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MEJORA GENETICA EN CAMARON
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MEJORA GENETICA EN CAMARON: 1. Estrategias

SELECCION
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MEJORA GENETICA en Camaron: 2. Estructura
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2.1. Condicionantes biologicos y de produccion

L % de desove diario: con o sin ablacion

L Edad a la madurez sexual: intervalo entre generaciones, generaciones de seleccién por
afio

O Vida util del reproductor seleccionado y en produccion: difusisn de la mejora

O Estructura de la produccidén de la empresa: miliones nauplios, PL12, proporcién de sexo
por tanque, reproductores totales en produccion, etc..

L Caracteres de interés para la seleccidn: crecimiento, supervivencia, resistencia, etc..

O Grado de conocimiento de las relaciones de parentesco de la poblacion:

definicion de la poblacion de partida

d Ambientes para la evaluacion geneética: densidad, temperatura, salinidad.

O Capacidad técnica en herramientas geneéticas: iaboratorios de analisis en empresa




MEJORA GENETICA EN CAMARON: 3. Herramientas

v' Banco de muestras (ADN vy tejidos)

v' Marcadores moleculares especificos (microsatélites o SNP): SuperMultiplex Lvann_1 (0,67 / 10)




MEJORA GENETICA EN CAMARON: 3. Herramientas

v" Programa que facilite en tiempo record la elaboracion matrices de parametros genéticos
(VCE_analisis)

] VCE Analisis - H

Datos

Carpeta Ficheros F\BIOGEMAR\BIOGEMAR_Disefio y puesta a punto\Optimizacion'\Ficheros salida del VCEWCEanalisis\salidas de VGA

Fichero Salida F\BIOGEMARBIOGEMAR_Disefio y puesta a punto\Optimizacion'\Ficheros salida del VCEWCEanalisis\Ejemplo salida

Procesar Carpeta | |




MEJORA GENETICA EN CAMARON: 3. Herramientas

v Programa que facilite la estructuracion de lotes por TALENTO GENETICO y MINIMO
PARENTESCO en tiempo record (VCE_optimizacion / FISHBOOSTEL)



http://www.fishboost.eu/fishboost-tools.html

MEJORA GENETICA EN CAMARON: 3. Herramientas

v' Diagnéstico automatico de Infectious hypodermal and hematopoietic necrosis virus (IHHNV) —
*PCR,py (GenBank: JN616415.1 — Genome complete) White spot syndrome virus (WSSV) -

| IHHNV (ADN) + IHHNV (Cebadores) ‘ s

[ | ya
Tiempo Temp_°c_| Neciclos 7
730 95 1 /,/
45" 95 /
45" 60 40
90" 72

7 y

IHHNV / /

73,04

1 1 2 25 3 3 4
Cycle

Figura 36. Grdfica que representa la fluorescencia emitida por la sonda de IHHNV (ADN: Blanco, IHHNV, L. vannamesi).

| WSSV (ADN) + WSSV (Cebadores) ‘ —
\ L
| Tiempo Temp.c | Neciclos -
730" 95 1 —
30 95 |
30 50 a0 L]
60 72
17,18 (,},
10 1 2 2
Cycle

Figura 31. Grdfica que representa la fluorescencia emitida por la sonda de WSSV (ADN: Blanco, WSSV, L. vannamei).




MEJORA GENETICA EN CAMARON: 3. Herramientas

Programa de apareamientos: minimizando la consanguinidad y permitiendo
apareamientos anidados para machos y hembras (APAREA_CAMARON)

Robotica para la elaboracion de MasterMix, Normalizacion de [ADN], Banco de ADN,
extraccion ADN (TECAN, BIOSPRINT96)

TECAN

BIOSPRINT96




MEJORA GENETICA EN CAMARON: 3. Herramientas

v Protocolos de rendimiento de extraccion de ADN, a partir de diferentes tejidos

160.00
140.00 133.42
128.39
120.00
100.00
DNA cc
.00
ng/ul) MEDIA
60.88
0.0 MAXIMO
43.82
40.00
22.15
20.00
0.00
Automatizado Automatizado Automatizado Automatizado
Abdomen Abdomen Extremidad Extremidad
PROMEGA MACHEREY-NAGEL PROMEGA MACHEREY-NAGEL
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4. Definicion de la Poblacion Base

v' Esencial su definicion para mantener la longevidad del programa de seleccion como herramienta de
mejora de la produccion.

