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Abstraet 

Résumé 

Agnèse J.-F., P. Bcrrcbi, C. Lévêque, J.-F. Guéguan Aqucct. Licing Resour., 1990, 3, 305-31 1 .  

Enzymatic polymorphism was studied in ninc cnzymc systems of four species of large African 
Barbus (B. bynni occidentalis Boulenger, 191 1; B. sacrutus Daget, 1963; B. pctitjcuni Daget, 1962; and 
B. wurtzi Pellegrin, 1908), two species of small African Burbus (B. guineensis Pellegrin, 1913 and 
B. cadenati Daget, 1962), and two species of Europcan Burbus (B. harhus Linnaeus, 1758 and 
B. meridionalis). Like European Barbus, the large African Rurbus were found to express more than 
20 enzymatic loci for thcsc systems (21 to 23), whereas the small African Barbus only expressed 14. 
This result suggests that large African Burbus are tctraploid like European Burbus and that small 
African Barhus are diploid like the Asian spccics. The two groups of African Barbus do not appear 
to be phylogenetically closcr to cach other than they are to European Barbus. Consequently, tetraploidi- 
zation must have occurrcd long ago in large African Barbus, and may correspond to the same evcnt 
responsible for the origin of the European spccics. 

Keywords : Tetraploidy, allozymes, Cyprinidae, Barbus, Africa. . . 

Mise en évidence de deux lignées, diploïde et tétraploïde, chez les espèces.africaines du genre Barbus 
(Osteichthyes, Cyprinidae). 

Le polymorphisme enzymatique a été étudié pour neuf systèmes enzymatiques chez quatre espèces 
de grands Barbus africains (B. bynni occidentalis Boulengcr, 191 1; B. sacratus Daget, 1963; B. petitjeani 
Daget, 1962 et B. wurtzi Pellegrin, 1908), deux espèces de petits Barbus africains (B.  guineensis 
Pellegrin, 1913 et B. cadenati Daget, 1962) et deux espèces de Barbus européens (B. barbus Linné, 
1758 et B. meridionalis). Les grands Burbus expriment pour ces systèmes, comme les Barbus européens 
plus de 20 locus enzymatiques (21 à 23) alors que les petits Barbus n'en expriment que 14. Ce résultat 
suggère que les grands Barbus africains sont tétraploïdes comme les Barbus européens et que les petits 
Barbus africains sont diploïdes comme les espèces asiatiques. Les deux groupes de Barbus africains ne 
semblent pas phylogénétiquement plus proches entre eux qu'ils ne le sont dcs Barhus européens. 
L'événement de tétraploïdie des grands Barbus est donc ancien et pourrait être le même que celui qui 
est à l'origine des espèces européennes. 

Mots-clés : Tétraploïdie, allozymes, Cyprinidae, Barbus, Afrique. 

Aquat. Living Resour. 90103 305 07 $ 2.70/@ IFREMER - Gauthier-Villars 



INTRODUCTION 

The Cyprinidae comprise more than 1,600 species 
distributed over al1 the continents except for Australia 
and South America. Most of the species are diploid, 
but some of them have been shown to be tetraploid, 
e. g. Acro.r.rochei1u.s sumatrunus, Aulopyge hugeli, 
Cara.r.rius auratu.s, Cyprinu.~ carpio, Tor putitora, Bar- 
bus barhus, B. meridionulis, and B. p1ebeju.s (see 
reviews by Buth, 1984; Vasiliev, 1985). In Europe 
and Asia, the genus Bmhu.s has the particularity of 
possessing both diploid and tetraploid species. At 
present, the name of the genus Barbus .sensu Iato is 
attributed to several hundred Eurasian and African 
species that show little resemblance to the European 
reference species Barhu~ harbu~ Linnaeus, 1758. Lévê- 
que and Daget (1984) consider that the name Barbus 
should be reserved for European species and several 
North African species. The works of Howes (1987) 
support this remark insofar as the group of species 
comprising the reference species Barbus barbus can be 
separated from other Eurasian species on the basis of 
osteological characters. As indicated by Howes 
(19871, "Some authors have opted to recognize sepa- 
rate genera (e. g. Puntius, Tor, ...) for the Indian and 
South East Asian species, a solution which does little 
to elucidate relationships since these "genera" are not 
defined on derived characters. The definition of Bar- 
b u . ~  can only be approached through an adequate 
anatomical comparison of Eurasian and African spe- 
cies". In the absence of detailed revisions, the taxo- 
nomy of African Cyprinidae attributed to the genus 
Barbus remains confused. Nevertheless, external mor- 
phological characters can be used to distinguish two 
large groups (Daget and Iltis, 1965; Lévêque and 
Guégan, 1990) : 

