2,814,875, ST1,ST2,CM 2,CM 3, CM 60, NW 1, GC2679, GC2796,
GC3318, GC4120, GC4637, GC4796, GC7231, GC9822, GCI948,
GC10215, GC10848, GC10950, GC10981, GC10992, GCl1101,
GC11254, pk462 and kusl20004, respectively).

~ DNA banding patterns of 28 soybean varieties/lines analysed by RAPD

technique ~with primer OPC 19 (M = standard DNA bands, 1-28 =SJ 1, SJ
2,8J4,S)5,8T1, ST2, CM 2,CM 3, CM 60, NW 1, GC2679, GC2796,
GC3318, GC4120, GC4637, GC4796, GC7231, GC9822, GC9948,
GC10215, GC10848, GC10950, GC10981, GC10992, GC11101,
GC11254, pk462 and kusl20004, respectively).

DNA banding patterns of 28 soybean varieties/lines analysed by RAPD

technique with primer OPE 18 (M = standard DNA bands, 1-28 =SJ 1, SJ

2,814,815,ST1,ST2, CM 2,CM 3,CM 60, NW 1, GC2679, GC2796,
GC3318, GC4120, GC4637, GC4796, GC7231, GC9822, GC9948,
GC10215, GC10848, .GC10950, GC10981, GC10992, GCl11101,
GC11254, pk62 and kusl20004, respectively). |

DNA banding patterns of 28 soybean varieties/lines analysed by RAPD
technique  with primer OPE 20 (M = standard DNA bands, 1-28 = SJ 1,
SJ2,SI4,8]5,STl, ST2, CM 2, CM 3, CM 60, NW 1, GC2679,
GC2796, GC3318, GC4120, GC4637, GC4796, GC7231, GC9822,
G(C9948, GC10215, GC10848, GC10950, GC10981, GC10992, GC11101,
GC11254, pk462 and kusl20004, respectively).

Phylogenetic tree manifesting the relationship among 28 soybean

varieties/lines based on genetic similarity identified by RAPD technique.
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Distribution of polymorphic information content (PICs) for 206 RAPD
markers of 28 soybean varieties/lines.

Distribution pattern of 28 soybean varieties/lines identified by principal
component andlysis (PCA) using genetic similarity of 206 RAPD
markers.

DNA banding patterns of 28 soybean varieties/lines analysed by AFLP

technique with primer E-AAC/M-CAT (M = standard DNA bands, 1-28 =
SI'1l, 8J2,8J4, 8J5,8Ti, ST2, CM 2,CM 3, CM 60, NW 1, GC2679,
GC2796; GC3318, GC4120, GC4637, GC4796, GC7231, GC9822, GC994E,
GC10215, GC10848, GC10950, GC10981, GC10992, GC11101, GC11254, pk462

and kusl20004, respectively).
DNA banding patterns of 28 soybean varieties/lines analysed by AFLP

technique with primer E-AAC/M-CTC (M = standard DNA bands, 1-28 =
SJ1, 8J2,S8J4,8J5,STl, ST2, CM 2,CM 3, CM 60, NW 1, GC2679, GC2796,
GC3318, GC4120, GC4637, GC4796, GCT7231, GC9822, GC9948, GC10215,
GC10848, GC10950, GC10981, GC10992, GCI1110l, GC11254, pk462 and

kusl20004, respectively).

Phylogenetic tree exhibiting the relationship among 28 soybean
varieties/lines based on genetic similarity identified by AFLP technique.
Distribution of polymorphic information contents (PICs) for 437 AFLP
markers of 28 soybean varieties/lines.

Distribution pattern of 28 soybean varieties/lines identified by

principal component analysis (PCA) using genetic simitarity of 437
AFLP markers.

Phylogenetic tree showing the relationship among 28 soybean
varieties/lines based on genetic similarity identified by RAPD and

AFLP techniques.

Distribution pattern of 28 soybean varieties/lines identified by principal
component analysis (PCA) using genetic similarity of 643 RAPD and
AFLP markers.
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Hybridity of F, plants identified by SSR primer. The PCR
amplification was carried out by SSR primer SOYPRO 1. PCR
products were separated by 6% denatured polyacrylamide gel and
visualized by silver stain.

The distribution of seed germination of F, progenies of the cross

CM 60/ GC 10848 after being subjected to incubator weathering.

The distribution of seed germination of F, progenies of the cross

CM 60/GC10981 after being subjected to incubator weathering.

DNA banding pattern analysed by AFLP technique using various
combination of primers (M = bands of standard DNA, 1 =GC10848,
2=CM 60, 3 = resistant bulk, 4 = susceptible bulk).

An example of detecting linked polymorphism by bulk segregant

analysis using AFLP primer combination Eagg/Mcac. Lanes from the

“ = left to right are GC10981, CM 60, 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.

An example of the sequence similarity compared by BLAST. The
sequence (1-118) of Eact/Mctt-157 is overlapped with the sequence
(260-374) of Bu765372. One hundred and two bases (86%) are the
same.

