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SUMMARY

I. TITLE

Selection of Resistant Lines to Brown Planthopper Using DNA Markers

in Rice
IoI. OBJECTIVE AND NECESSITY

Brown planthopper (BPH), Nilaparvata lugens stal, which is widely distributed
throughout southeast Asia, is one of the most serious insect pests of rice. The
BPH immigrates from southern parts of China to Korea in the early summer
every year. In Korea, 25% of rice cultivation areas have been affected annually
by the BPH. Annual yield loss due to the insect has been estimated at about
8% of total yield. The BPH pest has been usually controlled by spraying
pesticide because all of the japonica rice currently cultivating in Korea are
susceptible to the insects. BPH inhabits and propagates rapidly on the basal
parts of rice stem. Because it sucks the phloem saps of rice plant and causes a
severe damage symptom known as hopper-burn, the efficiency of chemical
control is very low compared with other insect pests. Therefore, high infestation
of BPH gives to use more chemicals in rice field.

Until now 12 BPH resistance genes have been identified in indica rice, but it
was not discovered in japonica rice. It was reported that the reaction of rice
cultivars to BPH was different from the varietal groups, japonica and indica, at
early stages of rice seedlings (Yeo & Sohn, 1995). Breeding efforts to combine
the high grain quality of japonica rice with BPH resistance from indica rice
have been generally unsuccessful. It seemed to suggest that deleterious linkages
between BPH resistance gene and agronomically important traits such as grain

quality, lodging-related traits, and so on (Yeo & Sohn, 2001).
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Recently, the improvement of agronomically useful characters including disease
and insect resistance using DNA markers have been reported in several crops
such as rice, wheat, maze, and etc. In rice, resistant genes to gall midge and
blast were mapped, and linkage between DNA markers and their resistant genes
was analyzed using DNA markers. Linkage maps of genes associated with
resistance of diseases and insect pests have been constructed in wheat, barley,
and other economically important crops. Effort have also been made to
determine the DNA markers related to BPH resistance and its use to select the
resistant plants in breeding programs. If marker-assisted selection is available
for the development of resistant cultivars, the bioassay efficiency required for
the selection of resistant lines can be remarkably improved with more accuracy.
At the same time, selection of the marker genotypes at any growth stage with
minimal linkage drag associated with the target gene will be greatly helpful to
improve the breeding program for resistance to diseases and insect pests. For
the best utilization of DNA markers in breeding program, it is essential that the
developed DNA marker should be closely linked with the target gene and highly
repeatable. It may be more effective to use Tongil type rice (indica/japonica) as
a resistant source than direct introduction of indica sources into japonica rices
with good grain quality.

For the tagging of BPH resistance gene, we developed doubled haploid
populations through anther culture of F; plants derived from the crosses
between Tongil type resistant cultivars and susceptible japonica rice. This study
aimed at the selection of DNA markers closely linked BPH resistance gene and
the facilitating marker-assisted selection in breeding program for BPH

resistance.
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IM. Contents and Scopes of the Study

This project consists of one subject and joint subject. The former is selection

of resistant lines to brown planthopper using DNA markers in rice. The latter is

development of mid-parent lines with resistance to brown planthopper in rice.

The major contents and scopes of this project studied during 5 years from 1998

to 2003 can be summarized as follows ;

1. Selection of resistant lines to brown planthopper using DNA markers in

Tice
Year Research objectives Contents and scopes of study
1st yr. [ Development of doubled|o. Anther culture of Fi plants from the crosses

(1998)

haploid(DH) population

<> Marker survey in

parents

'Cheongcheongbyeo(C)/Nagdongbyeo(S)”  and

'Samgangbyeo(S)/Nagdong byeo(N)’

. Marker screening to parent cultivars of two

crosses, ‘C/N’ and ‘S/N’

2nd yr.
(1999)

<> Construction of mapping
population and marker

analysis

<> Development of doubled
haploid(DH) population

. Construction  of

. Development

. Linkage analysis between DNA markers and

genomic DNA of F, plants from a cross ‘YN

linkage group using

computer program

. Mapping of gene associated with BPH

resistance using F» population from ‘S/N’
of DH population through
anther culture of F; plants from ‘S/N’ and

‘C/N’

. Evaluation of major agronomic characteristics

in DH population.

13




3rd yr.|< Construction of geneticlo. Linkage analysis between DNA markers
(2000) map using DH population| and genomic DNA of DH population from
a cross ‘S/N’
< Development of DHlo. Construction of linkage group using
population through anther| computer program
culture of backcrossed|o. Mapping of gene associated with BPH
lines resistance
. Comparison of genetic maps between DH
and F» population
4th yr.|<> Development of DH|o. Development of DH population by anther
(2001) population in backcrossed| culture of BCsF; from ‘S/N™®
population . Screening for BPH resistance of DH lines
<> Marker-assisted selection from ‘S/N*®
. Selection of BPH resistant lines from DH
population
5th yr.|<> Marker-assisted selection |0. Development of STS marker related to
(2002) BPH resistance
. Linkage analysis between BPH resistance
and STS marker
. Classification of BPH resistant source
using DNA markers
. Selection of promising lines with BPH
resistance

2. Development of mid-parent lines with resistance to brown planthopper in

rice

Year Research objective Contents and scopes of study
1st yr. | & Development of o. Development of hybrid population by
(1998) hybrid population artificial ~ crossing  between  resistant

cultivars 'Samgangbyeo’ & Cheongcheongbyeo’
and a susceptible cultivar, "Nagdongbyeo’
Development of Fj, Fo, and BCF; population

using a recurrent parent, ‘Nagdongbyeo’

14




2nd yr. | & Selection of mid- parent | o. Development of BCGF: and BGCiFi
(1999) by backcross population from the crosses
o. Genetic abalysis of BPH resistance in
two crosses, ‘S/N’ and ‘C/N’
o. Screening of DH population for BPH
resistance
3rd < Selection of mid-parent | 0. Development of BCJ7 and BGE:
(2000) by backcross population from the crosses
0. Selection of resistant lines by
screening of BPH resistance in
backcrossed population
4th < Selection of japonica | 0. Development of BCsF2 and BCsF3 lines
(2001) lines with resistance to|o. BPH  screening of  backcrossed
BPH population
o. Selection of BPH resistant lines using
DNA markers
5th <> Selection of resistant | o. Development of BCsFs and BCsFy4 lines
(2002) lines to BPH in japonica | o. Selection of BPH resistant lines using
rices DNA markers
o. Development of a elite line
'Milyang198" with BPH resistance

and good grain quality

15




IV. RESULTS AND APPLICATIONS

1. Results of this study

This study was carried out to select the BPH resistant lines using DNA
markers in rice. The research projects consists of one subject for "the selection
of resistant lines to BPH using DNA markers” and one joint subject for
"development of mid-parent lines with resistance to BPH”. The results were

summarized as follows ;

(1) Result on [Selection of resistant lines to brown planthopper using

DNA markers in rice

@ Two doubled haploid (DH) population consisting of 201 and 96 pure-lines
were established by anther culture of F; hybrids from ’'Samgangbyeo/
Nagdongbyeo’ and 'Cheongcheongbyeo/Nagdongbyeo’.

@ Segregation analysis using 8 DH lines from a cross 'Samgangbyeo/
Nagdongbyeo’ showed a fit to 1 (40) : 1(48) ratio for resistance and

susceptibility.

@ Segregation modes for plant height, panicle length, number of panicles /
hill, 3rd internode length and days to heading in the 139 DH lines from
a cross, 'Samgangbyeo/Nagdongbyeo’, showed nearly normal distributions
with comparatively wide range of variation. The modes of frequency
distribution for the major agronomic characters of DH population from
'Cheongcheongbyeo/Nagdongbyeo’ were similar to those of

'Samgangbyeo/Nagdongbyeo’.

@ A total of 474 polymorphic markers (including 128 RFLPs, 126 SSRs,
and 200 RAPDs) were selected by the parent survey of a cross

'Samgangbyeo/ Nagdongbyeo’. It was confirmed that 9 markers among
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32 RFLPs located on chromosome 12 showed co-dominant patterns

between parents.

In linkage analysis between BPH resistance gene (Bphl) and DNA
markers using F» population of ’'Samgangbyeo/Nagdongbyeo’, the
resistnace gene of 'Samgangbyeo’ was closely linked with G 258 at a

distance of 4.1cM .

In the analysis of Sdh isozyme for 43 rice cultivars, 4 japonica cultivars
with resistance to BPH showed type I allele of Sdh-1, but 'Milyang65’
among japonica resistant cultivars showed type II allele. Among 11
Tongil and indica rices, Hyangmibyeo I showed type II allele,
"Cheongcheongbyeo’ belonged to type IV, and other cultivars showed
type I allele of Sdh-1. The recombination value between Sdh-1 and BPH
resistant gene was 9.9% in the linkage analysis between Sdh-1 and BPH

resistance of F» population from a cross ’'Samgangbyeo/Nagdongbyeo'.

Linkage analysis between 9 DNA markers and Bphl using DH
population derived from ’'Samgangbyeo/Nagdongbyeo’ showed that BPH
resistant gene of 'Samgangbyeo’ was linked at the recombination value
of 6.2% with 3 RFLP markers, G258, RG 901, and G 402, on

chromosome 12.

Bulked segregant RAPD analysis was employed for the identification of
DNA markers linked to BPH resistance genes in the DH population from
a cross 'Samgangbyeo/Nagdongbyeo’. Eleven primers of 220 RAPDs
revealed polymorphism between resistant bulk and susceptibility one. Of
the 11 markers, one primer, OPE 18 was closely linked to BPH resistant
gene with a distance of 44cM in the linkage analysis between DNA

markers and BPH resistance of DH population.

Eighteen homozygous lines with BPH resistance were developed by

17



anther culture of BCsF; plants derived from 'Samgangbyeo/
Nagdongbyeo™’. Some promising lines with BPH resistance have been

selected from the hybrid population made by using the DH lines.

@ A RAPD marker, OPE 18gs3, linked to BPH resistant gene was converted
to the STS marker to facilitate the marker-assisted selection (MAS).
Co-segregation of this marker with Bphl was verified by using an F2
population from a cross 'Samgangbyeo/Nagdongbyeo’. The STS marker
was closely linked to Bphl with a distance of 3.9cM

@ The STS marker proved to be highly significant in the association
between marker genotype and phenotypes of rice cultivars. The
genotypes of the markers showed completely correspondence with the

phenotypes of Bphl originated form TKM 6.

(2) Results on "Development of mid-parent lines with resistance to

brown planthopper in rice

@D To develop the mid-parent lines with BPH resistance, two hybrid
population were produced from the crosses between two BPH resistant
Tongil type cultivars, 'Samgangbyeo’ and ’'Cheongcheongbyeo’, and a
susceptible japonica rice, 'Nagdongbyeo’. A total of 114 crossed seeds
were harvested from a cross ’'Samgangbyeo/Nagdongbyeo’ and 62 F
seeds from ’Cheongcheongbyeo/Nagdongbyeo’ in 1998. The backcross
population (BCiF; to BCsFyy of two crosses have been developed using

"Nagdongbyeo’ as recurrent parent from 1998 to 2002.

