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Summary. Twenty-eight American mink • Chinese 
hamster somatic cell hybrids were analysed for the 
expression of  mink enzymes and the segregation of  
mink chromosomes. The results demonstrated that the 
gene for enolase-1 is located on the long arm of  mink 
chromosome 2, and those for hexokinase-1 and adeno- 
sine kinase, on its short arm. Segregation analysis of  
mink chromosomes and mink acid phosphatase-2, 
mannose phosphate isomerase, inosine triphosphatase 
and aconitase-1 provided data allowing us to assign the 
genes for these markers to mink chromosomes 7, 10, 11 
and 12, respectively. The expression of  mink a-galacto- 
sidase was highly coincidental with mink X chromo- 
some as well as with its markers: hypoxanthine-phos- 
phoribosyltransferase, glucose-6-phosphate dehydro- 
genase and phosphoglycerate kinase-1. This result 
confirms the assignment o f  the gene for a-galactosidase 
to the mink X chromosome. 
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Introduction 

Techniques of  somatic cell hybridization have been 
extensively used for gene assignment. Mapping of  
human and mouse ,  genomes have been successful 
(McKusick 1980; Womack 1982), however, relatively 
less information has been obtained for gene mapping in 
other mammals  (Pearson et al. 1982). The building of  
chromosome maps by the use somatic cell hybrids has 
basic and applied implications. It would give insight 
into the evolution o f  the mammal ian  genome and 

contribute to the development of  genetics o f  species - 
those of  commercial importance in particular. 

Somatic American mink • Chinese hamster hybrid- 
ization has been used in this laboratory during the last 
years for the assessment of  the American mink chromo- 
some. We have succeeded in assigning 20 genes of  
biochemical traits to 11 chromosomes in the American 
mink (Rubtsov et al. 1981a, b, 1982a, b). This report 
presents our results with the mapping of  an additional 
8 gene loci for enolase-l,  hexokinase-1, adenosine 
kinase, acid phosphatase-2, mannosephosphate  isom- 
erase, inosine triphosphatase, aconitase-1 and alpha- 
galactosidase. 

Materials and methods 

The following cell lines were used in the experiments: a cell 
line of the Chinese hamster, B 14 (previously designated as M- 
15-1), an established cell line of the American mink, MV, and 
28 American mink• Chinese hamster hybrid clones of inde- 
pendent origin. The generation of hybrid cell clones by means 
of a fusion of the B14 cells with mink bone marrow cells or 
mink white blood cells has been previously described 
(Rubtsov et al. 1981 a). For details concerning the production 
of the cell hybrids and their karyological characterization, see 
Rubtsov et al. (1981a, 1982a). The cytogenetic and biochemi- 
cal analyses of the hybrid cells were done within the same 
passage to insure uniformity. 

Extracts from the cell cultures were prepared according to 
a standard method (Rubtsov et al. 1981a). Electrophoresis of 
the cell extracts was conducted in 14% starch gel with the 
addition of 10% sucrose. 

Electrophoresis of enolase (ENO; EC 4.2.1.11), hexokinase 
(HK;EC2.7.1.1), mannosephosphate isomerase (MPI;EC 
5.3.1.8) and inosine triphosphatase (ITPA; EC3.6.1.19) was 
carried out utilizing a Tris-EDTA-borate buffer system 
(Rubtsov et al. 1981 a) whose gel buffer additionally contained 
1% Triton X-100 and 0.1% beta-mercaptoethanol for ITPA or 
1% Nonidet NP-40 for all the other enzymes. ITPA was 
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visualized by histochemical staining of the gels according to 
Van der Heiden (1969), and staining by the method of Harris 
and Hopkinson (1976) was used to identify ENO, HK and 
MPI. 

A Tris-citrate buffer system (Shows and Ruddle 1968) was 
utilized for the electrophoresis of adenosine kinase (ADK; EC 
2.7.1.20). The supplements to the gel buffer were Nonidet NP- 
40 (to a final concentration of 1%) and 0.0015 M of beta- 
mercaptoethanol. Autoradiographic procedures for the visu- 
alization of ADK were as previously described (Leinwand 
et al. 1978) but with a few modifications. Ten mg of ATP, 
0.02 ml of adenosine-C 14 (0.2 MBq) and 0.1 ml of 3 M MgC12 
were mixed in 6 ml of 0.5 M Tris-HC1 buffer, pH 7.5, and then 
mixed with 6 ml of 2% agarose (at 42 ~ This mixture was 
poured into the gels and incubated at 37~ for 1 h. Sub- 
sequently, 0.01 M of (CH3COO)~La in 0.05 M Tris-HC1 
buffer, pH 7.5, was poured into the gels, and the gels were 
allowed to stand for 10-12 h. The agarose layer was removed 
and thoroughly rinsed three times with water for 30 min. The 
agarose gels were then placed on slides and dried at 40 ~ 
The dried gels were coated with a RF-3 film (USSR) and 
exposed for 15-20 days. 

