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Identification of Quantitative Trait Loci Determining
Vegetative Growth Traits in Coffea canephora

Identifikasi Kuantitatif Trait Loci Penentu Karakter
Pertumbuhan Vegetative Coffea canephora

Priyono!”, Ucu Sumirat” and Dominique Crouzillat?

Summary

Recently the use of molecular markers has been successfully applied for
some crops. For coffee, new opportunities have been opened since Nestlé R&D
Centre in collaboration with ICCRI completed the first genetic map of Coffea
canephora. This study was aimed both to evaluate the phenotypic trait and also to
identify the quantitative trait loci (QTLs) controlling the vegetative growth in
Robusta coffee. Present study used three C. canephora populations and six
genetic maps developed based on these populations using simple sequence repeats
(SSRs) and single nucleotide polymorphisms (SNPs) markers. A total of 17
different quantitative data were used for the detection of QTLs on each of three
populations. Present result showed that most of these traits were not heritable.
The nine vegetative traits have been identified and distributed over seven differ-
ent linkage groups. Due to some QTLs determining one given trait were overlap-
ping on the same linkage group and were coming from the same favourable
parent, a total of 19 QTLs detected for vegetative traits might finally be consi-
dered as only 12 QTLs involved. However, only two of them were shared for
different traits. One involved for the number/length of primary branches and
width of the canopy while the other for length of internodes and width of canopy.
These two QTLs might determine the size of the tree canopy in this species.
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Ringkasan

Saat ini penggunaan marka molekuler telah berhasil diterapkan pada berbagai
tanaman. Peluang penggunaan marka tersebut pada kopi Robusta (Coffea canephora)
terbuka setelah berhasil dikonstruksi peta genetik sebagai hasil kerjasama antara
Pusat Penelitian Kopi dan Kakao Indonesia dengan Nestlé R&D Centre Perancis.
Penelitian ditujukan untuk mengevaluasi data fenotipik maupun mengidentifikasi
quantitative trait loci (QTLs) yang terkait dengan pertumbuhan vegetatif kopi.
Penelitian menggunakan tiga populasi dan enam peta genetik yang dikembangkan
dari ketiga populasi tersebut. Hasil penelitian menunjukkan bahwa nilai heriditas
sangat kecil ditemui pada sebagian besar data, sehingga jika hanya berdasarkan
pengamatan fenotipik, maka pemanfaatan tetua tersebut untuk memperbaiki genetik
pada keturunan kurang baik. Hasil analisis QTLs menunjukkan bahwa 19 QTL
terkait dengan sembilan karakter pertumbuhan vegetatif dan dapat diidentifikasi
tersebar pada tujuh kromosom. Namun demikian, sehubungan ditengarai adanya
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QTL yang sama, maka akhirnya ditetapkan bahwa sebanyak 12 QTL yang terkait
dengan sifat pertumbuhan vegetatif tersebut. Terdapat dua QTL yang sangat terkait
dengan dua QTL lainnya, yaitu QTL jumlah/panjang cabang primer dan QTL
lebar kanopi, serta QTL panjang buku dengan QTL lebar kanopi. Hasil ini
menunjukkan bahwa kedua QTL ini sangat menentukan ukuran kanopi kopi.

INTRODUCTION

The introduction of Robusta coffee
(Coffea canephora Pierre) to Indonesia in
1900 (Cramer, 1957) was one of the most
important efforts to meet coffee produc-
tion sustainability after Arabica coffee
(Coffea arabica L.) devastation by leaf rust
(Hemileia vastratrix B. & Br.). Today,
Robusta coffee dominates coffee growing
in Indonesia, and the Arabica is only cul-
tivated in high altitude areas.

Up to now, Robusta coffee breeding
is generaly based on phenotypical cha-
racteristics. The breeding process includes
selection of superior progenies derived
from controlled pollination. Diallelic
crosses are commonly used to evaluate the
general and specific combining abilities
for estimating genetic potential for each
observed trait. This process has been called
“conventional breeding”. Unfortunately,
up to now, a conventional method lacks
genetic markers to be used for screening
and breeding guidance (Leroy, 1994; Eskes
& Leroy, 2004).

One of the main constraints in con-
ventional coffee breeding is the difficulty
to estimate the genetic x environment in-
teractions (Allard & Bradshaw, 1964).
This problem is even more complicated
on polygenics quantitative characteristics.
As a perennial crop, coffee takes several
years to be properly evaluated. The com-
bination of the two above constraints is

making coffee breeding highly time con-
suming.

