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Genetics and Genomics
# Genetics technology is used with North American
bison to:
— Identify individuals (DNA fingerprinting - forensics)
— Determine parentage
— Estimate inbreeding / outbreeding
— Access levels of genetic diversity / variation

— Discover the historical lineage of a herd, population
or animal

— Document evidence for and levels of domestic cattle
genetic introgression (hybridization)

We have now examined over 50,000 individual bison using these genetic
tools (http://vetmed.tamu.edu/dnacore).




Genetics and Genomics
wGenomics is a game changer.

In practice, It Is the
determination of the entire
DNA sequence of an
organism and then fine-scale
genetic mapping of the
genomic architecture.




Genetics and Genomics

% Today | am going to
focus on bison genomics.
—Mitochondrial Genomics
—Nuclear Genomics




The mitochondria

# Tens to hundreds of mitochondria per cell
# 1-15 mtDNA genomes/mitochondria

BT et —_—

/ circular DNA,

mitochondrion /

S T o=
i s Nucleus 8
A ﬁ’l . |
_.-"_,-" o _,. o .-::' r: "-_; .—__-_—_
g .d" o e
I , vl = T
|Ilr
[
/ ¢ |

, .
@ =8 S !
'.( /’::; '-' i jE:;;;T-" I_-'I_.

from Genetics: The Continuity of Life, 1999.



Mitochondrial function

% The “powerhouse” of thet- + -~ "+
cell TR

% Cellular respiration to
make ATP

— Oxidative phosphorylation
— Electron transport chain
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The Mitochondrial Genome

% Inherited only through the female lineage.
% Is a haploid genome, no recombination.

% The genome is relatively small (about
16,600 base pairs).

% Required for energy production in the cell.
% High rate of nucleotide substitution.
% DNA sequence Is very well characterized.



Mitochondrial DNA Mutations - Human Diseases

% Mitochondrial myopathies — multiple neuromuscular
diseases
— Myoclonic Epilepsy with Ragged Red Fibers (MERRF)
— Leigh Syndrome
 Seizures, altered states of consciousness, dementia, ventilatory failure

— Kearns-Sayre Syndrome

» progressive external ophthalmoplegia, eye pigment disorders, heart
disease, cerebellar dysfunction, diabetes, hearing loss, muscle
weakness

— Pearson Syndrome

» Childhood onset of anemia, dysfunction of pancreas, liver, kidneys
(usually fatal)

— Leber’s hereditary optic neuropathy (LHON)
 degeneration of optic nerve, rapid onset of blindness
» mostly affects men in their 20s



Mitochondrial DNA and Longevity

* MIDNA somatic deletions accumulate with age
% Especially prevalent in non-dividing cells

= Are mtDNA somatic deletions associated with

neurological and muscular function loss?

— Noted accumulation of partially deleted mtDNASs in heart and
brain

— may be partially causative of degenerative disorders: Parkinson’s,
Alzheimer’s, Huntington’s

Potentially associated with different life expectancies
observed between bison and cattle



i .__;I_‘.:T%: ;
N ;i,

: ., =T .‘-_-‘ o i , . EF 2l : .-.:..' . :. f
°% T APV g R*": . j.‘_ e =, H-' :
e SO Y Sk
¥ .-‘.1-1.-‘ .-.f_j‘."-.'. ....

L S
- R LT
MR e, § 0T e T



Our First Publication on Bison Mitochondrial DNA

Amimal Comservarion (1999 1, 51-51 © 1999 The Zookagica Sacisty of London Pristed in the United Kingom

Identsfication of domestic cattle hybrids in wild cattle and bison
species: 8 general approach using mtDNA markers and the

parametric bootstrap

Todd ). Ward', Joseph P. Biclewski®, Scott K. Davis®, Joc W. Templeton' and fumes N, Desr!

