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CARYOLOGIA 

A genetic physical map in river buffalo 
(Bubalus bubalis, 2n=50) 

LEOPOLDO IANNUZZI 
CNR- IABBAM, Via Argine 1085,80147 Naples, Ponticelli, Italy. 

Vol. 51, n. 3-4:311-318, 1998 

SUMMARY- This study reports the first entire genetic physical map in river buffalo 
chromosomes by ISH-techniques. Thirty-six loci (mostly mapped by FISH), of which 
19 were expressed genes and 17 were DNA-segments (cosmid derived-microsatellites), 
were localized in specific chromosomes. At least one molecular marker from all 31 
bovine syntenic groups was assigned to each river buffalo chromosome. This allowed 
tentative assignment of all bovine syntetic groups to river buffalo chromosomes, also in 
consideration of high degree of chromosome banding homologies between the two 
species and that all mapped loci in river buffalo chromosomes were at the same cattle 
homoeologous chromosomes and chromosome bands. 
By adding markers from bovine U1, U3, U7, UlO, U13, U16, U17, U25, U28 and U29 
assigned to the river buffalo genome by the somatic cell hybrid technique, a total of 54 
markers is assigned to river buffalo genome. 

Key words: river buffalo, gene mapping, chromosomes, in situ hybridization 

INTRODUCTION 

Of the 150 million buffaloes raised throughout the world, about 120 
million are Asiatic water buffaloes (Bubalus bubalis) and the rest are African 
buffaloes (Syncerus ca//er) (SHALASH 1991). Of the former, two types of buffa
loes are known, the river buffalo (2n=50) and the swamp buffalo (2n=48), their 
karyotypes being differentiated by a tandem fusion translocation between river 
buffalo chromosomes (BBU) 4p and 9 originating the large chromosome 1 in 
swamp buffalo with a reduction in the diploid number from 50 to 48 (DI 
BERARDINO and IANNUZZI 1981; CHOWDHARY eta/. 1989). 

Crosses between these two types have been performed, especially to 
increase the milk production in the swamp type. Also in Mrican buffaloes two 
types are known: the Syncerus caffer nanus (2n=54) and the Syncerus caffer 
(2n=52) (BucKLAND and EvANS 1978). No common biarmed pair has been 
found between the Asiatic and Mrican buffaloes, confirming a different evolu
tion between the two types of buffaloes (IANNUZZI et al. 1983). 
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312 IANNUZZI 

Standard G-, Q- and R-banded karyotypes are available in river buffalo 
(CsKBB 1994) and several genes have been assigned by both somatic cell hybrid 
(EL NAHAS et al. 1993, 1996a, 1996b) and ISH techniques (Hassaname et al. 
1993, 1994; IANNUZZI el al. 1993a, b, 1997a, b, c) but a complete genetic 
physical map is still lacking in this important species. 

In this study I summarized all the data available in the river buffalo 
genetic map, primarily referring to ISH (mostly by FISH) technique, by 
showing the first entire physical map on R-banded standard ideogram. 

MATERIALS AND METHODS 

Blood culture, slide preparations, R-banding techniques, bovine probe 
preparations and denaturation, in situ hybridization, signal detection, micro
scope observation, photographs, image acquisition and processing were re
ported in the original studies (Table 1). River buffalo chromosome banding 
nomenclature followed the standard karyotype (CsKBB 1994), while all the 
bovine markers assigned in river buffalo chromosomes were in agreement with 
the available cattle data (EGGEN and FRIES 1995; TExAs NoMENCLATURE 1996). 

RESULTS AND DISCUSSION 

Table 1 reports all loci mapped in river buffalo with relative bovine 
syntenic groups and references, while figure 1 shows the river buffalo 
R-banded standard ideogram with the exact localization of mapped loci with a 
complete list of cattle syntenic groups (expressed genes only, EGGEN and FRIES 
1995) indirectly assigned to specific river buffalo chromosomes. As shown, at 
least one molecular marker from all 31 bovine syntenic groups has been 
assigned to each river buffalo chromosome. Furthermore, with the exception 
of IFNG (BBU4q), IGHG (BBU20) and the cosmid clOBT945 (BBUX), all the 
remaining loci were assigned to single chromosome bands which were found to 
be almost all R-positive. With few exceptions due to banding pattern resolu
tion achieved during in situ procedures, all mapped loci were localized at the 
same homoeologous chromosomes and chromosome bands between cattle and 
river buffalo, confirming that chromosome banding similarity is highly indica
tive for genetic h mology. Also the homoeologous cattle chromosomes (BT A) 
are indicated ac ng to the TEXAS NoMENCLATURE (1996). Only for BBU1p 
and BBU24 bol. A2.5 and BT A27 were indicated as homoeologues for the 
discrepancies bet\\. 'n the TEXAS NoMENCLATURE (1996) and both river buf
falo stand" ,.J ' 'ryot · ~ (CsKBB 1994) and recent FISH-mapping data (IAN-
NUZZI et at !d) which followed the IscNDA89 (1990) system. 
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GENE MAPPING IN RIVER BUFFALO 313 

TABLE 1 - Loci physically mapped in river buffalo chromosomes by in situ hybridization (mostly by 
FISH). 

