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MEJORA GENETICA



Mejora genetica



Ejemplo : UN GEN

BB Bb bb
V. econémico 1 0,5 0
Frecuencias f(B) =0,5 f(b) =0,5
Poblacion,., 0,5 2*0,5%0,5 0,7

V_8(p0b|aciér+0) = 1* Oiy + 015* 2*015*015 + O* 0’9 — 0’5

Bt b ¥
V_9(poblaciénn) = 1* 0192 + 015* 2*019*011 + O* 0112 — 0’9
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b os A 0Ve = 10%




Ejemplo : UN GEN

BB Bb bb
V. econémico 1 0,5 0
Frecuencias f(B) =0,5 f(b) =0,5

Poblacion,., 0,5 2*0,5%0,5 0,7



Ejemplo : DOS GENES

BBBB BBBb BB bb Bb bb bb bb



Ejemplo : 200 GENES (carateres poligénicos )

Sologenotipo G
100 x BB

100 x bb + ambiente E




Ejemplo : 200 GENES (carateres poligénicos )

P,=G,+E

oU

R- R=10G =P, -

"G = Mejora dda produccion

causas geneticas



Ejemplo : 200 GENES (carateres poligénicos )

Pi D +1 +E Valor mejorante %/
%‘é

Valor reproductivo
Valor genético aditivo (VGA)
Estimated Breeding Value (EBV)

()
%
&
%
(¢
(]

P=G+E

2 (R — R) = A

Esencial conocer la genealogia de los animales para la estima del EBV



Ejemplo : 200 GENES (carateres poligénicos )

VGA o EBV para PESO



Ejemplo : 200 GENES (carateres poligénicos )

P=AA+D +1,+E, )
P=Aq# D+, +E,

P=A+D,+1,+E,
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Ejemplo : 200 GENES (carateres poligénicos )

Padres
seleccionados

O Heredabilidad

Seleccion Fenotipica o
Descendencia individual

'G h=1=V,/ VW

- Peso a la cosecha (Argue et al 2002) Cardelino Y/ Rovira (1987)'

- Muy alta > 0,65



Ejemplo : 200 GENES (carateres poligénicos )

Padres
seleccionados

O Heredabilidad

Seleccion Fenotipica o
Descendencia individual

|
v
'G h2=0,5=V,/ Vp

- Peso a la cosecha (Argue et al 2002) Cardelino Y/ Rovira (1987)'

- Alta 0,45 - 0,60



Ejemplo : 200 GENES (carateres poligénicos )

Padres

seleccionados

g

'G
Peso a la cosecha (Gitterle et al 2005, 2006)

SUSCEPTIBILIDAD  Supervivencia a TSV
(@degard et al 2011)

Supervivencia a TSV (Moss et al 2013):
cuatro cepas

Peso a la cosecha (Caballero-Zamora et al 2015):
brote natural en cultivo en estuarios

Supervivencia a WSSV (Castillo-Juéarez et al.
2015):

O Heredabilidad

Seleccion Fenotipica o
Descendencia individual

h2=0,25 =V, / V,

Cardelino vy Rovira (1987):

- Media 0,20 — 0,40



Ejemplo : 200 GENES (carateres poligénicos )

Padres
seleccionados

O Heredabilidad

Seleccion Fenotipica o
Descendencia individual

'G h=0=V,/ VW

- Robustez ala cosecha estero (Argue et al 2002)

- Supervivencia a TSV (Argue et al 2002) Cardelino y Rovira (1987):
- Supervivencia a WSSV (Gitterle et al 2005, 2006)

- DANADOS (ENDURANCE) Supervivencia a TSV
(@degard et al 2011)

- Supervivencia a WSSV (Caballero-Zamora et al
2015): brote natural en cultivo en estuarios

- Baja 0,05-0,15

- Supervivencia a AHPND (Castillo-Juarez et al. 2015)



Estima de REPUESTA a la seleccion

Poblacion bajo estudio

Padres ., ;o
seleccionados Seleccion Fenotipica o

individual

Descendencia

|
—~

('G) RespuestazR/L:@12 1]/L=[ih L]/L

l

% reproductores seleccionados /
intensidad de la seleccion



CORRELACION GENETICA entre caracteres econémicos

Peso corporal (p) Longitudd total (1)
Apl All \
Adriantahina et al. (2012)
Ap2 Al2 I'Ap/al = + 0,85
Ap3 Al3
Apd Al4
> I'Ap/al = +1
Ap5 Al5
Ap6 Al6
Ap7 Al7

