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Genetic analysis on tiller number and plant height per plant in rice (Oryza
satival.)
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Abgtract : Tiller number and plant height are two important agronomic traits of rice. In order to dissect
their genetic architecture, QTL mapping for the two traits was conducted by usng a DH population
derived from an indicarjaponica rice crossof IR64 x Azucena. Phenotypic data was evaluated in two crop
seasons and analyzed by the mixture-model based on composite interval mapping (MCIM) method. The
results showed that tiller number is mainly controlled by both the general genetic factor and the GE
interaction factor (with 61 7 % of the general heritability and 17. 2 % of the GEinteraction heritability) .
A total number of 19 QTL s was detected to asociate with tiller number. Of these, 9 and 6 QTL s were
with sngle locus effects and digenic effects, respectively. The epistatic effect between QTL 1-8 and
QTL 1- 12 was suggested to be a magjor effect due to the contribution of 21. 6 % in pring season. Pant
height is mainly controlled by the general genetic factor with 92 6 % of the general genetic heritability ,
which isinfluenced by a total number of 15 QTLs. Of those, 8 QTL s with additive effects, 1 QTL with
additive x environment interaction effect and 4 pairs of epistatic QTLs with additive x additive
interaction effects were detected. QTL 1- 15 is suggested as a major QTL and the remaining QTL s were
ones with minor effects. Sgnificant negative partial phenotypic correlation was observed between the two
traits. However , exploring the genetic basis of trait correlation is still necessary in further study.
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Tiller number plays an important rolein the  studies™™ . In this study, the genetic bases of

formation of grain yidd in rice, and plant heght
isas oneof the most important trats related to
plant status and yidd potentid. Appropriate tiller
number and plant height are the pre-requiste for
attaining dedred yield in rice breeding programs.
Thus, understanding the genetic bas s underlying
the inheritance of these two traitsisof importance
for genetic improvement of rice.

There have been many studies attempting to
disect the genetic bass of the two traits by
classca genetic analyds. The recent advancesin
molecular marker technology'™ have provided a
powerf ul tool for euddating the genetic bass of
quantitative traits. QTLs for tiller number and
plant height in rice have been reported before!**! .

However, in most of the previous QTL
mapping studies, data analyds was only from a
Genetic modds used
And QTL X
interaction was usualy

sngle environment™® .
aways assumed no epistass® .
( QE)
inferred by applying the methodology of two-way
analyss of variance or multiple regressons”.
Obvioudy, al those do not alow reliable and
dfident  dissection and QE
interactions® important
components of quantitative traits® .

A mixed-modd based on compodte interva
mapping (MCIM) methodology'**® was proposed
for mapping QTLs with additive and epistatic
dfects, as wdl as thar QE interaction, and the
correponding oftware QTL Mapper was dD

environment

of epidads

which are genetic

developed for andyzing the experimental data
derived from multiple environments. This method
to date has been widdy applied in QTL mapping

tiller number and plant heght in rice were
andyzed usng the MCIM methodology for data
derived
environments.

from a DH population in two

1 Materids and methods

One hundred and thirty five doubled haploid
(DH) lines derived from a cross between IR64,
an indica variety adapted to irrigated condition,
and Azucena, an upland aromatic jgponica
variety'™ | were used in this experiment. Because
the seeds of ome DH lines were insuffident , a
sub-population of 129 lines was applied in the

preent trid. The seeds of DH lines were
provided by the Internationa Rice Research
Ingtitute.

The fidd experiments in a randomized
complete block desgn with two replications, were
oonducted in spring season (from March to
August) and fal season (from August to
December) in 2002, respectivdy, at the
experimental farm in Suth China Agriculturd
Univerdgty, Guangzhou, China. The germinated
seeds were own in a seedling bed and seedlings
were trangplanted to a paddy fidd 30 days later ,
with a dngle plant per hill gaced at @ 3 m X
0 2 m. Each plot condsted of four 3 m long rows
with 16 plants. The management of the fidd
experiments was in accordance with local standard
practices.

