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Abstract. Human chromosome specific painting probes were hy-muntjak vaginalis2n = 6,7) chromosomes and indicated the cor-
bridized on sheepQyis aries,2n = 54) chromosomes by FISH. responding human chromosome paintings on the basis of a previ-
The painting results on sequentially stained RBA-banded prepasus study that painted the Indian muntjac chromosomes with hu-
rations demonstrated high degree of conserved regions betweenan probes (Yang et al. 1997).
human and sheep genomes. A total of 48 human chromosome In the present study, we extend our knowledge of differences
segments were detected in sheep chromosomes. Comparisons witetween human and sheep genomes by using direct human chro-
sheep gene mapping data available and previous Zoo-FISH dataosome (HSA)-specific painting probes on R-banded sheep chro-
obtained in sheep, cattle, and river buffalo were performed. mosomes (OAR), allowing a detailed description of painted re-
gions along the sheep ideogram.

. Materials and methods
Introduction

Commercially available human specific chromosome libraries (Painting kit
The sheep Qvis aries,2n = 54) is one of the most important 1089-KB, Cambio, England) were used for this study. Concavalin A
bovid species in economic terms. Standard karyotypes at the 2g_§|gma)—st_|mulated blood lymphocyte cultures were treated for the late
(Reading Conference 1976), 300 (Long 1988), and 450 (lSCNDAsgncorporauon of both BrdU (1Q.g/ml) and Hoechst 33258 (20g/ml) to

. . LN obtain enhanced R-banding patterns after in situ hybridization. Slide treat-
1990) band level are available, although discrepancies in the NUMAent, in situ hybridization, probe detection, RBH- and RBA-banding, as

bering of some Chromosomes were notlcgd (Ansari et al. 1993}\/ell as metaphase image processing, were recently reported (lannuzzi et al.
1994; lannuzzi and Di Meo 1995; lannuzzi et al. 1998), and G-1998). At least 10 early-metaphases and prometaphases were studied for
and R-banding chromosome comparisons between sheep aréch probe. Sheep chromosome identification followed the RBA-standard
cattle were performed (Hayes et al. 1991; Ansari et al. 1993karyotype (ISCNDA89 1990) and the Texas nomenclature (1996), while
Kaftanovskaya and Serov 1994; lannuzzi and Di Meo 1995). Morghe R-banded ideogram previously reported (lannuzzi et al. 1995) was used
recently, the Texas nomenclature (1996) assigned molecular marka show the human chromosome paintings and the sheep gene mapping
ers (and corresponding human chromosomes) to each sheep af@a (only gene loci mapped by ISH) by using the SheepBase. Comparisons
cattle chromosome on the basis of available gene mapping data af{fi? Previous Zoo-FISH data reported by Burkin and colleagues (1997)

. . ere performed, while comparisons with previous Zoo-FISH made in
the standard karyotypes (Reading Conference 1980; ISDNDA8§IattIe (Hayes 1995; Solinas-Toldo et al. 1995; Chowdhary et al. 1996) and

1990). Howeyer, the 1314 loci currently mapped in sheep includeger pyftalo (lannuzzi et al. 1998) were discussed on the basis of the cattle

only 334 designated genes (SheepBase, December 21, 1998). and sheep standard nomenclatures (Reading Conference 1980; ISDNDA89
Much genetic information can be transferred from well- 1990; Ansari et al. 1994; Texas nomenclature 1996).

mapped genomes, like those of humans and mice, to sparsely

mapped ones like those of bovids. The use of a human chromas : :

some-specific painting probe technique, called Zoo-FISH (Sche%eSU|ts and discussion

