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ABSTRACT

Early-maturing and high-yielding rice variety is very useful for
increasing rice production in Indonesia. The aim of this research
was to develop new lines of Indonesian rice containing Hd2
gene using Code variety as a recipient parent and Nipponbare
variety as a donor parent through targetted MAB approach
using RM1362 and RM7601 in chromosom 7 for foreground
selection. After two generations of backcrossing, the positive
alleles of Hd2 gene from Nipponbare had successfully trans-
ferred into Code. The plant number CdNp_29 in BC,F, popula-
tion had the highest genome recovery of 82.7%. The twelve
BC,F, plantswere selected for self-pollination to generate BC,F,.
These selected lines that carried the Hd2 gene were screened
in the greenhouse for the evaluation of heading date and
agronomic traits. All improved lines had Hd2 gene similar to
the donor parent Nipponbare. The heading date of the breeding
lines ranged from 73 to 89 days (Code 85 days) or fill the third
criterion of rice maturity that is 103-104 days compared to
Code of 116-119 days, whereas their agronomic performances
were similar with that of Code. Application of MABc for im-
proving rice early maturity has accelerated the development and
selection in early generation of superior lines having genetic
background of Code. It is expected that the newly developed
lines of Code will be utilized to increase rice production in
Indonesia.

[Keywords: Rice, early maturity, marker assisted backcrossing, Hd2
gene]

ABSTRAK

Padi umur genjah dengan hasil tinggi sangat bermanfaat untuk
meningkatkan produksi padi Indonesia. Penelitian ini bertujuan
untuk memasukkan gen umur genjah (gen Hd2) yang terdapat
dalam padi Nipponbare ke dalam varietas unggul Indonesia, yakni
Code dengan menggunakan primer RM1362 dan RM7601 pada
kromosom 7. Setelah dua generasi silang balik, gen Hd2 telah
berhasil dimasukkan ke dalam varietas Code. Tanaman BC,F,
CdNp_29 memiliki pengembalian genom terbesar, yaitu 82.7%.
Sebanyak 12 galur BC,F, telah dipilih untuk membentuk generasi
BC,F, dan dievaluasi fenotipenya untuk karakter agronomi dan

umur berbunga. Galur-galur dengan gen Hd2 memiliki umur
berbunga sekitar 73-89 hari (Code 85 hari) atau masuk ke dalam
kriteria ketiga umur panen varietas padi, yaitu 103-104 hari (Code
116-119 hari) dengan penampilan agronomi mirip dengan Code.
Aplikasi MABc dalam perbaikan padi berumur genjah telah
berhasil mempercepat pembentukan dan seleksi pada generasi
awal dengan latar belakang genetik varietas Code. Galur-galur
turunan Code tersebut diharapkan dapat dimanfaatkan untuk
meningkatkan produksi padi Indonesia.

[Keywords: Padi, umur genjah, silang balik berbantuan marka, gen
Hd2]

INTRODUCTION

Early-maturing and high-yielding rice varieties are
very useful for increasing rice production in Indonesia.
This is because improved rice varieties have higher
yield, 5-9t ha' within 110-135 days, while the yields
of local varieties are only 3-4 t ha in 150-180 days.
Early-maturing variety allows farmers to increase
cropping intensity from two to three or four crops of
rice per year. The grouping criteria of rice maturity
based on harvest time are (1) ultra maturity, less than
85 days, (2) super maturity, 85-94 days, (3) early
maturity, 95-104 days, (4) mature, 105-124 days, (5)
intermediate maturity, 125-164 days and (6) late
maturity, >165 days (IAARD 2012).

Code rice variety as a recipient parent has been
crossed with Nipponbare as a donor parent for early
maturity heading date (Hd) gene. In 2002, this line
was nationally released as a new lowland rice variety.
Becauseit isderived from an existing popular variety,
this variety is well accepted by farmers and con-
sumers (Toenniessen 2003; Jena and Mackill 2008).

Heading date is one of crucial factors determining
regional and seasonal adaptation of rice and has been
a major target of selection in breeding programs.
During the last decade, genetic studies using DNA
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markers have facilitated the genetic dissection of
heading date, and many quantitative trait loci (QTLS)
for heading date have been identified using several
mapping populations (Yano et al. 2001; Lin et al.
2002, 2003; Gu and Foley 2007; Nonoue et al. 2008).
Rice heading date is controlled by major and minor
genes and QTL analysis is a useful method for
identifying the rice heading-date-related genes (Shao
et al. 2009).