Boxplot of the field weathering resistance of different genotypes of
markers Eact/Mctt-157 and Eaag/Mcac-233. Mean is the average of the
germination and viability by incubator weathering. Genotype 1
indicates both markers presented bands (AABB, AABb, AaBB or
AaBb); 2 indicates one of the markers presented bands (AAbb, Aabb,
aaBB or aaBb); 3 indicates neither markers presented bands (aabb). N
is the number of the F2 progenies in same genotype.

The co-segregation of the bulked F2 progenies by marker Eaag/Mcac-
233. CM = CM60, GC = GC10981, S = susceptible plant,

R = resistant plant.
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Table 1 Soybean genotypes, origin and seed coat color.
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Genotype Origin Seed coat color
SJ1 Unknown Yellow
SI2 Unknown Yellow
SJ4 Acadian x Tainung4 Yellow
SJ5 Tainung4 x §J.2 Yellow

Sukhothai 1 Shih Shin x SRF400 Yellow
Sukhothai 2 7016 x Sukhothai 1 Yellow
CM2 CM 60 x IAC13 Yellow
CM3 G9946 x AGS17 Yellow
CM 60 Willkiams x SJ 4 Yellow
Nakhon Sawan 1 Doteung x Santa Maria Yellow
GC2679 - AVRDC, Taiwan Yellow
GC2796 AVRDC, Taiwan Yellow
GC3318 AVRDC, Taiwan Brown
GC4120 AVRDC, Taiwan Yellow
GC4637 AVRDC, Taiwan Yellow
GC4796 AVRDC, Taiwan Green
GC7231 AVRDC, Taiwan Yellow
GC9822 - AVRDC, Taiwan Brown
GC9984 AVRDC, Taiwan Yellow

GC10215 AVRDC, Taiwan Yellow

GC10848 AVRDC, Taiwan Brown

GC10981 AVRDC, Taiwan Green

GC10992 AVRDC, Taiwan Brown

GC11101 AVRDC, Taiwan Green

GC11254 AVRDC, Taiwan Green

PK462 Korea Yellow
KUSL20004 Clark63 x Orba Yellow
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Table 2 Standard germination and field emergence of seeds of 28 soybean varieties/lines

following three weathering treatments.

Varieties/lines Standard qermination (%) Field emergence (%)
Control Field Incubator Control Field Incubator
weathering | weathering weathering | weathering
GC108438 96.0 77.3 69.3 84.0 50.7 40.0
GC2796 93.3 49.3 36.0 69.3 427 29.3
SI'1 933 86.7 26.7 82.7 77.3 38.7
GC10981 82.7 65.3 46.7 72.0 57.3 453
ST?2 89.3 77.3 0.0' 85.3 70.7 0.0'
CM2 94.7 88.0 0.0 93.3 86.7 0.0
GCl11254 49.3 20.0 0.0 52.0 26.7 0.0
CM3 82.7 29.3 0.0 78.7 28.0 0.0
GC4796 94,7 84.0 0.0 76.0 53.3 0.0
GC11101 77.3 52.0 0.0 73.3 48.0 0.0
NW 1 57.3 34.67 0.0 53.3 333 0.0
ST 1 88.0 16.0 0.0 82.7 33.3 0.0
CM 60 89.3 84.0 0.0 82.7 81.3 0.0
SJ2 88.0 65.3 0.0 90.7 56.0 0.0
SI4 97.3 82.7 0.0 90.7 72.0 0.0
SI5 100.0 89.3 0.0 90.7 82.7 0.0
GC9984 98.7 90.7 0.0 85.3 80.0 0.0
GC4120 76.0 42.7 0.0 69.3 34.7 0.0
GC2679 50.7 38.7 0.0 54.7 36.0 0.0
GC4637 66.7 57.3 0.0 62.7 40.0 0.0
GC10215 62.7 33.3 0.0 70.7 298 0.0
GC7231 57.3 37.3 0.0 56.0 33.3 0.0
PK462 85.3 65.3 0.0 82.7 65.3 0.0
KUSL-20004 74.7 280 0.0 69.3 29.3 0.0
GC10992 40.0 25.3 ' 0.0 50.7 29.3 0.0
GC9822 60.0 40.0 0.0 60.0 42.7 " 0.0
GC10950 81.3 40.0 0.0 78.7 36.0 0.0
GC3318 88.0 49.3 0.0 86.7 42.7 0.0
Average 79.1 55.3 6.4 74.4 49.9 5.5
LSD (0.05)
Weathering means
within a variety (A) 21.7 16.5
Variety means
within a weathering (B) 17.4 15.2
C.V. (%) (A) 19.9 16.9
C.V. (%) (B) 22.9 21.7

' Seeds were not in testing condition due to heavily damage caused by fungi.
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Table3 Average values of electrical conductivity (Ls/cm/g seed) and imbibition (mg/seed)

in seeds of 28 soybean varieties/lines following three weathering treatments.

