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Chapter 4

Dlscuss1on
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’7 ] ‘iiﬂﬂﬁ&&on of closed circular
}f:SHE!hﬂgd circular DNA. That

The standard te
der Cesium Chloride-

DNA was dependent on
was showed a differ
Ethidium Bromide buo .. Normally, it was
separated to two poSi ; ?;-~.v :p.er position was linear
DNA and the lower positi f',- ;f»¥ rcular DNA because the

closed circular DNA-EtBr

linear DNA-EtBr complex.
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form, it could be :Fparateﬁf

which was closed c Fou

position (Radloff ggzkll
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' Maqﬂgp;gchium rosenbergii,

the CsCl-EtBr gradienmtsmethod cams separate the DNA into two

vends. el Bobh DA BB AT Darea vivn son

restriction enzyme digestions and analyzed omy agarose gel
ctectrornR 48 RAATUHR IR AR e corronns
enzymes: Av% 1, Bam Hl and Eco Rl, were different among two DNA
Abands when digested with the same restriction enzyme (show in
Rig 8). The upper band DNA did not show restriction fragment
patterns but the lower band DNA appeared restriction fragment

patterns. The lower band DNA was consequently identical to the

mtDNA of M. rosenbergii because the mtDNA in animal was closed

circular form, strikingly uniform in size and structure that it



was digested with appropriate restriction enzymes usually
resulting a definded set of homogeneous fragments which gave
sharp bands on gel electrophoresis. The nuclear DNA was
heterogeneous form that it was revealed a smear band (Darley-
Ustiar et al., 1987). This data suggested that the chromosomal
DNA was nearly buoyant density to mtDNA and the fixed angle rotor
did not contribute good resolution for separatlng. Thorefore the
mtDNA was contaminated with smear,ﬁﬁgﬁ

All animal mtDNA was resembf::fo many bacterial plasmids

-
in structure so that ﬁig;d alk?llne extractlon method developed

for the isolation of _1al Sasmlds could also be applicable
m

to mtDNA 1solat10no

a i 1l tissue (Palva, 1985). This

method Showed that ‘obtalned from each individual prawn

was low yield. By ph xtqacépdn method the high background

-l

of contaminating o osomalquNA was appeared. Such

contamination could

S

preparation because of thlstﬂrawn:had hlgh number of chromosome

about 114-115 (Malecha, 1979);4'The puylfled mitochondria
——
preparation by dlsgyntlnuous sucrose grad:knt prior to mtDNA

extraction can reduce chromosomal DNA contamlnatlon (Tapper et
al., 1983). An attempt to purify ,mitochondria from individual
prawn and extract mtDNA_by phenol jor napid lalkaline extraction,
the mtDNA obtained was not suff1c1ent‘1n quantity for further
use. In a@dlthn, .| the determ1nat10n for restriction fragment
length poIYmorphism in mtDNA of 1nd1v1dual prawn had some
difficulties since chromosomal DNA produced complex pattern that
interfered the analysis. This problem can be overcomed by the
technique of molecular hybridization with specific probe of
mtDNA.

The purified mitochondria was prepared from 15-20 prawns

and mtDNA was extracted by phenol or rapid alkaline extraction.
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The mtDNA obtained from both extraction methods were appeared to
be less contaminated with chromosomal DNA and were identical to
mtDNA from lower band of CsCl-EtBr gradient method with some
restriction fragment patterns from Ava 1, Bam Hl1 and Eco RI1
digestion. The phenol extraction was suitable for mtDNA
prebaration because this method obtained higher yvield than rapid

alkaline extraction, of which a large amount of DNA was loss in
! } .

"preparation. §{{;ff

The mtDNA obtained may be llﬁ’%ed by its low yleld for
-

using as a specific mﬁpNA prob¢, the recomblnant DNA technique
may be employed toimﬂ%%

mt NA in a plasmid vector. The

."
i

/MEDNA ~ fragment insertion was selected

recombinant DNA which
and purified. This récombinant @NA in  large quantities can be

he;sc&eenlng of restriction fragment

ad

used as a useful prob

length polymorphism ih fV1dual #rswn.
The vector pUC12 was‘thoseétfor cloning because it had a
J|I . _'i-';‘,l:ﬂ
small size, 2.7 kb, whlch—boulézzlve higher efficiency in

