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Summary

A low resolution canine marker map is an important tool in the further advancements in genetic
analysis of dog breeds and the control and reduction of the frequency of inherited diseases. This study
presents a genetic linkage analysis with 39 linkage groups using 222 polymorphic canine markers based
on typing in the International DogMap reference families, consisting of 129 Beagle and German
Shepherd dogs. Of these 39 linkage groups, 14 have been assigned to canine chromosomes by
fluorescence in-situ hybridization (FISH). These results are a further refinement on the first linkage
groups from the International DogMap collaboration and represent a continuing collaboration.

Zusammenfassung
Eine Markerkarte des Hundes mit 39 Kopplungsgruppen

Schwach auflésende Markerkarten des Genoms stellen wichtige Hilfsmittel fiir die genetische
Charakterisierung von Hunderassen dar. Sie konnen fiir die Kontrolle und Eindimmung von
Erbkrankheiten verwendet werden. Die Resultate der vorgestellten Studie basieren auf der genetischen
Typisierung von Hundefamilien des Internationalen DogMap Konsortiums. Die Familien bestehen aus
129 Beagle und Deutschen Schiferhunden. Die Studie stellt eine Kopplungsanalyse mit 39
Kopplungsgruppen vor, die insgesamt 1216 cM des Hundegenoms abdecken. Die Markerkarte enthilt
222 polymorphe Hundemarker von denen 18 Gene sind. Fiinfundachtzig Marker sind in keiner
anderen Markerkarte publiziert. Vierzehn Kopplungsgruppen konnten mittels FISH chromosomal
zugewiesen werden. Unsere Resultate stellen eine weitere Verfeinerung der ersten Markerkarte des
DogMap Projektes dar und sind Ausdruck einer kontinuierlichen internationalen Zusammenarbeit.

Introduction

Significant efforts have been put into gene mapping in humans and animals and high density
maps are under development for several important species. The most advanced gene maps
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are human with at least 30 000 genes (HTTP://www.ncbi.nlm.nih.gov/genemap/)
and 64 000 anonymous markers (HTTP://bioinformatics.weizmann.ac.il/udb), and mouse
with more than 24 000 loci of which 7500 are genes (HT'TP://www.informatics.jax.org/).
Gene maps in domestic animals are much less developed. Presently, the maps comprise more
than 2800 loci in cattle of which more than 600 are genes (HTTP://locus.jouy.inra.fr/
cgi-bin/bovmap/intro2 pl), more than 2100 loci in chicken of which more than 500 are
genes, more than 2000 loci in pig of which more than 600 are genes, more than 1400 loci in
sheep of which more than 300 are genes, more than 500 loci in horse of which more than 50
are genes and more than 220 loci in cat (MENOTTI-RAYMOND et al. 1999). Several efforts are
currently under way towards genetic and physical mapping of the canine genome (LINGAAS
et al. 1997; PrIAT et al. 1998; BREEN et al. 1999a,b; NEFF et al. 1999; WERNER et al. 1999;
YANG et al. 2000). In addition to the further development of the single maps their
integration is very important, as each map benefits from information particular to the other
map and from the identification of disputable map orders. To date, the most comprehensive
canine map comprises more than 700 loci of which more than 200 represent genes
(MELLERSH et al. 2000). The density of markers in the canine map is, however, not yet
sufficient for a total genome coverage and there are still significant gaps. This new map
comprises 85 loci not mapped elsewhere. On the basis of flourescence in-situ hybridization
(FISH) mapping data (YANG et al. 2000) three linkage groups could be placed on
chromosomes that were previously not mapped.

Materials and methods

Markers

The present study includes 222 genetic markers typed in the DogMap reference panel
(LiNnGaas et al. 1997) of which 18 represent genes. They were either characterized by
polymerase chain reaction (PCR), restriction fragment length polymorphlsm (RFLP) or
protein polymorphisms. All other markers were microsatellites. An overview of the loci
analysed and corresponding references are given in Table 1.

Data analysis

Linkage analysis was performed using the computer program package FASTLINK
(CortiNngHAM et al. 1993) and CRI-MAP (DieTrICH et al. 1990). Two point linkage
analysis was carried out using the option ‘lodscore’ of the program package FASTLINK
and ‘twopoint’ of CRI-MAP. Ordering of the linkage groups was carried out using option
‘build” of CRI-MAP. Established orders were checked for inconsistencies by calculating
triplets of markers using the option ‘ilink’ of the FASTLINK program. In 10 cases the same
microsatellite was typed in two laboratories and the results showed 100% concordance in
the assignment to a linkage group.

Results

The loci typed in the reference families showed between two and 14 alleles with a mean
allele number of five. On the basis of two point linkage analysis, 187 of the 222 loci
could be assigned to 39 different linkage groups (Fig. 1). Twenty-two of the loci
genotyped have also been assigned to chromosomes by FISH (Table 2). The 39 linkage
groups cover 1216 cm. If 20 cm is added to each linkage group and each unlinked
marker we end up with a coverage of 2600 cM. The average distance between loci is
8.9 £5.6 cM.



