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...some tools are more innovative and disruptive
than others...

'Give me a lever ...
and | shall move the world.

Archimedes




CamDro3

QOrganism name:  Camelus dromedarius (Arabian camel)

Infraspecific name: Breed: African @

Isolate: Drom&00

Sex: female

BioSample: SAMNOZIZS2T35
BioProject: PRJMNAZESZT4
Submitter: Vetmeduni Vienna

Date: 2019/10/07 REFERENCE GENOME

Assembly level: Chromosome

Genome representation:  full @

RefSeq category: representative genome

GenBank assembly accession: GCA 000303125 3 (latest)

RefSeq assembly accession: GCF_ 000803125 2 (latest)

RefSeq assembly and GenBank assembly identical: no (hide details)

Camelus dromedarius

o Only in RefSeq: chromosome MT (in non-nuclear assembly-unit)
« Data displayed for Refseq version
WGS Project: WWINO3
Assembly method: ABySSw 1.36; HRise v MAY-2017 PEJelly v 15 824 Pilonw. 122 ABySS Sealery 2.0.2;
HiRise v. MAY-2015; PBJelly v 15.5.24, BEMAP-CallVariants v 35.12; ABySS Sealerv. 2.1.0
Expected final version: ves

Genome coverage: 65.0x @

Sequencing technology: lllumina HiSeq, Dovetail HI-C and Chicago; PacBio Sequel



The Genome Sequence is not THE answer!
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http://jcraigventersciencefoundation.com/resources/sequenced _genomes/genome_guide_index.shtml



CamDro3 is ANNOTATED
(gene positions, sequence & structure are known)
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CamDro3 sequence
is now organized into CHROMOSOMES

101121314 131617 18 19 20 21 22 23 24 2526 27 28 29 30
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Camelus dromedarius

REFERENCE GENOME




DE NOVO ASSEMBLY s
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BEFORE: Scaffold level Camelus dromedarius
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CamDro3
is a TRESURE TROVE of information

=8
|‘rr\ Historical effective population size

Further data mining?




COMPARATIVE GENOMICS

ORIGINAL RESEARCH article “Updates.

Front. Genet., 23 March 2021 | https://doi.org/10.3389/fgene 2021662609

Comparative Genomics, Evolutionary and Gene

Regulatory Regions Analysis of Casein Gene Family
in Bubalus bubalis

‘ Saif ur Rehmantf, Tong Feng', n Siwen Wul, ‘n_ Xier Luo!, An Lei?, Basang Luobu’, 2_ Faiz-ul Hassan?*
and J Qingyou Liu*

IState Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, Guangxi University, Nanning. China
ZNational Engineering Laboratory for Animal Breeding. Key Laboratory of Animal Genetics, Breeding and Reproduction of the Ministry of
Agriculture, College of Animal Science and Technology, China Agricultural University, Beijing. China

3Shannan Animal Husbandry and Veterinary Terminus, Xizang. China

4Faculty of Animal Husbandry, Institute of Animal and Dairy Sciences, University of Agriculture, Faisalabad, Pakistan




ORIGINAL RESEARCH article
Front Genet , 28 March 2021 | htips //doi oro/10 3388/ fgene 2021 662609

Comparative Genomics, Evolutionary and Gene
Regulatory Regions Analysis of Casein Gene Family
in Bubalus bubalis

“§fl saifur Rehman'’,  Tong Feng", [[] SiwenWu', 7] XierLuc,  AnLei’,  BasangLuobw’, £ Faiz-ul Hassan*

and 3 Qingyou Liu”

UState Key Laboratory for Conservation and Utlization of Subtropical Agro-Bioresources. Guangsd University. Nanning. China

IMational Enginesning Laboratory for Animal Breeding, Key Laboratory of Animal Genetics, Brescing and Reproduction of the Ministry of
Agriculure. College of Animal Science and Technology. China Agricultural Unwversity. Beiing. China

5hannan Animal Husbandry and Veterinary Terminus. Xizang. China

“Faculty of Animal Husbandry, Institute of Animal and Dairy Sciences, University of Agriculture, Faisalsbad, Pakistan

*Comparative & structural genomics

*In silico protein properties prediction

*In silico transcription factor prediction

Phylogenetic Relationship B Gene Structure C Motif Pattern D Conserved Domain
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RE-SEQUENCING & POLYMORPHISM DETECTION

Reference

NOT ONLY SNPs (Single Nucleotide Polymorphisms),
also structural variations, including CNVs (Copy Number Variations)