@ A total of 103 resistant lines were selected by screening BPH resistance
for 286 BCsF3 lines derived from a cross ’'Cheongcheongbyeo/
Nagdongbyeo™. Thirty-three BC¢F3 lines with BPH resistance and good
grain quality were selected by BPH biocassay and quality test for 85
BCsF3 lines from a cross ’Samgangbyeo/Nagdongbyeow’.

18



@ The F: plants of two crosses, 'Samgangbyeo/Nagdongbyeo’ and

'Cheongcheongbyeo/Nagdongbyeo’, was resistant to BPH biotype 1.
Segregation analysis using F» population of the two corsses revealed a

fit to 3:1 ratio for resistance and susceptibility.

Relationship between BPH resistance and major agronomic trait was
analyzed using 318 F; lines derived from a cross between a japonica
susceptible line, 'Milyang 165, a japonica resistant line, 'Milyang64’.
Culm length, 3rd internode length, moment, and lodging index of
resistant population were significantly greater than those of susceptible

ones.

In QTL analysis for 8 agronomic traits of 170 recombinant inbred lines
(RILs) from a cross 'Miyangl65/ Milyang64’, the QTLs associated with
the lodging-related characters such as culm length, height of center
gravity, 3rd internode length, moment, and lodging index were linked to

BPH resistance of 'Milyang64’.

To develop a japonica type resistant cultivar which is superior to
'"Milyang64’ in vyield and grain quality, an elite japonica cultivar,
"Milyangl165’, was crossed with a japonica resistant cultivar 'Milyang64’
and the progeny was backcrossed with '"Milyangl65’ as recurrent parent
to produce backcross progeny. Plant selection from the population has
been continued with screening BPH resistance using DNA marker and
evaluating of agronomic characteristics from 1999 to 2002. A promising
resistant line, YR21258-GH2, was selected from BCsFs; progeny of
"Milyang165™/Milyang64’ and designated as 'Milyang198’ in 2002.
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2. Applications of this study

(1) The DNA marker that was developed in this project could be utilized directly
in the selection of resistant plant to brown planthopper from the hybrid
population introduced resistant gene. Especially, selection system of resistant

lines using DNA markers will be available to any growth stages of rice.

(2) The promising resistant lines selected in this study can be utilized as

mid-parent to develop a new cultivar with BPH resistance.

(3) The DNA markers closely linked with BPH resistant gene may be employed
to the MAS system for selection of resistant lines and to the map-based

cloning of BPH resistant gene.

(4) Classification system of BPH resistant sources by DNA markers is available

for the development of a resistant cultivar with several BPH resistant genes.

(5) The results obtained from the linkage analysis between DNA markers and
major agronomic characters can be applied to eliminate the deleterious

characters related to BPH resistance.

(6) A promising line, 'Milyangl98’, which has BPH resistance and good grain

quality will be registered and released to farmer’s field.

(7) The marker—assisted selection developed in this study can be applied to
establish the molecular breeding system for improvement of resistance to

diseases and insect pests of other crops.

20



CONTENTS

Chapter 1. Summary Of project ................................................................................ 27
1,1. Objective and necessity ...................................................................................... 2’7
1,2. COntentS and SCOPIES #wrerserrssssrssssasssetes et ettt ettt 28

Chapter 2. Current status of technical development in foreign countries

ANIA KOTEA w++evererreressessssmssnsmtssss st 30
1-1. Status of the related teChnIQUES - s rwrsseremmsrmmmsreemiesinsseesseseneenas 30
1-2. Prospect and propriety of technique Introduction :::ssseesssesssesesenseens 32

Chapter 3. Selection of BPH resistant lines using DNA markers - 33
31, TEFOAUCLION -++esresresresresesressesemssessmssessmssssssses s 33
3-2 Materials and Methods - s ssessees 34

3-3. Development of DH population and evaluation of their agronomic

characteristics ........................................................................................................ 39

1. Development of DH population

2. Evaluation of major agronomic characteristics in DH population

3-4. Development of mapping population and DNA marker screening to

) arent Cultivars ................................................................................................... 43

21



3-6.

3-7.

. Marker survey in parents

Linkage analysis between BPH resistance and DNA markers

. Mapping of BPH resistant gene using DH population ««eseereesreeeeeees 50

. Linkage analysis between BPH resistance and DNA markers

Gene mapping
Breeding of DH lines by anther culture of backcrossed population(BCsF;) -+ 55

Selection of BPH resistant lines using DNA markers s« eeeeeeeemeeseeees 58

. Linkage analysis between BPH resistance and STS marker

. Classification of BPH resistant sources using STS marker

Chapter 4. Development of mid-parents lines with resistance to BPH in rice - 64

4-1.

4-2.

4-3.

4-4.

4-5.

4-6.

Introduction ............................................................................................................ 64
Materials and Method ......................................................................................... 65
Development of backcross population and evaluation of their major

agronomic CharacteristiCS ................................................................................... 68

Screening of BPH resistance and genetic analysis «weeeeeereeemeemeeeneenes 72

Relationship between BPH resistance and major agronomic characteristics 73

Breeding of a promising line 'Milyangl198’ with BPH resistance ===+ 76

. Breeding details of '"Milyang198’
. Major agronomic characteristics of Milyang198

. Parentages and pedigree diagrams of Milyang198

22



Chapter 5. Research goals and contribution in the related field -« 90

5-1. General plan fOr the reSEArch - i 90
5-2. Accomplishment of research Goal « s reesseremmseremmssssinsisssienssssonssaa 91
5-3. Contribution of this study to the related field ««weerereseeerrseeeseseenenen. 93

Chapter 6. Application plans of the results studied in this project - 94
6-1. Application fields and pIANS « s reesserresssermssssesisssiisesssis s 94
6-2. Additional plans for technical development - - sreesseremsssesemssceeennace. 95

Chapter 7. Oversea information of science and technology collected

during the research ............................................................................... 96

Chapter 8. Reference ..................................................................................................... 97

23



F| B B ceeeeees e 1
D OF I s 3
QUMMARY #esreeseeressesesessesiessessesssssesssssssssessssssss s sss s sss s sassss s sss s saess 11
CONTENTS cereeeesersessessssesessssnssnassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 21
= K eerees e 2%
Al 1T A AT AITIA Q] T Q. eevererrreereemsseniei i 7
A 1A AT A WA E ER s 27
A 2 A AN UG D H Q] cerri s 28
A 2 A U - 2] F]LE AP BEF e 30
A1 A ZUY - 9] TET]Z O] FE e s 30
1. %4 7= d%

24



33

A1 A A

34

g
=K

i

A2 A A

39

0

o

—

~H

2. DH A%9 F2 54 ZA

43

@zg

hul

3+ marker

Fxlell o

1]
=

214

A 4 4 Mapping H&

marker 7374

Els

7K

pitd

B

o)
T

puzel

frod]

50

A 5 & DH

R
B
B
>

do

oj
Ay

—

~H

55

o
o

°] DH A

)

A

1

e

A6 4 oul

58

el
)A

o

zel

ﬂo

ao

g ©

Al 7 4 DNA marker

=i
=

wr
=

A B8 STS marker?d 74

&

A

B E A A

1.

i

G

64

64

65

68

puzel

dr
7

A
Mo

e

2
)

7A
K

N

0

il

o
N

—_—

)
~E
ot

E

25



72

73

N

T
T

NH
O

Ho

o
N
ﬂy|
e
o]

:rL

!

A5 A H

76

oF
To

0

o

™
o
0

o

90

90

91

A 2

1. Al5-3hA

A

93

A 3 A BAFOFY F]| LA O] F] O] T e

94

A 6 %

94

Al 1

0
g

%

oy
jang

oo
o

95

F7F 71

A 2 A

96

A7 A AFMLTANA] AT SO T B A EL e

97

26



Ao Il

E

Tll

1 L7}

o)

-0

K0

|

5

v T (Nilaparvata lugens Stal) &g olAlote] EE v Auj= 7t A @A

——
o

)

s

gl A 3~4A4d 24

-
X

gluete ole}

o
F

El 1L

gl

3

1A

45

vl el o & o2
1960t o] 5

A

Axxoz A 2

L
.

o7 WAFHTIE 197593 1997 o

A

ﬁ_

o
h=)

Al g Al o

T B

ok
=k

jREN=]

S

R EEKELEERIEE

1
.

B

bl gle,
}_

3|
&

3

i

el A ol

o
-+

o}
bo kAl Al 899)

S

ZAee] ¥

et

[0)

Ey_]:

2

ol

R

ol

Ay

i

ol

~
;OO

o

™

el

oM 3] AlelgomAM i oFAgA ] o=

= =
E=RCE

E

&

]

o

gl 5 gHP A e A el

—(:51_
g3k 7t

ol

ol

4 A wiAd & gl wET

-
[€)

pul

& w9

2l

=

2 4 A

)

At

L
fu

U7ty FEoRA oF %0

Ay
s i

Juetel 4e FEEe gurel 1

o
5

@A

o)
=

$d0] a5 o] of

&3l
—_

s

7N ol

4ol AL NEF
AGde] $5e

&

tol W ol A

=93

7ol

o

I
—_

dolvA

)

A

il SkARE AAZA = E A

o

N

|

o)

27



o] Q7] wiitel AEUIE HAEEFE S oy 7HA o gl dvke A
A& tH(Yeo & Sohn, 1995).
B A ESo] W WA DNA markers o] &3 s#&E9o Hdx A =243

I
olg FAUAE FE&FE Aol o] &dh= EAFITHe MTH I l=H o W

ol &g W AP ATHLS EHOF mapping JEe AN} FHAAE
2, wET APy BA¥ DNA markere] 7N, v A AMAMLS

S MASAIAl % Bl #e dde] A7E ST

A 2Ad dFNE HE 2 HSA

2 A5 72> DNA markerg ©]-& 3%

MFZA . DNA markerg o] &3 BB F AP AFHAL

T ARSI AT e 2 HY
12hd %= | Doubled haploid(DH) {9574 |o. AW/ 54, Add/HsH 239
(1998) Fp oFwj <
< Parentell g marker o. Parentoll W&+ marker screening
screening
22 d %= | Mapping I 24 2 %zllo. RFLP % RAPD marker$t Fe 1A
(1999) o & marker A% genomic DNA$}Fe] #HA &4
0. ZAFE programS ©|&3%F A#T A
o. M Ay HE FHAke
mapping.
<> Doubled haploid(DH) Fe+&4 |o. oFujkol] 93 DH He-e] %A 3}
5 ZAL
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3= [ DH Fes o83 FdAHo. RFLP % RAPD markere} DH 7 ©te
(2000) A A WA genomic DNASFS] A #4
o. #A3FH programel gk AFT 2
o. HEFAgH I FHHE FHA
mapping
O oAdng Ao okwds Elo. F vy DH fHubke] 544k A= vl
st DH A &4 A
AZPA% [ DH 2w A o. BCsF ¢Fulj kel gt DHA & 54
(2001) <> Marker-assisted Selection [o. 3 Feke] vidF HA T A
A
52pd = [ Marker-assisted Selection  |o. STS marker®] 753} v E 3 #8344
o] 3} T,‘Z_‘_}H
o. DNA markerel] ¢J3F == #aA
Yo F7
o. HEF A AlF A
534 c e A FUARE S 2L §F4 o &
T AT AT gL 2L He
1A= | O a2 JFHAG A4 (o HET AL F39 #5455
(1998) kel dE wel(H AW/ GeH, A
/G5 h))
o I, F» & 'GeE dtExoz o]&
st BCF 44
22pd = | O oJugtel o FRREAE o 2 3] BOF B BGEF 44
(1999) e I e i B i A B
ok el sk WET AEdd 1A
A= (O Aol o3 SR EAY 23] BCF 2 BGF1 44
(2000) Aol ot A AT A
4AA% | O AEYTF AGA AZALT o, BCF, 2 BCF; %A
(2001) o. AT HA 2 DNA markero] <
Sk A&k Alg A
S | O AEY7F A7 A o BCFs B BCFa%A
(2002) o. HE T #HA 2 DNA markerel] ¢
St Ak Al
o. HET Ak HeF1985 At
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M2 & 2 -9 Jafe 3

rel
ol

A1d -9 8d 7led

—d
r

d 7l 3%
7F =9

1970t} Zoll Bph 13} bph 2 A A7F A€ o] Aw7hA 12709 wE -4
FAA7E WAL ok (Murata et al. 1997). = A " &} A&l A= 1973
Az WET A F5Q TR6'S 54T olF Td7A v A A