Table 1. Overview of markers typed in the reference panel and their respective assignment to
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linkage groups and chromosomes

Name Reference Linkage group CFA Mapped elsewhere
1B10 10 L15 M

1B7 10 L13

1D6 10 L17/1L23

1E12 10 L20/L22 3

1E3 10 L16 18

1E7 10

1F11 10 L29 30 M

2A11 10 Lo3 W, M

2A6 10 L16 18

2D2 10 L24 9 G

2H12 10 L28/L33

A1BG 14 L26 1

AHTO002 16 L25 27 M

AHTI66 31 L15

AHT101 16 L18/L31 10 G, M
AHT103 28 L40 N, W, M
AHT104 28 L37

AHT107 16 L26 1 M

AHT109 16 Lo3 G, M
AHT110 16 L18/L31 10 G,N,W,M
AHTI11 16 L17/1.23 N, W, M
AHTI115 28

AHTI118 28 Lo1 24 G, M
AHTI119 28

AHT120 28 Lo8 N, W, M
AHTI121 28 L39 M

AHT123 28 N, W, M
AHT125 30 Lo1 24 G, N, W,M
AHT127 28 L4 G, N, M
AHTI129 32 L27 9

AHT133 28 Lo4/L10 G, N, W, M
AHT135 32 Lo4/L10 G, M
AHT138 28 126 1 N, W, M
AHTk18 19 G, W, M
AHTk20 18 L13 G, M
AHTk200 19 G, N, W,M
AHTk207 19 G, M
AHTK211 19 G, N, W, M
FH2137 22 L20/L22 3 W, M
AHTk253 46 L05 23

AHTk292 32 L16 18

AHTk315 46

AHTk32 32 L16 18 G, M
AHTk336 18 L30 33 G, M
AHTk39 47 L17/1L23

AHT139 28

AHTI39 46 L20/L22 3

AHTf65 46 L24 9

PEZ11 13 L34 N, W, M
PEZ22 13 L44 N, W, M
PEZ5 13 L35 12 N, W, M
PEZ8 13 L21 17 N, W, M
APOA4 15 L19 5
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Table 1.—continued

Name Reference Linkage group CFA Mapped elsewhere
ATHKk338 47

C00203 29 L40

C00802 29 120/1.22 3 G, M
C01406 29 L25 27

C01606 29 L17/123

C01802 29 L17/123 G, M
C02509 29 L26 1 G, M
C02604 29 L46 M

C02608 29 L19 5 M

C02709 29 L17/1.23

Co02712 29 L0o9

C03109 29 L09

C03501 29 L37

C04107 29 L18/L31 10 N, W, M
C04302 29 L03

C05102 29 L26 1

C08204 29 LX X

CanBerné 9 L30 33 G

CPH1 23 L11 30 M

CPHI10 23 L21 17 G, N, W, M
CPHI11 23 L11 30

CPH12 23 G, N, W, M
CPH13 23 L14

CPH14 23 L36 G, N, W, M
CPHI15 23 L26 1

CPHI16 23 L13 G, N, W,M
CPH17 23 Lo2 G, M
CPHI19 23 L20/L.22 3 G, N, W, M
CPH2 23 G, N, W,M
CPH20 23 Li5 G, N, W, M
CPH21 32 L29 30

CPH3 23 Lo3 W, M
CPH4 2 G, N, W, M
CPH5 23 L46 G, M

CPH6 23 L05 23 G, M

CPH7 23 L17/123 G, N, W, M
CPHS 23 L02 G, N, W, M
CPH9 23 L12 M

cTITg 45 L36

Do2001 29 L42

CXX.403 20 L14

D-INRA2 43 G, M
DLA-DQA1 35 L35 12 M

EDNRB 37 Lo7 22 M

CXX.2 11 L12 G, N, W, M
CXX.20 11 L09 N, W, M
C02.30 11, 40 L17/1.23 G, M
C06.69 11, 40 L03 M

C22.123 11, 40 L05 N, M
CXX.130 11 Lo1 24 W

CXX.140 11 L37 N, W, M
CXX.147 11 1L28/1.33 G, W, M
CXX.176 20 N, W, M
CXX.188 20 L12 G, N, M
CXX.191 20 L18/L31 10

CXX.213 11 Lo8 N, W, M
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Table 1.—continued

