The mosaic genome of African cattle: a unique adaptive
genetic resource



https://youtu.be/SFFdE0NsEe0

International Livestock Research Institute (ILRI)
One of the 12 One CGIAR research centres

ICARDA
PRI F|overmFy | Beirut IRRI
Wash. DC QWern?UTna Lebanon IWMI Los Banos
DS ome ltaly Colombo  phillippines

Sri Lanka

ILRI is a CGIAR
research centre, a
global research
partnership for a food-
secure future. CGIAR
science is dedicated to
reducing poverty,
enhancing food and CIMMYT
nutrition security, and Mexico City
. . Mexico
improving natural

resources and

ecosystem services.

WorldFish
Penang
\EIEVSE]

_ CIAT

Peru Cali
Colombia
AfricaRice IITA
Ibadan
Cotonou o
Nigeria

Benin



Livestock Genetics — ILRI cattle, chicken, small ruminants
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A Validated Genome Wide Association Study to Breed

Cattle Adapted to an Environment Altered by Climate
Change

Ben J. Hayes'*, Phil J. Bowman', Amanda J. Chamberlain’, Keith Savin', Curt P. van Tassell?, Tad S.
Sonstegard®, Mike E. Goddard'® 2009

Purpose: Within-breed selection of cattle adapted to predicted changes in the

environment by studying the sensitivity of milk production to environmental
conditions (feeding level and temperature humidity).

But what about between breeds
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* There are at least 150 recognized indigenous
African cattle ‘breeds’, a fifth of world’s cattle
breeds; 300 million heads (Rege and Bester 1998;
Dessie and Okeyo, 2019)

White Fulani

Tuli Kenya Boran N’Dama

https://www.ilri.org/publications/story-cattle-africa-why-diversity-matters



Humpless Shorthoms

Large East African Zebu

Small East African Zebu

West African Zebu

East African Sanga

South African Sanga

Example of African cattle adaptation .......

W'Dama
Savanna Muturu
Sheko

wenvan Boran
(Orma Boran
Turkana
Angoni
Arsi
Jem-Jem
Mongolla
Muba Mountain Zebu

Upog
Azaouak
Red Fulam
Sudanese Fulani
White Fulani
Yola
Bahima*
Raya-Azebo
Afrnkaner
Barotse
Landim*

Mashona
Nguni

Iswana
Tuli
Alur

Tolerance to trvpanosomosis and cattle ticks
Sexual dimorphism on body size, well-fleshed body
Tolerance to rypanosomosis
Active disposition
Adapted to a very drv climate ——
Walking ability, highly adapted to harsh conditions, herd instinct, mothering
ability, longevity, sex dimorphism
Tolerance to tnvpanosomosis
survive on very poor pasture end scarce water, walking ability
Adapted to browsing during dry season, varigble coat color and size of homs
Poor milkers, extremely active and often very aggressive
Well adapted to the wet and cold climate ——
& ¢ to trypanosomosis, well fleshed
Dwarf, tolerance to trvpanosomosis
(sood dairv and beef characteristics

Very well adapted to drought Ge——————
Mervous and intractable temperament, poor milkers
Good walking ability
(Good dairy and beef characteristics
ed tolerance to trypanosomosis, highly variable conformation
-eptible to rinderpest and trypanosomosis
vd draught power

Walking and bility, good mothering ability, longevity
Docile temperament making it a good work animal

Well adapted to hot, humid weather as well as dry periods, very resistant to Foot
and Mouth Disease

High fertility, strong maternal instinct, docile disposition

High fertility, early sexual maturity, good foraging and walking ability, good
ing ability

Tolerance to ticks, resistance to the endemic heartwater

High fertility, pood mothering ability, low calf mortality
Thought to have trypanotolerance

African Indigenous
Cattle: Unique
Genetic Resources
in a Rapidly
Changing World

0. Mwai, O.
Hanotte, Y-J Kwon,
S. Cho (2015) Asian
Asian - Autralasian
Journal of Animal
Sciences
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North — African sites with early presence of African cattle
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Origin and migration routes
of domestic cattle in Africa

MOLECULAR ECOLOGY

2000 One Y micro

Geographic distribution and frequency of a taurine Bos taurus .

and an indicine Bos indicus Y specific allele amongst sub-Saharan
African cattle breeds

O. Hanotte X, C. L. Tawah, D. G. Bradley, M. Okomo, Y. Verjee, J. Ochieng, J. E. O. Rege
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African Pastoralism: Genetic
Imprints of Origins and
Migrations