(N°qa)
n
=]

Incremento de la produccién
-
& o

0 10 20 30 40 50 60 70 80 90 100110120
Generaciones

CENIACUA

CRIADERO

MULTIPLICADORA




4. Definicion de la Poblacion Base

v" Dependiendo del conocimiento de la poblacién (control de rendimiento y relaciones de parentesco),
se puede utilizar diferentes herramientas.

= CRUCES DIALELICOS

= MOL_COAN (basado en marcadores moleculares, microsatélites): parentesco molecular

= BASEPOP (basado en marcadores moleculares, microsatélites): minimo parentesco y
seleccion



http://www.fishboost.eu/basepop-software-tool.html

5. Matriz de parentesco

Parientes

_ Chic en un amimal
para cambiar
el fenotipo

_- Valor Aditivo estimado
[0 coef. consanguinidad)

- Fenotipo

* Consang.. (" EBV
Quitar enlaces genealogia
Calcular media [ahora no)
" Cambiar los fenotip. (1)
Geneal. propia Cambiar heredab.[0.25]

Geneal. 9 anim.

Geneal. 16 anim.




5. Matriz de parentesco

0 Parientes || =] |ifh|

— Clic en un animal

para cambiar
el fenotipo

_- Valor Aditivo estimado
[0 coef. consanguinidad)

- Fenolipo

* Consang. (= EBV:
Geneal. 9 anim. [uitar enlaces genealogia

| Calcular media [ahora no)

Geneal. 16 anim.

Cambiar los fenotip. [1)
Geneal. propia Cambiar heredab.[0.25)




5. Matriz de parentesco

0 Parientes || =] |ifh|

_ Chic en un amimal
para cambiar
el fenotipo

- Valor Aditivo estimado
[0 coef. consanguinidad)

- Fenolipo

* Consang. (= EBY
Geneal. 9 anim. Quitar enlaces genealogia

| Calcular media [ahora no)

Geneal. 16 anim.

Cambiar los fenotip. [1)
Geneal. propia Cambiar heredab.[0.25)




5. Matriz de parentesco

v' Es esencial disponer de sistemas de trazabilidad familiar e individual

= VIE (marcaje familiar)




5. Matriz de parentesco

= Etiguetas (marcaje individual)

1,0 mm & x
6,0 mm - long.

7,5 mg - peso

*NONATEC Lab Bench Bluetooth reader * NONATEC Hand Held Bluetooth reader




5. Matriz de parentesco

= Microstatélites (reconocimiento individual) RimA

1 2 3 4 5 6 7 38 9 10
S 94,81 99,1 99,8 99,9 (100 100 | 100 100 100 | 100

(o)

®RA 0 | 6,1 34,1622 87,8 97,6 100 100 | 100 100

(o)

100 N o o— @ W
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5. Matriz de parentesco

Microstatélites (reconocimiento individual)

RimB
1 2 3 4 5 6 7

P%/S* 94,1 99,6 99,9 100 | 100 | 100 | 100
P%/g* 0 O | 36,6 59,7 78,1 92,7 100

0 | ——— O/VF

40 f
20
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5. Matriz de parentesco

=  SNP (reconocimiento individual)

Equipamiento minimo ILLUMINA

llumina
Thermocycler Benchtop
Sequencer

M | n |S e q Centrifuge

MiSeq

TruSeq Genotype N,

384 $30 $40 $50
1056 $25 $28 $35
3072 $23 $25 $27
5088 $22 $23 $25

10080 $20 $21 $22
15072 $20 $20 $21
20064 $20 $20 $20
25056 $20 $20 $20
30048 $20 $20 $20

