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SUMMARY

I. Title

Development of breeding lines and DNA markers associated with resistance to Pho

mopsis Seed Decay in soybean

II. Major Results and Discussions

1. Development of DNA markers associated with resistance to Phomopsis

Seed Decay in soybean

Phomopsis seed decay(PSD) is part of a major fungal disease complex found
in most soybean production areas of the world. PSD is a common contributor to
reduced soybean seed quality, particularly when maturation occurs during periods
of high humidity and high temperature. Numerous studies have shown a strong
negative relationship between incidence of Phomopsis seed infection and soybean
germination, vigor, and emergence. Phomopsis longicolla and P. sojae are the
species found with the greatest frequency in PSD-infected seed lots. While some
chemical and cultural control measures exist to reduce losses due to this disease,
genetic resistance would be desirable. The most economical and feasible solution
for managing areas infested with PSD is the use of resistant cultivars. The use
of molecular markers is an efficient alternative to the tedious work of genotype
evaluation for PSD resistance and allows for an efficient selection of polygenic
resistance to PSD. Molecular markers can be used in the indirect selection of
traits that are difficult to evaluate and/or that are largely affected by the
environment.

For finding a genetic segregation ratio and developing a genetic linkage map ,
resistant cultivar PI 417479 and susceptible cultivars Hwaeomputkong,

Keunolkong and Seokryangputkong were crossed and their Fo plants and Fj



seeds were evaluated. Greenhouse-grown plants with different R genes and
alleles were inoculated to PSD strains. The F; plants of the cross showed
resistant reaction and F2 populations were segregated 9 : 7 ratio based on
disease severity of seeds that confirming the resistance is governed by the two
dominant genes. This results indicate that a resistance to PSD is controlled by
complementary genes.

Fo, BCiF2, and BC.F2 populations and the corresponding Fa3 population families
were used to evaluate the correlation between the molecular markers and
resistance to PSD. To establish the genetic linkage map and efficient soybean
breeding program, DNA markers such as SSR, AFLP and SNP were surveyed
for polymorphism between PSD resistant (cv. PI 417479) and susceptible (cv.
Hwaeomput-kong) variety. SSR analysis was performed with genomic DNAs
extracted from Fs plants by using primers showing clear PCR products between
parent DNAs. Among total 43 F linkage group primers, eight primers were
selected and mapped with genetic distance 47.3cM in F2 populations. Among
these 8 SSR markers, Sct_033 was the most significantly associated with PSD
resistance (80.27%). In AFLP analysis, eleven primer pairs detected a total of 311
AFLP fragments in a sample of Hwaeomputkong and PI 417479, with an average
of 52 fragments produced per primer pair. And it showed 7.3% polymorphic
between parent plants. Total 18 primer combinations were used to identify
specific bands to PSD resistance, and five markers were selected. One of these
AFLP markers, AF3 was the most significantly associated with PSD resistance
in Hwaeomput-kong and PI 417479. Although SNP analysis was performed by
using RFLP markers such a A_708 and A_162, which were considered that
associated with resistance gene to PSD, we could not found a SNP.

The use of molecular markers allows for an efficient selection in early
generations of the breeding process because they are not affected by the
environment. Thereby, identification of markers would be efficient tools for
selecting resistant plants in early segregating populations, avoiding the tedious
conventional evaluation procedure and expediting the development of cultivars

resistant to PSD in soybean breeding programs.



2. Development of resistant lines to PSD in soybean

The purpose of this study was to develop elite resistant lines to phomopsis
seed decay for adoption to various cropping system and cultivation to paddy field
using soybean. To achieve this goal, total 9 combinations were crossed, especially
including a back-cross of three times between Hwaeomputkong and PI 417479,
which was reported phomopsis seed decay resistant soybean germplasm.

Many promising breeding lines which have resistance to PSD in soybean
have been developed. The mode of inheritance for the related resistance gene
was analysed and the possibility of wild soybeans as breeding materials for
developing resistance variety was also evaluated. More than 9 combinations and
6,027 plants in F: generation were analysed for the selection of resistant
properties. They were artificially innoculated to PSD pathogenes in the field.
One hundred sixteen lines were selected for resistance in the F4 generation. Their
agronomic characteristics were evaluated in addition to resistant response to PSD.
More than 50% of seed quality and plant types were recovered by two times of
back cross. Many promising lines could be selected from two times of back
cross, especially from the cross Hwaeomput-kong/PI 417419. From this cross,
more than 292 lines were selected, which could be used as source materials for
the development of resistant varieties to PSD and high quality of seed in the
future.