Electrophoresis of acid phosphatase-2 (ACP2; EC 3.1.3.2) 
was done in a Tris-citrate buffer (Rubtsov et al. 1981 a). The 
gel buffer was supplemented with 1% Triton X-100. ACP2 
activity was detected as described by Harris and Hopkinson 
(1976) employing alpha-naphthyl phosphate as substrate. 

Aconitase (ACON; EC4.2.1.3) was subjected to electro- 
phoresis in a Tris-citrate buffer (Shows and Ruddle 1968). The 
supplement to the gel buffer was 1% Triton X-100. Staining 
for visualization of ACON was done according to Harris and 
Hopkinson (1976). 

Electrophoresis of alpha-galactosidase (aGAL; EC 
3.2.1.22) was done using a phosphate-citrate buffer system: the 
electrode buffer was 0.2 M phosphate-citrate, pH 7.4, and the 
gel buffer was a 1 : 20 dilution of the electrode buffer plus 1% 
Nonidet NP-40. a GAL was visualized by staining the gels 
according to Harris and Hopkinson (1976). 

Results and discussion 

Figure 1 presents patterns o f  HK isozymes from cells of  
the American mink, Chinese hamster and several 

hybrid clones. Chinese hamster and mink cells dis- 
played 2 HK bands, referred to as HK1 and HK2 in 
order of  decreasing anodal  mobility (Fig. 1). Under the 
electrophoretic conditions used, mink and hamster 
HKI ' s  differed in their anodal  mobilities, and this 
property made them easily identifiable in mixed ex- 
tracts of  mink and Chinese hamster cell cultures 
(Fig. 1). In contrast, mink and hamster HK2's differed 
slightly in electrophoretic mobilities and, hence, they 
were not consistently identified in hybrid clones. 

Figure 2 presents the phenotypes observed following 
electrophoresis and staining for ACP2 in mink and 
hamster cells and hybrid clones. Mink ACP2 is 
represented by a single blurred band which is more 
mobile than hamster ACP2 (Fig. 2). Chinese hamster 
ACP2 is composed of  two bands. One band is distinct 
and more active near the line of  origin; the other less 
active and more anodal band is intermediate with 
respect to mink and the first Chinese hamster band 
(Fig. 2). In hybrid clones, which were positive for mink 
ACP2, staining intensity was increased in the zone 
comprised within the limits of  the mink fraction and 
the first ACP2 fraction of  the Chinese hamster (Fig. 2). 
This fraction probably represents heteropolymeric 
ACP2 isozyme. It is composed of  mink and hamster 
subunits because mammalian  ACP2 is a dimeric 
enzyme (Swallow and Harris 1972; Jones and Kao 
1978). 

Figure 3 presents an A C O N  pattern yielded by cells 
of  the American mink, Chinese hamster and their 
hybrid clones. The pattern is composed of  two frac- 
tions, ACON1 and ACON2. A comparison of  the 
pattern shown by the MV cells with that obtained from 
ACON of various mink tissues demonstrates that 
ACON1 corresponds to the soluble form, and ACON2 
to the mitochondrial form, of  the enzyme. Under the 

Fig. 1. Electrophoretic HK patterns obtained from 
parental species and their hybrid cells. Channel1 
clone RO 1; channel 2 clone CO 113; channel 3 clone 
KO5; channel4 clone Kll ;  channel5 clone K12; 
channel 6 clone RO9; channel 7 mink fibroblasts, MV 
cells; channel 8 Chinese hamster fibroblasts, B 14 cells. 
HK1 M and HK2 M are HK isozymes of mink, and 
HK1 H and HK2 H are HK isozymes of hamster 
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1 2 3 4 5 
Fig, 2. Electrophoretic ACP2 patterns obtained from parental 
species and their hybrid cells. Channel l M V  cells; channel2 
mixture (1: 1) of mink and hamster fibroblasts; channel 3 B14 
cells; channel 4 clone L15; channel 5 clone RO 1 
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Fig. 3. Electrophoretic ACON patterns obtained from paren- 
tal species and their hybrid cells. Channel l  clone Kll ;  
channel 2 clone K12; channel 3 clone RO 1 ; channel 4 mixture 
(1 : 1) mink and hamster fibroblasts; channel 5 mink MV cells; 
channel 6 hamster B 14 cells 
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Fig. 4. Electrophoretic ENO patterns obtained from parental 
species and their hybrid cells. Channel 1 hamster B14 cells; 
channel 2 mink MV cels; channel 3 mixture (1 : 1) of mink and 
hamster fibro blasts; channel4 clone L26; channel5 clone 
F6B; channel 6 clone CO 113; channel 7 clone M 1123 