Several rice heading-date-related genes have been
identified and isolated throughout 12 chromosomes.
Hd1 (Heading date 1), a major photoperiod sensitivity
gene, is closely related to the Arabidopsis flowering
time gene CO (CONSTANS). It encodes a B-box Zinc
finger protein with a CCT domain (Yano et al. 2000).
Heading date-related genes Hd2 (Yamamoto et al.
1998), Hd3 (Yamamoto et al. 1998), Hd3a (Kojima et
al. 2002), Hd3b (Monnaet al. 2002), Hd4 (Lin et al.
2003), Hd5 (Lin et al. 2003), Hd6 (Takahashi et al.
2001) and Hd9 (Lin et al. 2002) have also been
isolated inrice.

Using conventional breeding methods, it typically
takes 6-8 backcrosses to fully recover the recurrent
parent genome. Marker assisted backcrossing (MABC)
is the process of using markers to select target loci
(donor), minimize the length of the donor segment
containing a target locus, and/or accelerate the
recovery of the recurrent parent genome during
backcrossing (Hospital 2001). Foreground selection
as the selection of a target locus and background
selection as the selection of the recurrent parent
genome use markers on non-carrier chromosomes and
also on the carrier chromosome (Hospital and
Charcosset 1997). Background selection can greatly
accelerate a backcrossing program compared to using
conventional backcrossing (Frisch et al. 1999).

MABc has previously been used in rice breeding to
incorporate the bacterial blight resistance gene Xa21
(Chen et al. 2000), waxy gene (Zhou et al. 2003), Subl
gene of mega-variety Swarna to a submergence
tolerant variety and IR64SUBL1 for developing a new
submergence tolerant rice variety ASS996-SUB1
(Neerajaet al. 2007; Septiningsih et al. 2009; Luu et
al. 2012). It is also used to transfer badh2 and Wx
gene from Basmati into Manawthukha for cooking
quality trait (Yi et al. 2009), and Pupl under P-
deficient lowland/irrigated conditions into Situ
Bagendit and Batur (Chin et al. 2011). Rice salt
tolerance on BT7 cultivar, FL478 was used as a donor
parent of Saltol QTL (Linh et al. 2012) and three
resistance genes (Xa4 + xab5 + Xa21) to bacterial |eaf
blight were transferred from an indica donor (IRBB57)
to Korean rice Mangeumbyeo (Suh et al. 2013).
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The aim of this research was to develop new lines
of Indonesian rice containing early maturity gene
Hd2 using Code as arecipient parent and Nipponbare
isadonor parent through atargetted MABc approach
until generation BC,F, and background selection for
the recurrent parent genome.

MATERIALS AND METHODS
Plant Materials and Breeding Scheme

The study used an Indonesia rice variety Code as a
recipient parent which was back-crossed with
Nipponbare as a donor parent for early maturity
(regulated flowering time) Heading date (Hd) gene.
Backcross populations consisted of 195 BC F., 146

BC,F,, 200 BC,F,, 96 BC,F, and 85 BCZFAblreleding
lines.

For the MABc scheme, Code was crossed with
Nipponbare to obtain F, seeds (Fig. 1) then the F, was
back-crossed with Code to obtain a large number of
BC,F, seeds. In the BC F, generation, individual
plants that were heterozygous at the Hd2 locus were
identified to reduce the population size for further

screening (foreground selection). It was carried out

Code X Nipponbare

|

(52 plants) F1 X Code

Foreground Selection = = = = = = — o »
v
(One from 200 plants) BC,F, X Code

Foreground and

Background Selection ~ ~ ~ _ ~ ~ T >

v

(Four plants from 200 plants) BC,F,

Foreground and

Background Selection v

Foreground and
Background Selection

Foreground and
Phenotypic Selection

v
(85 plants) BC,F,

Fig. 1. Scheme for the development of Hd2 backcross
breeding lines of rice using marker-assisted foreground
and background selection.
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using 200 individuals in each generation of back-
crossing population. From these plants, individuals
with the largest number of markers from the recipient
genome were selected (background selection). In the
second BC generation, the same strategy was applied
for selection of individual plants with the desired
allele at the target loci and crossed with the recipient
parent to develop the next generation. The selected
BC, plants were self-pollinated for further analysis.