'Departmicnt of Velminery Pathobiclogy
Dreparirnent of Wikdlife snd Fisheries Scieess
‘Dieyrutsisenit of Anbied Stience, Texsas A & M Eniversity, Collepe Stion, TX 71845, DS54

{Receivwsd [T e T8 occepied 10 Septcanber FORE)

Adatrse

Many species are currenily undergoicg reductions in popubstion size due to widemeesd habira: loss
and expending human activitics. Because mterspecific hybridization is often 3 consequence of popu-
lation decline and fragmentation, identificaion of indivikdusls or populations with bybrid ancestry is
#n increasingly smportam issuc in conservation hiology. It iy wild cattic and bison specics, the
probiers of natural kybwidization has been compounded by indiscrihinate crossbrocding with domes-
tic cattle for the purpose of improving Somesticated siocks. Therefore, & genetic fest wing the paly-
rkTase chain reaction was devoloped so that wild catibe snd hison with domestic cattie mitochomdrial
DA (etDN ALY haplotypes could be rapidly identified. Using this genstic tet, domestic cattle meDINA,
haplotypes wire detected in Boc grumelens (vak), Bison bomarer (European bison), and 6 oul of the
14 (40P%) Bisom bison (Notth American bisoe) populations tesied. I total, 30 out of the 572 (5.2%)
North Amenican bisos tested, were found (0 have domestic cattle miDNA, Fhe hylwid origin of these
EENA bapicstypes was venfied in a phylogenetic analysis using ihe paremetric bootstrap. These
resudis are discused in wrms of their implications for the conservaticn stams and futore management
of wild catile and bison specica,




Diagnostic mtDNA Screen

590 base
pair.

(16S rRNA)

l-"bdht‘ﬁlllililllinbiubbonb‘.tt-;
: % E 357 base
pair.
(D-loop)
For the mitochondrial DNA test alone, we
have now surveyed over 50,000 individual
bison over the last 15 years.




Mitochondrial DNA Results

Federal Bison Herds

5,246 bison sampled from US and
Canadian federal populations.

All appear free of cattle mtDNA except
for a small number of animals (14) at the
National Bison Range. The origin of this
Introgression (was confirmed through
DNA sequencing (a few Kansas bison
COWS).

14 /5,246 animals = 0.0026%0




Mitochondrial DNA Results
State, NGO and Private Bison Herds

Bison sampled from State, NGO and private herds
typically show a much different pattern with
domestic cattle mtDNA ranging from 0% to

100% across these herds with an overall average
of about 6%.

Some examples include:

- A private herd in Texas has 100% cattle mtDNA

- Santa Catalina Island (California) has 47% cattle mtDNA

- Custer State Park (South Dakota) has 20.6% cattle mtDNA

- Antelope Island State Park (Utah) has 0.010% cattle mtDNA

- Henry Mountains State Park (Utah) has 0.0% cattle mtDNA



Caprock Canyons State Park
W = \



This publication in 2011 was the first
genomics study completed with bison

Mitnchondmon 11 (2011) 166=175

Conteénts lists available at ScienceDirect

Mitochondrion
ELSEVIER journal homepage: www.elsevier.com/locate/mite
— —_— — — -

Complete mitochondrial DNA sequence analysis of Bison bison and bison-cattle
hybrids: Function and phylogeny

Kory C. Douglas ™', Natalie D. Halbert ™', Claire Kolenda ®*, Christopher Childers 1,
David L. Hunter %, James N. Derr **

* Department af Veterinary Integrafive Biosciences, Tewas ASM Liniversity, College Station, TX 77843-3458, LSA

" Department of Veterinary Pothoblology, Texss ABM Urhversity, College Stotion, TX 77843-4457, LS4

" Istivuee for Apeing oo Health, Neweostle University Compus for Ageimg amd Viraliry, Newcastie-upon-Tyne, NE4 SPL Englarnd
 Department of Biokogy, Georgetown University. Washingion, DC 20057, US4

" Turmer Emtverprises, inc., 1123 Research Drive, Bozeman, MT 557 18-5850 LS4

ARTICLE INFO ABSTRACT

Article history: Compilete mitochondrial DNA (mEDNA) genomes from 43 bison and bison-cattle h_l;rb.nds \:'\rirsrqm:nttﬂ an-d
Received 5 March 2010 compared with other bovids. Salected animals reflect the historical range and current taxonomic structure of
Received in revised form 5 September 2010 bisom, This study identified regions of potential nuclear-mitochondrial incompatibilities in hybrids, provided

Accepeed 14 Seprember 2010

Available online 1 October 2010 4 complete mtDNA phylogenetic tree for this species, and uncovered evidence of bison population

substructure, Seventeen bison haplotypes defined by 66 polymorphic sites were discovered, whersas 728
fixed differences and 86 non-synonymous mutations were identified between bison and bison-cartle hybrid