made it possible to reliably identify enzymes of  Amer-  
ican mink and Chinese hamster  origin in the hybrid 
clones (Figs. 4-8) .  

Table 1 contains data on the distribution of  ENO1, 
HK1, ADK, ACP2, MPI, ITPA, ACON1 and a G A L  in 
the 28 American mink x C h i n e s e  hamster  clones. 
Clones M l l l 0 ,  MA10 and L14, containing all mink 
chromosomes with the exception of  the Y, correlated 
positively with markers  of  mink origin. 

The data on the segregation of  mink chromosomes 
and mink ENO1, HK1, ADK,  ACP2, MPI, ITPA, 
ACON1 and a G A L  in 25 hybrid clones are sum- 
marized in Table 2. These data indicate that ACP2, 
MPI, ITPA, ACON1 and a G A L  segregate indepen- 
dently in the clones studied, while ENO1, HK1 and 
A D K  segregate together in the majori ty of  the clones. 

From the data of  Tables 1 and 2, it follows that the 
genes for ENO1, H K I  and A D K  are syntenic and that 
they are located on mink chromosome 2. Of  interest 
are the data regarding these markers  in clone COl13.  
It contains the long arm of  mink chromosome 2 only 
(Rubtsov et al. 1981 a, b) and possesses mink ENO1 but 
not HK1 and A D K  (Table I). It should be recalled that 

1 2 3 4 5 6 7 
Fig. 5. Electrophoretic ADK patterns obtained from parental 
species and their hybrid cells. Channel1 hamster BI4 cells; 
channel 2 mink MV cells; channel 3 mixture (1 : 1) of mink and 
hamster fibroblasts; channel4 clone RO9; channel5 clone 
RO1; channel 6 clone K14; channel 7 clone K15 

electrophoretic conditions used, mink and hamster  
ACON1 are readily separable, while the ACON2 from 
the two species differs less distinctly in electrophoretic 
mobility. Clones positive and negative for mink 
ACON1 are shown in Fig. 3. 

The electrophoretic patterns of  ENO, ADK,  MPI, 
ITPA and a G A L  for mink, Chinese hamster  and some 
of  the hybrid clones are shown in Figs. 4-8 .  The hybrid 
clones, which were positive for mink ENO1 and IPTA, 
contained a heteropolymeric  isozyme with mobili ty in- 
termediate with respect to the parental  homopolymer ic  
isozymes (Figs. 4 and 7). Thus, electrophoretic analysis 

1 2 3 4 5 
Fig. 6. Electrophoretic MPI pattern obtained from parental 
species and their hybrid cells. Channel1 hamster BI4 cells; 
channel 2 mink MV cells; channel 3 mixture (1 : 1) of mink and 
hamster fibroblasts; channel 4 clone KO5; channel 5 clone K11 
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Fig. 7. Electrophoretic ITPA pattern obtained from parental 
species and their hybrid cells. Channel l hamster B14 ceils; 
channel 2 mink MV cells; channel 3 mixture (1 : 1) of mink and 
hamster fibroblasts; channel4 clone L25; channel5 clone 
L26; channel 6 clone F6B 

Fig. 8. Electrophoretic aGAL pattern obtained from parental 
species and their hybrid cells. Channel1 hamster B14 cells; 
channel 2 mink MV cells; channel 3 mixture (l : l) of mink and 
hamster fibroblasts; channel 4 clone RO 1; channel 5 clone RO9 

