CHAPTER V

DISCUSSION

5.1 Sample collection and preservation

In this study, Pavo muticus imperator samples were taken in form of

'/,

bloodstain and feather pulps beeause they cbu{ldiﬁe_ obtained while not being
9

necessary to sacrifice this endangered species. In thewease of feces, although they

are readily animal materials}ac/ be col\!ected completely non-intrusively while

P. m. imperator is a difficult ahimal'to frap or encounter in the wild, the feces of P,

— il

tis/study., 'Ifhaf" is because Gerloff (1995) reported
aid [ J'IJ

m. imperator were not used i

that some heterozygous indivi s"’féisIély dﬁﬁeﬁred to be homozygous following

Al ¥

microsatellite PCR when re-extracting the sanf@‘}féiges sample and performing PCR.

Bloodstains of each sample were collected instea}l for DNA extraction
A

Y il i
because it is convenient for specimen collection in wildlife research and breeding

stations or other fields. Bloodstains from the field can be easily managed in the
laboratory. They doinot need dry:ice on liquid-nitrogen for preservation. However,
in natural sources feather samples are easier to be collected along their trails.

A bloodstain| i§halso appropriate for avian sample collection, because red
blood cells of avian contain genomic DNA in their nuclei and bloodstains can be
kept for a long time (Karnsomdee, 1999). However, there was no previous report
about any effect of long-term collected bloodstain specimens to DNA
amplification. As the PCR results revealed in this study, PCR products of P. m.
imperator samples could not be amplified if the bloodstain samples had been kept

for 10 years, but could be done with the 3.5-year-old bloodstain samples. The exact



129

time still suitable for PCR amplification between 3.5 to 10 years old could
estimated because there were no specimen samples in that period for PCR testing.
Although, bloodstains are convenient in sample storaging in desiccator they are not
suitables for long-term collection, only for short-term. The quality of genomic
DNA was distinctively degraded after bloodstain samples had been storaged in a
desiccator for 60 days. Thus, DNA sh()}xld be extracted from bloodstains
immediately after collected and it should bé'@ a DNA solution in the dark
at -20°C rather than a bloosit_gin form. ‘;fhis could”-sfabilize the extracted DNA
- .

during long-term storage M 1S reportxto be for approximately 42 years (Hillis,

1996). / J /Y
Although genomic I?% acted ﬁ_bmi bloodstains had higher quality and
ity
t

yield than that from feather blood samiﬁléi could not be taken easily in the
,.;ia"" ;'J:f‘.

wild. In the other way round, there were also several problems found from genomic

DNA extracted from a feather pulp. ;11 geno;?;n?:DNA from a feather could not be
3 £

determined by 1% agarose W:§meter. Microsatellite

DNA could not be ampalilﬁed possibly because of a E)w DNA concentration
obtained a feather pulp. , According, to, the morphological.analyses follicular layers
of the feather collected from the forest more than 1 year were incomplete and some
tissues from, detinis layér disappeared. Those folliculat layers and tissues contain
genomic DNA the loss of these cells then also means to lose of the DNA.
Moreover, feathers should be collected from the natural source after breeding
season and before rainy season. This is the only period of the year which peafowls
can produce good dropped feathers. Most of feathers taken from any other period
would be dilapidated because they remained grounded in the wild for too long. To

solve this problem of in proper collecting-period, DNA must be extraction from
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those feathers using a suitable extraction method and then concentrated using
sodium acetate and ethanol. Thereafter, PCR products could be amplified. This
finding result is different from Plubcharoensook’s report (2000) which stated that
D-loop region of mitochondria DNA could be amplified from unconcentrated DNA

template after extraction P. m. imperator feathers with Chelex® method.

I
i 1/
5.2 DNA extraction method
-/-/{’/

——

There are many DNA extractlon protocols™ reported such as CTAB

precipitation, SDS precipitat] g GuS N (guanidium isothiocyanate), PEX

(potassium ethyl xantho ' PX_'®120; and proteinase K/phenol-chloroform
extraction. They are bestSuitable f .;liﬁ'er%ce tissue types and useful for a variety
of analytical techniques. ne, may ﬁ;g.t need to try different protocols to
determine which one provides a sitﬁable f&e}(tractlon in specific sample and

e 2

application (Miligan et al., 1998} Prequsl,y, Chelex®100 and proteinase
K/phenol-chloroform mé_m_wemdmum&_@?racnon (Karnsomdee,
1999; Boripat, 1997). Her}ce, they were chosen to test (21 bloodstain and feather
DNA extraction of P. m. imperator. Moreover, another recent extraction mefhod,
QIAamp® DNA extractionkKit, was alse used in this study.