>30048 $20 $20 $20




6. Los caracteres de la seleccion (objetivos y criterios)

OBJETIVOS

Crecimiento
Conversioén del alimento

Resistencia a patégenos

Morfologia

Robustez

Exito reproductivo

CRITERIOS

Peso total al sacrificio

Peso corporal al sacrificio
Longitud total al sacrificio

% (peso corporal / peso total)
SGR

% supervivencia frente a retos
% supervivencia frente a episodios naturales

Longitud de segmentos abdominales
Alto de segmentos abdominales
Ancho de segmentos abdominales

% supervivencia a diferentes edades en laboratorio
% supervivencia en camaronera
% supervivencia en RAS

N° de puestas / hembra
Periodo entre puestas
N° de huevos

Didmetro del huevo




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion EENOTIPICA SMASAL}




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion mediante INDICES

P

madre
Phermano

Ptio

A;=b,P;+b P +b P +bP, +bP +b

é3



7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion mediante INDICES

Respuesta Valor genético aditivo
K_io., [=bP +bP+bP ... . +hP
L L~ .
Coeficientes
4= \/ by, +byay, + ... +b.ay, bi:by b by

Determinacion de coeficientes de regresion

db +a,b,+a.b,+......... +a, b =a,

OF,, a, b +d,b,+a,.b,+........ +a,.b, =a,,

a,.b + azkzb2 +a. b, +

—




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion EENOTIPICA ‘MASALi

donde
a ; = coeficiente de relacion aditivo entre i e
a ;- = coeficiente de relacion aditivo entre dos parientes cualesquiera del
1+ (m;, —Dr individuo i
+(n.—1)a. . D L .
hz i il a i, = coeficiente de relacién aditivo entre i y a (individuo y candidato)
d = L m = n°de medidas sobre el individuo o pariente i
! 7. n, = numero de individuos o parientes i

1

Eiemplo: Seleccion FENOTIPICA (una medida)

d1b1 =,

d, = " = ) :h_z a,, =a,; =1
1 f
_zblzl b1:h2 bA,P_hz GA:?"P,A:db]ala: hzlzh




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Método Respuesta Valor genético aditivo
. R ioc ~ 5

- Individual E = LA A=h" (B - P)
- Individual con “n” mediciones E = 104 n 2 = nhz _ :)

L L| Y1+(n-Dr I+(n—Dr

. R ~ —

- Genealdgica — = 19, A=al’ (P-P)

L L

. 2 =

- Fraternal B = lO: " A= an’ (‘E:, —P)

L 1+(n Dt 1+(n—-1)z

2 =

- Progenie o descendencia }_2 L O-‘{ A= 1 L (ﬁ -P)

I Ll 1+(n e 2[1+(n—1)]
- Famitiar __lO'A [1+(n—1)a] gf:hg[br(n—l)a](pf_ﬁf)

L L\ Jal+(n-1x¢ 1+(n—-1t
- Intrafamiliar E Eh( — ) (n-1) ;j:hz@(f; —f_’f)

L I n(1—1) (1-1)

. 2 _ _ — — =

- Familiar + Intrafamiliar EZ IO_Ah 1+ (a—f) (?’2—1) E:hz (1 a)( i_Pf)_i_hE [1+(n 1)(1]( _Pf)

L L (1-D)[1+(n—1)] 1-1) [1+(n—1)]




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion ﬁor DESCENDENCIA

Método Respuesta

Valor genético aditivo

- Progenie o descendencia E = I'.O:{ﬁ h n A= 1 n—hz (13 o 1=3 )
L L2 \1+n-Dx 2[1+@=Da] "

Siendo 1/2 el coeficiente de relacidn aditive

— = ./0.,5 .
lin, -l [0 _ [0 PRID)
- Fammt 2V al 4 =3 = ﬁ@

P MH). 4

Comparacion entre métodos (ausencia de Ec)