the syntenic pair of genes for 6-phosphogluconate 
dehydrogenase (PGD) and phosphoglucomutase-1 
(PGM1) is located on the long arm of mink chromo- 
some2 (Rubtsov etal. 1981b). As shown in Table 1, 
clone COl13 is positive for mink PGD and PGM1. 
There is, thus, reason for suggesting that the gene for 
ENO1 is located on the long arm of chromosome 2. 
The syntenic relationships of  the genes for ENO1, 
PGD, and PGM1 has been described in many 
mammalian species: man (Lalley et al. 1978a), rhesus 
monkey, African green monkey, baboon, gorilla, orang 
utang (Garver etal. 1977), chimpanzee (Rebourcet 
et al. 1975; Garver et al. 1977), Cebus capucin (Cr6au- 
Goldberg et al. 1981), mouse (Lalley et al. 1978a) and 
Chinese hamster (Lasserre etal. 1981; Stallings and 
Siciliano 1982). Synteny of PGD-ENO1 has been 
established in cattle (Heuertz and Hors-Cayla 1981) 
and sheep (S~iidi-Mehtar et al. 1981), and that of PGD- 
PGM1 in cat (Nash and O'Brien 1982). The linkage of 
the autosomal genes for PGD, PGM1 and ENO1 
appears to be well preserved during mammalian evolu- 
tion. 

Mink HK1 was not observed in clone COl13 
(Table 1), but it was found to be present in all the 
clones (with the exception of clone F10B) having the 
entire mink chromosome 2. It has been shown earlier 
that the gene for inorganic pyrophosphatase (PP) is 
located on the short arm of mink chromosome2 
(Rubtsov etal. 1982b). Because HK1 and PP are 
syntenic (Table 1), it appears very likely that the gene 
for HK1 is located on the short arm of mink chromo- 
some 2. The genes for HK1 and PP are syntenic in man 
(McKusick 1980) and mouse (Lalley etal. 1978b; 
Womack 1982), but not in cat (O'Brien and Nash 
1980). 

According to the data of Table 2, the gene for ADK 
is most likely located on the short arm of chromosome 
2. Two discordant clones, L15 and F10B chromo- 
s o m e " + " / A D K " - " ) ,  presumably contain chromo- 
some 2 with a small deletion. This appears to be so 
because several other enzyme markers of mink chromo- 
some 2 are present in these clones (Table 1). It should 
be also noted that clone L15 is devoid of glutamate- 
oxaloacetate transaminase-1 (Rubtsov etal. 1982b), 
and clone F10B is devoid of HK1 (Table 1). Inasmuch 
as two other enzyme markers of the short arm of mink 
chromosome2, namely PP and purine nucleoside- 
phosphorylase, are present in these discordant clones 
(Table 1; Rubtsov etal. 1982b), it may be suggested 
that the putative deletions of mink chromosome 2 in 
the discordant clones affect the terminal region of its 
short arm. 

Judging by the segregation data on mink chromo- 
somes and mink ACP2 (Table 2), the gene for ACP2 
may be with confidence assigned to mink chromo- 
some 7. The only discordant clone CO 113, chromosome 
7 " - " / A C P 2 " + " ,  seems to contain a small cytogeneti- 
cally undetectable fragment of mink chromosome 7. 
This appears likely when recalling that mink glucose 
phosphate isomerase (GPI) and lactate dehydrogenase- 
A (LDHA), which are markers of mink chromo- 
some7 (Rubtsov etal. 1981b), are missing in this 
discordant clone. Recently, we succeeded in locating 
the gene for pyruvate kinase on mink chromosome 7, 
but clone COl13 is devoid of mink pyruvate kinase. In 
man, the genes for ACP2 and LDHA are located on 
chromosome 11, and the gene for GPI on chromo- 
some 19 (McKusick 1980). In mouse, the gene for 
LDHA is syntenic with that for GPI (both being 
located on chromosome 7), while the gene for ACP2 is 
located on chromosome 2 (Womack 1982). It appears 
that the syntenic association of these genes has not 
been a stable during mammalian evolution. 

As is evident from Table 2, the most likely candi- 
dates for the assignment of  the genes for MPI and 
ITPA are mink chromosomes 10 and 11, respectively. 
This gene assignment is tentative because there were 
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Table  1. Dis t r ibu t ion  o f  m i n k  EN01, HK1,  A D K ,  ACP2,  MPI,  ITPA, A C O N I ,  and  G A L  in 28 A m e r i c a n  m i n k  x Ch ines  h a m s t e r  cell 
c lones 

Clone  A m e r i c a n  m i n k  e n z y m e  

EN01 HK1 A D K  P G D /  ppb A C P 2  L D H A  c MPI IDH2  a ITPA M O R I ~  A C O N 1  a G A L  G 6 P D /  
PGM1 a P G K 1 /  

