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height. A total of 233 F2 individuals were genotyped using 70
SSR primers, and phenotypic data were collected for heading

gyr\:\é%ﬁ;tion, date, plant height and culm strength traits. Fifty-four out of 70
Linkage map, marker loci were mapped across twelve rice chromosomes
Quantitative trait loci, spanning a total map length of 1592.30 cM with an average
Rice. distance of 29.49 cM between adjacent marker loci using

MAPMAKER/EXP 3. Composite interval mapping for QTL
analysis was conducted with 1000 permutation time at 0.05
probability level using WinQTL Cartographer version 2.5. One
major QTL for heading date was mapped between marker
RM204 and RM50 on chromosome 6. One major QTL for
culm strength was mapped between marker RM1003-
RM5931, and two major QTLs for plant height were mapped
between RM84-RM1003 and RM1003-RM5931 on
chromosome 1. The molecular markers linked to the major
QTLs could be potentially used in marker-assisted selection
for the rainfed rice improvement breeding program.
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1. Introduction

Ayeyarmin variety of rice (O. sativa L.) is not only one of the popular varieties but also the third
widely grown cultivar in the monsoon season of Myanmar. It has extremely good eating quality and
market acceptability. It has long maturity duration, tall plant height, intermediate amylose content
and gelatinization temperature, medium gel consistency, and translucent grain. It is usually grown
under rainfed and irrigated lowland rice ecosystems. It has excessive plant height that leads to lodging
during bad weather conditions such as heavy rain and wind. Similarly, long maturity duration makes
it less seasonal adaptable. Therefore, it is necessary to develop the adapted varieties, especially early
maturing varieties, to fit in the summer rice growing season of Myanmar for rice improvement
program. Early maturing variety that has the ability to escape drought and to increase cropping
intensity, plays a major role in plant adaptation to the environment. Lodging is also a common
problem in rice and it mainly occur as a result of strong winds, heavy rain, water management,
planting density, and an excessive use of nitrogen fertilizer (Anitha Shalini, 2015).

In Myanmar, most of the current rice breeding strategies depend on direct phenotypic selection
and multi-generation inbreeding which are time-consuming and labor-intensive. The accuracy and
efficiency of conventional breeding will not be effective if the phenotypic selection will be used. To
improve rice breeding efficiency, it is required to the apply the modern molecular biological tools
and techniques for rice genetic improvement. Molecular plant breeding will allow rice breeders to
achieve breeding goals quickly and efficiently. In general, rice crop improvement is carried out with
the major objectives such as high yield potential, early maturity, resistance to lodging and shattering,
resistance to stress environments, disease and insect resistance, acceptable grain quality, and
enhancement of nutritional components using biotechnological techniques (Ansari et al., 2015).

Genetic improvement in crop plants largely relies on the handling of quantitative traits because
important agronomic traits, yield and yield contributing traits are quantitatively inherited.
Quantitative traits are complex because these are controlled by many genes having small and
cumulative effect (Kumar et al., 2017). There are limitations to observe the inheritance of polygenes
following using classical Mendelian methods because of the environmental influences. Genetic
linkage analysis of quantitative trait loci (QTL) has become a common technique to overcome this
limitation. For a successful rice breeding program, it is one of the priorities to identify quantitative
trait loci (QTLs) associated with these economically important target traits. QTL analysis offer
information to identify genome-specific regions affecting agronomic and vyield-related traits. A
variety of statistical tools have been developed to detect the inheritance of polygenes. The nature of
quantitative traits can be insight with the integration of biometrical and molecular techniques by
mapping of QTL (Xu, 2010).