Varieties/lines Electrical conductivity Imbibition
Control Field Incubator Control Field Incubator
weathering | weathering weathering | weathering
GC10848 325 42.9 129.3 41.0 33.7 94.7
GC2796 85.5 91.6 106.8 158.7 170.7 168.3
SJ1 78.7 101.4 1324 165.0 170.7 171.7
GC10981 69.0 109.1 175.4 125.3 135.7 131.3
ST2 58.9 74.6 0.0’ 188.0 202.3 0.0’
CM2 55.9 59.4 0.0 191.0 193.0 0.0
GCl11254 65.3 114.5 0.0 184.7 202.3 0.0
CM 3 81.3 1553 0.0 198.0 204.7 0.0
GC4796 64.8 128.9 0.0 -180.7 180.7 0.0
GCI11101 78.4 151.4 0.0 96.7 128.3 0.0
NW 1 65.5 80.4 0.0 245.7 244.0 0.0
ST I 59.9 136.5 0.0 171.3 190.3 0.0
CM 60 56.3 75.9 0.0 231.7 210.3 0.0
SI2 55.2 81.8 0.0 177.7 . 196.7 0.0
SI4 50.6 60.7 0.0 184.0 183.7 0.0
SIS 43.5 61.5 0.0 163.3 172.0 0.0
GC9984 424 58.0 0.0 160.7 180.3 0.0
GC4120 97.1 97.7 0.0’ 194.7 221.7 0.0
GC2679 72.6 106.3 0.0 215.7 238.3 0.0
GC4637 58.0 64.1 0.0 252.7 253.7 0.0
GC10215 64.7 1194 0.0 76.3 1233 0.0
GC7231 40.8 92.1 0.0 156.3 198.7 0.0
PK462 81.7 99.6 0.0 183.3 193.7 0.0
KUSL-20004 84.8 132.9 0.0 228.0 246.3 0.0
GC10992 93.8 101.2 0.0 186.7 197.3 0.0
GC9822 73.8 98.3 0.0 136.3 133.0 0.0
GC10950 32.8 92.2 0.0 68.0 145.3 0.0
GC3318 438 125.3 0.0 166.3 174.0 0.0
Average 63.9 96.9 194 168.2 182.8 20.2
LSD (0.05)
Weathering means
within a variety (A) 23.4 19.0
Variety means
within a weathering (B) 19.3 17.2
C.V. (%) (A) 17.2 6.8
C.V. (%) (B) 19.9 8.6

' Seeds were not in testing condition due to heavily damaged by fungi.
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Table 4 Average values of seed size, hard seed, seed coat weight and percent of seed coat of

28 soybean varieties/lines collected at harvest maturity.

Seed coat

Varieties/lines Seed coat Seed size Hard seed Percent of | Eccentricity
color (g/100 seeds) (%) wt.{mg/seed) | seed coat

GC10848 Brown 10.2 69.3 10.2 11.2 0.5638
GC2796 Yellow 15.9 0.0 9.3 8.4 0.5467
SJ1 Yellow 10.8 0.0 10.9 8.4 0..7099
GC10981 Brown 10.2 14.7 9.7 8.7 0.4729
ST 2 Yellow 14.2 0.0 11.3 6.8 0.5578
CM2 Yellow 17.1 0.0 11.6 7.7 0.6642
GC11254 Green 16.7 0.0 11.5 8.3 0.6969
CM 3 Yellow 14.0 0.0 11.5 7.4 0.6016
GC4796 Green 13.6 53 9.7 7.9 0.6012
GCI11101 Green 11.5 15.3 10.3 8.9 0.6936
NW 1 Yellow 16.5 e 12.6 7.0 0.6220
ST1 Yellow 10.4 0.0 12.2 8.4 0.5449
CM 60 Yellow 17.9 0.0 13.8 7.2 0.5728
Sy2 Yellow 13.5 0.0 11.6 7.7 0.6096
SJ4 Yellow 14.3 0.0 12.1 8.4 0.6285
SIS Yellow 17.3 13 11.8 8.6 0.6361
GC9984 Yellow 11.6 0.0 12.8 8.4 0.6876
GC4120 Yellow 16.8 6.7 13.2 7.9 0.6834
GC2679 Yellow 15.2 0.0 12.4 7.2 0.5255
GC4637 Yellow 17.4 2.7 13.5 7.3 0.5731
GC10215 Yellow 11.6 25.3 9.8 9.9 0.7740
GC7231 Yellow 15.1 8.0 13.0 9.0 0.6113
PK462 Yellow 10.2 0.0 10.9 7.6 0.6809
KUSL-20004 Yellow 14.9 0.0 12.9 7.3 0.6540
GC10992 Green 14.7 0.0 10.4 8.5 0.6145
GCO822 Brown 14.7 26.7 12.1 8.6 0.6726
GC10950 Green 13.9 17.3 10.9 8.8 0.6209
GC3318 Brown 13.6 53 10.9 8.8 0.6988
LSD (0.05) 0.6 7.4 0.6 0.4 0.0161
C.V. (%) 3.6 63.9 4.8 4.6 2.7
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Table 5 Correlation coefficient between seed quality and physical characters of seeds of 28
soybean varieties/lines from control and field weathering (SG = standard germination,
FE = field emergence, IMB = imbitition, EC = electrical conductivity, ET = eccentricity,
- PHS = percent hard seed, SW = 100 seed weight, SCW = seed coat weight,

PSC = percent seed coat).

ET PHS SW SCW PSC

SG -0.062 0.070 -0.094 -0.133 0.035

" FE 0.016 0.027 -0.077 - -0.075 -0.036
EC 0.106 -0.299** -0.121 -0.100 -0.153*
IMB -0.103 -0.841%* 0.521** 0.552%* -0.809%*

* %% Significant difference at 0.05 and 0.01 level of confidence, respectively.
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Figure 1 Phylogenetic tree showing the relationship among 28 soybean varieties/line based

on the similarity in morphological characters.



