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1. Introduction 

Vertebrae column or spinal column is main part 
of animal body which provide shape, structure 

and protection the vertebrate animals. The vertebrae 
column is made up of a series of segment. Each 
species possess unique and different number of 

various vertebrae segments. The spinal column of 
vertebrae has been divided into various parts such as 
cervical, thoracic, lumber sacral and caudal (Zhang et 
al., 2017). It is has been reported that mammals have 
mainly fixed segment of vertebrae number in most 
of the species, whereas a small amount of variation 
has been observed in segments of vertebrae in post 
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cervical regions such as thoracic, and lumber parts 
of few species (Li et al., 2017). Variation in thoraco 
vertebrae number region has been reported for 
commercial choice in mammalian breeding. Similarly, 
it is reported that the screening of sheep vertebrae 
variation may cause increase in potential meat 
production (Yang et al., 2009). To identify the number 
of vertebrae variation may improve the quality and 
production of meat. It is therefore identification of 
vertebrae variation in small ruminant sheep and goat 
will increase the importance of small ruminant meat 
industry Kaleri et al. (2022); Mikwa et al. (2011). Li 
et al. (2017), suggested that about 30 to 40 percent 
of vertebrae variation in 4 different breeds of sheep 
were found including Poll Dorsetcross Mule, Texel 
cross Mule and Texl Scottish Balck face. Such type 
of results depicted by Zhang et al. (2017); Kaleri et al. 
(2018) and Mikwa et al. (2011), that carcass weight, 
length, thickness and height of carcass are mainly 
influenced by thoracic and lumber vertebrae number 
in large and small ruminant carcass. Small ruminants 
are major source of food and income (milk, meat, wool 
and leather) for both large and small scale farmers 
of Pakistan. Balochi and Harnai are both fat tailed 
and medium size sheep breeds commonly raised for 
mutton and wool purpose. Both breeds commonly 
found in different areas of Baluchistan province 
including Dera Murad, Quetta, Loralai and Sibbi 
(Kaleri et al., 2018, 2022). The purpose of this study 
was to evaluate the extent of variation in thoraco 
lumber vertebrae area of Balochi, Harnai sheep and 
its correlation with carcass weight and height.

2. Materials and Methods

2.1 Management 
Present study conducted to assess the number of 
vertebrae variation and its influence on the carcass 
weight of Balochi and Harnai sheep breeds kept 
under intensive management system with inbreeding 
method was applied. Animals were selected on the 
bases of age and health status age formula given by 
(Vatta et al., 2006) from four different private sheep 
farms with their respective areas. In this study all 
the procedures were performed according to the 
protocol of Pakistan Animal Slaughter Procedure at 
Organic meat company, Karachi. We have observed 
the vertebrae column and carcass weight thoracic 
vertebrae length and lumber vertebrae length and 
lumber vertebrae of 3 randomly selected animals from 
each breed.

2.2 Data record
Total 60 animals with 30 animal male from each 
breed having 8 month age of were slaughtered. First 
we measured the carcass weight of both breeds after 
that carcass was divided into two parts in order to 
exposure of vertebrae column of slaughtered animals 
and number of thoracic and lumber vertebrae number 
were recorded. In this study we also observed the 
carcass weight of thoracic and lumber vertebrae to 
total length of vertebrae of both breeds.
 
2.3 Statistical analysis 
The analysis of results was perfumed by using the 
(ANOVA method in SPSS version 19.0). In order to 
observe the carcass traits, effect of age and effect of 
sex the statistical model suggested by (Li et al., 2017) 
was applied.