:ia..-,.,_
transformation and Ehe B- galact051dase enzyye activity contained

in this plasmid quld be assayed by u&ing x-gal. Some 6

nucleotide recognltlgp enzymes were 1ntroduce to digest mtDNA and
they gave large fragments, for example Bam Hl1 generated about 16
and 4.5 kb, which were very difficult 'to ligateswith vector pUC12
and transform into host celll. For xzestrictien enzyme that
recognized\ 4 nucleoﬁide, the .Sau | 3A1. restriction enzyme was
selected for digestion of mtDNA prawn in the cloning syvstem
because it generated small fragments about 0.2-2.0 kb. and its
restriction site was compatible to tetranucleotide of Bam H1
digested vector pUCl2. The recombinant DNA was selected and used
as a probe to detect restriction fragment length polymorphism in
prawn mtDNA on criteria that the selected one must give the

strong signal of inserted fragments with mtDNA probe to ensure
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that insertion was mtDNA fragments. Since, the mtDNA probe had

some degree of chromosomal DNA contamination, the weak signal of

inserted fragments were possible to be the signal of chromosomal

DNA fragments. In order to detect mtDNA fragment variation in
individual prawn, the mtDNA was extracted from crude mitochondria
preparations of individual prawn and'digested with restriction
enzyme Sau 3A1 for generatlng the mtDNA fragments to the same
cloning system so that the 1nsert€%/fragment in recombinant DNA
can itself fragment hybridize. "ﬁf’l

‘The recombingﬁ& DNA @t 1 which had inserted mtDNA

” ,

fragment about 1.1 kbfpdfr

ed gSnetic variation in Macrobrachium

rosenbergii by restri ;fr?gm nt length polymorphism in mtDNA.

This can distinguish e efg}éwn§'to two geographic populations.

The prawns from Kung m, Thong Eérm and Bangpakong River showed

highly repetitive hybridi @t;on fragment at 1.1 kb but Kraburi

River’s prawns showed av OJP kb f@gg M ,25). The prawns from

f’”*f
Kung Kam Thong Farm were geneflcaliyéslmllar to Bangpakond River.

7NN

The reason was that~ the earller gederatlons‘ff offsprlnds in this

farm were produced ;&om Bangpakong River's ﬁgoodstocks and after
that they were 1nbrggﬂprodu01ng offsprlngst}n later generations.
However, it might be spossible the jother mtDNA fragments were
different because aquaculture conditions may induce genetic
variation between domestic steocks and wild type stocks (Sbordoni

£ al.

S S e Y

1985 ¥

In natural populations, the finding that the prawns from
Bangpakong and Kraburi River exhibited two highly distinctive
mtDNA genotypes which was showed size fragment differentiation
These were correlated with geographic distribution having
different local environments. The Bangpakong River discharged
into the Upper Gulf of Thailand at Chachoengsao province bup

Kraburi River discharged into Andaman Sea at Ranong province and
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these two rivers were not interconnection. These two types of
mtDNA should be clearly distinguished two geographic population
prawns. The geographical distribution of species has important
consequence for the distribution of genetic variation among the
populations -by diversifying selection resulting from
heterogeneous environments (Hedgecock, 1987). It had been
revealed low level of gene differentiation in these prawns
between Bangpakong River and SondkgﬁfLake by isoenzyme patterns
(Therakulkiat, 2524) The mtDNA was" suitable molecule for

-’
determining genetic vagﬂatlon an? population genetics because the

base substitutions oﬁfﬁfﬁ A ha@lbeen showed to develop rapid
o,be 5-10 times faster than nuclear DNA
: J

tDNA was expected high degree of

evolution which appea d
(Brown et al., 1979)

thanbisoenzyme patterns, of which

&d -\.‘l

genetic differentiatio

u-.n,u‘ ja-l .p
+

was nuclear DNA product

i

1atfon 1#ﬁh}DNA has been observed in
: 4

Size fragment v

many organisms. The variatrcﬁ'wastzysulted from either addition,
L
i taf -"-q:...._
deletion and p01ng mutation, gain or %USS of particular
L =

restriction sites. éﬁo explain the high ratecbf mtDNA variation,
the possibility of aﬂputation rate due to tgg editing function of
the mtDNA replicationfcemplex mayagbe inefficient or lacking to
repair other types [of mtDNA damage' that was absence of an
enzymatic function, the excigsion and _.repair of sthymine dimer
(Clayton ety al., 1974;| Lansman and'Claytdn,A1975) and the mtDNA
has a higher turnover rate than nuclear DNA in tissue (Rabinowitz
and Swift, 1970), thus providing more rounds of replication
during which errors could be generated. The another factor could
contribute to a high chance of fixation which could be a result
of lower function constraints on the mtDNA. If a given
mitochondria gene was inactive, the organism might survive

because the organism is polyploid for mitochondria genes; each
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cell contains many mitochondrias, comprising at least one copy of
the mitochondria genome (Bogenhagen and Clayton, 1974). A
mutation inactivating a given géne in one genome might therefore
have little or no affect in the fitness of the organism. If some
mutant mtDNA did exist in an ovum, the ratio of mutant mtDNA to
wild type mtDNA should vary very greatly in the primodial germ
cells, originated from the ovum by repeated segmentation, some
having a greatly increased pr;;g{}ﬁqn of mutant mtDNA. After
passing through generatioemns the pfogggzﬂof these cells probably