Table 6 Data of 10 morphological characters used for cluster analysis of 28 soybean
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varieties/lines.
Morphological characters
Varieties/
lines ! 2 3 4 5 6 7 8 9 10
SJ1 Non-lodging Purple  Yellow Medium  4.51 Black 40 103 112 1164
Si2 Non-lodging Purple  Yellow Medium 4.43 Dark brown 41 103 112  103.8
SJ4 Non-lodging Purple  Yellow Medium 4.65  Lightbrown 40 103 112 83.0
SJ5 Non-lodging Purple  Yellow Large 469  Lightbrown 39 103 112 105.6
ST 1 Non-lodging Purple  Yellow Small 443  Lightbrown 36 90 112 1074
ST2 Non-lodging Purple  Yellow Medium  4.61 Black 34 94 112 83.0
CM2 Non-lodging ~ Purple  Yellow Large 4.67  Darkbrown 30 73 85 452
CM 3 Non-lodging ~ Purple  Yellow Medium 451  Darkbrown 40 94 112 1140
CM 60 Non-lodging White  Yellow Large 4.63 Dark brown 34 103 112 86.6
NW I Non-lodging Purple  Yellow Medium 4.63  Lightbrown 30 81 103 492
GC2679 Non-lodging Purple  Yellow  Medium 431 Colorless 31 81 103 352
GC2796 Non-lodging White  Yellow Medium  4.73 Colorless 31 73 85 324
GC3318 Non-lodging Purple  Brown Medium 4.60  Lightbrown = 33 90 112 38.8
GC4120 Non-lodging White  Yellow Medium  4.43 Dark brown 31 81 103 71.2
GC4637 Non-lodging Purple  Yellow Large 449  Lightbrown 31 81 103 30.8
GC4796 Lodging White Green  Medium  4.52 Dark brown 31 73 85 42.0
GC7231 Non-lodging Purple  Yellow Medium  4.33 Colorless 31 94 103 41.6
GC9822 Non-lodging Purple Brown  Medium  4.60  Lightbrown 31 81 103 31.0
GC9948 Non-lodging Purple  Yellow Medium 4.75  Lightbrown 45 103 112 99.6
GCl10215 Non-lodging Purple  Yellow Medium 4.53  Lightbrown 32 73 85 252
GC10848 Non-lodging Purple  Brown Small 4.57 Colorless 41 73 85 224
GC10950 Non-lodging Purple  Green  Medium  4.61 Colorless 3t 73 85 32,6
GC10981 Non-lodging White Green  Medium  4.78 Black 31 81 103 274
GC10992 Non-lodging White  Brown Medium 4.49 Black 36 94 112 384
GCl11101 Non-lodging White Green  Medium  4.60 Black 32 73 85 49.2
GCl1254 Non-lodging Purple Green Medium  4.43 Light brown 32 81 103 29.2
pk462 Non-lodging Purple  Yellow Small 427  Lightbrown 38 103 112 44.4
kusi20004 Non-lodging Purple  Yellow Medium 4.49 Lightbrown 33 90 112 88.6

: Morphological characters : 1 = stem lodging, 2 = flower color, 3 = seed coat

color, 4 = seed size, 5 = visual seed quality, 6 = hilum color,

7 = days to flowering, 8 = days to maturity, 9 = days to harvest,
10 = plant height (cm)
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Table 7 Morphological classification used for cluster analysis.

Morphological character Description

1. Stem lodging Non-lodging (0), lodging (1)

2. Flower color White (0), purple(1)

3. Seed coat color Yellow (1), green (2), brown (3)

4. Seed size Small (1), medium (2), large (3)

5. Visual seed quality <4.50 (1), 4.50-4.60 (2), 4.61-4.70 (3), >4.70 (4)
6. Hilum color Colorless (0), light brown (1), dark brown (2), black(3)
7. Days to flowering <35(1), 35-37 (2), 38-41 (3), >41 (4)

8. Days to maturity 70-79 (1), 80-88 (2), 89-87 (3), >98 (4)

9. Days to harvest 80-90 (1), 100-110 (2), 111-120 (3)

10. Plant height (cm) <50 (1), 50-80 (2), >80 (3)
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Figure 2 Segregation pattern of 28 soybean varieties/lines identified by principal
component analysis (PCA) using genetic similarity of 10 morphological

characters.
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Table 8 Nucleotide sequence, total DNA bands, polymorphic bands from DNA banding

patterns of 28 soybean varieties/lines by RAPD technique.

