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Comparative FISH mapping of bovine cosmids to reindeer chromosomes 
demonstrates conservation of the X-chromosome 
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Three X chromosome-specific bovine cosmids were 
used for fluorescence in situ hybridization mapping 
on reindeer (Rangifer tarandus) chromosomes, to test 
whether such large genomic clones could be used for 
comparative mapping across distantly related species. 
All three cosmids showed distinct unique hybridization 
sites on the reindeer X. Comparative map locations of 
these cosmids, together with the relative C-banding 
and genome size data on the X chromosomes of the 
two species, provide preliminary indications that the 
short and long arms of bovine X correspond, respec- 
tively, to the long and short arms of the reindeer X. The 
study also demonstrates that cosmid clones can be 
used successfully for comparative mapping across 
species that diverged 35 million years ago. 
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In t roduct ion 

Reindeer  (Rangifer tarandus) and domest ic  cattle (Bos 
taurus) belong to the same order  (Art iodactyla) ,  but  to 
different families, namely, Cerv idae  and Bovidae re- 
spectively. Karyotypical ly ,  these represent  two very 
d ivergent  species. The chromosome number  in re indeer  
is 2n = 70 (number  of major  chromosome arms,  nombre  
fondamenta l ,  nf = 74 according to Mat they  1945), com- 
pris ing 33 pairs  of acrocentric autosomes,  one pair  of 
submetacentr ic  au tosomes  and a pair  of sex chromo- 
somes (Nes et al. 1965, Fraccaro et al. 1968, Gr ipenberg  
1984). On the other  hand,  cattle have 2n = 60 (n f=  62) 
and all 29 pairs  of au tosomes  are acrocentric. The 
process of centric fusion/f iss ion apparen t ly  fails 
to explain the evo lu t ionary  re la t ionship of these two 
karyotypes .  

A total  conservat ion in the gene content of the an- 
cestral  X chromosome in different  mammal i an  species 
has been hypo thes ized  (Ohno 1967, 1969). However ,  the 
giant  size of the X chromosome of re indeer  has been of 
special interest,  ever since the chromosomes  of this 
species were first known  (Makino 1944). This chromo- 

some is r emarkab ly  long, compris ing about  9% of the 
haplo id  female genome (Fraccaro et al. 1968), compared  
with  about  5-6% in catt le and  in most other  mammal ian  
species (Ohno et al. 1964). Therefore, the reindeer  X 
chromosome is considered as a representat ive  of a 
specific type  of mammal i an  X (with almost  double  the 
typical  contr ibut ion to the haplo id  genome),  similar to 
the X chromosome observed in some rodent  species 
(Ohno et al. 1964). Mult iple  s t ructural  rearrangements ,  
not  yet  fully unders tood ,  have great ly changed the 
morpho logy  of re indeer  X chromosome (Gripenberg 
& Wessman 1993). In addi t ion,  acquisi t ion of a sub- 
s tant ial  amount  of heterochromatin ,  appear ing  as sev- 
eral dist inct  C-bands  in the long arm, has significantly 
extended the total  length (Gripenberg & Wessman 1993) 
as compared  with  other  mammal i an  species. S tudying  
only two major G-posi t ive  bands  (referred to as A and 
B) on the X chromosome of over  60 mammal ian  species, 
Pathak & Stock (1974) repor ted  a high degree of band-  
ing s imilar i ty  for the mammal i an  X chromosome.  How- 
ever, compar ison  of the authors '  d rawings  for the G- 
banded  cattle and  re indeer  X chromosomes  shows no 
apparen t  similarity. 

Recently, we used bovine microsatel l i te-containing 
cosmid clones for compara t ive  ma pp ing  studies in goat, 
sheep and r iver  buffalo genomes.  Extensive conserva- 
tion in the ma pp ing  of these loci on homologous  chro- 
mosomal  regions of the four bov idae  species was 
observed (B. Prakash  et al. 1995, in preparat ion).  In 
an a t tempt  to test whether  such large genomic clones 
could be used for in situ hybr id iza t ion  (ISH) mapp ing  
across more d is tan t ly  related species, we used three 
bovine  cosmid clones on re indeer  metaphase  chromo- 
somes. The cross-species hybr id iza t ion  experiments,  in 
this init ial  study, were  restr icted to clones originat ing 
from the X chromosome in cattle. 

