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Identification of Molecular Markers Linked to QTLs Related to Early Heading
Date in BCsF2 Population from the Cross of Photoperiod-sensitive RD6 and

Photoperiod-insensitive Taichung 65 Varieties
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Abstract
Heading date is an important trait of each rice varieties which adapts it self to grow in different
areas and seasons. Beside, change in heading date has a much effect on rice yields. Thus heading
date is a major objective in rice breeding programs. Therefore, 11 molecular markers, found in
photoperiod-insensitive glutinous rice RD6 line BCSF5-1752(6), were analyzed for their relationships with

QTLs that control early heading date trait in BCSF2 population of photoperiod-insensitive glutinous rice
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RD6 (248 plants). Based on the investigation of the relationship between genotype and heading date
(phenotype) using Single-Factor Analysis of Varience method, it is found that 11 positions of molecular
markers has high significant relationship (P<0.01) with the early heading date trait. After that, data were
analyzed with multiple regression method for the molecular markers having a relationship with the early
heading date trait. It is found that 3 positions of the molecular markers (er3) had a relationship with the
early heading date trait most (P<0.0001) which the partial R-square value is 0.1410 followed by hd1
marker and hd2 marker (P<0.0001) which the partial R-square value are 0.0891 and 0.0611, respectively.
Therefore er3, hd1 and hd2 markers can be used for the selection in photoperiod-insensitive RD 6 in order

to have an appropriate heading date.

Keywords : rice, heading date, molecular marker, photoperiod sensitivity, SSR marker
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W.A. 2554 (397030 WATANLE, 2555) TMLHeINLITEENAN IR UNAAAUuNIT g nUinFaNLALIAEY
o q vy = M o e s o o & A A c o A
inlidawmitian nae lalasiedasuasanaiugidongiuineotlszunn 160 44 Sefiadndengiufaaienouiu
iidufienuaesinumans mmymmﬂuvlmumaﬂ@ﬂﬂﬂmwuﬁmumummmawuﬁmqmum na6 Tlasadaa
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QTLs ‘17{mu@uﬁﬂwm:mﬁuﬂﬂnm@m%uﬁmm:ﬁﬂm !
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ApeinnafiuBunndudouaiSuefideennsdaeisaEninswiaa (electrophoresis) IngianAenis
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mumwuﬁ na6) homozygous mﬂﬂwuiﬂﬁ ‘mfa‘wuﬁ Taichung 65) WAL heterozygous mmemmumqw
#lulniluuy homozygous aaeiugsy Tiazuuwwdu 2 gt tuintTuuy homozygous U847 ug b

=

Tiazuunilu 0 uarsiudraniauiniluuy heterozygous Tmzuuinily 1 aldifludayanestiulnddmiu
NNTAATIEN

!
a

nsAnnsinmamdriusizninetemangliiana deyad uint) flegindvsedafatu QTLs 7
PaupNAnEUzengiueannaniuayiusennan (deayanlulng) tnathdeyallulng waztiulniuesdnn
uAasduRl AT siAnduLssAnaaedannmsonans (regression coefficient, R?) LIRS
‘Em@q@ﬁ@ﬁinﬁﬁ@%ﬁmﬁu QTLs ?;ﬁfm@m”m:fmmwﬁumﬂmnﬁuimﬂ@mqu@ﬂnm@nﬁ”aﬁ'ﬁ%
Single-Factor Analysis of Variance Lﬁfaﬁmmyﬁ@md’]Lﬂ"?‘lfawma‘lumm (Hayatlulni) ﬁﬂﬂlﬂé’ﬂ?@
faRANL QTLs u,m@UmLLuumuumwﬁuwuﬁnummu@mm@nﬁu (m@mWTuTmﬂ) videlal avmiiuriy
Lm’a\‘mmﬂiumﬂ@mLﬂm“’ﬂﬂmﬁ Single-Factor Analysis of Variance ‘iNmem’mLLmﬂm\Wl’Nmmf;l’N
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Taichung 65 uazaeiuginamilen ne lalosiedasuas BC F -1752(6) winril 88 uay 98 Suanuandy wous
wmfﬂqmmmmwuﬁ n16 ldaannan (Figure 1) Lmuw@u@W‘Eu”Lwﬂmmﬂ@vmmm@mq BCF, 4114914248
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(a)Talchung 65 / (b) RD 6 (c) RD6 BC,Fy 1752(6)

