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The production of rainbow trout has grown
exponentially since the 1950s, especially in
Europe and more recently in Chile.

Chile is currently the largest producer. Major
producing countries include  Norway,
Denmark, France, Italy, Spain, Greece, USA,
Germany, Turkey, Iran and the UK.

- -@ Acquacoltura Italiana

\
37000 ton.
115.5 milioni €

N

L'Italia possiede 1l primato UR dell’allevamento dells trota, che
con 37.000 tonnellate ha reggiunto un valore di 115.500.000
suro
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SYMHDROME
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1. Economic impact (incidence, mortality)
2. Vaccine availability
3. Treatments availability

4. Zoonotic potential
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In the late 1990s, genetic-based methods began to
appear alongside the phenotypic approach and a
variety of genetic markers for aquaculture species were
developed.
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Review

What Can Genetics Do for the Control of Infectious Diseases

Amplified Fragment Length
Polymorphisms
Random Amplified
RAPD Polymorphic DNA
Restriction Fragment Length
RELP Polymorphic DNA
SSRISTR/VNTR Microsatellite Repeats
ESTs Expressed Sequence Tags
SNP Single Nucleptide
Polymorphism
Double-Digest
ddRAD Restriction-Site-Associated
DNA Sequencing

Restriction enzymes are used for genom
the restriction fragments is selected for :
complementary to the ligation adaptor s
sequence, and a few nucleotides inside |
The markers are a cost-effective alternat
economic resources are limited.

The genome is amplified using several arbitrary short primers

(10-12 nucleotides). AFLP markers are usually preferred to RAPD
because of their greater reproducibility.

Genomic DNA is digested by restriction enzymes; the fragments
separate on agarose gel and create different patterns. The markers are
poorly polymorphic, however, which is a major drawback.

Specific sequences of DNA containing tandem repeats. The number of
repeats differs for alleles at a specific locus; a specific set of primers is
used in simplex or multiplex PCR for loci amplification. These markers
are commonly used because of their high polymorphic information
content and their wide distribution throughout the genome.

ESTs derived from c-DNA libraries, constructed using mRNA
expressed in tissues. They are useful tools for marker development in
species where the full genome is not yet available.

DNA sequence variations at a single nucleotide level are used as
genetic markers. They are the most frequent polymorphism in any
organism, adaptable to automation, and reveal hidden polymorphisms
not detected by other methods.

This method is based on the enzymatic digestion of the whole genomic
DNA and the creation of multiplexed libraries, with consequent
binding to specific adapters (reduced representation libraries) which
are more laborious and less accurate than SNP analysis.

in Aquaculture?

Simona Sciuto "7, Licia Colli 2, Andrea Fabris ?, Paalo Pastoring ', Nadia Stoppani ', Glovanna Fsposito |
Marino Prearo 10, Giuseppe Esposito 13, Paolo Ajmone-Marsan 3, Pier Luigi Acutiz I and Silvia Colussi !
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ZJ. Liu, JF. Cordes / Aquaculiure 238 (2004) 1-37 11

A. Base substitutions at the primer binding sites

i) .,Jmnf

VI IVl
Single base
PCR mutation PCR
PCR Product No PCR Product

Insertion/deletion between two RAPD primers
|HSEI'|:IOI'I
Deletmn %
ﬂ PCR ﬂ

I

Fig. 3. Molecular basis of RAPD polymorphism. (A) Base substitutions in the primer binding sites, especially at
the 3' end of the primer binding sites may lead to decrease (as shown) or increase of the number of RAPD bands.
(B) Insertion or deletion between two primers may lead to increase or decrease of fragment sizes.
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A. Base substitutions at the restriction sites
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WHAT COULD WE DO WILL ALL THESE MARKERS?

We could apply Marker-assisted selection (MAS) for disease resistance, by selecting
for genetic variants associated with resistance through the use of nearby genetic
markers.