= FAskL 3, ol Wi FAEAE ¥l i v SddE olE

T
- =
T A& 72 DNA markerohe] dd2Ao] @3 2= B gl

ot
o,

L
=2,

ofN

R
kA

AA7E 129 A Al /1216, bph 2 Akl 2 5] A¥E DNA markerE
o] &3 A4 42 map-based cloning™ Al =% Ut (Murai et al. 2000).
HIoe HET A e FF5 Al A= AuEAR o] QTLE A
Aol Hofsh=s Aoz deAal Ark (Xu et al. 2002). Lt of#7kA] Ao

M wHEd ol Aggolu A S4o] 43 HE&EET2 = Aol

2

o

o] Wi AgAo]l Sdh-1 TAEL} BHIA ARH A& W3 i(Yeo et
) §FXEH AEAGFANAM = oFAB(Oryza minuta)oll A el st vjE

APA A2 mappingZ TUF FEA vropw’el wdg A4 RAPD
marker9}e] #AE ¥3 vb gltk(Jeon et al. 1999). Fuel A= AW /GEH %
T Fo Jag o] gste] 4Haw’el A3 FHd2 (Bph )9t DNA markersto] #
AS BAsta wET ALA FF ST MASS =¥eH(Ha et al. 200003 W
93 A

AP Ao AuAol AZY FAadA= g L6
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HHS RasdtH(Yeo et al. 2001). A 5@ FoF B AFAA 7} FPEHEA A
W AdAly AHe A AdwE DNA marker/F AdE 1 FAAREE ZAE 1
=
[e}

A, o] A A wET A FAAe] mapping #YF old P T8
! =

AA7EA] oA AdeE giFEe] DNA markerE-2 AU 7FxAFEU7F 3] whol A
UddE Kol markersololA, s-Eubetel A B FFEF F= Abgste A
TIU7IE f-ARLodE o] DNA markerE9 o] &880 1At =X Esaly
53], wET AR 2 54 A A0S 2t web ASH
H dAduGgs 9 AugsFed sl dsts 9P EI markertS A9 g

e BE Fie] FAo Axystgdor X3td AUty FEREe] Jfuy
o]

fd

N

oFwF marker-assisted selection®l] 9|3 SF & 8o I A A= Aot}
agla wWET AP AW E FER7 HEFE FFTete AEAA LS

2= A4 Adae] AdAdddlA o2 ZHA Aol oAl gl Ak ARl

jis

Fd A AEE oHA sk 29T sty Har v (Yeo & Sohn, 1995).
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2% DNA markerE WA AE FF F4 o] &rhd o] Foke] w54
&3t Eobd Aot

2 AFFAANAME HETF A FHHE FHAE mappingsta, U 3]
¥l DNA markerg ©]&3te] A MAE st MAS AAQ 753 AF
A FA B A5 FPstaa gk

%
i

2
e

o,

A 24 A5 L Y
1. Doubled haploid (DH) A 99 SAI 8 TdIJA XA}

A/ dEe’et AW/ gEE 28] FiY olits el AFHEA, 1394
A2XA79 k& 2-4-D(1mg/L), zeatin(0.lmg/L), sorbitol (20g/L) % gelrite
(5g/L)7F #7Fd Chu ®lA|(Chu et al. 1997)9] wjsle] AHAE FAA AT 30~
409 FoF A" A 2~E kinetin(20mg/L), IAA(0.2mg/L), sucrose(30g/L) =
gelrite(5g/L)7} A7 Chu #lA el o]A3to] 50U &3k AEAE ALsA AT

S 25E ARt AEAE T AN v oA F FFo] 4F

& MAE k=g EE Aujste] JfAER AFetar wFA e Aee 283

Az GAAE w7t AT 2AdA ASH FAE 7 AlS Auieta o=
Agel tigh F8 v34 543 wE AdE B=

¢l 1998 H-E 2002744 ¥ | S (A E/ dsH, AW/ A e ) el DH

s 20029 #2003 shAl EAO] Ajuiste]l 4 AeEE HES AP AEES

.
@ 124, 30<15eme] A4 WEE olddm AsHE F47), 7
o3

BComy
>
v
dlo
N

2. Mapping ¥ A € FJd A3 marker FA
7}. DNA &3
PCR W&3} Southern hybridizationg 93te], ¥y #AHEAW L DHYE O

[e} H
AEARE 25CoA 353 Awe$ CTABHl wet th&2 o] DNAE F%
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stdvh 72 A=A AT o 3gs HARARETe] ¥Wa A EAAE FWEAIZ A
gl Al wAe e wpshal, 2xCTAB buffer 1m¢ 2+ 1xCTAB 6mE 9o
&353l & 50ml cap tubedl =AA 55Ce] 30% H<F wr&A7]HA 2~33] 7}
WA &gtk 7)o sYd Fe] chloroforms Yo 301t - 9AE
(4,000 rpm, 7+, 15C)S & FSAS 16me ZIZ2IA FERZ A, 10%
CTAB-NaCl 32540} chloroform 35mé& %3 2 &§sta 44224500 rpm,
10, 15C)ste]  AS<f&  15me M2 EYZRIAFH &It
ppt(precipitation) CTAB €% (1% CTAB, 50mM Tris pHR.0, 10mM EDTA) 35
e gol 12A13F o4 Aol WA = A4 (2,500 rpm, 5%, 20T)ste] A
S9S vgxx 1M NaCl-TE 0.7m¢¢} isopropanol 0.42mlE o] DNAE 474
gk th5 3]stk o] 34® DNAE 80% oleh&® AlAste] AxA7]3 TE
buffer® 1008] 3123 t}& 0.8% agarose geldl 79538l 260nm UVEkol A
Ethidium Bromide(EtBr)el ¢J3] et @28 x=2x DNA w=& X4sto
PCR#} Southern hybridization®l] ©]-& 3} t}.

M

Y, &9 3 marker HA

DH 9] genomic DNA 2ugs A|3& 2o 12417 A star 0.8%2] agarose
gel AolA] #H7]99%3 & nylon membrane filters(Nytran, S&S)ol] & o] A zlt},
Sambrook 5(1989)¢] ®WRiell elsto] B e D3] A¥E RFLP markers ©|
43to] probeE A#d e a-dCTP P”2 #A8t1 hybridizationsto] 2+ 7))
H WA Ad 7 band] B GES AL - B ESITH

Hd - AR fFAdAe] dFskAl d¥kd DNA  marker’t  PCR-based
marker(RAPD, SSR)¥Y 7% PCR #4942 93] Gene Amp PCR system 9600%
Arg3F e, FE& gk A9 J& genomic DNAZ} 15~20ng/plo] it
dNTP % tag-polymerase:= z}Z} 200uM3¥} 0.lunit ¥=g o Z+7+e] primers

.

I TANEEOREEH EF

BN u:
S

12 Operon Techmnologies Kits A-Z (Operon
Techmoloties, Alabeda, Calif.)2} Research Genetics(2130 South Memorial
Parkway, AL, USA)9] primers °]&3t9th. PCR 5% 96T 5&3, 1 %9

d& 96TColA 156%, annealing= RAPD 3 Al 40T} SSR 3P Al 55TCAA
Z+zy 30%9 156%, 28la2 DNA A4S 72TAA 187te® % 40cycled}t 35
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cycles Aaste], HF DNA §42 72CellA 7202 @k 49 DNAE 77
1.2%%} 3%¢9] agarose gelZ2 Z7|9% F band®] #2oF} AFgHd HJE=E W
- AR A HeHe]l S Kol marker AEE flste] F
130271 2] DNA marker(RFLP 184, SSR 598, RAPD 520)¢} %%1¢] genomic DNA
ko] AAE A s

rlo

—_

ooEET AT BAEY 2 /AR A= FA

A7du’ e ‘Y% 8’ codominant marker® AdE 97§e] RFLP % 1719
isozyme markerZ ©|&3te] DNA marker®} Fo F(5170A]) genomic DNA 7H2]
] el digk A% E HAES HAAsAT g A/ s 23 F

F
Fo A&GIAA)S Q82 AdsEl DNA markeret HE 7+ #3tAdo] A AAS

2=}

X

WA/ GE 2 Fy Jekel g isozyme 412 Yeo 5(1998)2] W o] u}
2} AASE AL, starch gels ©]-&3% W7 5 &3t Sdhl Aol gk W
P E FAS T 3, isozyme marker?l Sdhlel Wd BEZE9] allele
types FAFS7] 9ste] W 43FFo] W3 isozyme A4S AAFA L, AW/ A

B By 2w wE T A Sdhldke] AR s dAsdn

marker(RFLP 77, RAPD 271, isozyme marker 17§)7Fe] #AIS 48]

W AP WgstAl ARE markere] /MEE $lsked 520719 RAPD
primers 99 QAT F O ZHE FEoFHlol Bulked-segregant analysis (BSA)
S =8 Azt s 4389 th. DNA samples resistant parent (RP ; AH4H),
susceptible parent (SP ; %5H), resistant bulk (RB ; A& A%), susceptible
bulk (SB ; 4 7AE) 5 47HA=Z skl ARgsti e, RPS RBE A 34
IFOFE SPS SBE A IFCoE ERete] 7 augted RoAe v3EE

ghelskith ALE¥ DNA sample® RB%F SBE FA|3 'Abdw/gEn’ %32 DH
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AN BEADS T3l gdd A3 7]

&2 Ao whetes WHOoZ FH)E Ut Marker®] A% RPS} RB
SPe} SB& o] 5+ IiFitel e

BSAE 53 42d 11708 RAPD markerE o]-&3ato] “A7dw/odew %3
DH 464152 Bd+ A&7 o5 markerste] #AES EAstglon o] 25
Aatel 170°] RAPD markerst B+ A3 Add oz A&zl 3719
RFLP markerzte] #HAE A8ttt 22l WAd4 A4 Fd22] mapping
S 98 AHAw/dEw =23 Fy 158703194 6719] marker(RFLP @ 571, RAPD :
1Mz Ad #AS B89

