
RICE GENOME MAPPING AND ITS APPLICATION XA9846999
IN RICE GENETICS AND BREEDING

M.Y. EUN, Y.G. CHO, J.H. HAHN, U.H. YOON, B.Y. YI, T.Y. CHUNG
National Institute of Agricultural Science and Technology, RDA
Suwon, Republic of Korea

Abstract

An 'MG' recombinant inbred population which consists of 164 F,3 lines has been developed from a
cross between a Tongil type variety Milyang 23 and a Japonica type Gihobyeo by single seed descent. A
Restriction Fragment Length Polymorphism (RFLP) framework map using this population has been constructed.
Morphological markers, isozyme loci, microsatellites, Amplified Fragment Length Polymorphisms (AFLP), and
new complementary DNA (cDNA) markers are being integrated in the framework map for a highly saturated
comprehensive map. So far, 207 RFLPs, 89 microsatellites, 5 isozymes, 232 AFLPs, and 2 morphological markers
have been mapped through international collaboration. The map contains 1,826 cM with an average interval size
of 4.5 cM on the framework map and 3.4 cM overall (as of 29 October 1996).

The framework map is being used for analyzing quantitative trait loci (QTL) of agronomic characters
and some physico-chemical properties relating to rice quality. The number of significant QTLs affecting each trait
ranged from one to five, and 38 QTLs were detected for 17 traits. The percentage of variance explained by each
QTL ranged from 5.6 to 66.9%.

The isozyme marker, EstI-2, and two RFLP markers, RG109 and RG220, were linked most tightly at
a distance less than 1 cM with the semidwarf (sd-I) gene on chromosome I. These markers could be used for
precise in vitro selection of individuals carrying the semidwarf gene using single seeds or very young leaf tissue,
before this character is fully expressed.

Appropriate application of marker-assisted selection, using EstI-2 and RFLP markers for the semidwarf
character, in combination with other markers linked to genes of agronomic importance in rice, holds promise for
improving the efficiency of breeding, and the high-resolution genetic and physical mapping near sd-1, aimed at
ultimately cloning this valuable gene.

The Korea Rice Genome World Wide Web (WWW) Server was constructed to distribute the rice
research and genomic information around world. The Korea Rice Genome WWW Server and a mirror WWW site
for Rice Genes are maintained at the National Institute of Agricultural Science and Technology, RDA
(http://sun20.asti.re.kr) and Department of Biological Science, Myongji University (http://bioserver.myongji.ac.kr).

1. INTRODUCTION

Plant genomics has emerged as one of today's most important tools for studying plant
biology. Genomics is the science of investigating genomes, both globally and locally, for the
study of genome organization and evolution, physical mapping, and gene cloning using the
tools of molecular biology. Historically, genomics received wide attention in the early 80's
with the discovery that genetic maps could be made with molecular markers, such as
restriction fragment length polymorphisms (RFLPs) [1]. Molecular markers on genetic maps
serve as landmarks along chromosomes, and serve as entry points for gene cloning and
physical mapping.

Rice, a staple food crop in Korea, is grown widely in every corner of the country. Rice
breeding which is one of the most significant accomplishments in Korea became the focal
point of the agricultural research and development. With the rapid population increase, there
is still much current interest in breeding for consistent yields and resistance to diseases and
insects, and environmental stresses.

In recent years, the National Institute of Agricultural Science and Technology (NIAST)
has developed long-term research projects on rice genome mapping and its applications in
genetics and practical breeding in the Korea Rice Genome Research Program (KRGRP). A
comprehensive gene map has been constructed using a recombinant inbred population
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developed at NIAST. Gene tagging experiments based on linkages between morphological
characters and molecular markers have been carried out with intensive cooperation between
scientists in the fields of biotechnology and breeding for the early utilization of these newly
emerging high-technologies in practical breeding.

2. DEVELOPMENT OF A RECOMBINANT INBRED LINE AS A PERMANENT MAPPING
POPULATION

The use of a recombinant inbred (RI) population as the basis for mapping provides an
eternal mapping resource [2]. This means that obtaining DNA is not a limiting factor, and
genetically pure seed can be reliably reproduced from each line. RI populations are especially
advantageous for genetic analysis of quantitative traits because experiments can be replicated
over years and environments using identical genotypes. If the parental combination selected
for RI population development is of direct interest in a breeding program, the use of molecular
marker-assisted breeding will be greatly facilitated.

