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Disaster-related extreme weather is rapidly increasing due to climate change. In Korea, typhoons ac-
companied by rainfall usually approach in August and September, causing great damage. The purpose 
of this study is to find a gene that regulates the heading date of rice in order to avoid loss of harvest 
from climate change and typhoons. Cheongcheong/Nagdong doubled haploid (CNDH) was used as 
the plant material to investigate the location of heading-related genes using QTL and sequence analy-
sis by cloning the gene. In the distribution chart, the heading dates, culm lengths, panicle lengths, 
numbers of panicles, and 1,000-grain weights all have normal distributions. QTL analysis found 13 
contigs on chromosome 8. One QTL, named qHd8, was detected on chromosome 8. The range at qHd8 
was approximately 7.7 cM, with RM72 and RM404 markers near the peak. There were 13 contigs and 
1 ORF. Protein sequence analysis showed that rice was similar to Os08g0341700, AtSFH13, and 
AtSFH7 proteins. Os08g0341700, which is involved in signal transduction, is similar to phosphatidyli-
nositol transfer-like protein II, and complete information is not available, but it is believed to play 
a role in the phosphatidylinositol-specific signaling pathway related to Sec14P.
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Introduction

Rice (Oryza sativa L.) is one of the most important food 

crops in which more than half of the world's population 

is using stocks [4]. Recently, global warming and damage 

to typhoons have caused harvesting losses. If typhoon dam-

age occurs during the flowering period of rice, it is highly 

likely that the ear will dry out or become discolored and 

infertile. This greatly affects the rice yield [7]. The heading 

is one of the important traits for rice to adapt to the culti-

vation area and season [11]. The Hd1 gene delays the head-

ing of rice under long-day conditions. Ehd1, a rice-specific 

flowering regulator, plays an important role in the control 

pathway of rice heading [6]. A rice gene, OsPIPK1, encod-

ing a 792-aa putative phosphatidylinositol 4-phosphate 

5-kinase (PIPK) is involved in rice heading through regu-

lation of floral induction genes, signaling and metabolic 

pathways. Homozygous transgenic plants showed 7-14 ear-

lier heading than control plants, suggesting that OsPIPK1 

negatively regulates floral initiation using antisense trans-

genic strategy to suppress the expression of OsPIPK1 [9]. 

Cheongcheong/ Nagdong double haploid (CNDH) is 120 

strains of DH that were cultivated by anther culture in the 

Cheongcheong/ Nagdong F1 combination [3]. There is a 

CNDH genetic map with an average interval of 10.6cM be-

tween markers made using Mapmaker version 3.0 using 222 

DNA markers [8]. Also, using CNDH as a material, many 

QTL studies such as quantity, white-backed plant hopper 

resistance, amylose content, and protein content have been 

conducted [2, 3]. In this study, we aimed to find the genes 

that pulled out the head to avoid the loss of crop yields 

due to typhoon and global warming. To find out the gene, 

QTL analysis was used. QTL analysis is used to predict the 

association between quantitative traits and marker alleles 

segregating in the population. Most QTL analyses in plants 

involved populations derived from pure lines [5, 9]. To find 

the gene location related to heading date QTL was per-

formed [1]. And cloning was performed by selecting gene 

in the region with LOD value of 3.0 or more. Sequencing 

alignment is then performed to identify the genes and the 

results are reported.

Materials and Methods

Plant material and field experiment
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Fig. 1. Genetic map of CNDH. Genetic map with an average interval of 10.6 cM between markers created using Mapmaker version 

3.0 using 222 DNA markers in the Molecular Breeding laboratory.

The Cheongcheong/Nagdong doubled haploid group 

(CNDH) used for genetic mapping was developed by anther 

culture in the F1 combination, which resulted from crossing 

between 'Cheongcheong' and 'Nagdong'. Cheongcheong is 

a Tongil type rice variety with tolerance to brown plant hop-

per and high yield, derived from Oryza nivara, whereas 

Nagdong has a partial shattering layer in the pedicel and 

has been cultivated for more than 20 years. The CNDH 

group has been cultivated in paddy fields for three years 

since it was first developed in 2010. The present study is 

carried out at Kyungpook National University experimental 

field at Gunwi. The growth characteristics survey was car-

ried out at Kyungpook National University experimental 

lab. The test material was sowed on April 29, and the plant-

ing density was 30×15 cm at one row per pedigree and one 

plant per hill, and the plant was transplanted from May 27 

to May 28. The fertilization rate of N-P2 O5-K2 O was 

9.0-4.5-5.7 kg/10 a. Other herbicides and insecticide spraying 

and disinfestation disinfection and pavement management 

followed the Rural Development Administration standard 

method. Observations were made from July to September 

in order to investigate the test material heading date.