Figure 1 Shows the phenotype of photoperiod sensitivity in off-season 2012 (a) non-photoperiod sensitive
rice variety Taichung 65 (b) photoperiod sensitive rice variety RD6 (c) non-photoperiod
sensitive rice line RD6 BCSF5—1 752(6) and (d) RD6 BC5F2 populations have segregation in terms

of days to heading date.
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Figure 2 Frequency distributions of days to heading shows non-normal distribution in BC5F2 population
and the parental lines, Taichung 65, RD6 BCSF5-1752(6) and RDG6 in off-season 2012. Arrows

are indicated mean value. (nh = no heading date after 170 days)
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Lﬁ'ﬂﬁLm%ﬁmﬁmuﬁuﬁuﬁ’imdwLﬂ?:@wmsﬂuL@ﬂ@ﬁ@ﬁiﬂé’ﬁ?@ﬁmﬁmﬁ“‘u QTLs ﬁmmuﬁﬂwmv
mmu@@nm@ﬂmuu,mvmeummummumnm@nsluﬂ@vmmmamwmﬂavmnmam@‘u BCF, 8D
Single-Factor Analysis of Variance LW@')Lﬂ?%W)’]Lﬂ‘imﬂu’mIML@ﬂ@%'ﬂﬂﬂ@ﬁ‘iﬂﬂmmmﬂu QTLs uuumfm
Auiusiuengdueanaenvse i Ineldlusunsuddag sas mamimmamwmmﬂLm@wma‘ﬂmaq@umm
ﬁuﬁuﬁ“ﬁuﬁnwmzmﬁumnmﬂm%uﬂﬂwﬁﬁﬂéﬂﬁmﬂlq (P<0.01) tnenasastaneily \ana er3 marker, RM507,
hd1 marker, RM5963, se5 marker, RM136, RM505, RM234, RM18, er2 marker LWag hd2 marker HAn R-square
winfiu 0.1429, 0.0661, 0.1150, 0.1097, 0.0645, 0.1094, 0.0379, 0.0442, 0.0409, 0.0513 waz 0.0730 AN
a6 (Table 1)

ANUAR AN AAN NSNS AT LA A T ERE T multiple regression PBLATIMNNY
‘EuL@ﬂmnmmmmwuﬁﬂmﬂwmvmmu@@ﬂm@ﬂ:ﬁu mam@mmmwuLm@wmsﬂm@ﬂ@ 3 Aune An
witaaaneluiana er3 ‘marker Nmmmuwuﬁnu@nwmwmmuﬂ@nmﬂnzmmnmm TnaidiAonuduiugiy
@ﬂwm:faqmu@faﬂm@ﬂmu@mmuammym (P<0.0001) WaziAN partial R-square Wi 0.1410 9998911
A9 hd1 marker Waz hd2 marker dAntasgn nediAn partial R-square WAL 0.0891 Uay 0.0611 ANNATAL
(P<0.0001) ( Table 2) (Figure 3, 4 ua% 5) AanARBNTLINE4IL8S Yano et al. (2000) Aldinn s lrauiiu Ha1
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Table 1 Shows single-factor analysis of variance, which analyze of each SSR marker with it's linkage
gene related to early heading date in BC5F2 population of photoperiod-sensitive RD6 and

photoperiod- insensitive Taichung 65 varieties in off-season 2012.

Chromosome No. SSR marker R-square P-value
5 er3 marker 0.1429 <.0001**
5 RM507 0.0661 <.0001**
6 hd1 marker 0.1150 <.0001**
6 RM5963 0.1097 <.0001**
6 seb marker 0.0645 <.0001**
6 RM136 0.1094 <.0001**
7 RM505 0.0379 0.0021**
7 RM234 0.0442 0.0009**
7 RM18 0.0409 0.0014**
7 er2 marker 0.0513 0.0003**
7 hd2 marker 0.0730 <.0001**

** Highly significant

Table 2 Multiple regression analysis of each SSR marker with it's linkage gene related to early heading
date in BCSF2 population of photoperiod-sensitive RD6 and photoperiod-insensitive Taichung 65

varieties in off-season 2012.

Chromosome No. SSR marker R-square P-value
5 er3 marker 0.1410 <.0001**
6 hd1 marker 0.0891 <.0001**
7 hd2 marker 0.0611 <.0001**

** Highly significant
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Figure 3 Profiles of hd? marker that linked to gene hd7 on 3% agarose gel in BCSF2 population. M

represents 100 bp ladder, P1 = RD6, P2 = Taichung 65, BIL= photoperiod-insensitive rice line
RD6 BCSF5—1752(6), lane 1-22 are BC5F2 population of photoperiod-sensitive RD6 and
photoperiod-insensitive Taichung 65 varieties.

M PIP2BIL1T 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22

8

8

L. e @B - - e SR e - e -

100

Figure 4 Profiles of er3 marker that linked to QTL er3 on 4% agarose gelin BCSszopulation. M represents
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100 bp ladder, P1 = RD6, P2 = Taichung 65, BIL= photoperiod-insensitive rice line RD6 BC3
F5-1752(6), lane 1-22 are BC5F2 population of photoperiod-sensitive RD6 and photoperiod-
insensitive Taichung 65 varieties.
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Figure 5 Profiles of hd2 marker that linked to gene hd2 on 4% agarose gel in BCSF2 population.
M represents 100 bp ladder, P1 = RD6, P2 = Taichung 65, BIL= photoperiod-insensitive rice
line RD6 BCgF5-1752(6), lane 1-22 are BCBF2 population of photoperiod-sensitive RD6 and

photoperiod-insensitive Taichung 65 varieties.
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