large Barbus whose scales have many parallel 
stria, whose dorsal fin bas nine to eleven branched 
rays and a last hard ray with no denticles, and which 
are sometimes longer than 50 cm; 

small Burbus, whose scales have a small number 
of divergent stria, whose dorsal fin has seven or 
eight branched rays, and which are rarely longer than 
10 cm. 

The European species resembling large African Bar- 
bus species, while nevertheless constituting a distinct 
line (the Siberian branch; Darlington, 1958) characte- 
rized by scales wi th divergent stria and denticles on 
the last hard ray of the dorsal fin (Boulenger, 191 1; 
Pellegrin, 1921; Berrebi, 198 l), appear to have a tetra- 
ploid karyotype (2N= 100). The Asian species are 
diploid (2N = 50 * 2) or tetraploid (2N = 100) (Mag- 
toon and Arai, 1989; Yu et al., 1987). No karyological 
or electrophoretic study has yet been carried out on 
small or large African Barbus. In the present enzyma- 
tic study, we compared large and small African Bar- 
b u . ~  (B. occidentalis, B. sacratus, B. petitjeani, and 
B. wurtzi versus B. guineen.sis and B. cadenati) and 
European Barbus (B. barbus and B. meridionalis), 

which are known to be tetraploid (Klose et al., 1969; 
Wolf et al., 1969; Engel et al., 1971; Sofradzija and 
Berberovic, 1973; Triantaphyllidis et al., 1981). The 
objective of the study was to investigate phylogenetic 
relationships between these thrce groups of species. 
Although the existence of the two groups is indicated 
by osteological characteristics (Howes, 1987; table 4), 
neither group has bcen shown to be monophylctic. 
Determination of the phylogeny of Barhu.~ should 
provide new elements for the debate on the biogeogra- 
phy and origin of these species. 

MATERIALS AND METHODS 

Immediately after capture, fish were dissected and 
liver and muscle samples were stored in liquid nitro- 
gen. The samplcs were then transferred to the labora- 
tory and stored at - 80°C until analysis. All indivi- 
duals studied (excepted the two European species) 
were deposited at the Muséum d'Histoire Naturelle 
de Paris under the numbers MNHN-1989-971, 1989- 
987 in the case of B. hynni occidc~nrulis, M H NH- 1989- 
986 for B. petitjeuni, MNHN- 1989-1 01 5, 1989- 101 7, 
1989-979 for B. sacrutus, MNHN-1989-972, 1989-974 
to 1989-976, 1989- 1000 for B. wurtzi, MHNH- 1989- 
1007 and MHNH-1989-1010 for both B. guineen.c.i.s 
and B. cadenati. The number of specimens studied 
and their origins are given in table 1. Individuals of 
a single species taken from different locations were 
considered separately only if there was a significant 
difference in the allelic freyuency at a locus. This was 
true of B. wurtzi 1 and B. wurtzi 2. 