Genomie:DNA~from bloedstains of\R: m-imperatorcaftom Khao Soi Dao and
Phatthalung ‘wildlife research and breeding station were successfully extracted by
using all three methods. But the suitable extraction method from bloodstain sample
for amplification was QIAamp® kit. The quality and yield of genomic DNA
extracted from the QIAamp® kit method was high and suitable for PCR
amplification. In'the case of proteinase K/phenol-chloroform method, it gave high

quality and high yield of extracted genomic DNA but lower yield of PCR products
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than the QIAamp® kit. Although, it costs less than the QIAamp® kit method, the
proteinase K/phenol-chloroform method could cause interferce to PCR its organic
solvents and other detergents (Table 5.1) left the in DNA solution (Stephen, 1996)
This method is also not recommend for DNA extraction from feather specimen
because of its high affect on PCR amplification. The last method, a DNA extraction
from bloodstain specimens using 5% Chelex‘? }nethod, although Meckvichai (1997)
succeeded in using the mothod for cytochroﬁze/;”gmpllﬁcatlon, it was found not

suitable in this expenment for microsatellite amplification. This because the

Chelex® method gave the lﬁ{

y xeld antt purity of the DNA template extracted

from P. m. imperator sam
When extracting
not be investigated using bo
absorption spectrophotometfy
method was chosen con51der1ng its ablhty TQ gwe amplifiable DNA template.

Noted that, all extracted_leA_ﬁ:om_feathcts_muthc_cmqtrated before PCR to

avoid too low amount of DNA template to amplify.

T

The 5% Chelex® 1004iethod was fouhd in this study to be appropriate for
genomic DNA extraction from wild P. m. imperator fcathers. This extraction
method is easy, cheap,and less titeé-consumiing, ‘Tt involves fewer opportunities
for DNA concentration and loss of DNA than the traditional phenol/chloroform
extraction (Sambrook, 1989). Furthermore, this method involves no organic
solvent (Table 5.2) and does not aliquot into several tubes (Walsh et al., 1991) to
protect loss of small amount DNA from feathers. Another advantage of the
Chelex® method is its ability to extract small amount of degraded DNA in samples

such as feathers from P. m. imperator. These small amount of extracted DNA by
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this method was reported to be successfully amplified (Cooper, 1994). In this
study, proteinase K/phenol-chloroform extraction was successful in recovering
high molecular-weight DNA from bloodstains and gave higher purity than the 5%
Chelex®100 method because of protein and other substance (e.g. hemoglobin)
removal ability prior to PCR amplification (Davis et al., 1994), it does not suitable
for feather DNA extraction. It is becauwr ethod uses a large amount of salt,
organic solvents, detergents and excess o&k (Walsh et al., 1991) which

isxghe" 19@ reasons explain why

7 —~

&4 DN, ﬁ%ome feather specimens

: us solvents inhibit PCR reaction

can inhibit PCR amplificatio

proteinase K/phenol-chlor
could be amplified. The

are shown in Table 5.1.

Table 5.1 Level above which olymerase chain reaction
Solvent
T
an
L,
DMSO . &r 1%
M O101/A0N0I0NLY DALD LA £ 0
?"qu IERILRUR 01%|
. i F = 10° (Y]
Forn d %
AR RRPRIE

Remark : Table from Stephen (1996), ethanol and SDS were used in proteinase

K/phenol-chloroform method in this research.
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Unlike the results from bloodstain specimens, the QIAamp® DNA
extraction method gave low PCR product yield, presumably by a very low
concentration of DNA template extracted from the feathers. This may have caused
from a lysis buffer (buffer ATL in a kit) which not design to digest feather

specimens and then could not release DNA from the cells. Other reason may be a

binding of cell debris directly to a siligz&membrane in the QIAamp® column

M
and then obstruct a DNA blndmgitpp @would not have occur in the
Chelex® method because 1Wt cl!élatln@sms in the solution were
dispersed throughout small/ thers. . \

