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Genetic differences between photoperiod-sensitive and non-photoperiod-sensitive

Thai rice varieties
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ABSTRACT

Hd1 is a major gene controlling response to
photoperiod in rice. This study aimed to investigate
DNA sequences of Hd7 gene in Thai rice including
photoperiod-sensitive varieties (Khaotahhaeng 17,
Neawsunpatong, RD 6 and RD 15) and non-
photoperiod-sensitive varieties (Phitsanulok 2, Phrae 1,
RD 21 and Surin 1) to deepen understanding in
photoperiod response mechanism in Thai rice. Among
eight rice varieties, two base substitutions and length
polymorphism of poly C (20-25 bp) were found in the
promoter region. However, these variations may be
not responsible for photoperiod sensitivity in Thai rice
because the variable positions were not the
transcription factor binding sites or were not different
between photoperiod-sensitive and non-photoperiod-
sensitive varieties. One base pair substitution was
detected in the first exon but did not alter amino acid
residue. In the second exon, deletion of four base pairs
was found only in non-photoperiod-sensitive varieties.
The deletion caused a frameshift in DNA sequences
and changes in amino acid residues in the nuclear

localization signal (CCT motif) and may therefore
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result in a loss of function of Hd7 gene in the non-
photoperiod-sensitive varieties.
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Table 1 Details of primers used to amplify Hd7 gene.
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Specific location

Primer sequence (5°-3’)

Promoter

FP: GAGAATCAGTGTACTCATCAC

RP: GCTTGCACCACATGGACAAGTC
FP1: CATTGGTAATAATTTGACTTCTCC
RP1: TAACCTGAACTGATGTCAATACC
FP2: GCATGGCATAGTGTTAAAGGAG
RP2:GGTAGCCAGTGCAGATACATG
FP3: CGTTGTACCATACTCTGCACC
RP3: GAATTGAGTTTGTTATGCTGTGG

Exon 1 F1:

AGAGGAACAGGAGAAGACGC

R1: GCACCTGCACGTCGCACG

F2: TACCTGTGCGCGTCGTGC

R2: GTTCATGCATCCCATACTGC

F3: GCAGCAACAACGGCATGTATT

R3: ATGTAGTAACAACTAACTAACAAC
Exon 2 F4: GGTCTCTGACACCTGCAATC

R4: GTCTAGAACTACTCCCACTGG
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Figure 1 Effects of day length on days to heading of Thai rice varieties. Season 1 started from July 1, 2007
(in season). Season 2 started from October 20, 2007 (short-day condition). Season 3 started from April 1,
2008 (long-day condition). Vertical bars indicate standard deviations (n = 3). Stars indicate significant

differences from other seasons at P < 0.05.
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Table 2 Variable position in the promoter and exon regions of Hd7 gene.

Rice variety Variable position*
Promoter Exon 1 Exon 2
398 611 653 528 322
(Poly C)

Khaotahhaeng 17 T A 25 T AGAA
Neawsunpatong T G 24 C AGAA
Phitsanulok 2 T A 20 T 4 bp deletion
Phrae 1 T A 21 T 4 bp deletion
RD 15 C A 24 C AGAA
RD 21 T A 21 T 4 bp deletion
RD 6 T A 24 C AGAA
Surin 1 T A 21 T 4 bp deletion

* Position according to DNA alignment of each part of Hd7 gene.
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dotouss Wesaninsmanellesdiiuenny
8174 gl Tudrafilaildetasuss vldfans
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(Figure 2)