Name Reference Linkage group CFA Mapped elsewhere
CXX.225 11 L18/L31 10

C09.250 11, 40 L24 9 M

Co1.251 11, 40 126 1 N, M
CXX.279 11 Lo7 22 G, N, W, M
CXX.383 20

CXX.339 20 L42

CXX.349 20 L16 18

CXX.359 20 L04/L10 G, M
CXX.363 20 Lo1 24

CXX.371 20 L38

CO1.424 20, 40 126 1 N, M
CXX.453 20 L05 23

C18.460 20, 40 L16 18 G, N, M
CXX.473 20 L38

CXX.489 20 L39

CXX.611 20 Lo1 24

C08.618 20, 40 Lo6 G, N, M
C07.620 20, 40 L15 N, W, M
C03.629 20, 40 L20/L22 3 M

CXX.630 20 L13

CXX.672 20 N, W, M
FH2001 2 G, W, M
FH2004 22 Lo9 W, M
FH2010 2 Lot 24 G, N, W, M
FH2018 22 L09 W, M
FH2050 22 N, W, M
FH2054 2 G, N, W, M
FH2060 2 W, M
FH2062 22 L17/L23 G, W, M
FH2079 2 Lo1 24 N, W, M
FH2087L 22 L17/L23 G, N, W,M
FH2087U 22 Lo8 G, N, W, M
FH2088 22 L41 G, M
FH2096 22 W, M
FH2097 22 L40 G, W, M
FH2107 22 L20/L22 3 G, W, M
FH2109 22 Lo7 22 G, W, M
FH2119 2 L03 G, W, M
FH2130 2 G, W, M
FH2132 22 L17/L23 G, M
FH2138 2 L06 G, W, M
FH2140 2 L19 5 G, W, M
FH2141 22 Lo8 W, M
FH2144 2 L34 G, W, M
FH2155 22 L28/L33 G, W,M
FH2161 22 L43 21 G, W, M
FH2164 2 L03 G, W, M
FH2168 22 Lot 24 G, W, M
FH2174 2 Li5 G, W, M
FH2175 22 L28/L33 G, W, M
FH2201 22 L15 G, W, M
FH2289 21 G, W, M
FH2293 21 L18/L31 10 G, W, M
FH2361 21 L45 G, W, M
GO03111 29 G

G05002 29 L41 G




F. Lingaas et al.

Table 1.—continued

Name Reference Linkage group CFA Mapped elsewhere
G06914 29 L35 12 G
G08005 29 L45 G

GJAS 34 L21 17

GLUT4 24 L19 5 N, W, M
GNAT1 38 L13

LEI0O1 16 L09 G, N, W, M
LEI004 16 L04/L10 G, N, M
LEI005 39 Lo7 22

LEIO08 17 LOo1 24

LEIO15 17 L.28/1L33

LEI024 39 L02

LEI025 39 L02

LEI028 32 L34

LEIO30 32 L03

LEI032 39 L08

MSHR 42

OAT 33

WT1 41 L16 18 M

PEZ1 13 Li5 N, W, M
PEZ12 13 120/L22 3 N, W, M
PEZ18 13 L25 27 N, W, M
PEZ3 13 L02 N, W, M
PEZ6 13 L25 27 N, W, M
PI1 14 Lo6

RARA 24 L27 9 G, N, W, M
RB1 36

REN41p15 12 L04/L10

REN50B03 12 L46

REN55P21 12 M
REN67C18 12 L0o4/L10 G, M
SOD1 27

SSR2 44 L15

TF 14 L05 23

VIAS-D10 25 L15 G, M
VWF 26 L25 27 N, W, M
ZuBeCal 5 L18/L31 10 G, M
ZuBeCall 2 L16 18

ZuBeCal2 2 L27 9

ZuBeCal3 2 124 9

ZuBeCal4 2 LOo1 24

ZuBeCal6b 2 L16 18

ZuBeCal7 2 L35 12

ZuBeCal8 2 124 9

ZuBeCal9 1 L46 Not assigned

ZuBeCa2 7 L26 1 G, M
ZuBeCa20 1 L19* 9%

ZuBeCa21l 1 143 21

ZuBeCa22 1 L44 Not assigned

ZuBeCa23 1 L19* 17%

ZuBeCa25 1 L21 17

ZuBeCa26 1 L25 27

ZuBeCa3 8 9 G, M
ZuBeCa4 3 L20/L22 3 G, M
ZuBeCa5 6 19 G, M
ZuBeCab 4 L19 5 G, M




A canine linkage map

Table 1.—continued

Name Reference Linkage group CFA Mapped elsewhere
ZuBeCa7 2 Li6 18
ZuBeCa9 2 L29 30

*physical and genetic mapping in conflict

References:

1 Schelling, C., Schlipfer, J., Vennos, C., Stahlberger-Saitbekova, N., Dolf, G. 1999: Seven novel cosmid-derived
canine microsatellites. Animal Genetics, 31, 77.

2 Schlipfer, J., Dolf, G., Saitbekova, N., Schelling, C. 1999: Twelve novel cosmid-derived canine microsatellites.
Animal Genetics, 30, 387-388.

3 Dolf, G., Schlipfer, J., Switonski, M., Stranzinger, G., Gaillard, C., Schelling, C. 1998: The highly
polymorphic canine microsatellite ZuBeCa4 is localized on canine chromosome 3q15-q18. Animal Genetics 29,
403-404.

4 Ladon, D., Schelling, C., Dolf, G., Switonski, M., Schlipfer, J. 1998: The highly polymorphic canine
microsatellite ZuBeCab is localized on canine chromosome 5q12-q13. Animal Genetics 29, 466—467.

