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Amplified Polymorphic DNA (RAPD) analysis of Lansium
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Abstract
Nualsri, C. and Konlasuk, S.

Establishment of experimental conditions on Random Amplified Polymorhpic
DNA (RAPD) analysis of Lansium domesticum Corr.

I. DNA extraction from leaf samples
Songklanakarin J. Sci. Technol., 2000, 22(4) : 403-410

DNA extraction from leaf samples of longkong (Lansium domesticum Corr.) was investigated. From
four different methods, the CTAR method modified from Doyle and Doyle (1990) showed the best result. From
200 mg fresh leaves as starting material, approximately 15-20 ug of DNA was obtained. DNA extracted from
leaves in three different stages of development was compared. Young leaves tended to produce higher vields
while young fully expanded leaves and old leaves gave almost the same ameounts of DNA. Quantity and quality
ofextracted DNA from leaves that were keptin asealed hrown paper bag and stored in various durations under
3 different conditions, room temperature (30-32°C), 4°C and -30°C, were determined. At room temperature
and 4°C, DNA yields declined rapidly after storage for 3 and 5 days, respectively, while leaves storage under
-30"C could be kept at least 30 days and the banding profiles of RAPD-PCR products was not different from
fresh leaf extracted DNA.
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RAPD (Random Amplified Polymorphic DNA) Technique

Genetic variation of longkong and duku seedlings was determined by RAPD techmque
with 5 oligonucleotide primers; OPB-07(GGTGACGCAG), OPC-05(GATGACCGCC),
OPC-08 (TGGACCGGTA),OPD-01(ACCGCGAAGG) and OPD-03 (GTCGCCGTGA).
In total 149 longkong seedlings, including 9 maternal plants, were analyzed. ldentical
DNA patterns were found, except 2 seedlings exhibited slightly different tragment pattern
profiles and 499 of duku seedlings revealed genetic variation that differ from thew maternal
plants. Based on the results obtained {rom this study, it was concluded that longkong
produces almost only nucellar seedlings while duku produces 49 % zygotic seedlings,

indicating longkong can be propagated true-to-type by seed.
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DNA extraction from leaf samples of longkong (Lansium domesticum Corr.) was investigated. From
four different methods, the CTAR method modified from Doyle and Doyle (1990) showed the best result. From
200 mg fresh leaves as starting material, approximately 15-20 ug of DNA was obtained. DNA extracted from
leaves in three different stages of development was compared. Young leaves tended to produce higher vields
while young fully expanded leaves and old leaves gave almost the same ameounts of DNA. Quantity and quality
ofextracted DNA from leaves that were keptin asealed hrown paper bag and stored in various durations under
3 different conditions, room temperature (30-32°C), 4°C and -30°C, were determined. At room temperature
and 4°C, DNA yields declined rapidly after storage for 3 and 5 days, respectively, while leaves storage under
-30"C could be kept at least 30 days and the banding profiles of RAPD-PCR products was not different from
fresh leaf extracted DNA.
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Cultivar or variety identification is usually
based on morphological characters. There are
several disadvantages of using morphology for
genetic marker: 1) morphological markers are in
some cases, associated with deleterious effects,
2) they are difficult to analyze in breeding popula-
tions, and 3) they are affected by environmental
conditions (Tanksley er al., 1989). In Lansium
domesticum Corr., cultivar characterization 1s dif-
ficult due to a lack of genetic markers. Molecular
markers lend themselves to use in applied genetic
programs. Many types of molecular markers have
been used to observe variation directly at the DNA
level, such as restriction fragment length poly-
morphism (RFLP) and random amplified polymor-
phic DNA (RAPD). Most studies have employed
the RFLP marker: they are often codominant but
are restricted to regions with low or single copy
sequence (Michelmore eral., 1991). RFLP markers
can sample various regions of the genome and are
potentially unlimited in number. RFLP assays
detect DNA polymorphism through restriction
endonuclease digestion, coupled with DNA blot
hybridization, but are time consuming, require
large amounts of plant tissue and involve radic-

activity. RAPD markers have demonstrated their
usefuiness as genetic markers for a variety of eu-
karyotic organisms. (Welsh and McClelland, 1990:
Williams et al., 1990). RAPD are polymorphic
DNA sequences separated by gel electrophoresis
after polymerase chain reaction (PCR) amplifi-
cation using random oligonucleotide primers. If
these priming sites are within an amplifiable dis-
tance of each other, a discrete DNA product is
produced through thermocyclic amplification
(Tingey et al., 1993).

The suitability of DNA preparations for
PCR is one of the conditions that affects the
RAPD technique. However, for PCR reactions.
relatively pure high molecular weight DNA is not
required like RFLP (Berthomieu and Meyer, 1991:
Brunel, 1992). Any plant contains three types of
DNA; nuclear, mitochondrial and chloroplast
DNA. In most cases, nuclear DNA is used. Many
different methods have been tried in an effort to
extract quality DNA from plant tissues (Murrey
and Thompson, 1980; Dellaporta e al., 1983; Ga-
wel and Jarret, 1991; Oard and Dronavalli, 1992).
All preparation methods involve the removal of
the cell wall and nuclear membrane around the
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DNA, which is usually done by grinding the tissues
in liquid nitrogen with mortar and pestle or a
gninder. The DNA is then separated from all other
cell components such as cell wall debris, protein,
lipids or RNA etc. Because the biochemical com-
position of plant tissue and species varies con-
siderably, it is impossible to use a single isolation
protocol which is optimally suited for all plants.
Many DNA isolation techniques widely used by
scientists are based on CTAB (hexadecyl trime-
thylammoniumbromide) extraction buffer (Rogers
and Bendich, 1985; Doyle and Doyle, 1987; Gawel
and Jarret, 1991; Thomson and Henry, 1993) how-
ever, each plant species may require quite dif-
ferent isolation procedures.

