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Abstract Global warming might increase climate variability with abnormal rainfall
distributions. Photoperiod insensitive upland rice can be grown early or late in the rainy season,
and to help the stabilize upland rice yields and reduce the risks to farmers. The SSR marker-
assisted backcrossing method was applied to breed photoperiod insensitivity into the Thai
superior upland rice variety cv. Dawk Pa-yawm as the recurrent parent. The donor parent was
photoperiod insensitive Taichung 65, a japonica variety. The photoperiod insensitivity gene hdl
was identified using the RM8225 marker in seedling stage of F;, BC,F;, BC,F; and BC,F,
plants. The photoperiod insensitive BC,F, plants that flowered were selected during long day
length. The results demonstrated successful use of genetic markers to alter the photoperiod
insensitivity trait of an elite rice variety.
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Introduction

Plant breeders have used conventional backcrossing to transfer targeted
genes from a donor into an elite cultivar. The target gene was selected by the
phenotype it expresses (Allard, 1960). DNA markers, such as simple sequence
repeats (SSRs) and single nucleotide polymorphisms (SNPs), have been used to
identify and select target genes of donors in marker-assisted backcrossing
(MABC) (Hasan et al., 2015). Plant breeders can directly select a gene at the
seedling stage or from a single selected plant. In the first reported application to
rice of MABC, the bacterial blight (BB) resistance gene was transferred into a
restorer line, Minghui 63 (Chen et al., 2000). MABC technique has been used
to improve several rice traits of elite varieties, such as BB resistance, blast
resistance, submergence tolerance, salt tolerance, drought tolerance, aroma, and
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photoperiod insensitivity (Chen et al., 2000; Collard and Mackill, 2007; Hasan
etal., 2015).

In southern Thailand, the upland rice (Oryza sativa L.) varieties grown in
the rainy season are short-duration photoperiod-sensitive varieties, such as
Dawk Pa-yawm. However, global warming might induce abnormal rainfall
distributions. If rice breeders could provide photoperiod insensitive upland rice
varieties, these could be grown early or late in the rainy season, improving
stability of upland rice production.

The photoperiodic control of flowering is regulated by many genes.
Fourteen leading related QTLs of rice, Hd1-Hd14, were identified by Lin et al.
(2000); Lin et al. (2002); Yamamoto et al. (1998); Yamamoto et al. (2000) and
Yano et al. (2001). SSR markers, such as RM5963, RM8225, RM8226 and
RM8250 tightly linked with a photoperiod insensitivity gene (hdl) of Taichung
65 variety, were reported by Sangtong et al. (2007) and Sangtong et al. (2008).
Thus, the photoperiod insensitivity gene could be transferred to photoperiod
sensitive varieties by using marker-assisted backcrossing to select for the
photoperiod insensitivity gene.

The specific objective of this study was to improve the superior upland
rice variety of southern of Thailand cv. Dawk Pa-yawm, by giving it
photoperiod insensitivity through SSR marker-assisted backcrossing.

Materials and methods
Parents and Development of BC,F3

The scheme for selecting photoperiod insensitive BC,F, is shown in
Figure 1. An indica upland rice photoperiod sensitive variety, Dawk Pa-yawm
("), was crossed with a japonica photoperiod insensitive variety, Taichung 65
(9). Then the resulting F; plants were backcrossed to Dawk Pa-yawm to
produce BC;F; seeds. The BC;F; plants were backcrossed to Dawk Pa-yawm to
produce BC,F; seeds. The F; to BC,F, generation advance was produced in a
greenhouse. The MABC technique was used to select for photoperiod
insensitivity gene in Taichung 65, in F;, BC1F;, BC,F; and BC,F; plants. The
200 BC,F, plants were exposed to 15 hours of light (1000 lux) every day to
confirm and select for photoperiod insensitivity. The BC,F; seeds were
harvested from the selected BC,F, plants. Then the BC,F; seeds were planted
into 53 single rows (5 m long; 30 cm row spacing). About 50 seeds of each
BC,F; plant were planted in a row. Also Dawk Pa-yawm seeds were planted
into 4 single rows.
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Sample collection and DNA extraction