H P R T  f 

MA10 + + + + + + + + + + + + + + 
M l l l 0  + + + + + + + + + + + + + + 
L14 + + + + + + + + + + + + + + 
C O l 1 3  + - - + - + - + + + + + + + 
M1123 . . . . . . .  + + . . . . .  
KO2  . . . . . . .  + + - - + + + 
KO4  . . . . . . . . . . . .  + + 
KO5 . . . . . . . . . . . .  + + 
K l l  . . . . .  + + + + + + + + + 
K12 . . . . .  + + + + + + + + + 
K14 . . . . . .  + - + - - + + + 
K15 . . . . . . .  + + + + - + + 
L12 . . . . . . .  + + - - - + + 
L15 + + - + + + + - + + + - + + 
L18 . . . . . . . . . . . .  + + 
L22 . . . . .  + + . . . .  + + + 
L25 . . . . . . .  + + - - + + + 
L26 . . . . . . .  + + + + - + + 
R01 + + + + + - - + + + + - + + 

R09 + + + + + - - + + - - - + + 
R13 . . . . . . . . . . . .  + + 
R14 . . . . . . .  + + - - + + + 

D7B . . . . . . .  + + - + + + + 
D I 1 B  . . . . .  + + . . . . .  + + 

FD16B . . . . . . . . . . . .  + + 
F6B + + + + + . . . . .  + + + + 
F10B + - - + + + + + + - - + + + 
F12B + + + + + - - + + - - + + + 

" P G D  (6 -phosphog l ucona t e  dehyd rogenase )  a nd  P G M I  (phosphog lucomuta se -1 )  are  marker s  o f  the  long a r m  o f  m i n k  ch ro m o -  
some  2 
b p p  ( inorganic  p y r o p h o s p h a t a s e )  is a m a r k e r  o f  the  shor t  a r m  o f  m i n k  c h r o m o s o m e  2 
c L D H A  (lactate d e h y d r o g e n a s e - A )  is a m a r k e r  o f  m i n k  c h r o m o s o m e  7 
d IDH2  (isocitrate dehyd rogenase -2 )  is a m a r k e r  o f  m i n k  c h r o m o s o m e  10 
e MOR1 (mala te  dehydrogenase -1 )  is a m a r k e r  o f  m i n k  c h r o m o s o m e  11 
r G 6 P D  (g lucose -6-phospha te  dehydrogenase ) ,  PGK1  (phosphoglycera te  kinase-1)  a n d  H P R T  ( h y p o x a n t h i n e - p h o s p h o r i b o -  
syl t ransferase)  are marke r s  o f  the  m i n k  X c h r o m o s o m e  

t w o  d i s c o r d a n t  c l o n e s  o f  c h r o m o s o m e "  + " / m a r k e r " - "  

t y p e  i n  b o t h  c a s e s  ( T a b l e  2). W e  h a v e  e a r l i e r  d i s -  

c u s s e d  t h e  m e r i t s  a n d  d i s a d v a n t a g e s  o f  t h e  u s e  o f  t h i s  

c l o n e  p a n e l  ( R u b t s o v  e t  al.  1 9 8 1 a ) .  A c c o r d i n g  to  t h e  

c r i t e r i a  o f  C o m e a d o w  a n d  R u d d l e  ( 1 9 7 8 ) a n d  W i j n e n  

e t  al.  (1977) ,  t h e  a s s i g n m e n t  o f  a g e n e  fo r  a m a r k e r  is 

t e n t a t i v e  w h e n  m o r e  t h a n  a s i n g l e  c l o n e  o f  c h r o m o -  

s o m e "  + " / m a r k e r " - "  t y p e  is  o b s e r v e d  i n  t h e  c l o n e  

p a n e l  ( R u b t s o v  e t  al .  1 9 8 1 a ) .  I t  wi l l  b e  e m p h a s i z e d ,  

h o w e v e r ,  t h a t  t h e r e  a r e  n o  o t h e r  a l t e r n a t i v e  c a n d i d a t e s  

for  t h e  a s s i g n m e n t  o f  t h e  g e n e s  a s  j u d g e d  b y  t h e  d a t a  o f  

T a b l e  2. 