To choose an appropri X2 ion ethoci for bloodstain and feather

lity, yield of extracted DNA

and PCR product yield. Other DS S| h é\time, cost, contaminated

experiment were shown in Table 5. 2 T

"
In conclusion afa i

methods, the QIAamp® lgj method was re ended téf DNA extraction from

bloodstain specimens whilé the 5% Chelex® 100 method was suggested for

SO 111V T 41T R
‘Q W ﬂ\‘iﬂ‘ﬁm URIINYIAY



Table 5.2 Overview details of each DNA isolation protocols.
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Extraction method | 5% Chelex® 100 | ProteinaseK/Phenol QIAamp®_-—
-chloroform
Tissue disruption Grinding Protein digestion Protein digestion
Tissue H,0 H,0, SDS Lysis buffer
solubilization 'Ilf/ /
1* purification None ~JPh»e.ricﬁ‘:'éiﬁe_r?form 1* wash by AW1
2" purification Nonc~~ | Ethanol precipitation | 2" wash by AW2
Purification ){(}? /1. " High ¥ i High v'v'vV
Quantity /5),/(//71 . :; 4 f{igh A Highv' v
Cost per tube . ‘3’,3 50 120
(baht), cheapness jr; -: Y v
Time > hrs 95 o] - 2o by 3hrs 1 b 27 mim
Q A 0 VY
Contaminated ./ None High ) None
organic solvents vy v : v v
PCR Blood v Yo High v'vv
product | stain
yield Feather High vvv v vV
Equipments Incubator, Hood, Incubator,
centrifuge, centrifuge, Centrifuge
waterbath freezer Least equipment
v v

Remark : v'v'v mean good and suitable for DNA extraction.
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5.3 Storage extracted DNA for PCR

A degradation of genomic DNA would have started soon after the bloodstain
was collected. Therefore, sampled DNA should be extracted immediately after the
specimens were collected to avoid the degradation of DNA. Only in the case that
DNA could not be extract immediately, they can be stored as in a bloodstain form
in a desiccator, possibly for at least 3.5 yeam;'gn still be used as DNA template for
polymerase chain reaction as found in this reséé.’ ‘However, for long-term, the

- - >
extracted DNA should be keptina so tion' form and stored in -20°C (Hillis, 1996).

\_

ific tOﬂ‘ T_J:

i

5.4 Microsatellite PCR a

— P

Developments of cross: amphﬁéati‘on for microsatellite markers have

been reported to be sucessful'in any ;pubh }1ons Kayang (2002) studied cross-
species amplification of micr’osat@llit’é loci’ -’bmﬁeen in Japanese quail, chicken

while guinea fowl ansl Baratt1 (2001) dSEd' chlcker}, primers to amplify

microsatellite markers mfcommon pheasants. Both of stlldfgk microsatellite DNA
could be amplified witﬁ cross-species ampliﬁcation‘-*because the range of
divergence betweén two Species over which positivé amplification of orthologous
microsatellite remains possible (Schldtterer, 1998). In this study, cross-species
amplification of! microsatellite oci \in (green peafowls| (P. m. imperator) using
chicken primers was successful. Although, chicken (G. gallus) and green peafowls
(P. m. imperator) are in the same avian family, they are in different genera and that
gives difficulty to the cross-species amplification experiment. Optimization of each
PCR component is therefore very essential. ~From the PCR variable optimization

results, the optimized annealing-temperature was found to be more important than
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others. Adjustment of annealing temperature had most effects to the PCR product
yield. For example, in the LEI 92 locus, the PCR products were absent when an
annealing temperature was increased by two degree Celsius (55°C to 57°C). An
adjustment of magnesium concentrations between 1.5 mM and 2.0 mM in this
Locus did not significantly affect the yield when using 55°C annealing temperature,
1.5 mM magnesium concentration gave oply little higher yield than 2.0 mM
concentraticn. However, at of 57°C annealing éﬁf)ture, PCR products were not
obtained at all in both concentratlons In this research;an anneallng temperature at