A breeding line named as SS01415-8-1 which has high yield among the
selected lines and is to be considered having resistance gene to PSD. This line
has somewhat high quality such a large seed size, bright hilum color, round
shape, and etc,. It will be tested a yield forecasting trial’s from 2006 to 2008 and

elite lines selected to YFT could be examined to regional yield test after 2008.
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| 5ZWkS (Selective PCR) 8 o & AL83}3 T} Selective PCRS DNA 10440,

X
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M1 2 3 4 5 6 7 8 9 10 11

Fig. 1. Genomic DNAs extracted from leaves of soybean
Lane M : 2DNA digested with Hind I(100ng)

Lane 1~11 : samples
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EcoR 1 selective primer (E-CNN), Mse I selective primer (M-ANN), 1 unit 7agq,
dNTP, 10xPCR buffer, MgCl& H7tste] F 26u= 2Aste] Fadsislon, uke
Z712 touchdown PCRYE S o] &3} 94T A 30%, 66C~56C (< 1CH 74&)
ol A 30%, 72TClA 60x%3F 93] AA|gt & annealling ==& 56ColA 3022 174
st F 263 HbE Feeidtl 22k S-S vkl DNAo| 1540 loading dye (40%
sucrose, 0.025% bromophenol blue, 0.025% xylene cyanol)E F7}3te] 95T A 5
£7F denaturerlZl ¥, I ¥ 5uE 50CE denaturing ® 7% polyacrylamide/SM
urea gelsol 8OW= 2A17F 305 <t A/MAIA Y. DNA @& d/MAIA 8¢ o
o = Silver staining kit (Bioneer, Korea)& °]&3le] Mg & 1 AAE EA431%)

.

v}, SSR +4

PCR HFE4& 5xSCR buffer, 10xPCR buffer, 2mM dNTP (Promega), 50mM
MgCls, 10uM primer, Taq (Promega)S ¥3tslo] & 10ul= w11, o] 7]d 50ng/ul
°] DNA 09u= 371t PCRS 333tk PCR WbS 232 94Tl A 23, 94T
ol 30% (denature), 49ColA] 30% (annealling), 68 ColA 1¥#3F (extension)?
cycles & 353 W& 3 3 68CoA 5% HEZ 3t 4T AFsth. PCRES
oz WSS 159 agarose gelolA 100VE 2A17F 3087 #7953 & EtBr
(Ethidium Bromide) &% oA 40%3F G433, UV trans-illuminator’dol A ==

SREY

v}, SNP #4]

Genome DNA 50ng 4u0, 10uM primer (FR Z3%) 4ul, 10xbuffer 5ul,
ANTP(2.5uM) 48, Taq polmerase 0.6u0, ddH.O 32405 A 7}sle] PCRS 334
t}. PCR WF$-Z7H& 94T 4%, primer temperature 30%, 72ColA 1%9 HF3 &
o] 293] HrE3la 72TolA 10x% A7 F AFE3ATE o] % 1% agarose gel Aol
A 3xdye 2ul, PCR 4t 4us H7betel 1583 H719E sto] S5d4S 423
Z A4TCAA WH mastgtr. 33, purifications 3171 Y8l4] PCR purification
kit(Bioneer, Korea)E& ©]&3}> PCR 4F=S 1.5ml tubed]l ¥ 3 PCR binding buffer
2 sujAE HArlslel &3 ¥ binding columnel ¥ 13,000 rpmollA 1% %<t

DA E st Tube stdtel 2 A v 8§92 m= W il washing buffer
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£ 5000 H7Fske] 13,000 rpmolA] 18 B¢k dAEIE A Y. g4, sE59S H
2] 21 washing bufferS 5000 3 7}3Fe] 13,000 rpmol A 2% F<oF 4 E# = 150
™ tube¢tel A= binding columng A 2 15ml tubedl] %71 & 20A F74
g 5% F<oF AZEAZ ) Binding column 7t elution buffer 1540% tubeol
A A B ALolA FAES 41 5% w9 AFAA 13,000 rpmell A 137 E <t
A& stk 1 o] F binding columnS W23l 1% agarose gel Aol A 3xdye 2
1, PCR AHE 25 F7hshe] 1533 A7196 3t purification 225 #3238}t
ae]a PCR 4% 240, 32uM Primer 1ul, 5xbuffer 1uf, Bigdye 0.3u¢(Bigdye®

M o

o,

Terminator v 3.1 cycle Sequencing Kit; Applied Biosystems), ddH:O 1.7 7}

st PCRES F a3ttt PCR RESZ72 94T 44, 94T 10%, 50T 5%, 60T 1+

of EAWE ¥hg A7l ¥ 393] wHEStaL 4T A WA e o322 PCR

tubedll 80% Ethanol 30uS 7Fsta 2 E3tsle] AFolA] 407 F<QF RSt &

2500 rpmell A 40 EF A4 st BAl tube FAS Dl o8 Ao FA

2 895 8 5 FAFA 17 w2t dAZYe s, tube F4S 22 2 R £
4

ALggstn wdHsFE7] 7| ME o sequenceE 493 At

e

A}, Data #4
A A gene?l 79 molecular markerete] A= chi-square test® 33

oW linkage relationships® map distancess 4 A#AAEE= MAPMAKERS
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Table 1. Characteristics of molecular markers for DNA study.

RAPD RFLP SSR AFLP
Lo PCR with Restriction & Selective
Principle ) ~ PCR of SSR
random primers  hybridization PCR
DNA amount
. 0.02 10 0.05~0.10 05~1.0
required(pg)

PCR-based Yes No Yes Yes
Gel-based Yes Yes Yes Yes
Genomic . ) . .

Very high High High Very high
abundance

Marker type Dominant Co-dominant Co-dominant Dominant

Reproducibility Fair Very high Very high Very high
Sequence

information No No Yes No
required

Development Low Medium High Low

Labor .

Easy of use Easy ) i Easy Defficult

intensive

Quantity of . ) .