5 Schelling, C., Stranzinger G., Dolf G., Schlipfer J., Switonski M. 1998: Assignment of the canine microsatellite
ZuBeCal to canine chromosome 10q22-q24. Animal Genetics 29, 398.

6 Schelling, C., Dolf, G., Schlipfer, J., Switonski, M., Ladon, D. 1998: Assignment of the canine microsatellite
ZuBeCa5 to canine chromosome 19q7. Animal Genetics 29, 409-410.

7 Schlipfer, J., Switonski, M., Schelling, C., Stranzinger, G., Gaillard, C., Dolf, G. 1998 The highly polymorphic
canine microsatellite ZuBeCa2 is localized on canine chromosome 1q210-q211. Animal Genetics 29, 329-330.
8 Switonski, M., Schelling, C., Dolf, G., Stranzinger, G., Schlipfer, ]. 1998: Assignment of the canine
microsatellite ZuBeCa3 to canine chromosome 9q21-q22. Animal Genetics 29, 326-327.

9 Dolf, G., Schlipfer, J., Schelling, C., Jorg, H., Ladon, D., Switonski, M. 1997: Assignment of the canine
microsatellite CanBern6 to the canine chromosome group 22-38. Animal Genetics 28, 453—454.

10 Suter, N. 1998: Isolation and characterisation of canine microsatellites. PhD Thesis, University of Leicester,
Leicester UK.

11 Ostrander, E.A., Sprague, Jr G.F., Rine, J. 1993: Identification and characterization of dinucleotide repeat
(CA),, markers for genetic mapping in dog. Genomics 16, 207-213.

12 Jouquand et al. unpublished, HTTP://sun-recomgen.univ-rennes!.fr/cgi-dog/integrateRHmicro.prog/

13 Neff, M.W., Broman, K.W., Mellersh, C.S., Ray, K., Acland, G.M., Aguirre, G.D., Ziegle, J.S., Ostrander,
E.A., Rine, J. 1999: A second generation linkage map of the domestic dog, Canis familiaris. Genetics 151,
803-820.

14 Juneja, R.K., Arnold, I.C.J., Gahne, B., Bouw, J. 1987: Parentage testing of dogs using variants of blood
proteins: description of five new plasma protein polymorphisms. Animal Genetics 18, 297-310.

15 Juneja, R.K., Gahne, B., Lukka, M., Ehnholm, C. 1989: A previously reported polymorphic plasma protein
of dogs and horses, identified as apolipoprotein A-IV. Animal Genetics 20, 59-63.

16 Holmes, N.G., Mellersh, C.S., Humphreys, S.J., Binns, M.M., Holliman, A., Curtis, R., Sampson, J. 1993:
Isolation and characterization of microsatellites from the canine genome. Animal Genetics 24, 289-292.

17 Mellersh, C., Holmes, N., Binns, M., Sampson, J. 1994: Dinucleotide repeat polymorphisms at four canine
loci (LEI 003, LEI 007, LEI 008 and LEI 015). Animal Genetics 25, 125.

18 Fischer, P.E., Holmes, N.G., Dickens, H.F., Thomas, R., Binns, M.M., Nacheva, E.P. 1996: The application
of FISH techniques for physical mapping in the dog (Canis familiaris). Mammalian Genome 7, 37—41.

19 Thomas, R., Holmes, N.G., Fischer, P.E., Dickens, H.F., Breen, M., Sampson, ]., Binns, M.M. 1997: Eight
canine microsatellites. Animal Genetics 28, 153—154.

20 Ostrander, E.A., Mapa, F.A., Yee, M., Rine, J. 1995: One hundred and one new simple sequence repeat-based
markers for the canine genome. Mammalian Genome 6, 192-195.

21 Mellersh, C.S., Langston, A.A., Acland, G.M., Fleming, M.A., Ray, K., Wiegand, N.A., Francisco, L.V.,
Gibbs, M., Aguirre, G.D., Ostrander, E.A. 1997: A linkage map of the canine genome. Genomics 46, 326-336.
22 Francisco, L.V., Langston, A.A., Mellersh, C.S., Neal, C.L., Ostrander, E.A. 1996: A class of highly
polymorphic tetranucleotide repeats for canine genetic mapping. Mammalian Genome 7, 359-362.

23 Fredholm, M., Winterg, A.K. 1995: Variation of short tandem repeats within and between species belonging
to the Canidae family. Mammalian Genome 6, 11-18.

24 Werner, P., Raducha, M.G., Prociuk, U., Henthorn, P.S., Patterson, D.F. 1997: Physical and linkage mapping
of human chromosome 17 loci to dog chromosome 9 and 5. Genomics 42, 74-82.

25 Primmer, C.R., Matthews, M.E. 1993: Canine tetranucleotide repeat polymorphism at the VIAS-D10 locus.
Animal Genetics 24, 332.




10 F. Lingaas et al.

Table 1.—continued

26 Shibuya, H., Collins, B.K., Huang, T.H-M., Johnson, G.S. 1994: A polymorphic (AGGAAT), tandem repeat
in an intron of the canine von Willebrand factor gene. Animal Genetics 25, 122.

