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Abstract 

This paper deals with hereditary diseases and/or birth defects diagnosed in buffaloes observed 
in Brazil and some Latin American countries. Related aspects of possible development and 
control of hereditary components are addressed. For some of the diseases described, the 
genetic origin has been definitively stated; however others are still only hypothesis which has 
yet not to be confirmed. It has been described some epidemiological, clinical and pathological 
inherited/hereditary diseases already observed, as albinism, achantolytic mechanobulous 
dermatosis, arthrogryposis, myotomy, hydronencephaly, chondrodysplasia and birth defects 
that do not have a cause yet proven as cheiloschisis e cheilognatoschisis, megaesophagus, 
heart defects (persistency of the ducts  arteriosus), dermatoparexia, defects in the reproductive 
tract such as uterus unicorns, uterus partial segmental aplasia, gonadal hypoplasia (ovary and 
testis), cryptorquidism  and other defects. It was observed that breeds most affected by genetic 
diseases nature are those that came from Asian Continent (Murrah,  Jafarabadi and swamp 
type), probably as a result of existing inbreeding in herds due to ban the importation of buffalo 
breeds, semen and embryos from that continent. The diagnosis of some these diseases as 
albinism, arthrogrypose and myotomy which has seen in different parts of Brazil as an outcome 
of undesirable genes steadily disseminate in some breeds of buffaloes  population. The 
accurately identification of these genes by molecular techniques associated to breeding  of this 
species with the highest health, reproductive and livestock control can minimize the damage the 
damage caused in some buffalo herds. Then  this paper intent and reiterate warns on the 
problem and identifies some of the challenges that need to be addressed in the future.  
INDEX TERMS: Buffaloes, congenital defects, genetic/hereditary diseases.  

Buffalo introduction in Latin America 
There are strong evidences that buffaloes were introduced in Latin America through Brazil. In 
fact it seems that the first animals landed in the fluvial-marine Marajo Island in the mouth of the 
Amazon River which took place in 1890. A ship with political refugees from French Guyana 
exchanged with local farmers buffaloes for cereals. Those buffaloes were swamp type and  
probably originated from French Indochina or Eastern Dutch Indies. However the Brazilian 
Buffalo Breeders Association considered 1895 as the official date of buffalo introduction in 
Brazil, when a flock of Mediterranean buffaloes arrived from Italy. Further importations were 
performed from India and Italy, not only to Brazil but also to other countries of Latin America. 
 
Inbreeding in some buffaloes herd has brought the occurrence of genetic diseases 
In Brazil very few animals were imported from India. As a result the risk of reintroducing 
rinderpest, which had already occurred in 1921 (Riet-Correa 2007), the importation of animals 
from Asia was suspended in 1956. In 1962 this ban was broken and some breeders have 
brought few Murrah buffaloes from India (Miranda 1986). After that there was no official 
importation of genetic material from Asia. It was allowed to import from Europe only. In 1989 
there were imported some Mediterranean's from Italy where, even today, there are semen 
import. Semen of Murrah and Jafarabadi breeds were imported from Bulgaria at the same time. 
This material was only released by the Ministry of Agriculture Livestock and Supply (MAPA) in 
1991. For these reasons the Brazilian buffalo herd has a narrow genetic base (founder 
element) and consequently, inbreeding, especially in flocks of pure origin, where has been 
identified as the main factor appearance hereditary inherited diseases.  
 