Young leaves of Taichung 65, Dawk Pa-yawm, F;, BC;F;, BC,F; and
BC,F, plants were collected and put into plastic bags placed in ice, and were
later frozen and stored at -20 C. DNA from rice leaf tissue was extracted with
N-Cetyl-N,N,N-trimethylammonium bromide method (CTAB) of Dellporta et
al. (1983) with slight modifications. Leaf tissue of 0.2 g was ground to fine
powder in the presence of liquid nitrogen using mortar and pestle. The powder
was then transferred into a 1.5 ml Oak Ridge tube, mixed with 700 i
extraction CTAB buffer (PVP-40 1%, 1.4 mM NaCl, 20 mM Na,EDTA pH 8.0,
and CTAB 2%) as well as 2% B-Mercaptoethanol, and incubated at 65 C for 1
hour. Then 700 d of Chloroform:lsoamyl alcohol (24:1 v/v) was added with
shaking for 20 mins. The mixture was centrifuged at 12,000 rpm for 15 mins at
4°C to separate leaf residues. The supernatant was collected into a new tube and
was mixed with 700 A isopropanol to precipitate the DNA. After discarding the
supernatant, the DNA pellet was washed with 70% ethyl alcohol (500 i) two
times for 5 mins each time, dried, and then 30 i of TE buffer was added. DNA
concentration and purity of these samples were measured using a
spectrophotometer at wavelengths 260 and 280 nm.

Figure 1. Development of the photoperiod insensitive BC,F,
SSR analysis and primer screening
SSR analysis of genomic DNA was carried out using RM5963, RM8225,
RM8226 and RM8250 markers located at the distances 0.6, 0, 0 and 7.5 cM

from the hd1 gene, respectively (Sangtong et al., 2007; Sangtong et al., 2008).
The primers are listed in Table 1. The PCR reaction blend had 20 ng of
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genomic DNA, 2 ul of 10X Taq buffer, 0.2 M of each primer in forward and
reverse primer pair, 200 pM of each of the four dNTPs, and 0.7 units of Taq
polymerase. PCR amplifications were carried out on a Biometra thermo cycler
using the following program: denaturation at 94 C for 3 mins 1 cycle, annealing
at 52 or 55 C (depending on the primer used) for 1 min, extension at 72 C for 1
min for 30 cycles, and a final elongation step at 72 C for 5 mins. The products
were stored at -20C. The PCR products were later separated by gel
electrophoresis using 3% (W/V) agarose gel, run at a constant 100 V for 60
mins. The gel was stained with ethidium bromide for 15 mins and de-stained
with double-distilled water for 15 mins. The bands were detected under UV
lights. Bands of parents, F; hybrids and BC,F,s were used to identify
photoperiod insensitivity or sensitivity inducing alleles at each primer locus.

Table 1. List of the primers used in SSR analysis

Order  Primer Position on 5" sequence/3’ sequence Expected
Chromosome size (bp)
6 (cM)
1 RM5963 53.5 CTGCCTAGCTTCCGTTTCTC 196
AGTTACGGGAAATGTGTGGC
2 RM8225 54.1 ATGCGTGTTCAGAAATTAGG 221
TTGTTGTATACCTCATCGACAG
3 RM8226 54.1 TTAGGATACGGCTTCTAGGC 251
CGTAATTGTTGCATATGGTG
4 RM8250 61.6 AACCTAAAGGGCAGTTTCC 171

GCGATAAGTTTCTTGTTGATG

Source: McCouch et al. (2002)
Data collection

Nine agro-morphological characters were recorded on five selected
BC,F; plants and ten plants of Dawk Pa-yawm, namely plant height (cm), days
to flowering (day), days to maturity (day), number of tillers per hill, number of
panicles, seed length (cm), seed width (cm), weight of one thousand grains (g)
and yield per plant (g).

Statistical analysis

All obtained data from the Dawk Pa-yawm variety and the BC,F;
population were evaluated to analysis of variance (ANOVA) using R programe
with agricolae package (Mendiburu and Simon, 2007). The traits in Dawk Pa-
yawm and BC,F; population are reported as means with standard deviations
(Dowdy et al., 2003).
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Results

In primer survey the markers RM5963, RM8225, RM8226 and RM8250
were used for parental polymorphism. Only marker RM8225 produced
polymorphic bands between photoperiod insensitive Taichung 65 and
photoperiod sensitive Dawk Pa-yawm (Figure 2). Thus, the marker RM8225
was used to identify a photoperiod insensitive gene (hdl). The 5 F; plants were
confirmed as true F; using the SSR marker RM8225. Figure 2 shows the gel
picture of F; confirmation. All the F;s were true hybrids.
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Figure 2. Example of PCR products using RM8225; M labels the DNA size
ladder marker; lane 1 is for Taichung 65 (hd1hdl); lane 2 for Dawk Pa-yawm
(Hd1Hd1); lanes 3-7 for F; (Hd1hdl); lanes 8 and 10-11 for BC,F, (hdlhdl);
and lane 9 for BC,F, (Hd1hd1)

Foreground selection was performed on BC;F;, BC,F; and BC,F, plants
using the tightly linked photoperiod insensitivity marker RM8225. Figure 2
shows the DNA bands produced by PCR of photoperiod insensitive Taichung
65 or photoperiod sensitive Dawk Pa-yawm in some BC,F; plants.