An eternal RI population consisting of 164 FI3 lines was developed from a cross
between Milyang 23, (an Indica/Japonica derivative known as the Tongil type), and Gihobyeo
(Japonica type) (hereafter the MG RI population) at NIAST. The parents were crossed in 1988
and F2 seeds were selfed, with generations progressing via single seed descent (selected
randomly) until the F6 generation. F7 seeds were planted in single rows in the field and the
recombinant inbred lines were cultivated by row via single seed decent until the FI3 generation
(selected one major-plant type) (Table I).

TABLE I. DEVELOPMENT OF MILYANG 23/GfflOBYEO RECOMBINANT INBRED LINED FOR
HIGHLY SATURATED MOLECULAR MAPPING IN RICE BY SINGLE SEED DESCENT

Milyang 23/Gihobyeo Recombinant Inbred Population
for Highly Saturated Molecular Mapping

-Generation : Fi3 seeds harvested < '96 Fall)
Method : Single Seed Descent
Population size : 164 lines
Characteristics :

- Excellent Population Structure (Abundant Seed and Easy to Propagate)
- Snffiriwit Population Siw far Firw Mapping of Taiget GeUfiS
- High Level of Polymorphism
- Immediate Availability of Pure Lines
-Many Agronomically Valuable Characteristics were Embodied

by These Varieties (Especially for QTL mapping)
- Will be Available as "International Reference Mapping Population"

Milyang 23, the maternal parent, was selected from a cross between Suwon 232 and
IR24 and released in 1976. Milyang 23 has many favorable genes and has been frequently
used as a parent in rice breeding programs and a number of rice varieties have been developed
from these progenies. Gihobyeo, the paternal parent, was developed and released in 1983 from
a cross between Fuji 280 and BL 1. These two parents represent genetically divergent types,
providing ample segregation of both molecular marker alleles and agronomically important
genes and quantitative trait loci (QTL).
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The MG RI population offers good resolution for the development of a highly
saturated map of rice. The fact that individual RI genotypes are selfed and can be propagated
indefinitely by seed makes this population especially useful for replicated experiments to
localize and fine map genes and QTLs. The fact that both parental genotypes are
agronomically acceptable makes it useful for near isogenic line development and marker-aided
selection. The population and the associated molecular marker dataset are publicly available
and it is therefore envisioned that it will be useful as an international mapping resource for
rice.

3. CONSTRUCTION OF A MOLECULAR MAP

The construction of truly saturated maps requires the analysis of large numbers of DNA
markers capable of sampling all regions of the genome. A combination of molecular markers
capable of sampling all types of sequence configurations will provide the best genome
coverage. RFLP markers generally represent single and low copy sequences, due to the nature
of Southern analysis. Microsatellites or simple sequence repeats (SSR) are derived from
repetitive DNA, but can be detected as individual loci because of the unique sequences
flanking the microsatellite motifs [3]. Amplified fragment length polymorphism (AFLP)
analysis complements other marker systems in that these markers may be derived from any
portion of the genome that can be digested with restriction enzymes.

The recently developed AFLP technique complements other marker systems and
efficiently detects abundant polymorphism. The principle of the AFLP method is basically
quite simple. DNA is cut with restriction enzymes, and ds adapters are ligated to the end of
the DNA-fragments. In this way, the sequence of the adjacent restriction site and the adapters
serve as primer binding sites for subsequent amplification of the restriction fragments [4].
Selective nucleotides are added to the 3' ends of the PCR primers, which recognize only a
subset of the restriction sites. Only restriction fragments in which the nucleotides flanking the
restriction site match the selective nucleotides are amplified. Substitution of the silver staining
method in the AFLP technique gives rise to better resolution and convenience of handling over
the use of radioisotopes [5]. This approach to molecular mapping promises great efficiency
because of the ability to screen large numbers of DNA fragments in a single lane of a
polyacrylamide gel, thus increasing the possibility of identifying polymorphisms and expediting
the construction of high density linkage maps.