A coffee linkage map and a quanti-
tative trait loci (QTL) analysis for valu-
able traits will help coffee breeders to
select superior plants by identifying the
DNA markers linked to the loci determin-
ing these desirable traits (Poncet e al.,
2007; Hendre & Aggarwal, 2007;
Lefebvre-Pautigny et al., 2010). When the
QTLs have been identified and character-
ized, the breeding program will be adapted
accordingly. In assessing coffee seedlings,
breeders will only need to collect young
coffee leaves. At the laboratory, DNA will
be extracted and the use of molecular
markers will allow the identification of the
seedlings having expected traits for field
observation. It will significantly improve
efficiency through saving land and labour.
Breeders will not wait many years in as-
sessing the whole breeding populations
since they could discard most of the in-
dividuals not having desirable traits. How-
ever, breeders will still have to verify in
fields the value of selected trees before
releasing elite clones. This early screen-
ing is called “molecular breeding”. Its
efficiency would be improved and new
clones pyramiding the QTLs of interest
could be selected. Present paper presented
our study in QTLs identification determin-
ing the vegetative growth of Robusta
coffee.

PELITA PERKEBUNAN, Volume 27, Nomor 3, Edisi Desember 2011

151



MATERIALS AND METHODS
1. Planting Materials

This study involves three parental
clones (BP 409, BP 961, and Q 121) of
C. canephora and three controlled hybrid
populations i.e., CPA=BP 961 x Q 121,
CPB=BP 409 x Q 121, and CPC=BP 409
x BP 961. The choice of these parents was
based on the results of genetic diversity
and heterozigosity studies previously re-
ported by Priyono (1998). Moreover, by
using genetic diversity of 143 acessions
of C. canephora indicated that these three
parents belong to two different groups,
namely Q 121 to Guinean x Conillon
hybrid group, and BP 409 and BP 961 to
Congolese group (Priyono et al., 2010a).
The controlled pollination was carried out
manually during the dry period after wa-
tering to stimulate flowering as described
by Iswanto er al. (1984). We finally
obtained 78, 93, and 82 hybrid plants
respectively for CPA, CPB, and CPC. The
hybrid plants were transplanted in two
different locations based on elevation and
climate type according to Schmidt and
Ferguson (1951). These are Lampung
(850 m dpl, climate type A) and Jember
(45 m dpl, climate type D). The Lampung
one is representing wet-climate, while the
Jember one is representing dry-climate.

Coffee trees were conducted in single
stem system. Each tree was topped at two
stages, namely the first at 120-140 cm and
the second at 160-180 cm. On each stage
two or three plagiotrophic branches were
capped for initiating a frame of produc-
tive branches. In order to facilitate light
distribution in the canopy, the plagiotrophic
branches of each pruning stage were
managed in opposite direction. Regular
pruning is applied to maintain the growth
of productive branches. These three popu-

lations were used to create genetic maps
and quantitative data were used to iden-
tify molecular markers linked to vegeta-
tive growth traits.

2. Genotype Data Collection

Observations of pre-yielding plants
were carried out one year after field trans-
plantation. The observations consisted of
1) Plant height, 2) Trunk diameter, 3)
Canopy width, 4) Number of primary
branches, 5) Number of primary branch
pairs, 6) Total number of nodes per branch,
7) Number of nodes per primary branch.
The observations were done in both
locations Jember and Lampung.

The observed vegetative characteris-
tics were stipulate length, petiole length,
leaf length and leaf width. Each charac-
teristic was observed on five randomly
selected nodes. The measurement of stipu-
late and petiole lengths were carried out
from basal to distal end on flowers at
candle stage on the second young node.
Length and width of leaves were measured
from basal to distal end, in the longest
and widest part of leaf. The observations
of these traits were done for 4 years old
trees from only one location in Jember.

The canopy width was measured in
two directions at widest part of the canopy.
The canopy width and internodes length
were observed for 4, 6, 7 and 8 years old
in both locations: Jember and Lampung.