Genetic mapping and QTL analysis

WinQTLcart 2.5 was used to analyze the QTL and genetic 

map with an average interval of 10.6 cM between markers 

created using Mapmaker version 3.0 using 222 DNA mark-

ers in the Molecular Breeding laboratory (Fig. 1). The pro-

gram requires several factors such as the genetic distance 

between each marker, the name of every marker, the number 

of chromosomes, the genotype data, and the value of the 

target trait. Composite interval mapping (CIM) method was 

used, and LOD was set to 3.0 to perform QTL analysis.

Gene information analysis and gene search

The study used WinQTLcart version 2.5 to perform QTL 

analysis and used several factors such as marker name, chro-

mosome number, genotype data, and target trait values. 

After locating the Marker with an LOD value of 3.0 or high-

er, we identified the genes that existed among the markers. 
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Table 1. Designed primer for PCR

Primer Sequence (5’- 3’) Size (bp) GC % Tm (℃)

Forward_1
Reverse_1
Forward_2

Reverse_2

ATG CAC ATT ACT ACA GTT GAC CGC
TCA GCA TAC CAC ACC ATC GAC ATC
ATG CAC ATT ACT ACA GTT GAC CGC

TCA GCA TAC CAC ACC ATC GAC

24
24
24

21

45.8
50.0
45.8

52.4

61.0
62.7
61.0

59.8

We searched quantitative trait loci related to heading date 

and downloaded gene sequences in Gene Bank.

DNA extraction

DNA extraction and PCR were performed to determine 

whether the genes found in the markers identified through 

QTL analysis were related to heading date. DNA extraction 

was carried out using DNeasy Tissue kit. The genomic DNA 

of Cheongcheong and Nagdong were extracted by CTAB 

(Cetyltrimethyl ammonium bromide) from fresh DHL and 

parental leaves cultured in a greenhouse at 25℃ for 3 weeks. 

Inside 2 μl microtubes, 20.2 g of leaves and iron balls were 

frozen for one minute with sample liquid nitrogen. The sam-

ple was pulverized for 30 seconds at a vibration frequency 

of 20 per second using a Tissue Layer (QIAGEN, Cat. No. 

85220) and added 2x CTAB buffer (2% CTAB, 0.1 M Tris, 

pH 8.0, 1.4 M NaCl, 1% PVP) in tube. After vortexing, the 

tubes were incubated in a water bath at 65℃ for 20 minutes 

and then vortexed at room temperature for 20 minutes after 

addition of 750 μl of PCI (phenol: chloroform: isoamylalco-

hol = 25: 24: 1). Then, centrifugation was performed at 14,000 

rpm for 10 minutes, and 500 μl of the supernatant was added 

to a new microtube. 350 μl of isopropanol was added to the 

separated supernatant, and the mixture was stirred for 5 mi-

nutes and reacted at -72℃ for 2 hr. After dissolving the re-

action product at room temperature, the tube was centri-

fuged at 14,000 rpm for 10 minutes, and the white pellet 

precipitated on the bottom of the tube was washed twice 

with 70% ethanol and dried at room temperature. Finally, 

DNA was dissolved in 20 μl of distilled water and the DNA 

concentration of each sample was adjusted to 20 ng/μl. The 

extracted DNA was subjected to PCR using markers identi-

fied in QTL analysis. PCR amplification was carried out us-

ing a QIAxcel (QIAGEN, Germany) electrophoresis analyzer 

for DNA amplification at 94℃ for 5 minutes, 94℃ for 30 

seconds, 61.5℃ for 30 seconds, 72℃ for 1 minute, and 72℃ 

for 10 minutes, Respectively.