Electrophoresis was carried out according to the 
protocols described in Pasteur et al. (1987). Three 
buffers were used : (i) Poulik buffer to reveal 
adenylate kinases (E.C. 2.7.4.3), aspartate amino- 
transferases (E.C. 2.6.1. l), malate dehydrogenases 
(E.C. 1.1.1.37), and isocitrate dehydrogenases 
(E.C. 1.1.1.42); (ii) TC 6.7 to reveal lactate dehydro- 
genases (E.C. 1.1.1.27), superoxide dismutases (E.C. 
1.1 5.1. l), phosphoglucose isomerases (E.C. 5.3.1.90) 
and phosphoglucomutases (E.C. 2.7.5.1); and (iii) TM 
6.9 to study fumarases (E.C. 4.2.1.2). The system used 
for coding electrophoretic data minimizes information 
(Berrebi et al., 19901, i.e. a locus that is absent in two 
different species is coded identically (ABS) in the two 
species. It is clear that diploid and tetraploid cannot 
be easily compared via their allozymes because dupli- 
cate loci are both homologue to the only one expres- 
sed in the diploid (for discussion, see Berrebi et al., 
1990). 

Nei genetic distances were analyzed using the hie- 
rarchical clustering analysis program "Kitsch" (in the 
software package "Phylip" by J. Felsenstein, Uni- 
versity of Washington). The value of the parameter P 
was fixed at 0, which made the processing analogous 
to UPGMA. 
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Table 1. - Numbers and localitics whcre the specimens investigated here were collected : BOC, H. hynni occidentulir; HSA, B. sucratus; 
BPE, B. petitjeani; BWUl and BWU2, B. wurtzy; BBA, B. harhus; BME, B. mrridionalis; BGU, B. guineensis; BCA, B. cudenuti. 

- - .- . .  . - 

SPECIES 
-. - . . . . -. 

LOCALITIES BOC BSA BPE BWUl BWU2 BBA BME BGU BCA 
- -- - 

HAFING at  Sokotoro (GUINEA) 5 Y 
SALA at Louka (GUINEA) h 2 
KONKOURE Télimélé road (GUINEA) 2 
ROKEL at  Bumbuna (SIERRA LEONE) 2 
ROKEL at  Kondembaya (SIERRA LEONE) 3 
MONGO at Moussaia (SIERRA LEONE) 3 
NIGER at  Bamako (MALI) 3 
Ilérault at  Lodève (FRANCE) 5 
Aude at Carcassonne (FRANCE) 

.. ... 5 

Cladistic analysis was bascd on a matrix showing 
the presence (coded 1) or absence (coded O) of alleles 
in each species or population. The matrix was thcn 
processed by the program "Clique" (also in "Phylip" 
by J. Fclsenstein), which uses an algorithm of compa- 
tibility (Le Quesne, 1974; Farris, 1977). This program 
indicates the phylogenetic systcm that contains the 
largest number of compatible characters (alleles in 
this case), i.e. showing no contradictory information. 
Characters that are incompatible with the other cha- 
racters are not used in constructing the network. 
Reversions (reverse mutations), convergences (gain or 
loss of alleles occurring independently in two different 
lineages), and mosaic evolution (gene exchangc 
between two species that are not yet totally isolated 
genetically) can cause incompatibility between charac- 
ters. This divergence of genetic information is called 
homoplasia. 

RESULTS 

A total of 25 different proteins corresponding to 
the same number of loci were studied. The alleles 
observed at these loci in each sample are given in 
table 2. Loci Ldh-3, Mdh-2, and Mdh-4 were only 
present in liver, and Mdh-3, Mdh-5, Pgi-1, Pgi-4, and 
Pgi-5 were only present in muscle. Two groups of 
species were clearly distinguished : those expressing 
at least 22 allozymes for the nine enzyme systems 
studied (large African Barbus and European Burhu.~), 
and those expressing 14 allozymes (small African Bar- 
bus). 

Figure 1 shows a dendrogram obtained from a 
table of Nei distances (1972). Three groups appear, 
corresponding to : (a) small African Barbus, (b) large 
African Barbus, and (c) European Barbus. In large 
Barbus, it can be seen that B. bynni occidentalis is 
close to B. sacratus and B. wurtzi is close to B. 
petitjeani. The African and European tetraploid spe- 
cies appear to show more affinity to each other than 
to the diploid species. However, this diploid/tetraploid 

opposition is less marked in the rcsults of cladistic 
analysis. Figure 2 shows the network obtaincd using 
the program "Clique." The nine populations or spe- 
cies studied still form the three groups defined above. 
Sixty out of the 69 alleles analyzed were found to be 
compatible, which means that thc gcnetic information 
is of good quality (low homoplasia). 