3. Quantitative Data Analysis

Correlation tests between data of
observed traits were performed by the
Pearson test with NCSS software with
o = 0.01. Distribution tests for data of
observed traits were carried out using
Kolmogorov-Smirrow test with Statbox6
software with oo = 0.05. Both one way
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and repeated measures Anova followed
by Tukey-Kramer comparison test, were
performed with NCSS software with
o = 0.05. Heritability is the relative
amount of variation caused by genetics.
Heritability ranges from O to 1. High heri-
tability means that most of the variation
among individuals is caused by genetics
and not by the environment. ANOVA
analysis performed by Statbox6 software
estimated the heritability for each
trait.Estimated narrow heritability is de-
fined as Priyono er al. (2010b). Six ge-
netic maps based on SSR and SNPs mark-
ers: i.e three cross pollinated (CP) genetic
maps and three backcross (BC) genetic
maps, and one consensus map was
created from the three CP genetic maps
(Priyono et al., 2010a) was used to
localize the detected QTL on linkage group
regions.

The MapQTL5® software (van Ooijen,
2004) was used for QTLs analysis. The ge-
netic linkage groups carrying QTLs were
represented using MapChart software (van
Ooijen, 2006). MAPQTL used for QTL
interval mapping in CP populations assumes
four QTL genotypes (ac, ad, bc, bd) and
fits four averages by weighted regression
process. This process is iterative follow-
ing the hereafter steps for each location:

a. To estimate the QTL genotypes prob-
abilities from flanking marker informa-
tion.

b. To perform a regression analysis, us-
ing the QTL genotypes as weight for
estimating the trait means for each QTL
genotype and the residual variance.

c. To update the QTL genotype probabilities
using flanking marker information and
QTL mean estimates.

d. Repeat step b and ¢ until the likelihood
converges.

To have a high confidence of the QTLs
analysis result, we used the following strat-
egies:

a. Firstly, testing of variance by Kruskal-
Wallis (KW) non-parametric. This com-
pares the medians of each genotype class
and return to the statistic K, which has
an approximate chi-squared distribution
with degrees of freedom = number of
classes -1. We look for the most sig-
nificant marker. Unless all markers have
the same number of classes, it is prob-
ably better to carry out the permuta-
tion test for the significance, and then
convert this back to the corresponding
K value. So far with a 5% permuta-
tion test we would look for a K value
of at least 12.86 for 2 genotype classes
and 18.6 for four classes.

b. Secondly, calculating Interval Mapping
(IM). Genome wide LOD thresholds of
a given trait were experimentally de-
termined by using the Permutation test
of MAPQTL with 1,000 interactions.
Based on the permutation test, a thresh-
old LOD value of 4 for CP and 3 for
BC maps were used to declare the pres-
ence of a QTL.

c. Thirdly, combining the results from
Kruskal-Wallis and Interval Mapping
(C Hackett, personal communication).

- Both significant

When both, KW and IM, show a QTL
in a given location, one can be confi-
dent of having identified a real QTL.

- KW significant but not IM

This is most likely due to an outlier af-
fecting the mean but not the median.
In general, if the KW test is highly sig-
nificant there is probably a QTL present
but one has to be careful of borderline
significant effects.
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- IM significant but not KW

Check for large numbers of iterations
and/or a QTL location far away from
the markers. Another explanation might
be a region where there is little marker
information from one of the parents. If
none of these apply, we would then
check for outlier.

d. Fourthly, mapping for each parent sepa-
rately. If KW suggests that the QTL is
behaving as a backcross, and interval
mapping is overfitting four means, then
the marker information for the parent
of interest can be recoded as a back-
cross and used for QTL mapping to force
the fitting of two QTL means only.

RESULTS AND DISCUSSION

The observation of vegetative growth
traits involved nine characteristics, which
were differentiated in two sub-groups ac-
cording to the development stage: pre-
yielding plants (1 year-old plant) and yield-
ing plants (4, 6, 7 and 8 years old plants).

For coffee, one of the main goals for
genetic improvement is to increase the
productivity (Bouharmont et al., 1986).
It would therefore be a matter of deter-
mining which shapes lead to an optimized
cherries yield, is stable over time, with
as little as possible competition with veg-
etative growth (Cilas et al., 2006). It is
a quite complex trait influenced by many
characteristics. For this reason, we have
observed a large number of diverse
vegetative traits over a long period of time
(from year one to year eight) after trans-
plantation in different fields and sites. The
data recorded for the observed vegetative
growth traits are summarized in Table 1.