Ap8 Al8 j



CORRELACION GENETICA entre caracteres econémicos

Peso corporal (p) Resistenciaa WSSV (1)

Apl Al8 \

Gitterle et al. (2005)
Ap2 A7 I'Ap/Al = -0,64
Ap3 Al6
Ap4 Al5

> I'Ap/al = -1

Ap5 Al4
Ap6 Al3
Ap7 Al2

Ap8 All j



CORRELACION GENETICA entre caracteres econémicos

Supenvivenciaa RAS(p) Supenviénciaa TSV()

Apl Al3

\ Moss et al. (2005)
Ap2 Al4 I'Ap/Al = 0,19
Ap3 Al5
Ap4 Al2

> I'Ap/al = 0,19

Ap5 Al6
Ap6 Al7
Ap7 Al8

Ap8 All j



CONSANGUINIDAD

N, = Censo efectivo

Ao eAz2aArp -+ - - - A5,k @

\— /)

e evitar la consanguinidad

e pérdida de genes de interés



CONSANGUINIDAD: pérdida de alelos

EVOLUCION
DE UN PROGRAMA DE
MEJORAMIENTO GENETICO
EN ECUADOR

Rocha et al. (2010)

Evolucion Variabilidad Genética Evolucion Variabilidad Genética
# Alelos Heterocigocidad Observada
2 0.74
0.72
0 F-\/.\ -f'.“- = 0.70
8 \/ 0.68 \
0.66
6 0.64
y =0.0329x + 9.46
R®* = 0.0441 0.62
4 0.60 y = -0.0016x + 0.689
0.58 R*=0.083
) .
0.56
0 0.54
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 12 3456 7 8 9 1011 12 13 14 15 16 17 18 19 20

Retencién de la diversidad alélica Retencion del 94% de la heterocigosidad



ESQUEMA DE LA PRODUCCION EN CAMARON

CENIACUA

MULTIPLICADORA

(8 5/ 0GEMAR

ENGORDE

VETA LA
PALMA

COMERCIALIZACION

E.S.I



Esquema de la produccion en Camaron

Flujo & Influencias

CRIADERO

ULTIPLICADOR

ENGORDE

MERCIALIZACION



Esquema de la produccion en Camaron

Factores

Talento genético Consanguinidad

_CRIADERO

MULTIPLICADORA

ENGORDE

Efecto directo sobre el beneficio de las
empresas y los precios a los consumidores

COMERCIALIZACION



HERRAMIENTAS PARA DESARROLLAR AMBOS FACTORES

Talento
genético

Esquema de Marcadores Marcaje
seleccion moleculares fisico




PROGRESO DE LA SELECCION

N

/\/::\\/ “\/\ /\/\/\froodstocks

Maximo — Minima
Talento genético - Consanguinidad
o o
Valor genético aditivo parentesco

HATCHERY

Valor
genético
aditivo

N
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B- R = 0G =tasade progreso

R = Respuestan la seleccion




“Animales diferenciados en términos de calidad, transferencia de una
Imagen de calidad y de los sistemas productivos”

e ; *
= - .
e 5 - b ot
b .,

Mﬁj()rado & Diferenciado

La mejora es acumulativa , permanente vy extensible a toda la
cadena de produccidn

EUROPA
MGA representa un beneficio por ano de alrededor
de 2 billones de €uros



ANIMALES DOMESTICOS TERRESTRES

Seleccidn genética clasica: Ultimos50 afnos

PRODUCCION

LECHERA 2.000 a 9.000 kg / lactaciéon / vaca

4,5 MEEES

PRODUCCION
DE HUEVOS 120 a 340 huevos / afio / animal

2,83 MECES

Progreso genético anual
1-3%



Animales domeésticos terrestres

Progreso genético en carcasade BROUWER

43 days 57 days 71 days 85 days

Figure 7

Contemporary comparison of 1957 control and 2001 selected broiler carcasses slaughtered at different
ages. Photo by G.A. Havenstein (155).




Table 12

Impact of selective breeding programs on the production of different aquaculture spe-
des ( modified from Neira, 2010 and Rye et al, 2010).