DISCUSSION 

The two groups of African Burhus (large and small) 
dcfined by morphological characters (see Introduc- 
tion) were also distinguished by genetic characters. 
The simplest hypothesis to explain the many gene 
duplications in large Barbus is that these species are 
tetraploid and small Barbus are diploid, as suggcsted 
by Buth (1984) for other cyprinids with the karyotypc 
2N= 100. A gene can be duplicated in two ways : 
tandem duplication or polyploidization. Tandem 
duplication results from a copying error during meio- 
sis or unequal cross-over, i.e. one or more genes are 
copied several times next to each other (Ohta, 1988). 
Although this phenomenon has been observed in 
fishes, it appears to be rather infrequent (Buth, 1983). 
Polyploidization concerns the whole genome, i.e. the 
number of genes doubles al1 at once in a tetraploid. 
In the present case, the hypothesis of tetraploidization 
is the most plausible in large African Barbus because 
only a single event is involved instead of the many 
events occurring in tandem duplication. Indeed, 
although the loci studied are representative of the 
genome of these fishes (which must comprise 10,000 
to 50,000 genes), several thousand additional genes 
are expressed in large African Barbus. The hypothesis 
of tetraploidy in large Barbus is also supported by 
the existence of tetraploids in the Cyprinidae, e.g. 
Carassius auratus (Ohno et al., 1967; Bender and 
Ohno, 1968; Labat et al., 1983), Cyprinus carpio 
(Ohno et al., 1967; Bender and Ohno, 1968; Labat 
et al., 1983),'.and specifically in the genus Barbus : 
B. barbus (Wolf et al., 1969; Klose et al., 1969), 
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Table 2. - Alleles observed at the 25 loci investigated in nine species or  populations of the genus Burhus : BOC, B. occidentu1i.s; 
BSA, B. sacratus; BPE, B. petitjeuni; BWUl and BWU2, B. wurtzi; BBA, B. hurhus; BME, B. mcridionalir; BGU, B. guinren.si,~; 
BCA, B. cudenuti. Allelic frequencies difierent of 100% are indicated in parentheses. 

. - - - . . . -- 
--- . - - - SPECIES 

.--. - 

LOCI BOC BSA BPE BWUl BWU2 BBA BME BGU BCA - -- .- . - .. - 

Mdh-l 120 120 120 120 120 100 100 100 100 
Mdh-2 110 110 110 110 110 100 100 120 120 
Mdh-3 110 110 110 110 110 100 100 090 090 
Mdh-4 100 100 100 100 100 ABS 100 ABS ABS 
Mdh-5 100 100 100 100 110 100 100 099 099 

Ldh- l 100 100 100 120 120 100 100 140 100 
Ldh-2 100 100 100 100 100 100 1 O0 100 100 
Ldh-3 150 150 150 150 150 010 100 ABS ABS 

Idh-1 100 100 100 100 100 100 100 100 100 
ldh-2 ABS ABS ABS ABS ABS ABS 100 ABS ABS 

Fum 110 110 110 110 110 100 100 110 150 

Sod-1 100 100 100 100 100 100 100 105 150 
Sod-2 100 100 100 100 100 100 100 ABS ABS 

Aat-2 118 120 110 110 110 100 100 130 130 
Aat-3 100 100 090 090 090 100 110 ABS ARS 

Pgi- 1 100 100 100 100 100 100 100 120 120 
Pgi-2 110 110 O90 110 110 100 100 ABS ABS 
Pgi-3 110 110 105 105 105 100 100 100 100 
Pgi-4 100 100 100 100 100 100 100 ABS ABS 
Pgi-5 ABS ABS ABS ABS ABS 100 ABS ABS ABS 

Ak-l 110 ABS ABS ARS ABS 100 ABS ABS ABS 
Ak-2 100 100 100 100 100 100 100 100 100 
Ak-3 100 100(92) 100 100 100 ABS ABS ABS ABS 