The quality and vield of a plant DNA prepa-
ration are considerable extent influenced by the
condition of the starting material. Most studies
used fresh or frozen tissue as a source of DNA.
However, in many cases. it is impossible to isolate
DNA directly from fresh tissue because the plant
species of interest grow at remote locations. Strat-
egies for field collection and preservation are
important. Rogstad (1992) suggested that leaf
samples can be preserved in saturated NaCl-
CTAB for DNA extraction. Thomson and Henry
{1993) studied in peach and reported that storage
of fresh leaves in a paper envelope in the labora-
tory, allowing the tissue to dry out over a period of
several days, was the most successful approach for
DNA extraction. Fresh tissue should be kept cool
on ice for a short period of time depending on
species and tissue. Since no reports on DNA ex-
traction in Lansium domesticutm Corr. have been
found, this study was designed with the following
objectives:

I. To determine which DNA extraction
method gives the highest DNA yields for Lansium
" domesticum Corr.

2. To determine if the stage of leaf develop-
ment affects DNA yields, and

3. To determine if the storage of leaves in
different conditions and times prior to extracting
DNA can affect quality and yield of DNA.

Materials and Methods

Plant materials

Young fully expanded leaves were col-
lected from 10-year-old longkong trees at the
Plant Science Department, Faculty of Natural Re-
sources, Prince of Songkla Universitv. Hat Yai.
Songkhla. All leaves were cleaned with sterile
distilled water two times and air dried at room
temperature prior to extraction.

Extraction of DNA with different methods

Approximately 200 mg of cleaned fresh
leaves were cut into small pieces and placed in a
cold mortar. The leaf samples were then ground to
a fine powder in liquid nitrogen. Ground samples
were placed into 1.5 ml polypropylene centrifuge
tubes and the following 4 methods for DNA ex-
traction employed.

Method I : This procedure was modi-
fied from Doyle and Doyle (1990). DNA was ex-
tracted in | mL CTAB buffer [(1% polyvinylpyr-
rolidone (PVP-40), 1.4 M NaCl, 20 mM EDTA
(pH 8.0), 100 mM Tris-HCI (pH. 8.0). 2% CTAB
and 2% [-mercaptoethanol was added to this
buffer just prior to extraction]. Ground tissue and
buffer were mixed well and incubated at 60°C
for 60 min. The homogenate was then extracted
with 800 L chloroform and centrifuged at 12,000
rpm 4°C for 2 min. DNA in the aqueous phase
was precipitated by mixing with 750 L isopro-
panol and pelleted by cenrifuge at 12.000 rpm
4°C for 10 min. The DNA pellet was rinsed with
70% ethanol two times, dried and resuspended in
100 uL TE buffer containing of 10 mM Tris-HClI
{pH 7.5) and | mM EDTA (pH 7.0) then stored at
-20°C until use.

Method [I: Ground sample was mixed
with i mL exiraction buffer containing 20 mM
Tris- HCI (pH 8.0). 0.1 mM EDTA and 10% SDS.
The mixture was incubated at 70°C for 15 min
before adding 500 uL 5M NH,OAc. This solution
was mixed and incubated again at 4°C for 30 min
then centrifuged at 15,000 rpm 4°C for 10 min.
Supernatant was removed to a new tube and
DNA was precipitated with 600 pL isopropanol
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" for 10 min at room temperature and centrifuged at
15.000 ippm 4°C for 10 min. The pellet was rinsed
with cold 70% ethanol. air dried and resuspended
in 100 L TE buffer.

Method I11: This procedure was intro-
duced by Steiner e7 af. (1995). Ground sample was
extracted in 1 mL rapid one step extraction buffer
(ROSE buffer) containing 10 mM Tris-HCI (pH
8.0). 312.5 mM EDTA (pH 8.0% 1% sodium
laurvl sarcosyl and 1% polyvinyl polypyrrolidone
(PVPP). The tubes and contents were vortexed
thoroughly and incubated in a water bath at 90°C
for 20 min. The samples were placed on ice for
5 min to allow the tissue and PVPP to settie before
aliquots of extract are taken (~ 80 ul. was ob-
tained) for amplification.

Method 1V: The procedure was devel-
oped by McDonald et al. (1994). Ground sample
was placed in a 1.5 ml polypropylene centrifuge
wbe containing | mL extraction buffer [200 mM
Tris-HCI (pH 7.5), 288 mM NaCl 25 mM EDTA
and 0.5% SDS]. Each tube was vortexed for 30
sec and cenirifuged at 12.000 rpm for 10 min at
room femperature. Supernatant was then trans-
ferred to a fresh tube and 750 L. isopropanol was
added to the supernatant and mixed gently. The
mixture of isopropanol and supernatant was in-
cubated for 5 min at room temperature then cen-
trifuged at 12.000 rpm for 10 min at room tem-
perature. The pellet was washed with 750 pL 70%
ethanol, air dried and the pellet was resuspended
in 100 uL TE buffer. ‘

DNA from each method was then approxi-
mately quantified and compared by running 2.0 L
of euch extruct on gel electrophoresis through
0.7% Seakem agarose (FMC Bioproducts, Rock-
land U.S. Ay using TAE buffer and compared with
known amounts of Lambda DNA (2. DNA : Pro-
mega. Madison, U.S.A.) as the standards.

