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ABSTRACT Surian Toona sinensis Roem is one of the most widely planted species in Indonesia. This study aimed to esধ-
mate the geneধc diversity between a number of surian populaধons in a progeny test using RAPD markers, with the goal of
proposing management strategies for a surian breeding program. Ninety-six individual trees from 8 populaধons of surian
were chosen as samples for analysis. Eleven polymorphic primers (OP-B3, OP-B4, OP-B10, OP-H3, OP-Y6, OP-Y7, OP-Y8,
OP-Y10, OP-Y11, OP-Y14, and OP-06) producing reproducible bands were analyzed for the 96 trees, with six trees per
family sampled. Data were analyzed using GenAlEx 6.3, NTSYS 2.02. The observed percentage of polymorphic loci ranged
from 18.2% to 50%. The mean level of geneধc diversity among the surian populaধons was considered to be moderate (He
0.304). Cluster analysis grouped the genotypes into two main clusters, at similarity levels of 0.68 and 0.46. The first two
axes of the PCoA explained 46.16% and 25.54% of the total variaধon, respecধvely. The grouping of samples into clusters
and subclusters did not correspond with family and their distances, but the grouping was in line with the geneধc distances
of the samples.
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1. Introducধon

Surian Toona sinensis Roem (family Meliaceae) is widely
distributed and cultivated in Southeast Asia including In-
dia, Nepal, Thailand, Malaysia, Australia, the Philippines,
and Indonesia (Pennington and Styles 1975; Edmonds and
Staniforth 1998). In Indonesia this species can be found
in several islands in agricultural lands owned by commu-
nity forests (Pramono et al. 2008). Surian is a valuable and
fast growing timber species whose wood is reddish, hard,
and shiny with a beautiful grain. Its timber is excellent in
construction, interior decoration, furniture, musical instru-
ments, shipbuilding and other fields. Its bark fiber can be
used to make paper. Its bark, flower, leaf and oil from seed
extracted have been used in traditional medicine. Com-
pared with other species, it is more conducive to plant all
around, and can be used as the main tree species in green
and farm land all around in agroforestry (Zhou et al. 2010).
These domesticated resources are important and valuable
germplasm for surian breeding (Xing et al. 2016).

In most forest tree improvement programs around the
world, progeny tests are used to estimate breeding values
of selections (Zobel and Talbert 1984). The establishment
of a progeny trial is complex. It is a challenge to maintain

the correct identity of entries during the entire chain of
events associated with the preparation of a progeny test,
such as seed collection, cleaning, stratification, nursery
propagation, lifting, seedling transport and storage, plant-
ing and mapping. Furthermore, information about which
seedlings may be paternal half-sibs is usually completely
unavailable to breeders who use open-pollinated seeds. To
address the problem of seedling identity and to gain ac-
cess to additional information about paternity, tree breed-
ing programs have been initiated by utilizing DNA-based
markers to infer the relationship structure among proge-
nies (Gaspar et al. 2008). Along with providing informa-
tion on the identities of progeny and their relatives, breed-
ing programs can be optimized by combining genotypic
information, avoiding the costs associated with controlled
pollinations and capitalizing on the assembly of natural
crosses among selected parents into structured progeny ar-
rays (El-Kassaby and Lstibůrek 2009; El-Kassaby et al.
2011). Many studies reported strong influences of pop-
ulation and family and its effect on genetic diversity in
progeny population (Liesebach et al. 2004; Gaspar et al.
2008; Hidayat and Siregar 2011; Çengel et al. 2012; De-
ring and Chybicki 2012) such as progeny test of Coffea
arabica (Silveira et al. 2003), and seed orchard of Robinia
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pseudoacacia (Liesebach et al. 2004).
Genetic breeding of perennial plant species, such as

forest essences, depends on the efficient selection of the
best individuals to be used to obtain new plants with de-
sirable traits. As such, it is important to adopt precise
methods of selection. Progeny testing is essential to as-
sessing genetic diversity, which is a prerequisite in any
breeding program. The status of genetic diversity can be
determined using several methods such as isozyme and
other DNA based markers. In recent decades many molec-
ular markers have been used to detect the genetic diver-
sity within and among plant populations (Bharmauria et al.
2009). Molecular markers such as d RAPD (Random Am-
plified Polymorphic DNA) provide useful information re-
lated to evolution and population genetics (Kimura et al.
2009) and research genetic diversity between individual
trees (Zarek 2009). Among molecular markers, RAPD
markers have generally been used for the detection of ge-
netic variation within and among populations in several
plant species and populations without the need for detailed
knowledge of DNA (Zarek 2009).