PCR

The PCR amplification was carried out by adding 4 μl 

of 20 to 30 ng/μl template DNA, 2 μl of each primer, 0.75 

μl of dNTP, 4.8 ml of Ex Taq polymerase, 10× Ex buffer and 

34.25. For PCR amplification, 4 μl of 20 or 30 ng/μl template 

DNA, 2 μl of each primer, 0.75 μl of dNTP, 4.8 ml of Ex 

Taq polymerase, 10× Ex buffer and 34.25 nuclease water was 

added. Anneal at 56℃ for 30 seconds and at 72℃ for 30 

seconds. The reaction was annealed at 72℃ (initial temper-

ature 61.5℃) for 30 seconds while being annealed at 96℃ 

for 5 minutes, 96℃ for 30 seconds, and 34℃ for 30 seconds. 

PCR was performed on a GeneAmp PCR System 2700 

(Applied Biosystems, USA) or MyGenie 96 Thermal Block 

(Bioneer, Korea). The primers were: Forward 5'- ATG CAC 

ATT ACT ACA GTT GAC CGC-3', Reverse Transcription 

5'-TCA GCA TAC CAC ACC ATC GAC ATC-3' and 5'-TCA 

GCA TAC CAC ACC ATC GAC-3' (Table 1). After PCR, 

electrophoresis was performed on 0.8% agarose gel.

Gel extraction

The DNA samples were separated by 0.8% agarose gel 

into target sizes and extracted. The separated gel was puri-

fied using a QIAEX II gel extraction kit. Briefly, 200 mg agar-

ose gel was placed in a 1.5 μl tube. 900 μl of QX I and 10 

μl of QIAEX II were added, followed by vortexing for 30 

seconds. The reaction was allowed to proceed for 10 minutes 

in a water bath at 50℃ and vortexing was performed every 

2 minutes. After the reaction, centrifugation was performed 

for 1 minute (13,000 rpm) and the supernatant was discarded. 

500 μl of QXI was added, vortexed and centrifuged for 1 

minute. The supernatant was discarded and 500 μl of PE 

buffer (containing ethanol) was added, followed by vortex-

ing and centrifugation for 1 minute. Discard the supernatant 

as before. Then open the lid of the tube and wait for 10-15 

minutes. Add 20 μl of free water and vortex until DNA is 

dissolved. After the lid is closed, the reaction is allowed to 

proceed for 5 minutes, followed by centrifugation for 1 

minute. Since the DNA is contained in the supernatant, the 

supernatant is extracted and stored in the tube. Add 3 vol-

umes of QX1 buffer to the tube. Add of 30 μl of QIEX II, 

vortex for 30 seconds. Incubate at 50℃ for 10 minutes to 

dissolve the agarose and bind the DNA. Centrifuge the sam-
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Table 2. The plant traits of Cheongcheong/Nagdong doubled haploid (CNDH) lines

Plant traits
Parents CNDH population

Cheongcheong Nagdong Mean Range Mean

Heading date

Culm length (cm)

Panicle length (cm)

Number of panicle

1,000 grain weights (g)

105.3±2.9
a

 74.2±15.7

 21.3±1.4

 11.1±2.5

 28.5±1.2

104.6±5.2

 64.6±13.5

 19.3±1.8

 10.7±2.7

 25.6±8.7

105.0±4.2

 67.6±14.9

 19.9±1.9

  11±2.6

 27.2±9.2

86-141

43.7-111.2

15.7-27.9

5.0-19.0

8.2-31.8

103.1±10.1

 69.5±13.4

 21.1±2.4

 11.2±2.7

 25.0±3.4

aThe data are presented in mean ± standard deviation.

ple for 30 seconds and carefully remove the supernatant. The 

pellet is washed with 500 μl Buffer QX1. Air dry for 10 mi-

nutes until the pellet turns white, add 20 μl of nuclease-free 

water at room temperature for 5 minutes, centrifuge for 30 

seconds, and then transfer the supernatant to a new 1.5 μl 

tube.