Comparison of the amounts of DNA from 3
different stages of leaf tissucs

Leaf tissues of longkong were collected at
3 different stages; young leaves (2 weeks after
flushing), young fully expanded leaves (6 weeks
after flushing) and old leaves (8 weeks after

flushing) (Figure 1). All leaves were extracted for
DNA yields by the best method from the previous
experiment. The quantity of DNA was compared
after gel electrophoresis as previously described.

a

Figure 1. Different stages of longkong leaf sam-
ples collected from field grown plants
used for DNA extraction: (a) old leaf .
(b) young fully expanded leaf and
(c) young leaves.

DNA vields from preserved leaves

Leaf tissues of longkong were collected
from field grown plants at the same stage from
the same tree. Fresh leaf samples were extracted
within 60 min after collection using the best
method we investigated (CTAB method). Other
leaf samples were separated into 3 groups: Group
1, leaf samples were stored separately in brown
paper bags (2 leaves/bag) and left at room tem-
perature {~30-32°C) for 1. 3, 5. 7. 14 and 30 days.
Group 2. leaf samples were kept in the same way
as group | but placed at 4°C for the same period
of times. Group 3. leaf samples were also placed
in brown paper bags and stored at -30°C for 1.
A.5.7. 14 and 30 days. DNA was then extracted
from each treatment (2 replicates /treatment) and
the amounts of DNA were compared after elec-
trophoresis. The quality of DNA from each treat-
ment was tested by RAPD-PCR. Primer selection
was based on the ability to generate amphiication
products in the experiment involving screening of
primers {(data not shown), Pruner OPA-03 (AGT
CAGCCAC: Operon, California U.S.A) was
chosen in this study. RAPD protocol was per-
formed in a reaction volume of 25 pL containing
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2 uL of 10 X butfer, 2.5 mM MgCL. 100 uM each
dNTP, 1.5 UM of primer. 0.3 uL of Tag DNA poly-
merase and 40 ng template DNA. The thermal
profile for RAPD-PCR was 95°C intial dena-
wration for 1 min then 39 cycles of 94°C for 1 min,
37°C for 1 min 72°C for 2 min and followed by
| cycle of 94°C for 1 min, 37'C for 1 mumn and
72'C for 10 min. PCR was performed in a PCR
machine {PCR Sprint Hybaid, UK). Amphfication
products were then separated by gel electropho-
resis through 1.25% Nusieve agarose 3:1 (Bio-
product, Madison U.S.A.) and DNA bands were
visualized by UV transillumination after ethidium
hromide staining.

Results and Discussion

DNA extraction with different methods

With the same amounts of starting material
(~200 mg fresh leaf tissue), it was found that CTAB
method (method I) gave the highest amounts of
DNA. Approximate yieids of DNA obtained from
CTAB method were between 300 to 400 ng/2uL
(15-20 pg/200 mg fresh tissue) compared to 200
ng/2ul. (10 pg/200 mg fresh tissue) from method
I1and 10 ng/2uL (0.4 1g/200 mg fresh tissue) from
method 11 whereas very small amounts of DNA
were obtained from method IV (Figure 2). CTAB
buffer protocol and its modification have been
widely used for obtaining good quality total DNA
from many plant species such as Musa acuminaia
{Gawel and Jarret, 1991), Nelumbo (Kanazawa
and Tsutsumi, 1992), Saccharum (Honeycutt er
al., 1992), Prunus persica (Thomson and Henry,
1993), Lotus corniculatus (Nualsri er al.. 1998).
Muny extraction procedures are time consuiming
and leave waste materials behind, Of the 4
methods we investigated. the last 2 methods took
less time and produced less hazardous wastes,
panicularly the one-step process of method 111
However, these methods are not suitable for
fongkong leuf extraction. DNA pellet obtained
from ali methods, except CTAB method tend 0
be brown colored. Te-chato (personal communica-
tion) obtmped white DNA pellets from in vitre
seedling leaves of longkong using method I,

while brown color occurred when leaves tram field
grown plant was used in our experiment. Based on
these results, it was concluded that longkong leat
tissues contain high phenolic compounds and dit-
ferent conditions or different stages of plant de-
velopment may influence the accumulation of
phenolic compounds in this species. Phenolic
compounds can be eliminated by adding some
chemicals such as diethyldithiocarbanmice acid.
polsvinylpyrrolidone (PVP) and B-mercaptoetha-
nol «Couch and Fritz, 1990: Kanazawa and Tsut-
sumi. 1992). PVP-40 and B-mercaptoethanol are
added into CTAB buffer in order to reduce phe-
nolic compounds. and therefore the winush DNA
pellet was obtained using method 1 In addition 1
phenoiic compounds, the other impurity. namely
polvsaccharide. which is abundant in many plant
spectes, also affect RAPD products (Demeke and
Adams, 1992). DNA can be successiully 1solated
from plants rich in polysacchanide by increasing
the CTAB concentration in the isolation buffer
(Doyle and Doyle, 1990). According to the results
obtained from this experiment, method [ was cho-
sen as the extraction method for further studies.

Figure 2. DNA vields extracted from leaf samples
using different methods, Lane 1, lane 2
and lane 7 are 100, 200 and 80 ng/2ul.
+#DNA.Lane 3.4,5and 6 are DNA from
method L I TH and TV.

Comparison of the amounts of DNA from 3}
different stages of leaf tissues.

Youny leaves, young fully expanded feaves
and old leaves of longkong were harvested and
extracted for total DNA by using CTAB method as
described previously. The results showed tha
young leaves tend 10 produce higher DNA yvields
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compared to young fully expanded leaves and
old leaves (Figure 3). Young leaves always give
higher yiclds because they contain more cells
per weight. In addition, young leaves contain less
polysaccharides and phenolic compounds and are
easy lo grind, particularly when liquid nitrogen 1s
not available, Thus, in many cases, very young
leaves are recommended as the starting matenal
for DNA extraction. Fromourexperiment, although
less DNA was obtained from both young fully
expanded leaves and old leaves compared to
young leaves using the same extraction method,

all amounts were enough for many RAPD reac-
tions, indicating that all stages of leaf develop-
ment can yield sufficient DNA for this technique.