Keywaorids

Bison sequences. The patential rodes of the miDNA genome in the function of hybrid animals and bison taxonomy
Bos are discussed

Fhylogenetics © 2000 Published by Elsevier BV, on behall of Mitochondria Research Society. All rights reserved,
Hyberidization

Mitochondria




Bison Mitochondrial DNA

origin of replicalion and promoiers
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Bison Mitochondrial DNA

We sequenced the entire mtDNA genomes of 43 bison and
bison-cattle hybrids.

Discovered 17 different bison mtDNA sequences (haplotypes)

Across all bison types there are 66 mutations in the mtDNA
genome. (we also found 426 mutations in domestic cattle)

There are 728 fixed differences between bison and domestic
cattle mtDNA haplotypes. (This divergence between all bison
and all cattle haplotypes resulting in an estimated lineage split
between these species 1 - 1.4 MYA).

There are 85 amino acid changing mutations between bison and
domestic cattle mtDNA haplotypes.

We found 8 different domestic cattle mtDNA haplotypes in
bison.



All domestic
cattle: Bos
taurus indicus
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Evolutionary relationship of the 17
mtDNA haplotypes known from
bison based on the 66 palymorphic
sites.




With the completion of this study, we now know the
amount, type and location of genetic diversity in bison
mtDNA and exactly how bison compare with domestic
cattle for this important biological trait.

..."*so what if bison
~ have domestic cattle
. mtDNA..... they look
. like bison and taste like
bison so what is the
problem”?




August 2012 in the Journal Conservation
Biology

Phenotypic Effects of Cattle Mitochondrial DNA in
American Bison

JAMES N. DERR," PHILIP W. HEDRICK, t NATALIE D. HALBERT,* LOUIS PLOUGH, $
LAUREN K. DOBSON," JULIE KING,§ CALVIN DUNCAN,§ DAVID L. HUNTER.**
NOAH D. COHEN, 1t AND DENNIS HEDGECOCK#

“Vewerinary Pathobiology, Texas A&M University, College Station, TX 77843, US. AL, el Jderr@cym, tars. edi
tschool of Life Sciences, Arizona State University, Tempe, AZ BS287, 1LSA

tBiodogical Sciences, University of Southern California, Los Amgeles, CA DD0R9, 1,54,

§Cataling Island Conservancy, Avalon, CA 90704, T15.A

s+ Tumner Enterprises, Inc., 1123 Research Drive, Bozeman, MT 59718-6858, 11SA

" large Animal Clinical Sciences, Texas A&M University, College Station, TX 77843, 115.4

Abstract: Hybridization between endangeved species and more comnran shecies &a significant problem
in comservalion Biology because (f may result in extinction or loss of adapeation. The bistorical reduction in
abundance and geograpiic distribution of the American plains bison (Bison hison bison) and thelr recovery
ey the fast 125 years Is well documented. However, introgression fromdomestlc caitle (Bos taurs) into the
Sewrr g Bisomn pofudlations that existed in the Late 18008 s now been ddeneiffed in many moders bison
berds. We examiined the phenotypic effect of this ancestry by comparing weight and beipht of bison with cattle
o blsor wmitechondrial DNA (mitDNA ) from Santa Cataling fsland, California (U5A), a rnlriticrally stressful
enidriment for bison, and of a group of age-maicbed feedlod bisen males in Montara, @ sutritionatly rich
eficdroment. The envivonmental avd nubeitional differences befween these 2 bison populations were very
different and demonstrated the phenatypic effect of domestic eattle miONA i bison orer @ broad range of
curnditions. For examle, the average weight of feediot wales that were 2 years of age was 254 times groater
thrt that of males from Santa Cataling Fiawd. Tn both envivonments, bison with cattle miDNA bad Touer
wwelgll compurred wdfh bison wifh bison ptDNA, and on Sanda Cataling feland, the Belght of bison with calile
PELINA toas foweer tban the belghit of bison Wil bison mtDNA, These data supiport the bypotbesis that body size
is senienller and beight & lower in bisow with demesiic cattle mDNA and thal genomic infegrity is importans
for the conservalion of the American plafis bizon,

Keywords: Caralina Esland, height, hybridization, introgression, miDNA, weight




Phenotypic Effects of Cattle Mitochondrial
DNA in American Bison

We conducted two separate studies to determine if mitochondrial status
of a bison has a biological effect.