27 Baur, E.W., Schorr, R.T. 1969: Genetic polymorphism of tetrazolium oxidase in dogs. Science 166,
1524-1525.

28 Holmes, N.G., Dickens, H.F., Parker, H.L., Binns, M.M., Mellersh, C.S., Sampson, J. 1995: Eighteen canine
microsatellites. Animal Genetics 26, 132-133.

29 HTTP://www.msu.edu/fk9genome/microsat.htm.

30 Holmes, N.G., Strange, N.J., Binns, M.M., Mellersh, C.S., Sampson, J. 1994: Three polymorphic canine
microsatellites. Animal Genetics 25, 200.

31 Holmes, N.G., Dickens, H.F., Neff, M.W., Mee, J.M., Sampson, J., Binns, M.M. 1998: Nine canine
microsatellites. Animal Genetics 29, 477.

32 Lingaas, F., Sorensen, A., Juneja, R.K., Johnson, S., Fredholm, M., Wintero, A.K., Sampson, J., Mellersh, C.,
Curzon, A., Holmes, N.G., Binns, M.M., Dickens, H.F., Ryder, E.J., Gerlach, J., Biumle, E., Dolf, G. 1997:
Toward construction of a canine linkage map: establishment of 16 linkage groups. Mammalian Genome 8,
218-221.

33 Venta, P.J., Cao, Y., Dittmer, N., Scott-Emuakpor, J. 1998: A PCR-RSP Csp6I site in the canine ornithine
aminotransferase (OAT) gene. Animal Genetics 29, 325-326.

34 Brouillette, J.A., Stafford, A., Hammer, T.A., Venta, P.J. 1999: Bsll PCR/RFLP marker in the canine
connexin 40 (CX40 or GJA5) gene. Animal Genetics 30, 229-230.

35 Venta, P.J., Cao, Y. 1999: A PCR-RSP Cspé6l site in the canine DLA-DQA1 gene. Animal Genetics 30, 67.
36 Venta, P.J., Cao, Y., Alexander, L., Yuzbasian-Gurkan, V. 1999: Dinucleotide polymorphism in the canine
retinoblastoma (RB1) gene. Animal Genetics 30, 470-472.

37 Zemke, D., Yuzbasian-Gurkan, V. 1999: A single nucleotide polymorphism and a (GA)~ microsatellite in
intron 6 of the canine endothelin receptor B (EDNRB) gene. Animal Genetics 30, 390.

38 Brouillette, J.A., Venta, P.J., 2000: Tth111I PCR/RFLP marker in the canine rod transducin alpha (GNAT1)
gene. Animal Genetics 31, 68.

39 Zajc, L., Mellersh, C.S., Sampson, . 1997: Variability of canine microsatellites within and between different
dog breeds. Mammalian Genome 8, 182-185.

40 Mellersh, C.S., Hitte, C., Richman, M., Vignaux, F., Priat, C., Jouquand, S., Werner, P., Andre, C., DeRose,
S., Patterson, D.F., Ostrander, E.A., Galibert, F., 2000: An integrated linkage-radiation hybrid map of the canine
genome. Mammalian Genome 11, 120-130.

41 Shibuya, H., Collins, B.K., Collier, L.L., Hunang, T.H.M., Nonneman, D., Johnson, G.S. 1996: A
polymorphic (GAAA)n microsatellite in a canine Wilms tumor 1 (WT1) gene intron. Animal Genetics 27, 59-60.
42 Schmutz et al. unpublished.

43 Mariat, D., Kessler, J.L., Vaiman, D., Panthier, J.J. 1996: Polymorphism characterization of five canine
microsatellites. Animal Genetics 27, 433—442.

44 Jiang, Z.H., Jouquand, S., Galibert, F. 1997: Identification and characterization of a SSCP marker in the
canine signal sequence receptor f-subunit gene. Animal Genetics 28, 460—461.

45 Khan, S., Shibuya, H., Nonneman, D., Liu, P.C., Huang, T. H-M., Johnson, G.S. 1998: A polymorphic
(TG)n microsatellite in an intron of the canine tyrosine transaminase gene. Animal Genetics 29, 322.

46 Ryder, E.J., Holmes, N.G., Suter, N., Sampson, J., Dolf, G., Gerlach, J.A., Binns, M.M. 1998: Seven new
linkage groups assigned to the DogMap reference families. Animal Genetics 30, 63-65.

47 Holmes et al. unpublished.

G Priat, C., Hitte, C., Vignaux, F., Renier, C.,, Jiang, Z., Jouquand, S., Chéron, A., André, C., Galibert, F. 1998:
A whole-genome radiation hybrid map of the dog genome. Genomics 54, 361-378.

N Neff, M.W., Broman, K.W., Mellersh, C.S., Ray, K., Acland, G.M., Aguirre, G.D., Ziegle, ].S., Ostrander,
E.A., Rine, J. 1999: A second generation linkage map of the domestic dog, Canis familiaris. Genetics 151,
803-820.