Primers Nucleotides Total no. of No. of %polymorp
DNA bands  polymorphic bands hic bands
ABI11 *GTGCGCAATG" 6 2 33.34
AIO5 *GTCGTAGCGG 5 2 40
All4 *TGGTGCACTC" 11 7 63.64
OPA01  ’CAGGCCCTTC” 5 2 40
_OPAI0  ~GTGATCGCAG' 10 7 70
OPA20  ~GTTGCGATCC® 6 3 50
OPB0O6  ’TGCTCTGCCC” 5 2 40
OPB08  °GTCCACACGG" 4 1 25
OPCl4  ’TGCGTGCTTG 7 4 57.14
OPC16. . ’CACACTCCAG 6 ot 50
OPC18  *TGAGTGGGTG" 4 3 75
OPC19  *GTTGCCAGCC’ 5 3 60
OPD07  ’TTGGCACGGG' 7 2 28.57
OPD18  ’GAGAGCCAAC’ 6 3 50
OPD20  *ACCCGGTCAC 6 3 50
OPEO1  ’CCCAAGGTCC’ 10 4 40
OPE04  ’GTGACATGCC’ 9 2 22.22
OPE07  ~AGATGCAGCC® 7 77.78
OPE15  “ACGCACAACC® 6 1 16.67
OPE18  *GGACTGCAGA" 10 5 50
OPE20  ~AACGGTGACC” 7 5 71.43
OPFO1  “ACGGATCCTG 5 3 60
OPF03  *CCTGATCACC” 6 3 50
OPF07  °CCGATATCCC” 8 6 75
OPIO03 *CAGAAGCCCA” 9 5 55.56
OPY02  “CATCGCCGCA™ 5 1 20
RSI ¥ AAGTTGGTGATGTAT 8 1 12.5
RSR2 ¥ AGCGGACCAG 7 4 57.14
UB.C.04 ‘ccrgageerc” 6 1 16.67
U.B.C.05 *CCTGGGCTGG 8 2 25
Total 206 97 47.09
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Figure3 DNA banding patterns of 28 soybean varieties/lines analysed by RAPD. technique
with primer OPC 14 (M = standard DNA bands, 1-28=S8J1, SJ12,8)4,S]5,
ST1,ST2,CM2,CM 3, CM 60, NW 1, GC2679, GC2796, GC3318, GC4120,
GC4637, GC4796, GC7231, GCY822, GCY948, GC 10215, GC10848, GC10950,
GC10981, GC10992, GC11101, GC11254, pk462 and kusl20004, respectively).
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Figure4 DNA banding patterns of 28 soybean varieties/lines analysed by RAPD technique
with primer OPC 19 (M = standard DNA bands, 1-28 =SJ 1, SJ 2, 8] 4, S5, 8T,
ST 2, CM2,CM 3,CM 60, NW 1, GC2679, GC2796, GC3318, GC4120, GC4637,
GC4796, GC7231, GC9822, GC9948, GC10215, GC10848, GC10950, GC10981,

GC10992, GC11101, GC11254, pk462 and kusl20004, respectively).
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Figure 5 DNA banding patterns of 28 soybean varieties/lines analysed by RAPD technique
with primer OPE 18 (M = standard DNA bands, 1-28 =SJ 1, SJ 2, SJ 4, SJ 5, STI,
ST2, CM2,CM 3,CM 60, NW 1, GC2679, GC2796, GC3318, GC4120, GC4637,
GC4796, GC7231, GC9822,GC9948, GC10215, GC10848, GC10950, GC10981,
GC10992, GC11101, GC11254, pk462 and kus|20004, respectively).
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Figure 6 DNA banding patterns of 28 soybean varieties/lines analysed by RAPD technique
with primer OPE 20 (M = standard DNA bands, 1-28=SJ 1, SJ2,8J4,S8J 5, STI,
ST2, CM2,CM 3,CM 60, NW 1, GC2679, GC2796, GC3318, GC4120, GC4637,
GC4796, GC7231, GC9822, GC9948, GC10215, GC10848, GC10950, GC10981,
GC10992, GC11101, GC11254, pk462 and kusl20004, respectively).
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Table 9 DNA bands of 28 soybean varieties/lines analysed by RAPD technique using 30