WHAT DOES IT MEAN?
It means to use genetic markers as flags for the target genes

Selection targets region, termed a quantitative trait locus (QTL), that may comprise
several genes. MAS has been applied to viral, bacterial, and parasitic diseases in

trout
Table 1. Genetic selection in aquaculture species.
Genetic Approach Species Pathogen/Disease Reference
Rainbow trout Rhabdovirus [24]
Rainbow trout Aeromonassalmonicida [25]
Rainbow trout Vibrioanguillarum [26]
Rainbow trout Flavobacterium psychrophilum [27]
Rainbow trout Viral hemorrhagic septicemia virus [27]
Rainbow trout Flavobacterium columnare [28]

B Marker-assisted Selection Rainbow trout Flavobacterium psychrophilum

[29]
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Resistance to a Rhabdovirus (VHSV) in Rainbow Trout:
Identification of a Major QTL Related to Innate
Mechanisms

Eloi R. Verrier''*2, Michel Dorson?, Stephane I"»‘lilugua-r'I ® Corinne Tu::rrh‘_v,'zlr Céline Ciobotaru’,
Caroline Hervet', Nicolas Dechamp’, Carine Genet', Pierre Boudinot?, Edwige Quillet'*

1INRA, UMR 1313 Génétigue Animale et Biologie Intégrative, Jouy-en-Josas, France, 2 INRA, URBS2 Virologie et Immunologie Moléculaires, Jouy-en-Josas, France,
3 AgroParisTech, Paris, France

_=.'~:". “% Aguaculture
£oimihe Voluime 241, lssuss 1—%, 26 Movernber 2004, Pages 93-115

Genetic markers associated with resistance to
infectious hematopoietic necrosis in rainbow and
steelhead trout (Oncorhynchus mykiss) backcrosses
M., Fernanda Redripuer 2 "A S Seott LaPatra ©, Soatt Williams ©, Thomas Farmela 7, Dernie May ™
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A Major QTL for Resistance to Vibrio
anguillarum in Rainbow Trout

Asma M. Karami'*, Jorgen aegdra”, Moonka H. Marana ', Shaczii Zuo',
Rzgar Jaafar', Hadl Mathvessen’, Lowse von Garsdorfl Jargensen ', Par W Kania',
nger Dalsgaard”, Torben Nialsan* and Kurt Buchvmann'

ey Aol

Received: 22 July 2020 | Revised: 20 August 2020 | Accepted: 23 August 2020

DOI: 10.1111/|fd.13264

ORIGINAL ARTICLE Fish Diseases » =1 WILEY

Quantitative trait loci (QTL) associated with resistance of
rainbow trout Oncorhynchus mykiss against the parasitic ciliate
Ichthyophthirius multifiliis

RJaafar' @ | ) @degard’ | HMathiessen'™ | AMKarami' | MH Marana' @ |
L von Gersdorff Jargensen' ® | SZuo' | TNielsen® | PW Kania' @ | K Buchmann'®
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Quantitative trait loci for resistance

W

to Flavobacterium psychrophilum in rainbow

trout: effect of the mode of infection
and evidence of epistatic interactions
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The example of IPN in salmon
Infectious pancreatic necrosis (IPN) is a viral disease that was one of the primary concerns for salmon farming, particularly
around the turn of the 21st century, with frequent outbreaks causing high levels of mortality (up to 90%) in stocks both

in freshwater hatcheries and following transfer to sea cages. Resistance to IPN was shown to be moderately to highly
heritable’"’, and breeding companies began to implement family-based selection. In parallel, teams from the UK and
Norway identified a single major quantitative trait locus on chromosome 26 that could explain 80-100% of genetic
variation in resistance to IPN virus in seawater field trials*'*

and experimental freshwater trials’****'. High-throughput 15,000,000
sequencing subsequently enabled the development

of SNP-based genetic tests to predict IPN resistance of
salmon without the need for regular disease challenge
experiments’****%, The practical outcome of these experi-
ments was extensive use of marker-assisted selection 10,000,000 —
for the favourable allele in all major salmon breeding
programmes, assisted by the fact that the resistance allele

@ Seawater
© Freshwater

12,500,000

Deaths

is dominant*****, The results were striking, with a sustained 1,500,000
decrease in the incidence of IPN outbreaks to near zero™
(see the figure). Follow-up functional studies highlighted 5,000,000 -

marked differences in gene expression response to infection

224

between resistant and susceptible salmon fry’** and

suggested that epithelial cadherin may be part of the 2,500,000 ¢

2

mechanism underlying the quantitative trait locus**".
However, the exact causative mutations and the nature
of their effect remain at least partly elusive.