T
e e
=

. 4

I
= B2

Ay =




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

1

v =—
Bm-A 2

" Seleccion por DESCENDENCIA
h\/l+(n—1)a}f h

Sin Ec

Pn(MH),A

1

0,8

0,6

0,4

0,2

@ (0s37)

IS

(0,547)

0,316)

/
7lrp,A >

Pn(MH),A

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49

~=h2MH=0,1
==n2MH=0,3
h2MH=0,7

N° hermanos &




7. Métodos de seleccidn: 7.1. Seleccidén unicaracter

Seleccion ﬁor FAMILIAR

Coeficientes

_, [+(n—1)d] , _hg(1+(n—l)a]

"4y T Jrl+(n—1y] BT (-1

Limite (n==) Comparacion entre métodos (ausencia de Ec)

1
Ay =— =F_ =,/0.25 n=025= To , > Ty
4 P‘f :.4)!' w4 FEet
lim7,  =va 1
n—sx LAy 2
A =— = = 30,5. h=05=r, >r
HC ™5 FF, P @ PATE 4

..
s




7. Métodos de seleccidn: 7.1. Seleccién Multicaracter

* Cada objetivo tendra su correspondiente A. Si consideramos todos los
objetivos simultaneamente tendremos el valor genético aditivo conjunto o
global o agregado o mérito neto (H).

H=vA,+V,A, +V;A;+....... +U A

V' ; = Valor econémico neto del objetivo ‘j", que es el beneficio que produce
una unidad de mejora en dicho objetivo.

sDe cada animal se estima el valor genético aditivo conjunto mediante los
criterios de seleccién >Criterio de seleccion conjunto= K

K=bF +b,E, +b,F, +......+b_E

(1t
|

b ; = importancia relativa de cada criterio




7. Métodos de seleccidn: 7.1. Seleccién Multicaracter

¢ Cuando sera K un mejor estimador de H?
e Mejor a medida que r,, sea mayor.
* 1, se puede maximizar derivando respecto a cada b, y hacer la derivada
igual a cero.

Se obtienen las siguientes ecuaciones:

b, COV(EE) +.......+b_COV(EF,) =u.COV(A, A" ) +........+u_COV(A A" )

b, COV(EE,)+........4 b .COV(EF,) = 0, COV(A,A ) +.......... +v,.COV(A,A'"_)

b, COV(EE)+........4+b COV(EE,) = 1,.COV(A A" )+.......... +v, COV(AA'_)

n= numero de criterios de seleccion

m= namero de objetivos de seleccion

v .= valor econdomico neto para el objetivo k

Cov (F;F)) = covarianza entre los criterios de seleccion iy j.

Cov (AA) = covarianza entre los valores geneticos aditivos del criterio i y el objetivo k.
i=1=2n

j=1=m




7. Métodos de seleccidn: 7.1. Seleccién Multicaracter

Camaron

I indice de seleccion (K) = 0,7 * TSV + 0,3 * Crecimiento I

Salmon del Atlantico




7. Métodos de seleccidn: 7.1. Seleccién Multicaracter

Seleccion ﬁor INDIRECTA

Seleccion indirecta - Mejorar un caracter X mediante seleccioén sobre otro
caracter Y correlacionado con el primero.

Respuesta correlacionadaes:  CRy =r,.1,.hy0,5

Respuesta directa: Ry =1, h,0,4
CRy ryiyhy0,, CRy r14iy.hy
R 1 Wy O, Ry ix-hy

Si aplicamos la misma intensidad de seleccioén, la relacion entre seleccién
indirecta y directa resulta:

CRy r1,hy

Ry hy




8. Estimacion de parametros genéticos

O 8.1. Estimas para caracteres de:
= Peso cosecha
= Morfologia
» Supervivencia a TSV, WSSV, AHPND

» Robustez o supervivencia

0 8.2. Mejoras de las estimas de heredabilidad
0 Caso de IMAFISH_ ML en dorada y corvina




8.1. 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
frat (g) (cm) (em) (cm) (em) (em) (cm)
Selection response (g) 1.26