4. qug Ad DH A§ 74

ozt Alde] DH J&S S438h7] flsted, 2001/2002 5424l A48/ v4&
W o] BCsF;, nHlES tol 1317] Axape] o3 widkstdtt. stEdddA=
Hol wjgke] Ao o]AtS A FHFle] 12TelA 1597 ALAYF 1 mg/Le
NAA, 2 mg/Le| kinetin, 30g/L¢] sucrose, 5 g/L¢] gelrite’} 7} Ng-Y 8] A ]l
v FE ohS SHdElE 309 Eob fFAskal oo]F = 19 12417 2500 Lux 7%
B2 45¢U3t widste 19 A wiFH I 2 mg/Le NAA, 02 mg/Lel Kinetin,
30g/L9] sucrose, 5 g/L2] gelrite’} H7FH Ng-Yui Aol el =2 309 Bt wjef
o] AHAE FUIAIZ] e, ol AYH2E 02 mg/Le TAA, 2 mg/L9 kinetin,
30g/L9 sucrose, 5 g/Le| gelrite’} F7FF Ng-Yii Ao wiFste] 1Y€ 1243
2500 Lux JHZ 45947t wjgsle 297 vl S o] &3kt wgEde] &2
26:1C 2o FASY. Fo2iH ALstE HeAES APdNA FE3

AN G5 A del 2097 =3A Y F Ao olAsta e DFo] d=
O~

jf_l,
o\
[«

o

BP0 ofwid BCHE g wFstel FHE ANEel thal wET AL
AN S HET AN AGYow FAd AFL Aol o5e Fa %
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bufferE ©o]&3le] DNAE 3438ttt 3|43 DNAE pGEM-T easy vector
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2] 8 plasmid DNAE @ #lo] ey 2o @71 d 248 o F 33l
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gelsl & extraction

Y. Primers design

7] Hdgo] Y3 R DNA fragment (923bp)E ©]&3to] 20mer primerE 3
sets(OPE18-A, B, C) A3l 1 T t3dAHS 7FF 2 e E 1setES STS

marker= AME3F3

t}. STS markers HE 7 A Ao #A

STS markers} WET AFdAHFe] AAE FX4s7] sty AR/ G559 %
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Table 1-1. Frequency of callus formation and plant regeneration in anther culture of

F; plants from ’'Samgangbyeo/Nagdongbyeo’ and ’Cheongcheonbyeo/ Nagdongbyeo’

No. of % of callus % of green plant % of albino

Cultivar and cross anthers " . . .
inoculated ormation regeneration regeneration

Nagdongbyeo 1,500 285 76 1.3
Samgangbyeo 1,000 59 0.4 0.0
Cheongcheongbyeo 1,100 9.5 15 0.1
Samgangbyeo/

412 21. . .
Nagdongbyeo(F}) 54,120 7 09 0.3
Cheongcheongbyeo/ g4 15 2.8 24 08

Nagdongbyeo(F;)

ok ANIE F Bo] FEH AT Lol AuetnA 7 23
2ALS BHGE 1-2), GHE/EE 2Pl AE AA ) 0% AAAT A
bR 2o A o) 9, A/ B 2 Fe] Fg A o T4%7h 2AE 2AL

HATh A 1A dEQl 1998 F-E 20039 sHAIZEAl “abdel/ s el A=
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Table 1-2. Ploidy level of plants regenerated from anther culture

Polypoid level of regenerated plants (%)

Cross
Doubled haploid Haploid & Polyploid
Cheongcheongbyeo/Nagdongbyeo 70.5 29.5
Samgangbyeo/Nagdongbyeo 73.5 26.5

Table 1-3. Number of doubled haploid(DH) lines produced by anther culture of F;
plants from ’Samgangbyeo/Nagdongbyeo’ and 'Cheongcheongbyeo/Nagdongbyeo’

No. of DH lines

Cross Total ‘98 ~'99 00~"01 02~"03
Samgangbyeo/

Nagdongbyeo 201 50 89 62
Cheongcheongbyeo/ B
Nagdongbyeo % & 17

o) ok wlFstel FAE 201 AFFAA AFFe] W
AR wee 7ael A AT WHE 1-4), 40 AE
=

o 54 v el

5

Table 1-4. Segregation for BPH resistance in the DH population from a cross
between resistant and susceptible parents

No. of lines

Cross

Total Resistance Susceptibility
Samgangbyeo/
Nagdongbyeo 8 40 48

40
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Fig. 1-1. Frequency distribution of five agronomic characters of DH lines

produced from a cross, 'Samgangbyeo/Nagdongbyeo’.
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1. %Fe] N marker AA

B #H (Murray et al. 1994)e] =
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e s el
3te] genomic DNAE F&3tal Algtas
F b, FAlE 184 /B9 RFLP markers ol

2 124]7F A Elst4], nylon membrane

= SE

(Hybond+)oll Zo]AlA, Southern 4] gt
A R d¥EAS UElE 128719 markerE® AWslgoHE 1-5). 9 %3
of tj$t PCR-based marker #HgolAE F 598712] SSR marker(RM @ 522,
OSR : 3, MRG : 73)¢} 52070 ¢] RAPD marker’} A}85%lth o] markerE ©]
43l parent screening®l A 126719 SSR marker$t 2207 RAPD marker® t}3

A band7} 3%9} 1.2%9} agarose gel Aol A Atz Q).

Table 1-5. DNA markers shown ploymorphism between BPH resistant cultivar

'Samgangbyeo’ and susceptible cultivar 'Nagdongbyeo’

Markers No. of markers tested No. of markers shown polymorphism
RFLP 184 128

SSR 5938 126

RAPD 520 220

A7y’ e} ‘HEwo] o E marker BAES Este] wWHEFAIAAA (Bphl)7t

Y3 12 FMA AolA] %o thel codominantE YEHE 970e] RFLP

markerE Awa ¢ AJATH(E 1-6).
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Table 1-6. RFLP markers shown polymorphism between 'Samgangbyeo’
"Nagdongbyeo’ on Chromosome 12

and

Fragment size

Length of hybridized band (kb)

Markers Enzyme
of marker (bp) Samgangbyeo Nagdongbyeo
G261 Bglll 1700 6.0 4.5
G258 Pst1 1500 2.7, 2.0 0.7
G304 HindIl 2000 13.0 4.5, 4.0
G148 EcoRV 850 6.0 45
G336 HindIl 1900 3.0 2.6
G402 HindII 600 17.0 9.8
G193 HindIl 2000 2.5 2.0
RG413 EcoRV 1650 20.0 9.0
RG901 EcoRV 1800 6.0 18.0

2. ET AZAG BALY FE FAA A= A4

7h Fog 088 ABEAH

Al “Ugw’o] codominant marker® A#E 97]2] RFLP marker % 17}
9] isozyme marker?} Fo w9 genomic DNA 7+ Egu]o] gt H3te A
S AN A G 2618 AQe ZE markerol Al o] 224 EEuo] H e Ao
2 FHEATGEE 1-7).

P s didow E4% Eeu dA-dA o224 Eenle] A3 slow s
7l RFLP marker 87§} 17§¢] Sdh markerE ©]-&3lo] F, Fete] vid A &dAd 3 9
N marker€}e] A¥HEA S AAIg vl FAIE marker FollA G 258¢] WE T A3
W 7 WA A(EEIRALM)E Y s o R e OD A= 862

2 7 =A 2AEJACE 1-8, 19 1-3).
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Table 1-7. Segregation mode and Chi-square goodness—of-fit tests for Sdh and

9 RFLP markers in the F2 population of 'Samgangbyeo’ and 'Nagdongbyeo’

Segregation mode” ’I.‘otal
Markers lines X P Type

A H B tested

o

G261 5 30 16 51 6.33 - Codominant Fs (1:2:1)
G304 13 23 15 51 0.65 0.5-0.9 Codominant Fs (1:2:1)
G336 10 26 15 51 1.00 0.5-0.9 Codominant F (1:2:1)
Sdh 14 25 12 51 0.18 0.9< Codominant Fo (1:2:1)
G402 14 25 12 51 0.18 0.9< Codominant Fy (1:2:1)
RG413 14 25 12 ol 0.18 0.9< Codominant Fy (1:2:1)
G258 14 25 12 51 0.06 0.5-0.9 Codominant Fs (1:2:1)
RG901 15 26 10 51 1.00 0.5-0.9 Codominant Fo (1:2:1)
G148 15 25 11 51 0.65 0.5-0.9 Codominant Fy (1:2:1)
G193 11 25 14 50 0.36 0.5-0.9 Codominant F (1:2:1)

IA ‘Samgangbyeo’ type. H : Hetero type B : ‘Nagdongbyeo’ type
* Significant at 5% level.

Table 1-8. Linkage analysis between BPH resistance and 9 DNA markers in
the F» population of 'Samgangbyeo/Nagdongbyeo’

Gene pair Segregation mode 2 Recombination LoD
A B A-BB A-Bb A-bb aaBB aaBb aabb value (6)
Bph - Sdh 13 23 2 1 1 10 28.88™ 10.6+4.6 5.57
Bph - G304 12 20 6 1 2 9 16517 20.916.3 2.85
Bph - G261 4 27 7 1 2 9 1655”7 22.146.8 2.04
Bph - G402 13 23 2 0 2 10 29.24™ 8.3+4.1 6.56
Bph - G336 9 23 6 1 2 9 1655”7 20.6+6.4 2.68
Bph - RG901 14 22 2 0 4 8 19.44™ 13.0£5.2 4.74
Bph - RG413 13 23 2 0 2 10 29.24™ 8.3+4.1 6.56
Bph - G148 14 21 3 0 4 8 18.04" 15.1£5.5 4.21
Bph - G258 13 24 1 0 1 11 3767 4.1+29 8.64

. Significant at 1% level.
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Fig. 1-3. Relationship between BPH resistance and RFLP pattern in 51 individuals
from F» of ’'Samgangbyeo(P;)/Nagdongbyeo(Ps)’ with a labelled probe (G258. Total
DNA was digested with Pst I. Arrows(| ) designates recombinants produced by
crossing over in the DNA region. 1~51 @ F. individuals. R : Resistance, S
Susceptibility, M : Moderate resistance.

—— G148
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RG901
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Fig. 1-4. Linkage map of Bph 1 genomic region of Chromosome 12. The map

was constructed using F2 population of 'Samgangbyeo/Nagdongbyeo’.
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¥ 1-89 943 ¥4 A4S ZAE o] MAPL programol] 93] A= A7

o] HE -t A FARbol] e A A =e= 27 1-40M 9 2ok HE T A
A AHE 9709 marker® FAAE 129 AAA o dAAXEE AA Ao}

56.4 ¢cM ©]il marker7t Hi AZE 63 cM ot 2y A7 wd ¢
A FdA= G258 4.1cM A=l ZE 7 EHSA AdE o] ATt

Y. W d 3 %33 isozyme marker(Sdhl)ete] #A &4

AR/ gET 29k Fy A 1217019 BiE s A2t 259] Sdh type 3t
o #AE 4% vk Sdh 12 HET AFAH 99%° x37tE WA A
ol = Aoz YEETGE 1-9).