Species No. of MNo. of families  Average no. World prod.
programs®  per program of traits in 2005,
selected {1000 tonnes)

(_Common carp 8 76 20 J 3044
Rohu carp 1 60-70 2 1196
Silver barb 1 - 1 97

(Tilapia Nile 20 229 36 | 1703
Tilapia blue 2 90 20 2
Tilapia red 4 125 4.0 -
Tilapia 0. shiranus 1 51 1.0 -
Channel catfish 1 200 4 380
African catfish 1 70 1 29
Striped catfish 1 182 3 436

( Atlantic salmon 13 280 54 | 1236
Chinook salmon 2 100 1.5 24
Coho salmon 4 133 27 117

( Rainbow trout 13 206 52 | 487
European whitefish 1 70 20 1
Turbot 2 60 1.0 7
Atlantic cod 3 110 4.0 8
European seabass 3 100 5 58
Sea bream 4 100 65| 111
Freshwater prawn 2 82 1 205
Shrimp, P. monodon 3 212 - 723

(shrimp, P. vannamei 4 197 20 1599
Abalone 3 210 1.7 334
Oysters 3 45 43 4615
Mussel 1 G0 3.0 1410
Total listed species 101 - - 17,822
Total all species - - - 48,150"

4 Number of proorams usine sib information in the selection decisions.



Programas de Mejora Geneética en acuicultura y

caracteristicas

Agua dulceRw) 72 (1-20) 147 (51-280) 2,7 (1-5,2)
Marinos (Mf) 13 (1-4) 88 (60-110) 2,9 (1-6)
Camaron 4 197 2

GRUPO DE PECES Ne Programas Ne familias Produccion /
Valor econdmico
Camaron VSPROMEDIO
(SalmoénTruchaCarpaTilapia <29 <1,78 >1,67/>2,93
Dorada)

(Neira, 2010; Rye et al., 2010; Gjedrem et al., 2012).



Programas de Mejora Geneética en acuicultura y

caracteristicas

Table 11
Genetic gain in Atantic salmon over five generations of selection (Thodesen et al,
1999).
Trait Improve ment selected over wild (%)
Growth rate +1137
Food consum ption +40°
Protein retention +9
Energy retention +14"
FCR® —207

* Feed conversion ratio or kg feed per kg body weight produced. (*, P<0.05)



MARCADORES fisicos

ETIQUETAS




MARCADORES fisicos

1 ‘Visible Implant Elastomer (VIE)

* Impacto minimo en crecimiento, salud y supervivencia.

* Animales de tamafo muy pequeiio (200 mg), en peces™

* Camarones t1 gr**,

* Tasas de retencion maximas (100%)*

* Visible externamente luz natural, UV & Azul * Astorga et al. (2005)
* Econémico (0,065 $)* ** Goding et al. (1996)

* Util para marcar grupos



MARCADORES fisicos

1 ‘Visible Implant Elastomer (VIE)

COLORES




MARCADORES fisicos

1 ‘Visible Implant Elastomer (VIE)

INYECTORES
* Manuail/

Ventajas:
* Economico
* 200 animales / hora

* Agotador para gran numero
de animales

* Aihe2 comprimido

* Varios colores a la vez
* 300 — 600 animales / hora

* Mas caro que el Manual




MARCADORES fisicos




MARCADORES MOLECULARES

Microsatélites

- Secuencias repetidan tAndem:1- 6 nucledtidos
- Distribuidos en todo el genoma

- Altamentepolimorficos

- CODOMINANTE

- Genotipado mediante PCR

Cebador -]L‘

»

Cebador - 2

A—



Marcadores moleculares

Microsatélites (alelog -AEAsignacion de parentesco/ Deteccion de QTLs

@ Use PCR primers P1, P2 to amplify alleles in genomic DNA samples

P2
- 40 bp - Allele 1 = I':r."ﬂ"llﬁ -
CAJ CA[CA|CA|CA cﬂéﬂ.icﬁ CA| CA[CA ca\ca;m CA[CA!
GTIGTIGT|GT|GTIGT|GT|GT|GT|GT|GT|GT|GT|GT|GT|GT
P1 3 =
e ' 40 bp
PCR product = 80 + 32 = 112 bp
P2
Allele 2 = (CA) 4 p—
ca-ca‘ca[m?b;ﬂ CA cnfcﬁs‘ca cnica‘ca CA[CA HH
GTIGTIGTIGTIGTIGTIGTIGTIGTIGTIGTIGTIGTIGT S
Bz v
PCR product = 80 + 28 = 108 bp
P2
Allele 3 = (CA), 4 A e—
'CA[CA|CA| CA[CA[CA[CA|CAICA|[CA[CA
\GTIGTIGTIGTIGT|GTIGTIGTIGT|GT|GT
P1

PCR product = 80 + 22 = 102 bp

Alleles
1=112 {

2 =108 { -

3:102{

1

Alelo nulo




Marcadores moleculares: microsatélites en Camarén

Datos aproximados ya que nos existen estudios a gran escala todos estos marcadores

(Denise et al., 1996; Meehan et al., 2003; Pérez et al., 2005; Alcivar-Warren et al., 2006, 2007;
Cruz et al., 2006; Jia et al., 2006; Freitas et al., 2007; Garcia y Alcivar-Waren, 2007; Zhang et
al., 2007)



Marcadores moleculares

Polimorfismo de nucleétido simple, SNP

Individuo
Individuo
Individuo
Individuo

SMP

SNP
IMAACA GCCA...TTCG GGTC...AGTC ACCG...
|| || ||

SNP

FAAACA GCCA...

