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Identification of QTLs for Plant Height and Its Components by Using
Single Segment Substitution Lines in Rice (Oryza sativa)
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Abstract: QTLs for plant height and its components on the substituted segments of fifty-two single segment substitution lines (SSSLs)

in rice were identified through t-test (P<<0.001) for comparison between each SSSL and recipient parent Huajingxian 74. On the 14

substituted segments, 24 QTLs were detected, 10 for plant height, 2 for panicle length, 4 for length of the first internode from the top,

5 for length of the second internode from the top and 3 for length of the third internode from the top, respectively. All these QTLs were

distributed on nine rice chromosomes except chromosomes 5, 9 and 11. The additive effect ranged from —4.08 to 3.98 cm, and the

additive effect percentages varied from —19.35% to 10.43%.
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Plant height is one of the most important traits
associated with plant type and yield potential in rice.
In the 1960s, the development of semi-dwarf cultivars
had made a marked advance in rice productivity. Since
then, the genetic basis of plant height was widely
studied. Since semi-dwarf gene sd-1 was first
characterized in the Chinese variety Dee-geo-woo-gen,
more than 60 genes responsible for the dwarf or
semi-dwarf growth habit of rice varieties have been
identified by using classical genetic anaysis [ 2.
Many dwarf or semi-dwarf genes have been mapped
on rice genetic linkage maps *®. Gene sd-1 has been
cloned and widely utilized in the breeding of
high-yielding varieties ®.

There have been many studies attempting to map
QTLs for plant height in rice using molecular marker
genetic analysis [, Partitioning plant height into
panicle length and length of upper internodes has
significant implications for deeply understanding the
genetic basis of plant height in rice ™. Lin et a ™
detected 7 QTLs for plant height, 3 QTLs for panicle
length and 17 QTLs related to upper internodesin aF,
population constructed from Tesanai 2/CB. Tan et a 4
identified 4 QTLs for plant height and 12 QTLs
controlling the length of upper internodes using a
DH population from a cross between Zhaiyeqging 8
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and Jingxi 17. Yamamoto et al [*¥ mapped 6 QTLs
for culm length, 4 QTLs for panicle length and 17
QTLs for the length of upper internodes using a
BC,Fs population derived from the Koshihikari/
Kasalath//K oshihikari cross.

The populations usually used for QTL
mapping in self-pollinated crops were F,/F3, BCy,
DH or RIL ™. To facilitate genetic mapping of
QTLs, some secondary mapping populations were
developed. Eshed and Zamir ™ constructed introgression
lines (IL) and used them to map QTLs for
agronomically important traits in tomato. Yu et al 1*®
studied the heterosis between japonica and indica rice
using a set of chromosome segment substitution lines
(CSSLs) covering the whole indica genome with the
japonica genetic background. Their results clearly
demonstrated the validity of using ILs or CSSLsin the
genetic analysis of quantitative traits. We have
constructed a series of single segment substitution
lines (SSSLs), each containing only one marker-
defined chromosomal segment introgressed from one
donor into a cultivar's genetic background " 8.
Through trait comparison between SSSLs and the
recipient parent, QTLs on the substituted segments for
important traits were identified and their genetic
effects were estimated [** 2%, In the present study,
we identified QTLs for plant height and its
components on the substituted segments of 52 SSSLs
inrice.
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MATERIALS AND METHODS

Plant materials and traits measur ements

Fifty-two SSSLs were used in the experiment.
These SSSLs were developed via microsatellite
marker-assisted selection, from six advanced
backcrosses involving recipient Hugjingxian 74 and
six donors. The average length of the substituted
segments in fifty-two SSSLs was 25.0 cM. The total
covered length on rice chromosome was 766.1 cM,
accounting for 50.4% coverage of rice genome ¥,

The experiment was performed at the farm of
South China Agricultural University, Guangzhou,
China, during second season of 2002. Each SSSL,
together with six donors, Suyunuo, IR64, IRAT261,
Chenglongshuijingmi, Lemont and IAPAR9, was
planted at a single plot in the same field. Three plots
of Huagjingxian 74 were aso randomly planted in the
field. The individua plot consisted of four rows with
ten plants per row.