Molecular Marker Analysis

Total genomic DNA was extracted after crushing in
liquid nitrogen in microfuge tubes using a Tris/SDS
extraction buffer (100 mM Tris-HCI pH 8, 50 mM EDTA
pH 8, 500 mM NaCl, 1.25% SDS, w/v, and 0.38 g
sodium bisulfite per 100 ml of buffer) and chloroform
extraction followed by ethanol precipitation. The PCR
amplification was generated using MJ research Tetrad
Thermal Cycler PCR machine by following PCR
conditions: (1) an initial denaturation step of 2
minutes at 94°C, (2) 30 cycles of 45 seconds at 94°C,
45 seconds at 55°C, 1 minute at 72°C and (3) afinal
extension step for 5 minutes at 72°C. Amplified
products were separated by electrophoresis in 8%
polyacrylamide gel at 100 v (Dual Triple-Wide Mini-
Vertical System, CBS Scientific, CA, USA) then
observed by ethidium bromide or silver staining and
photographed under ultraviolet light using the gel
documentation system (BioRad).

Foreground Selection of Hd2 Gene

For selectionof BC F, BC,F,BCF, BC,F,and BCF,
generations, rice microsatellite markers RM 1362 (F:
TGATCTAAACAGGCCCTTAG and R: CATCATCAA
GACCACACATC) and RM7601 (F: GCCTCGCTGTC
GCTAATATC and R: CAGCCTCTCCTTGTGTTGTG)
were used which were linked with the QTLs for Hd2
locus. These markers were located on chromosome 6
at the genetic distance of 116.1 cM and 116.6 cM

(Fujino and Sekiguchi 2008).

Background Selection

Among 134 SSR primers surveyed, 43 markers were
used for selection of BC F, and 66 markers for BC,F,
which at least three markers on each chromosome
were used. On BC,F, generation, additional micro-
satellite markers were used to check the fixation of
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the recipient genome. Five hundred SSR primers were
surveyed, of which 237 markers showed clear
polymorphisms between the two parents and well
distributed on all twelve chromosomes.

Agronomic Performance

The research was conducted in the greenhouse of
ICABIOGRAD in 2009-2012. Traits measured included
days to heading, plant height, tiller number, number
of effective tillers per plant, number of filled grains
per panicle, number of empty grains per panicle, 100
grain weight, total grain weight and grain yield. Days
to heading were recorded when 50% of the individual
plantsin each plot flowered. Plant height, number of
effectivetillers per plant, number of filled grains per
panicle and number of empty grains per panicle were
measured at maturity and based on five individual
plants selected in each plot. Plant height was
measured from the soil surface to the tip of the
panicle. Number of filled grains per panicle and
number of empty grains per panicle were counted
manually. The 100 grain weight and total grain weight
measurements were replicated three times. Grain yield
of each plot was adjusted to 14% moisture content
and extrapolated to tons per hectare.

Data Analysis

The marker data were analyzed using the software
Graphical Genotyper (GGT 3.2) (Berloo 2008).
Polymorphisms in the DNA profiles were scored
visually by comparing with two parents and a
standard DNA ladder. The homozygous recipient
allele, homozygous dominant allele and heterozygous
allele were scored as “A”, “B” and “H”. The agro-
nomic datarevealed each line were written into Excel
(Microsoft 2007) and statistically analyzed by
Duncan significant difference and Pearson correlation
using SPSSversion 17.

RESULTS AND DISCUSSION
Transferring Early Maturity Hd2 Gene

The validated markers could be used successfully to
confirm the early maturity gene in several backcross
generations (Fig. 2). The foreground selection result
issummarized on Table 1. Of the 195 BC F, plants, 90
plants (46.2%) were heterozygous for the marker
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Fig. 2. Screening of backcross generation of Code and Nipponbare rice varieties using Hd2 linked primer RM7601; a =
BC,F,,b=BC,F,, c=BC,F, d=BC,F,and e = BC,F, individuals. Lane 1 = 100 bp marker, lane 2 = Code, lane 3 = Nipponbare,
lane 4-56 = individuals on 8% polyacrylamid gel electrophoresis.

Table 1. Foreground selection of backcross generation of Code and Nipponbare rice varieties using Hd2 linked primer.