The results show that two BC;F; and three BC,F; plants carry a
photoperiod insensitivity gene, so these segregants were selected. As a result of
selected photoperiod insensitivity, 53 BC,F, plants had flowers and 147 BC,F;
plants had no flowers.

The morphology and agronomic traits of Dawk Pa-yawm and BC,F;
populations are shown in Figure 3 and Table 2. The means of plant height (63
cm), seed length (5.22 cm) and seed width (2.52 cm) were lower in the BC,F3
population than in Dawk Pa-yawm with plant height (112 cm), seed length
(9.67 cm) and seed width (2.16 cm). The means of days to flowering (93 days),
days to maturity (123 days), one thousand grain weight (19.76 g) and grain
yield (7.75 g/plant) were trending lower in the BC,F3 population than in Dawk
Pa-yawm with days to flowering (96 days), days to maturity (125 days), one
thousand grain weight (21.42 g) and grain yield (10.50 g/plant).
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Table 2. Yield and other characteristics of Dawk Payawm and BC;F;
populations, the latter generated using Dawk Pa-yawm as the recurrent parent
and Taichung 65 as the donor parent

Trait Dawk Pa-yawm  BC;F; F-test CV(%)
Mean +=SD Mean £SD Range
Plant height (cm) 112 £12.61 63 +3.97 56 - 68 ** 11.9
Days to flowering (day) 96 £1.47 93 +2.94 88 - 97 ns 2.7
Days to maturity (day) 125 +1.47 123 +2.94 118 - 127 ns 2.1
Number of tillers (no.) 4+0.8 5+1.41 3-7 ns 27.3
Number of panicles (no.) 3 +0.63 5+1.47 3-7 * 30.8
Seed length (cm) 9.67 +0.53 522+0.32 477-593  ** 6.3
Seed width (cm) 2.16 +£0.10 2524018 224-283  ** 6.6
One thousand grain 21.42 £1.82 19.76 £1.26 18.3-21.1 ns 8.5
weight (g)
Grain yield (g/plant) 10.50 +4.77 775+179 6.12-10.09 ns 44.2

** = highly significant, * = significant and ns = non-significant

The mean of number of panicles (5 no.) in the BC,F3 population were
higher than in the recurrent parent with number of panicles (3 no.). The mean of
number of tillers (5 no.) in the BC,F3 population were trending higher than in
the recurrent parent with number of tillers (4 no.).
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Figure 3. a Iantype of Dawk Pa-‘y'awm (left) and BC,F3 population (right);
scale bar represents 6 cm. b: Seeds of Dawk Pa-yawm (left) and BC,F;

population (right); scale bar represents 0.5 cm

Discussion

In marker-assisted backcross breeding, the primer survey is desired for
effective foreground, recombinant and background selection. Polymorphic
markers are basic for this breeding method. A marker showing dimorphic bands
is very essential in the selection, because this marker can separate the two
parental genotypes viz. Taichung 65, the donor parent, and Dawk Pa-yawm, the
recipient or recurrent. The marker showed very clear bands. It was available to
identify the genetic constitution of the photoperiod insensitive QTLs very
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efficiently via agarose gel electrophoresis Thus, the marker RM8225 was used
to identify true hybrids and presence of a photoperiod insensitive gene (hdl).
The results were similar as in the study of Alam et al. (2012), in which
foreground selection was done for introgression of saltol QTL into rice
genotype by marker-assisted backcrossing.

The means of plant height, days to flowering, days to maturity, seed
length, seed width, one thousand grain weight, and grain yield were lower or

trending lower in the BC,F3 population than in Dawk Pa-yawm. These results
indicate that the chromosome fragments derived from Taichung 65 could affect
the yield, yield component, or other traits. Lewise et al. (2007) showed that
linkage drag or undesirable genes are often found during marker-assisted
backcrossing. Rice breeders can use flanking markers to reduce possible
linkage drag. About 99% of recurrent parent genome can be recovered after
four backcross generations (BC,4) in marker-assisted backcrossing (Hasan et al.,
2015). Feng et al. (2017) have reported 99.89% recurrent parent genome
recovery after only the third backcross generation in rice.

Breeding of the superior upland rice cv. Dawk Pa-yawm for photoperiod
insensitivity was demonstrated by using SSR marker-assisted backcrossing in
seedling stage, and the SSR marker used was RM8225. In future studies,
developed photoperiod insensitive lines need to use background selection to
obtain other Dawk Pa-yawm genomes.