Table 1-9. Linkage between BPH resistance and shikimic dehydrogenase
isozyme in F:2 population of 'Samgangbyeo/Nagdongbyeo’

Segregation mode  Expected . p Recombination
Cross in F2 population ratio value (%)

AB Ab aB ab

85 5 7 24 9:3:3:1 68975  0.000 9.9%
Samgangbyeo/

90A 3la 3:1 0.025 0.50~0.90 -

Nagdongbyeo
92B 29b 3:1 0.069 0.50~0.90 -

AB: number of plants showed resistant reaction to BPH and sdh-1 allele type of
'Samgangbyeo’, Ab : number of plants showed resistant reaction to BPH and
sdh-2 allele type of 'Nagdongbyeo’, aB : number of plants showed susceptible
reaction to BPH and sdh-1 allele type of 'Samgangbyeo’, ab: number of plants
showed susceptible reaction to BPH and sdh-2 allele type of 'Nagdongbyeo’.
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B
i

TALAD FAAe} dFd ez 983 isozyme marker?l Sdhel ojgh

AETEY allele types 43104 FAH 43FFE9 4597 59 oA

=7] 9= AFHste] Glaszmann’ protocol (Glazmann, 1988)el uwhz} #2413k
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Table 1-10. Shikimic dehydrogenase(Sdh) allele types of 43 rice cultivars using

starch gel electrophoresis and their reactions to brown planthopper

Allele type of Sdhl

Varietal Reaction”
Group  to BPH I I m
Japonica Hwayeongbyeo, Iksand35, Hwayeongbyeo Nagdong -~ Milyangl7l, - -
Hwasambyeo, Iksan436, Acpbl, byeo, Milyang172,
S Milyang173, Tksan444, Hwayeongbyeo Donghae ~ [xsan43s,
Milyang101, Tksan431, Lys2, byeo, Tksan443,
Yeongdeog?9 Hwayeongbyeo Hwamyeongb Tksan445,
OcplHA yeo, Tohokul44,
Sinseonchal- Tohokul49
byeo,
Yeongdeog26,
Milyang9b,
Milyang165,
Milyang166
R Hwacheongbyeo, Milyang64, Sangju 13, Milyang65 - -
Suweon 397
Tongil &
Indica ) .
S Milyang23 Namcheonbyeo Hyangmibyeol - -
IR36, Gayabyeo, Milyang63, - - Cheong
R IR50, Samgang- Jangseong- cheong-
Hangangchal - byeo, byeo, byeo
byeo
Total 43 25 17 - 1

Vg Susceptibility, R : Resistance.
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Fig. 1-5. Relationship between BPH resistance and Sdh isozyme in BCsF; and
BCsFs of ’'Samgangbyeo/Nagdongbyeo’. Arrows(| ) designate recombinant by

crossing  over. Y Sdh isozyme types in 45 BCiF; individuals of 'Samgangbye
Nagdongbyeo'. P Reaction to BPH in BCsF, derived from 45 BCiF
'Samgangbyeo/Nagdongbyeo’. R: Resistance, S: Susceptibility, Seg.: Segregation.
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WA/ SdE 23 DH A 35A1F9] WaT Ad A4} 770 RFLP
marker, 2719 RAPD marker 2 17§¢] Sdh markerZE o] &3fo] A#AEAS AA
gk vl 971¢] markerol A 1EE ol A¥E YERNJATHGE 1-11). 53], vE

T AT G258, RGI01 H G402+ =877} 6.2%= 71 S s W

=
o
T
kv

LODe| o] b4 %A 2AE S}, oS markerst WETF A FARE WA

WP Ansel gt Ao

[

A=
AN AR/ G5 23 F, Jue] wd T A7 d@EA g A
AR} 41 cM A2 DHESA AdBEH dE Aoz w7 vk ¢

Aoz BAEATHZY 1-6). E3] G258 2xF d L

% Bph 1

Table 1-11. Linkage analysis between BPH resistance and 9 DNA markers in

DH population of 'Samgangbyeo/Nagdongbyeo’

Gene pair Segregation mode , Recombination

LOD
A B A-BB  A-bb aaBB  aabb value (%)
Bph - G258 10 2 - 23 24.50" 6.2+4.3 6.38
Bph - G124 7 5 3 20 8.00" 25.0+7.7 1.82
Bph - RG901 11 1 1 22 2450 6.2+4.3 6.38
Bph - G336 5 7 1 22 8.00" 25.0+7.7 1.82
Bph - G402 10 2 0 23 2450 6.2+4.3 6.38
Bph - G307 6 6 1 22 10.13™ 21.947.3 2.33
Bph - OPA19 8 3 1 20 15217 13.8+6.4 3.68
Bph - OPH7 7 4 3 19 8.53" 23.347.7 1.95
Bph - Sdh 9 3 - 23 21.13" 10.6+4.6 5.31

. Significant at 1% level.
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Fig. 1-6. Relationship between BPH resistance and DNA markers, G258(A) and
RGY01L(B) in DH population of 'Samgangbyeo /Nagdongbyeo’. Arrows(|) designates
recombinants produced by crossing over in the DNA region. 1~35 : DH individuals. R :
Resistance, S : Susceptibility.
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Fig. 1- 7. Bulked segregant analysis using RAPD primers. RAPD markers show the

polymorphism between resistant groups (RP,RB) and susceptible groups(SP,SB). RP :

Resistant parent ’'Samgangbyeo’, RB : Resistant bulk, SP : Susceptible parent

"Nagdongbyeo’, SB : Susceptible bulk.

FAE RAPD marker =4 11719 markerol A t8Ad<S e ATHE

w%lom
(OPE 18, OPVS, OPUS,

1-12). o]& X¥El RAPD marker 7F-dl 7709 markers
OPWI12, OPW19, OPX2, OPX1l)+ A3/de] marker types, WA 470°] marker

(OPD16, OPV4, OPV10, OPW16)= 7<= 2] marker type= el
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Table 1-12. A list of RAPD marker showed polymorphic bands between resistant lines
and susceptible lines by BSA method using 520 RAPD primers

Marker Marker typea) Marker sequence
OPD 16 S 5" - AGGGC GTAAG - 3’
OPE 18 R 5" - GGACT GCAGA - 3’
OPV 4 S 5" - CCCCT CACGA - 3’
OPV 8 R 5" - GGACG GCGTT - 3’
OPV 10 S 5" - GGACC TGCTG - 3’
OPU 8 R 5" - GGCGA AGGTT - 3’
OPW 12 R 5" - TGGGC AGAAG - 3’
OPW 16 S 5" - CAGCC TACCA - 3’
OPW 19 R 57 - CAAAG CGCTC - 3’
OPX 2 R 5" - TTCCG CCACC - 3’
OPX 11 R 5" - GGAGC CTCAG - 3’

? S Negative band associated with susceptibility, R: Positive band associated with
resistance.

=2

] Bph 1 A3 sHAl 85l 21 RFLP maker(Z1¥ 1-4) ¥ BSA
Ao Al A markerZ A¥E RAPD marker(%( 1-12)5 ©]-§3te] DHE 2] H
T A3 3 o] F markerete] #AE A g v ‘OPEIS S HE T A4 F4
2kt 44 M AR E BHEA ddd o= vEyt (38 1-13, 17 1-8).

e

/g 23 F, Jdel HET A3 DNA markerete] A
B - A¥ =2

Table 1-13. Linkage analysis between BPH resistance and DNA markers in the DH
population of 'Samgangbyeo/Nagdongbyeo’

Gene pare Segregation mode ) Recombination
X LOD
A B A-BB A-bb aaBB aabb value (%)
Bph - OPEIS 21 2 0 23 3835 4.4+3.1 10.27
Bph - G258 19 3 0 23 33.80" 6.743.7 1.82
Bph - RG413 18 4 0 22 30.42" 8.9+4.3 6.38
Bph - RG901 17 6 1 22 2225 15.0+5.3 5.33

». Significant at 1% level.
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Fig. 1-8. Relationship between BPH resistance and DNA marker, OPE 18,
pattern(—) in DH lines derived from 'Samgangbyeo/Nagdongbyeo’. Arrows( | )
designated recombinant produced by crossing over in the DNA region. 1-46 :
46 DH lines. R : Resistance, S : Susceptibility.

20021 Al AlAE/gErT %23 F, A 15870A1 wid
Aol $1xe Aoz e RFLP marker ¥ OPE 18%}9]
vl OPE 18] Wi A &g ¥ 39 cMe] 23712 7H A ddso] e
Aoz BAHATHE 1-14). Fr FedelA Z37H3.9cM)7F DHA (4.4
cM)ell A mop w2 A2 F FAae] A7) S, 240 o] &d F, Jeo] DHYSRE

2

w43

=l

o 2 )

¥ A%z A,

Table 1-14. Linkage analysis between BPH resistance and DNA markers in the Fs
population of 'Samgangbyeo/Nagdongbyeo’

Recombination

Markers value (%) X LOD P
G 402 _
29.2 2.36"" 10.7 0.01-0.05
RG 4 )
j 76 1.50™ 28.1 0.01-0.05
G 261 —
31.1 2,64 47 0.01-0.05
RG 336 —
j 471 2.84™ 0.1 0.01-0.05
OPE18 T
39 1.10™ 35.6 0.01-0.05
Bph 1 — j
32.3 270" 40 0.01-0.05
RG 901

+* ns : Not significant.
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Fig. 1- 9. Linkage map of Bphl genomic region on Chromsome 12. The map was
constructed using Fo population of 'Samgangbyeo/Nagdongbyeo’.
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detatt. AZstd AE2ATA AMAZ AdH ez wizkE 9078AE 2001 &HA
g Aufste] FAFo]l SESHA AFH 39AS I ET AFY A=
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=
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Table 1-15. BPH reaction of DH lines produced by anther culture of BCsF; plants
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!

from a cross 'Samgangbyeo /Nagdongbyeo*6

No. of plants

BPH reaction
regenerated

Cross
Total DH Haploid Total Resistance Susceptibility

Samgangbyeo/

y 174 90 84 39 18 21
Nagdongbyeo * F;

Table 1-16. Major Agronomic characteristics of DH lines produced by anther
culture of BCsF; plants from a cross 'Samgangbyeo/Nagdongbyeo’

Heading Culm Panicle No. of

DH lines date length length  panicles / BPH we

(cm) (cm) hill reaction  WB
YR22216 Acpl Aug.22 80 21 10 R 1/3
YR22216 Acp2 Aug.23 81 20 9 R 1/3
YR22216 Acp3 Aug.22 79 20 9 R 0/2
YR22216 Acp4 Aug.22 " 21 10 R 0/2
YR22216 Acpb Aug.23 34 18 10 R 1/3
YR22216 Acpb6 Aug.23 81 19 11 R 0/1
YR22216 Acp7 Aug.22 84 21 10 R 2/3
YR22216 Acp8 Aug.23 79 19 10 R 1/2
YR22216 Acp9 Aug.22 83 19 11 R 2/3
YR22216 AcplO Aug.22 81 20 11 R 0/2
YR22216 Acpll Aug.23 75 21 11 R 0/1
YR22216 Acpl2 Aug.22 74 20 12 R 1/3
YR22216 Acpl3 Aug.22 81 19 11 R 2/3
YR22216 Acpl4 Aug.23 79 20 11 R 1/3
YR22216 Acplb Aug.23 82 19 10 R 1/2
YR22216 Acpl6 Aug.22 78 20 10 R 2/3
YR22216 Acpl7 Aug.22 79 21 11 R 0/2
YR22216 Acpl8 Aug.23 79 20 12 R 0/2