In particular, RAPD offers a cheap and simple DNA
based marker alternative, considering the advantages of
small amount of DNA, radioactivity-free procedure, ease
and speed of the assay and lack of requirement for DNA
sequence information of a species (Williams et al. 1990;
Tingey et al. 1994; Ye et al. 1996; Martin et al. 1997). Al-
though RAPD is of dominant marker, several strategies
have been put forward to minimize the dominance effects
on genetic variation analyses (Lynch and Milligan 1994).
In occasional cases RAPD is poor in reproducibility, but
this can usually be solved by the optimization of reaction
conditions (Weising et al. 1994). In general, RAPD can
provide valuable data about genetic variations within and
among populations of a species, given that data (Collignon
et al. 2002). This technique has been applied for detect-
ing population genetic diversity of Toona sinensis (Wang
et al. 2008; Hidayat and Siregar 2011), Toona australis
(Tavares et al. 2012), Toona ciliata (Liu et al. 2014; Li et al.
2015), Melia azedarach (Yulianti 2011), Melia volkeensii
(Runo et al. 2004), Lathyrus sativus (Nosrati et al. 2012),

Gmelina arborea (Wee et al. 2012), Quercus sp. (Dering
and Chybicki 2012), Pinus nigra (Çengel et al. 2012), and
Lansium domesticum (Song 2000).

There is an urgent need to initiate a program of genetic
improvement, especially to develop seed orchard consid-
ering the increasing areas of surian plantation. Therefore,
this experiment was carried out with aims at determining
the patterns of individual genetic diversities of surian in
progeny test based on RAPD marker, to support the im-
provement program of surian breeding strategy.

2. Materials and methods
2.1. Sample collecࣅon
Ninety-nine of T. sinensis samples were collected from
progeny test. Origin of geographical location and mate-
rials used in this research has been established on progeny
test of half-sib of surian in Candiroto, Central Java, In-
donesia (Figure 1).

2.2. DNA isolaࣅon
Genomic DNA of 96 genotypes was extracted from 50-
60 g dry individual surian leaves with CTAB (Cetyl
Trimethyl Ammonioum Bromide) method modification
(Shiraishi and Watanabe 1995).

2.3. DNA purificaࣅon
DNA purification was performed using the Gene Clean
III Kit. The principle of this method is to use of silica
(glassmilk). The extraction result was then centrifugated
and added 25 uL psdH2O. After being vortexed, 300 uL
NAI was then added. Purification of the pellet was dried
with a desiccator, then added psdH2O and vortexed. The
obtanined DNA solution then stored in 1.5 mL microtube.

2.4. DNA Quanࣅficaࣅon
After purification, DNAwas quantified by the GeneQuant
(Parmacia). In GeneQuant, suitably diluted DNA in dis-
tilled water was read at A230, A260, A280 and A320 nm.
GeneQuant Method of 1.8–2.0 to indicate a good DNA
preparation. A 260 of 1 corresponds to 50 μg/mL of DNA

(a) (b)

FIGURE 1 Approximate geographical locaধons of sampled family source of surian (a) and progeny test area (b).
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in a 1 cm quartz cuvette. The unknown DNA concentra-
tion can then be calculated.

2.5. Diluࣅon
DNA dilution was intended to facilitate the use of quanti-
fied DNA solutions. The dilution of the purification vol-
ume was carried out based on the concentration of the
quantified result by the addition of psdH2O according to
the DNA concentration.