Ten plants in the midde of the inner two
rows of each plot were investigated to score tiller
number (TN, the tiller numbers per plant on 45
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th day ater trangplanting) and plant height (PH ,
the height per plant in cmfrom the soil surface to
the tip of the talest panicle at maturity exd uding
awn) , and the average for ten plants was used in
the andyss.

The linkage map used in this study was
established in a previous study™. The
prdiminary data st of RALP markers on rice
chromosome magp generated from the initia
population of 135 DH lines. A total of 175
markers covered dl 12 rice chromosomes with a
tota genome sze of 2005 cM and an average
dissance of 115 adjacent
markers ™ .

The software package Q GA Sation was used
for the analyd's of inheritance of the quantitative
trats, based on the genetic model developed by
Zhu™' and the MINQU E method™ . QTL swith
additive and additive x additive epigtatic effects,
ther interaction dfects with
environments were analyzed by QTL Mapper!™” .

cM  between

as wdl as

2 Results

2 1 Trait performance and frequency digribution

Trait performance of two parents, IR64 and
Azucena, and frequency digtribution in the DH
population for TN and PH of rice were shown in
Fg.1.

Comparing the phenotypic values of two
parents, IR64 was larger on TN but smdler on
PH than Azucena. The variation of each trait was
large and continuous (Fg. 1). The standard
deviation (D) was 3 351 for TN and 9 856 for
PH. Both skewness and kurtoss were less than
1 0 in absolute value for each trat, indcating
both  trats had gpproximatdy
d stribution.

Sgnificant transgressve segregations were
observed for two traitsin the current study (Fg.
1) , which could be directly attributed to the
gathering of dleles with the same effect drection

normal

Arrow marks directed the phenotypic performances of parents.
Fig 1 Summary datigicsd phenotypic valuesfar TNand PH
in rice

( positive or negative) at the multiple QTLs in a
line. It is necessary to furthe analyze the allele
digributions o QTL s in parents.
2 2 Components o variances and heritabilities of
TNand PH

Cenetic variances and heritabilities estimated
for TN and PH were presented in Table 1.

Table 1 Edimates d some parametersfor two traits in the

DH population
Trait Ve Ve Ve s e
TN 633%° 173" 2176° 0Q617°" Q172" "
PH 466 726 ° 22 263 15193 0926°" Q044"

Notes: * and * * indcated dgnificant dfference from zero
at the 0 05 and Q 01 levelsof probahility, regpectivdy. Ve, Ve
and Ve were the generd genetic variance, the GE interaction
genetic variances and the reddud variance, respectivdly. h% and
he are the generd heritahility and the interaction heritahility,
respectivey.

It was suggested that the modes of

inheritance for two traits were different. TN was
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controlled smultaneoudy by the genera genetic
dfect (G), the GE interaction efect and the
resdua effect, indcating that this trat is
ungable across environments and replicated
experiments. PH was mostly influenced by the
genera genetic efect , indicating that plant he ght
is quite stable across environments and replicated
experiments. The tota heritability of TN and PH
was 78 9% and 97. 0%, respectivey. The
genera genetic heritability and the GE interaction
heritability were 61 7% and 17. 2% for TN,
92 6% and 4 4%for PH, regectively.
2 3 Coardation analysis between TNand PH
The phenotypic and the genotypic correlation
codfidents between TN and PH in the DH
population , aswell ascorrelation coeficient in the
general genetic efects and the GE interaction
dfects, were estimated. dgnificant phenotypic
rlationship (rr = - 0 323") existed between
these two traits. However, the phenotypic
rdationship is disturbed by the resdud error.
The genetic relationship exd udes the interference
of reddua error, is heritable. The
correlation coefident between TN and PH was
- 0383 for re+ee and - Q4547 for re.
Accordingly, breeders might gopropriatdy
establish their sdective drategies in order to
implement various environmental breeding targets
utilizing correlation between traits.
2 4 QILs with sindelocusdfectsfor TNand PH
The genetic main efectsof QTLs (aand aa)
are stable across different environments, while
the QE interaction efects (ae and aae) are the
deviation due to a edfic environment.

which

In any
environment , the total genetic dfect of a QTL is
the sum of the QTL man dfects and QE
interaction efects. The podtions and genetic
dfectsof QTLs for TN and PH were listed in
Table 2.