* WC : White center, WB : White belly.
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ol AlEE 2002 SHAXA AF Awista WEF A S Ege
S A A ¥ 1-169 gow, olF v AEgAo|HA EAdo]l <&
YR22216 Acpl73 YR22216 Acpl8S Auralo] 21829

S7staA ‘S’ 53k afste] 20039 A Fis §4T

Table 1-17. Major agronomic characteristics of F; plants from two crosses between

BPH resistant lines (DH) and newly developed rice cultivars, 'Junambyeo’ and
Yeonganbyeo’

No. of No. of Headi ;

YR No. Cross combination 00 0.0 eading Cylm Panicle
crossed plants date length length NPH
seeds transplanted (cm)  (cm)

YR24355 Junambyeo/YR22216 Acpl7 43 39 Aug.2l 76 21 11

YR24356 Junambyeo/YR22216 Acpl8 40 34 Aug.2l 80 20 10

YR24357 Yeonganbyeo/YR22216 Acpl7 99 42 Aug.2l 69 20 10

YR24358 Yeonganbyeo/YR22216 Acpl8 74 48 Aug2l 71 21 9

* NPH : No. of panicles / hill.

gd, 2002 A Egel Auw AFE/SEH 23 BCGEAD BAE &
Hatol Aol md = Zdo] F5 I BCF3-190S 3oz dho] ‘i
oF AFuFAIZ i8] ks widetaith ok el A AEstE A EA 14071 A
FolA AMAT} AAH o wirtE 3074 2002/2003 FA Aol A Ayt
AEFATHEE 1-18). ol ATS 20039 3tA AEogta AFxzgo] AF Al

= = -0

RILA
S 25718 THT FR ALY 5YL 24T ek

Table 1-18. Production of DH lines by anther culture of BCgFs lines from a cross
' Junambyeo//Samgangbyeo/Nagdongbyeo’

a)

Cross No. of anthers No. of green plants No. of
cultured regeneration doubled haploids
J//S/N Fy 14,164 140 30

¥ J ¢ "Junambyeo’ S : 'Samgangbyeo’, N : 'Nagdongbyeo'.
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A 7 A DNA markerE o] &3 HiaT AIA AL

S
1. e3¢ A3dA #A STS markerd] /g L SAEX
7}. STS marker?d 7@

HE A A4 JfAE DNA markeroll 9ls] 7+3 A¥sli= marker-assisted
selection®] &&E& FFAI717] sk, “Adel/d5w £3 DH 9] #d+- A
dA FHxket DHEA A" Aoz 8332 OPE182] PCR AHE S sequencing
3}o] STS marker (20-mer primer) & A $A| Z ¢},

(A) (B)

Fig. 1-10. Conversion of OPE 18 (T_T°) into a PCR-based STS marker( ﬂ ).
RP : Resistant patrent, 'Samgangbyeo’. RB : Resistant bulk. SP : Susceptible parent,
"Nagdongbyeo’. SB : Susceptible bulk.

% 1-109 4 964bpel 861bp Abolol 918k bandE 3|4 ¥ cloning 3l &
Astd e, 2 VI ES Z=ARSE B, F 923719 dVIE FAE DNA @S

QR ==

O

X
gl = g™ 1-119] A). o5 A7IMLEe & Tl AT A7|ME

i

10717} OPE18 primere] @7IA L3} 43 Aoz glHn. d7IMDS v'

O!

© 2 STS marker (523bp)2] primer set (¥ 1-11¢] B)E A|23F v}, PCRS

of

3 =Z% DNA fragment’} 615bpe} 492bpE F A| 8t size marker Alolo] € X
sto 24 OPELS8 (923bp)e] STS marker (523bp)= A3 U SS E2lsSdtt.
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(A
I GGACT

46 GGTTC
91 TATTG
136TGCCG
181GTAGG
226GTTAT
271ATCTT
316GATCA
361GTCAC
406GTGCT
451ATGTA
496CTCGA
541AAGTG
585GTGTC
631GCACG
676CAAAC
721ACTAA
766 TATAG
811AGAAT
856 AACTG
901GTTGA

(B)

Forward primer : 5'- CGCTGCGAGAGTGTGACACT -3'

Reverse primer : 5'- TTGGGTTACACGGGTTTGAC -3'

GCAGA
ATTGT
CTTTT
TAAAT
TTTAT
CTAGA
GGTTT
CCATA
AAAAA
GGCGC
TTGTC
CGAAG
GCGTC
TGCAT
GGCGG
CGGTT
CCCGT
AAATT
CCATT
CTGTT
TCTCA

GGGTA
AAAAA
AGTTT
CGTCC
CGTGA
ATCGG
AGCTT
AGACG
GTTAT
TCGAC
GACTT
CGGCA
ACGCG
TTTTG
GCCAC
AAACC
TTAAA
ACTCA
GTTTT
ACCAT
TGATC

AGACC
ACAAT
TCTCT
GCCGC
AAACC
CTCCG
TTGCC
TTTAG
CAACA
GGCGG
GGTGT
TTCCG
ATTCT
GTTCT
CCCGG
GGTTA
CCGTG
TCATT
ACAGA
TTTAT
TGCAG

AACCC
CTACA
TAGTT
CGCTG

CTATA TAAGG
ATCAA TCGAA
TGTCC ATCTT
CGAGA GTGTG

GGGTA
TCGTT
TGTCG
ACACT

TTCCG
CTAGC
AGATT
GTGTT
CCTTC
ACAAG
GGCTT
CAGTT
TATGC
TCTAT
TTCAA
TTTCT
GATGA
GGGTA
GAAAT
TTACC
TCC

TTTTG CCTAC
CGGTT TAGTT
GAGGT GGTTG
GCGAT CATGC
GCCGG AGACT
CTCTC GCGGG
CCCAA GGCCA
CCAGT CTCCA
ATTGC CAATT
GCAGA AGTGG
CCCGT _CA44C

GAGAT
ATCAA
GCGAC
TTGTC

AACTA
CTGCA
TGTCC

GATGG
TGCCA
AAAAC
CCGTG

AGGCC
TTTCA
ATTTG
TCTTT
GGGTA
AACCC
TCTAA
AACTT
GCGGC
GCTTC
CTGCG
CATCA
TGGGT
CACTG
TAACC

GGGTT TGACT
TGAAC AGGCC
TGGTG CCCAT
TAAGA AGGTA
TACGC TCTGT
923

GGGTT
TAGCT
CCTGT
GAGGA
CCCTG

GATGT
AATCC
ATCAA
GCAGG
CCGTT

45

90

135
180
225
270
315
360
405
450
495
540
585
630
675
720
765
810
855
900

Fig. 1-11. Development of the STS marker. (A) The sequence derived from the

cloned fragment, OPE18¢p3, with RAPD marker. (B) Site specific oligonucleotide

primer set. Italics underlined is the site for designing STS marker.
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Table 1-19. Relationship between STS marker and BPH resistance in 158 Fj
plants derived from a cross 'Samgangbyeo/Nagdongbyeo’

Phenotype of Fs plants

Total R S

Polymorphism pattern Resistance 126 b4 ’
of STS marker Susceptibility 32 4 28
Total 158 128 30

AT Mg STS markers WHET AgAd2e] A4 A3 Bph 13
|

3.9cM Aol 1A Aom YEstul(E 1-14, 19 1-9), o] 4T A
Aurel 3 1- 89 RFLP marker (G258, 4.1cM)ell M Btk Bph 1o o 7HgA 913
wk obyel STS markero] 7] wiol &4 Aol kst w§= A3t

el
o

2

o] markerE A &A 7HA Mo o]&dA HH MASY F&o] I

1% wobd
PRI

T O
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P, P2| F> population

phenotypee R R R R R R R R R R R R RRR RRRR RRR

S § SR SS S SSS5S S SSSRSRURRS S S S§S

| |
RRRRRRRRRRRRR R

(m Rz

R
||

e — i ——— T — — — R

RRRRRRRRRRIRRRIRIRRRRRRS RR S

Fig. 1-12. Linkage analyses using STS marker. F: individuals with S are SS
(homozygous susceptibility), and all others are RR (homozygous resistance) or RS
(heterozygous resistance). Arrows(ﬂ) designate recombinants produced by crossing

over in the DNA region. P; :’Samgangbyeo’, P> :'Nagdongbyeo’, R : Resistance, S :
Susceptibility.
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2. ET AZAH Y FE

Table 1-20. Relationship between the origin of BPH resistance and the reaction of

STS marker in 19 rice cultivars

_ BPH ? STS

Culitvar ) Source
reaction marker

1.TKM6 R +P TKM 6 (Bph 1)
2.Mudgo R - Mudgo (Bph 1)
3.ASD7 R - ASD 7 (bph 2)
4.Samgangbyeo R + TKM 6, Mudgo
5.Nagdongbyeo S - -
6.Baegunchalbyeo R + TKM 6
'7.Jangseongbyeo R - Mudgo
8.Chilseongbyeo R - Mudgo
9.Andabyeo R - TKM 6, Mudgo
10.Hangangchalbyeo R + TKM 6
11.Gayabyeo R - Mudgo
12.Nampungbyeo R - Mudgo
13.Milyang30 R - Mudgo
14.Yeongpungbyeo R + TKM 6
15.Cheongcheongbyeo R - Mudgo
16.Hwacheongbyeo R - TR1154-243
17.1IR36 R + TKM 6
18 Milyang63 R - IR1154-243
19.Namyeongbyeo R - TKM 6, Mudgo

® R : Resistance, S : Susceptibility, ® tindicates amplification of the STS marker.

“-indicates the absence of STS amplification.
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ARES Bl MET AFHAL AL u we@

e dEH’Y RG-S AIFAYOR ‘TKME' WS ETea don, o

ZF22 HAerE STS markerd] WaldE Eo]4 bandE ZEstgct. AIggddoz

TED AR, T FEN FOAE A oA

bandg &1 4 AYATHZH 1-13). ‘TKM6' ¢} 'Mudgo’'+= HHET AFAE #F

FENA 7P FRSAGHA ol & = FAAdola v o]l X5 Bph 1& 7t
A

A Aoz A e, & Aol NEd STS markerel thefr = vt 4+

et (EF 1-20, 29 1-13). o]& 'TKM6'9 'Mudgo’'s HE o] taf] A=

9& 7bsAol At AL AME 3 ek

* sk * *k
8§ 9 10 11 12 13 14 15 16 17 18 19

Fig. 1-13. An arrow(

T N W W e e S N——— |

ﬂ ) indicates DNA marker pattern obtained by PCR

amplification using the STS marker in rice cultivars. * Rice cultivars with Bph I

originated from "TKM6'.