0 T T T
2009 2010 2011 2012 2013 2014 2015

Figure adapted from REF."*, Elsevier. Year

Application of the results in Norwegian breeding programmes resulting in a
significant disease reduction
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Quantitative trait loci [QTLs) associated with resistance/
susceptibility to infectious pancreatic necrosis virus (IPNV)
in rainhow trout ( Mncorfiynchus mykiss)
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Major Quantitative Trait Loci Affect Resistance to Infectious Pancreatic
Necrosis in Atlantic Salmon (Salmo salar)

Ross D. Houston,*' Chris S. Haley,* Alastair Hamilton,' Derrick R. Guy,' Alan E. Tinch,'
John B. Taggart, Brendan |. McAndrew® and Stephen C. Bishop?®

¥ Divvision of Genetics and Gesomics, Rostin Tacitute and Royal (Iick) Schood of Vitevinary Studses, Rosln Bielantse, Midlothicn FI25 9PS,
Uniteef Kingslom, ' Landeaick Natwral Selection, Alios, (lackmannanskire FKI0 310 United Kingdow and *Institute of Aquaculiuze,
University of Stirling, Stirling FK9 4IA, Usited Kingdom

Munuscript received October 5, 2007
Accepted for publication December 14, 2007

ABSTRACIH

Infectious pancreatic necross (IPN) 5 a virad discase currently presenting @ major problem i the
production of Atantic salmon (Sabmor saler), IPN can cause significant mortality to satmon fry within
freshwater harcheries and 1o smolts following transfer 1o seawater, althongh challenged populations show
clear genctic vimuon in resstance. To determine whether ths geneee vanason includes loo of major
cffect, a genomewide quantiatve trait lock (QTL) scan was performed within 10 fullsib families thar had
receved a namiral seawater IPN challenge, To utilize the large difference between Atlantic salmon male
and female recombination rates, a two-stage MaApPIng stritegy wis r-mpln\r(l Initially, a sirebased QTL
analysis was wsed o detect linkage groups with signihcant clfects on IPN resistance, using two 1o three
microsarellite markers per linkage group. A dam-hased analysis with addinonal markers was then nsed 1o
confinm and pasition any detected QTL. Two genomewide significant QTL and one suggestive QTL were
detected in the genome scan. The most significant QTL was mapped to linkage group 21 and was
significant at the genomewide level in hoth the sive and the dam-based analses. The identified QTL. can
be applied in markerassisted selection programs 1o improve the resistance of salmon o IPN and reduce
disease-reluted morlity
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Effect of a major QTL affecting IPN resistance on production
traits in Atlantic salmon

A, A Gheyas, C. 5. Haley, D. R. Guy, A, Hamilton, A, E. Tinch, J. €. Mota-Velasco, ). A. Woolliams

First published: 10 November 2010 | https://doi.org/10.1111/j.1365-2052.2010.02051.x | Citations; 14

EXA A. A. Gheyas, Landcatch Matural Selection Ltd., The e.Centre, Cooperage Way Business Village, Alloa,
FK10 1DU, UK.
E-mail: agheyas@swim-back.com or a.gheyas@yahoo.com

Read the full text » " POF 'ks TOOLS < SHARE

Summary

This study investigated the effect of a major QTL for resistance to IPN in salmon on
performance and production traits. The traits studied were related to growth, fillet and
gutted yields, and fat content. Two different analyses were performed: (1) regression of
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When selection is based on candidate

or causative genes, it is termed gene- Epithelial Cadherin Determines Resistance to
assisted seIection (GAS). Studying IPN Infectious Pancreatic Necrosu.s Virus in

) ) Atlantic Salmon
resistance in salmon, Moen et al. cetas Moan S Jacob Torpérsen,* Nine Sant; Willans . Devidson, Mathw Biranakl?
. . . . . Jorgen Odegird,* Sissel Kjaglum,* Bante Valle,' Matthew Kant, Krzysztof P. Lubianiscki,' Bvlnfi l:da!."
I d e nt I fl ed th e e p It h e I I a I Ca d h e rl n ge n e ‘/‘q.u(::'u J462 .'-n:n:fvcr? 'xa'my! ':!‘FJT’T:CT..:" l.!:o:.l.'v.ﬂuzlo:-."._).'-: !?-:r_!'m' stry, sm:t: !va::”glsrl:?:!/":umbet':.
as the causative locus of resistance to S B i i e ey -

this disease

Moen suggested that viral entry into the host may be prevented simply by
certain conformation of the surface molecules
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The nedd-8 activating enzyme gene underlies genetic resistance to
infectious pancreatic necrosis virus in Atlantic salmon