Mater ia ls  and methods  

Probes: A bovine cosmid library was constructed from a 
female of the Norwegian Red cattle breed (NRF). Screening 
of cosmids was performed using a (GTh0 oligonucleotide. 
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Clones giving a positive signal to this probe were rescreened 
with bovine satellites 1709, satellite 1715 and bovine Cotl 
DNA. Only clones giving a negative signal with the last three 
probes were selected and cosmid DNA prepared for in situ 
hybridization. Average insert size in the clones were 40 kb. 
Three of these cosmid clones were mapped to the bovine X 
chromosome (I. Olsaker et al., B. Prakash et al., manuscripts in 
preparation) and have been used in this study. 

Probe labelling, hybridization and signal detection: DNA 
preparations of the three X chromosome-specific cattle cosmid 
clones were labelled with biotin-14-dATP (BioNick Labeling 
System, Gibco BRL, 18247-015) using the manufacturer's re- 
commendations. Air-dried metaphase chromosome slides 
were prepared using standard methods. G-banding of meta- 
phase chromosomes was carried out by trypsin digestion as 
described previously (Seabright 1971). Fluorescence in situ 
hybridization (FISH), was performed according to Chowdhary 
et al (1995), with minor modifications. Briefly, a higher con- 
centration (9 ng/#l) of labelled probe than usual (5 ng/~l) 
was used for hybridization. All washings were carried out at 
42~ instead of 45~ Fifty per cent formamide, 2 x SSC, 
washings were carried out for 3 x 10 min, instead of the 
usual 3 x 15 min. Probe signals and chromosome images 
were screened and processed under a Zeiss Axiovert 135M/TV 
inverted fluorescence microscope equipped with Isee software 
(Inovation Corporation, Durham, NC, USA), as described 
previously (Chowdhary et al. 1995). 

Results and discussion 

Hybrid iza t ion  signals appear ing  as br ight  double  dots  
on both chromat ids  of a re indeer  chromosome,  at a 
specific chromosomal  region, were observed in a ma- 
jority of the 20 metaphases  scored for each of the three 
cosmids. Based on this analysis,  all three cosmids  hy- 
br id ized  to the X chromosome,  which is morphologi -  
cally d is t inguishable  as the largest  chromosome in the 
reindeer  chromosomal  complement .  Further,  each clone 
produced  specific and unambiguous ly  identif iable hy- 
br id izat ion signals on both chromat ids  of the X chro- 
mosome in more than 50% of the metaphase  cells 
analysed.  Al though relat ively more background  signal  
was observed on the re indeer  chromosomes  than on 
cattle chromosomes,  no specific hybr id iza t ion  signal  
was observed on any of the autosomes.  Representat ive  
FISH results for the three bovine cosmid clones cIOBT 
314, 945 and 1489 are shown in Figure 1A. 

Two of the probes (cIOBT 945 and 1489) hybr id ized  to 
the short  arm, while the third probe (cIOBT 314) hy- 
br id ized  to the long arm of the X chromosome.  Since 
there is no s tandard ized  banded  ka ryo type  or ideogram 
of reindeer  chromosomes,  we deve loped  a G-banded  
schematic d rawing  of the X chromosome,  to facilitate 
band ass ignments  of the clones. The ideogram (Figure 
1B) was p repared  after careful analysis  of several  G- 
banded X chromosomes,  fol lowing t rypsin  treatment.  
According to the p roposed  ideogram,  the probes  cIOBT 
314, 945 and 1489 m a p p e d  to re indeer  Xq21, Xp21 and 
Xpter respectively. 

Since the probe and chromosomal  DNA be longed  to 
very diverse  species, the exper imenta l  condi t ions were 

m a p p i n g  of bovine cosmids  to reindeer chromosomes  

modif ied  to achieve effective hybr id iza t ion .  The probe 
concentrat ion was increased to more than double  that 
rout inely  used for species-specific hybr idizat ions .  To 
suppress  hybr id iza t ion  of repet i t ive sequences con- 
ta ined in the cosmid clones, 300 ng /# l  sheared bovine  
genomic DNA was a d d e d  to the hybr id iza t ion  mixture  
and a 15-30 rain p rehybr id iza t ion  anneal ing was 
carried out  at 37~ All  washings  were  carried out  at 
a lower t empera tu re  (42~ than rout inely  used (45~ 
As a result,  specific signals for all three probes  were 
obta ined consistently, but  wi th  background .  The rela- 
t ively higher  background  observed  could be a t t r ibuted  
to lower  s t r ingency washing,  which d id  not  adequa te ly  
remove the non-specif ical ly bound  probe.  The condi-  
t ions were  specifically chosen to permi t  the probe  DNA 
to remain  bound  to the specific target,  in spite of the 
possible  par t ia l  differences be tween  the sequences due  
to evolu t ionary  divergence.  