W Werner, P., Mellersh, C.S., Raducha, M.G., DeRose, S., Acland, G.M., Prociuk, U., Wiegand, N., Aguirre,
G.D., Henthorn, P.S., Patterson, D.F., Ostrander, E.A. 1999: Anchoring of canine linkage groups with
chromosome-specific markers. Mammalian Genome 10, 814-823.

M Mellersh, C.S., Hitte, C., Richman, M., Vignaux, F., Priat, C., Jouquand, S., Werner, P., Andre, C., DeRose,
S., Patterson, D.F., Ostrander, E.A., Galibert, F., 2000: An integrated linkage-radiation hybrid map of the canine
genome. Mammalian Genome 11, 120-130.




11

A canine linkage map

ewrwod e £q pareredas axe (0 = pooYIPYT °30]) paIopIo 9q 10UTED 1BY) O] PUE {[> PUB O< ST JIPIO Y} JO PoOYIPYI °130] :(7 s#007 ‘g> pue | = ST J9pIO
911 JO pooyI[aI] 0130] :D) SNOOT {¢> PUE ¢ = ST JOPIO dY1 JO POOYIYI[ 0130 :g SN0 {¢ = SI JopIO o1 JO POOYIdYI O130] 1y snd0T :s3[A1s 1uaIaxyIp Sutsn 4q
paseorput st opio dew a3 10y 11oddng Ty IN-TYD 23esoed weidoid a3 jo ping, uondo Jursn 1no parires sem sdnoid s3esjur] oy jo SunpIO ‘JYIN-TYD 25eyded
weidoxd o jo 1urodoam wondo o pue YNTTISV 23exoed weidoxd oy Jo a109spoy wondo a3 Sursn soSesyur] utod-z WO paseq o1e SIOSIEW UIIMII] SIOULISIP
oy, ‘sdew paderose-xas se pake[dsip are sdnoid adexur] oy, surdIOWNUI])-IqUILSOY] U USAIS dI8 $30URISI(] dwoudd aurued 3y jo sdnoid adesur] ¢¢ 7 S

(HD =
L1
WO 9°SL WO 6'SL
nsotHe
WP T'ev +TTL o1t
o1z —— SIHD ——
909100 —4— Us
—1 wiseo  —
sz02gnz re 51
e e 06
oricHd —f—
azid  —4— o1 A Wy ==
61HdD -1 6PILHYV oy v
ez €L 08100 —f— ot
[
VOV ——f— .
Ls 60S200°I1ST100  —4—
WO €L 06 6CILHY  —f—
¢ 8'€T
guyognz —f—
61ITHE —f— 6 981
68 (474
PLNTO =g T
OE0IAT =g ¥e yeDeEnNZ —— 60L20D - e
Ly 809700 — niHv =
vz e \ (61D 601 €700~
NMM“NW o s \ . woognz ==
fHD —p— VT 208000 r oo
P wotd o4y -
FIRE) ru
yIzHT  —f— b
o 629600  —f— vl se
ot o¢
LiTHE 4
— sar - SEILHY
SOLLHV T 1 (D
PIHD
(€0D (zzvozD (€TVLTD 97D

IVAD SVAD £V4AD (AL ®] IVAD



W2 €T
sVrD
§ZrD2gnz ‘874d ‘OTHAD
(azD
LIVAD
~
AN
-
L
“
N
N
0
-8
~
<8 D 8°TE
§zad ——
16909 T
L18DGNZ -
wvoavia -
(seD
N Uvad

(43

S8

O 768
§Tz010 -
91€
L01#0D -
1'sT
18D°GN7 e €1
TOLLHV -
o1
€6TTHA 1T
89
161010 ==
oyl
OILLHV 1T
(€181 D
0IvaD

ponunuod—:y ‘317

WO SSE+ LTI
0ST'600  mflem
8L
w  —4—
8
SUILHY =g
9L
sioogrz  —4—
0zl
WO ¥'6+0TI
grepognz  —f—
D
\ 819800 —4—
v'6
[ACRZE: L/ A I1d ‘8€1THL —§—
vs (90D
6ILLHY  —f— \
VL \
VavY —
J ABN‘HV 11Zad -
\ 68
pHICHA == N
£200GN7Z I_l sorm1 4
@eD
6VID 8VID

0ZHdO

01asvIA

1Z3d

0z9°'L0D

99/LHY
ord1

10ZZTHA

FLITHA

wedanz

wWZad

WISO0L+16

LVIAD

99

oS

0Tl

0T

€11

66

991

(S1D

((Za0)



13

A canine linkage map

WO T9v

6sEXX0 4

EEILHY =4

SIoL9Udy ==

sidipNIy =

POOIAT =

SELLHV -

oT'1/%01

Wo 181

ETIXXD

€SP XXO

9HdD

ESTILHY

(S0D
=ETVID

88

[44

00T

9L

Ls

ponunuod—:y ‘3u7

W2 61T
HD —
86
6vdagnz —g—
W2 101
el
9ECLLHV mr =4 (62D
rot
guIgue) \
1HD  =f= 00
THD
(0gD arp
*EEVAD *0EVAD
D 67y
I
L
Mo 9'1¢ 0DILHY ==
0’3
fored = 059020 ==
€L
soordT 4 o
9s
6LTXXD - IIVND ——
981 31
LINTT - 9IHdD ——
oD -
ALV 0TvVID