Significant correlations (o0 < 0.1%)
between some vegetative traits have been

detected. The correlation value among
vegetative growth traits are summarized
in Table 2 to 4. Number of node at 3™
primary branch was positively correlated
with length of the same branch and nega-
tively correlated with length of internodes
of the same branch. The length of stipule
of yielding plant at Jember was positively
correlated with length of internodes of 4
year-old plant. Group of positive corre-
lation concerned the wide canopy of 6
year-old plant (Jember) to wide canopy
of 8 year-old plant (Lampung), average
of wide canopy for over years observa-
tion (Lampung) and average of length of
internodes for over years observation
(Lampung) were observed. Wide canopy
of 8 year-old plant (Lampung) was posi-
tively correlated with average of length
of internodes over year (Lampung). An-
other group of positive correlation was
recorded for length of internodes both for
4 and 7 year-old plant (Jember) with length
of internodes for 7 year-old plant (Jember)
and average of length of internodes over
years (Jember). Present result showed that
some of these correlations are quite ob-
vious because they are established between
related characters. For example, the num-
ber of nodes of a given branch is posi-
tively correlated to the length of this
branch. Other correlations are more in-
teresting. For example, the width of the
canopy in Jember (6 year-old plant) is cor-
related to the width of the canopy in
Lampung (8 year-old plant). This corre-
lation indicates a genetic effect more im-
portant than the environment effect for this
trait.

Currently clones used as parents in
conventional plant breeding are selected
for significant differences between inter-
esting traits. In this study, the parental
clones were firstly selected for their ge-
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Identification of quantitative trait loci determining vegetative growth traits in Robusta coffee

netic diversity determined by molecular
markers and then by yield based selection
(Priyono, 1998). The three selected clones
(BP 409, BP 961 and Q 121) have been
shown to be quite genetically diverse. Two
of them (BP 409 and BP 961) belongs to
the Congolese group and are widely re-
commended in Indonesia. The third one
(Q 121) is a natural hybrid between
Guinean and Congolese (Cramer, 1957).

Concerning the phenotype character-
istics of the parents, present study showed
that whether it is for pre-yielding or yield-
ing plants there is no significant differ-
ence between the three parental clones
(o0 < 0.05) for all vegetative traits, ex-
cept for canopy width. Thus should be con-
cluded that in this study, when consider-
ing the three parents only one of the 17
observed characteristics are significantly
different.

In addition, there is no significant dif-
ference of pre-yielding vegetative char-
acteristics between the two parents of each
population. In contrast, for yielding veg-
etative characteristics one could note some
significant differences between two par-
ents of the populations (Table 1). How-
ever, the best parent can be either one or
the other depending on the characteristic.

High variation of pre-yielding vegeta-
tive traits is observed in the three popu-
lations. Depending on the trait, the maxi-
mum differences vary from 262 to 549
% for CPA, 219 to 1013 % for CPB and
211 to 1006 % for CPC. Relatively simi-
lar observation is also possible for yield-
ing plants where the maximum differences
vary from 152 to 204 % for CPA, 139 to
177 % for CPB and 51 to 174 % for CPC
depending on the trait. The distributions
of all observed vegetative traits of the three
populations were significantly character-
ized as normal ones (oo < 0.05). The high

variability among descendents and the
normal distribution for all traits indicate
a segregation type of morphological traits
similar to that of DNA markers creating
good expectations for future QTL detec-
tion. The continuous of distributions let
also suppose a polygenic control of these
traits.

The heritability is normally estimated
at 95 % of confidence interval. It is another
approach to estimate the genetic effect by
determining the degree of inheritance of the
parent’s characteristics to the next genera-
tion. A previous report about C. canephora
has shown that some traits, such as the
number of nodes are heritable and other
ones, such as the average length of inter-
nodes, are not (Cilas ef al., 2006). Present
study showed that the heritability (h?) of
pre-yielding vegetative traits, it is quite
low ranging from 0.01 to 0.10 for CPA,
0.00 to 0.04 for CPB and 0.01 to 0.23
for CPC depending on the trait. Similar
values (h?> = from 0.00 to 0.06) are ob-
served for internodes length and canopy
width of yielding plants of the three popu-
lations. In contrast, a strong heritability
of stipule length, petiole length, leaf length
and leaf width of yielding plants can be
noticed. It ranges from 0.53 to 0.88 for
CPA, 0.43 to 0.71 for CPB, and 0.66 to
0.87 for CPC. Our result showed that, the
heritability was in the low levels for most
of the nine observed traits. Only two to
three traits, depending on the population,
had a more important heritability. Most
of these traits are therefore not heritable.
One may suggest that this low heritabil-
ity is due to the absence of significant dif-
ferences between the parents for almost
all observed traits. It indicates that the di-
rect selection for these traits could not be
very successful on these populations. Us-
ing phenotypic observations, additional ef-
forts to improve the genetic effect of these
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parental clones would therefore have quite
poor benefits. The use of molecular mark-
ers and QTL approaches would help to
make a breakthrough possible from these
populations but also more generally for
this species.