Jon Pavelin ™', Ye Hwa Jin "', Remi L. Gratacap *, John B. Taggart ", Alastair Hamilton ",
David W. Verner-Jeffreys °, Richard K. Paley °, Carl-johan Rubin ‘, Stephen C. Bishop ",
James E. Bron ’, Diego Robledo ", Ross D. Houston ™

* The Reulin benmite and Royal (Dick)} School of Veterinary Sanfies, University of Edinburgh, Midlechion EH25 ORG, UK
* Instnute of Aquacuinure. Schoal of Nanwral Sclences, Universky of Surling, FX9 4LA, UK
Hendrix Generics RTC, Villa 'de Koewr', Spoursiraee, 695531 CK Boxmerr, the Netherlands
* Centre for Emvironment, Fisheries and Aquocubure Science (Cefas), Weymouth Loboratory, Dorset T4 BUS, UK
* Depurswest of Medical Biochemistry and Micrebiology, Upgsale University, Sweden

NEDD8 activating enzyme (NAE) has
been identified as an essential regulator of
the NEDD8 conjugation  pathway,
which controls the degradation of many
proteins with important roles in cell-
cycle progression, DNA damage, and

stress responses. -
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Identification of a New Infectious
Pancreatic Necrosis Virus (IPNV)
Variant in Atlantic Salmon (Salmo salar
L.) that can Cause High Mortality Even
in Genetically Resistant Fish

Borghild Hillestad, Stein Johannessen, Geir Olav Melngen and Hooman K. Moghadam*

Banchvnark Gonatics Norway AS. Borger, MNorway

Abstract: Infectious diseases place an economic burden on aquaculture and a limitation to its growth.
An innovative approach to mitigate their impact on production is breeding for disease resistance:
selection for domestication, family-based selection, marker-assisted selection, and more recently,
genomic selection. Advances in genetics and genomics approaches to the control of infectious
diseases are key to increasing aquaculture efficiency, profitability, and sustainability and to reducing
its environmental footprint. Interaction and co-evolution between a host and pathogen can, however,
turn breeding to boost infectious disease resistance into a potential driver of pathogenic change.
Parallel molecular characterization of the pathogen and its virulence and antimicrobial resistance
genes is therefore essential to understand pathogen evolution over time in response to host immunity;,
and to apply appropriate mitigation strategies.
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Validation of two QTL associated with lower Ichthyophthirius multifiliis s
infection and delayed-time-to-death in rainbow trout

Kurt Buchmann ™ , Torben Nielsen ”, Heidi Mathiessen °, Moonika H. Marana “, Yajiao Duan”,
Louise V.G. Jorgensen *, Shaozhi Zuo“, Asma M. Karami“, Per W. Kania®
* Laboratory of Aquatic Pathobiology, Department of Veterinary and Animal Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, Frederiksberg

., Denmark
" Aquasearch ova ApS, Jelling, Denmarik:

ARTICLE INFO ABSTRACT

Keywords: Single nucleotide polymorphisms (SNPs) on rainbow trout chromosomes Omy16 and Omy17 are associated with
Fish i a lower parasitic load and delayed-time-to-death following exposure to the parasitic ciliate Ichthyophthirius
Breeding mudtifiliis causing white spot disease (WSD). We have evaluated the application of two quantitative trait loci
QTL (QTL) represented by two of these SNPs for practical breeding purposes. Homozygous males served as parent fish
Disease . . . « R o "
Parasite securing offspring with at least one allele (heterozygous and homozygous fish) associated with higher resistance

(QTL fish). We measured the infection levels and time to morbidity/mortality in QTL fish and in non-QTL fish
(male parent fish negative for the SNPs) following exposure to infective theronts. We conducted hexaplicate
challenge trials (common garden experimental set-up in each tank) and recorded the development of trophonts
(white spots) in the fish epidermis and associated morbidity in all six fish tanks and in both fish groups. QTL fish
showed a significantly lower infection and delayed development of WSD morbidity. Analyses of SNP locations on
the trout chromosomes Omy 16 and Omy 17 may in the future indicate genes associated with higher natural
protection. Evidence points at immune factors, physiological functions, mucus production and regulatory ele-
ments (IncRNA and pseudogenes).
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Elevated natural resistance towards infection could rely
on a lower mucous cell density in the skin and/or a lower
production of mucus or host molecules excreted through
the skin openings.