What´s happen when inbreeding is used 
Genetic disorders in humans and animals include illness caused by abnormalities in genes or  
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chromosomes, those abnormalities typically existing at birth. Disorders can be passed down 
from the parents‟ genes, or caused by de novo mutations to the DNA loci (Zhao, 2012). Thus, 
selection in animal breeding systems uses genetic diversity/variation to improve the population 
by selecting superior animals for desirable traits. The more genetic variation observed in a 
population, the bigger the potential genetic gain possible in each generation. Conversely, 
decreased genetic variation increases the similarities of the population. inbreeding reduces the 
amount of genetic diversity in a population. Thus, explanation of inbreeding in animal 
populations relies on a few basic genetic principles (Lesley 1970). Genetic information is stored 
in chromosomes are made up of DNA. Genes are sections of DNA and occur in pairs. A 
particular gene will occur at a particular site (locus, plural is loci) in the DNA of a particular 
chromosome.  The  inbreeding  coefficient (I.C.), (as proposed by Sewell Wright in 1922) is the 
probability that two alleles at a randomly chosen locus are identical by descent. Note that alleles 
may be identical for other reasons, but the IC is just looking at the mathematical probability that 
the alleles have come from a common ancestor.  Example of calculating an IC for an animal 
that has a common great grandparent: 
 
 

 
 
 
 
 
 
 
 

Inbreeding  figures 
The IC  is  expressed as a 
percentage value. A low IC means a low level of inbreeding  p. ex.  3%. In most beef cattle 
breed societies, the vast majority of animals have an IC of less than 10%, inbreeding 
coefficients over 30% are unusual, and over 40% are rare, Table 1. 
 
Table1. Inbreeding coefficients for various inbred relationships. 

Type of crossing Per cent 

Father x daughter 25,00 

Full brothers 25,00 

Half brothers 12,50 

Father x grand daughter 12,50 

Son x grand daughter of the same father 6,25 

Grandson x grand daughter of the same father 3,13 

*Minimum value, will be higher if ancestors are themselves inbred 

Then typical IC for various relationships are given in Table 1. The IC  will be higher if the ancestors in the 
pedigree are also inbred themselves.  Not  surprisingly, smaller populations tend to have proportionally 
more animals with higher inbreeding coefficients than larger populations - simply because there are 
fewer candidate animals to select from (Figure 1). 
 
Are some breeds genetically ‘healthier’ than others? 
Inbreeding, such as is used to fix traits within pedigree breeds, will inevitably increase the risk 
on inherited defects coming to light. Although inherited diseases can occur in both non-pedigree 
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Figure 1.Calculating  inbreeding 
coefficient (I.C.), according 
Tomar(2014).Angad  is inbred because  
Akbar  is a common ancestor.There are 
five ancestors in the inbreeding loop:Mani  
– Guru–Akbar – Raka – Labani then 
Angad  inbreeding coefficient = (1/2)

5
 = 

1/32 = 3.1%.(If any of Akbar’s 
ancestors were themselves inbred, 
then Angad’s inbreeding coefficient 
would be higher) 
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and pedigree animals, they are generally more likely to occur in pedigree animals than in 
outbred domestic animals. Some pedigree breeds are much more inbred than others and so, in 
theory, would be at greater risk of having inherited diseases present. However it is difficult or 
impossible to say that some breeds are genetically „healthier‟ than others. In some breeds of 
cattle, pig, dog and cat, a large number of different inherited diseases have been identified, but 
this usually reflects more widespread surveillance and testing within these species rather than 
necessarily a higher frequency of inherited diseases (Basrur, 1988; Zhao, 2012; Damé, 2013). 

Can inherited diseases be controlled? 
Where there is a relatively simple mode of inheritance, and where there is a DNA test widely 
available, controlling an inherited disease may be relatively straightforward. Currently, it is 
possible to use cytogenetic techniques (cosmid probes, alfa DNA probes satellite) or molecular 
techniques for genome determination like DNA genome sequencing  (southern blotting,PCR-
transcriptase reverse) in buffaloes, aiming to studies on productivity parameters, fertility as well 
as the hereditary nature of diseases. With the application of these techniques it can be identify 
economic traits for production and hereditary diseases and then mitigate the presence of the 
same deleterious genes in herds (Ohashi et al 1995, Dame et al 2012, Damé 2013,  RolimFilho 
et al. 2013).  
 

