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Summary
As gene bank collections develop there are opportunities to collect germplasm using criteria
other than random sampling or genetic relationships. For Brazil and the U.S., it has become
apparent that sampling based upon environmental adaptability could enrich germplasm
collections. By combining current U.S. beef cattle germplasm collection with GIS
approaches, areas of sample concentration and underrepresented were identified for Bos
taurus taurus and Bos taurus indicus. The methods used in this evaluation can be extended to
using genotypes within or among breeds to promote sampling in environmentally unique
areas.
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Introduction
Over the last decade substantial strides have been made in conserving animal genetic
resources in gene banks (Paiva et al., 2016). Further work is needed to characterize
collections and make data available for scientific and private communities. For example,
Blackburn et al. (2017) demonstrated the presence of subpopulations in Hereford that
significantly varied in allele frequencies for loci associated with an animal’s ability to adapt
to various environmental stressors. In addition, it was discovered that Holstein Y
chromosome diversity has been reduced to two sires among the US AI population (Yue et al.,
2015).
The genetic resource efforts in Brazil and the United States have begun to explore how
environmental conditions, as visualized through geographic information systems (GIS), might
be used in combination with current collection status as a tool for further collection efforts
(e.g., Hermuche et al., 2013 and McManus et al., 2014). Here we report the first work
combining the source of germplasm samples in a gene bank with environmental variables and

explore the ramifications of combining these types of data. Specifically, we compare the beef
breeds of Bos taurus taurus and Bos taurus indicus (BI) and decompose the Bos taurus taurus
into breeds from British (BR) or Continental European (CE) origin.

Material and Methods
The US beef cattle germplasm collection has over 200,000 samples from 3,441 animals,
where there are 40 Bos taurus taurus and 10 Bos taurus indicus (including composites)
breeds. The city and state of the breeder producing the animals sampled are maintained in the
Animal-GRIN database (https://nrrc.ars.usda.gov/A-GRIN/main_webpage). The repository is
located at USDA-ARS National Animal Germplasm Program (NAGP) in Fort Collins, CO,
US.
County level data for animal inventory were obtained from USDA - National
Agricultural Statistics Service for the years 2007, 2010 and 2012. A county is a political and
administrative division of a state, there are no set standards for country number and size
across the 50 states. In the present study only counties and equivalents within the continental
US border were considered. Vegetation cover data were obtained from the average annual
(2015) and from Normalized Difference Vegetation Index (NDVI) derived from images of
MODIS (Moderate Resolution Imaging Spectroradiometer) sensor. Precipitation and
temperature data were processed by Hijmans et al. (2005) and data was interpolated using
Spline algorithm with a special resolution of 30 seconds (near 1km). Elevation/altitude was
derived from data obtained from the Shuttle Radar Topography Mission (SRTM) with a 30meter resolution (NASA, 2017). Relative humidity data were obtained from the Surface
Meteorology and Solar Energy Laboratory (SSE/NASA, 2017). The Temperature and
Humidity Index (THI) relates the thermal comfort range of animals to the ambient
temperature and relative humidity. All variables were spatialized in ArcGis 10.1 with
geographic projection Lat/Long and Datum WGS 84 from the Zonal Statistics tool based on
vector data relating to counties (US Census Bureau, 2017). This tool calculates the average
value for each county.
Maps were generated with the average number of beef cattle (inventory) from the three
years and then converted to raster format (GRID) and processed in ENVI software (Version
4.5, ITT Visual Information Solution, www.ittvis.com). To analyse the dynamics of
production growth, maps were drawn for relative growth rate (%) of production by
municipality in ArcGis 10.1 program (ESRI, Redlands, CA: Environmental Systems Research
Institute), with Latitude and Longitude geographic projection and WGS 84 Datum from the
Zonal Statistics tool based on the vector data for the counties (USDA-NASS, 2017). This tool
calculates the average of the values of each variable for each county. NAGP repository
samples were spatialized and correlated with counties with inventory data at USDA NASS
data bank. Counties with different beef cattle inventory were selected using the standard
deviation of the data set. We have defined three main groups: Bos taurus indicus (BI) and
decompose the Bos taurus taurus into breeds from British (BR) or Continental European (CE)
origin. The definition of the intervals pertaining to each environmental variable was made
based on the frequency histograms of the data.