Olivier Hanotte,'* Daniel G. Bradley,? Joel W. Ochieng,’
Yasmin Verjee,' Emmeline W. Hill,? ). Edward O. Rege®

The genetic history of African cattle pastoralism is controversial and poorly
understood. We reveal the genetic signatures of its origins, secondary move-
ments, and differentiation through the study of 15 microsatellite loci in 50
indigenous cattle breeds spanning the present cattle distribution in Africa. The
earliest cattle originated within the African continent, but Near East and
European genetic influences are also identified. The initial expansion of African
Bos taurus was likely from a single region of origin. It reached the southern part
of the continent by following an eastern route rather than a western one. The
B. indicus genetic influence shows a major entry point through the Horn and
the East Coast of Africa and two modes of introgression into the continent.

Cattle pastoralism is widespread in Africa
today and still forms the basis of life for
millions across the continent. Two hypothe-
ses for the origins of African domesticated
cattle are currently debated. The North Afri-
can subspecies of wild cattle or aurochs Bos
primigenius (/) may have undergone an in-
digenous  African domestication around
10,000 years ago, possibly in the northeast of

carliest evidence for humped cattle on the
continent, provided by Egyptian tomb paint-
ings of the XIIth Dynasty, do not appear until
the second millennium BC (/7, 12), which
suggests that the Egyptian civilization may
have played a role in the introduction of zebu
into the continent. Tod most modern
breeds have an appreciable zebu ancestry (7,
§), which attests to a major secondary intro-

15 microsatellite loci

>

Centre of
domestication

Bos taurus
(longhorn/shorthorn)
6000-2500 BC

Bos taurus
(African)
5000 BC-500 AD

Bos indicus
(Zebu - 1st wave)
>2000 BC

Bos indicus
(Zebu - 2nd wave)
>700 AD

© Graphics unit/ILRI
Dave Elsworth
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Time to Tap Africa’s
Livestock Genomes

Olivier Hanotte,' Tadelle Dessie,? Steve Kemp?®

f you travel across rural Africalooking for
livestock such as cows, pigs, and goats,
rather than scenic or wildlife wonders,
you will be struck by the extraordinary diver-
sity of its indigenous breeds (7). But the visual
wonders of coat color or horn shape are only
the tip of the iceberg. Looking deeper, a world
of Darwinian adaptations—fromthe ability to
tolerate parasites to robust milk production—

Genetic studies are revealing the origins
of today’s African livestock. It is a complex
history that includes human-driven migra-
tion, dispersion, crossbreeding, and trading
(2). Africa’s proximity to the major livestock
domestication centers in the Near East, as
well as oceanic currents and weather patterns
linking the East African coast to South and
Southeast Asia, have offered multiple oppor-

tunities for livestock intro-
ductions. Human migrations,
such as the spread of Bantu-
speaking people from their
stronghold in western and
Central Africa to the south-
ern part of the continent, and
the Islamization of eastern
and northern Africa, further
favored dispersion of live-
stock. Last but not least, Euro-
pean influences added a layer
of livestock genetic diversity
from the north.

Throughout its history,
this diversity has been shaped

by subtle combinations of

WWW.SCIencemaag.o

We need to better understand and exploit
the genetic diversity of Africa’s indigenous
livestock breeds—before they fade awa

2010

to pressure to increase short-term product
ity, fueled by changing demography and
ing demand for livestock products. The res
is a livestock sector increasingly dependd
on external inputs such as veterinary intervq
tion and feed. This trend threatens to exclt
a majority of rural farmers from livestc
production and raises questions about lo
term sustainability. Perhaps more seriously
also drives an irreversible loss of the unic
adaptations of indigenous hivestock, reduci
options for future productivity improveme
that could benefit local farmers.
Fortunately, the fields of genetics a
genomics (3—3) offer a new start for the s
tainable improvement of African livestc
productivity. Landscape genomics lir
genome-wide information to geo-envirg
mental resource analysis to identify potg
tially valuable genetic material. Typica
researchers will perform a genome-wide s
on a number of animals from populations 1
ing in different habitats or across an ecolo
cal cline (from dry to wet areas, for instanc
Regions where livestock face selection pry
sure from environmental conditions, such




The Variation of Animals
and Plants under
Domestication (Volume 1)
Charles Darwin

> I have often speculated on the probable cause through
which each separate district in Great Britain came to
possess in former times its own peculiar breed of
cattle.....”

“’... I conclude that, although slight differences in the
nature of the climate, food, etc., as well as changed habits
of life, aided by correlation of growth, and the occasional
appearance from unknown causes of considerable
deviations of structure, have all probably played their
parts; yet the occasional preservation in each district of
those individual animals which were more valued by each
owner has perhaps been even more effective in the
production of the several British breeds...”