PGEM-T easy vector ligation

Ligation is the process of inserting a gene into a cell and 

cutting the cell DNA to connect it with the target DNA 

fragment. To prepare the sample, make 3 μl of target DNA, 

5 μl of 2X ligation buffer, 1 μl of PGEM-T easy (vector) and 

1 μl of T4 DNA ligase, A total of 4 samples were made as 

a sample. For positive control, 2 μl of Control DNA, 5 μl 

of 2X ligation buffer, 1 μl of PGEM-T easy (vector), 1 μl of 

T4 DNA ligase and 1 μl of ddH₂O were used. For back-

ground control, 5 μl of 2X ligation buffer, 1 μl of PGEM-T 

easy (vector), 1 μl of T4 DNA ligase, and 3 μl of ddH₂O 

were used. After 1 hr of reaction at room temperature, 50 

μl of component cell (E. Coli) was added and the reaction 

proceeded in ice for 20 minutes. Then, the reaction is per-

formed in a water bath at 42℃ for 45 seconds, and the target 

DNA is introduced into E. coli. After 45 seconds, re-react 

for 2 minutes in ice, add 950 μl of LB medium, and put 

in Incubate for 90 minutes at 37℃. Incubate and centrifuge 

for 10 minutes. Add 40 μl of X-gal and 50 μl of IPTG to 

the solid medium. The centrifuged recombinant gene is in-

cubated at 37℃ for 16-24 hr in Incubate in solid medium. 

If the experiment is successful, there is white and blue col-

ony in the sample, white colony in the positive control, and 

white and blue colony in the background control. There is 

only a blue colony in the negative control. In the sample, 

insert the colony containing the white recombinant DNA in-

to a 5 ml LB solution and incubate for 16 hr at 37℃ on 

Incubate.

Plasmid DNA

The E. coli cultured in the LB medium is centrifuged to 

remove the LB medium. Dissolve the pellet in 250 μl of P1 

buffer (for DNA separation and purification). Add 250 μl 

of P2 buffer and mix thoroughly by inverting 4-6 times. If 

you used LyseBlue reagent, the solution turns blue. Add 350 

μl of N3 buffer and mix 4-6 times by inverting. If you used 

LyseBlue reagent, the solution turns colorless. Then cen-

trifuge at 13,000 rpm for 10 minutes. The supernatant ob-

tained after centrifugation is washed with 500 μl of PB buffer 

in a QIAprep spin column and centrifuged for 1 minute. 

Discard the filtrate. Add 750 μl of PE buffer and centrifuge 

for 1 minute. Discard the filtrate and centrifuge for an addi-

tional 1 min to remove the bottom of the filtrate and 

QIAprep spin column. Place the filter section of the QIAprep 

spin column in a 1.5 ml microcentrifuge tube to dissolve 

the DNA. Add 40 μl of distilled water to the QIAprep spin 

column, incubate for 15 minutes, and centrifuge for 1 minute. 

Thereafter, the filtrate in the e-tube contains plasmid DNA.

Results

When the number of days from sowing to the heading 

date was expressed, the result of examining the heading date 

of Cheongcheong/Nagdong doubled haploid (CNDH) 

showed that the mother plant, Cheongcheong and Nagdong, 

were 105 and 104, respectively, similar to CNDH, and 

showed a continuous variation close to the normal dis-

tribution (Fig. 2). As a result of investigating the growth 

characteristics, In the case of culm length, the CNDH group 

(69.5±13.4 cm) was lower than that of Cheongcheong 

(74.2±15.7 cm) and higher than Nagdong (64.6±13.5 cm). In 

the case of panicle length, the CNDH group (21.1±2.4 cm) 

showed a similar pattern in both Cheongcheong (21.3±1.4) 

and Nagdong (19.3±1.8). In the case of panicle number, the 

CNDH group (11.2±2.7) showed a similar pattern in both 
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A B

C D
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Fig. 2. Trait analysis of parents and population. The frequency distribution for growth survey in CNDH population. The black 

arrow represents Nagdong, the white arrow represents Cheongcheong. (A) Days after sowing, Nagdong; 104.6 days, 

Cheongcheong; 105.3 days, (B) Culm length, Nagdong; 64.6 cm, Cheongcheong; 74.2 cm, (C) Panicle length, Nagdong; 19.3 

cm, Cheongcheong; 21.3 cm, (D) The number of panicle, Nagdong; 10.7, Cheongcheong; 11.1, (E) 1,000 grain weights, Nagdong; 

25.6 g, Cheongcheong; 28.5 g.