Results and Discussion
Figure 1 illustrates average beef cattle inventory across the US. NAGP repository
sample locations are also noted by BI, BR and CE. As expected BI samples were principally

derived along the Gulf Coast region while CE and BR tend to be more concentrated among
the Great Plains/Mid-West with some samples being derived from the southwest and Gulf
Coast areas.
Figure 2 details the areas where CE, BR (A) and BI (B) have the same environmental
variables as the counties that has more than 3 repository animals. This prediction is very
important to suggest areas that should fit easily into the production environment and areas
where new sampling efforts should occur. For example, in Figure 2A, Nebraska, North and
South Dakota BR and CE overlap, while in western states like Wyoming and Montana BR
breeds are more prevalent, this is most likely due to lower levels of forage production which
in-turn influences optimal cow body size. Core areas for CE tended to be in the following
states: Iowa, Missouri, Kansas, Oklahoma, Indiana and Wisconsin. Figure 2B identifies areas
with substantial uniformity of environmental elements to successfully support BI cattle
production. The distribution along the Gulf Coast is not surprising, but the potential range for
these genotypes extends further north than what might normally be expected. It is noted that a
relatively large area of California has a similar environmental setting for BI production.
Given the geographic similarities identified for BI, CE and BR we turn to identify
locations for future sampling. Obviously BI breeds which have been traditionally contained
along the Gulf Coast Figure 2B suggests that future sampling should be in the northern
portions of the green shaded area and if possible areas not coloured. Taking this approach will
increase the likelihood that BI with allele frequencies enabling them to cope with more
northerly environmental stressors will be captured in the gene bank. Figure 2A suggests
collections for either BR or CE should be made from outside the coloured areas or along the
fringes of those areas. It would seem that areas in the western US should be a priority for
sampling. Looking southeast there are areas in North and South Carolina and Georgia that are
conducive to CE breeds and collections should target those areas and CE breeders might
consider expansion in those areas.

Conclusion
Based upon the environments where beef cattle are produced in the US the collection to
date has sampled those areas particularly for CE and BR. Additional sampling is need in the
more westerly states of New Mexico, Nevada California and Utah. BI sampling should
increase in the more northerly states of Tennessee and Kentucky to capture allele frequencies
that may better enable those breeds to perform outside the deep south. Further exploration of
collections, in-situ populations across environmental situations at the molecular level will
help to further refine the sampling process.

Figure 1. Average Beef cattle Inventory (number of heads) in U.S.A (colours) and geographic
distribution of beef cattle repository samples stored at USDA-ARS Gene Bank (circles).
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Figure 2. Prediction of the areas in the US with the same environmental variables as the
current in situ and ex situ distribution of three main beef cattle groups: Bos taurus taurus
from British and from Continental Europe (A) and Bos taurus indicus (B).

List of References
Blackburn, H.D., Krehbiel, B., Ericsson, S.A., Wilson, C., Caetano, A.R. and Paiva, S.R., 2017. A
fine structure genetic analysis evaluating ecoregional adaptability of a Bos taurus breed
(Hereford). PloS one, 12(5), p.e0176474.
ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute.
Hermuche, P.; Guimarães, R.F.; Carvalho, O.A.; Gomes, R.A.T.; Paiva, S.R.; McManus, C.M.
Environmental factors that affect sheep production in Brazil. Applied Geography (Sevenoaks), v.
44, p. 172-181, 2013.
Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., & Jarvis, A. Very high resolution interpolated
climate surfaces for global land areas. International journal of climatology, 25(15), 1965-1978,
2005.
McManus, C.; Potira, H.; Paiva, S.R.; Ferrugem Moraes, J.C.; de Melo, C.B.; Mendes, C.
Geographical distribution of sheep breeds in Brazil and their relationship with climatic and
environmental factors as risk classification for conservation. Brazilian Journal of Science and
Technology, v.1:3, 2014.
NASA.
National
Aeronautics
and
Space
Administration.
(2017).
SRTM
Hydroshed.http://hydrosheds.cr.usgs.gov/datasource.php Accessed Jul 2017.
Paiva, S.R., McManus, C.M. and Blackburn, H. Conservation of animal genetic resources–A new
tact. Livestock Science, 193, pp.32-38, 2016
Yue, X. P., Dechow, C., & Liu, W. S. (2015). A limited number of Y chromosome lineages is present
in North American Holsteins. Journal of dairy science, 98(4), 2738-2745.