The development of genetic linkage map for many plant species provides the foundation and tools
for QTL mapping, marker-assisted breeding and map-based cloning of gene. Several molecular
markers, such as simple sequence repeat (SSR), single nucleotide polymorphism (SNP), and
amplified fragment length polymorphism (AFLP), have been used in constructing linkage maps to
identify QTLs associated with economically important traits in rice. The SSR markers are distributed
throughout the genome uniformly and detects a high level of allelic diversity in cultivars and related
species (Singh & Singh, 2015). The SSR markers are one of the most useful markers to construct the
linkage map for rice. Owing to the genetic linkage map, DNA markers can detect the allelic variation
of the genes underlying these traits and it offers great scope for improving selection efficiency. A
linkage map for Ayeyarmin/IR64 population is the is the first one in Myanmar rice cultivars. The aim
of the study was to identify QTLs linked to heading date, plant height and culm strength and to
construct the linkage map using F2 population derived from Ayeyarmin/IR64.

2. Materials and methods
2.1 Plant materials and F2 population development

Myanmar's popular variety, Ayeyarmin which is late flowering and tall was crossed with IR64, an
early maturing and semi-dwarf variety developed by International Rice Research Institute,
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Philippines. Ayeyarmin and IR64 were crossed to develop F1 generation and subsequently F»
population by self-pollination during the post-monsoon season in 2018.

R L

Ayégiarmih F1 IR64
Figure 1. Plant morphology of O. sativa cv. Ayeyarmin, IR64 and their F1

2.2 Phenotypic evaluation

Field experiment was conducted at the field of Yezin Agricultural University situated at 19°10°’N
latitude, 96°07’E longitude with an elevation of 102 meters above sea level during the summer season,
2019. Five tallest tillers were evaluated for the yield-related traits and measured as follows; heading
date (number of days from seeding to 50 % flowering), plant height: length from the soil surface to
the tip of the panicles excluding awn at physiological maturity (cm), culm strength; reading value of
prostrate tester in which plants at the field for ten days after harvest, were cut off at 40 cm height and
tied at 20cm. The prostrate tester (DIK-7400, Daiki Rika Kogyo Co. Ltd., Tokyo, Japan) was set
perpendicularly and the tied tillers were pushed to an angle of 45° at the lower part of the cut plant
(20 cm). Pushing resistance was measured as tester reading (g).

2.3 Molecular marker analysis

Genomic DNA of 233F; lines and two parents was extracted with a little modification using the
CTAB method following Murray & Thompson (1980). The 250 SSR primers were used in the
parental polymorphism survey. The genomic DNA of 233F: lines and two parents was amplified
using the parental polymorphic primers in 10 pl of mixture containing 10X buffer with MgClz, 10
mM dNTP mix, 10 uM of each of primer, and 5U/ul of Taq DNA polymerase (MP Biomedicals India
Private Limited, India). A thermal profile was as follows, 1 cycle at 95°C for 5 minutes (initial
denaturation), followed by 35 cycles at 94°C for 45 seconds (denaturation), at 48-62°C for 45 seconds
(annealing), at 72°C for 1 minute (extension), 1 cycle for final extension at 72°C for 10 minutes and
at 10°C for 15 minutes (store). PCR products were separated by electrophoresis in 3-4% ultra-agarose.
Omega Lum G imaging system was utilized to photograph the gel for genotypic data scoring. The
genotypic data was achieved by scoring on the banding pattern of each F; plant as “A” for the allele
size similar to the female parent, Ayeyarmin, “B” for the alleles similar to the male parent, IR64, and
“H” for the heterozygotes i.e. showing alleles for both the parents as per Collard et al. (2005).

2.4 Parental polymorphism survey

A total of 250 SSRmarkers were used to identify the markers that have the ability distinguishing
the morphism of two parents. The level of polymorphism (%) was calculated as the ratio of number
of polymorphic markers and total markers used in the parental polymorphism survey.