N A I
3 AACA-E CCA.. .TTEG-GGTE. . .AGTE-AEEE. o
I A

GAGTCE ACCG...

sJAACA GLCCA... TTCLG GLTC..,AGTC ACCG...

T

Haplotype 1
Haplolype 2
Haplotype 3

Haplotype 4

A= M N

0 6 » oie—7

P 2O

K_J



Marcadores moleculares

Polimorfismo de nucleétido simple, SNP:

- Detecciorde QTLs
- Asignaciorde parentesco
- Selecciomgenomica
ATTGTTGGTACTGGACTACGGCTTACGGTACGGTAGCGTTC
ATTGTTGGTACTGGACTACGGCATACGGTACGGTAGCGTTC
ATTGTTGGTACTGGACTACGGCATACGGTACGGTAGCGTTC
Primer 5-ATTGTTGGTACTGGACTACGGC-3'
+
Taq polimerasa .
1 ATG
NUCIeOtIdeS > { { DIDEOXYNUCLEOTIDES
ATTGTTGGTACTGGACTACGGCT
Products O
ATTGTTGGTACTGGACTACGGCA

Genotypes m /\
TT AA

TA



Marcadores moleculares : SNPs en Camarén

Infinium® ShrimpLD-24 v1.0 BeadChip Kit (48 samples) @
20013012
Sign in to see pricing and favorite products.

Infinium® ShrimpLD-24 v1.0 BeadChip Kit (288 samples) ©
20013013
Sign in to see pricing and favonte products.

Infinium® ShrimpLD-24 v1.0 BeadChip Kit (1152 samples) @
20013014
Sign in to see pricing and favonte products.

Product Highlights

The Infinium ShrimpLD-24 v1.0 BeadChip enables genomic selection and evaluation for
family identification within Pacific white shrimp (Litopenaeus vannamei), fo advance
8.967 SNPs agquaculture breeding programs. This microarray contains over 6400 genome-wide single
nucleotide polymorphisms (SNPs), validated using family brood stock from multiple
existing breeding programs. The array offers:

O

» Excellent call rates and accuracy

= 99% mean call rate and > 99.9% reproducibility
» High-value content with comprehensive coverage

Evenly distributed polymorphic SNPs with 1 ¢cM mean spacing
* High-throughput and flexible format

Up to 24 samples can be genotyped in parallel

(Du et al.,2009, 2010; Yu et al.,2016; Jones et al., 2017)



HEREDABILIDAD: Resistencia a enfermedades

| Adriantahina et al. (2012)

BW = peso corporal / TL = longitud total / BL = longitud corporal

FASD = profundidad ler segmento abdominal TASD = profundidad 3er segmento abdominal

FASW = ancho ler segmento abdominal

Table 3 Mean and Standard deviation for the accumulation Table 5 Response to selection, selection differentials, and

growth of offspring realized heritability for growth in L. vannamei
: Bw TL BL FASD TASD FASW PCL Parameters Estimates
Trast (g) (cm) (cm) (cm) (em) (cm) (cm)
= Selection response (g) 1.26
Mes 1495 1211 1036 148 148 132 293 ;
e : Selection response (%) 10.70
Standard
o 2 2 i 2 1 1 i ]
deviation =12 079 070 011 01 0.10 021 Mean selection differential (g) 425
Realized hentability (%¢) 29.65

CVi%) 1826 652 676 743 811 758 717

Table 6 Genetic correlations of body size and the body

Table 4 Heritabilities (%) and their standard error (;
) () weight from half-sib correlation method

TL BL FASD TASD FASW PCL

m) (cm) (cm) (cm) (cm) (cm) remite  BW TL  BL FASD TASD FASW

(g) (cm) (cm) (cm) (cm) (cm)

Trait BW (g)
PCL (cm)

A (%) 51.50" 39.40" 4090% 4120 42.00" 4290 41.50% _
Genetic

62 003 003 002 002 002 002 002 corelations 100 0-857 084" 0.66" 067" 077" -0.08"

r-test  17.16 1313 2045 2060 2100 2145 2075 £+ denotes very significance (P < 0. 01)

fags= 1.96, fy=2.57. ** denotes very significance (P < 0. 01).