DNA yields from preserved leaves

Yields extracted from preserved leaves in
ditferent conditions and different period of storage
were compared (Figure 4 ). At room (emperature
(~30-32"C)and 4°C, leaf colorchanged from green
to brown after 3 and 5 days respectively. resulting -
in a brown pellet of DNA. At the 5" day or longer.
no DNA was obtained under room temperature

Figure 3. DNA yields extracted from different stages of longkong leaf samples using
CTAB method. Lane 1 and 8 are 200 and 10§} ng/2pL. A DNA. Lane 2, 3 are
DNA from the young leaves, lane 4, 5 are DNA from young fully expanded
leaves and lane 6, 7 are DNA from old leaves

30 4

1 2 4 5 6 7 8 9 10

Fl. --1 day--- -- 3 days-- --- 5 days-- ---7 days-- --14 days--

RT-30 4 RT -30 4 RT-30 4 RT-30 4

RT -30 4 RT

19 20 21

12 13 14 15 16 17 18
--30 days--

Figure 4. DNA yields extracted from longkong leafl samples after storing in various
durations under different conditions. Lane 1 and lane 21 are 80 and 40 ng/
2uL. (A DNA, lane 2 is DNA from fresh leaf, lane 3, 6, 9, 12, 15, 18 are
DNA from 1, 3, 5, 7, 14 and 30 days at -30°C, L.ane 4,7, 10, 13, 16, 19 are
DNA from 1, 3, 5, 7, 14 and 30 days at 4°C. Lane 5, 8, 11, 14, 17, 20 are
DNA from 1, 3, 5, 7, 14 and 30 days under room temperature.

FL.= DNA from fresh leaf. RT=room temperature,
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while all durations under 4°C and -30°C still yield
sufficiently. Thomson and Henry (1993) studied
in peach and reported that sufficient yields of
DNA can be obtained from leaves storage in paper
envelopes at room temperature for 122 days. They
also noted that high moisture content in leave
may shorten the storage period. High moisture
content together with high room temperature was
accounted for the rapidly decrement of DNA in
‘this experiment. In the genus Macaranga under
tropical rain forest conditions in Malaysia, Weising  (a)
et al. (1995) suggested an appropriated means of
preserving leaf tissues for DNA isolation by
dessication of leaf tissues in polypropylene tube
with silica gel.

To ensure an acceptable quality, DNA was
then tested for RAPD products. RAPD was per-
formed with a random primer (OPA-03) and pro-
ducts obtained from each treatment are shown in
Figure 5. DNA from tissues stored at -30°C for 1
to 30 days produced the same products as DNA
extracted from fresh tissues, however, differences (b)
in band intensity were observed (Figure 5a). No
RAPD product was observed from extracted
DNA after storage under room temperature and
4°C for 1 and 3 days, respectively (Figure 5b, 5¢).
At 4°C, although DNA can be obtained after
storage up to 30 days but its quality is not good
enough for RAPD. The results demonstrated that
preservation of leaf tissues under -30°C was the
most successful DNA extraction of longkong.

———
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Conclusions

Extraction of DNA from longkong leaf tis-  (c)
. sues was successful using a modified CTAB
* methed from Doyle and Doyle (1990). In this
- method, 1% PVP-40 is added in the buffer and
- ' B-mercaptoethanol is increased from 0.2% to 2%.
| Every stage of leaf growth can be used for extrac-
tion 1o get sufficient amounts of DNA for many

Figure §. PCR products amplified with primer
OPA-03 after electrophoresis of ex-
tracted DNA from longkong leaf sam-
ples after storing in various durations
under different conditions. (a) Lane 1

RAPD reactions. However, young leaves are pre- is 100 bp Ladder DNA, Yane 2 is pro-
ferred because they tend to produce higher yields ducts from fresh leaf, lane 3, 4, §, 6,
and are easier to grind, especially if liquid nitrogen 7, 8 are products from 1, 3, 5, 7. 14
is not available. After harvesting, leaf tissues can and 30 days under -30°C. (b) 4°C and

be stored at -30°C for at least 30 days for DNA (¢} room temperature,
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extraction and quality of DNA is good enough for
RAPD technique.
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PnmszEslagmaiiaadtand (Random Amplified Polymorphic DNA)
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Nualsri, C., S. Te-chato, M. Lim and U. Choorak
A Survey of Genetic Variability in Longkong (Lansium domesticum Corr.) Seedlings Using

RAPD (Random Amplified Polymorphic DNA) Technique

Genetic variation of longkong and duku seedlings was determined by RAPD techmque
with 5 oligonucleotide primers; OPB-07(GGTGACGCAG), OPC-05(GATGACCGCC),
OPC-08 (TGGACCGGTA),OPD-01(ACCGCGAAGG) and OPD-03 (GTCGCCGTGA).
In total 149 longkong seedlings, including 9 maternal plants, were analyzed. ldentical
DNA patterns were found, except 2 seedlings exhibited slightly different tragment pattern
profiles and 499 of duku seedlings revealed genetic variation that differ from thew maternal
plants. Based on the results obtained {rom this study, it was concluded that longkong
produces almost only nucellar seedlings while duku produces 49 % zygotic seedlings,

indicating longkong can be propagated true-to-type by seed.