QTL Analysis

Due to multiple sites and years of ob-
servation the nine measured traits led to
a total of 27 different quantitative data
usable for the detection of QTLs on each
of the three C. canephora populations.

The research of QTLs was performed
on both types of genetic map developed in
this study: one for cross populations (CP)
and one for backcross (BC, see Priyono
et al., 2010a). It should be possible to de-
tect QTLs on each of these different genetic
maps. A LOD threshold of 4.0 for CP and
3.0 for BC populations has been used for
interval mapping (see also Material & Meth-
ods).

We were able to detect QTLs for
vegetative traits in three CPs and two BCs
(BP 409 and Q 121) populations. A total
of 17 vegetative traits of pre-yielding and
yielding plants were analyzed. The 19
QTLs detected for nine traits are summa-
rized in Table 5. Among the eight traits
where no QTL has been detected seven
are from pre-yielding plants.

For five vegetative traits (number of
node of 3" primary, length of 3" primary,
length of 9" primary, length of stipule and
length of petiole) only one QTL has been
detected. For the length of petiole and
length of leaf, two QTLs were detected.
Finally, three QTLs were detected for the
width of canopy and seven for the length
of internodes.

For CP maps the LOD scores of the
QTLs for vegetative traits vary from 4.0

(number of node of 3™ primary of pre-
yielding plant) to 6.8 (length of leaf). The
explained phenotypic variance ranges from
22.2% (width of canopy) to 42.3% (length
of leaf).

For BC maps the LOD scores vary
from 3.1 (length of petiole) to 6.7 (length
of internodes) and the explained pheno-
typic variance from 8.4% (length of
stipule) to 17.6% (length of internodes).

Deeply, four, three, and two QTLs
were respectively detected from CPA,
CPB, and CPC populations. None of them
is shared among these three populations.
A total of four and six QTLs were also
detected respectively from BP 409 and Q
121 BC maps.

When more than one QTL was de-
tected (four traits) they were identified
from several populations whether they are
common or different (see again Table 5).

Three QTLs are detected in two popu-
lations (CPB and BCQ 121) 1) QTL de-
termining the length of petiole, 2) QTL
determining the length of internodes in
2004 at Jember, 3) QTL determining the
average length over years of internodes
at Jember. Another common QTL deter-
mines the leaf length in 2004 at Jember
in two other populations (CPC and
BP 409).

The nine vegetative traits have QTLs
identified over seven different linkage
groups. For example, the QTLs determin-
ing the length of stipule is detected on the
linkage group D and the number of nodes
of the 3™ primary branch on linkage group
F (Figure 1).

Finally, some QTLs determining one
given trait are overlapping on the same
linkage group and are coming from the
same favourable parent. They are prob-
ably independent identifications of the same
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Identification of quantitative trait loci determining vegetative growth traits in Robusta coffee

QTL. For example, QTL 14 to QTL 18
determining the internode length are over-
lapping on the linkage group A with Q
121 as favourable parent. Another example
is for QTL 6 and QTL 7 determining the
length of petiole on linkage group B.

The length of the 3% primary branch
and the number of nodes are logically cor-
related (r=0.82) and the corresponding
QTLs overlap on linkage group F. The
favourable allele comes in both cases from
Q121. These two QTLs are probably a
single one. Hovewer, one cannot exlude
the existence of several tightly linked genes
determining these two traits.

In contrary, although the QTLs for
the width of the canopy, the length and
number of nodes of the 3 primary have
the same location on linkage group F, the
width of canopy is not significantly cor-
related (for corresponding populations) to
the length and the number of nodes of the
34 primary. In this case one could think
to different QTLs and this hypothesis is
reinforced by the different genetic effect
of these QTLs One is dominant and an-
other is due to allelic interactions.

A similar conclusion can be drawn for
the same traits (width of canopy and length
of 3 primary) for QTL 10 and 13 over-
lapping on linkage group I.