Locus name and symbol 

Uridine monoph. syntase (UMPS) 
Beta-defensin (DEFB@) 
Villin (VIL) 
Major hystoc. complex (MHC-Bubu) 
Omega interferon (IFNW) 
Trophoblast interferon (IFNT) 
IDVGA47 (DNA segment) 
Lysozyme (LZY) 
Gamma interferon (IFNG) 
Conglutinin (CGNl) 
IDVGA49 (DNA segment) 
IDVGA7 (DNA segment) 
IDVGA53 (DNA segment) 
Alpha-S2-casein (CASN1S2) 
IDVGA61 (DNA segment) 
Elogation factor 2 (EEF2) 
Connexin (G]Al) 
JAB10 (DNA segment) 
1 > 3 -galactosyltransferasi (GGT A 1) 
IDVGA41 (DNA segment) 
Prion protein (PRNP) 
IDVGA76 (DNA segment) 
IDVGA32 (DNA segment) 
Zinc finger protein (ZNF164) 
Zinc finger protein (X81804) 
Microtubule ass. protein (MAPlB) 
lmmun. gam. heavy chain (IGHG) 
Cathalecidins (CATHL@) 
COSAE7 (DNA segment) 
IDVGA59 (DNA segment) 
IDVGA71 (DNA segment) 
IDVGA82 (DNA segment) 
clOBT314 (DNA segment) 
clOBT945 (DNA segment) 
clOBT1489 (DNA segment) 
IDVGA50 (DNA segment) 

Chromosome 
localization 

1q31 
1p12 
2q33 
2p22 
3q15 
3q15 
3p22 
4q23 

4q23>26 
4p16 
5q21 
5p19 
6q15 
7q32 
8q34 
9q15 
10q17 
llq13 
12q36 
13q15 
14q15 
15q15 
16q25 
17q24 
18q24 
19q13 

20q23>25 
21q24 
22q24 
23q22 
24q13 
Xq44 
Xq13 

Xq34-35 
Xq47 

y 

Bovine 
syntenic 
group* 

U10 
U25 
U17 
U20 
U3 
U3 

U21 
U3 
U3 
U29 
U1 
U7 
U6 

U15 
U13 
U22 
U2 
U5 

.016 
U27 
Ull 
U24 
U19 
U23 
U9 

U14 
U4 
Ul2 
U28 
U26 
us 
X 
X 
X 
X 
y 

References 

IANNUZZI et a/. 1994a 
IANNUZZI et a/. 1996c 
IANNUZZI et a/. 1997 a 
IANNUZZI eta/. 1993a 
IANNUZZI eta/. 1993b 
IANNUZZI eta/. 1993b 
IANNUZZI eta/. 1997c 
IANNUZZI eta/. 1993c 
HASSANAME eta/. 1994 
IANNUZZI eta/. 1994b 
IANNUZZI et al. 1997 c 
IANNUZZI eta/. 1997c 
IANNUZZI et a/. 1997 d 
IANNUZZI et a/. 1996b 
IANNUZZI et a/. 1997 d 
IANNUZZI et a/. 1997b 
IANNUZZI et a/. 1998b 
IANNUZZI et a/. 1998b 
IANNUZZI et a/. 1997b 
IANNUZZI et a/. 1997 d 
IANNUZZI et a/. 1998a 
IANNUZZI eta/. 1998b 
IANNUZZI et a/. 1997 d 
IANNUZZI et af. 1997e 
IANNUZZI et a/. 1997 e 
IANNUZZI et a/. 1998b 
HASSANAME eta/. 1993 
IANNUZZI eta/. 1998b 
IANNUZZI eta/. 1998b 
IANNUZZI et a/. 1997 d 
IANNUZZI et a/. 1997 d 
IANNUZZI et a/. 1998b 
PRAKASH et al. 1997 
PRAKASH eta/. 1997 
PRAKASH et a/. 1997 
IANNUZZI et a/. 1998b 

* For the complete list of expressed genes and DNA segments mapped in each bovine syntenic group, 
see EGGEN and FRIEs (1995) and FERRETTI et al. (1997). 