primers.
Primers No. of DNA bands Size of DNA bands (kb)
ABI11 6 0.50, 0.80, 0.85, 1.10, 1.20, 1.50
Al0S 5 0.55,0.70, 0.90, 1.10, 1.50
All4 11 0.40, 0.55, 0.70, 0.90, 1.31, 1.20, 1.35, 1.80, 2.00, 2.20, 2.40
OPAOQ1 5 0.6,0.7,0.8,0.9, 1.05
OPAI10 10 0.35, 0.60, 0.65, 0.70, 0.80, 0.85, 0.95, 1.50, 1.75, 1.80
OPA20 6 0.30, 0.40, 0.50, 1.10, 1.20, 1.50
OPBO06 5 0.70, 0.95, 1.00, 1.40, 1.60
OPBO08 4 0.70, 0.90, 1.10, 1.30
OPCl14 7 0.35, 0.45, 0.55, 0.70, 0.80, 0.90, 0.95
OPCl16 6 0.25,0.35,0.75, 1.00, 1.20, 1.45
OPC18 4 0.40, 0.55, 1.20, 1.50
OPC19 5 0.40, 0.50, 0.60, 017_0, 0.80
OPDO07 7 0.30, 0.40, 0.65; 0.7.5,—(‘).85, 0.95, 1.03
OPD18 6 0.60,0.75,1.10, 1.15, 1.20, 1.30
OPD20 6 0.45, 0.50, 0.60, 0.70, 0.95, 1.15
OPEO1 10 0.30, 0.45, 0.50, 0.65, 0.75, 0.80, 0.85, 1.10, 1.20, 1.40
OPE(O4 9 0.25, 0.35, 0.50, 0.60, 0.70, 0.85, 1.10, 1.30, 1.45
OPE07 9 0.30, 0.35, 0.60, 0.70, 0.95, 1.18, 1.20, 1.50, 1.60
OPE15 6 0.45, 0.60, 0.70, 0.90, 1.10, 1.20
OPE18 10 0.25, 0.45, 0.50, 0.65, 0.75, 0.80, 0.95, 1.00, 1.50 1.80
OPE20 7 .0.25, 0.35, 0.45, 0.50, 0.65, 0.80, 1.10
OPFO01 5 0.40, 0.55, 0.80, 0.90, 0.95
OPFO03 6 0.50, 0.55, 0.70, 0.95, 1.10, 1.20
OPFO07 8 0.30, 0.35, 0.70, 0.75,0.90, 1.00, 1.10, 1.15
OPIO03 9 0.30, 0.50, 0.55, 0.60, 0.90, 1.10, 1.30, 1.40, 1.70
- OPY02 5 0.65, 0.80, 1.25, 1.30, 1.75
RS1 8 0.50, 0.60, 0.70, 0.90, 0.95, 1.05, 1.10, 1.20
RSR2 7 0.20, 0.35, 0.55, 0.60, 0.70, 0.80, 0.90
U.B.C.04 6 0.80, 0.90, 1.00, 1.20, 1.45, 1.60
U.B.C.05 8 0.45, 0.55, 0.70, 0.80, 0.95,1.10, 1.20, 1.35




32

fldamnsautianguaamiosldunnd1an UpeMa dndos Tavazuoniug an 2 sen
v P ] o [y
MAUEDU 9 ed1edhaw Wug GC4796, GC10981, GC9822, GC11254, GC11101 AL1TD

f o T [V 4 T { A w 1 a.
uvseenidlungudos uazuenug GC2796, GC10215 senuAngudl 2 Aiangulands

Jd

3y ]
UPGMA d1uriug GC4120 vu illedangune3s pca wudioglndSafuiug Gosss?

9

kus|20004]
_4_[_2_0__

SCT
! pk462
I T T T T T T T T T T T T T T T T T T T T

0.81 0.85 0.88 092 095

Coefficient

Fiéure 7 Phylogenetic tree manifesting the relationship among 28 soybean varieties/lines

based on genetic similarity identified by RAPD technique.
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Polymorphic information contents

Figure 8 Distribution of polymorphic information content (PICs) for 206 RAPD markers of

28 soybean varieties/lines.



33

- ?*..
PR 1 N
P R
R R e e R
_,.-'T" = 1 - kS L
J 1 -C‘fﬁmﬂgz g \\‘ -.:'.‘ r?‘
04 J-sfe T T ans el kB2
ol e AN N N
T 005.e0i ST kUs2OBTE.  Che el e
e 0T IR I N N
fay) ."+4 éHB%_.,.-" : L 2\9I'6 .?‘ :‘.N
. - - ~ ~-
<t 04-- QQBE 4 848 ":‘_ -haw1 Rt ! \\\\: ~.
= - [ e I . -1 L
B Y < L IPD L oLt T U SV O
g -0.05¢-- et com3” S TR BRI
- IR T2° A 1374 S
AN P S I Pt RN
- " N -
015377 st2-- . Sopemill AN
L - " -~
‘_a“:" T - ‘?-‘_ _',-" [T
N L~ 8120 4637 - - R
U 1 \\."J'-’ ;~_\ * _,.."' ‘\\ o
P IS N, <
. :
AYrC %) 15t PC (29.44%)

JFigure9 Distribution pattern of 28 soybean varieties/lines identified by principal component
analysis (PCA) using genetic similarity of 206 RAPD markers.
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Table 10 DNA amplification of soybean varieties CM 60, GC10848 and GC10981 by AFLP

technique.

Primers  M-CAA M-CAC M-CAG M-CAT M-CTA M-CTC M-CTG M-CIT

E-AAC 0 X o) Y O Y 0 X
E-AAG 0 X X 0] O O Y 0
E-ACA X X X O Y Y 0 0
E-ACC Y Y 0 X Y 0 X X
E-ACG o) O X O Y O X 0]
E-ACT X X X @) O O Y o)

X = Primers that could amplify DNA
O = Primer that could not amplify DNA

Y = Selected primers

Table 11 Total DNA bands, polymorphic bands of soybean identified by AFLP technique

with various combination of primers.