An AFLP map of rice has been constructed with the F,, recombinant inbred (RI)
population. The mapping population was developed by a single seed descent method from an
intercross between Milyang23 (M) (Tongil type) and Gihobyeo (G) (japonica type) and
consists of 164 lines [17]. The polymorphism between parents was about 80 percent. A subset
of the RFLP markers previously mapped by Causse et al. [6] and Kurata et cd. [7], and
microsatellite markers [8] were used to construct a framework map. We then integrated
microsatellite and AFLP markers into the RFLP map, aiming to fill gaps and enhance the level
of saturation [17]. With the five EcoRI+2 and Msel+3 primers, 10 different primer
combinations could be analyzed with the parents and 164 RI lines. Each primer combination
generated a range of 73-134 bands visible on polyacrylamide gels, with a mean of 101 and an
average of 27 polymorphic bands (Fig. 1), which are greater than those of AFLP map in barley
[9, 10]. Of the 1 Oil AFLP bands from 10 primer combinations, 269 (26.6%) were
polymorphic in the MG RI population. The best two combinations are E13/M59 and E26/M47,
which showed over 30% polymorphism. So far, 232 AFLP markers have been integrated onto
the RFLP map. The enzyme combination EcoRVMsel was good for small-genome crops such
as rice (Fig. 1). It generated more bands and polymorphisms than the Pstl and Msel

69



combination in DH population, which showed 945 AFLP bands from 20 primer combinations
and 208 (21.8%) polymorphic bands [10]. The polymorphism rate with AFLP markers in the
barley mapping population was 11.3% [9]. The polymorphism rate of AFLP markers is much
smaller than RFLP markers, but they are extremely efficient because they allow the
simultaneous analysis of a large number of bands per gel.

A total of 207 RFLP markers, 232 AFLP markers, 89 microsatellites and 5 isozyme
loci and 2 morphological markers were integrated into the MG map. All marker types were
well distributed throughout the 12 chromosomes. The integrated map covered 1,826 cM, and
h ad an average interval size of 4.5 cM on the framework map, or 3.4 cM overall (as of
Oct.29, 1996) (Fig. 2).
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Fig. 1. Autoradiogram obtained with El3/M59 primer combination. In the left margin of the
image the marker names and alignment bands are indicated. In the right margin the
template identity is given. I0BL indicated the 10-base ladder; PI and P2 indicate the
parents, next are the original numbers from the MG RI population.

70



6

8 9 10 11 12

(MG Rl Population F11.1626 cM 10/29K96)

Fig. 2. The integrated map based on AFLP, RFLP, and micro satellite markers. Map distances
(on the left) are given in cM (Kosambi function). AFLP markers are designated by
E00M00.000 and highlighted by italics.

The existing MG map is a cornerstone of the Korean Rice Genome Research Program
(KRGRP) and is being continuously refined through the addition of partially-sequenced cDNA
markers derived from an immature seed complementary DNA (cDNA) library developed in
Korea, and microsatellite markers developed at Cornell. The population is also being used for
(QTL) analysis and as the basis for marker-assisted variety development.

4. QTL MAPPING OF AGRONOMIC CHARACTERS USING MILYANG 23/GIHOBYEO
RI POPULATION

This study was carried out for the construction of a molecular map and QTL analysis
of some agronomic traits. The 164 MG RILs of F,, derived from the cross between Milyang
23, Indica/Japonica hybrid type, and Gihobyeo, Japonica type, were evaluated for 21
quantitative traits, including physical properties of cooked rice, in 1995 at Iksan, in southwest
Korea. Molecular map construction and QTL analysis was performed using MAPMAKER and
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MAPMAKER-QTL programs. All traits examined fitted approximately a normal distribution
and transgressive segregants were observed. The total genome size of the molecular map was
1,290.2 cM and 132 RFLP markers were located on twelve chromosomes, so the mean
distance between markers was 9.8 cM. The number of significant QTL(s) (LOD2.0) affecting
each trait ranged from one to five; a total of 38 QTLs were detected for 17 traits. However,
panicle length and hardness, cohesiveness and elasticity of cooked rice yielded no detectable
QTL. The percentage of variance explained by each QTL ranged from 5.6% to 66.9%.