Acknowledgement

The authors would like to thank Asst. Prof. Dr. Varaporn Sangtong for providing the
Taichung 65 seeds. This work was supported by the government budget of Prince of Songkla
University (NAT560027S and NAT580277S), the Graduate School and the Center of
Excellence in Agricultural and Natural Resources Biotechnology (CoE-ANRB): phase 2,
Faculty of Natural Resources, Prince of Songkla University. The copy-editing service of
RDO/PSU and helpful comments of Assoc. Prof. Dr. Seppo Karrila are gratefully
acknowledged.

References

Alam, M. S., Salim, M., Moniruzzaman, M., Rashid, J. A. and Islam, M. M. (2012). Marker-
assisted foreground selection fori of salt tolerant rice genotypes. The Agriculturists,
10:1-8.

Allard, R. W. (1960). Principles of Plant Breeding. John Wiley & Sons, Inc., New York,
pp.156-158.

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

205



Collard, B. C. Y. and Mackill, D. J. (2007). Marker-assisted selection: an approach for
precision plant breeding in the twenty-first century. Philosophical Transactions of the
Royal Society B Biological Sciences, 363:557-572.

Dellporta, S. L., Wood, J. and Hicks, J. B. (1983). A plant DNA minipreparation : Version II.
Plant Molecular Biology Reporter, 1:19-21.

Dowdy, S., Weardon, S. and Chilko, D. (2003). Statistics for Research. John Wiley & Sons,
Inc., Hoboken, New Jersey, pp.98-137.

Feng, X., Wang, C., Nan, J., Zhang, X., Wang, R., Jiang, G. and Yuan, Q. (2017). Updating the
elite rice variety Kongyu 131 by improving the Gnla locus. Rice, 10:1-11.

Hasan, M. M., Rafii, M. Y., Ismaila, M. R., Mahmoodc, M., Rahimd, H. A., Alama, Md. A,
Ashkanib, S., Malekf, Md. A. and Latif, M. A. (2015). Marker-assisted backcrossing: a
useful method for rice improvement. Biotechnology & Biotechnological Equipment,
29:237-254.

Lewise, R. S., Linger, L. R., Wolff, M. F. and Wernsman, E. A. (2007). The negative influence
of Nmediated TMV resistance on vyield in tobacco: linkage drag versus pleiotropy.
Theoretical and Applied Genetics, 115:169-178.

Lin, H. X., Ashikari, M., Yamanouchi, U., Sasaki, T. and Yano, M. (2002). Identification and
characterization of a quantitative trait locus, Hd9, controlling heading date in rice.
Breeding Science, 52:35-41.

Lin, H. X., Yamamoto, T., Sasaki, T. and Yano, M. (2000). Characterization and detection of
epistatic interactions of 3 QTLs, Hd1, Hd2, and Hd3, controlling heading date in rice
using nearly isogenic lines. Theoretical and Applied Genetics, 101:1021-1028.

Mendiburu, F. D. and Simon, R. (2007). Agricolae-a free statistical library for agricultural
research. Ames, IA: lowa State University.

McCouch, S. R., Teytelman, L., Xu, Y., et al. (2002). Development and mapping of 2240 new
SSR markers for rice (Oryza sativa L.). DNA Research, 9:199-207.

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

Yamamoto, T., Lin, H. X., Sasaki, T. and Yano, M. (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.

Yano, M., Harushima, Y., Nagamura, Y., Kurata, N., Minobe Y. and Sasaki, T. (1997).
Identification of quantitative traits loci controlling heading date in rice using a high-
density linkage map. Theoretical and Applied Genetics, 95:1025-1032.

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

Sangtong, V., Khonkaent, J., Siripoonwiwat, W., Pintanont, P., Watanakawikrant, S.,
Roongruangsree, N. and Roongruangsree, U. (2007). Inheritance of major gene,
Hd1/hd1, in controlling photoperiod sensitivity of BC,F, and BC,F; rice plants”,
Proceeding of the 2™ International Conference on Rice for the Future, Bangkok,
Thailand, pp.413-419.

Sangtong, V., Siripoonwiwat, W., Pintanont, P., Watthakawigran, S., Roongruangsree, N. and
Tippitak, S. (2008). Developing markers for using in glutinous rice improvement of RD
6 for non-photoperiod sensitivity by marker-assisted backcrossing. King Mongkut’s
Agricultural Journal, 26:96-110.

(Received: 22 April 2019, accepted: 20 December 2019)

206