A n o t e w o r t h y  p o i n t  is  t h a t  d i s c o r d a n t  c l o n e s  K 1 4  

a n d  L15  M P I " - " / c h r o m o s o m e " + "  c o n t a i n  i s o c i t r a t e  

d e h y d r o g e n a s e - 2 ,  w h i c h  is a n o t h e r  m a r k e r  o f  t h i s  c h r o -  

m o s o m e  ( T a b l e  1). T h i s  s u g g e s t s  t h a t  c h r o m o s o m e  10 

h a s  a s m a l l  d e l e t i o n  i n v o l v i n g  t h e  g e n e  fo r  M P I  a n d  

u n i d e n t i f i a b l e  c y t o g e n e t i c a l l y .  T h e  s a m e  m a y  b e  t r u e  

for  d i s c o r d a n t  c l o n e s  D 7 B  a n d  F 6 B  ( I T P A " - " / c h r o m o -  

s o m e  11"  + " )  c o n t a i n i n g  m a l a t e  d e h y d r o g e n a s e - I  

( N A D  d e p e n d e n t ) ,  a m a r k e r  o f  th i s  c h r o m o s o m e  

( T a b l e  1). 

T h e  m o s t  l i ke ly  c a n d i d a t e  fo r  t h e  a s s i g n m e n t  o f  t h e  

g e n e  fo r  m i n k  A C O N 1  is m i n k  c h r o m o s o m e  12 ( T a -  

b l e  2). T h i s  is t h e  f i rs t  m a r k e r  to b e  a s s i g n e d  to t h i s  

p a r t i c u l a r  m i n k  c h r o m o s o m e .  I n  t h e  s i n g l e  d i s c o r d a n t  

c l o n e  K O 5 ,  c h r o m o s o m e  1 2 ' + " / A C O N I " - " ,  c o n t a i n s  

p r o b a b l y  c h r o m o s o m e  12 c o m p r i s i n g  a s m a l l  u n i d e n t i -  

f i ed  d e l e t i o n .  

A n o t h e r  i n t e r f e r e n c e  to  b e  d r a w n  f r o m  T a b l e  1 is 

t h a t  a G A L  is c o m p l e t e l y  s y n t e n i c  w i t h  t h e  m a r k e r s  

g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  ( G r P D ) ,  p h o s p h o -  



64 A.A. Gradov et al.: Gene mapping in American mink 

Table 2. Segregation of mink chromosomes and mink EN01, HK1, ADK, ACP2, MPI, ITPA and aGAL 
in 25 hybrid cell clones a 

Chromo- American mink enzyme 
some 

EN01 HK ADK ACP2 MPI ITPA ACON 1 aGAL 

+ - + - + - + - + - + - + - + - 

1+ 3 7 2 8 2 8 4 6 6 4 5 
- 4 11 4 11 2 13 3 12 9 6 2 

2+ i7 . . . .  0! i5 . . . . .  li i4 . . . .  2i 3 3 4 2 2 4 
- :0 18: :0 19: :0 19: 4 15 11 8 5 14 

3+ 4 6 3 7 2 8 4 6 8 2 4 6 
- 3 12 3 12 2 13 3 12 7 8 3 12 

4+  4 7 3 8 2 9 4 7 7 4 5 6 
- 3 11 3 11 2 12 3 11 8 6 2 12 

5+  3 7 2 8 2 8 4 6 8 2 4 6 
- 4 11 4 11 2 13 3 12 7 8 3 12 

6+  4 11 3 12 3 12 5 10 10 5 5 10 
- 3 7 3 7 1 9 2 8 5 5 2 8 

7+ 2 4 2 4 0 6 :6 0: 3 3 3 3 
- 5 14 4 15 4 15 '1 18: 12 7 4 15 

8+ 4 3 3 4 2 5 2 5 4 3 2 5 
- 3 15 3 15 2 16 5 13 11 7 5 13 

9+  6 11 5 12 4 13 5 12 11 6 5 12 
- 1 7 1 7 0 8 2 6 4 4 2 6 

10+ 6 11 5 12 3 14 5 12 :15 2: 7 10 
- 1 7 1 7 1 7 2 6 " 0 8: 0 8 

11+ 4 5 3 6 2 7 4 5 7 2 :7 2: 
- 3 13 3 13 2 14 3 13 8 8 :0 16: 