Four QTLs significantly affecting days to heading were detected and the percentage
of phenotypic variance explained by each QTL ranged from 7.3 to 11.3%. Fitting the four
QTLs simultaneously, 39.7% of the phenotypic variation could be accounted for. Only one
QTL which significantly influenced culm length was identified, located on chromosome 1; it
accounted for 59.0% of total phenotypic variation. Two QTLs were mapped for both the
number of panicles per hill and the number of spikelets per panicle. The simultaneous fit of
the two QTLs explained 17.1% and 26.4% of the total phenotypic variation, respectively.
Three QTLs significantly affected 1,000-grain weight and they accounted for 7.4% of the total
phenotypic variation. Only one QTL was mapped for both percent of ripened grains and
brown/rough rice ratio and, each QTL accounted for 12.6% and 5.6% of the total phenotypic
variation, respectively. Two significant QTLs, on chromosomes 8 and 9, showed association
with grain yield. Cumulatively, the two QTLs explained 25.7% of the total phenotypic
variation (Table II).

TABLE II. CHARACTERISTICS OF QTLS DETECTED FOR YIELD AND YIELD COMPONENTS
IN MILYANG 23/GIHOBYEO RECOMBINANT INBRED ('MG' RI) POPULATION

Trait QTL Ch. no. Markers bordering Total QTL Peak % Var.* Phenotypic
the QTL length POS LOD effect**

No. of NPH 1
panicles
per hill NPH 2

No. of NSP 1
spikelets
per
panicle

NSP 2

Percent of
ripened PRG 1
grain

1,000
grain
weight

GWT 1
GWT2
GWT 3

1

12

1

3

RG636-RG1028

RG869-RZ816

G1184A-RG140

RZ142-RZ319

RG458-RG655

RG317-RG462
RZ53-C601

C825-KCD379

8.7

36.7

39.0

16.2

2.9

20.3
12.3
7.0

6.0

34.0

30.0

14.0

0.0

20.0
4.0
4.0

2.70

2.76

4.08

2.19

4.79

2.12
4.18
3.21

8.1

9.0

19.6

6.8

12.6

8.5
12.2
9.7

1.06

1.16

-25.55

-15.01

7.32

-1.40
1.68

-1.50

Brown/
rough
rice ratio

Yield

BR 1

YD 1
YD 2

RZ590-RG161 1.5 0.0 2.03 5.6 -0.74

RG885-RG598 86.9 34.0 2.18 16.9 -62.65
RG662-RG451 14.5 10.0 2.75 8.8 -53.96

Percentage of variance explained by each QTL.
The signs, +(omitted) and -, preceding phenotypic effect, represent that the J alleles in homozygous state had
higher phenotypic effects than the respective M alleles in homozygous state, and that the J alleles in
homozygous state had lower phenotypic effects than the respective M alleles in homozygous state, respectively.
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Five QTLs, the highest number of QTLs among the investigated traits, affected grain
length, and three QTLs affected grain width. When fitted simultaneously, the five QTLs in
grain length explained 53.8% and three QTLs for grain width explained 38.8% of the total
phenotypic variation. Two QTLs significantly affected grain thickness, and they explained
16.2% of the total phenotypic variation. Three significant QTLs were identified in both grain
white core and white belly. They explained 35.1% and 91.6% of the total phenotypic variation,
respectively. QTLs detected in grain white belly showed the highest percentage of variance
explained among the evaluated traits. Three QTLs affected alkali digestion value, and they
explained 32.4% of the total phenotypic variation when fitted simultaneously. Only one QTL
was detected in adhesiveness, gumminess, and chewiness of cooked rice, and each QTL
explained 14.6, 7.6 and 7.6% of the total phenotypic variation, respectively (Fig. 3, Table III).

TABLE m. NUMBER OF QTLS, CHROMOSOME NUMBER, TOTAL PERCENTAGE OF
VARIANCE EXPLAINED BY QTLS (% VAR.), AND HERTTABILITY (H2) OF EACH
TRAIT

Trait No.