RE-SEQUENCING & POLYMORPHISM DETECTION

Resequencing of specific Whole-genome (WG)
genes or regions resequencing
(also in a genome-wide Randomly skimmed WG
fashion, e.g. SPET) resequencing

(eg. RAD & DDRAD
sequencing)



RE-SEQUENCING & POLYMORPHISM DETECTION

oyl

AGRICULTURAL
GREATER GOOD INITIATIVE

v COLLABORATION AMONG

UNIBA, VETMEDUNI,

Targeted Untargeted ’I7 UFLORIDA; KFU & ILLUMINA:
,’ 14 millions SNP LOCI FROM

Resequencing of specific Whole-genome (WG)
genes or regions resequencing > 170 DROMEDARIES
(also in a genome-wide Randomly skimmed WG FROM 18 COU NTRI ES
fashion, e.g. SPET) resequencing
(eg. RAD & DDRAD y ~y -
sequencing) ~ ~>
COLLABORATION AMONG

UNIBA, VETMEDUNI, IGA:
50K SNP LOCI FROM
>100 DROMEDARIES
FROM 18 COUNTRIES



(MORE ADVANCED) EVOLUTIONARY &
COMPARATIVE/STRUCTURAL GENOMICS

X —

COMMUNICATIONS
BIOLOGY

ARTICLE M) Check for updates
OPEN

Genome-wide diversity and global migration
patterns in dromedaries follow ancient
caravan routes

Sara Lado', Jean Pierre Elbers', Angela Doskocil', Davide Scaglione® 2, Emiliano Trucchi,

Mohammad Hossein Banabazi®, Faisal Almathen®®, Naruya Saitou’, Elena Ciani®* & Pamela Anna Burger® ™




(MORE ADVANCED) EVOLUTIONARY &
COMPARATIVE/STRUCTURAL GENOMICS

oo —

COMMUNICATIONS
BIOLOGY

ARTICLE

Whole-genome sequencing of 128 camels across
Asia reveals origin and migration of domestic
Bactrian camels

Liang Ming et al.”

2Oy
nature
COMMUNICATIONS

ARTICLE
Received 6 Feb 2014 | Accepted 9 Sep 2014 | Published 21 Oct 2014 e —

Camelid genomes reveal evolution and adaptation
to desert environments

Huiguang Wu'*, Xuanmin Guang?*, Mohamed B. Al-Fageeh*, Junwei Cao'*, Shengkai Pan?*, Huanmin Zhou'*,
Li Zhang', Mohammed H. Abutarboush?, Yanping Xing', Zhiyuan Xie?, Ali S. Alshangeeti®, Yanru Zhang',
Qiulin Yao?, Badr M. Al-Shomrani®, Dong Zhang', Jiang Li’, Manee M. Manee?, Zili Yang!, Linfeng Yang?,

Yiyi Liu', Jilin Zhang?, Musaad A. Altammami3, Shenyuan Wang', Lili Yu?, Wenbin Zhang?, Sanyang Liu?, La Ba?,
Chunxia Liu', Xukui Yang?, Fanhua Meng', Shaowei Wang?, Lu Li', Erli Li2, Xuegiong Li', Kaifeng Wu',

Shu Zhangz, Junyi Wangz", Ye YinZ, Huanming Yangz, Abdulaziz M. Al-Swailem? & Jun Wangz-5’~6

Comparative approach

SCIENTIFIC REP{?RTS |

OFEN Mitogenome Sequencing in the
Genus Camelus Reveals Evidence
for Purifying Selection and Long-
Ty term Divergence between Wild and
Domestic Bactrian Camels

Elmira Mohandesan®?3, Robert R. Fitak®, Jukka C der**, Adiya Yad.

ublished online: 30 August 2017

7, Battsetseg

Chuluunbat?, Omer Abdelhadi®, Abdul Raziq'?, Peter Nagy'!, Gabrielle Stalder?, Chris

Walzer 12, Bernard Fave® & Pamela A. Buraer®?!