BCF, BC,F, BC,F, BC,F, BC,F,
Primer Progeny Heterozygous Progeny Heterozygous Progeny Homozygous Progeny Homozygous Progeny Homozygous
number (%) number (%) number (%) number (%) number (%)
RM1362 195 87 (44.6) 146 31( 21.2) 200 37 (18.5) 96 64 (66) 84 63 (65.6)
RM7601 195 90 (46.2) 146 31 (21.2) 200 37 (18.5) 96 72 (75) 84 56 (66.7)

RM7601 and 44.6% for RM1362. Of the 146 BCF, Hd3, Hd7 and Hd14 gave a high polymorphism
plants, 31 plants (21.2%) were heterozygous for the pattern between Code and Nipponbare. In this study,
marker RM7601 and RM 1362. Of the 200 BC,F, plants, the Hd2 gene on chromosome 7 used primer RM 1362
37 plants (18.5%) were homozygous to Nipponbare (116.1 cM) and RM 7601 (116.6 cM) in all the breeding

for the marker RM7601 and RM1362. Of the 96 BC F, lines. The use of two precise primers located in the
plants, 72 plants (75%) were homozygous to Hd2 region around 0.5 cM of LOD value of 7.5 which
Nipponbare for the marker RM7601 and 66% for corresponds to infinitely dense of 1 cM between

RM1362. Of the 84 BC,F, plants, 56 plants (66.7%) markers calculated a differencein LODs of about 7%
were homozygous to Nipponbare for the marker (Lander and Kruglyak 1995; van Ooijen 1999) resulted

RM7601 and 65.6% for RM1362. in the minimized size of the Hd2 in Code variety. The
Foreground selection confirmed from previous closely linked DNA markers can be used in
study by Moeljopawiro et al. (2010) showed that of accelerating the allele fixation and increasing the

45 primers related to QTL of Hd genes, only Hd2, efficiency of plant breeding with the maximum
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percentage of recurrent parent genome (Babu et al.
2004). Suh et al. (2013) reported that selection of the
target genes through foreground selection and
flanking marker analysis aimed to reduce the
persistent linkage drag.

Genetic Background Profiling

Microsatellite markers covering all the 12 chromo-
somes were used for the background selection. These
polymorphic markers were used for assessing BC F,,
BC,F, and BC,F, generations and resulted the average
polymorphic markers of 25%, 49.3% and 47.4%,
respectively (Table 2).

Among 134 SSR primers surveyed, 43 markers were
used for initial selection on BC F,. The maximum
number of background markers used was five for
chromosome 11. The microsatellite markers with
homozygous alleles on non-target loci in one
generation were not screened in the next backcross
generation and the segregants with homozygous
donor alleles were discarded from the selection. The
highest recipient allele was CANP_37 and continuing
to develop BC,F, generation (Fig. 3a).

On BC,F, plants, the maximum number of
background markers used was 10 for chromosome 2.
BC,F, plantsno. CdNp_01, CdNp_03, CdNp_07, and
CdNp_73 were used to develop BC,F, generation.
Among 500 SSR primers surveyed, 237 markers were
used on BCF, generation. The maximum number of
background markers used was 23 for chromosome 6.
The best plant was CdNp_29 of which the recipient
allele was 82.7% (Fig. 3b). The data of 12 selected
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individuals of BC,F, showing the donor segment of
Hd2 gene located in distal end of chromosome 7 are
presented in Figure 4.

The background recovery of selected BCJF,
progenies was lower than the expected value (85%).
Further continued MAB among progenies in
subsequent selfing generations would not only lead
to higher background recovery, but also need
homozygosity for the target traits for stability.
However, Singh et al. (2012) reported that
background analysis of the advanced lines using 60
polymorphic STMS markers across the genome
revealed up to 89.50% of the faster recovery of the
recurrent parent genome that had been recovered in
only two backcross generations.

Most of the remaining donor genome occurred on
the chromosomes where the target genes were
located. This may be caused by the introduction of
additional chromosome segments from the donor or
from linkage drag in the target chromosomes. Yano et
al. (1997) reported that five QTLs (Hd1-Hd5) caused
variation in rice heading date in crosses between
Nipponbare and Kasalath. Yamamoto et al. (2000)
reported that three photoperiod-sensitive QTLs (Hd1,
Hd2 and Hd3) were interacted each other.

Heading Date Selection

Heading date selection on each backcross and selfing
generation was conducted to eliminate plants with
linkage drag traits such as late flowering, high
sterility and tall plant type. The population size for
MAS could be reduced by eliminating the plants with

Table 2. Distribution of SSR markersin 12 chromosomes of three backcrossrice line of code and Nipponbare.