# Nutritionally stressful # Nutritionally rich

environment. environment.

— Santa Catalina Island — Private feedlot

— 329 animals sampled in — All bull calves
2004 and 2009 — 618 animals started the

— All animals were weighed study at weaning and were
and in 2009 all animals weighed 8 times over 26
were measured for height. months.

— 47% of the bison had — 6% of the bison had

domestic cattle mtDNA domestic cattle mtDNA




Mean weight (SE) for male and female bison from Santa Catalina
Island with bison mtDNA (shaded bars) or cattle mtDNA (open

bars) for samples from 2004 and 2009, for 2004 and 2009

combined, and for combined males and females and years.

Combined mean difference across both years is 7.8% (25.7
Ibs.). Bison with domestic cattle mtDNA were consistently
smaller in the harsh nutritional study (Santa Catalina Island).

500

400 A

300 1

Weight (kg)

200 1

1DDJ
n

Sex
Year

p=0.013

p=0.012

25123
Male

28|22

Female
2004

50|47
Male

69|65

Female
2009

g7|87

Female

75|70

Male
Combined

172 1157

Combined
Combined




Mean weight (SE) every 90-120 days for young bison males with bisen (shaded
bars) or cattle (unshaded bars) mtDNA from a feedlot (n, sample size). All
differences were statistically significant (p < 0.01).

The mean difference at weaning weight was 7% (28.7 Ibs.) and at the
final weight was 4% (43 Ibs.). Bison with domestic cattle mtDNA were
consistently smaller in the high nutritional study (feedlot).

Both studies resulted in the same conclusion, bison with domestic cattle mtDNA are, on average,

smaller .
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The hybridization experiments conducted by
some of the owners of the five foundation
herds of the late 1800s, have left a legacy of a
small amount of cattle genetics in many of
our existing bison herds.




So What if a Bison Herd Has Cattle mtDNA?

First, the ability to identify bison
populations with hybrid ancestry allows for
responsible conservation decisions
regarding animal introductions.

Second, bison In production herds with
domestic cattle mtDNA, across different
nutrition platforms, on average are smaller.
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Bison Nuclear Chromosomes

“Templeton”

The Mitochondria is about this size...




“SEQUENCING THE GENOME OF
THE NORTH AMERICAN BISON™

The evolutionary history of a
species IS written In Its
genome and can be read from
ItS gene content and its
genetic architecture.




GENOMICS HAS THREE MAJOR
SUBDIVISIONS

« Structural genomics (a “parts list” of the genes
for a species)

 Evolutionary genomics (illuminates the
similarities and differences between individuals
and species)

 Functional genomics (understanding gene
function)

% Together, these three approaches contribute to the ultimate
goal of understanding the role of every gene.




Objectives of Lauren
Dobson”s Dissertation.

1. Develop an annotated de novo bison
genome reference sequence assembly of a
North American plains bison.

2. Complete a comparative genomic analysis
among modern bison, historic bison and
domestic cattle.

3. Provide a species level genomic platform
to Investigate bison genetic traits.



Bison Genome Sequencing Strategy
15 Individual Bison Genomes Were Sequenced

e Templeton: The de novo bison reference sequence
* 4 Yellowstone National Park Bison

« 4 Caprock Canyons State Park
 Charles Goodnight Herd from the 1880s in Texas

* 4 \Wood Buffalo
» Elk Island National Park

2 Historical Samples
« 1856 - Yellowstone area collected by F. V. Hayden (S9)

« 1886 - Dawson County, MT collected by W. T.
Hornaday (S6)




What Animal Is The Reference
Bison Genome?
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Templeton”s G-banded Karyotypes
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Templeton’s X and Y chromosomes

by FISH




The American Bison genome was sequenced using a
de novo assembly method that utilizes hybrid IHlumina
Inc. and 454 Life Sciences technologies.