. genes

TARGETED GENE RE-SEQUENCING

Article

Genetic Diversity

in Casein Gene Cluster in a Dromedary

Camel

(C. dromedarius) Population from the United Arab Emirates

Abdullah Al Mutery 1-2:3*

! Department of Applied Biology, College of Science, University of Sharjah,
Sharjah P.O. Box 27272, United Arab Emirates; atlili@sharjah.ac.ae

2 Molecular Genetics and Stem Cell Research Laboratory, University of Sharjah,
Sharjah P.O. Box 27272, United Arab Emirates

3 Human Genetics and Stem Cell Research Group, Research Institute of Sciences and Engineering, University
of Sharjah, Sharjah P.O. Box 27272, United Arab Emirates

4 School of Life Sciences, Manipal Academy of Higher Education, Dubai P.O. Box 345050, United Arab Emirates;
naushad@manipaldubai.com

5 Department of Genetics and Microbiology, Universitat Autonoma de Barcelona, P.O. Box 08193 Barcelona, Spain;
walaakamal87@outlook.com

* Correspondence: aalmutery@sharjah.ac.ae; Tel.: +971-6-5053860

, Naushad Rais ¢, Walaa KE Mohamed ® and Tlili Abdelaziz 23

Structural organization of the casein cluster

Table 2. Summary of organization of CSN cluster in C. dromedarius as adopted from Pauciullo et al. [22].

Resequencing of specific
genes or regions

Gene Position Size (bp) (A) Intergenic Distance (bp) (B)  Total Size (bp) (A+B) Exons
CSN1s1 242,112 to 258,587 16,476 16,476 20
CSN2 265,187 to 273,094 7908 6600 (CSN151—+CSN2) 14,508 9
CSN1S2 321,355 to 335,898 14,544 48,261 (CSN2—CSN1S52) 62,805 17
CSN3 421,597 to 430,955 9359 85,699 (CSN152—CSN3) 95,058 5
Total 48,287 188,847 51




PREDICTION OF (FUNCTIONAL) EFFECT OF POLYMORPHISMS

(a first step toward connecting genetic variation with phenotipic variation)

A

Table 3. Summary of total number of variants identified in the casein gene cluster.

Gene Variant Type Impact Total Variants

Intron variant Modifier 76

Missense variant Moderate 2

CSN151 Splice region variant & intron variant Low 1
Synonymous variant Low 1

Upstream gene variant Modifier 5

3 prime UTR variant ! Modifier 1

5 prime UTR variant 2 Modifier 1
Intron variant Modifier 34

CSN1s2 . . . . . . . .

Splice acceptor variant & splice region variant & intron variant High 1

Splice region variant & intron variant Low 2

Upstream gene variant Modifier 3

Downstream gene variant Modifier 45
Intron variant Modifier 37

CSN2 Splice region variant & intron variant Low 1
Synonymous variant Low 1

Upstream gene variant Modifier 7

5 prime UTR variant : Modifier 1
CSN3 Intron variant Modifier 66
Upstream gene variant Modifier 9

13" UTR is the portion of an mRNA from the 3’ end of the mRNA to the position of the last codon used in translation. 25 UTR is the
portion of an mRNA from the 5" end to the position of the first codon used in translation.



FROM (15t time) SNP DETECTION TO ROUTINE GENOTYPING
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FROM TENS OF SEQUENCED ANIMALS TO
HUNDREDS/THOUSANDS OF GENOTYPED ANIMALS

a)
20,000 2
[} [}
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[ =
-] L]
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Year of Birth Year of Birth

Figure 1. Distribution of genotyped animals per year of birth from 1990 to 2018. (a) Holsteins; (b) Jerseys.

A total of 205,755 and 89,238 pedigreed and genotyped animals born between 1990 and
2018 were available for Holsteins and Jerseys, respectively.

Makanjuola et al., 2020



ASSISTING BREEDING AND GENETIC MANAGEMENT OF
POPULATIONS

S SCIEN, . i
5&4‘\\‘1’ J. Dairy Sci. 103:5183-5199
INBREEDING ASSESSMENT : {iE?}s https:/idoi.org/10.3168/jds.2019-18013
?6,“!;'_0\: © 2020, The Authors. Published by FASS Inc. and Elsevier Inc. on behalf of the American Dairy Science Association®.
Feo This is an open access article under the CC BY-NC-ND license (http:/fcreativecommens.orgflicenses/by-nc-nd/4.0f).