The three cattle cosmids  (cIOBT 314, 945 and 1489) 
used in the present  s tudy  map  to p13-p12,  q26-q31 and 
qter bands ,  respectively, of the bovine  X chromosome 
(Figure 1B, I. Olsaker  et al., in preparat ion) .  A compar-  
ison of band ing  pa t te rns  be tween  the cattle and rein- 
deer  X chromosomes  shows no apparen t  similarity. The 
linear physical  order  of the three clones is also inverse 
in the two species. Further,  the relat ive size of the two 
chromosomes  is cons iderab ly  different, therefore no 
definit ive conclusion concerning homology  could be 
drawn.  However ,  in the l ight of the present  ma pp ing  
results,  we tr ied to analyse the avai lable  compara t ive  
da ta  to propose  correspondence  be tween  the X chro- 
mosomes  of the two species. 

The short  arm of re indeer  and the long arm of cattle X 
chromosomes  represent  approx ima te ly  the same frac- 
tion of their respect ive haplo id  genomes  (3.61% and 
3.43% respectively,  Fraccaro et al. 1968, Popescu 1969, 
Lin et al. 1977). The l inear order  and locations (middle  
and terminal)  of the two cosmids  (cIOBT 945 and 1489) 
on the respect ive arms of the X chromosome of the two 
species is also s t r ik ingly  s imilar  (Figure 1B), suggest ing 
correspondence  at the chromosome structure and DNA 
levels. Further, cIOBT 314 maps  to the arm oppos i te  to 
that of the other  two cosmids  in both species. However ,  
no compar ison  for the hybr id iza t ion  site of this clone 
could be made  because of the difference in the length of 
the long arm of re indeer  and  the short  a rm of cattle X 
chromosomes.  The C-banded  area of re indeer  Xq ac- 
counts for about  50% of the chromat in  in this arm 
(Gripenberg & Wessman 1993). Cross-specific ma pp ing  
of cIOBT 314 suggests  that, except for the heterochro- 
mat in  material ,  the re indeer  long and cattle short  arms 
probab ly  share correspondence.  As approx imate ly  the 
proximal  and distal  one-quar ters  of the re indeer  Xq are 
main ly  heterochromat ic  (Gripenberg & Wessman 1993), 
it is most  l ikely that  the midd le  half of this chromosome 
arm corresponds  to the short  a rm of bovine  X chromo- 
some. These pre l iminary  observat ions  will,  however,  
have to be subs tant ia ted  either wi th  more  compara t ive  
ma pp ing  da ta  be tween  the two species or by  app ly ing  
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Figure 1. A Partial metaphase cells 
showing (arrows) fluorescence in 
situ hybridization signals of the 
clOBT 1489 (a and b), clOBT 945 
(c and d) and clOBT 314 (e and f) 
clones on reindeer X chromosome. 
Although relatively high background 
on the X chromosome is visible with 
clOBT 1489 (a), consistent signals 
on Xpter (arrows; a and b) confirm 
the specificity of the hybridization. B 
Ideograms of G-banded reindeer 
(left) and cattle (right; upside down) 
X chromosomes showing the loca- 
tion of the three cosmid clones. 

the recently described comparative painting (Zoo-FISH; 
Scherthan et al. 1994) technique using band- or arm- 
specific libraries from the human or cattle X chromo- 
some. 

Cross-species in situ hybridization of cosmid clones 
involves complications because of divergence in both 
coding and repetitive sequences between the probe and 
target DNA. The variation is more pronounced in dis- 
tantly related species than in closely related species 
such as cattle, sheep and goats. Cattle and reindeer 
diverged almost 35 million years ago (Colbert 1969), as 
a result of which significant variability and rearrange- 
ments within their genomes are expected. In spite of 
this divergence, we have been able, in the present study, 
to use larger genomic fragments for cross-species ISH 
with success. Further, the findings are the first mapping 
data on reindeer chromosomes. 
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