BCF, BC,F, BCF,

Chromosomes No. of No. of % No. of No. of % No. of No.of %

markers  polymorphic markers  polymorphic markers polymorphic

tested markers tested markers tested markers
1 16 4 25.0 16 7 43.8 61 20 32.8
2 16 4 25.0 16 10 62.5 55 22 40.0
3 13 4 30.8 13 8 61.5 46 20 43.5
4 9 4 44.4 9 3 33.3 43 20 46.5
5 12 3 25.0 12 7 58.3 33 20 60.6
6 12 4 33.3 12 8 66.7 53 23 43.4
7 11 3 27.3 11 3 27.3 45 20 44.4
8 12 3 25.0 12 3 25.0 38 20 52.6
9 6 4 66.7 6 5 83.3 29 16 55.2
10 10 2 20.0 10 3 30.0 35 18 51.4
11 10 5 50.0 10 6 60.0 23 19 82.6
12 7 3 42.9 7 3 42.9 39 19 48.7
Total 134 43 25.0 134 66 49.3 500 237 47.4
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Fig. 3. Background recovery across the genome in two backcross generations. (a) BC,F, plant CdNp_37 as the best plant
with 77.1% recipient alleles from Code and (b) BC,F, plant CANP_29 as the best plant with 82.7% recipient alleles from
Code.
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an undesirable phenotype. The selected BC,F, and
BC,F, lines showed heading date earlier than Code;
only three plants had a longer heading date than
Code. The differences were found when comparing
among the breeding lines and Code. Most of the
breeding lines flowered earlier than Code, ranged
from 74 to 86 days (Fig. 5). The selected BC,F.,and
BC,F,lines also had a heading date earlier than Code,
ranged from 73 to 89 days (Fig. 5). The average of
Code is 86 days in BC,F,, Code and Nipponbare,
respectively, were 82 and 57 daysin BCF, while 77
and 56 in BC,F, and 85 and 66 in BCF,. Significant
differences were found when comparing among the
breeding lines and between the breeding lines and
Code. These breeding linesfill the third criteria of rice
maturity that is 103-104 days compared to Code that
matures at 116-119 days.

Yamamoto et al. (1998) reported that large variation
in days to heading was observed in the population of
crosses between Nipponbare and Kasalath. This
variation attributed to the segregation of Hd2.
Progeny testing found heading-late-fixed (homozygous
for Nipponbare at Hd2), segregated (heterozygous)
and early-fixed (homozygous for Kasal ath). Ebana et
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Fig. 5. Distribution of breeding population of backcross generation of Code and Nipponbare rice using Hd2 linked primer for

days to heading.
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Table 4. Comparison of agronomic performance of twelve selected breeding rice lines of BC,F,and their parents.

Days to Plant No. of No. of No. of Panicle No. of No. of 100 Total

Breeding lines heading height tilllers maximum effective lenght filled empty grain grain
(cm) tillers tillers (cm) grains grains weight weight

(9) (9

BC,F, Code x Nip-03 85.4 h 799 a 10.1ab 10.1 &b 99bc 229 cde 226.8 bcd 31.0 abc 2.0 abcd 33.1c¢c
BC,F, Code x Nip-05 82.7 efgh 90.0a 10.0ab 10.0 ab 87ab 24.0def 2234 bcd 514 bcd 25¢g 36.1c
BC,F, Code x Nip-27 82.0 defg 88.5 ab 9.3 ab 9.3 ab 91a 229cde 2355cd 274abc 21lcde 356¢C
BC,F, Code x Nip-29 82.0defg 734 a 9.7 &b 9.7 ab 86ab 20.7abc 1627 ab 454 abc 19 ab 20.3 ab
BC,F, Code x Nip-75 789 c 96.7 abc 9.4 &b 9.4 ab 90ab 234 def 2409cd 146a 20 abcde 35.7 ¢
BC,F, Code x Nip-78 79.6 cd 107.1 bcd 84 ab 8.4 ab 79a 26.2f 2469 cd 419 abc 2.1def 333c
BC,F, Code x Nip-92 76.1 b 828ab 151c 151 ¢ 123 c 203 a 190.1 abc 50.8 bcd 1.9 abc 30.4 bc
BC,F, Code x Nip-95 83.3efgh 852ab 1120b 112 b 99bc 223bcd 218bcd 59.7cd 19a 321c
BC,F, Code x Nip-121 84.3 fgh 116.3 cd 9.1ab 9.1ab 71a 26.0f 281.7de 805d 20abcd 34.2c
BC,F, Code x Nip-131 80.4 cde 116.4 cd 79 a 79 a 748 247 efg 2828 de 46.4 abc 2.1 bcde 33.7 ¢
BC,F, Code x Nip-144 81.3 cdef 123.3 d 8.4 ab 8.4 ab 8lab 253fg 3198e 3l5abc 23f 423 c
BC,F, Code x Nip-180 82.8 efgh 976ac 98ab 9.8 ab 96ab 226 cde 2326 cd 39.2abc 2.2 ef 35.0¢c
Code 85.0 gh 926 abc 104 ab 104 ab 88ab 23.2def 2464 cd 244ab 21 cdef 323c
Nipponbare 66.5 a 81.0 a 8.6 ab 8.6 ab 89a 195a 138.25a 208ab 2.1def 183 a