A tota number of 17 QTLs with additive
dfects and/ or additive x environment interaction
dfectsfor TN and PH was detected, distributing

) 32
Table 2 Hfectsand contributions o QTL s with sinde locus
dfectsfor TNand PH

QTL Marker interva a ae K @) K @e
TN

1-2 K5 —U10 1 332 Q 074

1-12 RG381 —RZ19 0739 0525 0043 0 023
1-17 RZ801 —R G331 0 609 Q 016

320 Pg1—R®10 0 901 Q0 034

52 RGE56 —R G313 - 0 464 Q 009

7-11 RZ337B—CD0O497 0 537 Q 012

814 AC5 —R:A18B 1125 0730 Q053 0045

101 Glo84—RG57 - 0 650 0 035
129 CDO344—R@958 1 295 Q 070

PH

15 RZ730—RZ80L - 21 704 Q 140

211 RGB—RGEE4 7042 0 026

320 Pgl—R®10 - 5298 0 015

4#3 RGIOO—RG@08 9579 4064 0048 Q017
46  RGL—RGMI -4 317 0 010

410 RGI63—R@14 -6 787 0 024

-5 RGA7T7T——PCMD 7 4974 Q 013
%5 RZ206 —RZz422 - 5 205 Q 014

Note: QTLs were named with the rdevant chromosoma
number-interval number of markers. All estimated va uesof dfects
were dgnificant at levd of P < 0 005. The dgn indcated the
drection of the efect of the IR64 dlde. ae indcated the
interaction efect vaue between QTL and ring season.

on ten out of the 12 chromosomes (except for
chromosomes 6 and 11). 9 QTLs dfecting TN
were mapped on 7 chromoomes. 8 PH QTLs
were detected with dnglelocus efects on 6
chromosomes.

A total number of 16 additive effects (&) and
4 additive x environment interaction efects (ag
of QTLs was identified for these two trats.
There were 10 QTLs having postive additive
dfects, indicating that the adlees from IR64 at
these lod will increase corresponding trait val ues.
There were 3 QTLs having postive ae dfects,
indicating that the alldesof IR64 at these lod can
increase corresponding trait in gpring season, but
decrease them in fal season.

A magor QTL for plant heght in rice linked
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to marker RZ730 on chromosome 1 was irferred
to be the location of the sdt1 gend®. A mgor
QTL for tiller number was as detected
before® . In the present study, QTL 1- 15 for
PH was detected with a distance of 22 cM from
the marker RZ730 on chromosome 1. For this
QTL , the dleesfrom IR64 might reduce PH by
21. 704 cm with 14 0 % of contribution. Thusthe
QTL could be suggested as a magjor QTL , being
concordance with the previous results.
2 5 Digenic epidatic QTLsfor TNand PH
Bpistads, describing the interaction of genes
in two dverse locus, is an important factor
dfecting expresson of genes and genetic variation
in populations. Table 3 showed digenic epitatic
QTL s underlying TN and PH.

Table 3  Epidasis ( aa) and epigasis x environment
interaction ( aae) efectsand their contributions
(H) o QlLsfor TNand PH
QTL; QTL; aa aae K (@a) I (age)
TN
1-8 1-12 1 609 0 216
25 96 QO 646 Q 017
410 811 Q 575 Q 014
58 96 - 0571 0. 027
65 82 - 0 888 Q 033
7-6 98 Q 614 0 031
PH
-7 16 - 5256 Q015
26 35 3 423 Q 006
33 312 - 2912 Q 005
81 10-4 4 601 Q 011

Note: All efects were dgnificant at levd of P<Q 005. The
dgnsindcated the drections of the epistatic efects of the parentd
(IR64 or Azucena) dldes. aae indcated the interaction effect
va ues between QTL epistads and season.