Results and discussion 

Very few animals were introduced in Brazil for the formation of the different breeds with 
exception of the Mediterranean type. For the Murrah breed it has been noticed that only eight 
females and four males gave origin to the POI (Pure of Origin Imported) herd although in the 
recent years semen from Bulgaria and India has been introduced. It seems that inbreeding can 
be the main cause of the appearing of such abnormalities. However it has further has been 
proved experimentally in other species that many forms of congenital malformation, which 
appear spontaneously can be produced by different teratogenic agents (Basrur, 1988).  Hence, 
this does not mean that those defects are nongenetic when they appear spontaneously. Not in 
the least it should be considered that spontaneous occurrence of defects is usually due to 
homozygosity for recessive genes, mainly in the herds where new germoplasm were not 
introduced. The same  forms  of  diseases  described in Table 2 have  also  been  described in 
other domestic  species (Lagerlof 1938; Spriggs 1946; Bonsma, Venter 1973; Leipold et al 
1972,1983; Basrur 1988; Zhao, 2012; Ghalop et al  .2014).The most interesting is that some of 
these diseases have the same origin genetic and pathophysiological features are just exactly 
the same as in mouse, primates and  human beings, like albinism and polycystic kidney disease 
(PKD) in Persian cats and related breeds, monkey and mouse (Bosje et al. 1998; Carden et al 

Figure 1. Inbreeding  
coefficients for various  
inbred relationships 
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1988; Plesker & Schulze, 2006; Grattham  2008).In the past, up to 50% or more of Persian cats 
may have been affected by this disease, which will frequently result in chronic kidney disease 
and premature death of affected cats actually identified through modern molecular diagnosis for 
hereditary diseases. The first  reports  on  the pathology  hereditary in the domestic animals 
were published by Fincher; Williams, (1926), Lagerlöf (1939), Eriksson, (1943), Spriggs, 1946; 
Koch (1952), Götze, (1950;1952), Flechsig (1952), Lagerlöf  &  Settergren, (1952); Nordlund 
(1956). 
 
Table 2.Occurrence of hereditary/congenital defects  in buffaloes in Brazil. 

Typeofabnormality Author 

1.Abnormal formation of scrotal sac Vale  (2005) 

2.Albinism – partialand total Vale  (2005);Damé et al (2013) 

3.Aglosia Vale  et al (1976) 

4.Amputee limbs Vale (2005) 

5.Arrest of mesonephric (Wolff) ducts Vale  et al (1981); Vale et al (2002) 

6.Arrest of paramesonephric (Müllerian) 

ducts 

Vale  et al (1979;1981;1988)  

7.Arthrogrypose Vale (2005); Damé  et al (2013) 

8.Atresia ani Laú (1995); Vale (2005) 

9.Calf ataxia Barbosa et al (2002a-b) 

10.Cheilognatoschisis Vale  et al (1976); Barbosa et al. (2002a-b) 

11.Chromosome X fragile sites Mota et al  (2004) 

12.Chondrodysplasia Barbosa et al. (2002a-b) 

13.Congenital muscular hyperplasia Barbosa   et al  (2002a-b); Vale (2005) 

14.Cryptorchidism Vale & Ohashi (1994) 

15.Dag defekt Vale & Ribeiro (2002) 

16.Dermatose acantolítica mecanobolhosa Reit-Correa et al (1994); Damé et al (2013) 

17.Embryonic mortality/Repeatbreeders Vale et al (1989) 

18.Epitheliogenesis imperfecta Láu  (1999); Vale (2005) 

19.Epydidimal disfunction Ohashi  et  al (1986) 

20.Gonadal aplasia and hypoplasia – male 

and female 

Vale et al (1978); Ohashi et al (1995) 

21.Harelip andcleftpalate Vale et al (1976) 

22.Hydronencephalia Schild et al (2011); Damé et al (2013) 

23.Inguinal and umbilical hernias Vale et al  (1980); Láu (1999) 

24.Ovarian cysts Ribeiro &Vale (1988); Vale & Ohashi (1994) 

25.Outward bowed  pasterns Vale (2005) 

26.Overshot   jaw Vale (2005) 