. . High Low High High

information

Replicability Variable High High High

Resolution of ) ) ]
o Moderate High High High

genetic differences

Development time Short Long Long Short
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A B
Fig.2. Appearance of PSD cultured on PDA media
A ! Inoculated soybean seed on PDA medium
B : JP151 separated from A
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Fig.3. AFLP patterns of PSD species
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Fig. 4. Index score of PSD according to disease severity in soybean.
0=0%,1=1~10%, 2 = 11~20%, 3 = 21~30%, 4 = 31~40%,
5 = 41~50%, 6 = 51~60%, 7 = 61~70%, 8 = 71~8&0,

9 = more than 80% of soybean seed covered with disease symptom
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Humber of progeny

0" 510 15 20 25 30 35 40 45 50 55

Plant infection rate (%)

Fig. 5. Frequency of plant infection rate based on disease index score in the F2

progeny of the cross Hwaeomputkong x PI 417479.
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Table 2. Segregation of genotypes inouclated to Phomopsis Seed Decay in the
Fy progeny of the cross Hwaeomputkong x PI 417479 .

Inoculated  No. F» No. of penotypes Expected 5 i
3 : ] X Probability
place plants resistant susceptible  ratio
Green 74 43 31 97 0099  05<P<09
house
Field 240 134 106 97 0.016 0.9<P

Table 3. Segregation of genotypes inouclated to Phomopsis Seed Decay in the
BCiF2 progeny

No. of No. of penotypes Expected X2

Line plants  resistant susceptible ratio Probability
Hwaeom- 30 0 30
putkong
PI417479 30 30 0
BCiFy 17 9 8 1:1 0.029 0.95<P<0.97
BCiF, 199 144 55 3:1 0.277 0.75<P<0.90
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2. F vloj2 AFA B BT FAAL FH

3 velehy AYY B FAAAL GARY] SAste] kB Yoz 1 7
SAE BAGAT. AT FUAY 205 AEL FULAolA AvETA [ o2y
#FAES ANSAT Telu 23 FRAe AR o ¥ KPonE FA
Az o] SEe WAL w4+ Gen], PDAMACIAE Aolk 1A ek}
oJAe FAAE Foli Holuhy #

A
¥5E T AEET 207H9+ OFAF ALY 200%S AFLPES o] &3le] 4%
UAS g3 Adtoltt. & 187 23 5 polymorphisme] #<l¥ 1171 primer &
o E4¥H F DNA T#H e <, Dolymorphismol oy " 4 2 I HE&S

UER AT A F 3 ok S TR 11xFelA F 610719 DNA wo] H=
of Wt 56709 w@He]l #FHJ=, AT kAT e @A = Z AolE
< AMZolA polymorhismo] &<1¥ @He F 32702 HF 29

A HlEs B old A= e vE B Hla FA7F WojA = el
gto]l W © 7 silver stainingS AFE3 AE 3 Q¢lo] Hue A=

th weba A oG Felvto] ol gene mapping 5o AT WA F
A&E o] &dt= Zlo] AFLPIA = o #F&&tA A482 & dogdta ddHA
A, ofAF M= Hir 122719 polymorphisms Ho] AujFTHEct A
e T o F ol AT R thFAd o]l Al YERG A2 Al Az Aol A
L 7RI A Rk op e A E3hF AR @4 odds veide Aol
At h oRAF I Al EFlA e $1X o YERd DNA @ Ht 24719
ow weba A FA AzolA FAA v ol A 1277 o] A vt
Primer =¥ 2% polymorphismell th&gh #}o] 7} L‘rE‘rk}%tﬂ 130 ~ 385 %9
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Table 4. Primer sequences used for AFLP analysis in this study

Type Name Enzyme Sequence(5’—3")
EA+ EcoR'1 CTCGTAGACTGCGTACC
EA- EcoR 1 CTGACGCATGGTTAA
Adaptor
MA+ Mse I GACGATGAGTCCTGAG
MA- Mse 1 TACTCAGGACTCAT
pre-amplification E-C EcoR'1 AGACTGCGTACCAATTCC
primer M-A Mse I GACGATGAGTCCTGAGTAAA
E-CAG EcoR' 1 GACTGCGTACCAATTCCAG
E-CAC EcoR'1 GACTGCGTACCAATTCCAC
E-CAA EcoR'1 GACTGCGTACCAATTCCAA
M-AAG Mse I GATGAGTCCTGAGTAAAAG
selective
o M-AAT Mse I GATGAGTCCTGAGTAAAAT
amplification
primer M-AGA Mse I GATGAGTCCTGAGTAAAGA
M-AGG Mse I GATGAGTCCTGAGTAAAGG
M-ACG Mse I GATGAGTCCTGAGTAAACG
M-ATA Mse I GATGAGTCCTGAGTAAATA
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Table 5. Number of polymorphic fragments in G. max and G soja detected at

11 AFLP loci

No. of polymorphic

. . Total no. of bands detected Percent O.f
Primer pairs polymorphic
fragments

G. max G soja Shared Total fragments
E-CAC, M-AGA 46 3 9 3 9 19.6
E-CAC, M-ACG 54 2 8 2 8 14.8
E-CAC, M-AAT 74 5 15 4 16 21.6
E-CAC, M-ATA 54 2 7 2 7 13.0
E-CAG, M-AGG 47 4 13 3 14 29.8
E-CAG, M-AAT 51 1 9 1 9 17.6
E-CAG, M-ATA 52 3 19 2 20 385
E-CAA, M-AGA 68 3 13 3 13 19.1
E-CAA, M-ACG 43 2 9 1 10 23.3
E-CAA, M-AGG 59 4 16 3 17 28.8
E-CAA, M-ATA 62 3 16 2 17 27.4