HEREDABILIDAD: Resistencia a enfermedades

Argue et al. (2002)

Heritability (/#?) estimmates (+s.e.) for Growth line L. vannamei reared in the round pond (RP) and
recirculating raceway (RR)

Trait N it osib it sib h2 Realized 72
RP harvest weight 1.194+0.59 0.704+0.15 1.174+0.18
RP weight—imale 1.274+0.63 0.784+0.17 098+ 0.16
RP weight—female 1.33 +0.66 0.824+0.18 1.384+0.20
RP weight gain 1.144+0.57 0.68+0.15

RP gain—male 1.224+0.61 0.754+0.17

RP gain—female 1.274+0.63 0.794+0.17

RP pond survival —0.104+0.07 0.08 +0.03 —0.1940.13

RR harvest weight 0.84 4+0.43 0.71 4+ 0.15 1.004+0.12
RR weight—male 1.18 + 0.59 0.834+0.18 0.834+0.11
RR weight—female 0.9440.49 0.804+0.17 1.144+0.13
RR weight gain 0.8240.43 0.684+0.15

RR gain—male 1.11 +0.56 0.804+0.18

RR gain—female 0.954+0.44 0.774+0.17

RR pond survival 0.104+0.07 0.15+0.04 0.214+0.15

Percent tail 0.154+0.12 0.11 +0.04

Sex ratio—combined —0.0024+0.012 —0.0034+0.01 —0.003 +0.02

Sex ratio—RR — 0.007 £0.024 —0.001 +0.01 —0.01 +£0.038

Sex ratio—RP —0.034+0.04 0.002+0.012 —0.054+0.006

Heritability on the underlying scale (/#2) was calculated from the half-sib /#” estimate.

Table 6

Heritability (:hz) estimates (+s.e.) for TSV line L. vannamei selected primarily for resistance to Taura
Syndrome Virus (TSV)

Trait B2 it P 2 Realized h?
TSV—GCRL 0.19+0.08 0.1440.05 0.30+0.13 0.2840.14
Weight—OI 0.58+0.15 0.58+0.11

Survival —OI 0.06+0.03 0.1340.03 0.10+£0.05

Sex ratio—OI —0.0124+0.014 0.003+£0.01 —0.0240.02

Shrimp were evaluated at the Gulf Coast Research Laboratory (GCRL) and the Oceanic Institute (OI).
Heritability on the underlying scale (h%) was calculated from the half-sib h* estimate.



Gitterle et al. (2005)

HEREDABILIDAD: Resistencia a enfermedades

Table 4

Hertability (h*+ SE) and the effect common to full-sibs other than
additive genetic (¢~ + SE) for WSSV resistance and harvest body
welght in Pvannamei for each batch and line

Line Batch W55V Body weight
W+SE  ¢’+SE h* £ SE ¢’ +SE
1 4 017006 000002 021011 003+0.04
f 003003 002001 015008 0.08x£0.03
All 007002 001001 021004 00830002
2 3 0.04 004 001002 011015 017x0.07
5 007003 000001 006009 0.11x0.04
7 0.03+002 001001 045010 0.00+0.03
All 003001 002x£001 020004 009002
Table 5

Genetic comelations between harvest body weight and WSSV
resistance for each batch and line

Line Batch Correlation
| 4 —051 030
=031x0.51
All —03535x0.18
2 3 =094+ 0.64
5 016 0.61
7 —047+0.32

~0.64+0.19




HEREDABILIDAD: Resistencia a enfermedades

Gitterle et al. (2006)

Table 5

Hentabilities estimates (£5E) for harvest weight and for W55V
resistance using indmvidual oral 1noculation (I0) and waterborne
infection (WB)

Batch WSSV Harvest

10 WB Weight

K +se hise B +se
B 001001 0.05+0.1
Ly 0.01=0.00 0.23+0.07
10 001001 0.31+0.11
11 0.02+0.01 000 =0.00 0.39+0.15
13 0.02+0.01 0.01+0.01 0.34+0.11
Table &

Product moment correlations between the full-sib famuly breeding
values for resistance to W55V and harvest weight 1n each batch

Batch 10 WB

8 0.06 -

9 0.27% -

10 (0.33%* -

11 0.17 0.07

13 0.35%* 0.33%*

*P<005 **P=0.01.
Individual oral (10) and waterbome (WB) infection protocol.