3. Results and Discussion

It has been reported that number of thoracolumbar 
vertebrae thoracic + lumber mostly remain conserved 
at 19 in sheep animal, that is considered as ancestral 
limited form, which contain 13 number of thoracic and 
T13 and 6 number of lumber vertebrae L6. However, 
we have recorded seven type of vertebrae formation 
in Balochi and 4 type of vertebrae in Harnai sheep 
as described in Tables 1 and 2. It has been written in 
various books that most of the sheep possess vertebrae 
13 thoracic and 6 lumber, whereas in some cases it 
was recorded multi vertebrae traits as described in 
Tables 1 and 2. The change in the number of vertebrae 
were had more than one or two rudimentary ribs 
on vertebrae. Whereas the variation in the lumber 
vertebrae was observe at the end segment of lumber 
vertebrae that was transvers process on both side of 6 
lumber vertebrae. It has been observed that remaining 
variants, the number of thoracic lumber vertebrae 
were remain same or decreased during comparison 
with previous information of their ancestral thoracic 
lumber vertebrae T13 and L6 as presented in Tables 
1 and 2. Wong et al. (2015), suggested that the total 
number of vertebrae column of sheep remain same 
although after observing of the variation in thoraco 
lumber vertebrae, that is may be due to homeotic 
transformation at the development stage of vertebrae. 
It has been reported that homeotic Transformation 
is not responsible for variation in the number of 
vertebrae; just it may change the place and identity 
from 1st thoracic to last segment of lumber vertebrae. 
In our study we also observed the carcass weight and 
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length of thoraco lumber verterbare of animal showing 
variation in thoracic lumber vertebrae regions length 
as details are described in Tables 1 and 2. The average 
carcass weight in Balochi sheep was observed 11 to 
12 kg and average length of thoracic and lumber 
vertebrae was observed 28 to 30 and 17 to 18 cm, 
respectively. Similarly, the average carcass weight 
was observed in Harnai sheep 6 to 7 kg and average 
length of Thoracic and Lumber vertebrae region was 
recorded 26 to 27 and 14 to 15 cm, respectively. The 
variation in vertebrae number of the Balochi sheep 
as compared with Harnai sheep showed that carcass 
weight of Balochi sheep was (P ≤0.0001) significantly 
heavier than the Harnai sheep breed, details are given 
in Tables 1 and 2. 

Table 1: Vertebrae variation and characteristics in 
Balochi breed.
Type of 
vertebrae 

Average thoracic 
vertebrae length 
(cm)

Average lumber 
vertebrae length 
(cm)

Average 
carcass 
weight (kg)

T-14L-5a 30.11±64a 17.43±11c 12.25±63a

T-14L-6a 30.79±12a 18.31±71b 11.71±11b

T-12L-7c 29.15±37b 19.67±31b 11.25±51b

T-13L-6b 28.17±67c 18.27±56b 12.37±73a

T-13L-7b 29-37±54b 20.37±19a 10.19±43c

T-12L-7c 28.62±32c 18.15±21b 10.57±91c

T-13L-6b 26.32±19d 16.56±37d 9.21±13d

Table 2: Vertebrae variation and characteristics in 
Harnai breed.
Type of 
vertebrae 

Average thoracic 
vertebrae length 
(cm)

Average lumber 
vertebrae length 
(cm)

Average 
carcass 
weight (kg)

T-12L-6b 29.21±43a 16.31±25a 7.13±63a

T-11L-4c 27.29±72c 15.41±51b 7.01±67a

T-11L-6b 26.19±47d 15.87±37b 6.21±91b

T-11L-7a 26.35±22d 14.31±16c 6.43±53b

T-12L-5c 27-31±57c 16.45±93a 7.25±87a

T-11L-6b 28.52±12b 16.53±23a 7.17±83a

T-11L-4c 26.33±51d 15.73±33b 6.27±49b

The findings of present study showed that there was 
variation observed in number of vertebrae of Balochi 
and Hanrai sheep. It should be observed at the low 
level of spontaneous rate of mutation in mammalian 
vertebrates. It has been reported by Saber (2008); 
Lori et al. (2005) and Donaldson et al. (2013) that 
very few numbers of variations in vertebrae column 
has been observed in donkey and sheep. However, 
Donaldson et al. (2013), reported that high number 

of frequencies 30 to 40 percent of vertebrae character 
was recorded in four different sheep breeds including 
Scottish Blackface, Poll Dorset Cross Mule, Texel 
cross Mule and Texel. With collecting the ideas 
of various researchers and our study it is common 
phenomenon of variation among vertebrae column 
between and within breed of sheep animal. Mikwa 
et al. (2007), supported the findings of our study, 
who reported that multi vertebrae of Bacon pig has 
produced after screening of thoracolumbar region 
variation more meat production. Johnson et al. (2005) 
and Barone et al. (2007), depicted that feeding and 
management system mainly affected the carcass 
weight, carcass pieces, and carcass characteristics in 
those animals that have more number of thoracic and 
lumber vertebrae variation in their vertebrae column. 
Kaleri et al. (2022) and Hopkins et al. (2007), revealed 
that higher carcass weight was recorded in male lamb 
animal particularly from lower part of neck, shoulder 
that might be due to long leg and higher fat ratio 
on body as compared with female animal. Higher 
meat was produced by male animals as compared 
with female that might be due to better feeding and 
management practices with sex influenced particularly 
more variation due to higher number of thoracic and 
lumber vertebrae variation in their vertebrae column. 
In the same way multi vertebrae variation for Balochi 
breed was observed with significant improved carcass 
weight by producing more additional meat yield as 
compared with Harnai breed having less vertebrae 
variation with small amount meat. Whereas in both 
breeds increased in the number of thoracic and 
lumber vertebrae with T14 and L7 or 6 have possess 
more increased one or two kg of carcass weight as 
compared with those animals with no variation in 
thoracic and lumber vertebrae regions. The findings 
of our study showed that multi-vertebrae Balochi and 
Harnai sheep is beneficial for carcass weight.