891ZHA

010THA

19470
800ITT ‘€9E¥TD

8I1IHV
STLLHY

p1eDENZ
6L0THA

0EI'YTD

SeDENZ

£Z3d

#2017

LIHdD Sz01dT
8HdD

WA T'LY
9
Lot
1T 9¢
19
O st
9
T 184
08
(10D
AL ]
W2 1'vC
[41
€L
I =
(zoD

6IVAD

W2 0'1¢
978DGNZ ——
AMA *9Z3d -
90100 -
81Z3d ——
T00LHV -
(749 1]

*LTVAD

W2 Z'6S
6YE81D -
(A7 S
£Al
voogny  —=
9wz -
DJ2GNZ ‘YIBIREANZ  —g=
Z6ZAIHY <
098Id I
IOILHV -~

91D

LT

YL

€Tl

98

611

vT
8T

811

0T
Ve

0zl



F. Lingaas et al.

14

JACK: A4

$0920D ‘6182°4NZ

Ty
£0g0su
Lot
SHdD
Wl
WA T'vS
SSITHe —f—
9¥1
10197 —4=
€51
SLIZHI —f—
L9
wrxxo ==
sLt
une -
€€1/8TT

W2 991

T9€THA

991

$00800

Sl

W2 991

£ora
86

€THdD
69

LZLIHV

491

ponunuod—:y ‘3uy

Wo0'€

6E€'XXD
100z0d

0¢

w1

Wo 7Tl

880THA

200500

w1

Wo 191

TXX0

9
6HdO

L6

88I'XXD

(49

JACR -2

€0LLHV
£02000

L60ZHA

o1

W2 €€l

IZLLHV

68¥°XXD

6¢1

W2 0'LY

a1 =g

0TXXx> T~

607£0D ‘STOTHA ==

Y00ZTHAd =g~

T T

601

€€l

€Ll

98

€Tl

88

Wd0C

£LY'XXD
ILEXXD H—H 0T

8¢1
W 1°61

OrT'XX0

POLLHV
10S£0D
LET
W2 0°Sv

1L80CHA —f—

€A1 —

TPITHL = r

O0IIILHY =——g—

EITXX) =—g—

8071

§St

9L

so1



A canine linkage map 15

Table 2. Chromosomal assignment of linkage groups: Linkage groups were assigned to chro-
mosomes by FISH technology. Confirmed (C) assignments required two linked markers placed on
the same chromosome or one marker by two independent laboratories. Provisional assignments
(P) were made by the placement of one marker by one laboratory. In addition, markers in linkage
groups which are assigned to chromosomes by MELLERSH et al. (2000) and are common to both,
the present map and their map, are considered evidence for the assignment of DogMap linkage

groups to the same chromosomes (same LG)

Chromosomal Linkage
assignment group Status Evidence Marker Reference
CFA1 L26 C FISH ZuBeCa2 SCHLAPFER et al. 1998
YANG et al. 1999
same LG AHT107 MELLERSH et al. 2000
AHT138
C01.251
C01.424
C02509
CFA2 L17/L23 same LG AHT111 MELLERSH et al. 2000
C01802
CPH7
FH2062
FH2087U
FH2132
CFA3 L20/L22 C FISH ZuBeCa4 Dotr et al. 1998
YANG et al. 1999
same LG CPH19 MELLERSH et al. 2000
FH629
FH2107
FH2137
PEZ12
CFA5 L36 same LG CPH14 MELLERSH et al. 2000
CFA5 L19 C FISH ZuBeCab LADON et al. 1998
YANG et al. 1999
FISH GLUT4 WERNER et al. (1997)
same LG C02608 MELLERSH et al. 2000
FH2140
CFA6 L03 same LG AHT109 MELLERSH et al. 2000
FH2119
FH2164
CFA7 L44 same LG PEZ22 MELLERSH et al. 2000
CFA7 L15 same LG 1B10 MELLERSH et al. 2000
C07.620
CPH20
FH2174
FH2201
PEZ1
VIASD10
CFAS L06 same LG C08.618 MELLERSH et al. 2000
FH2138
CFA9 L27 C FISH ZuBeCal2 YANG et al. 1999
FISH RARA WERNER et al. 1997
CFA9 L24 C FISH ZuBeCal3 YANG et al. 1999
FISH ZuBeCal8 YANG et al. 1999
CFA9 unlinked C FISH ZuBeCa3 SWITONSKI et al. 1998
YANG et al. 1999
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Table 2.—continued