Means followed by the same letter are not significantly different at 5% level of Duncan significant difference.

al. (2011) reported that Hd2 has additive effects of
the Koshihikari alleles in both directions, either
increasing or decreasing days to heading. The range
of additive effects reflected the functional status of
gene(s) located within the QTLs.

Agronomic Performance

In BC,F, lines, genotype variances were found for
plant height, tiller number, number of grains per
panicle and total grain weight, however, no differences
were observed for panicle lenght and 100 grain weight
between the breeding lines and Code. In BCF, lines,
the plant height of the breeding lines was higher
than that of Code and the total grain weight of the
breeding lines was lighter than that of Code. Tiller
number and number of effective tillers per plant were
not different. In BC,F, lines, the plant height of the
breeding lines was higher than that of Code, and grain
number and total grain weight of the breeding lines
were | ess than those of Code. However, the 100 grain
weight was not different. In BC,F,, genotype variances
were found for plant height, number of empty grains
per panicle, and total grain weight, however no
significant differences were observed on tiller number,
number of effectivetillers per plant, number of filled
grains per panicle and 100 grain weight when
comparisons were made among the breeding lines and
Code. Therefore plant no CdNp-29 of BC,F, had low
total weight. The plant also had better agronomic
characters and Hd2 gene, and were early flowering

than Code. The twelve selected BC,F, lines (Table 4)
were also resistant to bacterial leaf blight (data not
shown). The results showed that the breeding line
had agronomic characters similar to Code.

CONCLUSION

After two generations of backcrossing, a targetted
MABc approach for the Hd2 gene using RM 1362 and
RM 7601 in chromosom 7 for foreground selection has
successfully transferred positive allele of Hd2 gene
from Nipponbare into Code with the highest genome
recovery of 82.7%. The heading date of the breeding
linesranged from 73 to 89 days (Code 85 days). These
breeding lines fill the third criteria of rice maturity
that is 103-104 days (Code 116-119 days). Twelve
selected MABc lines were completed using marker
selection and their heading date traits confirmed
under greenhouse condition before amplifying seed
for large-scale testing and validation in farmers’
fields. There is a need for combining Hd gene, not
only Hd2 gene but also Hd3, Hd7 and Hd14 into Code
variety to improve the early maturity trait and develop
the pyramiding lines.

ACKNOWLEDGEMENT
This work was financially supported by Incentive

Research Program (PKPP) 2009-2012 of the Ministry
of Research and Technology, Republic of Indonesia.



Improvement of early maturity in rice variety by marker assisted backcross ... (Fatimah et al.)

REFERENCES

Babu, R., S.K. Nair, B.M. Prasanna and H.S. Gupta. 2004.
Integrating marker assisted selection in crop breeding -
Prospects and challenges. Curr. Sci. 7: 607-619.

Berloo, R.V. 2008. GGT 2.0: Versatile software for visualization
and analysis of genetic data. J. Hered. 99: 232-236.

Chen, S., X.H. Lin, C.G Xu and Q.F. Zhang. 2000. Improvement
of bacterial blight resistance of ‘Minghui 63’, an elite storer
line of hybrid rice, by molecular marker-assisted selection.
Crop Sci. 40: 239-244.

Chin, JH., R. Gamuyao, C. Dalid, M. Bustamam, J. Prasetiyono,
S. Moeljopawiro, M. Wissuwa and S. Heuer. 2011. Developing
rice with high yield under phosphorus deficiency: Pupl sequence
to application. Plant Physiol. 156: 1202-1216.