HEREDABILIDAD: Resistencia a enfermedades
@degard et al. (2011)

_Diseio:
.- Resistencia a TSV
- Determinarsientre €l %de superviviente€CURADOSNO SUSCEPTIBLEsY dosaracteres
.- DafiadodENDURANCE)
.. - Conriesgoo No(SUSCEPTIB)LES
- 15.26lindividuossle 513 HC de @eneracioneganalizadosnediantesretosa TS\g|
tangquesseparadsos

Table 1 Descriptive statistics of the data set

Item

Shrimp with data 15,261
Full-sib families 513

Sires 266

Dams 484
Generations with data 3

Batches with data 7
Challenge-test tanks per batch 3

Average mortality (across tests) 28%
Median time until death' (across tests) 157 h (56 h)

'Excluding individuals with censored lifespans. Between-test standard
deviation is presented in parenthesis,



@degard et al. (2011)

HEREDABILIDAD: Resistencia a enfermedades

Survival

T T T T |
10 15

20 25 30 38
Day in test
T 1= 2---1F3— 1 — =182~ - =18 3 191 = =182~--=-10_3
M B — 1 —-212---2_13 221 22 2 2 3
233

Figure 1 Kaplan-Meier survival curves for the different TSV
challenge tests. The different challenge tests are numbered as
‘hatch_tank” (batches 17 1o 23).




HEREDABILIDAD: Resistencia a enfermedades

@degard et al. (2011)

Given the endurance a simple cross- using a “naive”

scores and the  sectional threshold  (assuming that all
susceptibility statuses, all model for observed individuals are
parameters of the CURE  survival until the end susceptible ) survival
model were sampled as  of test (SIMPLE) score threshold
in a standard bivariate model (NAIVE)

threshold model using
Gibbs sampling.

Table 2 Posterior means of parameters for the CURE, SIMPLE and NAIVE threshold models (+ posterior standard
deviations)

Parameters’ Trait CURE SIMPLE NAIVE
Fraction susceptible (96) B/+1 - 100

U’i Endurance/survival scores 014 + 00 - 013 + 007

Og Endurance/survival scores 009 £ 0.04 - 021 £ 005
Susceptibility/mortality 082 +0.23 072+ 0.16 -

[ Endurance - susceptibility 022 £ 035 - -

UIL-J Endurance/survival scores 007 £ 002 - 003 £ 007
Susceptibility/mortality 013 £004 008 + 003

fe Endurance - susceptibility -006 + 005 - -

gff Susceptibility 016 +0.10 - -

h* Endurance/survival scores” 0.03 - 0.16 + 0.03

Susceptibility/mortality” 041 k007 039 + 0.06 -
Endurance/survival scores® 1.0¢ - 002 £ 001
0.05 = 0.02 -

™

Susceptibility/mortality®

12 . 2 . . . . Pl . . . .
o = variance of tank-test-day effects, = genetic variance, r, = genetic correlation, Of = variance of common environmental family effects, rs = correlation
of common environmental family effects, oy = variance of batch-tank effects, :

pl pl 2 7
h? = a;/(cr; +07 +0; + 1)*312 = 05,2/(05‘ +07 + 1)

42 _ 2 2,2, 2 s 2_ 2 2, 2
c —q,/(crg+cr_f+crl +]). ¢ = oy /(Ug + 0 +1)
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@degard et al. (2011)

Table 3 Pearson (above diagonal) and Spearman (below
diagonal) correlation coefficients between posterior
means of breeding values for the different models

Model CURE SIMPLE NAIVE
Trait Endurance Susceptibility End-survival Survival

CURE  Endurance 0.51 057
Susceptibility 050

S5IMPLE  End-survival 057 .99

NAVE  Survival 061 0.98 0.99
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Moss et al. (2013)

_Diseio:

- Resistencia a TSMstintascepad/ sistemade cultivo (RAS)
- 180 HGamilias (177 machos : 1.7bembrag
- Desoveandividual dehembrasy criaseparadahasta elmarcajecon Vi-entre 2 g

Reta a TSV: 2-3 g alimentadoshastasacieddadtonel 3% desupesocontejido infectada
Mortalidad a lo ias

Table 1
Taura syndrome virus (TSV) isolates used in per os challenges of P. vannamei.
Table was modified from Srisuvan et al. {2006).

TSV isolate Collection location Collection year GenBank accession #
USTX95 Texas, USA 1995 -

BZ01 Belize 2001 AY3804/71
THO4 Thailand 2004 AYSY/T025

VHDS Venezuela 2005 D21.2790
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Moss et al. (2013)

Table 2
TSV challenge data used for the estimation of genetic correlations and heritabilities: number of shrimp families, total shrimp, and mean family { +5D) survival by generation. Numbers in
parentheses are the number of replicate challenge tanks. Superscripts refer to analyses for which each generation of data was used.