2.6. PCR amplificaࣅon
PCR amplification were carried out in a thermal cycler in
a final volume of 10 μL, containing 4.0 uL template DNA,
0.8 μL of each of the four deoxynucleotide triphosphate,
0.5 uL of primer, 1.2 mM MgCl2, 10x Tag stofel buffer
(10 mM Tris HCl pH 9.0, 50 mM KCl) and 0.5 U Taq
DNA polymerase. The samples were further subjected for
initial denaturation for 5 min at 94°C, followed by 39 cy-
cles of 1 min at 94°C, 1 min at 39°C and 1 min at 72°C
with a final extension of 7 min at 72°C. 10 μL of ampli-
fied PCR product was separated through gel electrophore-
sis on 1.5% agarose gel stained with ethidium bromide and
photographed with gel documentation system (Sambrook
et al. 1989).

2.7. RAPD profiling
The samples which showed the amplification with the
selected primers were selected further for RAPD profil-
ing. DNA fragment size on agarose gel was estimated by
comparing with 1kb DNA ladder. In this study, primers
producing the total amount of polymorphic DNA bands
were primers of OP-B3 (10 DNA bands), OP-B4 (4 DNA
bands), OP-B10 (11 DNA bands), OP-H3 (4 DNA bands),
OP-Y6 (9 DNA bands), OP-Y7 (9 DNA bands), OP-Y8
(11 DNA bands), OP-Y10 (7 DNA bands), OP-Y11 (6
DNA bands), OP-Y14 (7 DNA bands) and OP-O6 (4 DNA
bands). In general, result of the amplification of eleven
primers produced level of DNA band polymorphism for
30.5% (25 polymorphic DNA bands). The polymorphic
DNA bands were mostly produced in primers of OP-B10
and OP-Y8 (11 DNA bands with the polymorphism level
of 50.0 and 18.2%) and the least was produced in primers
of OP-B4 and OP-O6 (4 DNA bands with the polymor-
phism level of 50%). RAPD profile form DNA patterns
of surian are shown in Figure 2.

2.8. Data scoring and analysis
Amplified bands generated from RAPD and RPCR am-
plification were scored based on the presence (1) or ab-
sence (0) of bands for each primer and were used to cal-
culate a similarity matrix (SM) using NTSYS-pc version
2.02 (Rohlf 2000). SM were compiled for all pairs of indi-
vidual using SM similarity coefficients, using SIMQUAL,
and then cluster analysis was done using unweighted pair-
group method with arithmetic mean using the SAHN pro-
gram. The cophenetic correlation was calculated to find

(a)

(b)

(c)

(d)

FIGURE2RAPDprofile from primerOPB-10 (a) genotypes number
1-24, (b) genotypes number 25-48, (c) genotypes number 49-72
and (d) genotypes number 73-96.

the degree of association between the original SM and
the tree matrix in molecular analyses. Using the same
software, Principal Coordinate Analysis (PCoA) was per-
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formed by GenAlex 6.3 to identify any genetic association
among the genotypes and visualize the genetic distance
between individual in two hierarchies as two steps. First,
a primary PCoA was conducted at individual and family
level. Second PCoA was then conducted for each cluster
obtained from the primary PCoA. In addition, Unweighted
Pair GroupMethodwith ArithmeticMean (UPGMA) clus-
tering were performed with the program NTSYS-pc ver-
sion 2.02 (Rohlf 2000), based on pairwise Nei’s unbi-
ased genetic identity (Nei 1972) calculated between family
with GenAlEx (Peakall and Smouse 2006).

3. Results and discussion
3.1. RAPD fragment
The amplification of PCR-RAPD with eleven primers pro-
duced 82 patterns of DNA bands (Table 1). The high-
est diversity in DNA band patterns was resulted from
primers of OPB-10 (5 polymorphic) and OPB-03 (3 poly-
morphic), OPY-06 (3 polymorphic) patterns, respectively,
while lowest diversity in DNA band patterns was resulted
from primer of OPY-11 and OPY-14 (1 polymorphic) pat-
terns respectively. RAPD used differences in the pattern
of PCR amplification generated form differences in its at-
taching position of primers at genome DNA from the dif-
ferent individuals. The difference in DNA band pattern
was because of the amplification of DNA sequence at cer-
tain positions (Weeden et al. 1992). Differences in base
pairs (bp) in the DNA sequence cause amplification not to
be performed due to incompatibility between the primer
and complementary DNA sequences.