The twelve plantsin the middle of the two central
rows were measured at maturity for plant height (PH),
panicle length (PL), length of the first internode from
the top (LFI), length of the second internode from the
top (LSI) and length of the third internode from the
top (LTI).

Analysis of environmental influence

Huajingxian 74 was planted in three replications
randomly. The environmental influence on the traits
tested was evaluated via F-test for comparison in three
Huajingxian 74 plots.

QTL analysis

QTL analysis was conducted as suggested by Liu
et d ™. The QTLs for plant height and its components
were detected by t-test for comparisons between each
SSSL and the recipient parent Hugjingxian 74 with a
significance of P<<0.001. QTLs were nominated as
described by McCouch et al .

The additive effect and the additive effect
percentage of the QTLs were estimated. The additive
effect was half of the difference between each SSSL
and Hugjingxian 74.

QTL substitution mapping approach was
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employed to detect the exact QTL position as
described in previous article . If one QTL could be
detected in both SSSLs containing overlapping
substituted segment, the QTL was localized to the
overlapping interval; If one QTL was detected in one
SSSL, but not detected in another SSSL with
overlapping segment, the QTL was mapped at the
non-overlapping interval of the overlapping segments.

RESULTS

Phenotypic variation among parents

F-tests showed that the differences for PH, PL,
LFI, LSI and LTI in three Huajingxian 74 plots were
not significant (P > 0.05), indicating that the
environment had no significant influence on the traits
tested. Hence, the phenotypic values in three
Hugjingxian 74 plots were mixed as a control in t-test.

The differences for plant height, panicle length,
length of the first internode from the top, length of the
second internode from the top and length of the third
internode from the top between Hugjingxian 74 and
each donor were determined via t-test. As a result, at
least two traits were different significantly (P<<0.01)
between Hugjingxian 74 and each donor (Table 1).

QTLsdectected for plant height and its
components

A total of 24 QTLs for plant height and its
components were detected on 14 substituted segments
(Table 2), but no QTL was detected on other 38
substituted segments. The additive effects of
twenty-four QTLs ranged from —4.08 to 3.98 cm, and
the additive effect percentages of the QTLs varied
from —19.35% to 10.43%.

Ten QTLs for plant height were detected on
chromosomes 1, 2, 3, 4, 7, 8, 10 and 12, respectively.
The additive effects of 7 QTLs were positive, ranging
from 2.06 to 3.98 cm. The aleles increasing plant
height were from IR64, Chenglongshuijingmi and
IAPAROY, respectively. The additive effects of the other
3 QTLs were negative, with arange from —4.08 to —2.66
cm. The aleles decreasing plant height were from IR64,
IRAT261 and Chenglongshuijingmi, respectively.

Two QTLs for panicle length (QPL-4 and gPL-7)
were found on chromosomes 4 and 7. The panicle length
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Table 2. QTLs for plant height and its components on the substituted segments in rice SSSLs.

LTT (cm)

LSI (cm)

LFI (cm)

PL (cm)
QTL A A%

PH (cm)

Substituted

Chr.

Donor

SSSL

A%

QTL

A A%

A A%
-2.11 -7.06

QTL
gLFI-1

Length
(cM)