Ty-5 °C could amplify PCM/

reasons, the annealing te

ct better than other temperature. From These

" ‘r,sug'ge%sted to be the first-choice variable to

optimize for PCR amplifieation ¢ gjoﬁ ang conclusively recommended to be Tp,-

5°C. B

.f.“j ¥

In the case of magnesi chlcnﬂe cod!éntratlon optimization experiments

et ‘s

= --.—-..

for those twenty-three mlcrosatellxte 16c1 revc_aled that a specificity of PCR could

be improved by dec:eé,smg Mgt concentratlon Akh‘_éljgh increasing Mg?*
w A

w A s

concentration could mcreqlse yields of PCR amplification excess Mg?* tends to
cause nonspecific reactions (Alkami, 1999). |

For primer conceriiration,“excess-primers in the-reaction Could cause primer
dimers caminterfere~the) sequencing step awhen- testing | microsatellite DNA.
Optimizatior'of the primer concentration therefore could reduce primer dimers and
give higher PCR yield. In this study, the primer dimers problem was avoid by
excising PCR bands from a Metaphor gel to prepare for sequencing.

Both normal PCR and touchdown PCR conditions and cycles were also

optimized. Nine chicken primers (MCW87, LEI73, HUJ1, HUJ7, ADLI36,

ADL171, ADL172, ADL181 and ADL210) certainly could not give microsatellite
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PCR products. These cross-species failure occurred from different sequence of
flanking regions those loci between chicken and P. m. imperator.

In this study, a touchdown PCR was used to reduce non-specific PCR
products of the HUJ2 locus. Although, the HUJ2 locus revealed high
polymorphism in P. m. imperator, it also gave non-specific bands in 55°C optimal
annealing temperature. Before using the tou¢hdown technique, PCR conditions had
been already adjusted by increasing an anneal@ﬁ_gmperature from 55°C to 57°C
and 60°C. The higher annea}g\_g temperatures could not reduce those non-specific

bands. In the other hand, anﬂ’, ‘hxghe annealing temperature could fail PCR

amplification. Likewise, 'agpesiurq chloride coneentrations did not help

decreasing non-specific sfa ._55_."0 5anpealing temperature. Thus, these

i -J‘J
touchdown PCR were experimented and cp;;ld reduce some non-specific bands.

t lﬁ ﬁccorcﬁﬁgio Pongsomboon’s study (2002),

:..-_-..‘,

reporting that a touchdown PCR. could redunq non—spemﬁc band in a multiplex

PCR reaction. The toue@om_ECR_Lechmque_aﬂmﬁmal loci having different

optimal annealmg-temperatures to be amplified sxmultaneously while suppressing

That finding is the same as

the production of spurious artifact bands. Thissallowed only expected allele to be
amplified (although, somenon=specifie’is still‘presentin small quantities).

The fidelity’ of microsatellite amplificatiomcan be)confirmed by comparing
amplified sequences with microsatellite sequences of chicken retrieved from
GenBank. Most of the nucleotides of jungle fowls (one of positive controls used in
this study) at the ADL 23 were similar to those of chicken in GenBank but some
nucleotides were different. That is because a jungle fowl is a subspecies G. g.
gallus but the chicken sequence submitted in GenBank is from a subspecies G. g.

domesticus (strain white leghorn). Moreover, a microsatellite motif of chicken from
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GenBank is (CA)s(CG)4(CA)y (Cheng, et al., 1994) while that of a jungle fowl is
(CA)s(CG)3(CA);. In this thesis, the microsatellite motif of the female P. m.
imperator number R0490 in Khao Soi Dao wildlife research and breeding station
was found to be (CA)sTA(CA),. There were only two nucleotides, T and A,
differing from G and A of the chicken motif. Notably, different size of allelic PCR
product in this female peafowl came from different amounts of 43-nucleotide
tandemly repeated units after its microsateli}é(_)ft}iﬁ This repeat unit may be

instead a minisatellite DNA “because 2 minisatellite f)NA is a tandemly repeated

——

nucleotide sequence whiceh?{-(ﬁily ra"ges between 9-65 bp per repeat unit

(Wright, 1993). Moreover, a t‘(*A)n was also found in this locus , having

various sizes among the P. na imperator @Krhao Soi Dao wildlife research and

ad

breeding station.