The markers assigned to the biarmed pairs allowed the following genetic 
association between bovine syntenic groups to be established: UlOIU25 in 
BBUl, U17/U20 in BBU2, U18/U21 in BBU3, U3/U29 in BBU4 and Ul/U7 in 
BBU5. 
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314 IANNUZZI 

BTA23-U20 
BF 

BTA19-U21 BOLA-S 
BOLA-0@ EAT 
C4 25 GAA 

BTA 25/27-U25 
CYP21 

24 GFAP BTA28-U29 BTA29-U7 
OVA GH 

GSR EAM 23 HOX@ IACTA1 IIDVGA 711GF2 
PLAT Gl01 22 IIDVGA KRT10 HK1 LDHA 
ANT1 HSP70~1 KRT19 PLAU OCAM 
SKI HSP70-2 21 KRTA@ RBP3 TYR 

PL1 15 LPO SAP2 
PRL MAP2C 
PRP@ 14 PDEG 
TCP1 13 PRKC 
VEGF 12 PTF2 

11 
BTA1-U10 BTA2-U17 11 BTA8-U18 BTAS-UJ BTA16-U1 

APP ALPL 12 AC01 A2M 

IABL2 C9 CRYG1 13 IALDH1 A C02 
AT3 

CBS DU1751 ALDOB COXP1 
CR2 

CD18 DU1752 14 
IIFNT cs GAPD 

EAR 
COL6A1 DU1753 15 IFNW CLTA2 GDH 

EN01 
COL6A2 oum;4 16 

GGTB2 GLI IIDVGA49 FH 
CP FGR GSN IGF1 

GNB1 
CRYA1 FN1 17 IFNA 

IIL12@ 

KRTB@ 
MYOG 

CRY68 FUCA1 IFN81 KRAS2 
PGD 

ETS2 IDH1 18 ITIL IFNG KRT1L1 
PIGR 

FIM3 INHA LPL KRT5L1 
REN 

GAP43 PEPC 21 NEFL LALBA 
GART TNP1 22 NEFM LDHB 

lUMPS IFNAR z MB 
IFNBR 23 MYFS 
PFKL NKNB 5 
PIT1 25 PAH 
S100B PEPS 
Sl 27 PFKM 
SMPP TP1 
5001 29 UPK3B 
SST WNT1 
TF 
UPK1B 3 4 

2 

BTA3-U6 11 BTA6-U15 BTA4-U13 BTA7-U22 11 BTA9-U2 
ADH2 CALD1 ADR2B CGA AMY1 CNCG CLCN1 AMH ESR CYM IF HOXA@ CLTLB 13 ME1 

IIDVGA53 
NGFB IGJ PDME CSF1R PGM3 NRAS PDEB PGY3 CSF2 SOD2 PGM1 PGM2 TCRB IEEF2 FGFA EAL QDPR TCRG INSR FCGR2 21 SOD3 INHBA LD1R IGJA1 NPK3A RNR3 PDEA 

CSN151 PDGFRB 
CSN2 RPS14 21 CSN3 SPARC2 
KIT 
GABRA2 
ALB 
GC 

ICSN1S2 10 

9 

6 
7 8 

Fig. 1.- River buffalo R-banded standard idt:ogram with the ISH-mapped loci (mostly by FISH). The 
homoeologous cattle chromosomes (BTA) and relative bovine syntenic groups indirectly assigned (only 
expressed gent: loci, EGGEN and FRIEs 1995) are also shown. The DNA segments (mostly cosmids 
derived microsatellites) are reported in italics. 
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BTA10-U5 
11 

1::; 
11 

12 12 

13 IJA81D FBN1 13 

FOS 15 15 HEXA 21 
21 HMGCR 22 
22 

NP 23 
PKM2 

23 TCRA 25 
24 TCRO 26 
26 KRTII21 31 
31 32 

BTA11-U16 
11 

AB21 12 AK1 
ASS 
CDBA 13 
OBH 14 
EAJ 
GRP78 15 
IGHM21 21 POMC 

BTA12-U27 11 BTA13-U11 
11 

BTA14-U24 
1EAB ADA 12 BSPN 
F1D 12 ARUP 13 CAS 
RB1 HCX CRH 

13 IL2R 15 I'DVGA71 MOS 
ITPA 18 MYC 

14 OXT 17 
500121 18 

15 IPRNP VIM 
19 

21 21 
22 

22 23 
33 34 34 23 24 

35 
36 36 IGGTA1 24 25 

37 
38 38 

11 12 
14 15 13 

BTA15-U19 BTA17-U23 BTA18-U9 BTA20-U14 BTA21-U4 11 11 11 11 11 
12 ADCY2 12 AlDH2 12 I A POE 12 IANPRC 12 CHGA 
13 CAT 13 F11 

