
Bull. Nat. Inst. Oceanogr. , Fish., ARE, 15 (1): 167 - 177. 

GENETIC VARIABILITY AND SIMILARITY 
IN TWO FAMILIES OF CRABS 

SAFAA I. EL-DEEB 
National Institite of Fishery and Oceanography, Alexandria 
Academy of science, Egypt 

ABSTRACT 

SeMil Protefns end ett.r... Isoz~s of cra: Erlpilia 
.inof.... (red); Erlpilia .inof.... ( ......) f_lly 
xanthf~.'" Portwua peleq":_; portwus ercustus. 
Carel... "'Uerr... end OIer'ybdis hellerl f.fl y 
Portunldee were studied .llCtropho~.tically. SOS 
polyacryl.l~ gel ...s used to ..tl_te. the ~lecular 

weight of the vlrfable protefn between the two 
f.fll... The genetic distance wee calcul.ted for the 
two f.1 II ... 

The re.ults Indlclted thlt Erlpilia .inoforw. (red) and 

Eripllia .Inoforw. (Green) appeared as two species. Portlna 
pelaglaa, Cerci......It........ end CM'ybdls hellerf were 
closely rellted to each other end constitute one group; 
while Por~ arcuetus constltut.. another group, loo.ely 
related to the ff rst. Est.rl.. 1.00~S patterns allowed 
genetic virfability In the dlff.rent epeeles of Cra. 

The ~lecular weight of ttle vlrlable prot.lns between the 
two f.lllel ranged between 140.000 0 ... 18.000 D. 

The genetic distance Indlclted also that portwus 
,.l..laa; Cerci... -tlterr_ end CM'ybdls helleri were 
closel y related to elch other end Portunul ercustus wal 
loosely rellted to this group. Eripllil 8plnof_ (red) end 
Erlpllfl 8pinqf_ (Creen) were two related specl... 

! INTRODUCTION 

crabs are the most commerciel1y important
edible crustaceans. They are classified in Order decapoda,
Suborder Reptania, section Brachura. Its fishery has grown
consideraply and are now commercially well exploited. 

The study of protein variation enables us to evaluate the 
amounts of genetic variation in popUlations of economically
i_portant species that cannot yet be bred in cultu~e and 
later to document the genetic changes brought by their 
domestication. Furtthermore, identificatioh of biochemical 
genetic ; markers and their distribution in natural 
popUlations facilitate the development of quantitative
genetics research and breeding programs as control over 
reproduction is gained. 



The biochemical qenetice,therefore,lB be1n1 '~l~~n"'i nn 
1ft !lIt~lA~A j~A e"lclen~ approach toqenerate much 01 the 
basic genetic information crucial to the development of 
aquaculture (utter et al~, 1974). 

The study of gene protein variation is accomplished by 
straight forward of electrophoresis. All electrophoretic 
methods have proved useful to varying degrees in 
characterizing specific organisms. In particular, acrylamide
gel electrophoresis has been extensive used because of 
its excellent resolving power (Brewer, 1970). 

Few of '~h~se procedures were described adequately for use 
with crust{CiahS (Redified and salini, 1980). 

Accordingly, the present study inoludes preliminary
observation concerning the applicability of protein and 
esterase isozymes to evaluate the amount of genetic 
variation in six species of crabs collected from 
Mediterranean Sea at Alexandria. 

MATERIALS AND KE'J'HODS 

The present investigation was carr~ed out on crabs: 
portunus pelagicus (P.P), portunus arcuatus (P.a), Carcinus 
mediteraneus(C.m) ( Charybdis halleri (C.h) (Family
portunidae), Er1phla splniforms red (ESR) and Eriphia
spiniforms green (ESG) Familr Xanthidae (Fig. 1). The 
samples were collected from ~ed terranian Sea at Alexandria. 
Flesh was removed from alive samgles and used for analysis
immediately or after storage at 4 C. A crude aqueous extract 
of soluble proteins 1:s obt'lined by homoqenJzing tigsu~' .. {' "~, 
cen~rif\1ging for 20 mlnutes at 3000 rpm. The supernat'",l';;';'5 
were vtilized to determine serum proteins by vertical 
polyacrylamid~ gel electrophoresis. The procedures ~/er€ 
modified from Davis (1964). 

Esterase isozymes we~ determined for the six species in 
the serium proteins '~y vertical polyacrylamide gel
electrophoresis and the staining method was modified from 
stordeur (1976) and Shaw and Prasad (1970). 