12+ 4 9 3 10 2 11 5 8 9 4 3 10 
- 3 9 3 9 2 10 2 10 6 6 4 8 

13+ 3 11 3 11 2 12 2 12 7 7 4 10 
- 4 7 3 8 2 9 5 6 8 3 3 8 

14+ 7 9 6 10 4 12 6 10 10 6 7 9 
- 0 9 0 9 0 9 1 8 5 4 0 9 

x + 7 16 6 18 4 19 7 16 13 10 6 17 
- 0 2 0 2 0 2 0 2 2 0 1 1 

5 7 3 10 0 
13 5 10 14 1 

3 3 6 0 
9 10 18 1 

8 2 10 0 
4 11 14 1 

7 4 11 0 
5 9 13 1 

8 2 9 1 
4 11 ~ 15 0 

9 6 15 0 
3 7 9 1 

4 2 6 0 
8 11 18 1 

5 2 7 0 
7 11 17 1 

8 9 16 1 
4 4 8 0 

10 7 16 1 
2 6 8 0 

5 4 9 0 
7 9 15 1 

:12 I: 13 0 
0 12: 11 1 

7 7 14 0 
5 6 10 1 

8 8 16 0 
4 5 8 1 

12 1 1  " 2 3 " ' 6 i  
0 2 : 1 1: 

a Clones MA10, M1110 and LI4, which retained all the mink chromosomes except for the Y, are not in- 
cluded in this table 

glycerate kinase-1 (PGK1)  and  h y p o x a n t h i n e p h o s -  

phor ibosyl t ransferase  (HPRT),  whose  genes are  located 

on m i n k  X c h r o m o s o m e  (Rub t sov  et al. 1981 a, 1982a). 

There  is suppor t ing  ev idence  for this l inkage.  Thus,  the 
previous ly  descr ibed  hybr id  c lone FD2M-4 ,  which  con-  

tains jus t  one  whole  m i n k  c h r o m o s o m e ,  the X (Rub t sov  

et al. 1982 a), is posi t ive  for m i n k  a G A L  as well  as for 

G6PD,  P G K 1  and  HPRT.  Recent ly ,  a der iva t ive  o f  this 

c lone was ob ta ined  by its back-se lec t ion  against  8- 

azaguan ine  in which  m i n k  X c h r o m o s o m e  is unde tec t -  
able. Analysis  o f  this c lone  d e m o n s t r a t e d  that  it lacks 
m i n k  a G A L ,  G 6 P D ,  P G K 1  and HPRT.  This suppor ts  
the idea  that  the gene  for a G A L  is loca ted  on the m i n k  

X ch romosome .  The  ass ignment  o f  the loci aGAL, 

G6PD,  P G K 1  and  H P R T  to the m i n k  X c h r o m o s o m e  

(Rubtsov  et al. 1981 a, 1982 a; p resent  c o m m u n i c a t i o n )  
is consis tent  wi th  O h n o ' s  a s sumpt ion  ( O h n o  1974) that  

the set o f  genes in m a m m a l i a n  X c h r o m o s o m e s  re- 

mai, ned  conserva t ive  dur ing  evolut ion .  

Acknowledgements. The authors are indebted to Miss A. 
Fadeeva for translating the paper from Russian into English 
and to V. Prasolov for preparation of the photographs. 

R e f e r e n c e s  

Cowmeadow MP, Ruddle FH (1978) Computer-assisted 
statistical procedures for somatic cell gene assignment. 
Cytogen Cell Genet 22:694-697 



A. A. Gradov et al.: Gene mapping in American mink 65 

Crrau-Goldberg N, Cochet C, Turleau C, de Grouchy J (1981) 
Comparative gene mapping of man and Cebus capucinus: 
a study of 23 enzymatic markers. Cytogen Cell Genet 
31: 228-239 

Garver JJ, Pearson PL, Estop A, Dijksman TM, Wijnen LMM, 
Vesterveld A, Meera Khan P (1977) Gene assignments to 
the presumptive homologs of human chromosomes 1, 6, 11, 
12 and X in the Pongidae and Cercopithecoidae. Hum 
Gene Mapping 4:564-569 

Harris H, Hopkinson DA (1976) Handbook of enzyme electro- 
phoresis in human genetics. North-Holland, Amsterdam 

Heuertz S, Hors-Cayla M-C (1981) Cattle gene mapping by 
somatic cell hybridization study of 17 enzyme markers. 
Cytogen Cell Genet 30:137-145 

Jones C, Kao F-T (1978) Regional mapping of the gene for 
human lysosomal acid phosphatase (ACP2) using a hybrid 
clone panel containing segments of human chromosome 
11. Hum Genet 45:1-10 

Lalley PL, Francke U, Minna JD (1978a) Homologous genes 
for enolase, phosphogluconate dehydrogenase, phos- 
phoglucomutase, and adenylate kinase are syntenic on 
mouse chromosome 4 and human chromosome lp. Proc 
Natl Acad Sci USA 75:2382-2386 