Primers Total no. of DNA bands ~ Polymorphic bands  %polymorphic bands
E-AAC/M-CAT 62 26 41.94
E-AAC/M-CTC 41 19 46.34
E-AAG/M-CTG 40 15 37.50
E-ACA/M-CTA 47 14 29.79
E-ACA/M-CTC 42 12 ' 28.57
E-ACC/M-CAA 41 7 17.07
E-ACC/M-CAC 41 : 11 26.83
E-ACC/M-CTA 51 22 43.14
E-ACG/M-CTA 23 8 34.78
E-ACT/M-CTG 49 21 42.86

Total 437 155 35.47
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Figure 10 DNA banding patterns of 28 soybean varieties/lines analysed by AFLP technique

with primer E-AAC/M-CAT (M = standard DNA bands, 1-28=8J 1, SJ 2,SJ 4,
SJ5,STl, ST2, CM2,CM 3,CM 60, NW 1, GC2679, GC2796, GC3318, GC4120,
GC4637, GC4796, GC7231, GC9822, GC9948, GC10215, GC10848, GC10950,
GC10981, GC10992, GC11101, GC11254, pk462 and kusl20004, respectively).
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Figure 11 DNA banding patterns of 28 soybean varieties/lines analysed by AFLP technique
with primer E-AAC/M-CTC (M = standard DNA bands, 1-28 =SJ 1, SJ 2, SJ 4,
SJ5,ST1, ST2, CM 2,CM 3,CM 60, NW 1, GC2679, GC2796, GC3318, GC4120,
GC4637, GC4796, GC7231, GC9822, GC9948, GC10215, GC10848, GC10950,
GC10981, GC10992, GC11101, GC11254, pk462 and kusl20004, respectively).
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Figure 12 Phylogenetic tree exhibiting the relationship among 28 soybean varieties/lines

based on genetic similarity identified by AFLP technique.
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Figure 13 Distribution of polymorphic information contents (PICs) for 437 AFLP markers of

28 soybean varieties/lines.
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Figure 14 Distribution pattern of 28 soybean varieties/lines identified by principal

component analysis (PCA) using genetic simitarity of 437 AFLP markers.
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Figure 15 Phylogenetic tree showing the relationship among 28 soybean varieties/lines

based on genetic similarity identified by RAPD and AFLP techniques.
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Figure 16 Distribution pattern of 28 soybean varieties/lines identified by principal
corriponent analysis (PCA) using genetic similarity of 643 RAPD and AFLP

markers.
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Figure 17 Hybridity of F, plants identified by SSR primer. The PCR amplification was
carried out by SSR primer SOYPRO 1. PCR products were separated by 6%

denatured polyacrylamide gel and visualized by silver stain.



42

3.2 msnszneiludnvazanumumudenisi@ounamwvsandaiugluaninls
vo3U521103gnTIN 2

1NMIUGNAUGNTIN 2 VOIGHAL ¥N 60/GCL0848 $11IU 135 AU UAZFNAY WL

' ]
L=

60/GC10981 117U 139 Au idufuifeaumdanndugndaf 2 urhldideuquamiy
dou mmuthudauinsreyauIenIRs I wuhwdannlszanignda 2 ves
AHAN ¥ 60/GC10848 TUM1ANNIDNUINTTIUAULYTBYTEN T 0-76% dIuRUTL B 60
HAEWUTND GCL0848 TAIAIMIDNUIATIIUINAY 0 10T 69.3% AWEINY (Figure 18)
dnwianndszanigndafl 2 vesguan ¥u 60/GC10981 fifAuIeMNATFIUAULS

] 1 1 v 1 d 1 a
YITHIN 21.3-81.6% TIUNUHTUN YU 60 LAZWUTND GC10981 UMANUIBANINTIIU

MY 34.7 182 75% AWAIAY (Figure 19)

40 2 W

3018

20

No. of F, progenies

P,= CM 60= 0.00

P,=GC10848 = 76.00

oE S e

0.0 5.0 10.0 15.0 20.0 25.0 0.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 Mean = 13.70
N =135.00

Germination (%)

Figure 18 The distribution of seed germination of F, progenies of the cross

CM 60/ GC 108438 after being subjected to incubator weathering.
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Figure 19 The distribution of seed germination of F, progenies of the cross

CM 60/GC10981 after being subjected to incubator weathering.
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Figure 20 DNA banding pattern analysed by AFLP technique using various combination of
primers (M = bands of standard DNA, 1= GC10848, 2 =CM 60, 3 = resistant
bulk, 4 = susceptible bulk).
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Figure 21  An example of detecting linked polymorphism by bulk segregant analysis using
AFLP primer combination Eagg/Mcac. Lanes from the left to right are GC10981,
CM 60, 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.
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7N12¥A287% BLAST (Altschul et al., 1997) 4ag FASTA (Pearson and Lipman, 1988)
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MNMIAATIZH 1a8 BLAST WU ALBUID accession BU 765372 liag BU 549864

] v v o

Srduwasiuan 102 guda imifeutufudrumwavesuouAdueflianuuandisTaos
J o w [ ° 1
Inswed BacyMeit-157 uazlidiauiuadousu (overlap) $113U 118 U (86.4%) 910
a J ' =1 o0 w =
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y 2 o v T A s . . \ 3 . ' Y a o =
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! 1 o . o w

Thnruuanaelaeg Insiwes Eaag/Mcac-233 1Az accession AF 243378 fidduiud

YAIU

Table 13 The sequences of the cloned DNA fragments.