tan et al. 1994), allows regions to be identified in non-relatedrigyre 1 shows some representative partial sheep chromosome
mammalian chromosomes that are conserved or not conservegreparations (both early- and prometaphases) sequentially treated
This is an important step for genetic improvement, especially infor FISH with human chromosome-specific painting probes and
economically important species, allowing more careful geneticRpa-banding. The resulting clear banding patterns allowed not
analysis in particular animal chromosome regions where particulagnly easy identification of chromosomes, but also of chromosome
genes, well known in the human genome, can be explored and usgggions and bands painted by human probes. Furthermore, for all
for livestock produc'gon or for anlma! ;ﬂsease resistance. the probes we used, paintings appeared much more intense in
Zoo-FISH by using human specific chromosome probes hagsitive R-bands than in positive G-bands (Fig. 1). The same was
been applied in cattle (Hayes 1995; Solinas-Toldo et al. 19955und in river buffalo (lannuzzi et al. 1998).
Chowdhary et al. 1996), pig (Fronicke et al. 1996; Rettenberger et Figure 2 shows the sheep R-banded ideogram with the corre-
al. 1995), horse (Raudsepp et al. 1996), cat (O'Brien et al. 1997§y0nding painted regions after hybridization with human probes.
and river buffalo (lannuzzi et al. 1998), but it is still lacking in The Jines indicate which human-specific probes paint sheep chro-
other important domestic species such as sheep. However, in shegpsome regions. A total of 48 human segments were detected, of
indirect comparison with human chromosomes was performed byyhich 42 were in agreement with the total number of segments
Burkin and associates (1997). These authors hybridized specifigaported by Burkin and coworkers (1997). In this figure, we also
sheep chromosome painting probes on Indian munfamtiacus  report the mapped gene loci in specific chromosome regions or
bands. Essentially, the painting results with HSA probes agree
S — with the gene mapping data (Fig. 2) and with previous Zoo-FISH
Correspondence td:. lannuzzi; poldo@iebbem.na.cnr.it conducted in cattle (Hayes 1995; Solinas-Toldo et al. 1995;
* Technical assistance, image processing, and computerized ideogram. Chowdhary et al. 1996) and in river buffalo (lannuzzi et al. 1998),
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Fig. 1. Representative partial sheep
chromosome preparations sequentially treated
for FISH (left) and RBA-banding (right) by
human chromosome painting probes. OAR25
(Fig. 1c-d) is in NOR-association with two
other chromosomes. Notice that the paintings
in all chromosomes appear much more intense
in the positive R-bands than in the positive
G-bands.

as well as with those obtained in Indian muntjac by using shee®AR1q, as found in the homologous BTA1 (Hayes 1995) and
painting probes (Burkin et al. 1997). Some differences betweeBBULq (lannuzzi et al. 1998). This agrees with Burkin and asso-
sheep and both cattle and river buffalo Zoo-FISH were foundciates (1997), who found two corresponding HSA21 segments in
concerning the extension of homologous regions painted by HSAndian muntjac Chr 1 ah X + 3, andagrees only partially with
probes and some chromosomes that occupy different positions iBolinas-Toldo and colleagues (1995) and Chowdhary and cowork-
different standard nomenclatures (Table 1). Indeed, the invertedrs (1996), who reported that BTA1 was painted by HSA21 only
position between OAR 4 and 6 as well as between OAR 8 and 9n the proximal region. However, since the TF-locus (HSA3g21;
it is well know when comparing the Reading Conference (1980)HGM11 1991) has been reported to map in the telomeric region of
and ISCNDAB89 (1990) standards (Ansari et al. 1994; Texas noOAR1q (Broad et al. 1995), further studies are necessary to im-
menclature 1996). prove the knowledge in this sheep chromosome region by using
HSA7 + 16 and HSAS8 paint OAR 26 and 24, respectively, comparative FISH-mapping between OAR1q311-313 (Fig. 2) and
when referring to this study and ISCNDA89; and OAR24 and 26,HSA21 loci.
respectively, when referring to the Texas nomenclature (1996) and For OAR7, homologous to BTA10, our results fully agree with
Burkin et al. (1997). those reported in cattle (Hayes 1995) and in river buffalo (lannuzzi
HSA10 paints all OAR25 (Fig. 1), as reported in the homolo- et al. 1998). In fact, starting from the centromere, this chromosome
gous BTA28 (Hayes 1995; Solinas-Toldo et al. 1995; Chowdharywas painted by HSA5 (OAR7q13) and, alternatively, by HSA15
et al. 1996), while in river buffalo the HSA10 painting was limited and HSA14. In the Burkin and colleagues (1997) study, OAR7 was
to the bands 4p14-17 (lannuzzi et al. 1998). HSA10 also paintpainted only by HSA15 and HSA14. The small region of sheep
OAR22 (Fig. 1; homologous to BTA26), while in Indian muntjac Chr 7 that was painted in our study by HSA5 (Fig. 2) is consistent
Chr 2 only one chromosome region, which includes both OAR25with the gene mapping of HEXA to the pericentromeric region of
and OAR22, has been painted by HSA10 (Burkin et al. 1997). OAR7 (SheepBase; OAR7q13 in the present study), although
On OAR2p, the entire arm was painted with HSA9, as reportedHEXA maps in HSA15g23-24 (HGM11, 1991). Certainly, a com-
in the homologous BTA8 (Hayes 1995) and BBU3q (lannuzzi etparative FISH-mapping between the human and sheep (and cattle)
al. 1998), and no signals were detected when using HSA8, agenomes by using appropriate probes that map along OAR7 (and
found in the BTAS8 distal part (Solinas-Toldo et al. 1995; BTA10) and HSA5, HSA14, and HSA15 may clarify the complex
Chowdhary et al. 1996) or in BBU3g22-25 bands (lannuzzi et al.chromosome rearrangements occurring in OAR7 (and BTA10) when
1998), although gene mapping data between HSA8 and OAR2 areompared with the corresponding human chromosome regions.
available (Burkin et al. 1997). In OAR13 only two human segments were detected with
HSA21 painted both the proximal and telomeric regions of HSA10 and HSA20, as observed in both cattle (Hayes 1995; So-
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Fig. 2. Sheep R-banded ideogram with corresponding human chromosome painting regions (HSA). Also, the ISH-mapped loci in specific regions or band:
were reported to better compare the painting results with gene mapping FEigta2 continued on next page.