Effect of genomic selection on rate of inbreeding and coancestry
and effective population size of Holstein and Jersey cattle populations

Bayode O. Makanjuola,' @ Filippo Miglior,"? ® Emhimad A. Abdalla,' ® Christian Maltecca,’”

Flavio S. Schenkel,' ® and Christine F. Baes'**

Centre for Genomic Improvement of Livestock, Department of Animal Biosciences, University of Guelph, Guelph, ON, N1G 2W1 Canada
2Ontario Genomics, ON, M5G 1M1 Canada

*Department of Animal Science and Genetics Program, North Carolina State University, Raleigh 27607

“Institute of Genetics, Vetsuisse Faculty, University of Bern, Bern 3001, Switzerland

Table 2. Within-breed averages of pedigree inbreeding (F'pgp), genomic
inbreeding (F rou _snei10t; Frou privg, F GHM)? pedigree coancestry (ffﬁu)a
and genomic coancestry (fsgpg) coefficients for genotyped animals born
between 1990 and 2018

Inbreeding (%) + SD

[tem

Holstein

Jersey

FPF‘D

7.74 £ 2.22

7.20 £+ 2.48

FHUH SNFP1101
f‘HOH_PLINK

13.61 + 3.41
15.64 + 3.38

21.16 * 3.46
22.54 + 3.39

Farm
frep
Jsec

3140 £ Z.72
8.33 + 3.13
15.84 + 4.48

4762 £ Z55
9.23 + 3.69
23.46 = 4.49

INBREEDING

=== ESTIMATED VIA
GENOMIC DATA



ASSISTING BREEDING AND GENETIC MANAGEMENT OF
POPULATIONS

(] INBREEDING ASSESSMENT

ol

AGRICULTURAL I I m I n a®
GREATER GOOD INITIATIVE l I

2’5’*"@ No positive F values in 161 animals typed at 800K SNP loci
éo\ when considering them as a single population (preliminary results)




ASSISTING BREEDING AND GENETIC MANAGEMENT OF
POPULATIONS

(] PEDIGREE VERIFICATION
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(] PEDIGREE VERIFICATION

Efficienza di un set ridotto di marcatori SNPs come strumento
per il controllo genealogico e per l'identificazione individuale

ASSISTING BREEDING AND GENETIC MANAGEMENT OF
POPULATIONS

nella specie Camelus dromedarius

September 2021
Conference: Xlll Convegno Nazionale sulla Biodiversita - Foggia

) Elena Ciani- & Gabriele Senczuk - @ Salvatore Mastrangelo - Show all 5 authors -

o Vincenzo Landi

12
24
48
96

0.54
0.34
0.15
0.029

0.22

0.06
0.007
0.000099

Lado et al 2020

\J
. T

95 Dromedari
(19 paesi)

19480 SNPs FST Pairwise | 12 SNPs
(Plink & R (Software 24 SNPs
PrUmng e TRES) 48 SNPs
pdifing) 96 SNPs

* Assuming one parent putative & the other known



FROM REMOTE EVOLUTIONARY HISTORY TO DOMESTICATION &
POST-DOMESTICATION HISTORY

a) d)
AT THE ROMAN TIMES o =- XIX TO XX CENTURY
i = ¢ s e v e

Ciani et al. Genetics Selection Evolution (2015) 47.64
DOl 10.1186/s12711-015-013%-z

Genetics
Selection
Evolution

Open Access

RESEARCH ARTICLE

Merino and Merino-derived sheep breeds: a @
genome-wide intercontinental study

Elena Ciani'", Emiliano Lasagna’, Mariasilvia D'Andrea®, Ingrid Alloggio', Fabio Marroni**, Simone Ceccobelli?,

-6 vl - 7 ) g PR - ; = &
Juan V. Delgado Bermejo®, Francesca M. Sarti®, James Kijas’, Johannes A. Lenstra®, Fabio Pilla” and the International e s el ]
Sheep Genomics Consortium b) ]
Fig. 1 Synoptic scheme that the hyy origin and ips between Merino and Merino derived sheep populations at the.

Roman times (a) and from XV to XVIil century (b) in the Mediterranean area, from XVIll to XX century in Asia () and from XIX to XX century in
Australia and New Zealand (d)

A Scenario 3 (admixture)

- N4b

- NS5h

- Na

“ N1 i Senczuk et al. Genet Sel Evol (2021) 5348 G ti
s ) ' ) https://dol.org/10.1186/512711-021-00639-w 3 b e = ene _| Ccs

- J o - : Selection

i — . .