A totad number of 10 epistads and or
epistads x environment interaction dfects was
identified for TN and PH, involving in 19
epistatic QTL s with one interacted by other two
lod. For TN, 6 epistass and/or epistass x
environment interaction efects, or 11 epidtatic
QTLs were detected, which involved in 8

chromosomes. For PH, a tota number of 4
epidass epigtass X
interaction dfects, or 8 epistatic QTLS were
detected on 5 chromosomes.

A total number of 7 additive epigtatic efects
(aa) and 3 addtive epistads X environment
interaction effects (aag wasidentified for the two
trats. The dfects ranged from Q 571 (for TN)
to 5 256 (cm, for PH) , with contributions from
0 5% (for PH) to 21 6% (for TN). All aae
effect values except for that between QTL 1-8
and 1-12 for TN appeared minor and with
contributions less than 10 %.

Of 7 additive epidtatic efects, 4 were
postive, indicating that the digenic interactions of
parental no-aldes at pars of these lod increased
corregponding traits due to aa efects. On the

and/ or environment

ocontrary , the remaining 3 had negative &fects on
trats, but
them at parsof theselod dueto aadfects. Of 3
epigdass X environment interaction efects, 2
were postive, indicating that the combination of
parenta no-dlees at these lod could increase
corregponding traitsin gpring season but decrease

recombination no-alldes increased

them in fdl sean due to aae dfects. The
remander was negative, indcating that the
combination of parenta no-dleles at pairs of the
locus could decrease corregponding traitsin gring
seaon but increase theminfall ssason due to aae
efects.

Of 6 pars of epigatic QTLs for TN,
separate 3 were with only aa dfectsand with only
aae dfects, reyectivdy. No pars of epistatic
QTLswith both aaand aae€efects were detected.
The aae dfect between QTL 1-8 and 1- 12 for
TN was 1 609 with 21 6 % of the contribution in
ring seaon, which might be consdered as a
major dfect for TN. For PH, only aa d&fects
were detected. Of those, two aa efects appeared
to increase PH , and the remaining two decreased
it. Therefore, the influence of epigatic efectson
PH might be minor due to the counteraction of
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efects.
2 6 FRdationships between QILs

Comparing the snglelocus efect QTLs
(Table 2) with the digenic epistatic efect QTL S
(Table 3) for the two traits, some QTLS on
common regions of chromosomes were found. A
total number of 32 QTLswith dngle-locus &fects
and/ or digenic interaction effects was detected for
the two traits. Of these QTL s, 13 wereonly with
dnglelocus dfects, 16 only with digenic
interaction efects and the remaining 3 with both
snglelocus and digenic epigatic dfects. QTL
(3-20) ocontrolled smultaneoudy both TN and
PH. Of 9 QTL swith dngle-locus éfects afecting
TN, one (1-12) was involved in digenic
interactions for TN, and one (1-17) was
asodated with digenic interactionsfor PH. Of 11
epigatic lod for TN, one (4 10) was with
snglelocus efectsfor PH.

3 Discusdon

31 Featuresd parents

The two parents of the population used in
this sudy have a quite different morphology on
most traits investigated. ‘ IR64’ agppeared more
tiller numbers, while * Azucena’ was tdler in
plant height. The parents, IR64 and Azucena,
are representatives of two highly differentiated
gene pools™*! | dthough both adagpt well to
dmilar environments. Generdly, it is suggested
that phenotypic dmilarity between parents may
provide little information on the lod contributing
to genetic variation of quantitative trats.
However , when large numbers of complementary
lod are involved, condderable variation of
quantitative trats ocould be mantaned in
populations derived from two smilar phenotypic
parents. The same phenotype of a quantitative
trat may be generated by very different alleic
combinations of QTLs. For TN and PH
evaluated, 9 and 8 sngelocus QTLs were

detected with opposte genetic dfects,
regpectively (Table 2). The resultsindicated that
aldes with posdtive and negative dfect
(increasng or decreasng trait values) were
dgersed between the two parents. This may
provide an explanation on the occurrence of the
transgresson in a population™” .
3 2 Inheitance of TNand PH