Total 610 32 134 26 140

Average 555 2.90 12.2 2.36 12.7 22.9
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3. DNA marker A
7}. AFLP marker A14F

AFLP 7]%< genomic DNAZ A3 E
(EcoR D& Awala tha] Astas o4 =

< A3t /\}%6&3}. A DNA 982 FE8& adaptor® 32¢ 5, 3459
= =

(Cho, 2000).

stAEF 0 PL 4174799] Al DNAE PCR=Z F%HA7]aL d7
silver staining® 2 ¥43% AAZS 29 69 el 29€olA Hi= wviel 7o)
FEHUE DNA dHE52 F3HE gol Ueuten + #3379 polymorphism®
ofg] el SAH At webd Fo Fd4 vddSs AFLPE Esto] 248
ARom, AFLPlA e polymorphism-> 7]t DNA markers ®HUt} "4 U}

—

o -EEl B
d5s FISF =

[}
Fe o 4 A9k U AFLPE 5% 4719%9 ¥ FRe DNA HHES
g% & ol Aol Ax wwel EHtel Faw Aols BAsy] @ AAA

+ SSR marker SOl W] HEsIA E3 FEA7F AdATh o] AL silver staining
T BT FAS= ofe] 7FA 37 89l wiitoldt AlmEY uehA Hoh FE
NE siAe A Fo7F 2o Aow dddn. 3, AFLPF3A
silver staining thilol WA S ULE AMEStH &4 HEs 2945 45 5 9

At

E62 3YETH PL 4174795 v Fste] 42 Fo HES o] &3te] AFLP marker
o FREY dAYE FA4S Aoty F EFEIA F3] polymorphisms RSl

=]
B
M-AGG primer Z%o]A 325 474y @] o]2 x> Woz Ry

E-CAG /

o] AEE At 72 dHELS 31 19 ®BYHIE HolE oz dAuEo
M, o]AS2 AFLP markers7} Wl f+die dd< meEts A & 5 A
t}. Maughan %(1995)2 AFLP marker:= co-dominance® *2lo] Uev}7]%: 3t}
i AT wEkA AFLP markers T A2 A= A Felgle] A&d

legle ddtE A
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Table 6. Segregation data for four AFLP loci in the Fz progeny of the cross
Hwaeomputkong x PI 417479

No. F2 No. of genotypes Expected I

Primer-locus name plants A AR D ratio Probability
E-CAG/M-AGG-1 128 96 - 32 311 0.38  0.5<P<0.7
E-CAG/M-AGG-2 125 89 - 36 311 096  0.3<P<05
E-CAG/M-AGG-3 128 92 - 36 3:1 0.67 0.3<P<05
E-CAG/M-AGG-4 127 91 - 36 311 0.76  0.3<P<0.5
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Table 7. Polymorphic fragments of AFLP loci in the progeny of the cross
Hwaeomputkong x PI 417479

Total no. No. of polymorphic

. . bands detected Percent O,f
Primer pairs of polymorphic

fragments Fy BC,F,  Shared Total fragments

E-CAC, M-AGA 84 8 7 5) 11 13.1
E-CAC, M-ACG 69 5) 3 9 13.0
E-CAC, M-AAT 4 8 4 13 176
E-CAC, M-ATA 81 5) 2 7 8.6
E-CAG, M-AGG 79 11 7 5) 12 152
E-CAG, M-AAT 73 7 5 4 9 12.3
E-CAG, M-ATA 85 15 9 6 14 16.5
E-CAA, M-AGA 88 12 6 6 12 13.6
E-CAA, M-ACG 72 9 8 5 10 139
Total 705 83 60 40 97
Average 78.3 9.2 6.7 4.4 10.8 13.8
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a9 7S MEET x PL 417419 %] FoE W4 o ® AFLP markers ©] &%
PSD ## dA#A et 2eA B nkel 2ol ZF marker Ho] A At
gl "ol glem® olwd] AwtdE markertto i F wlolEky AA #H
AAAEE FHAgstrlole F5% sor dddEnh webx £ oo tYge primers
FH|ste] AAAEE A=

of A A A#E ] A= el AAUTE AF4e} AF54 = v‘i—ﬁ%
AE57E AL Zhsel £0 A™RE 240 ofegd Ao= A}EHEE F=F 4
],

AMETFE 59 AHE stofof €

1}, SSR marker 4

SSRE @EdtA wHEE So] A7|wjd Z5E primerE WEIL o] F o] &3le] &
& PCRell oJste] S&gozxn 1 viRujde] Wols # S
AR ofuet AdEAe g% A FHA AR A o] &ete= WrRoltt
(Cho, 2000). &2 HA&dA B8 DNA markers<S F2 F linkage groupd] &
a Wi #EE FAAES JAdew Ests Aow Husa gk E£3 RFLP
= o] &3t B3 Ay 2071%9 F linkage group 7}F<dl F¢F H linkage group
of M3 #EE FAAVE s Aol FAS Bk vt (Cregan 1999).