J“jd

(EA),, moﬂ{fﬂ)f P. m. imperator was found as in

4

3..-_--‘,

chicken from GenBank. In the casg ofthe HU?? locus, PCR products from optimal

In the case of the LEI80 lo

annealing temperature @ﬁ 55°C were mvestxgated and nqﬁ-,spemﬁc bands could
“‘j \.‘_J
confirm by sequencing. Omy two dominant alleles were microsatellite. This result

T

is according to the result fram-touchdown PCR,because the non-specific products
were the disappeared-PCR-product bands by using touchdown PCR. Moreover, the
motif of this loeus-was (€CA)sGA .and sizing, of fwo,alleles-in the,same P. m.
imperator wére differed from copy numbers of repeat unit. The (CA), repeats have
been repeated as the most abundant microsatellite in avian (Hillis, 1996) and in this
research, (CA) motif was found in all three sequenced microsatellite loci.
Twenty-three Gallus gallus microsatellite primers were cross-species used in

PCR amplification with P. m. imperator DNA. Only two microsatellite primers
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(ADL23 and HUJ2) could successfully amplify PCR products and gave allelic
polymorphic PCR products.

Microsatellite PCR product could amplified by using DNA template from
Huay Hong Krai royal project, Sri Nan national park, Wieng Lor wildlife
sanctuary, Doi Phu Nang national park, Phatthalung wildlife research and breeding
station, Khao Soi Dao wildlife research and preedlng station and Huay Kha Kaeng
wildlife sanctuary. As the result, at the ADL{fJOc s, allelic polymorphic PCR
products were occurred in only male and female P tmperator from Phattalung

—

wildlife research and breed.iaﬁ on. Bu%at the HUJ2 locus, polymorphic PCR

products were occurred in "imperator, samples.. Thus the HUJ2 locus was

chosen investigated genetic vari irT P.?n;m imperator from many mentioned

.

location. From this reason, many w1, tmpergfor from all sampled location were

still found genetic polymorphis Thus the Fii‘HZ pnmer was high polymorphism

i

primer for further population or othcr__§,fudy in 1?;,: m. imperator.
== et L -

For application micrisatellite DNA markers, ten P, 7 m;": jmperator from Khao
LA j s
Soi Dao wildlife research apd breeding were testing for genetlc polymorphism by

using the ADL23 and HUJ2¢1lg¢i. There was nospolymorphism in the ADL23 and
HUJ2 loci. Thus, one reason of'frailty'in P. m."imperator found previously in Khao
Soi Dao wildlife ~research<and- breedingy may rassume; from~an inbreeding
phenomenon “in a population. This result must be confirmed by calculation the
inbreeding coefficient of Wright (AF) (Wright, 1921; Hillis, 1996). In the case of
AF will be above 1%, which is in the danger zone of inbreeding. This coefficient
was calculated from heterozygoué and homozygous from ancestor. But in this study

have not enough information about pedigree for calculation.
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5.5 RAPD analysis

From the RAPD results, genomic DNA templates from bloodstains and
feathers gave different RAPD-PCR product pattern. The DNA templates from
feather were low quality than DNA template from bloodstains. This could have
caused by the fact that the DNA template from feathers were extracted by the
Chelex® method. This finding suggested that Qb} } come to do RAPD experiment,
DNA template should come from the sam3 souree‘l m.th the same genomic DNA
d G ” 19%8) and Hillis (1996) have reported that

extraction method. Hoelzel a

the RAPD banding patterns | are v&;ry dependent on template quality and

reaction condition.

Considering using different a-'ﬁdsl- OBSD'KIA polymerase enzymes, some of
RAPD-PCR products were able be amphﬁ.e)i by using DyNAzyme ™ II DNA
polymerase from Finnzymes but. vnot able toe to be amphﬁed when using Tagq
polymerase from Promega Thesﬂwo DNA Jpoiymerase ?nzymes were isolated

——

from different sources. DjNAzyme ™11 DNA polymerase_from Finnzymes was

isolated and purified froman E.coli strain carrying a plasmid with the cloned from
DyNAzyme™ II DNA polymeftasé gerie [ffom Thermis brackianis (strain F) while
Taq polymerase from Promega was natively isolated from thermus aquaticus
(strain YT1). From the ‘results, different, DNA polymerase sources would affect
RAPD-PCR patterns, as the reported previously by Gamow (1954). Among RAPD
publications, 7ag polymerase (promega) and Ampli7ag (Perkin Elmer) were the
most frequently used in RAPD publication. However, they could give completely

different RAPD profiles. The initial choice of polymerase is therefore extremely



141

important because changing of polymerase from one to another type of enzyme is
unlikely to generate comparable results (Gamow, 1954).