LRI

LIVESTOCK RESEARCH

Kim et al. Genome Biology (2017) 18:34

DOI 10.1186/513059-017-1153-y Genome BIOIOgy

The genome landscape of indigenous L
African cattle 2017

Jaemin Kim'", Olivier Hanotte®?", Okeyo Ally Mwai?, Tadelle Dessie?, Salim Bashir®, Boubacar Diallo®, Morris Agaba’,
Kwondo Kim'®, Woori Kwak', Samsun Sung’, Minseok Seo', Hyeonsoo Jeong®, Taehyung Kwon'®,

Mengistie Taye'®"", Ki-Duk Song'#'®, Dajeong Lim'?, Secae Cho', Hyun-Jeong Lee®*', Duhak Yoon ',

Sung Jong Oh'®, Stephen Kemp™'”, Hak-Kyo Lee'*'®"" and Heebal Kim'"%"®"

Abstract

Background: The history of African indigenous cattle and their adaptation to environmental and human selection
pressure is at the root of their remarkable diversity. Characterization of this diversity is an essential step towards
understanding the genomic basis of productivity and adaptation to survival under African farming systems.

Results: We analyze patterns of African cattle genetic variation by sequencing 48 genomes from five indigenous
populations and comparing them to the genomes of 53 commercial taurine breeds. We find the highest genetic
diversity among African zebu and sanga cattle. Our search for genomic regions under selection reveals signatures
of selection for environmental adaptive traits. In particular, we identify signatures of selection including genes and/
or pathways controlling anemia and feeding behavior in the trypanctolerant N'Dama, coat color and horn
development in Ankole, and heat tolerance and tick resistance across African cattle especially in zebu breeds.

Conclusions: Our findings unravel at the genome-wide level, the unique adaptive diversity of African cattle while
emphasizing the opportunities for sustainable improvement of livestock productivity on the continent.

M| e u

Keywords: African cattle, Genome, Adaptation, Diversity BB B R U




The genome landscape of indigenous African cattle
J. Kim, O. Hanotte et al. (2017) Genome Biology




Table 1 Summary of major candidate regions identified from XP-EHH and XP-CLR in each breed comparison (see Additional files 2
and 3 for summary values of all candidate genes)

Gene CHR® Max XP-EHH" XP-EHH P value® XP-CLR Association Candidate SNP position Selected breed

2 597.3 Circadian rhythm, N‘Dama
feeding behavior

5250 Anemia 112665146 N'Dama
(D.Met48Val)

0.0002 831.1 Anemia N'Dama
0.0024 Anemia N'Dama

Anemia 38523031 N'Dama
(p.Arg503His)

RPSZ26 Anemia N'Dama

KIT 0.0050 Coat color Ankole
MITF 2z 1.90 0.0032 Coat color Ankole
PDGFRA 0.0001 " Coat color Ankole
FGF18 20 Horn development Ankole

MCIR 3 Coat color Ankole

OD1 Thermoregulation 3116044 B. indicus

; \
p.lle95Phe) g
: African

@ ' 0.0014 Thermoregulation 117646610 B. indicus
(o Ara76His)
- i D.Arg76His) o
17 0.0039 P African

RN

BOLA 23 1.19 0.003 10.13 Tick resistance African

Dash (-) indicates non-significant results
“Chromosome
“Maximum (positive) XP-EHH score of all SNPs within a window

“Rank-based empirical P value of genomic region K|m' Hanotte et al. Genome B|0|0gy 2017
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Functionally reciprocal mutations of the prolactin
signalling pathway define hairy and slick cattle

Mathew D. Littlejohn2*, Kristen M. Henty?*, Kathryn Tiplady', Thomas Johnson!, Chad Harland’,
Thomas Lopdell', Richard G. Sherlock!, Wanbo Li3, Steven D. Lukefahr?, Bruce C. Shanks®, Dorian J. Garrick®,
Russell G. Snell?, Richard J. Spelman! & Stephen R. Davis’

Lactation, hair development and homeothermy are characteristic evolutionary features that
defin g species. Here we describe the discovery of two PRL - SenepOI

autosomal dominant mutatic iceffe PRLR - SenepOI
" PRLH — African Zebu

hair morphology phenotypes, giving prominence to this pathway outside of its classical roles

in lactation.
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W) Check for updates

The mosaic genome of indigenous African cattle as

a unique genetic resource for African pastoralism

Kwondo Kim©'2?, Taehyung Kwon®?, Tadelle Dessie?, DongAhn Yoo#, Okeyo Ally Mwai®,