Table 3. The chromosomal location of QTL associated with heading date in CNDH population

Locus LOD R2 Additive effect Marker Allele source

qHd8 3.93 0.14 8.62 RM72-RM404 Cheongcheong

Cheongcheong (11.1±2.5) and Nagdong (10.7±2.7). In the 

case of thousand grain weights, the CNDH group (25.0±3.4 

g) was lower than Cheoncheong (28.5±1.2 g), but it was sim-

ilar to Nagdong (25.6±8.7 g). In QTL analysis, one QTL was 

detected on chromosome 8 and was named qHd8. qHD8 was 

located between the RM72 and RM404 markers, and he 

range at qHd8 was approximately 7.7 cM. The LOD value 

was 3.93 and the R2 value was 0.14% (Table 3). There were 

13 Contig and 1 ORF. The gene named PSP, a gene for sig-

naling related protein, can be seen that it is related to growth 

reported by Yanying et al., 2008[12]. Gene cloning was per-

formed using the ORF found in QTL. After PCR, it was con-

firmed that the gene was cloned into a plasmid vector in 

24 of 30 samples. The gene length is 125 bp which is the same 

as the ORF length. Protein sequence analysis showed that 

PSP-like proteins were similar to OsO8g0341700, AtSFH13 

and AtSFH7 proteins (Fig. 3). Os08g0341700, which is in-

volved in signal transduction, is similar to phosphatidylino-

sitol transfer-like protein II, and complete information has 

not been released. However, it is estimated to play a role 

of phosphatidylinositol-specific signaling pathway related to 

Sec14P.

Discussion

Disaster-related extreme weather is rapidly increasing 
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Fig. 3. Similar protein sequences were analyzed at NCBI and the same amino acids were labeled.

due to unusual weather caused by climate change such as 

global warming. Usually in Korea, typhoons accompanied 

by rainfall approach August to September, causing great 

damage. In general, some breeze during the growing period 

of rice is known to give beneficial conditions to the physio-

logical action of rice, but excessive strong wind takes mois-

ture from plants in addition to mechanical injury to the rice, 

resulting in physiological disturbances such as wilting of 

leaves, discoloration and infertility of the glume. Causes In 

particular, if the wind hits strongly during the heading stage, 

the whole ear will dry and die, which greatly affects the 

quantity [2]. If the amount of discoloration increases due to 

the wind caused by typhoon, this directly affects the ripen-

ing rate and the perfect kernel rate, and as a result, it acts 

as a major factor in the reduction of yield. Therefore, in order 

to reduce typhoon damage, it is important to control it so 

that it does not heading during a typhoon [10]. The average 

of heading date of the CNDH line (103.1±10) was relatively 

short compared to the average of the heading date of the 

CNDH line in 2017(107.1±7.8), but this seems to be due to 

differences in weather by year [3]. The locations of the 

Cheongcheong and Nagdong, the mother plants of the 

CNDH line, were indicated by black and white arrows in 

the distribution chart, and the characteristics of the heading 

date, culm length, panicle length, the number of panicle and 

1,000 grain weights all have a normal distribution. To identi-

fy the QTLs, WinQTLCart Cartographer 2.5 was used. An 

LOD value of 3.0 was used as a threshold for obtaining QTL 

at p<0.05. The QTL locations identified in this study were 

compared to previously reported QTLs affecting rice 

heading. There have been many QTL studies on rice heading 

date. Zhang et al., 1997 [14] reported that the main QTL, 

which regulates the yield, heading date, and plant height 

of rice, is located on chromosome 8. Yano et al., 1997[13] 

performed QTL analysis using more than 850 markers. It 

was reported that two QTLs with a large effects were present 

on chromosomes 6 and 7, respectively, and three QTLs with 

minor effects were located on each chromosome 6, 7 and 

8. Li et al., 1995[7] reported that chromosomes 3 and 8 had 

one QTL associated with the heading date. In this study, 

it was confirmed that one QTL related to the water dispenser 

was located on chromosome 8.
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