Mean 1495 1211 1036 148 148 132 293 Selection response (%) 10.70

Standard
N L .

deviation =2 073 070 oIl 01z 010 021 Mean selection differential (g) 425
CV (%) 1826 652 676 743 811 758 7.7 Realized heritability (%) 29.65

Table 6 Genetic correlations of body size and the body

Table 4 Heritabilities (7%) and their standard error (o7
able 4 Heritabilities () and their standard error (0i) weight from half-sib correlation method

i . TL BL FASD TASD FASW PCL
Tait BWE) () (m) (m) (m) (m) (cm) Traits

(%) 51.50" 3940 4090" 4120 42.00" 4290 41.50"

BW TL BL FASD TASD FASW

® (m) (m) (m) (cm) (cm) Sor (™

G-menc L1l L] L] - AL L] L]
62 003 003 002 002 002 002 002 comelations 00 0-857 0847 0.66" 0.67" 077" -0.08

Ao
. 4

rtest 17.16 1313 2045 2060 21.00 2145 2075 . tes very significance (P < 0. 01)

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



8.1. 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 1.1 0.1
RR weight gain 0.824+0.43 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 /42 estimate.

Table 6
Heritability (hz) estimates (4 s.e.) for TSV line L. vannamei selected primarily for resistance to Taura
Syndrome Virus (TSV)

Trait s oiecin Piiin 2 Realized h?
TSV—GCRL 0.1940.08 0.1440.05 0.304+0.13 0.2840.14
Weight—OT 0.58+0.15 0.5840.11

Survival—OI 0.06 +0.03 0.1340.03 0.10+0.05

Sex ratio—OI —0.01240.014 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.




Table 4

8.1. HEREDABILIDAD: Resistencia a enfermedades

Gitterle et al. (2005)

Heritability (4~ + SE) and the effect common to full-sibs other than
additive genetic {L‘E + SE) for WSSV resistance and harvest body
weight in Pvannamei for each batch and line

Line Batch WS35V

Body weight

h*+SE

¢?+ SE

h* +SE

" +SE

=]

0.17 £ 0.06
0.03+ 0.03
0.07+0.02

0.04+0.04
0.07+0.03
0.03+0.02
0.03 £ 0.01

0.00£0.02
0.02 +£0.01
0.01 £0.01

0.01 £0.02
0.00 £ 0.01
0.01 £0.01
0.02 £0.01

021x0.11
0.15+0.08
021004

011 £0.15
0.06+0.09
045%0.10
0.20x0.04

0.08 +0.04
0.08 +0.03
0.08+0.02

0.17+£0.07
0.11+0.04
0.00+0.03
0.09+0.02

Table 5
Genetic comelations between harvest body weight and WSSV
resistance for each batch and line

Line Batch Correlation

1 4 —~0.51+0.30
f —~031+0.51
Aldl —055+0.18

2 3 —~094+0.64
5 —~0.16+0.61
7 ~047+0.32

All ~064£0.19
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Gitterle et al. (2006)

Table 5

Heritabilities estimates (+SE) for harvest weight and for WSSV
resistance using individual oral inoculation (I0) and waterborne

infection (WB)

Batch WSV Harvest

I WB Weight

B +se W +se e +se
B 0.01=0.01 0.05=0.1
9 0.012=0.00 0.23+0.07
10 0.01x0.01 0.31+0.11
11 0.02=0.01 0,00 =000 0.39+0.15
13 0.02+0.01 0.01£0.01 0.34+0.11
Table 6

Product moment correlations between the full-sib family breeding
values for resistance to WSSV and harvest weight in each batch

Batch 10 WB
2 0.06 -
9 0.27* —
10 0.33%* -

11 0.17 0.07

13 0.35%* 0.33%* ﬁ*

*P<0.05 **P<0.01. ’.5
.