When the rainbow trout genome was scrutinized and
searched for genes associated with the SNPs Affx-
88916021 and Affx-88911623, it was evident that such a
search is challenged by the incomplete annotation of Omy
16 and 17.
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Candidate genes

The candidate gene theory states that a significant
proportion of the phenotypic variant of a trait can
be ascribed to polymorphisms within genes known
to be involved in the physiological regulation of the
trait

Candidate Gene
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In salmonids, genes of the major histocompatibility complex (MHC) have
been well characterized and reported to be associated with resistance to
various diseases.

a2 al
ﬂ a IM p1
) J
B 2 microglobulin L

Cell membrane ~ Cell membrane

The highly polymorphic MHC class I
molecules can present exogenous
antigenic peptides including those derived
from pathogens to CD4+ T lymphocytes in
the acquired immune system.

MHC class | displays peptide fragments of
proteins from within the cell to cytotoxic T
cells. This pathway is often
called cytosolic or endogenous pathway.
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Classical MHC class 11 locus
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* Inrainbow trout we described the MHC class Il B-1 domain gene as a
candidate for resistance to lactococcosis

* Johnson et al. found a suggestive association between MHC | and
resistance to BCWD in rainbow trout.

 Combinations of MHC | and Il were found to significantly influence disease
resistance to infectious salmon anemia, furunculosis, and infectious
hematopoietic necrosis virus in Atlantic salmon




W istituto zooprofilattico sperimentale

del Piemonte, Liguria e Valle d’Aosta

IaTITLT O

ERLAUENEEEE]

dul Plarea s _igiria ¢ Vinlle dica

L e

Journal of Fish Diseases 2015, 38, 27-35 doi:10.1111/jfd. 12193

Association of a specific major histocompatibility complex
class lIp single nucleotide polymorphism with resistance
to lactococcosis in rainbow trout, Oncorhynchus mykiss
(Walbaum)

S Colussi, M Prearo, S A Bertuzzi, T Scanzio, S Peletto, L Favaro, P Modesto,
M G Maniaci, G Ru, R Desiato and P L Acutis
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Buccal swab: A tissue sampling method for refinement of *400 trout naturally exposed

experimental procedures involving rainbow trout «323 females and 77 males

S.Colussl | V. Campia M. Righetti | T.Scanzlo M. V. Riina E. A. V. Burioll |
C. Foglini | F. Ingravalle M. Prearo P. L. Acutis

VRO L Yl (1 et et abe (bt
Persene L Ve CAntia Tiwww, ey Summary

Huccal bowng 5 2 v thod to obtain DNA and blological material
o —
e Ot St DamnaiG from humans and antmads sncuding feh Keparts an buccst twabeng in fishs we fow

g T s S -:—v«- e e Vel a0 Only Tor & Bmited number Of speckes. Rainbow trout (Oncorfnymnchus omykiss) is an
SAcnta Sorio, Ealy
.?‘ ,,_;,_‘., P Important animal model and becouse the yield of DNA may vary among and within

Alfferent speches In Indivickals of dfferent shass, It wat sslected 35 Lseful to optimise
ot g s iR the tusccal DINA COBRCION N this species. DIffOrent SIoEge Methods were evaliated,
Al 3t DINA, preservation by Bmiting DNA degradation and bactesial growth, using
commonly avaiabde and Inexpernive reapeats. DNA Quality was 2150 tested by 2npll-
fcation of » singie-copy nuchoar gerw and 5 mitochondrial geoe. The results sagtest
et ethand is the best storage choice for Buccal swaly sampling In fish genetic studies,
a5 wedl a5 suitable for small-bodied rainbow trout
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overall survival among individuals by genotype (SNP 140)
o
B
]
P~
o
G ........................
i _
o
]
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o
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g
o T T T T T T T T T T
50 60 70 80 80 100 110 120 130 140
analysis time
Number at risk
M 320 278 932 q98 1868 R 176 176 1715 0
F 44 43 41 41 40 38 38 38 38 0
cc CT
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Conirolhi Pvalue
SNPs. AA H-W N® Freg N® Freg