Days to heading (DOTH)
Culm length (CL)
No. of panicles per hill (NPH)
No. spikelets per panicle (NSP)
% of ripened grain (PRG)
1,000 grain weight (GWT)
Brown/rough rice (BR)
Yield (YD)

Grain length (GL)
Grain width (G)
Grain thickness (GT)
White core (WC)
White belly (WB)
Alkali digestion value (ADV)

Adhesiveness (ADH)
Gumminess (GUM)
Chewiness (CHE)

of QTLs

4
1
2
2
1
3
1
2

5
3
2
3
3
3

1
1
1

Chromosome No.

, 3, 6, 7

, 12
, 3

, 2, 8
4
8,9

1, 3, 5, 10, 12
2, 8, 12
2, 10
4 ,6 ,8
2 ,7 ,8
3,7, 8

1
4
4

% Var.

39.7
59.0
17.1
26.4
12.6
30.4
5.6

25.7

53.8
38.8
16.2
35.6
91.6
32.4

14.6
7.6
7.6

h:

-
0.963
0.497
0.914
0.596
0.976
0.314
0.536

0.920
0.879
0.382

-
-
-

0.935
0.794
0.703

QTLs for eight investigated traits were located on chromosome number 1. Other QTLs
were found on all the other chromosomes in the complement (n = 12) but no significant QTL
was found on chromosome number 11 (Table HI). The relationships between heritability and
percentage of variance explained by QTLs were very significant (Fig. 4).

5. LINKAGE OF SEMIDWARF GENE (sd-1) WITH AN ESTERASE LOCUS, Est 1-2

The semidwarf gene (sd-1) in rice (Oryza sativa L.) is one of the most important single
genes in the history of rice improvement. It was first identified in the Chinese variety Dee-geo-
woo-gen (DGWG), and was first released in the Taiwanese variety Taichung Native 1 (TN-1)
in 1956 [11]. This recessive allele causes reduced culm length and has been widely used to
confer lodging resistance, high harvest index, responsiveness to nitrogen fertilizer, and favorable
plant type in the breeding of high-yielding rice varieties [11].
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Days to Heading

I

Khite belly Kb±t:e core

Culm lemorth
Yield

Fig. 3. QTL Likelihood plots indicating LOD scores and chromosome numbers for days to
heading, white belly, white core, culm length, and yield. The left of each figure
represents for LOD scores based on MAPMAKER-QTL and the top-right represents
chromosome number. The RFLP linkage map used in the analysis is presented along
the abscissa, in centiMorgan (cM) according to Kosambi (1944).
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with LOD score above 2.0 is shown as the darkened bars. The names of the QTLs
are given above or below the darkened bar and summarized in table 3. Open
circles(d) on the darkened bars show the peak LOD scores that are the most probable
position for the putative QTLs.

At least 60 dwarfing genes have been identified in rice. They are designated d-1 to d-
60 [12]. Of these, d-47, or sd-1, has been most widely used in rice breeding. Most of the others
have been used as phenotypic markers in genetic studies, but rarely used in plant breeding.
From the classical linkage map, sd-1 is known to be located on chromosome 1, and linked to
A (anthocyanin activator), Pp (purple pericarp), Pn (purple node) and Pau (purple auricle) [13].
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Fig. 5. Migration pattern of alleles at the EstI-2 locus in semidwarf and tall testers, a,
semidwarf allele from Shiokari (sd-1), Taichung 65 (sd-1), and Milyang 23; b, tall allele
from Shiokari and Taichung 65 (A, Pn, Pau). Segregation of EstI-2 alleles with culm
lengths in F3 families of Shiokari/Shiokari (sd-1); T, tall; S, short; seg, segregating for
tall and short.

o
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Fig. 6. The distributions of semidwarf and tall culm lengths and EstI-2 alleles in F2 and F3

families of (a) Shiokari/Shiokari (sd-1), (b) Taichung 65 (A, Pn, Pau)/Taichung 65 (sd-
1), and (c) Milyang 23/Kasalath. I. Segregation of EstI-2 alleles in relation to culm
length in F2 populations. II. Segregation of EstI-2 alleles and culm lengths in F3

families.
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The linkage relationship between the semidwarf gene, sd-1, and the isozyme locus, Estl-
2, was elucidated using segregating populations derived from crosses between several
semidwarf testers and tall rice varieties. Bimodal distributions for culm length were observed
in F2 populations of three cross combinations, including Shiokari/Shiokari (sd-1), Taichung 65
(A,Pn, PaM)/Taichung 65 (sd-1), and Milyang 23/Kasalath. Taking the valley of the distribution
curves as the dividing point, two height classes were apparent with a segregation ratio of 3 tall
: 1 short, demonstrating this character to be under the control of a single recessive gene (Figs
5 and 6).