SDS polyacrylamide gel electrophoresis was used to study 
serum proteins of Eriphia spinoforms red (Fam. Xanthidae)
and Portunus pela<jicus (Fam. - portunidae according ,. to 
stegemann et a1. (1987). The molecular weight of the 
separated proteins was calculated from Table 1 Which 
represents the moleCUlar weight of the used ma!ker proteins. 

The genetic distances were calculated for each species of 
the two families from serum protein according to Sokal and 
Sneath (1963). 
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FIG. 1 

Family Portunidae 
A- Portunus Pelaglcus B- Portunus arcuatus 
C- Carcinus mediterrneus 0= Charybdis helleri 

Family Xanthidae : 
Erlphia spinoforms (red), Eriphi. spinoforms (red) 
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fAllr I 
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'oehrlnger. 102 709 

S.rv., 17 200 

S.rv•• 28.260 

(150.000 D) 
( 50.000 D 

23.500 D 
97,400 D 

67,000 D 

49.000 D 

37.000 D 

25.700 D 

14.300 D 

RESULTS AND DISCUSSION 

Since successful 'genetic improvement either throu9h 
selection or h¥bridization depends on the amount of genet1C
variation with1n and between popUlations, this study has 
concerned with the quantification of genetic variation in 
natural populations by using protein and esterase 
ele~t~ophoresis in the species of crabs. Fig. 2 shows.the 
serum protein -patterns of Fam. Xanthidae: triphia 
spiniforms (red) and Eriphia spiniforms green. It is clear 
that 15 proteins migrated towards the anode. No apparent 
differences could be observed between the two species in 
maJor proteins except protein No. 13 and 14, but the 
differences between the two species appeared in the minor 
proteins at No.1, 6, 9, 10, 14 and 15. 

Figure 3 shows the serum proteins patterns of four 
species of Family Portunidae: Portunus pelagicus, portunus 
arcuatus, Carcinus mediterraneus and Charybdis helleri.lt is 
clear that no two patterns are exactly alike in the four 
species. However, this family have been characterized by the 
~resence of proteins 1, 2, 6, and 9 in the four species. 

Shaw (1970) mentioned that closely related species Which 
occur in the same genus, differ at about 50-80t of their 
genes. From Figs. 2 and 3, it is possible to state that in 
these samples the serum protein patterns are specific for 

,anyone of species and constitute a single by which these 
two families may be identified. The results also indicated 
that Eripbia spinoforms (red) and Eriphia spinoforms 
(green) are related to each other and appeared as two 
species. 
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Conventional systematics usually depend to a larger 
extent on mortphological characters. But morphological
differences in congenetic animal species probably depend on 
relatively few genes. It can therefore not be rUled out that 
special selection pressure might have been exerted 
predominantly on this small fraction of the genome only, 
which mainly determines morphological characters, 
Morphological dissimilarities therefore may falsely imply in 
some cases considerable evolutionary divergence. Conversely
it has already been shown that slight morphological and/or
ecological dissimilarities exist between sibling species 
cannot be taken as evidence of little genetic
differentiation. Sibling species of the Drosophila
willistoni group are morphologicall! very similar but 
genetically very different (Ayala et a ., 1971). 

Figures 4 and 5 show the esterease isozymes of the 
different species of crabs. It is clear that four isozymes 
of esterases at zriphia spp. and the differences between the 
two species appeared at E2 , E] and £4. But in family 

Portunidae, it i- appeared ,three isozymes of esterases and 
the differences between the four species in the three 
isozymes. 

Kirpichnikov, (1973) said that esterases are inherited 
cooominantly without formation of hyl'rid rings. As C' rule, 
the esterase Molecule is a homopolymer (probably a dimer)
and therefore, the number of isozymes is not considerable 
for this en~ymes. In some' fishes, however, it is large
(Holmes and Whitt, 1970). 

Since electrophoresis examine only the structural genes
which comprise approximately It of the genome.
Hypothetically two proteins of different molecu: nr r~F\ )~~.s 
lIay Jligrate toward the anode at the same rate if their sJ.~e 
difference. are balanced by compena,ting charge diffet'enc_"3. 
For 'this r.ason acrylamide gel electrophoresis may not b~ 
used to gain information about aolecular weight of a 
protein. A second restriction placed on electrophoretic
techniques concerns the number of species observed on the 
gel molecules which are tightly but Qat covalently bound 
together and not usually separted .~__ one another during 
electrophoresis. 