Generation TSV challenge
Isolate # of families Total shrimp Survival (%) Survival range (%)

73 USTX95 80(2) 1701 476 + 175 0-88

7 BZ01 80(2) 1716 398 + 199 0-88

ged USTX95 50(2) 955 750 + 182 35-100
ged BZ01 50(2) 971 438 + 259 0-85
112064 USTX95 50(2) 1236 777 + 145 43-100
112064 BZ01 50(2) 1236 794 + 145 35-100
1120ed THO1 50(2) 1236 8§88 + 09 63-100
113b.cd VEOS 50(2) 1236 901 + 10.7 53-100

* Bivariate analysis of USTX95 and BZ01 survival data.

® Four-trait analysis of TSV survival data.

¢ Bivariate analyses of TSV survival and RAS growth data.

4 Bivariate analyses of TSV survival and RAS growout survival data.

Table 3

Growout data,/performance in a recirculating aquaculture system (RAS) used for the estimation of genetic correlations and heritabilities: number of shrimp families, total shrimp, stodking
density, mean family stocking weight (4 SD), harvest weight (4 SD), growth (4 SD), and survival (+SD) by generation. Superscripts refer to analyses for which each generation of data
was used and correspond to superscripts in Table 2.|

Generation RAS growout

# of families Total shrimp Density (per m”) Stocking wt (g) Harvest wt (g) Growth (g/day) Survival (%)
g4 50 13276 237 19+ 15 191+ 15 0.213 + 0.018 700 + 14.2
11°4 50 8809 401 1.4+ 0.2 202+ 1.0 0.214 +0.011! 80.2 + 8.0

¢ Bivariate analyses of TSV survival and RAS growth data.
4 Bivariate analyses of TSV survival and RAS growout survival data.
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Moss et al. (2013)

Table 4

Estimates of heritability (h* + SE; on the diagonal) for four TSV survival traits (i.e. survival
to four 15V isolates ) and genetic correlations (rg; + SE; below diagonal ) among these traits
for a selected population of P. vannamei Estimates were calculated from variance
components obtained from multivariate (4) animal model using a single generation of

survival data (Generation 11, G11).

Trait USTX95 BZD1 THO4 VZ05
USTX95 026 + 005
BZ01 090 +031"" 016+ 004
THO4 056 + 025" 035 + 023 0.33 + 007
VEOS 087 +029"" 099+ 026" 050+ 024" 027+ 006
* p <005
** p = 0.005.
Table 5
Estimates of heritability (h* + SE) for survival to two TSV isolates and genetic correlations

(1 4 SE) between these two traits for three generations in a selected population of
P. vannamei, Estimates were calculated from variance components obtained from bivariate
animal models using either a single generation of survival data or survival data from three

generations (combined analysis).

Generation h re
USTX95 BAD1

7 0.22 + 0.04 024 + 005 085 + 025"

g 0.19 + 0.05 041 + 007 0.87 + 030"

11 0.26 + 0.06 026 + 006 059 + 025"

Combined 0.22 + 0.03 032 + 003 0.75 + 015"

* p <005

R T
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Genetic correlations (g + SE) among growout performance traits (growth and survival) in a recirculating aquaculture system (RAS) and TSV survival traits (i.e. survival to four TSV
isolates) for two generations in a selected population of P. vannamei. Estimates were calculated from variance components obtained from bivariate animal models using either a single

generation of survival data or survival data from both generations (combined analysis).

RAS trait Generation I
USTX95 BAD1 THO4 VZ05
Growth 9 —0.26 + 0,18 —029 + 017" - -
11 —0.07 + 0.18 —0.24 + 0.19 —0.27 + 020 —009 + 0,18
Combined —0.12 + 0.13 —0.27 + 013" - -
Survival 9 0.12 + 0.19 0.24 + 017 - -
11 030 4+ 0.20 —=0.11 + 0.19 —0.12 + 020 —0.13 +0.19
Combined 0.19 + 0.13 0.16 + 0.12 - -

* p= 005
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Caballero-Zamora et al. (2015)

_Diseio:
- Pesoy Resistencia a WS®Y poblacionegle cultivo conbrotesnaturales

Table 1
Number of shrimp recovered, mean body weight, and family survival percentage for all
data and by pond.