2.5 Segregation analysis
Marker segregation on F. population was analyzed for the goodness of fit with the Mendelian
segregation ratio (1:2:1) on genotypic data of 233 F; plants by chi square test.
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2.6 Linkage map construction and QTLs identification

MAPMAKER/EXP 3 developed by Lander et al., (1987), was used for the linkage mapping.
Composite interval mapping for QTL analysis was conducted with 1000 permutation time at 0.05
probability level using WinQTL Cartographer version 2.5 (\Wang, 2007). The putative QTLs were
nomenclature using the method on rice (Oryza sativa L.) developed by McCouch (1997).

3. Results and discussion
3.1 Phenotypic performance

The mean performance of parents, F1 and F2 populations for three traits: heading date, plant height,
and culm strength was shown in Table 1. The heading date of the female parent, Ayeyarmin, was
recorded as 158.67 + 2.08 days, while the male parent, IR64, had a heading date of 83.67 + 1.16 days.
The mean values of heading date in the F1 and F> progenies closely resembled the early parent, IR64,
with values of 81.00 and 88.57 + 8.08 days, respectively. The heading dates observed in the F»
population ranged from 72 to 135 days.

The plant height of the female parent, male parent, and F1 plant were 145.39 cm, 86.00 cm, and
117.67 cm, respectively. Among the F> plants, there was a range of height from 73.70 cm to 150.30
cm, with a mean value of 115.46 cm + 18.10 cm.

The culm strength values for the female parent, male parent, and F1 plant were 12.50 g, 13.00 g,
and 12.33 g, respectively. The culm strength varied from 1.50 g to 33.00 g, with a mean value of
11.29 g + 6.04 g in the F> population.

The frequency distribution of heading date, plant height, and culm strength in the F2 population
was described in Figure 1. Some F, progenies were heading dates earlier than the early parent (IR64),
indicating transgressive segregation for this trait. Similarly, transgressive segregants were observed
for plant height among the F plants, with some F plants being shorter or taller than the early parent
(IR64). The study population also showed transgressive segregants with higher or lower culm strength
values than the parents; Ayeyarmin and IR64. Therefore, this F2 segregating population was potential
to further investigate and improve in subsequent generations, for the development of a variety with
desirable plant height and growth duration.

Table 1. Phenotypic performance of parents, F1 and F2 population for plant height, heading date and
culm strength

Ayeyarmin  IR64 F1 F2
Trait Mean Mean Minimum Maximum 32%?2,{?;2
Heading 158.67 83.67 81.00 8857  72.00 135.00 8.08
date (day)
E’gfn”)t height 14539 8600 117.67 11546 7370  150.30 18.10
Culm 12.50 13.00 1233 1129 150 33.00 6.04

strength (g)
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P, = Female parent, Ayeyarmin

P, = Male parent, IR64

Figure 1. Frequency distribution of F, population derived from Ayeyarmin/IR64 (a) heading date
(day), (b) plant height (cm), (c) culm strength (g)

3.2 Information on parental polymorphism survey

In the present study, seventy markers out of two hundred and fifty SSR markers were polymorphic
between the parents; Ayeyarmin and IR64 indicating the level of polymorphism between the parental
genotypes be 28 % (Table 2). Parental polymorphism percent was low because both parents were of
indica type only. Naturally, the levels of DNA sequence variation are generally lower in the self-
pollinated crop than that of the cross-pollinated crop. Low parental polymorphism event was found
by Tripathi et al. (2018).

Table 2. Polymorphism percent on 250 tested markers
No. of SSR marker No. of polymorphic

Chromosome used markers Polymorphism (%0)
1 23 9 39.13
2 23 7 30.43
3 23 8 34.78
4 19 6 31.58
5 22 6 27.27
6 14 7 50.00
7 23 5 21.74
8 15 5 33.33
9 24 6 25.00
10 21 4 19.05
11 18 4 22.22
12 25 3 12.00
Total 250 70 28.00
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3.3 Marker segregation