1 1 O(08) 

Pgm- l 098 098 098 098 098 100 100 110 110 
Pgm-2 090 090(83) 090(95) 070 090(50) ABS 100 ABS ABS 

085( 17) 070(05) 070(50) 

TOTAL 
ALLOZYMES 23 22 22 22 22 21 22 14 14 

B S A  

BOC 

B W U l  

BWUZ 

BPE 

B B A  

BME 

B C U  

BCA 

Figure 1.- Dendrogram obtained usiiiy the program "Kitsch", 
based on a matrix of genetic distances. The value of the para- 
meter P was fixed at  0, which makes the processing very similar 
to an UPGMA : BOC, B. bynni occidenta1i.r; BSA, B. sucrutus; 
BPE, B. petitjeani; BWUl and BWUZ, B. wurtii: BBA, B. barbus; 
BME, B. nleridionc11i.s; BGU, B. guitlc,c,ii\i\: RCA, B. cudenuri. 

B. meridionalis (Sofradzija and Berberovic, 1973; 
Triantaphyllidis et al., 198 1; Berrebi et al., 1988) and 
B. plebejus (Catandella et al., 1977). 

Thus, two well-differentiated lineages without parti- 
cular relationships exist in Africa. Our results corres- 
pond to those of Howes (1987), who considers, on 
the basis of osteological data, that large African Bar- 
bus are similar to Barbus sensu stricto, unlike small 
African Barbus, which are more similar to certain 
Asian species. If two lineages of Barbus exist in 
Africa, one tetraploid and the other diploid, a 
question arises as to their phylogenetic relationships. 
The tetraploidization producing large African Barbus 
may thus correspond to the same event that produced 
European Barbus, which would explain the configura- 
tion of the phylogenetic systems obtained. If the small 
Barbus are taken as the reference species, the enzyma- 
tic systems showing duplication are very often the 
same in European Barbus and large African Barbus 
(MDH, LDH, SOD, AAT, PGI, and PCiM). This 
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Figaze 2.- Cladistic network obtained using the program "Clique", based on a matrix of allele presence (coded 1) or absence (code 2). 
Oaly the largest set of alielzs compati2:z with each other was used to construct the system : LOC, 0. bynni occidentalis; LSA, 0. sacratus; 
LFY, 0. petitjeani; L 7 U 1  and L7iU2, 0. wurtzi; CZA, 0. barbus; LM%, 0. meridionalis; GGU, 0. guineensis; LCA, 0. cadenati 

TnKr 3. - TJei's gcnatic distances (1972) between the nine species or populations of the genus Carbus studied : COC, O. bynni occidentalis; 
CSA, O. sacratus; CîE, 0. petitjeani; K J U I  and iXJU2, 0. wurtzi; K A ,  0. barbus; CXIE, 0. meridionalis; CGU, 0. guineensias; 
ECA, C. ccl ,:s t i .  

STLCIES COC CSA CfE  iXJU1 CÏJU2 C2A C t l E  CGU 

O.CÎ5 
L X  0.221 
CÏIU 1 0.271 
K I U 2  0.235 
C7A 0.9 16 
CXE 0.916 
C GU 1.427 
CS? 1.427 
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could be  d u e  t o  kinship between the  t w o  tetraploid Cyprinidae (Buth 1983, 1984). I n  this case, the  resem- 

groups, which would suppor t  the hypothcsis of a blances in the  expression o f  loci  COU^^ be d u e  t o  

single tetraploidization event. However, ano ther  less physiological constraints  spccific t o  these fishcs. 

parsimonious hypothesis cannot  be  excluded, namely Fur ther  genetic a n d  karyological studies including 
European,  African, a n d  Asian species will allow a that  tetraploidization occurred several times in the  
determinat ion o f  the  phylogeny o f  this group,  making  

species o f  this genus, in view o f  the fact tha t  several i t  possible to deduce its place of origin, and  
independent polyploidizations have occurred in the  reconstruct the dispersais of Cyprinidae of the genus 

B u r h ~ s  scn.su Iuto th roughout  the  world. 
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