Individual oral (I0) and waterbome (WB) infection protocol.
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@degard et al. (2011)

Diseio:
Resistencia a TSV
Determinar si entre el % de supervivientes (CURADOS o NO SUSCEPTIBLES) hay dos caracteres:
- Dafados (ENDURANCE)
- Con riesgo o no (SUSCEPTIBLES)
15.261 individuoss de 513 HC de 3 generaciones analizados mediantes retos a TSV en 21
tanques separadsos

Table 1 Descriptive statistics of the data set

Item

Shrimp with data 15,261
Full-sib families 513

Sires 266

Dams 454
Generations with data 3

Batches with data !
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.




8.1. HEREDABILIDAD: Resistencia a enfermedades

@degard et al. (2011)

a0 %
20 %
10 %
D'?--:. T T T T T T 1
a 5 10 15 20 25 30 35
Diay in test
—_—T = =172 === 17 318 1= =18 2= =18 3 =19 1 — =19 2---10_3
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—231— -232---23 3

Figure 1 Kaplan-Meier survival curves for the different TSV
challenge tests. The different challenge tests are numbered as
"batch_tank” (batches 17 to 23).
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@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) /+1 - 100

|::|rr2 Endurance/survival scores 014 + 007 - 013 + 007

U; Endurance/survival scores 009 £ 004 - 021 £ 005
Susceptibility/mortality 082 £023 072+ 0.16

fy Endurance - susceptibility 022 +0.25

c:rf Endurance/survival scores 007 £ 002 - 003 £ 007
Susceptibility/maortality 013 £ 0.04 008 + 003

fe Endurance - susceptibility -006 + 005

Urf Susceptibility 016 +0.10 -

h* Endurance/survival scores” 0.03 - 0.16 + 0.03
Susceptibility/mortality® 0.07 039 + 0.06 -

¢ Endurance/survival scores® 0.01 - 002 £ 001
Susceptibility/mortality® 0.02 005 + 0.02

. 2 . . . . 2 . . . .
! a-f = variance of tank-test-day effects, = genetic variance, ry = genetic correlation, O‘f = variance of common environmental family effects, ry = correlation

of common environmental family effects, sz = variance of batch-tank effects,

22 _ 2 2, 2.2 532 _ 2 2, 2

h —GS/(U£+UJ +crr+1} h —US/(US+UJ+1) ﬁ*
, gﬂ

4.:2=aj-2/(cr;+cr_f+0;2+1)552=Uf2/(03’2+gf;+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

Susceptibility 050
SIMPLE End-survival 057 0.99 0.99
NANE  Survival 061 0.98 0.99
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Moss et al. (2013)

Diseio:

- Resistencia a TSV: distintas cepas / sistema de cultivo (RAS)

- 180 HC familias (177 machos : 175 hembras)

- Desove individual de hembras y cria separada hasta el marcaje con VI entre 1-2 g

- Reto: a TSV: : 2-3 g alimentados hasta sacieddad con el 3% de su peso con tejido infectado.

Mortalidad a los 21 dias

Table 1
Taura syndrome virus (T5V) isolates used in per os challenges of F. vannamei.
Table was modified from Srisuvan et al. { 2006 ).

T5V isolate Collection location Collection year GenBank accession #
LUSTX9S Texas, USA 1995 -

BZ01 Belize 2001 AY590471
THO4 Thailand 2004 AY997025

VHEIS Venezuela 2005 DQ212790
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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 (%)

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

s BZ01 80(2) 1716 3938 4+ 199 0-88

ged USTX95 50(2) 955 750 + 182 35-100
ged BZ01 50(2) 971 438 + 259 0-85
1130cd USTX95 50(2) 1236 777 + 145 43-100
113bed BZ01 50(2) 1236 794 + 145 35-100
11ab.cd THO1 50(2) 1236 888 + 99 63-100
11304 VEOS 50(2) 1236 901 + 10.7 53-100

* Bivariate analysis of USTX95 and BZ01 survival data,
b 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.
o
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 (< 5D), harvest weight (+ 5D}, growth (£ 5D, and survival (+5D) 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 mr) Stocking wt (g) Harvest wt (g) Growth (g/day) Survival (%)
g 50 13276 237 19+ 15 191+ 1.5 0.213 + 0.018 700 + 142
114 50 8809 401 14+ 02 202+ 1.0 0214 + 00111 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 TSV isolates ) and genetic correlations (r; 4+ SE; below diagonal ) among these traits
for a selected population of P. vannamei. Esimates were calaulated from variance
components obtained from multivariate (4) animal model using a single generation of
survival data ( Generation 11, G11).