Ebana, K., T. Shibaya, J. Wu, K. Matsubara, H. Kanamori, H.
Yamane, U. Yamanouchi. T. Mizubayashi, |. Kono, A. Shomura,
S. Ito, T. Ando, K. Hori, T. Matsumoto and M. Yano. 2011.
Uncovering of major genetic factors generating naturally
occurring variation in heading date among Asian rice cultivars.
Theor. Appl. Genet. 122: 1199-1210.

Frisch, M. M. Bohn and A.E. Melchinger. 1999. Minimum sample
size and optimal positioning of flanking markers in marker-
assisted backcrossing for transfer of a target gene. Crop Sci.
39: 967-975.

Fujino, K. and H. Sekiguchi. 2008. Mapping of quantitative trait
loci controlling heading date among rice cultivars in the
northernmost region of Japan. Breed. Sci. 58: 367-373.

Gu, X.Y. and M.E. Foley. 2007. Epistatic interactions of three
loci regulate flowering time under short and long daylengths in
a backcross population of rice. Theor. Appl. Genet. 114: 745-754.

Hospital, F. and A. Charcosset. 1997. Marker-assisted introgression
of quantitative trait loci. Genetics 147: 1469-1485.

Hospital, F. 2001. Size of donor chromosome segments around
introgressed loci and reduction of linkage drag in marker assisted
backcross programs. Genetics 158: 1363-1379.

IAARD. 2012. Pedoman Umum IP Padi 400,.http://www.
litbangdeptan.go.id (10 September, 2013).

Jena, K.K. and D.J Mackill. 2008. Molecular markers and their use
in marker-assisted selection in rice. Crop Sci. 48: 1266-1276.

Kojima, S., Y. Takahashi, Y. Kobayashi, L. Monna, T. Sasaki, T.
Araki and M. Yano. 2002. Hd3a, a rice ortholog of the
Arabidopsis FT gene, promotes transition to flowering
downstream of Hd1l under short-day conditions. Plant Cell
Physiol. 43: 1096-1105.

Luu, M.C., L.T.N. Huyen, PT.M. Hien, V.T.T. Hang, N.Q. Dam,
P.T. Mui, V.D. Quang, A.M. Ismail and L.H. Ham. 2012.
Application of marker assisted backcrossing to introgress the
submergence tolerance QTL SUB1 into the Vietnam elite rice
variety-AS996. Am. J. Plant Sci. 3: 528-536.

Lin, H.X., M. Ashikari, U. Yamanouchi, T. Sasaki and M. Yano.
2002. ldentification and characterization of a quantitative
trait locus, Hd9, controlling heading date in rice. Breed. Sci.
52:35-41.

Lin, H.X., Z.W. Liang, T. Sasaki and M. Yano. 2003. Fine mapping
and characterization of quantitative trait loci Hd4 and Hd5
controlling heading date in rice. Breed. Sci. 53: 51-59.

Linh, L.H., T.H. Linh, T.D. Xuan, L.H. Ham, A.M. Ismail and
T.D. Khanh. 2012. Molecular breeding to improve salt tolerance
of rice (Oryza sativa L.) in the Red River Delta of Vietnam.
Int. J. Plant Genomics.1-9. http://dx.doi.org/10.1155/2012/
949038.

63

Lander, E. and L. Kruglyak. 1995. Genetic dissection of complex
traits. guidelines for interpreting and reporting linkage results.
Nat. Genet. 11: 241-247.

Moeljopawiro, S., M. Bustamam, Tasliah, A. Dadang, dan J.
Prasetyo. Aplikasi marka molekuler terkait dengan umur genjah
90 hari dan produktivitas 7 ton/ha pada padi. RIPP Insentif
Riset Report. 66 him.

Monna, L, X. Lin, S. Kojima, T. Sasaki and M. Yano. 2002.
Genetic dissection of a genomic region for a quantitative trait
locus, Hd3, into two loci, Hd3a and Hd3b, controlling heading
date in rice. Theor. Appl. Genet. 104: 772-778.

Nonoue, Y., K. Fujino, Y. Hirayama, U. Yamanouchi and S.Y.
Lin. 2008. Detection of quantitative trait loci controlling
extremely early heading in rice. Theor. Appl. Genet. 116: 715-
722.