linas-Toldo et al. 1995; Chowdhary et al. 1996) and river buffalo In OARL17 the three detected HSA4, HSA12, and HSA22 seg-
(lannuzzi et al. 1998), while Burkin and coworkers (1997) found ments seem to be conserved in Indian muntjac Chr 1. The same
two HSA20 segments separated by a small HSA10 segment inccurred for OAR18 (HSA15 and HSA14 painting) and OAR26
Indian muntjac Chr 2. (OAR24 in Burkin et al. 1997) with HSA16 and HSA7.

OAR14 is painted by HSA16 and HSA19, and the same seems HSA22 paints OAR3q and OAR17 (present study and Texas
to be occurring in the Indian muntjac Chr 2 (Burkin et al. 1997). nomenclature 1996), in agreement with the painting results ob-
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Fig. 2. Continued.
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Table 1. Correspondences between human (HSA) and sheep chromosomes (this aries). Report of the committee for the standardization of the sheep
study; ISCNDA89 1990; Texas nomenclature 1996; Burkin et al. 1997) as revealed by karyotype. Cytogenet Cell Genet 67, 114-115
Zoo-FISH. Each line in OAR chromosomes reports the same chromosome in thgy.od TE Burkin DJ Cambridge LM, Lewis PE, Maher DW et al. (1995)

different systems, and the numbers underlined indicate the chromosomes that occupyF h h 3 d f h h 21 loci
a different position in the three different systems. OAR23 (last line) in the Burkin et ourhuman chromosome 5¢ and four human chromosome oci map
onto sheep chromosome 1g. Mamm Genome 6, 202-205

al. (1997) system is reported in bold and underlined to distinguish it from OAR3q