ZEFTY PI 4174799F (N ZEF 23 xAFEF)3 PI 4174799 1 f FU &

| F3gk primerE Awsle] A F ogroup H

group®] A& A== 17 99 109 YERH AT

T3 PL 4174799 nizh o fAae] A5 Aol AHSE 3970 F F group
primero| A& 671, H group primer 2070 % 47019 primer7} A¥ At 283, F
linkage groupdl A& 510.7cM, H linkage group oA & 234.3cMe] & A#AZE B
Atk Ee (ABEF 25 xMFEF)I PL 4174799 w3 SUE didoz A4 24
3} F linkage group< 570, H linkage groupol A= 471¢] primer7} A@rglon z+
7} 178.4cM¢t 83.1cM 9] & d#AEE HAth

i3
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Fig. 8. Linkage map by AFLP marker associated
with resistance to PSD in the F2 of cross

Seokryangput-kong x PI 417419
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Table 8. Linkage analysis(BCiF2) of AFLP markers associated with resistance to
PSD in soybean

AF1 AF2 AF3 AF4 AF5
Linkage to 99 150 154 21 15

resistance (78.6 %) (781 %) (80.6 %) (35.0 %) (32.6 %)
Nom_link 27 42 37 40 46

© a8 (294 %) (219 %) (194 %) (65.0 %) (674 %)
Total 126 192 191 61 61
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A : Keunol-kong x PI 417479

B SS 932058 x PI 417479

Rec Dist Marker
Frac. cM Id  Name
m (1) Satta5

(42.4%) 94.4
(2) Satt516

(45.0%)115.5 —

(3) Satt490
(37.5%)69.5

(4) Satt252

(46.3%)130.7 ——

(5) Satt595

(43.3%)100.7 ——

(6) Satt554

Rec Oist Marker Rec Oist Marker
Frac. cM |d Name Frac. <M Id Namme
-H—(1)Satt145 H— (2 satta0
(22.3%205™
T Q) Satti20
(286%)42.3 ™
H—(4) Satthb
(44.199106.5 —
H— (5) Sattsc4

Fig. 9. SSR markers associated with resistance to PSD in soybean linkage group F
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A : Keunol-kong x PI 417479 B 5SS 932058 x PI 417479

Fec Ost Merker RecOst  Maker Rec Dist Marker
Fac. cM Id Nave Fac.dM  Id Nare Frac. cM I[d Name
(21.7%) 28.4 —
(46.629136.0—
(2) Satt302
(17.6%) 21.6 —
(2 St676
(3) Satt676
(4319%99.3— (24.2%) 33.1 —
(3) it181 (1) Satt192

Fig. 10. SSR markers associated with resistance to PSD in soybean linkage group H
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Fig. 11. SSR marker patterns in the Fs progeny of the cross
Hwaeomput-kong X PI 417479.

A and B : agarose gel ; C : polyacryl amide gel
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Table 9. Sequences of SSR markers selected for PSD resistance

Satt 490 F GCGGCACGAGTCAACTTTCTGTTTCCT
R GCGGAAGAAGATTTTCGTTTTTAT
Satt 522 F GCGAAACTGCCTAGGTTAAAA
R TTAGGCGAAATCAACAAT
Satt 544 F GCTATGGGAAAGGATGTGTG
R GAGCTACCCGAGATGATACTC
Satt 657 F GCGCATTTGGACTTTTACTTC
R GCGACGATGTTAATTGGTAGAATC
Sat_ 375 F GCGTGTTAATGATTGCATAAGGTTCG
R GCGTGTCAAAAGAAACTCAATAAAGAAAAAT
Sat_ 313 F GCGTATTCCCTTAACAAAATTAAAGTTTCAC
R GCGCGTCAGCCTAACAAAAAGAATAAAAT
Sat_ 197 F GCGATTTTGGTTTTGTTTTATTAG
R GCGGTTAACAGCCAAGTTCTTTC
Sct_ 033 F CTTTTAAATTATAATAGCATGATCT
R

TGCTAATTTAGATTACGTTATGT

_47_



u
oY
o
rr
Lot
o2
M
of

£33 x PI 417419 =9 F, 39S 322 SSR marker &4
S A3 & wEo]A linkage map ©|th AAFHZ 471 cMY A 879
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cM ] Maker name

Satt522
3.3 Satt657
6.7

Sat_197
7.3

Sattb54
6.2

Satt490
7.3

Sat_313
12.5

Satt335
3.8 Sct_033

471 cM

Fig. 12. SSR markers associated with resistance to PSD in soybean linkage group F
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Table 10. List of SSR primers showed polymorphism in the hybrid progeny
acquired from the cross Hwaeomput-kong x PI 417419

Progeny Primers
Fo Sct_033, Satt335, Sat_313, Satt490, Sat_197, Sattbbh4, Satt657, Sattb22
BCiFe Sct_033, Satt335, Sat 375, Sattdh4, Satt490, Sat_197, Satt657, Sattd22
BCol Sct_033, Satt335, Sat_313, Satt490, Sat_197, Satt657
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Table 11. Linkage analysis(BCiF2) of SSR markers associated with resistance to