27.Patent  ductus  arteriosus Ecco et al (2008) 

28.Renal hypoplasia Pereira &  Vale (1994) 

29.Spastic paresis Láu  (1999); Vale (2005) 

30.Tendon  contracture Láu (1999); Vale (2005) 

31.Twisted   testis Vale (2005)  

32.Undershot   jaw Vale (2005) 

33.Wry face Vale (2005) 
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Those  articles  described  different  forms  of genetic abnormal conditions  affecting  different 
systems and organs  like  nervous, eyes, blood, locomotor  and  reproductive in different  
domestic  species (Ladds, 1992).Further on an excellent publication was done by Bonsma& 
Venter(1973) dealing with the hereditary defects ofcattle. Of course, buffaloes are not free  of 
such problems. There are in the  international literature many  reports on  the  occurrence  of  
different  forms  of  pathology  hereditary in buffalo species that also occur in Brazil (Vale et al. 
1976, 1979; 1981; 1991; Láu et al, 1991;  Pereira; Vale, 1994;   Iannuzzi et al., 2001a-b; 
Barbosa et al. 2001; Correale & Consalvo, 2003; Mota et al. 2004). Götze (1949;1952)  
stressed  the importance  of  the  hereditary  health  and  control  of  the  sire  sused in artificial 
insemination programs. Survey on known or presumptive hereditary defects and undesirable 
hereditary dispositions in buffaloes raised in Latin America should be established specially for 
males. It isimportantto look at least for general deformities on the body shape, gait, libido, 
erection, copulation, as well as the absence  of  hereditary  diseases, such as testis  hypoplasia, 
cryptorchidism, epididymal dysfunction, spermiogenesis  disturbance – semen  pathology  of 
hereditary origin like sperm  dag defect (Vale & Ribeiro 2009). 

Conclusion and recommendations 
Within the buffalo production systems in Brazil, inbreeding has been considered the main factor 
for the onset of congenital diseases in this species, especially in the Murrah breed. Due to high 
rates of inbreeding in some herds, the genetic background of most inherited diseases 
diagnosed in buffalo in Brazil is due to autosomal recessive genes. Furthermore, among the 
hereditary disturbs  one of the major disease, albinism is a consequence of a nonsense 
mutation in the tyrosinase gene, with the substitution of a single base at nucleotide 1431 (G to 
A) makes the stop codon for tryptophan 477.Besides  albino  buffaloes  have an inadequate 
adaptation to the tropical climate, are also predisposed to the development of skin pathologies 
such as malignant melanoma. A identification of defective genes cause of albinism ocular-
cutaneous and hereditary myotomy and the elimination of carriers of reproduction animals 
allows control of these diseases. Establish progeny test for buffalo bulls semen donor. 
Bibliography  

Barbosa J D, Tury E, Pfeifer Barbosa I. B. & Cunha Dias V R, 1999. Hiperplasia muscular 
congênita (Doppellender, double  muscling, culard) em  búfalos no Estado do Pará, Brasil. 
Ciênc. Vet. Trop. 2:50-52. 
 
Barbosa J D,  Pfeifer  Barbosa I B, Oliveira C M C, Cardoso D  P, Souza L S, 2002. Congenital 
alterations in buffaloes in the State of Pará, Brazil.In; XXIIth World Buiatrics Cong. Hannover, p. 
207. 

Barbosa J D, Oliveira C M C, Pfeifer Barbosa I B, Cardoso D P, Júnior L S, Mota I O, 2002. 
Some diseases affecting buffaloes in the Amazon region. In: 1st Buffalo Symp. of Americas, 
Belém, Proc. p. 15-20. 

Basrur P K, 1988.  Genetics in veterinary  medicine  .University of Guelph Dept. of Biomedical 
Science.Guelph, 288 p. 
 