- Evolution
N6

RESEARCH ARTICLE . Open Access

On the origin and diversification of Podolian ===
cattle breeds: testing scenarios of European
colonization using genome-wide SNP data

non-Padolian taurine migration (iD) accurred before the admixture event between taurine and Indicine (ta). This scenario, simulates an admixture Gabriele Senczu k1 ‘@ X Salvatore Mastra nge| 02‘ Paolo Ajmon e-Marsan 3‘ Zsolt Becske |4, Paolo Cola nge| 05‘
event (tal) between the Balkan and Central Furope Podolian and the South-Fast Podolian leading to the formation of the Italian Podolian breeds . 3 & B 7 A . g . 9 10
b A geographic map indicating the presumed migration routes as inferred for Scenario 3. Arrows and dotted arrows indicate the assumed or Licia Colli*, Luca Ferretti®, Taki Karsli’, Howrag Lancioni®, Emiliano La sagna-, Donata Marletta™,

alternative (Medlterranean or Danube) migratian roues Christian Persichilli', Baldassare Portolano?, Francesca M. Sarti®, Elena Ciani'! and Fabio Pilla’

non-Podolian  South-East lialian Balkan and
European taurine  Podolian  Podolian

Central indicing

Furape Podolian
Fig. 1 aSchematic representation of the most voted scenario of calonization.The maodel predicts a first separation between taurine and indicine
(t3) followed by independent domestication events (tdt and tdi) that took place in the Fertile Crescent and the Indus Valley, respectively. An early




POST-DOMESTICATION HISTORY

CAMELSHIELD

MULTIFONCTIONNALITE DE L'ELEVAGE CAMELIN
DANS LES SOCIETES SAHARIENNES

& UNIVERSITA
e ) DEGLI STUDI DI BARI
& ALDO MORO

C
R NG

TARGET AREAS: ALGERIA AND MOROCCO



DISENTANGLING THE GENETIC ARCHITECTURE OF “MILK” TRAITS
(complex quantitative traits)

PHENOTYPE
STUDY SAMPLE TYPE | MEASUREMENT | APPROACH
AVAILABILITY

*A PRIORI TARGETED
POPULATION YES CANDIDATE GENE
* GWAS

FAMILY (PEDIGREE) YES QTL MAPPING



DISENTANGLING THE GENETIC ARCHITECTURE OF “MILK” TRAITS
(complex quantitative traits)

GWAS - Genome-wide Association Studies

@f

scientific reports

Genomic prediction for growth
using a low-density SNP panel
in dromedary camels

Morteza Bitaraf Sani'™, Javad Zare Harofte!, Mohammad Hossein Banabazi?,

Saeid Esmaeilkhanian?, Ali Shafei Naderi', Nader Salim®, Abbas Teimoori*, Ahmad Bitaraf”,
Mohammad Zadehrahmani®, Pamela Anna Burger®, Vincenzo Landi’, Mohammad Silawi®,
Afsaneh Taghipour Sheshdeh?® & Mohammad Ali Faghihi®®

Growth traits...but not (yet) milk traits: more difficult to be collected
(monthly test-day milk records)



7 BZA83685 | 009 | 329
> 245567 1008 310 ACTR3E, RPL3E XRCC2
8 72.594.633 | 001 381
8 TL.504.548 009 | 377
& Jr594.549 1009 | BTY SERACIH
8 72,584,593 | 013 | 351
Birth weight & JrR04.639 1008 | 5132
9 22,550,930 | Q.15 | 347 TEX15
11 B1.210,420 | 006 | 507 mRNA-hypothetical protetn and KABI271495.1
19 10237661 | 005 | 321
BNFI14, IFNL1, SPATAZ, SNAILI
19 10237641 | 005 | 318
34 6,774,561 | 006 | 3.54 LINEHOWN
10 13892353 | 006 | 341 UNKHOWMN
la 34483240 039 | 338 EFCARS, NSRPI, Slogad
12 5711 002 334 ITGAT, OR6C2
Gain/day 19 2631630 (007 | 332 RIPOR3, PTPNI, PARD B, BUASS, MOCS3
14 INITL2ASS |0l 329
14 JoBen0e> | 023 | 323 TRAPPCY
14 J0E5110 | 037 | 307
11 72,356,401 1030 | 376 EMX2, mRNA-hypothetical protetn and KABI271709.1
8 43,104,525 | 030 | 342 FAMI84A, MCM9, ASFI
19 10,894,226 | 0.34 | 3.38 CSEIL, ARFGEF2
X TRIAL509 043 | 330 TSR2, WNE3
Body weight | X V8,141,514 (043 | 330 TSR2, WNK3
X 60452363 |08 |36 LPARA, RTL3, PEGIO
X 62116802 006 |3.12 PRDCI, TRAPPCIS
k! 40,844,257 |16 | 313 UNENOWN
18 29958631 (006 | 3.08 DEXT, TSPYL4, CHTA

Table 4. Genome-wide association studies (GWAS)-identified significant single-nucleotide polymorphisms
(SNPs) (- log p value > 3), associated traits, and candidate genes.