Key words: longkong, duku (Lansium domesticum Corr.), RAPD, genetic variability
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MIANIANNULUSUSIUNNAUGNSINYDIRUNA 188N (Lansium domesticum Corr. )Aila

nnmsiwzdalesmeaiinai§iane (Random amplified polymorphic DNA)

FMsAnEATNUUTITIUEBINIR RN T NTBIE LN EDINaY uar QR ldnnms
izndelesldinaiia RAPD nulwsiiasdiuiu 5 #iiada OPB-07(GGTGACGCAG),
OPC-05(GATGACCGCC), OPC-08 (TGGACCGGTA ),0PD-01(ACCGCGAAGG) uas
OPD-03 (GTCGCCGTGA) WUTIRINIWIUAUNAIaENNad 149 o saunacuLal 9 e 7
ynmsnadeuliamaiuidduamisuiunmue sncudund 2 duiihissiuvesan
suwiiamiss lunnsiidundanimsRuWdiSuadinnduwilszanm 49 % uaarihdu
nahaasnasdlnaiiiiudund ingam (nucellar seedling) eviivugnssumiiauduus
fhu@,gﬁv’uéfunéﬁ 49 o Husundlolndn (zygotic seedling) AaFUNIIMAATINMIINE
Fildnuasmenusnssuiuandenndual dumsmnzuieasanases lddundifinse

FUWUSLTAUNIVNG
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aa9na4 (Lansium domesticumn Corr.) awduluwatﬂ'mﬁnwammaﬂwwu\muﬂnﬂ
mw‘lumsmaﬂmﬁwsuwunmqmﬂlmaqﬂ'i Lnel lng ﬂwuuwuﬂﬂaﬂaa\maﬂmwuﬂu
atnai U 2530 ﬂ's.,twﬂlnauwuvtﬂanamﬂaq 37.769 13 wazianilu 160,783 13
Wil 2538 (nsuAUSTHMANEAT, 2542) dasnnanudasmszaguilnauasuanay
unugalseouinege  atalsieumandaaasnasdaiilywinning WU WANER
Limhiana qumweabiviueu Jammsidudsmuliidsauazuna Fatlywmanii
amuuqmuwammnﬂawa‘mwu’maauua.,mﬂﬂmiﬂ'tummuau anuliwtivauas
ﬁ’ujﬁ'lﬁ'ﬂgﬂﬁﬁuiwuﬂuﬂmw1é1ﬁmSﬂf]mwmf;waqmdmuaamaq i dneimane
fuiifimsgnassneududmiouning damil sxmussaem Wudu losamnzadn
fesnuii argdszana 10-20 U dindiiugansane waz gn Usduununnau FaaaaTm
Gumdliiudasssnnipaud mdusgduinouduiivsiuinn - sumgdandndiu
yierieninanuaslwasgslumsuasuuiug Hipsmnarudaamsauniiug
Suauan vioeaiaanmsiawaa luMSHIARUNEIALG mysenaRusannasia i
ledniugiasimaduiugansaildlasisnmsaneiuguuulildne (asexual
propagation) 1TUMSEaUEDA wiamsmuia Tagldandiuduaawizaainasfiawsaios
Ludiﬁﬂwsé’&nénawﬁﬁatﬁﬂmq"v’itﬁmammﬂwaqﬁaﬁm’ammiu%nmiaﬂﬁiaszwhoﬁuma
KaziNNuH Sesinansznulagasweminiadule durmauduniadieddifgn
Tosmsiaswde  uasiitomdewinsasnansbidundienanduwiniali oy
v lugnas '|WU‘)"]aEI\1ﬂEl\1€lﬂI.Nid’imﬂﬂ%utla:iﬁﬁ1aLlﬂﬂﬁWQﬁu ATMULANGATILR AT
adiannamwndauiuananiuniafarinwugnssufisnaiy wanseuEawda
apanaeasLifimsnanawug atalsfaudanandnguiidau

TuRnuiiaiinsananaausds lilamanmsuausswihalduasasasanss ue
Fannmnanndudadisremausunioy 1quduuila  (embryo  sac) wulaad
(hicaiiag viadumanuun  (integument) Foiuduna WA TINWAaRINATIN T
anyzMaRugNIIHMTauaA UL Bonanwngaananazlwinda (apomixis) Fanwulu
Favanusiiawu d% (Chin and Roberts, 1980) 3z (Truscott ef al.,1993) wudawuald
(Kralt ef al., 1996) Mudvewdq (Nassar et al, 1998) Tludu Rranamemansuidiod
fu Bemardo wAzANMz(1961) MNevuhmsdiawiazasanae uazxgniiluuuuasininga
artEamiieliinsassarasunas  uannniiudawuTimsaanaeatlideiuiu
(Prakash et al., 1977) WATINASANEIYDINIAA ATAMY (2543) wu’h@gﬁmﬁaqﬁwu