Conclusions and Recommendations
 
It is concluded that variation in thoracic and lumber 
vertebrae of Balochi and Harnai sheep have potential 
to increased carcass weight, length and quality. It is also 
concluded that further studies should be carried out 
for assessment of various carcass traits including (bone 
proportion, muscles and fat of specially the carcass.

Acknowledgement

Present study is the part of PhD thesis submitted by 

Kaleri et al.



Journal of Innovative Sciences
June 2023 | Volume 9 | Issue 1 | Page 86

Mr. Rameez Raja Kaleri submitted to the Depart-
ment of Animal Breeding and Genetics, Faculty of 
Animal Husbandry and Veterinary Sciences, Sindh 
Agriculture University, Tandojam.

Novelty Statement

The importance of sheep as meat producing animal 
increasing worldwide. The increase of thoracic or 
lumbar number potentially had significant effects 
on carcass length and weight of sheep. It is therefore 
highly important to investigate vertebral variation 
and the association with carcass length and weight in 
Balochi and Harnai sheep.

Author’s Contribution

Conceived and Designed the Experiment: HA Kaleri, 
RR Kaleri and GM Solangi. Performed Experiment: 
RR Kaleri. Collected the Data: MA Memon, DK 
Bhuptani and AW Solangi. Analyzed the data: AK 
Kanshi, S Dhari and MA Gopang. Wrote the Paper: 
RR Kaleri.

Conflict of interest
The authors have declared no conflict of interest.

References

Barone, C.M.A., Colatruglio, P., Girolami, A., 
Matassino, D., and Zullo, A., 2007. Genetic 
type, sex, age at slaughter and feeding system 
effects on carcass and cut composition in 
lambs. Livest. Sci., 112: 133–142. https://doi.
org/10.1016/j.livsci.2007.02.003

Donaldson, C.L., Lambe, N.R., Maltin, C.A., 
Knott, S., and Bunger, L., 2013. Between- and 
within-breed variations of spine characteristics 
in sheep. J. Anim. Sci., 91: 995–1004. https://
doi.org/10.2527/jas.2012-5456

Green, E.L., 1939. The inheritance of a rib variation 
in the rabbit. Anat. Rec., 74: 47–60. https://doi.
org/10.1002/ar.1090740106

Hopkins, D.L., Stanley, D.F., Martin, L.C., Toohey, 
E.S., and Gilmour, A.R., 2007. Genotype and 
age effects on sheep meat production. 3 Meat 
quality. Aust. J. Exp. Agric., 47: 115-1164. 
https://doi.org/10.1071/EA06299

Johnson, P.L., Purchas, R.W., McEwan, J.C., and 
Blair, H.T., 2005. Carcass composition and meat 
quality differences between pasture-reared ewe 

and ram lambs. Meat Sci., 71: 383-391. https://
doi.org/10.1016/j.meatsci.2005.04.021

Kaleri, R.R., Kaleri, A., Kaleri, A., Shah, R.A., 
Kumar, R., Kumar, D., and Marri, G.M., 
2018. Short communication correlation and 
regression coefficient estimates between 
some growth performance traits of Harnai 
sheep. Biological Sciences-PJSIR, 61(2): 112-
114. https://doi.org/10.52763/PJSIR.BIOL.
SCI.61.2.2018.112.114

Kaleri, R.R., Kaleri, H.A., Khosa, A.N., Mangi, 
R.A., Solangi, G.M., Gopang, M.A. and Yaqub, 
M., 2023. Effect of animal breed on the different 
parts of carcass traits of various sheep breeds of 
Baluchistan. Pure Appl. Biol., 12(2): 874-879. 
https://doi.org/10.19045/bspab.2023.120087

Li, C., Zhang, X., Cao, Y., Wei, J., You, S., Jiang, 
Y., and Hu, S. 2017. Multi-vertebrae variation 
potentially contribute to carcass length and 
weight of Kazakh sheep. Small Ruminant 
Research, 150, 8-10.