RAPD analysis can be used to determine and recog-
nize the characteristics of genetic diversity between plant
genotypes, and the genetic diversity can be seen in DNA
polymorphism (Wang et al. 2010). The mean genetic di-
versity between surian progeny (He) was categorized as
moderate (0.304). This level of variationwas corroborated
by other variables such as percentage of polymorphic loci

(PPL), ranging 18.2–50% with an average of 30.5%. The
PPL value in this study was higher than previous RAPD
studies of T. sinensis in West Java (Hidayat and Siregar
2011) and Toona ciliata in China (Li et al. 2015), but lower
than one of T. sinensis in China (Wang et al. 2008).

Among the 96 individual being tested there are several
factors that affect the level of genetic diversity of a species
within a population source, such as effective size of pop-
ulation, mutation, genetic drift, migration, mating system,
selection and production of flower and pollen (Lemes et al.
2003; Finkeldey and Hattemer 2005). The moderate level
of genetic diversity of T. sinensis at progeny test could
be as a consequence of a small population size, this situa-
tion have been proved by T. sinensis (Hidayat and Siregar
2011), T. ciliata (Wang et al. 2008) and Melia azedarach
(Yulianti 2011). The small population size also can in-
crease the possibility of genetic drift, which will reduce
the genetic diversity as a result of bottlenecking and in-
breeding (Lorenz 2012). Other genetic parameter being
measured was value of expected heterozygosity (He) with
the value of Hewas 0.304. This He value in this study was
similar to those of T. ciliata in China (He 0.305 in Liu
et al. (2014); He 0.378 in Li et al. (2015)), T. sinensis in
West Java (He 0.240) and T. sinensis in China (He 0,333
in Wang et al. (2008)).

3.2. Geneࣅc relaࣅonship and clustering analysis
A dendrogram based on the similarity index values was
generated using UPGMA. As Figure 3 shows, the resul-
tant dendrogram was separated into 2-main clusters at ge-
netic similarity coefficient of 0.46 and 7-sub clusters at
genetic similarity coefficient of 0.56. Sub cluster III/A-3
was separated into two sub-sub clusters at genetic simi-
larity coefficient of 0.580 with sub-sub cluster III/A-3-1
(consisted of 2 family) and III/B-3-2 (consisted of 4 in-
dividuals). Sub cluster V was separated into two sub-
sub clusters at genetic similarity coefficient of 0,592 with
sub-sub cluster V/B-2-1 (consisted of 2 family), V/B-2-

TABLE 1 Number of RAPD fragment, fragment size, and number of polymorphic fragment from each primer to be used.

Primer Sequence (5’-3’) G+C Composiধon (%) Fragment
number

Polymorphic
fragment

Percentage (%) Fragment size (Base Pair/bp)

OP-B3 CATCCCCCTG 70 10 3 30 300, 600, 800

OP-B4 GGACTGGAGT 60 4 2 50 400, 650

OP-B10 CTGCTGGGAC 70 11 5 45.5 340, 350, 500, 620, 680

OP-H3 AGACGTCCAC 60 4 2 50 500, 800

OP-Y6 AAGGCTCACC 60 9 3 33.3 380, 700, 900

OP-Y7 AGAGCCGTCA 60 9 2 22.2 450, 700

OP-Y8 AGGCAGAGCA 60 11 2 18.2 500, 650

OP-Y10 CAAACGTGGG 60 7 2 28.6 500, 700

OP-Y11 AGACGATGGG 60 6 1 16.7 380

OP-Y14 GGTCGATCTG 60 7 1 14.3 500

OP-O6 CCACGGGAAG 70 4 2 50 450, 650
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Similarity

FIGURE 3 UPGMA-dendogram of geneধc similarity among 96
Toona sinensis individuals of progeny test base on RAPD Data.