v v o v [ ° i
111!11ﬂ‘l(ﬂ‘ﬂ'rNﬂ‘ittﬂﬂlﬂUU'Nﬂuuﬂ'l‘iﬂ‘i’NazE]ENLﬂﬁ?tﬂu‘)’lu’]uu"lﬂuaﬂﬂxaﬂiLﬂﬁ'ilﬁa'!ull
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aranselumssanlamannfidienaaauludefidms (alnssauszanzy 2543)
insnuhansazeswindaindanudoiudtunsideileslilomnnnh 2 @
(polyploid) (Richards, 1997) Snuasunlszmsiwadunaladmiuiefdves Ininda
gy mstaniadamansoliaundinnnh 1 sudishllwnzGendnuazananh
Twaisuuslail (polyembryony) Bernardo WA Ramirez (1959) Anwiluanaauazsioau
imrdasnaunlastiloade 8 ga Waimnhwiaanmeuasanliwzwuh 30%
FDUNIAANUST 52% gaundaaae lveundiannnil 1 ou (Prakash et al, 1977) gu
@ofuameaswwaslssiud (2534) sewudnwaclwiduuilailuanines LGS
aeaUszn 55.8, 12.6 war 1.2 9% eudeu Tuigeszgady wulhdundmaaciuii
Fatmnmnadadaniy Tinvasmaiugnssuand ety dismnueauianmnan
dladiatiigassuarineuiigninmsuanssninlidounazazaaunds  ( Chin  and
Roberts, 1980) @ M5uUananal FilifinenuiuiudaEuineundalannmsmzuan
RETANHUEIIN UGN TINUNNGNIVT DI BUN UG garumswaaasileansidiaias
WNEEEUREUEATIIFaUANLANS IR AN SHEBEUN A IdnnmsmnzwEalag
WEnuisususuaitadhnlsslanidarnamusawsaiiuamannlumsliduuningas
mennRugTignes

MINMUNANIHUANA A DIWUTWIUR LGN Sinarandpanvasiiveadiuldmeauanizu
Snunwasay Tu aan wiawadaianauanseiufiunns uddnumsmniinauliug
yau uarthdsamwuedaniinansinuatQNNAaMSUAMDENTANENELLAINa Loy
e EnEnEnUiing venaniiudevassiieiansuren 9 adafiuinn
gy apwnseiugn  lussazndweduidelilinasdomnlilddfiianuinngudill
mansouenaNuLanenls  uniariena  easlfszazoanulsann 5-6 1
meluTagszeulnanadsldfumswannesnadiluiese: 10 Pidnan tulehi
Ysrlgmiaiamnndmiumsdadanuszasndoudanugiy  annsonlednady  wl
nsenalustazeunaideiiludien 2-3 Tu wumslslalule (isozvmes) waz anflavusah
(RFLP: Restriction Fragment Length Polymorphism) l8svenuiisniluoeranniuada
(Tanksley and Orton, 1983) amnalsfieny Mdesisinatadne wu  msldlelylaii
wiisiRshauareldoaaudiad wanaiilaniabisssuniuou wnrszszmsRS @AY
Tavasuiz viaamwiedsnasiinasanmsauouleailuiy (Adam and Joly, 1980,
Toboski and Kemery, 1992, Kuhns and Fretz, 1978) zhuaﬁuaﬂuaaﬁﬁuﬁmmﬁwf‘i’lﬁ
wlianuainiigaiede udiimadeutnadududon inanou Mldheg dedldin
smduinmenn  wasiddgRdemaiiadanailldasfniuanwiid  Handy
duanpeeuywduaziinaanmaluamwuindan  melieiaid  (RAPD:  Random
Amplified Polymorphic DNA) #awannlasininmenand 2 ngudie Williams uazane
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(1990) uar Welsh uaz McClelland (1990) Wudamaiianii ﬁﬁt&' gulgiunsfnm
anuulsUNUIIRLENSTN UATMSATIRFaUANNLANG ReasRUgAY FEmsbidudau 1
Unudeiissninias mldnedileswmmdlaiideanaiivinumnuaniase
Sevnasiuiuamwiad snmea s liuwssuduly

Ene Gusudemsstemiue Induduiy udREnnudEue BENGN
é’"mnﬁ'lz?ﬂﬁﬁ%‘mgn‘[ﬂwﬁminm (Polymerase chain reaction :PCR) Taaldlwswas
Ussane 10 wiammetiewss Lisndudamsnudduiuarasdiduesuuwuu wddwmsi
AnuuanaNzasiudLdEenlamonmi difalaslwida msldweiaoiens Tums
Tanmieamauudsumuradundiwugaasnss aninhilddayatignaae Fau uarnad
Fafeuiumslddneaeyadugiu

’J’mqﬂi:mﬁ'ﬁamu%ﬁ'uﬁtﬁamswaauﬂ'nmuhﬂiuuanﬁ'uqn‘siwaqﬁun51
aammﬁ’lﬁmnm‘il.m:l,uﬁmima'lﬁmﬂﬁﬂmqms'm‘“" wiafludayalumsuuninnensns

L

I.ﬂEJ'Jﬂ'UL'iENWL!E ua.,:lﬁms'luﬂ”nszlmﬂwuﬁaaqnaqﬁ aneas
o P )
qﬂnimuamﬁmi

MIAUUATAITLHIZLNE

MMSHUPUIRUEONUTNNAUADININNFIUNENINT 3 & Lwwadenie
daenil 1 &u uazus13Nd 2 swluudazaiu BanduasInadiuiu 3 au uaazaugy
Fuadalildimou 20 wie hawdanemuennslunszusnneimeiniigensas
AENINENNSEITNENG N Inedssvrmuaiund WedundFlusiesaina 2 ludede
aasgawanadnzeaduiuaugnos ¢ B dladundiilusie 4-5 Tuianmsdudh
anlumndundudisiinadafidue  lumsdnnasiifldgudaiureiundian

L

U 32 du WNAUNOVIVNRlINNSULNLBEINY  (TIPMATTINTAERS A

ninmnnssssumd)  Jegustaduiansidavamuulsliumawugnssueagnuisy
WHUNUamna

maanamauandudiuly

msanafidulaldismsnuszgneanann Doyle uar Doyle (1990) Baiingazidund
i dulvnndundugazduimindszana 200 Tadnsn (Srumlunnduwiinnsiiy