Clone name Sequence

5 paattcaaggaccctttactttagecttcccacacctatttatagcaaaacaaggeatttgggatgaaggtaget
Eaag/Mcac-233 cgectgggegagetggttacticatcatgaagttatctaggtggeaggggcetgaaaaatgecccaagagtgace

ctttcceccattttgggtatttgegtatttacttccaaaacgtcaaaaaacctacggaatgeacgacaattggtgttaa 3°

5" ttaacagcagctgcaacaacaataaactcccctictgecgtagattgageaacaatgtettgttttitgagetceat
Eaag/Mcag-180  gagaaacacctgatccaaagctaaaacaataccctaaagtactcttcatatcatcaattgaaccaccecaatcactge

Cagagaaacttgttagcttgaattc 3’

Eact/Mett-157 5 ttaacttgtccagcatgataaacactcatgaaataatgttagtagtttcactttatagacaacaaggceaattatagaaa

gggticttgtatagctatcatgeggetgttgacaggacacaaattgttggtgatatcaatgtaacagetgagtgaattc. 3

Eagc/Mcag-104 5 gaattcagcccttettcgtgactctagatgatticataaatattctcagcataaageagttcataggaatgegtogatg

tttgaaatgtacctttcctgttaa 3’

Eagg/Mcac-115 5 ttaacaccataagaggttataatatcatagattcatcattcatatgttcatcacagatcatgaatccacagtatagtt

caataggtatagcaagacatttcaacaccctgaatte 3’
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accession hlﬁluﬁmll%‘lu Table 15

Table 14  Sequence similarity of the clone DNA fragments and the accessions searched

from the database by BLAST and FASTA.

Clone name Aligned accession ~ Overlap location (bp) Similarity (%)
 Eaag/Mcac-233 AF180335 107-224 67.2
AF186186 3-225 54.9
AF243378 1-59 78.0
Eact/Mctt-157 BU549864 1-118 86.4
BU765372 1-118 86.4

Table 15 Registéring information of cloned and sequenced DNA fragments.

Clone name Origin Length (bp) Database accession no.
Eaag/Mcac-233 CM60 233 AB213662
Eaag/Mcag-180 CM60 180 AB213663
Eact/Mctt-157 CM60 157 AB213664
Eagc/Mcag-104 GC10981 104 AB213665

Eagg/Mcac-115 GC10981 115 AB213666
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>BUTS53721BU765372.1 =as1l7d06.v1l Gm-¢l059 Glycine max cDNA claone
SOYBEAN CLONE ID:TRANSFERASE, GST 10B ;, mRMA ssquence.
Length = 617

3¢ore = 33,5 bits (42), Expect = 2&-14
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Strand =~ Plus / Plus
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317

Query: Bl atagcotatacaagaaccotttotatkaatbgecttgtigtotatasagtgaasctacta 1138

) PLECET B TEPErE e e b L ere BEERR Ty (bbb eL Ly
Sbict: 218 atagctotasaagmacecttt-tytaattgoattgttgtctagaaagtgasactacta 374

Figure 22 An example of the sequence similarity compared by BLAST. The sequence
(1-118) of Bact/Mctt-157 is overlapped with the sequence (260-374)
of Bu765372. One hundred and two bases (86%) are the same.
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Table 16 SCAR markers designed from the sequences of cloned DNA fragments.

Marker Primer Sequence

Eaag/Mcac-233 Forward 5’ - ttaacaccaattgtcgtgeat-3’
Reverse 5 - gaattcaaggaccctttact-3'

Eaag/Mcag-180 Forward 5’ - gaattcaagctaacaagtttctct-3'
Reverse 5’ - ttaacagcagctgcaacaacaat-3'

Eact/Mctt-157 Forward 5’ - gaattcactcagctgttacat-3'
Reverse 5’ - ttaacttgtccagceatgat-3'

Eagc/Mcag-104 Forward 5’ - ttaacaggaaaaggtacat-3’
Reverse 5’ - gaattcagcccttct-3'

Eagg/Mcac-115 Forward 5 - gaattcagggtgttgaaat-3’
Reverse 5’ - ttaacaccataagaggttat-3’
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Table 17  One way ANOVA test on marker segregation and field weathering resistance of

139 F2 progenies.
Incubator Marker Minimum = Maximum Mean One way ANOVA
weathering 1 ;'):attern* F-z,m'-: i P value
1 213 66.7 47.7
Germination 2 26.3 T2T3 T T 51.9 7.762 0.001
3 29.2 81.6 59.6
1 47.8 81.0 67.9
Viability 2 514 85.0 71.7 22.549 <0.001
3 58.3 95.6 80.6

* 1 = both markers presented bands (AABB, AABb, AaBB or AaBb); 2 = one of the markers

presented bands (AAbb, Aabb, aaBB or aaBb); 3 = neither markers presented bands (aabb).
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Figure 23 Boxplot of the- field weathering resistance of different genotypes of markers
Eact/Mctt-157 and Eaag/Mcac-233. Mean is the average of the germination and
viability by incubator weathering. Genotype 1 indicates both markers presented
bands (AABB, AABb, AaBB or AaBb); 2 indicates one éf the markers presented
bands (AAbb, Aabb, aaBB or aaBb); 3 indicates neither markers presented bands

(aabb). N is the number of the F2 progenies in same genotype.



57

CM GC S1 S2 S3 S4 S5 S6 S7 R1 R2 R3 R4 R5 R6
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Figure 24  The co-segregation of the bulked F2 progenies by marker Eaag/Mcac-233.

CM = CM60, GC = GC10981, S = susceptible plant, R = resistant plant.
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