2 (consisted of 3 individuals from 3 family). Sub clus-
ter VII/B-4 consisted of 10 sub-subclusters are VII/B-4-1
(consisted of 3 individuals), VII/B-4-2 (consisted of 3 indi-
viduals), VII/B-4-3 (consisted of 6 individuals), VII/B-4-4
(consisted of 30 individuals), VII/B-4-5 (consisted of 8 in-
dividuals), VII/B-4-6 (consisted of 3 individuals), VII/B-
4-7 (consisted of 11 individuals), VII/B-4-8 (consisted of
10 individuals), VII/B-4-9 (consisted of 3 individuals) and
Sub clusterVII/B-4-10 (consisted of 2 individuals).

Based on the dendrogram (Figure 3), the grouping was
not in accordance with family and population. The group-
ing of several individual trees did not indicates that fam-
ily distance is closer, but more to its genetic similarity. It
shows genetic diversity in the individual of surian, being
possibly caused by the recombination of genes. Accord-
ing to Çengel et al. (2012), the grouping based on the ge-
ographic positions taken place because the RAPD marker
indicates DNA variation, both in coding and non-coding
regions. Moreover, RAPD property was not reproducible
to get an accurate grouping. The same result was shown
from previous study on some family of surian inWest Java
(Hidayat and Siregar 2011), where the formed pattern of
grouping did not show the grouping based on the region
of origin (sampling location). In this study indicates that
there are several individual trees originating form the same
family do not form single group but are scattered in sev-

eral group. its was different with data reported by Song
(2000), indicating that the grouping was generally appro-
priate with its geographic region of origin. Result of the
analysis on the genetic relatedness of individual progeny
test of surian and the RAPD approach showed that mix in-
dividual from a were grouped as several sub cluster and
sub-sub cluster.

In this study showed that there is no spesific allel, num-
ber of different alleles observed (na = 1.725), number of
effective alleles (ne = 1.533), Shannon’s information in-
dex (I = 0.449), expected heterozygosity (He = 0.304), and
unbiased expected heterozygosity (UHe = 0.318). Genetic
distance (Nei 1972) showed 0.002 to 0.161 with the aver-
age valuewas 0.069. The value of similarity showed 0.998
to 0.847 with average value 0.935. The value genetic dis-
tance of among surian in progeny test was lowest than
genetic distance of T. sinensis (Meliaceae) in West Java
(0.440 in (Hidayat and Siregar 2011) and M. azedarach
(Meliaceae) in West Java (0.192 in Yulianti (2011)).

Based on Table 2, there were 7 sub clusters and 14 sub-
sub clusters which has the biggest sub cluster VII have the
number 79 individual. Sub-sub clusters 6/B-4-4 have 31
individuals, followed by sub-sub cluster 9/B-4-7 with 11
individuals and sub-sub cluster 10/B-4-8 with 10 individ-
uals, which all individuals that compose is a cross family.
Selection is based on sub-sub cluster is quite important to
be considered for individual which are distributed in sub-
sub clusters have a genetic similarity.

3.3. Geneࣅc relatedness based on RAPD
The use of Jaccard’s similarity coefficient to estimate ge-
netic relatedness among accessions gave similarity value
ranging from 0.43 to 0.97 that mean genetic similarity
between the major clusters of Toona sinensis individual
ranged from 43% to 97%, as shown in Figure 4. This coef-
ficient genetic similarity in this study was similar to those
of Pinus sylvestris progeny range 0.69 to 0.94 (Cipriano
et al. 2013). For comparison study on Melia azedarach in
community forest founded that the similarity index values
of 0.02-0.65, indicating a small genetic variation among
the family (Yulianti 2011).

The high level of similarity among the individuals of
surian was because the plants of surian individual origi-
nated from small population scattered in the community
forest. Other possibility was the event of cross-pollination
because the plants of surian were annual plants whose exis-
tence was still in community forest. Principle components
analysis was used to identify the most significant variable
in the data set. The result indicated that the first compo-
nent explain about 45.16%of the total variability observed,
where by the second accounted for 25.54%.

Principal Coordinate Analysis (PCoA) was performed
to identify relationship the most significant variable in
data set. PCoA based determined by Eigen value. Eigen
value under the one (<1) not used for the review identify.
Based on the PCoA analysis on Figure 4a shows the main
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TABLE 2 Cluster membership of various Toona sinensis progeny test.