1: Mudgo,

5. Chilseongbyeo,
9:  Andabyeo,

13: Milyang30,

17:  Milyang63,

2. TKMS, 3. ASD7, 4. Hwacheongbyeo,
6: Baegunchalbyeo, 7:  Hangangchalbyeo, 8. Yeongpungbyeo,
10:  Jangseongbyeo, 11:  Gayabyeo, 12:  Nampungbyeo,
14:  Cheongcheongbyeo, 15: Samgangbyeo, 16:  Nagdongbyeo,
18: IR36, 19: Namyeongbyeo.
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Table 2-1. Number of F; plants developed from two crosses ‘Samgangbyeo
/Nagdongbyeo’ and ’'Cheongcheongbyeo/Nagdongbyeo’

No. of F; plants

Cross No. of crossed seeds transplanted
Cheongcheongbyeo/Nagdongbyeo 114 26
Samgangbyeo/Nagdongbyeo 62 24
Total 176 50
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ol -3 AlFs st ‘AAu/ g =gl = BCFs Alth 286
ol WE HET AR AAste] 5 AZA AES 2003d sHA Al A st

Year 9B HRP CBRP 199 WO @O 20 W 200 e A3

No. o - 1st 2nd 3rd 4th  5th  6th  7th
Bakaossing

Samgangbyeo K BE  BGE  BER BGR BER B BB BE—> KE

waw S ST

& P P P P P P P

Progeny \—’ BCE, » BOE, » BCF,

Fig. 2-1. Development of backcrossed generation from a cross 'Samgangbyeo

/Nagdongbyeo’.
P : Recurrent parent (Nagdongbyeo), S : Screening of BPH resistance.
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Year 198 ®R WP 199 A0 00 2000 R AW

No. of - s 2d 3d 4h 5h 6h
beckarossing
Cheongcheongbyeo BGF BGFR BGF BCH BGF, — BGE,— BGE
e /' / S
&
P P P P P P P

Progeny L’B@B*B@Wﬁ@a

Fig. 2-2. Development of backcrossed generation from a cross 'Cheongcheongbyeo/

Nagdongbyeo’.

P : Recurrent parent (Nagdongbyeo), S : Screening of BPH resistance.

Table 2-2. BPH reaction of backcrossed F; and progenies from a cross between

resistant parent 'Samgangbyeo’ and recurrent parent 'Nagdongbyeo’

No. of  BPH resistance ¥
) No. of plants
Group Generation crossed Remarkes

seeds R MR g transplanted

BCiFy 51 19 20 26 39 lines tested

BCoFy 78 - - - 40 Sdh-1
Back- BCsly 60 - - - o7 Sdh-1
cross Fi - BCF 188 62 - 126 13 -

BGCsl 96 38 - 58 14 -

BCsF1 68 25 - 43 20 Development of Fo

BCsF3 (755) 276 76 403 276 ‘02
Progeny

BCsl's 277) 85 30 162 85 ‘02

YR Resistance, MR : Moderate resistance, S : Susceptibility.
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Table 2-3. BPH reaction of backcrossed F; and progenies from a cross between

resistant parent 'Cheongcheongbyeo’ and recurrent parent 'Nagdongbyeo’

No. of BPH resistance No. of plants
crossed seeds R MR S transplanted

Group Generation

BCiF: 150 26
BCoFy 36 12 - 24 5
Backcross Fi BCsky 68 28 - 40 26
BC4Fy 5 - - - 5
BCsFy 96
Progeny BCsFs3 (286) 103 11 172 276

* R ! Resistance, MR : Moderate resistance, S : Susceptibility.

2. dmg Pael F8 5Y 24 L A

A/ gEE o] g JA(BCF;~BCF)S 2002 8HA o] Ajuj 5o

2 AlTEE BdT ARY AeE 2 vs 27, HE, s 289 F
8 =

Table 2-4. Major agronomic characteristics of BCsF;, BCsFs and BCgFs lines

derived from a cross between 'Samgangbyeo’ and 'Nagdongbyeo’

. No. of lines Days to Culm length Panicle Blast No. of lines
Generation . length
tested heading (cm) (cm) (0~9) selected
BCsE3 276 109+0.66”  81+5.96 20£1.06 8.4+0.65 185
BGCsEy 95 109+0.47 87+£3.79 20£1.41 8.5+0.57 35
BCeF3 85 109+0.45 79+4.26 19+0.95 8.7+0.44 33

¥ Mean+SD.
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Table 2-5. Segregation mode of BPH resistance in F2 population from a cross

'Samgangbyeo/Nagdongbyeo’

Parents No. of plants g ti ,
& egrega ion £ p

Progeny Total Resistance Susceptibility ratio

Pi _ _ _

(Samgangbyeo) 13 13 0

P, 13 0 13 - - -

(Nagdongbyeo)

F; 10 10 0 - - -
0.50

BCiF, 39 19 20 1:1 0.026 ~
0.90
0.20

) 298 218 81 3:1 0.756 ~
0.50

Table 2-6. Segregation mode of BPH resistance in F: population from two

crosses 'Cheongcheongbyeo/Nagdongbyeo’ and 'Milyangl165/Milyang64’

Segregation x° value

Crosses Total Resistance Susceptibilty ratio P : 01-0.05)
Ch hi b
eongcheongbyeo 129 98 3] 3:1 0.064
/Nagdongbyeo
Milyang165
' 33 58 25 3:1 0.345
/Milyang64
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Table 2-8. Comparison of days to heading and culm length between the
Bph-resistant and Bph-susceptible groups in BCsFs (98 lines) derived from
‘Milyang165™/Milyang64’

Group Day to heading Culm length (cm)
Bph-resistance 114+1.28 ¥ 76+6.23
Bph-susceptibility 114+1.20 72+3.39
t-value -0.424™ " 4778

9 Mean£SD, ® ns : Not significant at 5% level, O Significant at 1% level.

Y1655 WY 64357 Atole] S Holi= DNA EARIAE o] &35t

MET ARY fAxele] ARPAZ LA W, WG 6450 ATY AAE

2-3).

RM 247

500 —
_~ OSR 20

419 —

) , G 148
123 — | Bph
96 —

50 — ‘\\ RG 413
488 — Sdh
RM 20
Chr. 12

Fig. 2-3. Linkage map of Chromosome 12 of RILs derived from 'Milyang 165
/Milyang64’.
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Table 2-9. Characteristics of QTLs associated with lodging traits in RILs of
"Milyang165/Milyang64’

Bordering Variation Additive

Traits QTLs

marker (%) effect
Culm length qCL-12 RG413-G148 4.67 11.8 -3.83
Height of qHCG-12  RG413-G148 431 110 197
central gravity
3rd int. length 3rdIL-12 RG413-G148 6.52 16.2 -0.97
Moment aMo-12 RG413-G148 2.38 6.2 -9.55
Lodging index glLI-12 RG413-G148 3.68 95 -8.83

a9 2-39] FA4A AE=E o] 83l QGENE programel] 23 2 Fd3H A
¥ AAFAQTL)E =43 v (% 2-9), 7+, 4, 38 1+ &

Holsh= QTLel WHET AR Fzret 23] dud

2 O
2
OO
1
oft
w
Ho

=
2,

2]
652 MR, 38 FF AWNE 5 A= A o7t 162%= =A 4
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1. £479

1997/1998% Aol T3tolny kgt wFo] Hojdk ‘Uek1655 9t AFE Y T}e]
HA BT AR W64 E wfste]1998d sl Fie ¥4 BCOEFE 9
gk ofugte] o] &ath 1998/1999Wd s Al BCF, BCGFS ¢4 77
YR20419, YR20656°] wuf WHEE F-ostglom 19999 &tAlol BCFie %733t
Ak Zzkel ANFAHBC3F)l HETAIAY HAALS E£d7] d& ol &
isozyme marker$l Sdh-1 allele type E4o 2 ZAstlom Sdh-1 alleleol
heterozygous 3F 7/|A S thSAltje REOZ 0] 833t} Sdh-19] heterozygous
g 19719 BCoF1 7MAl S 4/HAIE #4912 Adsle] BCE, AldlE 9138 2o
o]-g3ste] ojugte ZFzhe] BCEF Al tHel YR21256~YR212599] wwjH &
o]alo]l 1999 &AlCl  FAEATE EE 11070Ale] BCF, AMAIES %A ko]
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ol T 28MAE AEsta 22 & sAZAAMAM BCsFs AtE FAds
o 2000 spAlel AHAA AvAgeA F2 SHES ZASAT AE
BC:Fi 2371 % YR21256-GHI, YR21256-GH2, YR21256-GH3 %
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oF Ao wjzstlom, M o A HdA A 15A1Fe] AFPeE o
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A AETAA YR21258-GH2+= M= BlE T A st oy it &

Fo 5ol $4ete] wmTel 2d ABwE Awshel 2001~20024 A4
APl FASA. 2d7e] BAEAY NGAS T AFHolAA
A, WA R Fa AMEAe] 4 YR21258-GH2E AW We1985 o) A%

& Rofshn 2003 A9 M A Bol AU

ol oY

Table 2-10. Development of promising lines with BHP resistance using
marker—assisted selection system(MAS) in the backcrossed population from a
cross ‘Milyangl65/Milyang64’

(NYAES:1998~2000)

Year Cross Cross Generation No. of plants
& screened for Sdh
season Total
plants
8 - il 6! i 64 3 3
Summer Milyang165/Milyang T
'98/"99 Milyang165//Milyang165
Winter ~ YR20419  npione6d BCiF: 9 2
YR20656 YR20419/Milynagl65 BCoF, 41 19
s YR21256  YR206%-1/Milyang 165 BCiFy 30 18
" YR21257 YR20656-2/Milyangl165 BCsF, 11 7
" YR21258 YR20656-3/Milyangl165 BCsF 39 18
" YR21259 YR20656-4/Milyang165 BCsFy 30 21
’99/'00 YR21256
Winter  yRo1959 - BCAF» o3 @ -
XRZ 1256
YR21259 - BCsF5 - -

Y No. of BCsFy plants selected from 64 BCsF; plants.
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Table 2-11. Maior agronomic characteristics of 23 BCsF4 lines derived from a
cross 'Milyang165+4/Milyan65’

Heading Culm Panicle

Fﬁtor'y Pedigree date length length thagi;)ﬁa) Lc()(c)i_ggi;lg I]ziBl((lz-gl)(bl Remarks ©
(cm)  (em)

1 YR21256-GH1 Aug.1l0 77 19.8 R 3.0 3, 3, 3 Seg. for HD, CL
2 YR21256-GH2 Aug.2l 84 21.1 R 1.3 3, 3, 3 -

3 YR21256-GH3 Aug.1l6 82 20.2 R 2.0 3, 3, 3 Seg. for HD, CL
4  YR21256-GH4 Aug.7 a1 20.3 R 1.3 3, 3, 3 Seg. for HD, CL
5 Milyang 64 Aug.12 92 20.2 - 9.0 1, 7,7 Control

6 YR21256-GH5 Aug. 6 79 203 Seg. 1.7 3, 3, 3 Seg. for HD, CL
7 YR21256-GH6 Aug.20 83 20.7 R 1.7 3, 3 3 -

8 YR21258-GHI Aug.20 81 213 Seg. 1.7 3,3,3 Seg. for Bph?
9 YR21258-GH2 Aug.l19 &1 21.1 Seg. 2.7 3,3 3 Seg. for Bph
10 YR21258-GH3 Aug.20 86 21.5 R 1.0 3, 3 3 -