Jisung Jang*, Samsun Sung?, SaetByeol Lee? Bashir Salim®?¢, Jaehoon Jung', Heesu Jeong*,
Getinet Mekuriaw Tarekegn’®, Abdulfatai Tijjani©3°, Dajeong Lim'°, Seoae Cho?, Sung Jong Oh",
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Cattle pastoralism plays a central role in human livelihood in Africa. However, the genetic history of its success remains unknown.
Here, through whole-genome sequence analysis of 172 indigenous African cattle from 16 breeds representative of the main cat-
tle groups, we identify a major taurine X indicine cattle admixture event dated to circa 750-1,050 yr ago, which has shaped the
genome of today's cattle in the Horn of Africa. We identify 16 loci linked to African environmental adaptations across crossbred
animals showing an excess of taurine or indicine ancestry. These include immune-, heat-tolerance- and reproduction-related

genes. Moreover, we identify one highly divergent locus in African taurine cattle, which is putatively linked to trypanotolerance
and present in crossbred cattle living in trypanosomosis-infested areas. Our findings indicate that a combination of past taurine
and recent indicine admixture-derived genetic resources is at the root of the present success of African pastoralism.

Admixture Signature of selection Candidate ancestral selected
characterization adaptation gene identification
Admixture Signature of selection Identification of unique

dating ancestry African ancestry candidates
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Eigenvector 2

Population structure and admixture of indigenous African

cattle
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Signatures of selection analysis and signatures of selection ancestry

Table 1| Common AFH candidate regions identified in the iHS and local ancestry (taurine or indicine) inference (LOTER, top 0.5%

windows) analysis

BTA*  Region (Mb) No. of Proportion Ancestry  F; Genes identified Previous studies
windows of SNPs with (%)
|iHS| > 2 (%)
Regions with an excess of indicine ancestry
3 120.30-120.40 2 67.74 93.02 0.3390 PASK, PPP1R7, SNEDT, MTERF4 Kim et al.”!
3 120.45-120.55 2 63.33 92.86 0.2913 SEPTINZ2, FARP2, HDLBP Makina et al.*®
3 120.60-120.65 1 79.35 92.62 0.2875 FARP2, STK25, BOK Makina et al.*®
3 120.70-120.80 2 83.36 92.62 0.2553 INGS, D2HGDH, THAP4, ATG4B, DTYMK Kim et al.”'
Makina et al.”®
3 120.85-120.90 1 79.25 92.62 0.3182 RTPS Makina et al.*®
7 49.75-49.80 1 65.74 92.62 0.3817 KDM3B Gautier et al.®®
7 50.05-50.25 4 6790 91.28 04179 CTNNAT, LRRTM2, ENSBTAGO0000004415  Kim et al.”
Gautier et al*°
7 50.30-50.45 3 7517 91.28 0.6321 SIL1 Kim et al.*!
Gautier et al®®
7 50.55-51.15 12 86.06 92.05 0.4861 PSD2, NRG2, DNAJC18, ECSCR, SMIM33, Bahbahani et al.*®
STINGT, CXXCS5, UBE2D2, MATR3, PAIP2, Kim et al.”'
SLC23A1, MZBT, PROBI1, SPATA24 Bahbahani et al.”®
Gautier et al.®”
13 56.95-57.00 1 82.80 93.58 0.3090 - -
13 57.05-57.10 1 73.94 93.76 0.2685 EDN3 =
13 5715-57.65 10 8195 92.69 0.3114 PRELID3B, ATP5FIE, TUBBI1, CTSZ, NELFCD, Kim et al.”!
ZNF831, GNAS Bahbahani et al.”®
19 39.65-39.85 4 67.07 9244 0.2982 STAC2, FBXL20, MED], PLXDCT1, CACNBI, Bahbahani et al.**
RPL19, ENSBTAGO0000008368, Gautier et al.®®
ENSBTAGO0000050597
Regions with an excess of taurine ancestry
10 9215-92.25 2 72.23 5998 0.321 CEP128, ENSBTAGO0000047322 -
n 14.40-14.45 1 67.08 61.19 0.4337 = =
n 14.65-14.85 4 78.31 61.34 0.2870 MEMOT, DPY30, SPAST, SLC30A6, -