Lalley PA, Francke U, Minna JD (1978b) Assignment of the 
genes coding for pyrophosphatase and hexokinase-1 to 
mouse chromosome 10: implications for comparative gene 
mapping in man and mouse. Cytogen Cell Genet 22: 
570-572 

Lasserre C, Aviles-Aubert D, Gross M-S, van Cong N, Jami J 
(1981) Conservation of the syntenic group ENO-PGD- 
PGM in mammals: its assignment to chromosome 2 in the 
Chinese hamster. Ann Genet 24:133-136 

Leinwand L, Fournier REK, Nichols EA, Ruddle FH (1978) 
Assignment of the gene for adenosine kinase to chromo- 
some 14 in Mus rnusculus by somatic cell hybridization. 
Cytogen Cell Genet 21:77-85 

McKusick VA (1980) The anatomy of the human genome. J 
Hered71:370 391 

Nash WG, O'Brien SJ (1982) Conserved regions of homol- 
ogous G-banded chromosomes between orders in mam- 
malian evolution: carnivores and primates. Proc Natl Acad 
Sci USA 79:6631-6635 

O'Brien SJ, Nash WG (1980) Somatic cell analysis of enzyme 
structural genes of the domestic cat (Felis catus). Carnivore 
Genet Newslett 4:81-90 

Ohno O (1974) Conservation of ancient linkage groups in evo- 
lution and some insight into the genetic regulatory 
mechanism of inactivation. Cold Spring Harbor Symp 
Quant Biol 38:155-164 

Pearson PL, Roderick TH, Davisson M, Lalley PA, O'Brien SJ 
(1982) Report of the commitee on comparative mapping. 
Cytogen Cell Genet 32:208-220 

Rebourcet R, van Cong N, Frrzal J, Finaz C, Cochet C, de 
Grouchy J (1975) Chromosome nl of man and chimpan- 
zee: identity of gene mapping for the three loci PPH, 
PGM1, and Pep-C. Humangenetik 29:337-340 

Rubtsov NB, Radjabli SI, Gradov AA, Serov OL (1981a) 
Chinese hamster• mink somatic cell hybrids: 
characterization of a clone panel and assignment of the 
mink genes for malate dehydrogenase, NADP-1 and 
malate dehydrogenase, NAD-1. Theor Appl Genet 60: 
99-106 

Rubtsov NB, Radjabli SI, Gradov AA, Serov OL (1981b) 
Chromosome localization of three syntenic gene pairs in 
the American mink (Mustela vison). Cytogen Cell Genet 
31:184-187 

Rubtsov NB, Radjabli SI, Gradov AA, Serov OL (1982a) 
Chromosome localization of the genes for isocitrate de- 
hydrogenase-l, isocitrate dehydrogenase-2, glutathione 
reductase, and phosphoglycerate kinase-1 in the American 
mink (Mustela vison). Cytogen Cell Genet 33:256-260 

Rubtsov NB, Gradov AA, Serov OL (1982b) Chromosome 
localization of the loci GOT1, PP, NP, SODI, PEPA and 
PEPC in the American mink (Mustela vison). Theor Appl 
Genet 63:331-336 

S~iidi-Mehtar N, Hors-Cayla M-C, van Cong N (1981) Sheep 
gene mapping by somatic cell hybridization: four syntenic 
groups ENOI-PGD, ME1-PGM3, LDHB-PEPB-TPI, and 
G6PD, PGK, GALA. Cytogen Cell Genet 30:193 204 

Shows TB, Ruddle FH (1968) Malate dehydrogenase: evi- 
dence for tetrameric structure in Mus musculus. Science 
160:1356-1357 

Stallings RL, Siciliano MJ (1982) Assignment of ADA, ITA, 
AK1 and AK2 to Chinese hamster chromosomes. J Hered 
73: 399-404 

Swallow DM, Harris H (1972) A new variant of the placental 
acid phosphatase: its implications regarding their subunit 
structures and genetical determinants. Ann Hum Genet 
36:141-152 

Van der Heiden BS (1969) Genetic studies of human ery- 
throcyte inosine triphosphatase. Biochem Genet 3:289-294 

Wijnen LMM, Grzeschik K-H, Pearson PL, Meera Khan P 
(1977) The human PGM-2 and its chromosomal localiza- 
tion in man-mouse hybrids. Hum Genet 37:271-278 

Womack JE (1982) Biochemical loci of the mouse (Mus 
rnusculus). Isozyme Bull 15:56-64 