Neeraja, C.N., R.M. Rodriguez, A. Pamplona, S. Heuer, B.C.Y.
Collard, E.M. Septiningsih, G Vergara, D. Sanchez, K. Xu, A.
M. Ismail and D.J. Mackill. 2007. A marker-assisted backcross
approach for developing submergence-tolerant rice cultivars.
Theor Appl Genet. 115: 767-776.

Septiningsih, E.M., A.M. Pamplona, D.L. Sanchez, C.N. Neergja,
G.V. Vergara, S. Heuer, A.M. Ismail and D.J. Mackill. 2009.
Development of submergence tolerant rice cultivars: The SUBL
locus and beyond. Ann. Bot. 103: 151-160.

Singh, A., V.K. Singh, S.P. Singh, R.T.P. Pandian, R.K. Ellur, D.
Singh, PK. Bhowmick, S.G Krishnan, M. Nagarajan, K.K. Vinod,
U.D. Singh, K.V. Prabhu, T.R. Sharma, T. Mohapatraand and
A.K. Singh. 2012. Molecular breeding for the development of
multiple disease resistance in Basmati rice. AoB PLANTS 1-
13. pls029; doi:10.1093/aobpla/pls029.

Suh, J.P, JU. Jeung, T.H. Noh, Y.C. Cho, S.H. Park, H.S. Park,
M.S. shin, C.K. Kim and K.K. Jena. 2013. Development of
breeding lines with three pyramided resistance genes that confer
broad-spectrum bacterial blight resistance and their molecular
analysis in rice. Rice 6: 5-15.

Shao, D., Q.P. Li, B. Wu and Y.Z. Xing. 2009. Mapping of a
major QTL for heading date in rice using chromosome segment
substitution lines. J. Hunan Agric. Univ. (Natl. Sci.) 35: 344-
347.

Toenniessen, G.H., J.C. O’Toole and J. DeVries. 2003. Advances
in plant biotechnology and its adoption in developing countries.
Curr. Opinion Plant Biol. 6: 191-198.

Takahashi, Y., A. Shomura, T. Sasakiand and M. Yano. 2001.
Hd6, a rice quantitative trait locus involved in photoperiod
sensitivity, encodes the a subunit of protein kinase CK2. PNAS
98: 7922-7927.

Van Ooijen, J.W. 1999. LOD significance thresholds for QTL
analysis in experimental populations of diploid species. Heredity
83: 613-624.

Yamamoto, T., H. Lin, T. Sasaki and M.Yano. 2000. Identification
of heading date quantitative trait locus Hd6 and characterization
of its epistatic interactions with Hd2 in rice using advanced
backcross progeny. Genetics 154: 885-891.

Yamamoto, T., Y. Kuboki, S.Y. Lin, T. Sasaki and M. Yano.
1998. Fine mapping of quantitative trait loci Hd-1, Hd-2 and
Hd-3, controlling heading date of rice, as single Mendelian
factors. Theor. Appl. Genet. 97: 37-44.

Yano, M., Y. Harushima, Y. Nagamura, N. Kurata and Y. Minobe.
1997. Identification of quantitative trait loci controlling heading
of rice using a high-density linkage map. Theor. Appl. Genet.
95: 1025-1032.



64

Yano, M., Y. Katayose, M. Ashikari, U. Yamanouchi, L. Monna,
T. Fuse, T. Baba, K. Yamamoto, Y. Umehara, Y. Nagamura and
T. Sasaki. 2000. Hd1, a major photoperiod sensitivity
quantitativetrait locusinrice, is closely related to the Arabidopsis
flowering time gene CONSTANS. Plant Cell. 12: 2473-2483.

Yano, M., S. Kojima, Y. Takahashi, H. Lin, and T. Sasaki. 2001.
Genetic control of flowering time in rice, a short-day plant.
Plant Physiol. 127: 1425-1429.

Indones. J. Agric. Sci. Vol. 15 No. 2 October: 55-64

Yi, M., K.T. Nwe, A. Vanavichit, W. Chaiarree and T. Toojinda.
2009. Marker assisted backcross breeding to improve cooking
quality traits in Myanmar rice cultivar Manawthukha. Field
Crops Res. 113: 178-186.

Zhou, PH., Y.F. Tan, Y.Q. He, C.G. Xu and Q. Zhang. 2003.
Simultaneous improvement for four quality traits of Zhenshan
97, an elite parent of hybrid rice, by molecular marker-assisted
selection. Theor. Appl. Genet. 106: 326-331.