Only two primers (the primer 1 and the primer 13) from 60 screened
primers showed genetic polymorphism in RAPD-PCR product. However, the
primer 1 gave very low allelic polymorphism from prepared DNA templates of
P. m. imperator from all locations (Huay }I?ng Krai royal project, Sri Nan national
park, Wieng Lor wildlife sanctuary, Doi!-é{ﬁ/Nang national park, Phatthalung
wildlife research and breeding station, Khao Sor Dao wildlife research and

— — '

breeding station and Hu aeng wildlife sanctuary). Some alleles were not

clearly seen in 1.5% l.,xaln‘(‘i _thé_yi;were hard to identify their differences.

Problems were often fiom

_ ck‘nesi and blurriness of bands in RAPD-PCR
pattern, making it difficult to r olve dlffegpncps among bands migrating at similar

rates (Grosberg et al., 1996). Ferrans :éhd Palumbl (1996) advised to use

i :“

.l't-

polyacrylamide gel to be an. a]@natlve:fhedlum The polyacrylamide gel is

preferred by some forl RAPD-PCR because of its appérently superior ability to

‘I"j ‘_"L""l
resolve differences in niolecular weight. n

< T

The reasonable cause.of how fault-pesitive bands in negative controls result,

they were found in two.timés of three RAPD amplification‘with primer 6 is still
unknown«~Centamination of selutions by, unwanted foreign DNA, was probably not
the case. Repeated amplification of negative control reactions usually provides
non-reproducible patterns. It is not considered to be serious if bands in negative
control reaction are different each time and not similar to major bands (Gamow,
1954).

Comparing between the results of screening microsatellite and RAPD

primers screening, cross-species screening of chicken microsatellite primers to
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peafowls spent much more time for PCR optimization than RAPD screening
condition. However, after optimization finished, a microsatellite primer can give
high reproducible and all alleles can be discriminated in 8% polyacrylamide gel for
further scrolling. Some microsatellites as the HUJ2 locus in this research, exhibited
high levels of allelic polymorphism and could be used for variety of research
objectives, including determine a geneticf: diversity determination in any species

¥
that shows low levels of variation, a geneti@n determination at intraspecific

—

level when populations -of -such a species arevinbred or experienced severe
— -

bottleneck effects, and :pad/ffeé/ énaly%s in selective breeding programmes for P.

m. imperator. On the othes’ hand, RAPD  primer screening requires no
=

= -

C lgrfgex'sé in a target template and no limited

foreknowledge about any

i b,
primers can be amplified'in one time, In a:iij%itjpn, RAPD amplification is very fast

g“f:--a-_-: . -:.,1:..,.‘."{4

thought RAPD gives low producibility an L it is hard to score RAPD bands.
e A——

Conclusively, both methods have different advantages ané disadvantages.

Y/ -_H_-"I
Nowadays, the royal Thai government have given permission to set an

B, e

engrossing P. m. imperator.farm for breeding. These birds, however, can not be
bought and sold before.approved'.by 'the (government, ' just’ like the case of P.
critatus. In the-future, there-could.be a new, plan, from-the government to develop P.
m. imperater as commercial domestic animals. If such, these microsatellite markers
suggested from this research can help tagging any P. m. imperator pedigree for
planning of a better breeding program. In another case that could happen soon, the
government would plan to release P. m. imperator from wildlife research and
breeding stations to the natural sources. Again, microsatellite markers can check

genetic variation of P. m. imperator before and after released them. The last but
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not least, other genetic markers, such as RAPD marker, screened more to find
specific-species markers. These markers should be useful for illegally animal-

larcenous investigation across the country border.

AULINENINYINg
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