QTL

Al%

A

QTL
-2.66 -3.17

segment

RM490 - RM493
RM154

gPH-1
gPH-2

40.8

1
2
3

IRAT261

H18-01-03
HO08-02-01

H08-03-01

1 3.00

35
gPH-3-1 —4.08 —4.87

35

IR64
IR64
Chenglongshuijingmi

-191 -19.35

qLTI-3

gqLSI-3-1 —0.87 -5.50

17.2

PSM304 - RM231

1.65 10.43

qLSI-3-2 0.64 4.05

gLSI-3-2

237 gPH-3-2 398 475
gPH-3-2 206 246

RM168 - RM293
RM168 - RM571

31.8

4.39

1.31

gLFI-4

350 4.18 qgPL-4 092 437

qPH-4

159

RM451 - RM317

6.79

0.67

qLTI-6

18.4

RMS08 -~ RM225

OSR22 - RM70

3
3
4
6

H20-03-02
H20-03-03
H27-04-01
H27-06-02
H08-07-01
H08-07-02
H08-07-03
H20-08-01
H27-10-02

HO07-12-01

Chenglongshuijingmi

TIAPAR9
IAPAR9
IR64

IR64

254 3.03 gPL-7 123 5.84

gPH-7-1

18.7
32.1

7
7
7
8

140 4.69
1.08 3.62

352 420 gPL-7 1.02 484 gLFI-7

qPH-7-1

OSR22 - RM18

gLFL7

3.47
-3.53 -4.21

gPH-72 291
gPH-8

134
11.7

RM234 - RM18

IR64

Chenglongshuijingmi

-0.73 —4.61

qLSI-8

RM547 - RM72

10.23

gLTI-I0 101

1.36 8.59

gLSI-10

2.85 340

gPH-10

272

PSM166 - RM304

10
12
12

“A” is additive effect of QTL. “A/%” is the additive effect percentage of QTL.

IAPARY
Suyunuo
Chenglongshuijingmi

gLFI-12 —164 —5.49

20.0

RM277 - RM519

062 3.92

gLSI-12

294 351

gPH-12

27.2

PSM188 - RM17

H20-12-01

PH, Plant height; PL, Panicle length; LFL, Length of the first internode from the top; LSI, Length of the second internode from the top; LTI, Length of the third intemode from the top.

in the SSSLs were increased by the IAPAR9 allele at
the gPL-4 locus and IR64 dlele at the gPL-7 locus.
Their additive effects ranged from 0.92 to 1.23 cm,
and the additive effect percentages varied from 4.37%
to 5.84%.

Four QTLs on chromosomes 1, 4, 7 and 12 were
detected for Length of the first internode from the top.
The IAPAR9 dlele at gLFI-4 and the IR64 allele at
gLFI-7 increased the length of the internode. The
additive effects ranged from 1.08 to 1.40 cm, and the
additive effect percentages varied from 3.62% to
4.69%. The IRAT261 adlele a gLFI-1 and the
Suyunuo allele at gLFI-12 decreased the length of the
internode. The additive effects were —1.64 and —2.11
cm, and the additive effect percentages were —5.49%
and —7.06%, respectively.

For Length of the second internode from the top,
five QTLs on chromosomes 3, 8, 10 and 12 were
involved. Length of this internode was increased by
the Chenglongshuijingmi alleles both at qLS-3-2 and
gLS-12, and by the IAPAR9 dlele at qLS-10. The
additive effects ranged from 0.62 to 1.65 cm, and the
additive effect percentages varied from 3.92% to
10.43%. Length of the internode was decreased by the
IR64 allele at qLS-3-1 and the Chenglongshuijingmi
alele at gL9-8. The additive effects were —0.87 and
-0.73 cm, and the additive effect percentages were
—5.50% and —4.61%, respectively.

The length of the third internode from the top
was controlled by three QTLs on chromosomes 3, 6
and 10 respectively. Length of this internode was
increased by the IAPAR9 alleles both at gLTI-6 and
gLTI-10. The additive effects were 0.67 and 1.01 cm,
and the additive effect percentages were 6.79% and
10.23%, respectively. The IR64 adlele at gLTI-3
decreased length of the internode. The additive effect
was —1.91 cm, and the additive effect percentage was
—19.35%.

QTL substitution mapping

Nine QTLs were mapped in smaler intervals
using substitution mapping strategy (Fig. 1).

gPH-1 and gLFI-1 were detected on the
substituted segment of H18-01-03, but not detected in
H18-01-01 with overlapping segment, which clearly
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Fig. 1. Substitution mapping of QTLsfor plant height and its componentsin rice.

The substituted segments are represented by horizontal bars with the name of the SSSLs on the left. The intervals located QTLs are shown by
two vertical dotted lines on substituted segments. The SSR linkage maps were quoted from Huang!?2.

indicated that gPH-1 and gLFI-1 were located at the
non-overlapping interva of RM243-RM493. The
length of thisinterval was 33.8 cM.

gPH-3-2 and gLS-3-2 were detected on the
substituted segments of H20-03-02 and H20-03-03.
Therefore, the two QTLs were located at the 23.7 cM
overlapping interval of RM168-RM293.

gLTI-6 was identified on the substituted segment
in H27-06-02, but not identified on the substituted
segment in H27-06-03. This revealed that gL TI-6 was
at the non-overlapping interval of RM508-RM589
with length of 3.0 cM.