Berry D P, Bermingham M L, More S J, 2011.Genetics of animal health and disease in 
cattle.Irish Veterinary Journal 2011, 64:5 
 
Bonsma J & Venter H A H, 1973.Heritable defects of cattle. The Bonsmara “BOK” Seventeen 
Years Old.Silverton, 17-32 p. 
 
Borges A S, Barbosa J D, Resende L A L, Mota L S L S , Amorim R M , Carvalho T L, Garcia J, 
Oliveira-Filho J P, Oliveira C M C, Souza E S, Winand N J, 2013. Clinical and molecular study 
of a new form of hereditary  myotomia in Murrah water buffalo.Neurom.Disord. 23:206–213. 
 



6 
 

Bosje JF, Ingh T S G A W, Linde-Shipman J S, 1998. Polysistic kindney and liver disease in 

cats. Vet. Quarteerly 20(4):136-39. 

Carden S M, Boissy R E, Schoettker P J,Good W V,1998. Albinism: modern molecular 
diagnosis. Brit. J. Ophthalmol. 82:189-195.  

Correale E. & Consalvo F, 2003. About some congenital malformations in buffaloes bred in the 
Salerno province (Italy). (Bubalus bubalis) J. Buff. Sci. Tech. 9(2);22-29. 

Damé M C F, Xavier G M, Oliveira-Filho J P, Borges A S, Oliveira H N, Riet-Correa F, Schild A 
L, 2012. A nonsense mutation in the tyrosinase gene causes albinism in water buffalo. BMC 
Genetics13:62. Disponível em <http://www.biomedcentral.com/1471-2156/13/62> 
 

Damé  M C F  2013. Doenças  hereditárias e defeitos  congênitos  em búfalos (Bubalus  
bubalis) no Brasil. Programa de Pós-Graduaçãoem Medicina Veterinária, Faculdade de 
Veterinária, Universidade Federal de Pelotas, Tese (Doutorado), 52 p. 

 
Ecco R, Snel-Oliveira M V , Barros R M  & Santos Junior H L  2008. Patent ductusarteriosus in 

Murrah Buffalo. Vet. Pat. 45:542-545 

 
Eriksson  K, 1943. Hereditary forms of sterility in cattle: biological and genetical investigations. 
HakanOhlssonsboktrykeri, Lund, 1943. 
 
Flechsig J, 1952  .Einseitiger, abdominaler  Kryptorchismus  bei  einem  Landbeschäler  und 
seine genetische Analyse. FreiUniversität Berlin, VeterinärMedizinDoktor Dissertation, 66 p. 
 

Gholap P N, Kale D S  Sirothia A R, 2014.Genetic diseases in cattle: A Review Res. J. Animal, 

Veterinary and Fishery Sci. 2(2), 24-33. 

Götze R, 1949.Besamung und Unfruchtbarkeit der Hassägetieren.Verlag M. & H. Schapner, 
Hannover, 386 p. 
 
Götze R, 1952.Erbgesundheit und Samenübertragung  beim Rind. In: 2nd Int. Cong. Physiol., 
Path. Anim. Reprod. A. I., Copenhague, p. 96-109.  
 
Grantham J J, 2008. Autossomal dominant polycistic kidney disease. New Eng. J. Med. 
359:1477-85 
 
IannuzzI L,  Di Meo, G P,Perucatti  A,  Di Palo R, Zicarelli L, 2001.50, XY gonadal dysgenesis 
(Swier‟s syndrome) in a female river buffalo (Bubalus  bubalis).Vet. Rec. 148:634-635. 
 
IannuzziL, Di Meo G P, Perucatti  A,  Di Palo R, Di Berardino D,Zicarelli L, 2001b. Anomalie  
cromosomiche e ipofertilità  nella  specie bufalina. In: Atti 1oCong. Nazionale  sull‟Alle. del  
Bufalo, Eboli, p. 89-99. 
 
Koch P, 1952. Neure  Erkenntnisse  auf  dem  Gebiete der Erbpathologie. In: 2nd Int. Cong. 
Physiol., Path. Anim. Reprod. Art. Ins., Copenhague, p. 110-120. 
 