(non-homologous). Burkin DJ, Yang F, Broad TE, Wienberg J, Hill DF et al. (1997) Use of the
Indian Muntjac idiogram to align conserved chromosomal segments in
OAR sheep and human genomes by chromosome painting. Genomics 46, 143—
147
Present Study, Texas _ Chowdhary BP, Fronike L, Gustavsson |, Scherthan H (1996) Comparative
HSA ISCNDA89 Nomenclature Burkin et al. analysis of the cattle and human genomes: detection of ZOO-FISH and
1 1p,2g,12 1p,2q,12 1, 2,12 gene mapping-based chromosomal homologies. Mamm Genome 7, 297—
2 2q, 3p 2q, 3p 2, 3 302
3 19,19 1q, 19 1,19 Fronicke L, Chowdhary BP, Scherthan H, Gustavsson | (1996) A com-
4 417 817 §17 parative map of the porcine and human genomes demonstrates ZOO-
2 3'22'16 8?*23'16 8%(%6 FISH and gene mapping-based chromosomal homologies. Mamm Ge-
7 % 26 2 24 1 24 nome 7, 285-290
8 824 9 26 9.26 Hayes H (1995) Chromosome painting with human chromosome-specific
9 2p, 3p 2p, 3p 2. 3 DNA libraries reveals the extent and distribution of conserved segments
10 13,22,25 13,22,25 13,22,15 in bovine chromosomes. Cytogenet Cell Genet 71, 168-174
11 15,21 15,21 15,21 Hayes H, Petit E, Dutrillaux B (1991) Comparison of RBG-banded karyo-
12 3¢, 17 3q, 17 3,17 types of cattle, sheep and goats. Cytogenet Cell Genet 57, 51-55
12 170 18 170 18 1;) 18 HGM11 (1991) Eleventh International Worksop on Human Gene Mapping.
15 7: 18 7: 18 7: 18 Cytogenet Cell Genet 58, 1-2
16 14, 26 14,24 14,24 lannuzzi L, Di Meo GP (1995) Chromosomal evolution in bovids: a com-
17 11 11 11 parison of cattle, sheep and goat G- and R-banded chromosomes and
18 23 23 23 cytogenetic divergences among cattle, goat and river buffalo sex chro-
19 514 514 514 mosomes. Chromosome Res 3, 291-299
20 13 13 13 lannuzzi L, Di Meo GP, Perucatti A, Ferrara L (1995) G- and R-banding
2l 1q 1q L comparison of sheepOfis ariesL.) chromosomes. Cytogenet Cell
2 sa.17 a1 2 Genet 68, 85-90

lannuzzi L, Di Meo GP, A Perucatti, Bardaro T (1998) Zoo-FISH and
R-banding reveal extensive conservation of human chromosome regions

. . in euchromatic regions of river buffalo chromosomes. Cytogenet Cell

tained in the homologous Chrs 5 and 17 of cattle (Hayes et al. Genet 82, 210-214

1995; Solinas-Toldo et al. 1995; Chowdhary et al. 1996) and 4qSCNDA89 (1990) International System for Cytogenetic Nomenclature of

and 17 of river buffalo (lannuzzi et al. 1998). Burkin and associ- Domestic Animals (Di Berardino D, Hayes H, Fries R, Long S, eds).

ates (1997) reported the painting results with HSA22 on OAR17 Cytogenet Cell Genet 53, 65-79

and OAR23. However, since no comparative gene mapping dateong S (1988) Standard nomenclature for G-band karyotype of the do-

between HSA22 and OAR17/OAR23 are available (SheepBase%{ mestic sheepQvis arie§. Hereditas 103, 165-170 ,
these results need to be confirmed. aftonovskaya HM, Serov OL (1992) High resolution G-banding of sheep

As observed in cattle and river buffalo, the sheep Y Chr did not_ chromosomes. J Hered 83, 92-99
' P O'Brien SJ, Wienberg J, Lyons LA (1997) Comparative genomics: lessons

show any signal with the human Y Chr painting probe. The same from cats. Trends Genet 13, 393399

result was obtained by Burkin and coIIeagues_(1997). . audsepp T, Fronicke L, Scherthan H, Gustavsson |, Chowdhary P (1996)
Our results extend the Zoo-FISH data obtained by Burkin and  700_FisH delineates conserved chromosomal segments in horse and
coworkers (1997; Table 1) by indicating the specific sheep chro- man. chromosome Res 4, 218-225
mosome arms and regions painted by HSA probes (Fig. 2), allowreading Conference (1980) Proceedings of the first international confer-
ing a more precise comparison between human and sheep ge-ence for the standardisation of banded karyotypes of domestic animals
nomes. (Ford CE, Pollock DL, Gustavsson |, eds). Hereditas 92, 145-162
The 48 human segments found in sheep chromosomes showRettenberger G, Klett C, Zecher U, Kunz J, Vogl W et al. (1995) Visual-
high degree of conserved human chromosome regions in the sheepZzation of the conserved synteny between humans and pigs by heterolo-

genome and further confirm the high degree of chromosome simi-_90us chromosomal painting. Genomics 26, 372-378
larity among related bovids. SheepBase (1998). URL: http://zaphodl.agresearch.cri.nz:8002
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