< f v v o a &g o a ' _ v s

wanudazaume) aazudnludlusudn qldlulngs Wwnlulesumar warhmsuaau
Wumazdun anmeluiusazidae ldvaasewnuassWaua 1.5 Tadans @Huas
smptdiesnacldanafidue Pessazana CTAB Fedsznaudla PVP-40 19
EDTA (pH 8.0) udu 20 fiadluad Tris-HCl (pH 8.0) 1wty 100 Hadlumy uax
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CTAB 2% lamén [B-mercaptoethanol 2% warnalidfuiWesiauinsiansadaly
wiariu wamnnhluguiigamafi 60 s Junm 60 il Giuesslsadu 800
lulasaas wanlendulasndunasaluin hlvdusneznaulesaisusuasdindanud
sau 12,000 50U/ Fnamgil 4%y Wuom 5 il gaeawizansazaeladnuld
Tunanalvd anecnauddua sredsazarelalslwsniuaa (isopropancl) USinm 700
lulasaes ihliiuansznaudnafilnmeiouzunsihdanudasou 12,000 sau/nd 7
aompil 4y uam 10 W wmanudhniie dwesnauiduiadsdanagad 70%
ou 2 e elioidsnmaivesesasmesasnaudifualussazanedviies TE
100 Tulasans (TE Usenauadg Tris-HCI pH 5.0 @iudu 10 diadluas uaz EDTA 0y
fu 1 fadlumd) mmsesadaulEne DNA MnmsUsznadiEueiiatald Taams
MadalasWsdaldanududuseteznlsd (SeaKem agarose) 0.7%  wW3aufauivu
Uhinadiduefinsuliinauduaundida 2. DNA dutu 80 wlundnse Tulasdns v
nmiudSuenuditurasdiiualildvszann 40-60  wlundys  lulasdasiady

Usanauimanzanlumsyidonfoesaaenad (Nualse and Konlasuk, 2000)

mainEanndSue wuudnlaamaiinfidars

smanassuialFnuddueuuudulenlslwases 1w 5 #iia (Table 1)
amwinmnzalumahagersnnUsnesn 25 lulasias THanuduiussiasazans
sha el Fiuaduwifiad 40 wlundy TWwad 10X 2 Winsdas wunilideuaaalsr
2.5 fadlumd lwswad 0.3 lulasluar @ulssl Tag polymerase 1.5 gilon dNTP nilnaz
100 TalosTums aumgiinlddmiumsiddens Regumndl 94° 1 1# 37 1
72°% 2 ¥ 10U 39 58U NEIE 94 T T WI1H 37 "B 1 WA uaz 72 7% 10 wh v
1 58Y

yangwig  msnadaulasmsiniidganidalwswadriine Tlumsdnwmadaiildnaasain
agiasiniau 2 asuiaiivdunammaaashasnu
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Table 1 List of five primers used for RAPD-PCR of longkong and duku seedlings

Primer Base scquences

S RO 3
OPB-07 ’ GGTGACGCAG
QPC-05 GATGACCGCC
QPC-08 TGGACCGGTA
OFD-01 ACCGCGAAGG
OPD-03 GTCGCCGTGA

MINTINFBUADIUUANG NYDIMAUEAFLDULE
aduganszwumsiindFinaddue ihnandefidweild Nnudszaiatiehisnm

»
s

o ol 3 e oo w a_ = ot ot o *
PuURBUMIATDS ﬂ?ﬂlWiLNB{ﬂﬂﬂLaBﬂLLaj N'ﬁ"ﬂBLgﬂiﬁl'ﬂwiﬁﬂLWE}LtﬂﬂﬂTmLLﬂﬂﬂ’N’r‘JaQ

Fudrudduauuuarmlsd (Nusieve agarose 3:1) 1.25% maldmslvusuniaulnihes

b

L.

#i 100 Taad Hhuom 2 $9las udrSevnnmisdenusiues Fvasarae

oddionTuslad (ethidium bromide) 30 W7 wddadminduiichumsside 30 wf
apasauenuuLInEEasEuHuiBue muldieiaasaumaanstilade mnstuiin
mweenassshamuwlwaasssd  hmwheiiufinuousasdifue  Pnusazduvins

dnsndSauisuuazilanamsnaneg
= o
HAUREIISIL

rnmslElwswadinouiomee 5 riieda OPB-07, OPC-05, OPC-08, OPD-01
waz OPD-03 lumsasndsuamsfndiduarassundaninasieldnnmamzman
wuhdundufauypduifunnduwisudisiudineRuidiSuamiouy werlifony
WANANIINTIG uarIduna TenuuUsUsIumeWusnssniasIn uanInditawuh
MERYdLE werasdundaoInaaesiuinnduiiduiudainiae i@ Suauuy
denfunamue wudundioe 2 sunudEaRiunNEuNEasNs 8. Jawn: 3. usTE N
flians e Ewauand e dasundsui 9 (Fisure 1B) iialdlwswasd OPC-05 wuh
ﬁuné"nﬁ’uﬂﬂﬁmgunnﬁLSuLaﬂmﬁ 1290, 1150, 950 uaz 550 guud WuHsIRue
LLﬂLLa:ﬁ’uﬂﬁﬁ'un waioudidulamung 650 Arud (ﬂi'ﬁ) Usingunu uasiilanasaufu
Twswad OPD- 01 wuemuuand e aRaWaBuEluduNSITuT 13 (Figure 1D)RT
woudlduEug 1500 diud (#133) luwaficuiu qluiiuousananil agelsfonaiia