Shapiro et al. (1967) attempted to surmount these 
problems by separate a mixture of proteins in the presence 
of sodium dodecyl sulfate (SOS), an anionic detergent. The 
binding of SOS introduces one negetlve charge per bound 
molecule of SOS on the protein molecule. At neutral pH the 
total charge of the protein SOS complex is almost entirely
dependent upon the charge of the SOS molecules. It has been 
found that the charge per unit mass is approximately 
constant and therefore the electrophoretic mobility of the 
complex is mainly depertdent on the molecular weight of the 
protein. 
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To gain information about the molecular weight of 
proteins in the two families. Portunus pelagicus IFam. 
portunidae) edible performance species and Er phia 
spiniforms red, the higher growth rates have been chosen to 
study the variation between the two species at the molecular 
weight (Fig. 6): The molecular weight of the variable 
p':":.:eLv: in the two species has been calculated from the 
standard curve (Fig. 7). 
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Table 2 represents the variable proteins in the two 
species and their molecular weights. It is clear that the 
variation between the two s~ecies is localized at 12 
proteins and their molecular we~ght ranges between 140,000 0 
and 18.000 D. 

For the development of inbreeding and cross breedinq 
programs, biochemical genetics permits the evaluation of the 
degree of tlomp~ygosity; and the genetic. similarity .. of 
populations mak~ng des~gnedcrossing more likely to be 
productive. 

TA8LE 2
 

lh. IIlOI.cular weIght of th. "arlabl. prot.lns In
 
Port...... peleglCla end ErIFIII. eplnof_ red.
 

Specl •• Molecular 
Prot.ln "obI II ty weIght 

P.P ES~ l1li 10'4 

5 2.1 14.0 
6 
9 

•
• 

2.3 
4.0 

13.7 
11.5 

10 4.2 11.2 
11 • 4.4 11.0 
13 4.9 10.1 
20 • 8.0 6.0 

, ,.,;\.(\!t";\'~ 25 + 9.9 4.5 
, ...i; 27 + 10.4 2.5 

28 + 10.6 2.4 
29 
30 

• 
• 

10.8 
11.0 

2.1 
1.8 

------~..,~_ .. _._"_. 

The genetic distance was calculated from serum proteins 
of the two families at 12 genetic loci in Fam. Xanthidae and 
at 6 genetic loci in Fam~ly Portunidae. It is clear from 
Tables 3, 4 and Fig. 8 that the distance between ESR and ESG 
is 0.05 while the genetic distance in Family Portunidae 
range from 0.0054 .to 0.125, and (P.P), (C.m) constitute 

9roupone closely related to each other while (P.a)
const1tutes another group loosely related to the previous 
group. The distance between the group (P.P), (C.m) and 
Eriphia spp. is nearly the same distanqe between (P.a) and 
the group (p.p, cm. c. h). . 
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TABLE 3
 
Genetic distances between ~rs of Family:portunidae.
 

P.P P.a C.III C.h 

P.P 0.078 0.0054 0.0062 
P.a 0.1250 0.0890 
C.ln 0.0064 
C.h. 

Table 4 
The senetic distances between ESr. ESr. ESG 

Fem.: Xanthfdae and C.h. Fam.: Portunidae. 

Ch ESr ESG 

Ch 0.115 0.117 
ESr 0.050 
ESG 

1,'~ 5 5 'jO~" 

--'---'.")'-'. rl -..----- -j----~--,__~,-.---~."_'!ri--.. ,.­

._­
l_ 

p.p 

0.111 

o.h 

BSr 

FIG. 8 
Genetfc dfat..-x:ea of the Femlly: Portunfdae and 

Femfly: Xanthfdae. 
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Hedgecock et al.(1976) reported that genetic distance has 
enabled to measure the amount of genetic divergence between 
the American and European Lobsters (H. americanus and H. 
gammarus), Decapoda; crustacia, using Nei's measure of 
genetic distance D. The statistic for this inter specific 
comparison D= 0.103 is 10 times that amon9 different 
populations of American lobsters, D=0.006. HybrIdization of 
the European and American species ap~ears feasible and will 
result in highly heterozygous offsprIng. By measuring the 
performance of these lobsters, hybrid vigor can be 
correlated with heterozygosity and the practically of the 
hybridization program may by evaluated. 
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