Main
cluster

Subcluster Sub-subcluster Total Genotypes number Origin of Family Similarity
Coefficient (%)

I (A) I/A-I - 1 82 BLK 47.6

II/A-II - 1 72 BLK 53.9

III/A-III 1/A-3-1 4 23, 30, 94, 79 MGT, LPG, SMT, BLK 53.9

2/A-3-2 2 38, 48 WSB, TRJ, TRJ 52.2

II (B) IV/B-1 - 1 71 BTG 65.7

V/B-2 1/B-2-1 2 14, 31 MGT, LPG 65.8

2/V-2-2 4 1, 8, 3, 63 WSB, MGT, BTN 72.7

VI/B-3 - 1 2 WSB 65.9

VII/B-4 3/B-4-1 3 6, 69, 70 WSB, BTG 62.2

4/B-4-2 3 65, 52, 71 ERK, BTG, ERK 67.2

5/B-4-3 6 34, 47, 41, 42, 90, 91 LPG, TRJ, SMT, SMT 73.1

6/B-4-4 31 21, 53, 59, 60, 25, 28, 40, 58, 88, 37, 27,
32, 39, 83, 28, 64, 33, 35, 36, 50, 54, 67,
55, 56, 57, 61, 62, 44, 46, 66, 11

MGT, LPG, TRJ,
ERK, BTG, BLK

73.1

7/B-4-5 8 7, 78, 49, 73, 51, 45, 43, 81 WSB, TRJ, ERK, BLK 73.3

8/B-4-6 3 4, 15, 22 WSB, MGT 73.6

9/B-4-7 11 5, 9, 16, 12, 17, 20, 10, 89, 8, 85, 24 WSB, MGT, SMT 74.5

10/B-4-8 10 29, 77, 84, 92, 74, 76, 93, 80, 95, 75 LPG, BLK, SMT, SMT 74.9

11/B-4-9 3 26, 86, 87 LPG, SMT 75.1

12/B-4-10 2 13, 19 MGT 76.2

Notes: SMT (Sumatera Utara), LPG (Lampung), WSB (Wonosobo), MGT (Magetan), BTG (Bantaeng), BLK (Bulukumba), ERK (Enrekang), TRJ
(Tanatoraja).

components was be able to explain the accumulative vari-
ation of 70.70%. Base on principal component is used
to review describes patterns of diversity and relationships
among individual plants of surian.

The relationships between individual surian tested are
shown in scattered matrix principal components divided
being four quadrants. Individuals trees (code as given in
Table 2 and Figure 4) in the same quadrant that shows the
nearer genotype but if located in different quadrant that
indicating a genotype has relationship away. The scattered
matrix (Figure 4a) showed the individual trees of different
family distributed and overlapped in one quadrant have
nearest genotype or have a close relationship.

The information from PCoA analysis is then used to
review the placementmaps of families in progeny test orig-
inally arranged based on randomization to separate fam-
ilies from adjacent sites without being equipped genetic
information. Ideally, the family distribution map in the
progeny test is capable of separating families with genetic
proximity but in the 3rd replication plot there are still fami-
lies located adjacent to 78 and 94 (Figure 4b, A) and at 4th
replication families 78 and 81 (Figure 4b, C) and families
115 and 7 (Figure 4b, A). The role of genetic information
to manage the layout of family placement in progeny test
is essential to be involved for next period.

3.4. Implicaࣅon and recommendaࣅon for designing
the breeding strategy

Our results emphasized that basically genetic diversity is
the foundation for maintaining genetic evolutionary pro-
cesses of T. sinensis. Hence, to define breeding strat-
egy, our main recommendation is in maintaining those pro-
cesses within the family and the origin population as the
genetic base in progeny test. Genetic diversity is a funda-
mental tenet of the conservation ethic, and that genetic di-
versity is an important consideration when managing for-
est stands, ecosystem and landscapes (Libby 1973).Yet,
the extent and distribution of genetic diversity are precon-
ditions for the adaptation that determines the long-term sta-
bility of individual species and entire ecosystems (Vellend
and Geber 2005).

