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Construction of RFLP Linkage Map and Identification of QTLs Controlling
Spikelet and Pollen Sterility in Rice
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Abstract  Quantitative trait locus (QTL) analysis has been carried out to identify genes conferring
spikelet sterility and pollen sterility in rice. As a first step, an RFLP linkage map based on the recombi-
nant inbred lines (RILs) was constructed. 125 RILs (F,) derived from a cross between a Japonica cultivar
Taichung 65 and an Indica cultivar ARC10313 were developed. The RFLP map contained 113 well-dis-
persed RFLP markers. Total map length was 1462. 4 ¢cM Linkage arrangement of the RFLP markers was
in good agreement with that of the previously constructed maps. 63 backcross F; lines (BF,) derived from
RILs were used as a segregating population for QTL analysis. Three QTLs for F, spikelet sterility were
detected on Chromosome 1, 7 and 11. Among them, a QTL near the RFLP marker R1789 (chromosome
7) was detected at significant level P=0. 0001, and one QTL for F, pollen sterility was also detected near
R1789 marker. Rf4 on chromosome 7 is known as fertility restorer gene. Above QTLs detected on chro-

mosome 7 in this study appeared to correspond to Rf4 locus.
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RFLP markers are used in distantly related RFLP markers, well-saturated linkage map based
crosses and quantitative trait loci (QTLs) can be on recombinant inbreed lines (RILs) of rice was
normally detected in the mapping population. With constructed in this paper. Sterility is a major barri-
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er for utilizing alien germplasm for rice breed-

[2~4]

ing Varying degrees of hybrid sterility are
commonly seen in crosses between Indica and
Japonica varieties. Using the RILs and their back-
cross lines, the QTLs associated with spikelet

sterility and pollen sterility in rice was sought.
1 Materials and methods

1.1 Construction of RFLP linkage map

125 Fy, lines developed by SSD (single-seed-
decent) were planted and DNA of these RILs was
extracted for RFLP linkage map construction.
RFLP probes 1998,
1996 %)) were supplied by Rice Genome Program,

( Harushima Tusnematus
Japan. RFLP between the parents were surveyed
(BamH 1, Bgll, Dral,
EcoR T ,EcoR V and Hind Il ). 113 markers were

using SIX enzymes

selected to construct the linkage map.
1.2 Spikelet sterility observation

Indica cultivar ARC10313 was crossed to a
Japonica cultivar Taichung65 as the female parent.
63 RILs were backcrossed to Taichung65 in 1999
and the 63 backcross F,(BF,) lines were planted in
2000. Spikelet sterility was calculated as the per-
centage of empty spikelets over total spikelets per
panicle for each of the RILs and BF,.
1.3 Pollen sterility observation

28 RILs were crossed to Taichung65 in 2000
and these backcross F,;(BF,) lines were planted in
2001. With BF, in 2001, pollen sterilty was ob-
served from anthers collected from spikelets at 1 to
2 days before anthesis and stored in 70% ethanol
and estimated as the percentage of pollen grains
that could be stained with acetic carmine. QTL
analysis was conducted using QGENE (Nelson
1997) ., a software for DNA-marker-based genetic

analysis on Macintosh™.
2 Results

2.1 Construction of RFLP linkage map
The RFLP map based on the RILs was shown
in Fig.4. It included 113 well-dispersed RFLP

markers. Since markers closely linked to the termi-

nal ends in the previous maps (Harushima 1998,
Tsnematsu 1996) were used in this study. the pre-
sent map covered whole genome. Total map length
was 1462.4 cM. Linkage of the RFLP markers
was in good agreement with that of the previously
constructed mapst *.
2.2 Spikelet sterility

Among the RILs, spikelet sterility was found
and the frequency distribution was shown in Fig.
1. Though 4 QTLs for RIL sterility were detect-
ed, the effects of the QTLs were little (Table 2).
therefore the spikelet sterility maybe resulted from

F, steriltiy.
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Fig. 1 Frequency distribution for
RIL spikelet sterility

Frequency distribution for BF, spikelet sterili-
ty in 2000 was shown in Fig. 2. Three QTLs for
BF, spikelet sterility were detected on Chromosome
1, 7 and 11 using BF, population (Fig. 4, Table
3). ARC10313 alleles in these regions reduced the
spikelet fertility on the heterozygous conditions.
Among them, the QTL near the RFLP marker
R1789 (chromosome 7) was detected at significant
level P=0. 0001. In the heterozygous condition,
ARC10313 allele around the RFLP marker R1789

caused low spikelet sterility by 9.4%.
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Fig. 2 Frequency distribution for BF) spikelet sterility
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2.3 BF, pollen sterility
Frequency distribution for BF, pollen sterility
in 2001 was shown in Fig. 3. One QTL for F,

pollen sterility were also detected near R1789

marker on Chromosome 7 (Fig. 4, Table 4) using
BF, population in 2001. ARC10313 allele in this
region reduced the pollen fertility on the heterozy-
gous condition by 10.7%.