An inheritance study of esterase isozymes, based on isoelectric focusing (IEF), showed
that the Estl-2 locus had two active allozymes of monomeric structure and one null form, which
were designated "a", "b", and "n", respectively [14]. Semidwarf testers such as Shiokari (sd-1),
Taichung 65 (sd-1) and Milyang 23 have an active allozyme designated as Estl-T*, while the
tall parents, Shiokari and Taichung 65 (A, Pn, Pau), have the active allozyme, Estl-2bh, and
Kasalath has a null form of the allozyme, Estl-2nn. By dividing F2 populations based on Estl-2
allozyme patterns, culm length distributions exhibited trimodal curves. Most of the short plants
had the homozygous Estl-2™ pattern of the short parents, most of the tall plants had the
homozygous pattern, Estl-2bb or EstI-2"", and most of the intermediate plants had the
heterozygous Estl-2ah or Estl-T" banding pattern. Linkage analysis indicated that sd-1 and Estl-2
were tightly linked (Fig. 6). These findings were also confirmed by segregation analyses in F?

progenies. No recombinants were found among 171 F3 families from the Shiokari/Shiokari(sd-./)
combination, five recombinants were found among 267 F3 families from Taichung 65 (A, Pn,
PaM)/Taichung 65 (sd-1), and only two recombinants were found out of 237 F3 families from
Milyang 23/Kasalath. The recombination values were 0, 1.87 and 0.8%, respectively (Table IV).

TABLE IV. LINKAGE RELATIONSHIPS BETWEEN ESTI-2 AND SD-1 IN F3 FAMILIES OF (A)
SHIOKARI/SHIOKARI (SD-1), (B) TAICHUNG 65 (A,PN, PA f/)/TAICHUNG 65 (SD-1) AND (C)
MILYANG 23/KASALATH

Culm length Estl-2 allozymes in F3 Total LX: Recombination Value (%)
aa ab b

A: Shiokari/Shiokari (sd-1)

351.0**
TT
Tt
tt
Total

Taichung 65

TT
Tt
tt
Total

0
0

44
44

(A, Pn,

0
1

63
6

Milyang 23/Kasalath

TT
Tt
tt
Total

0
0

44
4

0
80
0

80

Pau)

0
133

3
136

0
124

0
124

47
0
0

47

Taichung 65 (sd-1)

66
1
0

67

67
2
0

69

47
80
44

171

66
135
66

267

67
126
44

237

504.5** 1.87

463.4** 0.8
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6. MOLECULAR MAPPING OF SEMIDWARF GENE (sd-1)

To establish the location of the semidwarf gene, sd-1, the anthocyanin activator (A), purple
node (Pri), purple auricle (Pau), and the isozyme locus, Estl-2, in relation to DNA markers on
the molecular linkage map of rice, 20 RFLP markers, previously mapped to the central region
of chromosome 1 [15], were mapped onto an F2 population derived from the cross Taichung
65 (A, Pn, Pow)/Taichung 65 (sd-1). The sd-1 and Estl-2 were determined to be linked most
tightly to RFLP markers RG109 and RG220, which cosegregated with each other (Fig. 7). The
distance between these RFLP markers and sd-1 was estimated to be 0.8 cM, based on an
observed recombination value of 0.8%. The order of genes and markers in this region of
chromosome 1 was determined to be sd-l-(EstI-2-RG220-RG109)-RG381-A-Pn-Pau (Fig. 8).