126 a=g 42 =M =0.05 FF] 0.31 112 033 [IF]
130tz 44 F=H =0.05 15 0.07 25 0.05 Ha
151 a=t 44 F=T =0.05 10% 0.55 173 0.58 Ha
1521=g 44 F=L =0.05 21 0.0g 41 0.1a Ha
135 azt. 45 =1 =0.05 11 0.05 32 0.0g Ha
136 g=a 45 D=H =0.05 11 0.05 32 0.08 Ha
137 azg 46 D=l =0.05 11 0.05 32 0.0g Ha
140 c=t 47 5=F =0.05 [3 0.0z 38 0.0g 0.00
143 a=t 48 T=F =0.05 37 015 ] 0.1& 0.50
145 z=t 49 V=F =0.05 38 014 ] 0.1a 045
154 a=c 52 E=0 =0.05 ] 025 105 0.z 0.7
155 a=t 52 E-M =0.05 5 0.0z 11 0.03 0.7s
158 t=c 55 W=k =0.05 20 0.358 123 0.37 Ha
163 t=c-g 55 %¥=D =0.05 (=) 47 1019 (e 57 fei0ls Ha

55%¥=H (g1 83 fig)0.26 (g1119 fig10.33
186 a=g 56 =W =0.05 24 0.11 35 0.0g Ha
194 a=t 85 T=F =0.05 20 0.3%9 144 045 Ha
210 a=g T0E=E =0.05 39 0.1a 3 0.1a n.eg
211 e=t 71 H=% =0.05 1& 0.0y 20 0.0s Ha
217 gz TIW:L =0.05 85 0.41 129 0.38 Ha
235tz 79 WE=ER =0.05 E 0.05 11 0.0z 0.28
2368 gzt 79 W=L =0.05 15 0.0& 14 0.03 01y
253 azt B85 I=F =0.05 14 0.0s 38 0.0g 0.03
255 o=g B85 I=M =0.05 25 0.08 37 0.0g 0.28
272 g=tg 91 4=V =0.05 [t 5% fronls (tias froonla Ha

91 4= (g1 55 fig10.25 (g1 8a fiz10.21
2 =g 92 Q=K =0.05 117 0.6l 173 0.8z Ha
283 a=c 95 5=R =0.05 143 0.e3 184 0.58 Ha
2Bht=g 95 V=D =0.05 42 0.1% 5 0.20 Ha
287 a=t 98 T=W =0.05 10% 0.57 177 061 Ha
285 c=a 99 H=H =0.05 15 0.08 15 0.04 Ha
298 a=c 95 H=F =0.05 ¥ 0.z 107 0.2e 0.55
301 g=a 101 4=T =0.05 14 0.0& 15 0.0& Ha
305 a=c 102 D=dy =0.05 ¥ 0.3y 109 0.2% 0.02
307 azg 105 I=L. =0.05 3] 0.28 124 0.35 Ha
302 t=a 103 [=H =005 45 INE] 58 015 0.259
309 o=t 103 I= =0.08 15 0.0y [3 0.0z Ha
510 gzt 104 Tn=H =0.05 (=) 109 el 055 [e) 189 fre10is Ha

104 D=7 (t14l frooly [t 74 fronzo
311 a=c 104 D=y =0.05 JE] 0.05 4 0.01 Ha
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Haplotype Fre SNP SNP SNP SNP SNP SNP SNP SNP SNP SNP SNP
number 1 126 140 143 145 154 210 253 255 296 305 308
4 0.07 0 0 0 0 0 0 0 0 0 1 1
5 0.12 0 0 0 0 0 0 0 0 1 0 0
8 0.07 0 0 0 0 0 0 1 1 0 0 0
11 0.08 0 0 0 0 0 1 0 0 1 0 0
13 0.07 0 0 0 0 1 0 0 0 0 0 0
20 0.08 0 0 1 1 0 0 0 0 0 0 0
25 0.06 0 1 l 1 0 0 0 ] 0 { 0
26 0.06 1 0 0 0 0 0 0 0 0 0 0
27 0.06 1 0 0 0 0 0 0 0 1 0 0
32 0.14 1 0 0 0 1 0 0 0 0 1 0
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Aromatic amino acids:

Tryptophan
Trp or W

Tyrosine Histidine

Phenylalanine
Phe or F

Tyr or Y His or H
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Phe is characterized by an high affinity for poli-

proline binding sites described in surface
proteins of Gram positive bacteria, such as S.
agalactiae
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LIMITS OF MAS AND GAS

MAS and GAS are efficient in selecting traits controlled by a few genes or in
which few variants explain a substantial portion of the trait’s genetic variance.

When the trait is highly multigenic, a different approach can be taken that uses
the information provided by myriad markers spread along the genome (genomic
selection) |
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