Segregation analysis helps to identify markers that express Mendelian inheritance, indicating their
suitability in the linkage map construction. Marker segregation for seventy SSR markers was
investigated using chi square test (Table 3). As the tested population was F> population, the expected
genotypic ratio would be 1:2:1 for homozygous Ayeyarmin: heterozygous Ayeyarmin/IR64,
homozygous IR64. A total of twenty-four out of seventy SSR markers were skewed towards
Ayeyarmin or IR64. The skewed markers found to distribute across all the chromosomes. Allelic
frequency in an F2 population without selection would be 25% Ayeyarmin, 50% Ayeyarmin/IR64,
and 25%IR64. The twenty-four markers were skewed toward either Ayeyarmin or IR64. Seventeen
markers were skewed to IR64 and seven to Ayeyarmin. Xiong et al., (1999) also documented
skewness of markers towards one or other parents. Although F, seeds were randomly selected without
biasness, segregation distortion in the present study population had occurred. Segregation distortions
may result in reduction in recombination.

Table 3. Chi square values (x2) for identification of marker distorsion

No. Marker Chromosome %2 Skewness
1 RM5536 1 32.43** Ayeyarmin
2 RM6 2 8.98* Ayeyarmin
3 RM211 2 7.3* IR64
4 RM231 3 21.83** IR64
5 RM232 3 61.24** IR64
6 RM3525 3 6.11* IR64
7 RM251 3 6.66* IR64
8 RM261 4 7.09* IR64
9 RM5506 4 8.89* IR 64
10 RM18452 5 15.21** Ayeyarmin
11 RM50 6 54.61** IR64
12 RM6403 7 6.09* IR64
13 RM51 7 122.09** IR64
14 RM210 8 73.49** Ayeyarmin
15 RM506 8 37.96** IR64
16 RM3819 8 7.84* IR64
17 RM23654 9 59.53** Ayeyarmin
18 RM5526 9 66.48** IR64
19 RM107 9 10.10* IR64

20 RM7492 10 6.63* Ayeyarmin

21 RM222 10 9.69* IR64

22 RM209 11 7.51* IR64

23 RM27326 11 157.63** Ayeyarmin

24 RM1227 12 30.21** IR64

3.4 Construction of linkage map

A total of seventy marker loci were used to construct a linkage map employing the 233 individuals
of F2 population derived from Ayeyarmin/IR64. Sixteen markers showed as an unlinked group. Fifty-
four marker loci excluding sixteen unlinked markers were mapped on 12 rice chromosomes spanning
a total map length of 1592.30 cM with an average distance of 29.49 cM between adjacent marker loci
and the minimum distance of 5.5 cM. Whereas, there was the gaps between linkage groups on
chromosome 1, 2, 3, 4,5 and 9 (Figure 2). The polymorphic markers were not evenly distributed
across the genome indicating poor linkage map quality. To construct a good linkage map, it should
use not only phenotypically and genotypically diverse parents for target traits but also the large

54



number of molecular markers which are evenly distributed across the whole genome of rice.
Additional markers should be mapped in the gap chromosomal region in the future.
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Figure 2. Linkage map constructing using 233 Fz individuals of fifty-four SSR markers

3.5 Identification of QTLs for yield related traits

A total of four QTLs for yield related traits viz., heading date, plant height and culm strength were
detected on chromosome 6 and 1. The additive and dominance effect, estimated LOD and regression
coefficient values of these QTLs were shown in Table 4 & Figure 3 a, b,c.

Heading date

The QTL designed gHD6 was mapped between the markers RM204 and RM50 at map position
40.41 cM on chromosome 6. It had a LOD score value of 5.49 and explained 25 % phenotypic
variation with the positive additive effect of 3.72 indicating the delayed heading about 4 days at this
locus was from Ayeyarmin. Allele of qHD6 showed complete dominance effect on early flowering.

Plant height

Two QTLs for plant height were mapped between the markers RM84-RM1003 at 118.91cM and
RM1003-RM5931 at 152.01 ¢cM on chromosome 1. These QTLs had the positive additive effect and
large phenotypic variation effect. Positive allele of the resultant QTLs came from Ayeyarmin
increased plant height by 23-27 cm. They had positive partial dominance effect.