Genetic diversity is the most important component
of biodiversity. It is the foundation of ecosystem stabil-
ity and forest sustainability because genetic diversity pro-
vides raw material for evolution, survival and adaptation
of the species, especially under changed environmental
conditions. Genetic diversity needs to be assessed in long-
term genetic resource collections, in breeding populations,
in seed orchards or planting materials producing popula-
tions (Muona 1990). The purpose of these tests are to pro-
vide genetic information about the select parent trees and
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(a)

(b)

FIGURE 4 Comparison scaħered distribuধon of 96 Individual of
Toona sinensis based on PCoA Analysis using 11 RAPD Primers (a)
and layout placement family at progeny test (b).

to provide an improved population of trees fromwhich the
next generation of select trees is made. Tree families es-
tablished in progeny tests are randomized and replicated
in a designed manner to meet statistical and genetic crite-
ria. Families are planted in several sites and in more than
one year to sample an adequate number of environmental
conditions. T. sinensis tree progeny tests are intensively
managed similarly to a typical industrial forest plantation.
Growth and quality measurements are made periodically
in these tests until harvest. These data are entered into a
data base and analyzed. The results are used to assess the
genetic worth of the original selections, to make selections
for the next generation and to make recommendations for
establishing and upgrading seed and hedge orchards.

In order to determine whether the genetic diversity
in maternal populations is transmitted to progeny popula-
tions and how much its value is recommended to test the
seeds derived from the progeny test in the next phase. De-
ring and Chybicki (2012) reported gene diversity progeny
decrease by 3.73% but increase by 1.26% in plantation.
Based on the previous information it is necessary to con-
duct research activities to complete the basic information
for improvement to breeding programme include 3 steps.

First to identify changes in genetic diversity from last year
to the next Second to determining the number of individ-
ual tree which will represent families or populations in the
progeny test. Third to corrected assignment of progeny to
half-sib families based on genotypic information would to
change result assessment of family rank for growth and
quality traits. We recommend that assessment of growth
traits be based on qualitative and quantitative traits based
on genetic test data to accurately rank families and popu-
lations. The next activity is to compare the average value
of the individual genotype with the progeny test map at
the time of planting base on phenotypic trait. The low-
est variation in subsequent generations might result from
the reduction in effective population size as well. The es-
timated effective population size was studied at progeny
plantation.

For genetic diversity of T. sinensis found in this study
has two recommend. First to evaluated in terms of ge-
netic gain expected for traits of importance, usually over
a period of time. Second to evaluated mating system of T.
sinensis populations expected gain could be utilised by a
proposed selection and propagation system. Several long-
term breeding strategies are now available, which are de-
signed to retain sufficient genetic variability to counter act
the risks of inbreeding in future generations. Mating pat-
tern could be utilised by a proposed management breeding
strategy. In recent years, different strategies and methods
have been proposed and used to widen the genetic base
of breeding populations for long-term breeding. In addi-
tion, efforts should also to get quality resource of T. sinen-
sis we proposed to establishment of seed production areas
from progeny test conversion is featured as the most ef-
fective and time-efficient strategy for short-term improve-
ment. For long-term sustainable tree production as well as
quality seed yield, seed orchards are suggested.

4. Conclusions
Results from the RAPD analysis of the progeny arrays
showed that T. sinensis had a medium level genetic di-
versity (He 0.304). This value was sufficient to become
the base genetic resources for the development of surian
breeding populations in the advanced phase. Clustering
analysis at genetic similarity coefficient of 0.58 and 0.46
the were identified two main clusters, seven subclusters
and fourteen sub-subclusters. Groupings between sub-
groups are not shown that family distance is closer, but
based on their genetic similarities. Our results emphasized
the importance of PCoA analysis to be used to improve
the pattern of family randomization for dissociate families
that have genetic similarities in the progeny plot for next
phase.Furthermore, to increase genetic diversity of surian
forest community can be used as a source of genetic mate-
rials from progeny test. Breeding population preparation
must consider the existence genetic distance of individual
T. sinensis in progeny plot.
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