The substituted segment of OSR22-RM18 in
HO08-07-02 can be divided into two intervals. The
interval of OSR22-RM70 aso was same as the
substituted segment in HO8-07-01 and the interval of
RM234-RM18 was same as the substituted segment
in HO8-07-03. QTLs for plant height were detected on
the substituted segments in the three SSSLs. The
results indicated that there were two QTLs for plant
height in the substituted segment of OSR22-RM 18 in
HO08-07-02, one at the interval of OSR22-RM70 and
the other at the interval of RM234-RM18. The QTL at
the 18.7 cM interval of OSR22-RM70 was designated
as gPH-7-1, and one at the 134 cM interval of
RM234-RM 18 was gPH-7-2. Both the gPH-7-1 dlele
and the gPH-7-2 dlele from IR64 increased plant
height, and their genetic effects were 2.54 and 2.91 cm,
respectively. The additive effect for plant height
increased to 3.52 cm when the gPH-7-1 and qPH-7-2
were on the same substituted segments in H08-07-02.
Furthermore, gPL-7 was detected on both substituted
segments in H08-07-01 and HO08-07-02, but not
detected on the segment in HO8-07-03. This suggested

that gPL-7 was localized at the interval of OSR22-
RM70. gLFI-7 was detected on both segments in
H08-07-02 and HO08-07-03. Therefore, the gLFI-7
resided at the interval of RM234-RM 18.

The 24 QTLs were distributed on 9 chromosomes
except chromosomes 5, 9 and 11 (Fig. 2). gPH-2 and
gLTI-6 were mapped at the interval lessthan 10.0 cM.

DISCUSSION

Some researchers have carried out QTL analyses
plant height and its components in
Comparison of the chromosomal locations of QTLs in
this study with those in other reports suggests that the
QTL gPH-4 and Ph4.1 detected by Moncada et a @,
gPL-7 and PLH detected by Brondani et al [, gLTI-10
and Lti10 detected by Liu et a ¥ are mapped in
similar chromosomal locations. However, no similar
reports are available on gPH-2, gPH-12 and qLS-12
identified in this study. Therefore, they are likely new
genes involved in plant height or its components. The
discovery of the new QTLs will be useful in rice
breeding for improving plant type.

Currently, severa genes controlling plant height
in rice have been cloned. Some genes were involved
in the gibberellin (GA) metabolic pathway in rice [® %3,
In comparison, three GA biosynthetic candidate genes
OsKSl, OsKS2 and OsKS3 on chromosome 4
characterized by Sakamoto et al * were in similar
chromosomal regions with gPH-4, gPL-4 and gLFI-4
identified on the substituted segment of H27-04-01 in
this study. These results support Robertson’s
hypothesis that the major and minor genes are

for rice.
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Fig. 2. Chromosomal location of 24 QTLsfor plant height and its componentsin rice.
SSR markers are indicated on the right of the chromosomes. Map distance (cM) ruler is shown on the left of the figure. Bars on each

chromosome refer to the intervals with the QTL identified on the left.
different alleles of the same loci 2.

Compared with conventional QTL anaysis
approach %, the efficiency of QTL detection may be
improved by the use of SSSLs [** % Additionally,
research on complex epistatic interactions among
QTLs can be performed without the disturbance of
undesirable segments ®. We have identified
twenty-four QTLs for plant height and its components
on the fourteen substituted segments, thereby enabling
us to proceed to study their epistatic interactions.

Based on the pattern of decreasing plant height in
rice, the genes controlling plant height can be
categorized into three classes: (1) genes controlling
number of upper internodes, (2) genes controlling
length of upper internodes, and (3) genes for both
number and length of upper internodes™?. In typical
japonica genetic background, semi-dwarf gene sd-1
reduces plant height mainly via shortening length of
upper internodes *7. In the present study, nine
chromosome segments carrying QTLs for plant height
were common with those associated with panicle
length and (or) length of upper internodes, which
reflected the genetic basis of panicle length and length
of upper internodes as the components of plant height,
and indicated that plant height was controlled by
QTLsfor panicle length and QTLs for length of upper
internodes simultaneously. Plant height is one of the
important breeding traits for plant type in rice. The

QTLsfor plant height and its components are useful in
rice breeding program for constructing ideotype.
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