TN plays an important role in the formation
of grain yield in rice. Its genetic mechanism has
been well documented by traditional anayss®® .
Recently , QTL action of tiller number at different
growth stages has been well discussed by QTL
mapping andyss® . In the present study, tiller
number on 45 th day &ter trangplanting in rice
was eva uated and analyzed. The result suggested
that tiller number was with a rdativdy high
heritability of 78 9 % and was controlled by both
the general genetic factor and the GE interaction
factor (with 61 7% of & and 17. 2% of he).
The variation of TN in the DH population,
therefore, was mostly ascribed to the different
genotypes among lines. TN agppeared different
genetic variations across environments. A tota
number of 19 QTLs was detected to asxdate
with TN. Of these, 8 were with dngle locus
efects, 10 involved in digenic epistatic efects,
and 1 was with both dfects. 8 QTLs were
identified with a dfects ranged from - Q 464 to
1 332 and oorreponding coontributions from
0 9%to 7. 4% and an asodated contribution of
31 0%. IR64 dldesincreased TN at 7 lod but
decreased it at 1 locus. 3 QTLs were detected
with ae dfects, which values were sequentialy
0525, 0730 and -0650 with the
corregponding contributions of 2 3%, 4 5% and
3 5%. 6 pars of epigatic QTL S were detected
with 3 of aa éfects and 3 of aae dfects, varying
from Q 571 to 1 609 with the corresponding
contributions ranged from 2 7 % to 21 6 %. One
par of epistatic QTL s was suggested to be with
large dfect. Snce the existence of aeand aaethe
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tiller  numbers @gpeared dfferent across
environments.

PH is one of the most important trats
reated to yield potentia in rice. There have been
sverd reports based on molecular marker genetic
andydsof PH in rice, which detected a number
of QTLs on nine of the 12 chromosomes™ .
Recently, QTLs of plant heght at dfferent
growth dsages have a0 been mapped on
molecular linkage groups® . In the present
study, plant height was suggested with a
rdativdy high heritability of 97. 0%, indicating
that PH is mainly controlled by genetic factors.
Further analyds showed that PH was largdy
oontrolled by the general genetic factor (he was
92 6% and little influenced by the GE
interaction factor (e was 4 4% only).
Therefore, PH is stable in different generations
and environments. A total number of 15 QTLs
was detected to aspdate with this trat, which
disributed on 8 except
chromoomes 5, 6, 11 and 12 Of those, 7 were

chromosomes

with sngle locus dfects, 7 involved in digenic
epidatic efects, and 1 was with both &fects. 8
QTL s were identified with a dfects, which were
with 3 postive and 5 negative in Sgn and ranged
from 4 317 to 21 704 cm in magnitude with
correpponding contributions from 1 0% to
14 0%. One QTL was detected with ae efect of
4 064 cm (the corresponding contribution of
1 7%). 4 pars of epistatic QTL s were with aa
dfects, with two podtive and two negativein Sgn
and from 2 912 to 5 256 cm in magnitude with
the corregponding contributions from Q 5% to
15% QTL 1-15, being identified with large
efect , was suggested as a magor QTL.
3 3 Cordations betwen TNand PH

Sgnificant phenotypic correlation was
observed between TN and PH with - Q 323" of
re, which derived mainly from the sgnificant
genetic corrdation. The genetic corrdation

between TN and PH was - Q 383" . However ,

the genetic corrdation is ungtable due to the
influence of the GE interaction dfect. The
component of the genera genetic corrdation is
thus used as the criterion of describing the true
genetic correlation between two traits. The
generd genetic corrdation between TN and PH
was edtimated with - Q 454" " of rs, which was
sable across generations and environments.
Traditionaly , the pleiotropy or very dose linkage
of QTLs was suggested as the bass of trat
corrdationt”®!. QTL 320 was detected with
oppodte addtive dfectson TN and PH. Sngle
locus efect QTL 1-17 on TN and QTL 4- 10 on
PH involved in digenic interaction efects on
another trat , repectivdy. All these asodations
of QTLs between TN and PH might partialy be
reponsble for their genetic correation.
However , no evidence showed that the pleotropy
or very cose linkage of QTLs would result in
genetic correlation between trats. It isimpossble
to reveal the complex genetic bass of trat
correlation o far'®?!
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