RG22Q 1 3 1 1 1 1 1 2 2 3 2 2 3 3 3 3 3 A/Hindi II

Cirfm 1 3 1
{Pt)(P2)

1 1 1 1 2 2 2 2 2 3 3 3 3 3

Fig. 7. Cosegregation of the sd-1 gene and the RFLP marker RG220 in the F3 families derived
from the cross Taichung 65 (A, Pn, Pau)/Taichung 65 (sd-1). Xbal-digested DNAs were
blotted onto the filter. Genotypes: 1, homozygous for Taichung 65 (sd-1) (PI) allele;
2, heterozygous; 3, homozygous for Taichung 65 (A, Pn, Pau)(P2) allele; *
recombinant individual.

33.6

Pau

Fig. 8. Linkage map of rice chromosome 1 based on F2 segregation of Taichung 65 (A, Pn,
Pau)/Taichung 65 (sd-1). Kosambi cM to the left of the chromosome line; marker
designations to the right of the chromosome line.
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7. MARKER-ASSISTED SELECTION OF SEMIDWARF (sd-1) CHARACTER

Selection of a specific genotype from a segregating population is the main bottleneck
in conventional breeding procedures. The utility of molecular markers in plant breeding is based
on finding tight linkages between markers and genes of interest. Such linkages permit one to
select indirectly for the presence of a desirable genotype by assaying for the molecular marker
[16] and could significantly shorten the breeding cycle by their simplicity and reproductibility.
In cases where a gene has been introduced into a wide array of germplasm from a single donor
variety, markers identified in one population are likely to be useful in other populations that
segregate for the gene.

The semidwarf phenotype cannot be clearly identified at the young seedling stage in
rice. In addition, plant height is controlled by a variety of genes and is often normally
distributed in breeding populations, making it difficult to unambiguously identify plants
carrying the recessive sd-1 gene. The efficiency of a breeding program would be increased if
a reliable marker-assisted selection strategy could be used early in the life of the plants.

To test the efficacy of selection for sd-1 based on the linked markers, RG109 and
RG220, and the isozyme locus, EstI-2, 203 50-day-old F2 seedlings derived from the cross
Milyang 23/Gihobyeo were analyzed for marker genotype. At this age, the semidwarf character
could not be clearly detected based on phenotype. In addition, plant height was normally
distributed in this population, making it difficult to unambiguously identify plants carrying sd-1.
Thirteen seedlings homozygous for the ^/-./-associated allele at EstI-2, RG220 and RG109, and
13 seedlings homozygous for the S<i-./-associated allele at all three marker loci were selected
for further genetic analysis.

At 20 days after heading, the culm lengths of these 26 plants were measured and the
expected phenotype was confirmed in every case. These 26 plants were then selfed for four
generations and F6 lines were evaluated to determine whether any recombination among the
three molecular markers, or between these markers and the sd-1 gene, could be detected. No
recombinants were identified, confirming the tight linkage of these loci and the usefulness of
marker assisted genotypic selection for this recessive semidwarf character before it is
manifested phenotypically (Fig. 9).

Sequence Tagged Sites (STSs) are an alternative to cloned sequences as mapping
markers. PCR allows the selective amplification of a region of DNA, providing that the
sequence of a 20-30 nucleotide area flanking the area of interest is known. After end-
sequencing the RG109 insert at both ends, PCR primers were designed (Fig. 10), and used to
amplify the specific region (Fig. 11). The DNA product amplified by PCR had one band and
it was cut into two bands by EcoR V in Milyang 23, but was not cut in Gihobyeo. This PCR
pattern was the same as the RFLP pattern of RG 109 in segregating lines; it was cut into two
bands in semidwarf progenies, one band in tall ones, and incompletely cut showing three bands
in heterozygotes which segregated in the next generation. Thus it could be used as a CAPS
(cleaved amplified polymorphic sequence) marker for efficient selection of sd-1 genotypes in
vitro.
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Fig. 9. Effect of in-vitro selection of plants at early stages, using molecular markers EstI-2,
RG220, RG109, on culm length at late stages of the F2 generation and that of progenies
in the F6 generation of Milyang 23/Gihobyeo. F6 plants were grown under greenhouse
condition during the winter {'91/'92).
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Fig. 10. Nucleotide sequence of RG 109 and locations of primers designed for the PCR
amplification of RG 109 region of chromosome 1.
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Fig. 11. PCR amplificcdton of RG 109 region with RG 109F and RG 109R primers.
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Fig. 12. CAPS analysis pattern after EcoR V digestion of DNAs amplified by PCR in F2
plants of Taichung 65 (A, Pn, Pau)/Taichung 65 (sd-1) and their parents.