Based on the above considerations, a
total of 19 QTLs detected for vegetative
traits might finally be considered as only
12 QTLs disseminated over 7 linkage
groups.

Although the phenotypic values of the
two parents of each population are gen-
erally not significantly different and have
a low heritability, a large number of QTLs
has been detected for vegetative traits. The
existence of clustered favourable QTLs is
possibly due to pleiotropic gene action or
to tight linkage of different loci involved

in these vegetative traits. However, in case
of pleiotropism the QTL co-location and
convergent positive effects should be
expected (Crouzillat et al., 2000; Yu
et al., 2007).

Coffea sp. are longlived organism
facing a wide spectrum of climatic con-
ditions during their lifetime. QTL analy-
ses over years reveal important genotype
x environment interactions. The influence
of the environment on the reproducibil-
ity of QTL detection has been reported
in species such as Eucalyptus (Verhaegen
et al., 1997). Moreover, Zhuang et al.
(1997) showed the QTL X environmen-
tal interaction for plant height in rice. The
present study shows that repeated
phenotyping over years may improve the
reliability of detected QTLs but reduces
the interest of this QTL based strategy due
to significant increase of time for their
identification. However, when having a
reliable data base for interesting traits re-
corded in a defined population of a pe-
rennial crop for many years, one could
think to run some molecular analysis taking
benefits of these available data either for
QTL detection or for association gene-
tics. In some cases the missing part for
running this kind of study is more on the
phenotyping side than on the genotyping
one.

This study also reveals that some
QTLs are detected in most sites and years.
The value of genotypes may well differ
with the environment and the interaction
between these two variables may be quite
complex (Allard & Bradshaw, 1964).
Therefore, identifying QTLs consistent
across environments would be desirable
in a marker assisted selection (MAS) pro-
gram (Paterson ef al., 1991; Anderson,
2007; Collard & Mackill, 2008).

Present paper showed that some QTLs
associated with a coffee vegetative trait

PELITA PERKEBUNAN, Volume 27, Nomor 3, Edisi Desember 2011

163



of interest were identified. However, only
two of them are shared for different traits.
One is shared for the width of the canopy
and then number/length of primary
branches and the other one for the width
of the canopy and the length of inter-
nodes. These two QTLs might determine
the size of the tree canopy. A similar re-
sult was reported by Fukino er al. (2008)
who detected several QTLs affecting la-
teral branching in Cucumis melo. More-
over, several QTLs linked to vegetative
trait have been reported for several plants
for example bud set and bud flush in
Populus (Frewen et al., 2000), for node
of first fruiting branch in a cross of an
upland cotton (Guo ef al., 2008), soybean
plant height (Lee et al., 1996), morpho-
logical traits of Brassica rapa (Lou et al.,
2007), and plant height in rice (Zhuang
et al., 1997). Interestingly, Timmerman-
Vaughan er al. (2005) describing QTLs
for pea development are overlapping with
yield QTLs. Other results also showed the
high relationship between QTLs for ve-
getative trait and yield, namely flag leaf
characteristics yield and yield traits in rice
(Yue ez al., 2006). In coffee, the canopy
width plays an important role for plant-
ing density which contributes directly to
the productivity. Today, the quality of
canopy is evaluated by slimness but also
by compactness of the branching system.
Breeding C. canephora for an ideal canopy
has been difficult because it is greatly af-
fected by the genetic and environmental
factors. DNA markers discovered in this
study might facilitate an effective breed-
ing for branching in this crop.

A few examples the using of QTL for
vegetative trait for MAS has been reported
such as for multiple lateral branching in
cucumber (Cucumis sativus L.) (Fazio
et al., 2003). Promisingly, at least some
of the markers discovered in this study
will be useful for MAS for key coffee ve-

getative growth traits. The next step should
be the determination of a selection index
in order to select the most important QTLs
to be managed during further breeding
work.

CONCLUSION

1. Based on phenotypic observations, most
of vegetative growth traits observed are
therefore not heritable. It could be sug-
gested that using phenotypic observa-
tions, additional efforts to improve the
genetic effect of these parental clones
would therefore have quite poor ben-
efits. It indicates that the direct selec-
tion for these traits could not be very
successful on these populations.

2. Thank to the high variability among de-
scendents and the normal distribution
for all traits indicate a segregation type
of morphological traits are similar to
that of DNA markers in this study
resulting of 12 QTLs determining of
9 vegetative growth traits can be
detected.
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