“OMIC” DATA INTEGRATION

The molecular basis of mammary gland development
and epithelial differentiation

Pregnancy
P4/PR E2/ER
Estrous Cycles RANK/RANKL PriPriR
y NK-kB JAK2
P4/PR E2/ER ElfS STATS
RANK/RANKL AREG Wntd ggéﬁ;
STATS GATA3 EZH2 7FASH
FOXA1 PINC
»*
|
(
o & Q0 Lactation
2\ Q *

Puberty Q '.‘ Q\Q 2 ox Xy
P4/PR E2ER o L Calcium  JAK2
RANK/RANKL AREG & a Orai STATS
STATS EGFR 50 Q ., STATS  RANK/RANKL
GHIGHR ~ GATA3 oLV @ GATA3  MALAT1
IGFNGFR FOXA1 &, & miR-200a
Par3L p63
Paré
SCRIB

Fetal
TBX3 WNT10b Involution
GATA3
HOX gﬂga STAT3 Rac1
FGF10  PTH(P ZnT2 P3BMAPK
FGFR1b  NGR3 e 2:3(‘;24}503
FGFR2

c  RXR/RAR B 228

https://doi.org/10.1016/j.semcdb.2020.09.014
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GENOMIC EVALUATION/PREDICTION

scientific reports

Genomic prediction for growth
using a low-density SNP panel
in dromedary camels !

Morteza Bitaraf Sani'™, Javad Zare Harofte!, Mohammad Hossein Banabazi?,

Saeid Esmaeilkhanian?, Ali Shafei Naderi', Nader Salim®, Abbas Teimoori*, Ahmad Bitaraf”,
Mohammad Zadehrahmani®, Pamela Anna Burger®, Vincenzo Landi’, Mohammad Silawi®,
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GENOMIC EVALUATION/PREDICTION
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Figure 8. 'lhe accuracy of predicled GEBVs [rom the 99 SNPs using BGLR package.
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MILK TRAITS

MILK TRAIT

MILK YIELD LEAR|
MILK GROSS COMPOSITION =D A M

MILK FATTY ACID PROFILES T ——

MILK PROTEIN PROFILES MISTAKES

MILK SOMATIC CELL COUNT/SCORE

UDDER CONFORMATION TRAITS v'Negative correlations!!!
v'Genetic erosion!!!

OTHER (NEW) FUNCTIONAL TRAITS:

v'FERTILITY

v'HEALTH (mastitis, ketosis..)

v'ENVIRONMENTAL IMPACT (climate resilient cattle, low-methane emissions..)



ACROSS “BREEDS” EVALUATION: INTERNATIONAL EFFORTS
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OPEN CHALLENGES

J MILK PHENOTYPING IS COMPLEX (although some techniques
are automated. Validation is needed for the dromedary

species)

(J LOWER HEREDITABILITY THAN MEAT TRAITS (lower expected
genetic progress, not at the beginning but in the long-term)

(] CAVEATS:

*Negative correlations with fertility and adaptive traits (learn
from past mistakes)

* Poor genetic variability in this species = poor genetic gain

* Further genetic erosion: fitness and adaptation???



WHERE WE ARE?
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REFERENCE GENOME ANNOTATED & CHROMOSOMES
RESEQUENCING VIA WGS

RESEQUENCING VIA GBS
EVOLUTIONARY/STRUCTURAL GENOMICS
COMPARATIVE GENOMICS

IN SILICO FUNCTIONAL PREDICTION

SNP ARRAY - MEDIUM DENSITY

SNP ARRAY — HIGH DENSITY
GENOTYPE-PHENOTYPE ASSOCIATION STUDIES
ROUTINE GENOTYPING

ROUTINE PHENOTYPING

SNP-BASED PATERNITY TESTS
MOLECULAR-ASSISTED BREEDING & SELECTION
MOLECULAR-BASED MILK ADULTERATION ASSAYS



DO WE REALLY WANT TO TRANSFORM A SHE-CAMEL
INTO A HIGH-PRODUCING DAIRY COW?