PSD in soybean

Sct_033 Sat_197 Sat_313 Satt490 Satto22  Satthbhd  Satt657

Linkage to
resistance

Non-linkage

110 100 50 107 92 113 103
(80.3 %) (50.8 %) (40.0 %) (69.0 %) (51.7 %) (60.4 %) (60.9 %)

27 87 76 48 86 74 62
(19.7 %) (49.2 %) (60.0 %) (31.0 %) (48.3 %) (39.6 %) (39.1 %)

Total

137 187 126 155 178 187 169
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cM Maker name cM _ Maker name

- sat_197 | IS
17.3
Sat_313 295 @
6.7
Satt490
19.5
Sct_033
| NS
80.5
117.9 | I
104.0
Af1
47.2 4 satte57
g-g 4 Sat 197
Af2 T Sattbs4
208.6 cM 426.7 cM

Fig. 13. Locations of SSR and AFLP markers associated with resistance to PSD in

soybean
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Fig. 14

AW e R

. PCR products of SNP

: 100 bp Marker

:A_708 F - PI 417479

: A_708 F - Hwaeomput-kong
:A_162 F - PI 417479

. A_162 F - Hwaeomput-kong
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ALRAALGAATAATT

KN N

ACTYSYREFEALAAAGCAATTAAALTCTAC

AARAAAMAGAATAATT

AALRAAGAATAATT

Fig. 15. Analysis of SNPs detected on SeqScape v. 2.0
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o3l EHom z&ste] HAEY wWeol WA k2 Phomopsis longicolla
9)%t seed decay, Diaporthe phaseolorum var. soiae®] 23+ pod and stem blight
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Table 12. Agronomic characteristics of Hwaeomputkong and PI 417479
Growth Flower Leaflet Testa Hilum Matu Seed  PSD’
size resistance

color ity

Cultivars habit color shape color
Hwaeomput Determ- White Ovoid Yellow Light Early Large S’
kong inate brown
PI1417479 “ Purple “ “ Yellow " Small R

* PSB ! Pod & stem bligh

J S : susceptible, R : resistance
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Fig. 16. Comparison of seed shape between Hwaeomputkong and PI 417479 (A :
Hwaeomputkong; normal seed B: Hwaeomputkong infected seed to PSD, C : PI
417479)
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Table 13. Some characteristics of parental genotypes using artificial cross in the

experiment.
Foger Tesa Hhm gy S0 PSD

Miryang 134 Purple Yellow Brown Early Large S
SI 993782 Purple Yellow Yellow  Early Large S
Seokryangputkong ~ White  Green  Black Early Large S
Shillok Purple Yellow Yellow  Early Mid S
Hwaeomputkong White  Green Black Early Large S
PI 417479 Purple Yellow Brown Late Mid R
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Table 14. Hybrid generation, cross year and number of lines examined

No. of F F Fs Fy Fs
Year Cross ! combination| combination | combination | combination
combination (seed) (line) (line) (line)

‘03 5 2 1(2,250) -

‘04 4 5 2(1,667) 1(230)

‘05 - 4 5(3,300) 1(190) 1(139)

‘06 = - 1(930) 5(2,050) 1(120) 1(116)
Total 9 11 9(8,147) 7(2,470) 2(161) 1(116)
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H
225315 uwfsto] 43¢ 66HS eI o S 19.2%0] A

A2 31.3%010 3L, 20043 4%3%

Year Crossing No. of planted seed
2001 Whaeomputkong % P1417479
(recurrent parent) ¢ (donor parent)

2002 Whaeomputkong x SS01415

;) 44
2003 S$S02213 x Whaeomputkong o5

(BC,F,)
SS03703 x Whaeomputkong
2004 (BC,F,) # 11
SS04701
2005 (BC4F,) 18
v

2006 (BC,F,) 930

Fig. 17. Backcross diagram for a new soybean line
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Table 15. Results of crosses for development of resistance lines to PSD

Ratio
Year Name of Combination No. of | Pod |of pod| Seed
pedigree flower |harvested| setted |harvested
(%)
SS03701 |Miryang134/P1417476] 50 19 38.0 26
SS03702 | P1417479/S1993782 40 23 57.5 41
5003 SS03703 | SS02213/Hwaeom 35 5 14.3 11 BC:
SS03704 | PI417479/Seokyang | 40 13 32.5 23
SS03705 | PI1417479/Sillok 35 5 14.3 7
sub-total 5 200 65 31.3 108
SS04701 | SS03703/Hwaeom 75 14 18.6 18 BCs
SS04702 |SS03701/Miryang134| 50 11 22.0 19 BC:
2004 | SS04703 | SS03704/Seokyang | 50 8 16.0 13 BC:
SS04704 SS03705/Sillok 50 10 20.0 16 BCy
sub-total 4 225 43 19.2 66
Total 9 425 108 - -
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Table 16. Results of F; cultivation for development of resistance lines to PSD

Year Pedigree Combination SSoevi(ril haI:xlzaersltte J haff:s(ie d
SS02213 Hwaeom/SS01415 25 13 1,377
2003 SS03703 SS02213/Hwaeom 8 7 290 |BCq
sub-total 2 33 20 1,660
SS03701 Miryang134/P1417476 26 17 617
SS03702 PI417479/S1993782 41 21 621
SS03703 SS02213/Hwaeom 11 7 209
0 SS03704 PI417479/Seokyang 23 17 514
SS03705 P1417479/Sillok 7 5 149
sub-total 5 108 67 2,010
SS04701 SS03703/Hwaeom 18 12 930
SS04702 SS03701/Miryang134 19 - - selfing
2005 SS04703 SS03704/Seokyang 13 - - selfing
SS04704 SS03705/Sillok 16 - - selfing
sub-total 4 66 12 930
Total 207 99 4,600
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Table 17. Results of selection for development of resistance lines to PSD
in hybrid generations