‘ a Fl [ E 7
= ania LS ] o -] T L] -1 n
.-! sa Ll eta ro R84 1 RN | FENPBIOE e :"':"_'_'-n_.:..-.-u . | T ETI T g
o 4 |
e i I an 18P ) aHat T
i Tl o RA1EE E] ¥ L 14
[FT R iLxmab2? 18| =P lmimas 1
a0 Ctm 1E__B133D e Llean _|l-||m- e | | | remnn
T i | tee | |
ang ‘8 _imamp 2na
i+ 2 i
o6 | WHak B2 L1 |1 4.0 B _Leaa o
l o na Tt
| __NMpzI — R 4.0 %103 —JE1am
. wa | | T g w
-G IR | R ] s 198 ]
s s T
e ':-'lﬁuf'-".'" e LA 6.5 | E1e |, =
. | =R LER | s |
" 2 LT T .
Johd L lcaas | LLL, P, RHpRdd s
iF 1 Lmn [ 181 T.E | Caow 18 R L TIEL]
ara @ wa
P 1.m 1L e1zmn EHpEITE 0,050 280
=~ | | || ¥habaad | -E1FT] (TR ] B3 e
- 157 o 1-| et X 108 1.4
| 4% 303 |
. B " 129 54 ¥ | tnzaez =t K203 Ha
Enan | SRS
181 AMpBETT
L ] £ 13 n 1
i : i1 (. e =

T 207

1U Bani oo LLA]
ks |
| o= Wil SR L R ]
"L s ennin Hn i ikl
A\ P =
& :
h L anpaan (-\II 7L Firt wpiedes showility
J
. QTL Tor pllen menling
Fig. 4

3 Discussions

The linkage map presented here can be applied
to analysis other agronomic traits as it covers ade-
quately the rice genome. Strong segregation distor-
tion to ARC10313 was observed in chromosome 3.
6, 9, 10 and 11. At the Kyl1 and C607 loci, less
than 10% of RIL plants were homozygous for
Taichung65 alleles. The segregation distortion

may cause a problem as it will be difficult to elimi-

nate ARC10313 alleles from these regions.
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An RFLP map based on the recombinant population (Taichung65/ARC10313)

The QTL near R1789 on Chromosome 7 was
detected not only conferring spikelet sterility but
also pollen sterility in this study. Rf4 (Zhang ez
al. 1997) on chromosome 7 is known as fertility
restorer gene. QTL detected in this study appeared
to correspond to this fertility restoration locus.
This sterility QTL was the first one detected using
the RILs derived from Indica/Japonina variety
cross. More BF, lines and near-isogenic lines are
now under construction for further QTL analysis

and gene mapping.

Table 1 RFLP loci showing segregation distortion
RFLP loci(Chr. ) AAD aa? Total b RFLP loci(Chr. ) AAYD aa? Total b
C563(3) 23 97 120 45.63 C607(6) 8 112 120 90.13
R2778(3) 14 109 123 73.37 R2638(9) 49 74 123 5.08
XNpb182(3) 14 110 124 74.32 C609(9) 49 75 124 5.45
XNpb144(3) 29 94 123 34.35 C1263(9) 49 75 124 5.45
C1677(3) 27 91 118 34.71 XNpb108(9) 46 74 120 6.53
R19(3) 16 74 120 6.53 XNpb293(9) 44 74 118 7.62
XNpb48(3) 49 75 124 5.45 XNpb333(10) 42 79 121 11. 31
XNpb27(6) 39 79 118 13.55 R1629(10) 38 73 111 11.03
S1520(6) 46 72 118 5.72 C1166(10) 47 74 121 6.02
XNpb12(6) 48 74 122 5.54 XNpb52(11) 36 70 106 10. 90
XNpb135(6) 25 97 122 42.49 S723(11) 41 62 103 4.28
Kyl1(6) 5 120 125 105. 80 G1465(11) 94 21 115 46. 33

1) AA:Number of plants with TC65/TC65 genotype;2) aa:Number of plants with ARC10313/ARC10313 genotype; (X .. 05) = 3. 84)



5 WANG Chun-Ming et al. : Construction of RFLP Linkage Map and «-++-- 653

Table 2 QTLs detected for RIL spikelet sterility
RFLP loci Near QTL.  Chromosome AAD (ND aa? (N) F P Additive®
S1520 chré 95.93 45 92.79 72 7.38 0. 0076 1.8
XNpb27 chré 95.9 39 93. 04 78 5.61 0. 0195 1.4
C955 chrl 95. 07 74 92.48 47 5.23 0. 024 1.3
R727 chr8 95.4 55 93.08 62 4.43 0.0375 1.2

1) AA: homozygous for Taichung65 allele.

2) aa: homozygous for ARC10313 allele.

3) Additive: Additive effect of Taichung65

allele.
Table 3 QTLs detected for BF, spikelet sterility
RFLP loci Near QTL.  Chromosome AAD (N) Aa? (N) F P Additive®
R1789 chr7 93. 36 34 83.91 18 17.93 0. 0001 9.4
XNpb179 chrll 92. 06 26 87.2 28 4.2 0. 0456 4.8
XNpb346 chrl 91. 64 38 87.05 18 4.15 0. 0466 4.6

1) AA: homozygous for Taichung65 allele.

2) Aa: heterozygote.

3) Additive: Additive effect of homozygous allele.

Table 4 QTLs detected for BF, pollen sterility
RFLP loci Near QTL.  Chromosome AAD (N) Aa? (N) F P Additive®
R1789 chr7 88.71 14 67.25 14 8.96 0. 006 10. 7

1) AA: homozygous for Taichung65 allele.
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