== - i
become to contain lel,the mutant mtDNA. Then once this

homogeneity of the mqﬁaﬁfﬁN bNA‘Sn the ovum has been established,

it should be maintai th strictly' maternal inheritance.

t. ons‘bf wild type and mutant mtDNA in

o 4l Hallx&b& segregated. As the results

Thus a heterogeneous
individual animal sho
from repeated mutatio oLleegﬁhY repeated segmentation of

mtDNA during evolution,'1t.shoulaﬁenhance in a spec1es to form

' h
the various mtDNA types thai can~5é distinguished (Hayashi,
: S b r g‘ 'l.;_
19730005 SRS

_ _Pgraphlc populations
were hybridized witﬁirecombinant DNA No 1 réveal1ng no difference
between these geogwaphic populations. However, this data
suggested that ‘the inserted fragment 'in this | recombinant DNA was
a portion of fragment in mtDNA genome because the mtDNA of animal
is homogeneous imy §ize and structure land ‘“had] high' copy number
which was contrast to the heterogéneous property of nuclear DNA.
Moreover, recombinant DNA No 1 was revealed highly sequence
repetitive with total mtDNA genomes in autoradiogram (Fig 23).
Variations in size fragment of mtDNA among individuals of
the same geographic populapion. The Bangpakong River populations
were also demonstrated a single band at about 1.1 kb. However,

some individuals appeared different lower intensity band (Fig
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27,28) . It was indicated that the mtDNA in these samples were
heteroplasmic. The Bangpakong River populations may have two
types of mtDNA molecules which have difference in size fragment,
one type was hybridization fragment at 1.1 kb. and the another
type was smaller than 1.1 kb. Some individuals only possess one
mtDNA type, whereas others, carrying both types in different
proportion, were heteroplasmic. The occurrence of heteroplasmic

genotype in individual has also b?%n observed in some organisms,

Drosophila mauritiana (Fauron and Wﬁi%ggnholme, 1980), Holstein

cow maternal lineageiiglivo et gl.;33383), two species of

Cnemidophorus lizardgﬂkﬂgf_mor;T; 1., 1985), bowfin fishs and
two species of tre } xmlngham et al. 1986). The
mitochondria heteropl ;otzé;s ex1sted in an animal can be
gre ét;bn5y? nﬁtochondria genome during
n man; s;;bies mitochondria heredity is

strictly maternal and he erO@lasmzﬂbo that genetic variation can

"‘ - .ll ;. ‘i' i.“l’d

only be created by mutatloﬁ%-affeﬁflng the female germ line.

explained by random

ocoogenesis of female.

After the oocurrenoi of a nmtatlaﬁ a hetapoplasmlc state must

exist. Then mtDNAfyolecule segregates r&ﬁﬁomly at each cell
division of oogene§1s. I£ parental mtDNA molecules are

transmitted in a random distribution, any mutant may becomnme

established as the/ major mitochondria genotype in a progeny,

given a sufficient number of generations (Hauswirth et al., 1982;
Solignac et al., 1988): | Prawns from Kraburi Rivée was likely to
exhibit gehetic variation among individuals. Although, most

samples from this geographic population showed the same major
hybridization fragment, the smallest hybridization fragment 1in
lower intensity has been observed with size difference (Fig
295305

It will be of interest for future studies to increase the

number of samples to determine the constitution of a single
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breeding populatioﬁ or many discrete populations among in each
geographic population. Especiall& the Bangpakong River was
interconnected with other geographic areas, Ta Chin, Ma Kong and
Chao Phaya River.

For old inbreeding, the degree of mtDNA variation among

individuals was relatively low due to a single female breeding

population (Ferris et al., 1982). One potential importance for
genetic improvement in aqq%éégﬁkél s to decrease inbreeding in
population by interracia r1d1 The interesting examples

of interracial hybridiz: 4 ﬁ%:EEEZEre the hybridization
between the two racial lﬁﬂ ‘}raizgawhgfout (Menasveta, 1961)
g ) iy

.'hin2§qqfnd European races of
& \ : 4

and the hybridizatio
the common carp (Mo
offsprings exceled th

The study o

in the understanding :7- : ar: ation in Macrobrachium

,/4’,, = ‘;ﬁfﬁ"
information of geneﬁlc variation can

rosenbergii which are w13b%ib gqu~i:phlc distribution. Besides,

3fed to the population

S

genetics, stock 1db itifications and s s'migration for fishery

_e

management (Thompson and Contin, k}mb and Avise, 1986),

biology in each population for gengtic improvement in aquaculture

it gﬁwg ANVRINENDG o s e

cloned fradment mtDNA as a Qrobe, w1¥£ allow thﬁjstudy of mtDNA

carisnson SRR GFHD iebd he) B R Rhan or meons

uncontaminéked with nuclear DNA cannot easily be obtained.
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