NLRC4, ENSBTAGO0000048521,
ENSBTAG00000049576

*B. taurus autosomes. The proportion (%) of SNPs (|iHS|> 2) and ancestries are averaged values over windows. The F;; values are pairwise values between reference populations (EAT and AAI) averaged
over windows. Dashes (-) indicate that no genes have been annotated within the region or have not overlapped with candidate selection signals in African cattle from previous studies
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Unique selection signatures in African taurine
following their separation from the common ancestor with Eurasian taurine
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Genomic signatures for drylands adaptation at gene-rich regions in African
zebu cattle
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ABSTRACT

Background: Indigenous Sudanese cattle are mainly indicine/zebu (humped) type. They thrive in the harshest
dryland environments characterised by high temperatures, long seasonal dry periods, nutritional shortages, and
vector disease challenges. Here, we sequenced 60 indigenous Sudanese cattle from six indigenous breeds and
analysed the data using three genomic scan approaches to unravel cattle adaptation to the African dryland
region.

Results: We identified a set of gene-rich selective sweep regions, detected mostly on chromosomes 5, 7 and 19,
shared across African and Gir zebu. These include genes involved in immune response, body size and confor-
mation, and heat stress response. We also identified selective sweep regions unique to Sudanese zebu. Of these, a
250 kb selective sweep on chromosome 16 spans seven genes, including PLCH2, PEX10, PRKCZ, and SKI, which
are involved in alternative adaptive metabolic strategies of insulin signalling, glucose homeostasis, and fat
metabolism.

Conclusions: Our results suggest that environmental adaptation may involve recent and ancient selection at gene-
rich regions, which might be under a common regulatory genetic control, in zebu cattle.
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Table 3 Selection scan results for 21 candidate genes

Gene Window normalized normalized weighted Functional description

symbol  (chrstart-end) XP-CLR nSL Fer

LYRMS 2345320001~ 92X 064 018 To bind cysteine desulfurase and help free inorganic sulfur for Fe/S clusters
49330000

COQ104  5:57390001- 631 1] 031 Required for the function of coenzyme Q in the respiatony dhain
57400000

TOMMSOL 38290001~ B26 i) 029 To participate in the import of precursors inta mitcchondria as potential
B300000 channel-forming protein

FARSZ 23:45010001- 554 065 016 To transfer phenylalanine to tRMA and to participate in mitochondria for
49020000 mitochondrial protein translation

MRPL4T 11:105560001- 898 1] 035 Te participate in protein synthesis within the mitochondrion as ribosomal
105600000 peotein

scon 1930290001 - 70 1] 026 To incorporate two Cytochrome ¢ oxidase subunits
30300000

ABCBIO  28:450001- 700 0r3 023 To participate in transports of molecules across cellular membrane
500000

NDUFAFE 1471630001~ 595 055 027 To requlate of biogenesis of subunit NOT that is crucial for assembly of the
71640000 mitochondrial respiratory chain complex |

WAMP2AL 457730001~ 5.18 1] 028 To process signal peptide sequences used to direct mitochondrial prateins
57740000 to the mitochondria

SPATAIS  2933750001- B35 Q77 03 Possibly to participate in spermiogenesis
33760000

HSD3BT  3:23810001- 616 i) 027 Te catalyze the oxidative corversion of steroid precursors for the production
23820000 of steroid hormones

TRAKZ 250350001~ 3140 049 03 Possibly to regulate endosome-to-lysosome trafficking of membrane cargo
SO3B0000

WO 185720001~ 4596 VA T] 027 To act as a umeor suppressor and to induce apoptosis
5730000

SLC30A6  11:14780001- o 6% 027 To requlate cytoplasmic level of zinc
14760000

MYHE 1021350001~ 458 1] 024 To participate in muscle contraction
21360000

CASPE 260290001~ 552 0036 024 To induce in apoptosis
SO300000

FriN 939140001 402 07 036 To control cell growth and survival as tyrosine kinase
39150000

TMEMZ1 149630001~ 612 1] 024 Putative transmembrane protein
GE40000

PNPLAT  11:105600001- 1513 i) 036 To regulate adipocyte differentiation
105610000

XAF1 1925750001~ 978 024 029 To regulate apoptosis by binds to the inhibitor of apoptosis protein family
25760000

ZFHX3 1838410001~ 558 0 029 To requlate myogenic and neuranal differentiation.
38420000

ABC
simulation of
admixture,
indicates that
mito-nuclear
selection
needed along
with male-
biased Bos
indicus
introgression.

- Mito-nuclear selection signatures enriched with Bos taurus ancestry in African
Bos indicus cattle genome, the key expectation of the mito-nuclear

incompatibility hypothesis.

Taehyung Kwon et al. (2022)

See also Ward et al. 2022 iScience. https://doi.org/10.1016/.isci.2022.104672
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