Lori, D.N., Macleay, J.M., and Turner, A.S., 2005. 
Variation in the lumbar spine of the mature 
ewe: A descriptive study. Vet. Radiol. Ultrasound, 
46: 105–107. https://doi.org/10.1111/j.1740-
8261.2005.00021.x

Mikawa, S., Hayashi, T., Nii, M., Shimanuki, 
S., Morozumi, T., and Awata, T., 2005. 
Two quantitative trait loci on Sus scrofa 
chromosomes 1 and 7 affecting the number of 
vertebrae. J. Anim. Sci. 83: 2247–2254. https://
doi.org/10.2527/2005.83102247x

Mikawa, S., Morozumi, T., Shimanuki, S., Hayashi, 
T., Uenishi, H., Domukai, M. and Awata, T. 
2007. Fine mapping of a swine quantitative 
trait locus for number of vertebrae and analysis 
of an orphan nuclear receptor, germ cell nuclear 
factor (nr6a1). Genome Res. 17: 586–593. 
https://doi.org/10.1101/gr.6085507

Saber, A.S., 2008. Numerical variation of the sacral 
segments in the donkey (equusacinus). Tashkila 
Net., 1: 54–58. https://doi.org/10.21608/
jva.2008.45455

Vatta, M., Ackerman, M.J., Ye, B., Makielski, J.C., 
Ughanze, E.E., Taylor, E.W., and Towbin, J.A., 
2006. Mutant caveolin-3 induces persistent 
late sodium current and is associated with 
long-QT syndrome.  Circulation,  114(20): 
2104-2112. https://doi.org/10.1161/
CIRCULATIONAHA.106.635268

Wada, Y., Akita, T., Awata, T., Furukawa, T., Sugai, 

Contribution of Multi Vertebrae Variation to the Carcass Weight of Balochi and Harnai Sheep Breeds 

https://doi.org/10.1016/j.livsci.2007.02.003
https://doi.org/10.1016/j.livsci.2007.02.003
https://doi.org/10.2527/jas.2012-5456
https://doi.org/10.2527/jas.2012-5456
https://doi.org/10.1002/ar.1090740106
https://doi.org/10.1002/ar.1090740106
https://doi.org/10.1071/EA06299
https://doi.org/10.1016/j.meatsci.2005.04.021
https://doi.org/10.1016/j.meatsci.2005.04.021
https://doi.org/10.52763/PJSIR.BIOL.SCI.61.2.2018.112.114
https://doi.org/10.52763/PJSIR.BIOL.SCI.61.2.2018.112.114
https://doi.org/10.19045/bspab.2023.120087
https://doi.org/10.1111/j.1740-8261.2005.00021.x
https://doi.org/10.1111/j.1740-8261.2005.00021.x
https://doi.org/10.2527/2005.83102247x
https://doi.org/10.2527/2005.83102247x
https://doi.org/10.1101/gr.6085507
https://doi.org/10.21608/jva.2008.45455
https://doi.org/10.21608/jva.2008.45455
https://doi.org/10.1161/CIRCULATIONAHA.106.635268
https://doi.org/10.1161/CIRCULATIONAHA.106.635268


Journal of Innovative Sciences
June 2023 | Volume 9 | Issue 1 | Page 87

N., Inage, Y. and Yanai, S.  2000. Quantitative 
trait loci (qtl) analysis in a meishan x 
göttingen cross population. Anim. Genet. 31: 
376–384. https://doi.org/10.1046/j.1365-
2052.2000.00696.x

Wong, S.F.L., Agarwal, V., Mansfield, J.H., 
Denans, N., Schwartz, M.G., Prosser, H.M. 
and McGlinn, E. 2015. Independent regulation 
of vertebral number and vertebral identity 
by microrna-196 paralogs. Proc. Natl. Acad. 
Sci. U.S.A., 112: 4884–4893. https://doi.
org/10.1073/pnas.1512655112

Yang, G., Ren, J., Zhang, Z., and Huang, L., 2009. 
Genetic evidence for the introgression of 
western nr6a1 haplotype into Chinese Licha 

breed associated with increased vertebral 
number. Anim. Genet., 40: 247–250. https://doi.
org/10.1111/j.1365-2052.2008.01820.x

Zhang, L., Xuguang, L., and Shiquan, Z., 1998. The 
lengths of thoracic and lumbar vertebrae and 
the performance of Mongolia sheep.  Journal 
of Inner Mongolia Institute of Agriculture and 
Animal Husbandry, 19(3): 1-5. 

Zhang, Z., Sun, Y., Du, W., He, S., Liu, M., and 
Tian, C., 2017. Effects of vertebral number 
variations on carcass traits and genotyping of 
Vertnin candidate gene in Kazakh sheep. Asian-
Australasian Journal of Animal Sciences,  30(9): 
1234. https://doi.org/10.5713/ajas.16.0959

Kaleri et al.

https://doi.org/10.1046/j.1365-2052.2000.00696.x
https://doi.org/10.1046/j.1365-2052.2000.00696.x
https://doi.org/10.1073/pnas.1512655112
https://doi.org/10.1073/pnas.1512655112
https://doi.org/10.1111/j.1365-2052.2008.01820.x
https://doi.org/10.1111/j.1365-2052.2008.01820.x
https://doi.org/10.5713/ajas.16.0959