Chromosomal Linkage
assignment group Status Evidence Marker Reference
CFA10 L18/L31 C FISH ZuBeCal SCHELLING et al. 1998a
YANG et al. 1999
FISH CO4107 DAGENATS et al. 1999
VAN DE SLUIS et al. 1999
same LG AHT101 AHT110 MELLERSH et al. 2000
FH2293
CFA12 L35 P FISH ZuBeCal7 YANG et al. 1999
same LG PEZ5 MELLERSH et al. 2000
CFA17 121 P FISH ZuBeCa25 YANG et al. 1999
CFA18 L16 C FISH ZuBeCa7 YANG et al. 1999
FISH ZuBeCall YANG et al. 1999
FISH ZuBeCal6 YANG et al. 1999
same LG AHTk32 MELLERSH et al. 2000
C18.460
WT1
CFA19 unlinked C FISH ZuBeCa5 SCHELLING et al. 1998b
YANG et al. 1999
CFA19 Lo2 same LG CPHS8 MELLERSH et al. 2000
CPH17
PEZ3
CFA20 L13 same LG CPH16 MELLERSH et al. 2000
CFA21 143 P FISH ZuBeCa21l YANG et al. 1999
CFA22% Lo5 same LG C22.123 MELLERSH et al. 2000
CPH6 (CFA22)
CFA24 Lo1 P FISH ZuBeCal4 YANG et al. 1999
CFA30* L29 P FISH ZuBeCa9 YANG et al. 1999
(CFA25)
CFA27* L25 P FISH ZuBeCa26 YANG et al. 1999
(CFA29)
CFA33* L30 P FISH CanBern6 Dotr et al. 1997
YANG et al. 1999
(CFA30)
CFA30 L11 same LG CPH1 MELLERSH et al. 2000
Discussion

This map presents 85 loci particular to the DogMap map and adds three linkage groups to
previously unmapped chromosomes. The total genome coverage is about 2600 cm, if 20 cm
are added to each linkage group and to each of the 33 unlinked loci. With an estimated
genome size of 26.5 M this means that we are getting closer to a total genome coverage.
However, there are still a number of significant gaps with a low marker density, but efforts
are under way to improve this situation by the integration of different maps.

The present data compares well with the integrated map recently published by
MELLERSH et al. (2000) presenting chromosome assignment of 19 chromosomes. The
present data add linkage groups on CFA17, CFA23, CFA24 and CFA33 and have defined
the linkage group on CFA13/19 (MELLERSH et al. 2000) to CFA19 according to YANG et al.
(2000).
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Our linkage group on CFA27 compares with the linkage group assigned to CFA16 and
represents the major discrepancy compared with MELLERSH et al. (2000). However, for
each of the linkage groups there is in general a good agreement in order and distances
between markers in the two studies. Our data is important in supporting ordering in cases
where there are different results between RH-data and linkage data and in a few cases our
data supports another alternative ordering than those presented by MELLERSH et al. (2000);
one example is at one end of CFA7 where our linkage data on FH2087U supports the
genetic mapping and not the RH-data. Further, our data on CFA6 places C06.69 on the
other side of FH2164 as compared with the integrated map of MELLERSH et al. (2000). Our
data also supports a different ordering of CPH8 and CPH17 on CFA19 as compared with
the integrated map. A major discrepancy between our data and the physu:al mapping data
by YaNG and coworkers (2000) concerns CFA5. Our genetic mapping data places
ZuBeCab, ZuBeCa20 and ZuBeCa23 in the same linkage group whereas the FISH mapping
data assigns only ZuBeCa6 on CFA5. ZuBeCa20 has been assigned to CFA9 and
ZuBeCa23 to CFA17 (YANG et al. 2000). Our collaboration on the integration of our map
and the RH-map (PRrIAT et al. 1998) should help to resolve this inconsistency.

Comparative studies of the canine genome with human (BREEN et al. 1999b; YANG et al.
1999) and mice are of specific importance in dogs because of the high frequency of
inherited diseases in dogs (PATTERSON 2000), many of which have their human
counterparts. Mammalian genomes are highly conserved and a link to comparable regions
in the human gene map with a high density of ESTs and genes gives new opportunities for
closer mapping of canine traits using SNPs in the actual genes/ESTs or for picking up
cosmids or BACs for fine mapping studies. In this respect the integration of different
genetic and physical maps, and the development of comparative maps are of paramount
importance. The present work contributes significantly to the development of the canine
gene map as an important tool for canine hereditary disease mapping and the development
of new dog-breeding strategies.

Note added in proof

At the ISAG-2000 meeting in Minneapolis it was decided to adopt the canine chromosome
numbering proposed by BREEN et al. (1999b) in which former CFA25 becomes new
CFA30, former CFA29 becomes new CFA27 and former CFA30 becomes new CFA33.
According to this nomenclature and information about mapping of the coat colour gene
EDNRB in several species including dogs and human (SHEILA SCHMUTZ, pers. comm.)
linkage group 7 appears to be on CFA22 (BREEN et al. 1999b, YANG et al. 1999). According
to BREEN et al. (1999b) human 3q21 is equivalent to CFA23. The localization of TF in dog
linkage group 5 and human 3q21, indicates that linkage group 5 is on CFA23.
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