Culm strength

A QTL associated with culm strength expressing a large phenotypic effect was mapped between
RM1003 and RM5931 at 159.01 ¢cM on chromosome 1. It showed a positive additive effect indicating
that the allele came from Ayeyarmin. It had negative incomplete dominance effect.
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In the study, only a few QTLs were detected for heading date, plant height, and culm strength
although the parents distinctly differed for these traits, and transgressive segregants were also
observed in the in the F> population. This might be because of the low density linkage map of the F»
population which happened due to less polymorphic markers. Further, the markers did not distributed
evenly across the genome. However, all the mapped QTLs in the present study were the major QTLS.
QTLs for heading date contributing the major effect was mapped between RM240 and RM50 on
chromosome 6 in the present study. Suji et al. (2012) also identified QTLs for heading date near RM
204 on chromosome 6 using 232 recombinant inbred lines derived from IR62266 and Norungan.
Heading date QTLs were mapped between PSM677 and RM204 on chromosome 6 using two
secondary segregation populations in rice by Hua et al. (2018). In the present study, the QTLs
associated with plant height and culm strength were mapped between RM1003 and RM5931 on
chromosome 1. Sahu et al. (2017) also identified the QTL for plant height near RM1003 on
chromosome 1 in a Fs population derived from Swarna (a high-yielding semi-dwarf widely adapted
indica variety) with IR86931B-6 (semi-tall, interspecific line derived from Nagina22). Khahani et al.
(2021) also identified the 24 QTLs on chromosome 1 using different populations and molecular
markers. Yadav et al. (2017), and Kashiwagi (2014) discovered culm strength QTLs on chromosome
1 by analyzing backcross population and chromosomal segment substitution lines in rice. Therefore,
the resultant QTLs in the present study are reliable for the consistency of the results on the
repeatability in various studies with different genetic backgrounds or different segregating
populations.

Table 4. QTLs associated with yield related traits detected in the F. population derived from
yeyarmin/IR64

. Chr Marker Position Additive Dominan R?
Trait QTL interval  (cM) PP (a) ced) Y2 ()
Heading date  gHD6 6 2%84' 4041 549 372 3.76 101 25

. RM84-
Plantheight ~ gPHLL 1 VDo 11891 2298 2314 731 032 17
. RM1003-
Plantheight ~ qPHL2 1 V2000 15201 2679 2345 8.30 035 36
RM1003-
Culmstrength qCS1 1 ~Vioos 15901 537 3.2 253 069 23

Chr. = chromosome; LOD = logarithm of odd; d/a = degree of dominance; R? = total phenotypic
variance explained by the QTL
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Figure 3. Chromosomal region of (a) heading date QTL on chromosome 6, (b) plant height QTLs
on chromosome 1, and (c) culm strength QTL on chromosome 1 of rice genome

4. Conclusion

The study was undertaken to construct a linkage map using 233 F individuals derived from the
cross Ayeyarmin/IR64 and to identify the QTLs for yield related traits; heading date, plant height and
culm strength. These yield related traits belong to quantitative nature indicating selection based on
phenotype alone is not enough. The linkage map provides a valuable genetic framework for
understanding the genomic organization and inheritance. Therefore, a linkage map was constructed
using fifty-four SSR molecular markers and the 233 F, segregating lines derived from
Ayeyarmin/IR64. One each major QTL for heading date on chromosome 6, culm strength on
chromosome 1, and two QTLs for plant height on chromosome 1 were mapped in the F> population
of Ayeyarmin/IR64. The resultant QTLs should be validated using different populations testing in
multi-environment trials. Molecular markers linked the major QTLs can be of potential value in the
application of marker assisted selection of the corresponding traits for rainfed rice improvement
breeding program.
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