Ladds P W, 1993.Congenital abnormalities of the genitalia of cattle, sheep, goats and pigs.Vet. 
Cli. North America Food Animal Practice. 9(1):127-38. 
 
Lagerlöf N, 1939. Hipoplasi  av  könsorganen  hosnöt  kreatur  so  morsak  till  of  ruktsamhet. 
5th Nord. Vet. Mötet, Conpenhague, p.19. 
 



7 
 

Lagerlöf N,Settergren I, 1952. Clinical investigation of gonadal hypoplasia in the Swedish 
Highland Breed during the years 1935-52. 2nd Int. Cong. Physiol., Path. Anim. Reprod. A. I., 
Copenhague, p. 153-163. 
 
Lasley J F, 1970.Genetics of livestock improvement.Prentice-Hall, New Jersey, 378 p.  
 
Láu H D, 1995. Atresia ani in buffalo: a case report. Buffalo Bull. 14(2):36- 37.  

 

Láu H D, 1999. Doenças em Búfalos no Brasil: diagnóstico, epidemiologia e controle. Embrapa-
CPATU, Belém, e Embrapa-SPI, Brasília. 202p.  

 

Leipold H W, Huston K, Dennis S M, 1983.Bovine congenital defects. Adv. Vet. Sci. Comp. 
Med. 27:197-271.  

 

Leipold H W, Dennis S M, Huston K, 1972. Congenital defects of cattle: nature, cause, and 
effect. Adv. Vet. Sci. Comp. Med. 16:103-150.  

 
Miranda W C, 1986. Criação de búfalos no Brasil. Editora dos Criadores,São Paulo. 173p. 
 
Mota L S L S, Dourado A C M, Cury V S, Jorge A M, 2004.  Evidence  of  fragile sites in the X 

chromosome  of  female  buffaloes (Bubalus  bubalis) with  reproductive  problems.In: 7th World 

Buff. Cong. Manila, vol. II, p. 132-35. 

Norlund S T, 1956.A new typeof genital malformation in SwedishFrisiancattle.3rdInt.Congr.Anim. 
Reprod., Cambridge, Sect. II, p. 80-82. 
 
Ohashi O M, Vale W G, Sousa J S, Ribeiro H F L, 1986. Sobre um possível caso de disfunção 

epididimária em búfalo (Bubalus  bubalis). In; XXth Cong. Bras. Méd. Vet., Cuiabá, p. 201. 

Ohashi O M, Vale W. G.; SOUSA J S, SILVA  A  O  A , 1995. Disturbance  of testicular 

development  in buffaloes  (Bubalus  bubalis): hypoplasia  and aplasia. Buffalo Journal 1:97-

101.  

Pereira W L A, Vale W G,1994. Renal hypoplasia in buffalo. In: 4th World Buff. Cong., São 

Paulo, vol. II, p. 350-52.    

Plesker R & Schulze H, 2006. Polycystic nephropathy in slender lories (Loris lydekrianus). Am. 

J. Primatology 68(8):838-44. 

Riet-Correa F, Barros S S, Damé M C & Peixoto P V, 1994. Hereditary supra basilar  
acantholytic  mechanobullous  dermatosis in buffaloes (Bubalus  bubalis). Vet. Pathol. 31:450-
454.  

Riet-Correa F, 2007. Peste bovina, p.182-183.In: Riet-Correa F., Schild A L, Lemos R A A & 
Borges J.R.J. (Eds), Doenças de Ruminantes e Equídeos. Vol.1; 3ª ed. Pallotti, Santa Maria.  

 
Rolim Filho S T, Ribeiro, H F L, Cardoso D F, Aspicuelta-Borquis R R. Tonhati H, Nunes K B, 

Barbosa E M.  de Souza K C,  2013. Identification of polymorphisms in the osteopontin gene 

and their associations with certain semen production traits of water buffaloes in the Brazilian 

Amazon  Reprod. Dom. Anim. 48(5):705-709. 