IHHlumina:
Paired-end
Mate pair

454;
Paired-end

101
101
101
101

398

1115
85
239
531

25.6

300
4,000
4,500
6,000

15,000

40
800
900

1,000

3,500



Total genomic sequencing coverage
of 454 and lllumina raw data was
approximately 75X.

RNASeq (Whole Transcriptome Shotgun Sequencing (WTSS)

llumina e Nnm\

Assembly Annotation ot
._________.—-—I' B e ————
e (MaSuRCA) by NCBI GenBank

|

Pseudo-Chromosomes
using Bos taurus genome
(Symap 4.2)

Deposited




Results

Genes and pseudogenes
protein-coding
non-coding
pseudogenes

genes with variants

26,001
20,782
1,677
3,942

6,158



Bison Sequence Comparison Between
Cattle and Human Sequences

Feature  Bison_UMDLO Cattle UMD3.1 HuRef 1 HURef.2

(GRCh38)

Total sequence

length (base | 2,828,031,685 2,670,422,299 2,844,000,504 3,209,286,105
pairs)
Total number of
chromosomes 31 31 24 25
and organelles
Genes and 26,001 26,740 30,480 41,722
pseudogenes
protein-coding 20,782 19,994 19,691 20,246
non-coding 1,677 3,825 8,555 9,153
pseudogenes 3,542 797 11,234 12,323
AT 6,158 2,581 9,563 14,632
variants
MtDNA size 16,319 16,338 16,569




Bison synteny to Cow_UMD3_1 Ens 1 [&
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Results

98.61% of the raw reads were mapped to the
domestic cattle reference

Number of variants 28,483,599 2,627,645
Homozygous for variant allele 22,073,944 2,208,623
Heterozygous (one reference one variant) 6,329,185 360,038
Variant rate 1 variant every 93 bases 1 variant every 1,012 bases
2,000,000 -~
§ 1,500,000 -
O
E 1,000,000 - o SNVs
g °00,000 - ® INDELs
O _

1234567 8 91011121314151617181920212223242526272829 X
Chromosome




Conclusions

* A 2.82-Gb de novo reference assembly of the
North American bison genome is complete.
« With a total of 26,001 genes and pseudogenes
« 20,782 genes are protein coding genes

* Approximately 30,000,000 new variants were
found between the bison and domestic cattle
references (1000 bulls project)

« Utilized the bison scaffolds to generate “pseudo-
chromosomes”




Objectives of Lauren
Dobson’s Dissertation.
1.

2. Complete a comparative genomic analysis
among modern bison, historic bison and
domestic cattle.

3.




Work Flow for Mapping Addition
Bison to Templ’eton

Flow Trim on Read
Cell lanes And Base Quality
Historic
Bison

Nlapped to
Templeton's
Scaffolds

SNPs INDELs

N/

Annotate
(SNPEff)




Total number of raw reads per sample
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Population Results

SNP 15,617,914 | 9,590,819 & 29,256,990 22,073,944 @ 24,955,527 8,806,184

Homozygous Variant alleles’ 5,927,794 | 2,772,582 @ 15,786,097 @ 22,205,662 | 21,390,382 3,877,017

Heterozygous (one
Reference one variant)

INSERTION 55,773 22,994 1,085,188 @ 1,233,140 385,125 | 162,921
DELETION 61,535 24,532 1,210,975 = 1,394,505 456,563 = 226,079

299,229 144,539 = 6,016,703 | 3,624,586 @ 3,036,493 4,921,122



Conclusions

* Based on our comparative analyses, the de novo
bison reference assembly (Templeton) UMD1.0 is
of high quality.

% With the completion of this study we have
comparative genomic sequences from both
subspecies of North American bison (Plains bison
and Wood Buffalo), from Northern (YNP) and
Southern (CCSP) Plains Bison and from two
historic bison samples that pre-date the population
bottleneck of the late 1800s.




Bison Genome Applications

Due to the sampling strategy, we
have documented the majority of the
genetic diversity in this species and

compared this diversity with

domestic cattle references (1000

bulls project).



Bison Genome Applications

Finally, these bison comparative genomic
sequences provide a platform to investigate
the underlining genetic components of a
number of important traits that involve
hybridization, genetic diseases, genetic
resistance and susceptibility, fertility,
fitness, evolutionary lineages, biodiversity
and species level genetic conservation
using human and livestock genomes as a
guide.
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