Line )
. .. Line
Year | Pedigree Combination (seed)
selected
yested
2003 | SS01415 | Hwaeom/PI417479 (2,250) 300
SS02213 | Hwaeom/SS01415 | (1,377) 1,210  |SSD method
2004
SS03703 | SS02213/Hwaeom (290) 237
SS03701 | Miryangl134/PI417479| (617) 600 SSD method
Fs SS03702 PI417479/S1993782 | (621) 600 SSD method
2005 | SS03703 SS02213/Hwaeom (209) 200 SSD method
SS03704 | PI417479/Seokyang| (514) 500 SSD method
SS03705 PI417479/Sillok (149) - Discard
sub-total 8 (6,027) 3,647 -
2004 | SS01415 | Hwaeom/PI417479 300 152
Fs | 2005 | SS02213 | Hwaeom/SS01415 1,210 140
sub-total 2 1,510 292 -
Fi | 2005 | SS01415 | Hwaeom/PI417479 | 139 116 ‘06te§fT
1,649
Total 11 (6.027) 4,059 -
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Table 18. Some characteristics of materials for yield forecasting trial(2006)

Seeds Yield per 100 seed

Experlmental per a a plant weight PSD Hilum color
materials resistance
plant (g) (g)
Female Hwaeomputkong 109 32 29.4 S Yellow
Male Pl 417479 232 45 19.4 R Light
brown
Check 1 Taekwangkong 225 48 21.3 S Yellow
Check 2 Daewonkong 158 43 27.3 S Yellow
Mean
value SS01415 182 41 22.7 R Segregation

(116 lines)

* S ! susceptible, R : resistance
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Fig. 18. Comparison of seed shape in selected lines
(A : Hwaeomputkong, B : SS01415-80-1, C : SS01415-3-4 D : SS01415-44-3, E
: PI 417479)
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Appendix 1. Some characteristics of breeding lines examined in YFT test, 2006

Seeds  Yield 100seed

Elr\IIE)I”Y Exg?errrll;nstal per a pera weight resliDSStle?;ce Hilum color Cracking’
plant(no.) plant(g)  (g)
1  Whaeomputkong 109 32 29.4 S Yellow N
2 PI417479 232 45 19.4 R éf@; e
3  Taekwangkong 225 48 21.3 S Yellow N
4 Daewonkong 158 43 273 " " "
5 SS01415-3-4-1 212 50 23.6 R él()g\l;; "
6  SS01415-3-4-2 201 46 22.9 " " ”
7 SS01415-3-4-3 189 46 24.3 " " ”
8  SS01415-3-4-4 190 49 25.8 " " "
9  SS01415-7-3-1 157 35 22.3 " " "
10 SS01415-7-3-2 188 44 234 " " ”
11 SS01415-7-3-3 170 39 22.9 " " "
12 SS01415-7-3-4 189 43 22.7 " " ”
13 SS01415-12-1-1 207 48 23.2 " " ”
14 SS01415-12-1-2 207 50 24.2 " " ”
15 SS01415-12-1-3 132 32 24.2 " " "
16 SS01415-12-1-4 167 39 23.3 " " "
17 SS01415-12-2-1 167 38 22.8 " " "
18 SS01415-12-2-2 271 55 20.3 " " "
19 SS01415-12-2-3 235 48 20.4 " " ”
20 SS01415-12-2-4 263 55 20.9 " " "
21  SS01415-12-4-1 179 39 21.8 " " "
22 SS01415-12-4-2 159 36 22.6 " " "
23 SS01415-12-4-3 205 43 21.0 4 " "
24 SS01415-12-4-4 222 48 21.6 4 " "
25 SS01415-25-1-1 256 51 199 4 " Y

* S ! susceptible, R : resistance

J Y : cracked N : none-cracked
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Entry  Experimental Seeds  Yield 100seed PSD

. pera pera weight .
No. materials resistance
plant(no.) plant(g)  (g)

Hilum color Cracking

2 SS01415-25-1-2 191 39 204 R Yellow Y
27 SS01415-25-1-3 194 39 201 " " ’
28 SS01415-25-1-4 144 30 209 " " ’
29 SS01415-30-2-1 272 55 202 " " N
30 SS01415-30-2-2 196 41 209 " " ’
31 SS01415-30-2-3 201 40 199 " " ’
32 SS01415-30-2-4 183 41 218 " " ’
33 SS01415-33-4-1 220 46 209 " " ’
34 SS01415-33-4-2 204 42 206 " " ’
35 SS01415-33-4-3 181 36 199 " " ’
36 SS01415-33-4-4 181 36 199 " " ;
37 SS01415-36-3-1 181 41 227 " " ’
38 SS01415-36-3-2 155 37 238 " " ’
39 SS01415-36-3-3 202 43 213 " " ’
40 SS01415-36-3-4 221 46 208 " " ’
41 SS01415-44-3-1 199 45 226 " " ’
42 SS01415-44-3-2 127 30 236 " " ’
43 SS01415-44-3-3 120 29 242 " " ’
44 SS01415-44-3-4 178 39 219 " " ’
45 SS01415-44-4-1 152 34 224 " " ’
46 SS01415-44-4-2 244 49 201 " " ’
A7 SS01415-44-4-3 289 57 197 " " "
43 SS01415-44-4-4 299 59 197 " " ’
49 SS01415-45-1-1 224 52 232 " " Y
50 SS01415-45-1-2 153 37 242 " " ’