nadauiulwawasdudn 3 slalinvenuuandizasmaini@idue amguasany
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paneeffiauitbinnuwidamnzldnaraudacnfissnsasdensuudlounns
Ujianuudraildmiiomds  wernniimsnasiiiietufinarananuanuuan
ssasiunaSuelylnswediuame  Inswadn 5 afianlglumInsiedauasaiiiiv
Inswasildinanmsdadannininswaiiiu 100 siedilwsaadmariildiumes
sgauuarPiUszAndmuiigawalumslduenanuuandnszwinganas  anaauag)
lﬁaai‘mﬁ'mwuﬁvq'luﬂzg'uua:'iswiwnajuﬂ‘szmni (inauasuz; In preparation) Faa30
diusaaiiamuiialdlnsmaifinaniudundign  MIRTINFBUATINULANFIMINUG
nsnmasdundanildnnmawizade  wuhmeiidduerssdundmaniions
usneanuatuiulade (Figure 2) NNIMURLATINGRL 32 Ou (INFuidEi)
ﬁ'ejumﬁwmsmaauwumwLmﬂshqmﬂm"uu:i 50, 44.4, 55.5, 53.8 uay 43.3% diald
Iwswas OPB-07, OPC-05, OPC-08, OPD-01 waz OPD-03 @uddu 3I0HEIINa
uEailszna 49 % apsdunmguilusunalalngn (zygotic seedling) Fudusundii
Aannmsuanssinlduasanlady dudfimdadiudund

Hugaa) (nucellar seedling) ﬁﬁ’mmmmnL{iumﬁaﬁmfuaé’atﬁmﬁmﬁuﬁwu‘luﬁﬁaqaﬁ'u
wudn wia ueu WueY (Chin and Roberts, 1980) @MIUAUNAIAEINDINNAULN
dnAuisunmuadudunaiingsa Bemardo wazane (1961) Tpnumsiiesnyous
@ennuluanme nadinanaaeadssiumsdneaadalingin uazame (2543) Fawu
asnasiimIasazsswndtamnndiafisusuaniuiias uanvniudrazasunasuas

spsnpImnuetiumiy wiannsodandadinud lansovantdidianagauluisljiua

1
=1

1R¥] Tunae Qgﬁmﬁaaa%qa:ammaitﬂuﬁwmumnua:mm‘imanlo‘ﬁh:mm 4

& <

Wedidud  dnluddienuniululdgiosesnnasmaiggiudissainsananiniugneu
i qieglurinalndidssiuriawiudwandies JohliAasmuwususnumaiugnssy
spwuiirlunguen szasunasvasgpimuissanlicnsonaniiuiuannasld wiawl
aunsowanlduddusssidislusasnaiaaihumiuudaniuszaaunas daiineny
lugnuaniia (Prakash et al., 1977) *‘zfqL‘%’aqﬂvﬂ'thﬁsjﬁnm'luaaqnaqmdau DINHANNN
Huiiedasdnviiaanudarudald g (Aedadiudal) nmsdnmlagldimaiaoi
wRalagldlnswed 10 slaRoUENANNUANFINTNINGBINEY ARAA  UATADIIN
Mmnumedngiina: 12 auluudazngn lasduanauen lueedmiesam Jeani
wauTEME wuhassnasimuailmeReidiBuemiouty Huannauazgpiumay
aulimeAnW@duauandefiy  uamdenuuainnatgnaiugnssulunauyssaing
aameuara)  ANuEUNAM IR ETINUTISdUTBImTiawdauuuasiningalu
asnasgeninan wiudmiununeasslunguuszminsuudawe’ (Rubus nessensis) 39
duiwiiidnuarasiniinfawasiinoulasluloy 4 19 wuiwamedinsinwdidue

mitoutuluaaed R. pensitvanicus Tiidnvuzatiniindauiu udludssminsnauiivas
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sulaafaWdduauandainauiu ﬁ’uﬁvg‘m’hLﬁmmmnn‘lmaui‘mf’;Lﬁﬂiﬁu‘lu
555M@ (Nybom and Schaal,1990) uanawni’f‘luﬁﬁmizgaﬁuwuinﬂa‘s’u%udmilﬁmﬁ'fu
nilaTndnesiiamauususussuineg viatuagiuwug srasunasnnduiugisnaiy
feasamsatnsundilalndn  wuluwug Rough lemon dawmsdondmnaslagly
asppuNaTINEUE IR uWURaunanuafludundigam  uadialdaraswnasin
Poncirus trifoliata arliaunailalndnUssaim 46% 'lumqﬁ’uﬁ:ﬁ‘lﬁ'ﬁunﬁwﬁ'lL'ziaa'mzmuﬂ
wmnzinuslafiieninmsnaniianydsuusuaz limunsanannle (Cameron uas Soost,

1969).

aql

VAEaNMINaandEnmAaNuLsUTIUMIR LN SINEasRUNdIaasnasiildanms
wzwialeoldinalia RAPD wuhdunduassuifimaimididuamisuiuiou
wuadanuaNuulsUTINMaugnssiesn aguldhmssesiugaasnanialilddu
assaamugainsaildlasmsimnzadalasnss dluamuuandareadnunzeie iin
wulEre lugmuasnsuty anumurenldan sand msifelw@ananund tesia
PNUAYDIENTWUINSONNINOTIANYMENIIRUGNIIN  arelafianlunszuIuns
Homanasis  madamsnmeiuglussiund  aunsodesuldaaduilvarniu

fumglumaniiawuswstviluszozdamn
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Fiqure 1. RAPD products from longkong seedlings and their maternal parent obtained from
primers OPB-07 (A), OPC-05 (B), OPC-08 (C), OPD-01 (D) and OPD-03
(E). M is 100 bp Ladder DNA .P is a maternal parent.
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Figure 2. RAPD products from duku seedlings and their maternal parent obtained from
primers OPB-07 (A), OPC-05 (B), OPC-08 (C), OPD-01 (D) and OPD-03 (E)
.M is 100 bp Ladder DNA. P is a maternal parent.
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