11 YR21258-GH4 Aug.20 &4 21.8 R 2.3 3, 3, 3 -

12 Milyang 165 Aug.20 74 214 - 1.3 3, 3, 3 Control

13 YR21258-GH5 Aug.20 &4 22.5 R 1.3 3, 3, 3 -

14 YR21258-GH6 Aug.2l 75 214 Seg. 1.3 3,3, 3  Seg. for Bph
15 YR21258-GH7 Aug.19 &4 21.0 R 1.0 3, 3, 3 -

16 YR21258-GH8 Aug.20 78 20.9 R 1.0 3, 3, 3 -

17 YR21258-GH9 Aug.20 &84 20.5 R 1.3 3,3 3 -

18 YR21259-GH1 Aug.19 &4 21.3 Seg. 2.7 7,7, 7 Seg. for Bph
19 Hwacheongbyeo Aug.20 104 19.7 - 9.0 1, 7,7 Control

20 YR21259-GH2 Aug.20 &2 21.7 Seg. 1.3 7,07, 7 Seg. for Bph
21 YR21258-GH10 Aug.19 81 20.6 Seg. 2.0 7,7, 7 Seg. for Bph
22 YR21258-GH11 Aug.20 83 22.3 R 2.0 3, 3, 3 -

23 YR21258-GH12 Aug.19 83 21.3 R 2.5 3, 3, 3 -

24 YR21258-GH13 Aug.19 79 21.8 Seg. 2.0 3, 3, 3 Seg. for Bph
25 YR21258-GH14 Aug.17 &4 21.8 R 2.0 (A -

26 YR21258-GH15 Aug.2l &4 21.6 R 1.0 3,3 3 -

Y R Resistance, S : Susceptibility, D) K;, Ky, K3 : Race of Korean bacterial leaf
blight(BLB) © Seg : Segregation, HD : Heading date, CL : Culm length.
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Fig. 2-4. Comparison of major agronomic characteristics including some traits

related to lodging between 23 BCsF, lines and their parents.

A "Milyang64’ (donor parent), B

"Hwacheongbyeo’ (BPH resistant cultivar)
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Q& walon ‘Fyu'el wAIAR Zolsh Yulrh FAEL AgA 2@

Table 2-12. Comparison of leaf, stem, panicle, and grain characters between
"Milyang198’ and check cultivars.
(NYAES : '01~'02)

Leaf Culm

. . Grain®

Cultivars Erect- SSD” Shattering PEY Awn
Color Length Width Diameter Stiffness color

ness
Milyang198 Green M M  Erect M Stiff M Hard M Rare YW
Junambyeo Green M M  Erect M Stiff MH Hard M Rare vW
Nan;pyung— Green M M Erect M Stiff MH Hard M Rare YW
yeo

¥ M : Medium size ® SSD : Seed setting density, M : Medium, MH : Medium high ¢ PE :

Panicle exertion ¢ YW : Yellowish white.

TFI98TY] s R EoRA e HET] BulAujelA 8dl6d e ‘5



Table 2-13. Heading date of ‘Milyangl98’ (NYAES : '01~'02)
Heading date Seeding date
Culture Reg =
egion .
transplanting
season Milyangl198 Junambyeo Nampyungbyeo date
Ordinary  Southern May 5
. Aug. 16 Aug. 16 Aug. 19 ~
season plain Jun. 5
Late Southern Jun. 5
. Aug. 29 Aug. 29 Aug. 30 ~
season plain Jul. 1
2) %5

AZdold e EHE By mtor, Bxd 9 ZUVIAAAELS FEsta

A

Table 2-14. Seedling characteristics of 'Milyang198’

Aa @2 YEhA St 2-14).

(NYAES 03)
. Genrnnablht); Seedling Cold tolerance at  Seedling . .
Cultivar at low temp. length ) N Discoloration
%) (cm) seedling stage viability
Milyang198 96 14.8 Tolerate Good None
Junambyeo 49 - Tolerate Good None
Nampyungbyeo 80 185 Tolerate Good None
¥ . Germination ratio for 15 days at 13°C.
" H198ES] ST T L Gue's s 69 Ee]w ¥

o wgrow, M Tiemz HHH Bus Ao



Table 2-15. Major agronomic traits of 'Milyangl98’ in paddy field
(NYAES : '01~'02)

Cutivar  peodpeod”  DTRT Cum lengtn R

(days) (days) (days) (cm)
Milyang198 6 47 127 77 21
Junambyeo 6 47 127 70 22
Nampyungbyeo 6 50 130 80 19

7 DTR : Days from transplanting to ripening stage.

ot 7y Gl BoeE o7k EALTHE 2-16).

Table 2-16. Yield components of 'Milyangl98’ (NYAES : '01~'02)
No. of Ratio of  Brown/rough 1,000—grain
. No. of . . . . . .
Cultivar anicles/hill grains/ ripened grain rice ratio weight
P panicle (%) (%) (2)
Milyang198 14 106 38.8 82.1 21.9
Junambyeo 14 122 81.0 82.1 22.7
Nampyungbyeo 15 113 88.0 82.8 20.3
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Table 2-17. Tolerance to physiological stresses of 'Milyang198’ o
(NYAES, NCES:'99~'01)

a)

Cold tolerance

Appearance Adult leaf

Cultivar o Seedling Heading Grain Shortening
of wilting senescence . , .. .
discoloration  delay fertility  ratio of culm
(0-9) (days) (%) length (%)
Milyang198 Strong Slow 4 12 72 31
Hwaseongbyeo  Strong Slow 6 11 69 28

¥: Cold tolerance was evaluated at Chuncheon and Sangju cold-water irrigated nursery (02).

=
Hops vha =94l 2 ERAMALE SR Bus e ofg Aoz e

ST 2-18, 19 2-5).

1

Table 2-18. Lodging tolerance and its related characteristics of 'Milyang198’

(NYAES : '01)
3rd Height of  Fresh 3rd .
internode central i internode  Lodgin Field
Cultivar . weight . . sing lodging
length gravity breaking index (0-9)
(cm) (cm) (g) weight (g)
Milyang198 14 54 11.2 569 206 3
Junambyeo 13 50 10.1 547 181 1
Milyang64 20 56 8.06 401 232 9
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@ Milyang 198 IS = 08% Hwacheongbyeo "
34wk B W I e R i e L R P T T e

Fig 2-5 Comparison of lodging tolerance between 'Milyangl98’ and check
cultivars, 'Milyang64’ and 'Hwacheongbyeo’.

o ¥els AIA

R8T e TR ARAY wEAY Al B AP Jrsk 560
o al

B woks thi R A (& 2-19), BUHEE WF A3t Fgo)
St ph7bA R K1 K2, K3#@ol Ag4gelga, Faneyds: 4348 1
ot ewyst Ped: emyel okstn wMETeE Ze WS Ehih(E

Table 2-19. Reaction to leaf blast disease of 'Milyang198’
(NYAES, NHAES :01~'02)

Reaction to leaf blast (0~9)

Cultivar

Milyang Youngdeog Sangju NHAES?  Keihwa Average
Milyang198 5 4 5 8 6 5.6
Junambyeo 7 7 5 8 4 6.2
Nampyungbyeo 4 4 4 6 - 45

a) : National Honam Agricultural Experiment Station.
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Table 2-20. Reaction to bacterial leaf blight, virus disease, and brown planthopper
(BPH) of 'Milyang198’

(NYAES:01~'02)
Bacterial leaf blight Virus diseases
Cultivar Black—streaked BPH
. ack-streake
K Ko Ks Stripe  Dwarf dwarf
Milyang198 3 3 3 R S S R
Junambyeo 3 3 3 R S S S
Nampyungbyeo 9 9 9 R S S S

f— e
tf

Fig 2-6 Comparison of BPH resistance between 'Milyangl98’ and check cultivars.

LB

WY1V = BE7] BH Aol A Ag=Fo]l 624kg/10a® HHEH WU 16% T
Fostgom wAAMNAS BEFE A0kg/10a% FHWS w2 ATHE
2-21).
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Table 2-21. Yield performance of 'Milyangl98’
(NYAES : '01~'02)

Rice yield (kg/10a)

Cultivar Standard fertilizer level at ordinary season Late season
01 ‘02 Averege Index 02 Index
Milyang198 668 580 624 116 479 100
Junambyeo 655 619 637 118 497 103
Nampyungbyeo - 540 540 100 481 100

HFI8E = A AERIE L7IRA FEH FAE O vl v A Eme] @
Q]
2o 186%= ‘W’ Hrl vton &7y Bymuy A e H e th(E

2-23). 3k ‘UeF198% o] Wiule =@ Au[x| 7t 64524 ‘FAHW LU ‘T Ho)

sokow, Avl AeHAAANME ‘FAW B wute] Wolx= o YT

Table 2-22. Characteristics of brown and milled rice of 'Milyangl98’

(NYAES : 01
Brown rice y ) Ratio of  Head rice
. WC/WB* wc & wb . .
Cultivar Length Width Thickness Ratio  (0-9)  occurrence grain ratio
(mm) (mm) (mm) L/W (%) (%)
Milyang198 495  2.90 2.02 1.71 0/1 16.5 83.9
Junambyeo 494  2.87 1.96 1.72 0/1 - 78.7
Nampyungbyeo 491  2.73 1.97 1.76 0/1 (8.7) 86.5

() 'Chucheobyeo’. ¥ WC : White center, WB : White belly.
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Tabel 2-23. Physicochemical properties of 'Milyang198'’ (NYAES : ‘01)

. Amylose Alkali digestion Protein content
Cultivar content (%)  value (1-7) Mg/K (%)
Milyang198 18.6 6.3 0.75 6.9
Junambyeo 189 6.3 0.77 7.0
Nampyungbyeo 19.6 6.3 0.89 6.9

Table 2-24. Properties related to eating quality of 'Milyang198’ (NYAES : '02)
Pannel test ¥ T
Cultivar oo
. L. . taste value
Brightness  Stickiness Texture Palatability
Milyang198 0.17 0.42 0.33 0.33 64.5
Junambyeo 0.35 0.48 0.45 0.42 70.3
Nampyungbyeo 0.45 0.55 0.50 0.45 75.5

¥ Evaluation standard : —3~+3

2)
2001} 02kdol Aake HAS AAF F UFIRT Y] ATHE S FoedtH (L
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Miyang 198

Miyang 4

Fig 2-7. Parentages of 'Milyangl198'.
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Y. S8AEE

Year 97798 98 98799 C9RP99 99 C99P00 99700 00 “O1 ‘02 03
Generation Cross F  BCF, BCF, BCF, BCF, BCF, BCF, BCF; BCF,  BCF,
Milyanglé5 —1 —1 —1 —1 —1 —1
?{é{é;”g— Milyang198

X —> | PYR20419> YR21258»Y|R21258% —>

Milyang 64| 3 | 9 L_41 L 39 L 18 L 15
Remark Green Backcross generation Pedigree nursery
house

Fig 2-8. Pedigree diagram of 'Milyangl198’.

Fig 2-9. Maturing stage of 'Milyangl198'.
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