Population Number of Number of Mean body Mean family
shrimp shrimp weight + SDF survival rate
seeded recovered %+ SD

All data 17,850 10,004 215+ 39 56.0 + 663

P10 5950 4891 230 + 32 822 4+ 295

P30 5950 4424 210 + 31 744 4+ 343

K15 5950 688" 142 + 39 11.6 + 247

# SD: Standard deviation.
b From 162 families (8 families had zero survival rate).



Table 2
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Caballero-Zamora et al. (2015)

Genetic parameter estimates for body weight (BW ) and survival in the presence and absence of White Spot Syndrome Virus (WS5V) outbreak in the Pacific White Shrimp (P. vannamei)
using bivariate within-pond linear models®,

WSSV Pond Trait Additive genetic variance Residual variance Phenotypic variance Heritability Genetic correlation
Presence K15 BW 1.47 (1.86) 10.80(1.14) 14.44 (0.88) 0.10 (0.13) —098(057)
Survival 0.006 (0.003) 0.10(0.003) 0.11 (0.002) 0.06 (0.03)
Absence P10 BW 3.16 (0.99) 5.68 (0.50) 10.01 (0.39) 0.32 (0.09) 0.67 (2.59)
Survival 0.0003 (0.002) 0.14 (0.003) 0.15 (0.003) 0.00 (0.01)
P30 BW 1.39 (0.55) 6.77(0.31) 9.54 (0.31) 0.15 (0.06) —0.90(0.87)
Survival 0.003 (0.004) 0.18 (0.41) 0.19 (0.004) 0.01 (0.02)

2 Standard errors are in parentheses.

Table 3 Table 4
Heritabilities (h*) and genetic correlations (rg) for body weight (BW) using a linear Heritabilities (h?) and genetic correlations (rg) for survival using a linear model” between
model® between ponds in P. vannamei. ponds in P. vannamei.
Pond h? Ie Pond h? I
P10 0.33 (0.10) 0.65 (0.38) P10 0.03 (0.02) 0.49 (0.54)
K15 0.11 (0.11) K15 0.03 (0.02)
P30 0.29 (0.09) 0.38 (0.42) P30 0.00 (0.02) 0.83 (2.22)
K15 0.09 (0.11) K15 0.03 (0.02)
P10 0.33 (0.09) 0.99 (0.03) P10 0.01 (0.02) 0.93 (0.83)
P30 0.23 (0.08) P30 0.01 (0.02)

2 Standard errors are in parentheses. 2 Standard emrors are in parentheses,
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Castillo-Juarez et al. (2015)

_Diseio:
.- Resistencia a WSSV y AHPND

-  RetoAHPND2 g-corl44 HGamilias(28 HC Ecuador;~ 10-MH:-Mexico;-16 EfDadorix
.~ Mexico)..105 colonforming units/mL

-  RetoWSSV4 g coninfeccionoral al07 copiasviralesDNA/g

h? avenp < 0,10

h? yssy = 0,20




CONCLUSIONES

- La existenciade variacion heredablees esencialpara que la Mejora Genéticasea una
herramientautil para el productor Asi, los caractereson heredabilidadalta permitenuna
mejorade la produccionrapida e importante como el PESOA LA COSECHA Mientras
que los caracterexon heredabilidadbaja permitenuna mejorade la produccionlenta y
escasa como la ROBUSTEZ A LA COSECHA, SUPERVIVENCIAS A TSV, WSSV y
AHPND.

- La estimacionde la heredabilidadequiereconaocimientode las relacionesde parentesco
delos animalesde la empresa

- El camarontiene un niamerode programasie selecciongenéticagueno estaacordea sus
nivelesde producciony economico

- En camaronrexisteunaconsiderabldateriade marcadoresmolecularegMicrosatélitesy
SNP),capacesieresolverel parentescqy la busquedale QTLs

- Los carateresle crecimientoy valoracionmorfologicopresentarmeredabbilidadesnedias
- altas,y estanaltamentecorrelacionados

- La supervivenci®@n RAS y camaronerpresentderedabbilidadebajas

La resistenciaa TSV presenteheredabilidadedajasy moderadasy estacorrelacionada
con el crecimientode maneranegativa La correlaciongeneéticaparala Resistencia TSV
entre aislados de TSV es fundamentament@lta y positivg y baja y positiva con la
Supervivencig@n RAS

- La resistenciaa WSSV presentaheredabilidadesnuy bajas,y estacorrelacionadacon el
crecimientode maneranegativa tantoenretosexperimentalesomobajo brotesnaturales

- La resistenciaa AHPND presentderedabilidade®ajas




CONCLUSIONES

Muchas