13 OIA4 13 IMAP1B HEXB EAS 
14 COlO FGB EAC 15 

iHTA1A 14 FES 
CDJE 15 IGLC 1GPI 15 IGF1R 
EAA 21 IL2 14 HP 17 IGHC 
FSHB 22 IZNF164 21 LHB 18 17 IGHM 
HBB 23 22 MT2A 19 21 MPI 

I'DVGAJ2 
MYF& 23 RYR1 22 

IIGHG 
MYOD1 25 UPK1A 21 23 
NCAM 26 24 22 UPK2 24 
PTH 1181104 24 

28 25 20 
18 19 

17 

11 
BTA22-U12 BTA24-U28 BTA26-U26 

ii s , . .::~~ 11 "; 11 
12 ACY1 12 IYES1 12 AORA2 12 OMO 

GPX1 13 13 OAT 13 ICOSJ1• Fl 
13 HRH1 PDEA2 GGPO 

LTF 15 15 LA 
21 OPSN 21 16 PRKCB1 HPRT 

22 
RAF1 22 IIDVGA59 21 PRM1 21 PGK1 
RHO jCOSAE7 

22 ~= 
FX 

23 24 

ICATHI.@ 25 23 22 
24 

23 24 23 
21 22 

24 

25 

31 

32 
33 

11 34 ICOSN5 

12 36 
13 37 
14 38 
15 IDVGA50 41 
16 

43 17 
19 44 IIDVGAI2 

110 45 

21 jCOS1U9 
22 

y X 
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316 IANNUZZI 

The assignments of bovine molecular markers to BBU1p (U25), BBU4p 
(U29), BBU5p (U7) and BBU24 (U8) should allow us to easily resolve cattle 
nomenclature inconsistencies (GALLAGHER et al. 1993; IANNUZZI et al. 1994b; 
IANNUZZI and D1 MEo 1995; IANNUZZI 1996; IANNUZZI et al. 1996c, 1997c, d). 
In fact, since high resolution G- and R-banded karyotypes are available in river 
buffalo (IANNUZZI et al. 1990a, b; CsKBB 1994), it will be very easy to check the 
G- and R-banding patterns in cattle (and related species) by using the river 
buffalo as marker chromosomes and the TExAs NoMENCLATURE (1996) as 
reference point for molecular marker assignments. I should point out that 
BBU3p (BTA19/U21), BBU4p (BTA28/U29), BBU6 (BTA3/U6), BBU21 
(BTA22/U12), BBU23 (BTA24/U26) and BBU24 (BTA27/U8) are nucleolus 
organizer chromosomes (IANNUZZI et al. 1996a). In particular, BBU24 (U8) 
(IANNUZZI et al. 1997 d) is homoelogous to BT A27 or to BT A25 according to 
IscNDA89 (1990) R-banded standard karyotype and TExAs NoMENCLATURE 
(1996), respectively. Furthermore, the same U8 molecular marker assigned to 
BBU24 (IANNUZZI et al. 1997 d) has been assigned to BT A27 (IscNnA89 1990) 
or to BTA25 (TEXAS NoMENCLATURE 1996) by sequential FISHIRBNAg
NOR techniques (IANNUZZI 1998) confirming the homoeology between 
BBU24 and BTA27 (or BTA25) and that the bovine U8 chromosome is 
NOR-bearing. 

The total number of loci assigned by ISH (mostly by FISH) is 36 and 
other ones from bovine syntenic groups U1, U3, U7, UlO, U13, U16, U17, 
U25, U28 and U29 have been assigned to the river buffalo genome by somatic 
hybrid cell procedures (EL NAHAS et al. 1993, 1996a, 1996b), bringing to 54 
the total number of loci assigned to this species. Future steps for the genetic 
improvement of this important species should include and increase in the 
number of loci assigned by FISH on each chromosome arm and linkage maps. 

Acknowledgments.- I'm very grateful to D. Incarnato for his excellent technical assistance and 
computerized R-banded ideogram. This study was supported by the National Research Council, 
INC-BPA, "Progetto speciale sulla Biodiversita". 
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