In this study, we demonstrate that even when the expression of the target gene is
modified by the presence of other, unidentified genes in the genetic background of a variety,
tightly-linked markers can assist in accurately selecting for the target character. The markers,
EstI-2, RG109 and RG220, were useful in predicting stature at a young age before the effect
of the semidwarf gene could be clearly detected phenotypically, and also provided an efficient
way of selecting for the presence of sd-1 in a population that showed continuous variation for
plant height.

8. TOWARD MAP-BASED CLONING OF sd-1 GENE

Map-based cloning is defined as the isolation of a gene based on its position on a
genetic map and often includes four basic elements: target gene mapping, physical mapping,
chromosome walking, and gene identification. Present studies are focused toward the isolation
of semi-dwarf gene (sd-1) in rice as a model system for map-based gene cloning.
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One recent advance that promises to greatly aid in the construction of contig maps is
the development of new vectors for cloning large DNA fragments. They are yeast artificial
chromosomes (YAC) and bacterial artificial chromosome (BAC). We have constructed rice
YAC and BAC libraries for physical mapping and chromosome walking around the region of
the sd-1 gene; approximately 15,000 YACs with an average insert size of 150 kb (Fig. 13) and
5,000 BACs with an average insert size of 100 kb have been constructed.

The DNA probe RG109, the one most tightly linked to the sd-1 gene, was used to
screen the BAC libraries by colony hybridization and at least five overlapping BAC clones
were isolated, ranging from 45 to 145 kb in insert size. To extend the BAC contigs toward the
sd-1 locus and to isolate suitable makers for the next step of the chromosome walk, the ends
of BACs were isolated by using plasmid rescue and PCR methods (Fig. 14).

9. THE DEVELOPMENT OF THE KOREA RICE GENOME NETWORK AND
RiceMac

The Korea Rice Genome WWW Server was constructed to distribute the rice research
and economic information around the world. The Network provides EST sequences and their
homology analysis results from rice immature seed cDNA which was performed by the Korea
Rice Genome Research Group. The Network also supports the access to Rice Genes which is
a rice specific Unix Database covering world wide rice research and genomic information. For
the personal use of Rice Genes, RiceMac was developed.
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Fig. 13. Pulsed field gel separation of YACs and identification by Southern blot. The 1%
agarose gel was run at 200V using ramped pulse times from 12.6 to 44.7 sec. for 24
hours in 0.5X TBE. The gel DNA was transferred onto nylon membrane. As probe,
pBR322 labeled with 32[P]dCTP was used.
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F/g. 74. 5fe/?5 involved in map-based cloning of semidwarf (sd-1) gene of rice.

The first version, RiceMac 4.1.1, contains the 120 phenotypic images of marker mutants
published by Dr. M. H. Hue along with the data of Rice genes 4.1.1. The RiceMac contains
the rice research information such as authors, papers, abstracts, germplasm, mapping data,
sequence, and probes information. The database also shows graphical presentation of molecular
and morphological maps marked with probes according to their loci which are linked to their
mapping data and blot images showing polymorphism. The database program can perform the
DNA sequence analysis such as 3 frame translation, restriction analysis, codon usage analysis
and splicing. The Korea Rice Genome WWW Server and the WWW mirror site of Rice Genes
are maintained at the BioServer http://bioserver.myongji.ac.kr) of the Dept. of Biological
Science, Myongji University and the Unix Server (http://sun20.asti.re.kr) of National Institute
of Agricultural Science and Technology, RDA. The RiceMac (120 MB) is available as a
compressed self-extracted file at the ftp archive (file://probe.nalusda.gov/pub/ricegenes) of
Agricultural Genome Information Service(AGIS), National Agricultural Library (NAL), USDA.
Also the CD-ROM version of RiceMac is available upon written request for those who do not
have direct access to internet.
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