Khaotahheng_17 MNYNF GGNVFDQEVGVGGE GGGGGE GSGCPWARPC DGCRAAPSVVYCRADAAYLCASCDA
Neawsunpatong MNYNF GGNVF DQE VGVGGE GGGGGE GSGC PWARPC DGCRAAPSVVYCRADAAYLCASCDA
RD_6 MNYNFGGNVFDQEVGVGGE GGGGGE GSGCPWARPCDGCRAAPSVVYCRADAAYLCASCDA
RD_15 MNYNFGGNVF DQE VGVGGE GGGGGEGSGCPWARPCDGC RAAPSVVYCRADAAYLCASCDA
Phitsanulok_2 MNYNF GGNVF DQEVGVGGE GGGGGE GSGC PWARPCDGCRAAPSVVYCRADAAYLCASCDA
Phrae_1 MNYNF GGNVF DQE VGVGGE GGGGGE GSGCPWARPCDGCRAAP SVVYCRADAAYLCASCDA
RD_21 MNYNF GGNVF DQE VGVGGE GGGGGE GSGCPWARPCDGCRAAPSVVYCRADAAYLCASCDA
surin_1 MNYNF GGNVF DQE VGVGGE GGGGGE GSGCPWARPC DGCRAAPSVVYCRADAAYLCASCDA
W o o e e e o e e o e e o e o e W T R o o o W o o o o e e o o T e e e e o e W W
Khaotahheng_17 RVHAANRVASRHERVRVCEACERAPAAL ACRADAAALCVACDVQVHSANPLARRHQRVPV
Neawsunpatong RVHAANRVASRHERVRVCEACERAPAALACRADAAALCVACDVQVHSANPLARRHQRVPV
RD_6 RVHAANRVASRHERVRVCEACERAPAAL ACRADAAALCVACDVQVHSANPLARRHQRVPV
RD_15 RVHAANRVASRHERVRVCEACERAPAALACRADAAALCVACDVQVHSANPLARRHQRVPV
phitsanulok_2 RVHAANRVASRHERVRVCEACERAPAALACRADAAALCVACDVQVHSANPLARRHQRVPV
Phrae_1 RVHAANRVASRHE RVRVC EACERAPAAL ACRADAAALCVACDVQVHSANPLARRHQRVPV
RD_21 RVHAANRVASRHERVRVCEACERAPAALACRADAAALCVACDVQVHSANPLARRHQRVPV
surin_1 RVHAANRVASRHERVRVCEACERAPAAL ACRADAAAL CVACDVQVHSANPLARRHQRVPV
LA R A R R AR A R R R R R R R R R R R R R R R R R R
Khaotahheng_17 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
Neawsunpatong APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
RD_6 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
RD_15 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
Phitsanulok_2 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
Phrae_1 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
RD_21 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
surin_1 APLPAITIPATSVLAEAVVATATVLGDKDEEVDSWLLLSKDSDNNNNNNNNNDNDNKDNN
LA A AR R AR R AR AR R R AR SRRl R R Rl RSl Rl ARl AR R R R R RRELRERSES S}
Khaotahheng_17 NSNSSNNGMYF GEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
Neawsunpatong NSNSSNNGMYF GEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQOEMQKEFAE
RD_6 NSNSSNNGMYFGEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
RD_15 NSNSSNNGMYFGEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
Phitsanulok_2 NSNSSNNGMYFGEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
Phrae_1 NSNSSNNGMYFGEVDEYFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
RD_21 NSNSSNNGMYFGEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
Surin_1 NSNSSNNGMYF GEVDE YFDLVGYNSYYDNRIENNQDQQYGMHEQQEQQQQQQEMQKEFAE
LR R A A A R R R e R R R e R R R R R AR R R R R R R R R R R R
Khaotahheng_17 KEGSECVVPSQITMLSEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
Neawsunpatong KEGSECVVPSQITMLSEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
RD_6 KEGSECVVPSQITMLSEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
RD_15 KEGSECVVPSQITML SEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
Phitsanulok_2 KEGSECVVPSQITML SEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
Phrae_1 KEGSECVVPSQITMLSEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
RD_21 KEGSECVVPSQITML SEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
Surin_1 KEGSECVVPSQITMLSEQQHSGYGVVGADQAASMTAGVSAYTDSISNSISFSSMEAGIVP
AR RN R AR AR AR AR AR AR A AR ARARART A AR RARARAR AT ARRARAR AR AR RRARARTR R AN
Khaotahheng_17 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
Neawsunpatong DSTVIDMPNSRILTPAGAINLFSGPSLOQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
RD_6 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
RD_15 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
Phitsanulok_2 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
Phrae_1 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
RD_21 DSTVIDMPNSRILTPAGAINLFSGPSLOMSLHF SSMDREARVLRYREKKKARKFEKTIRY
surin_1 DSTVIDMPNSRILTPAGAINLFSGPSLQMSLHFSSMDREARVLRYREKKKARKFEKTIRY
LA R R R R R R R R A R R R R A R R R R R R R R RS R RS R AR R R R R AR R R R R
Khaotahheng_17 ETRKAYAEARPR = = = = = = = = = IKGRFAKRSDVQIEVDQMF STAAL SDGSYGTVPWF
Neawsunpatong ETRKAYAEARPR = = = = = = = = = IKGRFAKRSDVQIEVDQMFSTAAL SDGSYGTVPWF
RD_6 ETRKAYAEARPR === === x ~IKGRFAKRSDVQIEVDQMFSTAALSDGSYGTVPWF
RD_15 ETRKAYAEARPR- === ===« IKGRFAKRSDVQIEVDQMFSTAALSDGSYGTVPWF
phitsanulok_2 ETRRMQRHDPGSRAVSPRDQMCRSKWTRCSPLQLYL TVA---MVLFHGS - ===~~~
Phrae_1 ETRRMQRHDPGSRAVSPRDQMCRSKWTRCSPLQLYLTVA---MVLFHGS === =—~
RD_21 ETRRMQRHDPGSRAVSPRDQMCRSKWTRCSPLQLYLTVA---MVLFHGS ———————
surin_1 ETRRMQRHDPGSRAVSPRDQMCRSKWTRCSPLQLYLTVA---MVLFHG§ -------

LA s seee W s . “ "
. .

. e e e Dbt .

Figure 2 Amino acid alignment of Hd7 gene. The first gray box indicates B-Box type zinc finger domain. The

second gray box indicates CCT motif which is incomplete in non-photoperiod-sensitive rice varieties

(Phitsanulok 2, Phrae 1, RD 21 and Surin 1).
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