Schild A L, Soares M P, Damé M C F, Portianski E L,&Riet-Correa F, 2003.Artrogryposis in 
Murrah buffaloes in southern Brazil.Pesq. Vet. Bras. 23(1):13-16.  
 



8 
 

Schild A L, Fiss L, Damé M C, Uzal F A , Soares M P, Schuch L F D, Flores E F&Riet-Correa F, 
2011. Congenital hydranencephaly   and cerebellar hypoplasia in water buffalo in southern 
Brazil. J. Vet. Diagn. Invest. 23:603-609.  

 

Spriggs D N, 1946. White heifer  disease.Vet. Rec. 58:415. 

Tomar S S, 2012. Textbook of animal breeding. Kalyani Publ., Delhi, 308 p. 

Vale W G, Costa N F, Megale F, 1976. Sobre um caso de aglossia, e agnatia em búfalo, 

(Bubalus  bubalis). Anais do 15o Cong. Bras. Med. Vet., Rio de Janeiro, p. 32. 

Vale W G, Oikawa K, Sampaio M I C, 1978. Hipoplasia ovariana unilateral em búfala (Bubalus  

bubalis). Anais do 14º Cong. Bras. Med. Vet. Salvador, p. 151. 

Vale W G,Sousa J S, Ohashi O M, Sampaio M I C, 1979. Útero unicorno gestante associado a 

agenesia ovariana em búfalo (Bubalus  bubalis). Descrição de um caso. Rev. Bras. Reprod. 

Anim. 3:17-22. 

Vale W G,Sousa J S,Ohashi O M,Ribeiro H F L,1981. Anomalias do desenvolvimento do 

sistema genital de búfalas (Bubalus  bubalis) abatidas em matadouro. Pesq. Vet. Bras. 3:101-

104.  

Vale W G,  Ohashi O M, Sousa J S,Ribeiro H F L,Namba S Y, 1989. Morte embrionária e fetal 
em búfalos (Bubalus  bubalis) . Rev. Bras. Reprod. Anim. 13(3):157-77. 

Vale W G, Láu, H D, Ohashi O M, Ribeiro H F L, SILVA, A W C, Sousa J S,1991. 
Heredopathology in water  buffalo (Bubalus  bubalis). I. Abnormalities in the genital system 
development. In: XXIVth World. Vet. Cong., Rio de Janeiro,  Proc., p.16.02. 

Vale W G, Ohashi O M, 1994.  Problems  of  reproduction in buffaloes. Buffalo  Journal,Suppl. 
2: 103. 

Vale W G, Silva, A O A, Sousa, J S, Pereira, W  L  A, Ribeiro H F L, Magalhães  A  N, Oliveira 
C  M C, 2002. Arrested  development  of  the  mesonephric  ducts in a Murrah  buffalo  bull.In: 
1st Buffalo Symp. Americas, Belém, Proc. p. 479-481. 

Vale W G, 2005.  Challanges and constrains for buffalo husbandry in the world: dealing with 
pathology hereditary problems Proceedings-Atti 3. Congresso  Nazionale sul Álevamento  del  
Bufalo, Capaccio-Paestum, Italia, vol. 1, p.10-20. 
 
Vale W G  &  Ribeiro HF L, 2009. Inheritance causes of buffalo bulls  infertility in Brazil.  Buff. 
Newsletter 20:3-9 
 
Vale W G &  Ribeiro H F L,2013. Reproductive pathology. Buffalo Livestock and Products. Ed. 

A. Borghese, CRA, Council for Research in Agriculture, Italy, p.447-474. 

Wechsler, F S, Ramos A A; Perotto D, 2004.The effect  of  inbreeding  on  dairy  buffalo  cows. 

In: 7th World Buff. Cong. Manila, vol. II, p. 147-49. 

Zhao, X.2012.Gene mapping of monogenic disorders and complex diseases via genome wide  
association studies. Doctor Philosophy Diss.,Graduate College, University of Iowa,165 p. 