_72_



Pty Experimeng | Se0 Yield  100seed

) pera pera weight .
No. materials plant(no.) plant(g) (@) resistance

Hilum color Cracking

51 SS01415-45-1-3 125 31 248 R Yellow Y
52 SS01415-45-1-4 174 41 236 " " ’
53 SS01415-45-2-1 205 47 229 " " ’
54 SS01415-45-2-2 162 38 234 " : ’
55 SS01415-45-2-3 152 35 231 " " ’
56 SS01415-45-2-4 167 39 234 " " ’
57 SS01415-45-4-1 128 30 234 " " ’
58 SS01415-45-4-2 183 40 218 " " ’
50 SS01415-45-4-3 191 40 209 " " ’
60 SSO01415-45-4-4 130 31 238 " " ’
61 SS01415-48-3-1 175 40 229 " " N
62 SS01415-48-3-2 144 34 236 " " ’
63 SS01415-48-3-3 156 37 237 " " ’
64 SS01415-48-3-4 214 43 201 " " ’
65 SS01415-48-4-1 181 39 216 " : ;
66 SS01415-48-4-2 212 43 203 " " ’
67 SS01415-48-4-3 209 42 201 " " ’
68 SS01415-48-4-4 247 48 194 " " ’
69 SS01415-54-1-1 242 48 198 " " ’
70 SS01415-54-1-2 164 35 213 " . ;
71 SS01415-54-1-3 203 40 197 " " ’
72 SSO01415-54-1-4 247 48 194 " " ’
73 SS01415-64-1-1 147 33 225 " " Y
74 SS01415-64-1-2 156 36 231 " " ’
75 SS01415-64-1-3 196 41 209 " " ’
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Entry  Experimental Seeds  Yield 100seed PSD

pera pera weight Hilum color Cracking

No. materials plant(no.) plant(g) (@) resistance

76 SS01415-64-1-4 14 36 234 R Yellow Y
77 SS01415-64-2-1 174 42 24.2 " " N
78 SS01415-64-2-2 91 24 26.4 " " "

79 SS01415-64-2-3 162 39 241 " : ;
80 SS01415-64-2-4 189 45 238 " " ’
81 SS01415-65-4-1 212 43 203 " " Y
82 SS01415-65-4-2 161 36 224 " " ’
83 SS01415-65-4-3 214 43 201 " " ’
84 SS01415-65-4-4 224 46 205 " " ’
85 SS01415-69-2-1 130 34 262 " " N
86 SS01415-69-2-2 153 38 248 " " ’
87 SS01415-69-2-3 128 33 257 " " ’
88 SS01415-69-2-4 170 41 241 " " ’
80 SS01415-80-1-1 116 33 284 " Yellow "
90 SS01415-80-1-2 114 32 281 " : ;
91 SS01415-80-1-3 139 38 273 " " ’
92 SS01415-80-1-4 120 33 276 " " ’

93 SS0l415-87-3-1 142 32 226 z Light v
brown
94 SSO1415-87-3-2 217 43 198 z ’ "
95 SS01415-87-3-3 120 28 234 ’ : "
96 SS01415-87-3-4 238 49 206 z ’ "
97 SS01415-91-3-1 139 38 273 z ’ N
98 SS01415-91-3-2 99 28 282 ’ : "
99 SS01415-91-3-3 166 44 265 G ’ "
100 SS01415-91-3-4 87 25 287 z ’ "
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Entry  Experimental Seeds  Yield 100seed PSD

per a per a weight Hilum color Cracking

No. materials plant(no.) plant(g)  (g) resistance
101 SS01415-96-4-1 149 2 282 R Light
brown
102 SS01415-96-4-2 127 36 284 " " "
103 SS01415-96-4-3 143 39 273 " " "
104 SS01415-96-4-4 106 30 284 " " "
105 SS01415-110-4-1 258 54 209 " " %
106 SS01415-110-4-2 206 44 214 " " "
107 SS01415-110-4-3 194 41 211 " " "
103 SS01415-110-4-4 128 29 226 " " "
109 SS01415-115-1-1 161 39 242 " " N

110 SS01415-115-1-2 226 50 221 " " ’
111 SS01415-115-1-3 217 49 226 " " ’
112 SS01415-115-1-4 165 38 230 " " ’
113 SS01415-127-2-1 173 39 226 " " ’
114 SS01415-127-2-2 157 37 236 " " ’
115 SS01415-127-2-3 104 24 231 " " ’
116 SS01415-127-2-4 215 44 205 " " ’
117 SS01415-130-4-1 199 44 221 " " ’
118 SS01415-130-4-2 217 44 203 " " ’
119 SS01415-130-4-3 252 52 206 " , ;
120 SS01415-130-4-4 214 46 215 d " "
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