Trait LUSTXO5 BZ01 THO4 VZ05
LSTX95 026 + 005
BZ01 090 + 031" 0.16 + 0.04
THO4 056 + 025" 0.35 + 023 0.33 + 007
VEOS 087 + 029" 0.99 + 026" 0.50 + 024" 027 + 0.06
* p <005

*# p = 0.005.

Table 5

Estimates of heritability (h* + SE) for survival to two TSV isolates and genetic correlations
(rg & SE) between these two traits for three generations in a selected population of
P. vannarnei. 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
LUSTXa5 Ba01

7 0.22 + 0.04 024 + 005 0.85 + 025"

9 0.19 + 0.05 041 + 007 0.87 + 030"

11 0.26 + 0.06 026 + 006 0.59 + 025" _
Combined 022 + 0.03 032 + 003 0.75 + 0.15™"
- A
p = 0,05,
]

*¥* p = 0.005.
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Moss et al. (2013)

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
LSTX95 BAD1 THO4 VZ05
Growth 9 —026 + 0.18 —029 + 017" - -
11 —0,07 + 018 —024 + 0.19 —0.27 4+ 020 —009 +0.18
Combined —0.12 + 013 —027 4+ 0.13* - -
Survival 9 0.12 + 0.19 024 + 017 - -
11 0.30 + 0.20 —0.11 4 0.19 —0.12 4+ 020 —013 4019
Combined 0.19 + 0.13 0.16 + 0.12 - -
* p= 005

VA
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Caballero-Zamora et al. (2015)

Diseio:
- Peso y Resistencia a WSSV, en poblaciones de cultivo con brotes naturales

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 + SD* survival rate
seeded recovered %+ SD

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

P10 5950 4891 230 + 32 822 + 295

P30 5950 4424 210 + 3.1 744 + 343

K15 5950 688" 142 + 39 11.6 + 247

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




HEREDABILIDAD: Resistencia a enfermedades

Caballero-Zamora et al. (2015)

Table 2
Genetic parameter estimates for body weight (BW) and survival in the presence and absence of White Spot Syndrome Virus (WSSV) 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 Genefic correlation
Presence K15 BW 1.47 (1.86) l{] 3{](1 14) 14.44 (0.88) 0.10(0.13) =098 (0.57)
Survival 0.006 (0.003) 0(0.003) 0.11 (0.002) 0.06 (0.03)
Absence P10 BW 3.16 (0.99) SbB{ 50) 10.01 (0.39) {]32 (0.09) 0.67(259)
Survival 0.0003 (0.002) 14 (0.003) {] 15 (0.003) 00 (0.01)
P30 BW 1.39 (0.55) b??{{] 31) 54 (0.31) {] 15 (0.06) —0.90(0.87)
Survival 0.003 (0.004) 0.18(041) {]IE‘I({]{IM} 0.01 (0.02)
4 Standard errors are in parentheses.
Table 3 Table 4
Heritabilities (h?) and genetic correlations (rg) for body weight (BW) using a linear Heritabilities {hz}andgeneljccurrelariuns (r¢) forsurvival using a linear model® between
model® between ponds in P. vannamei. ponds in P, vannamei.
" Pond h? I Pond h? Ic
P10 033 (0.10) 0.65 (0.38) P10 0.03 (0.02) 0.49 (0.54)
K15 0.11({0.11) K15 {]{]3({]{]}1}
P30 {]29 (0.09) 0.38 (0.42) P30 00 (0.02) 0.83 (2.22)
K15 09 (0.11) K15 {]{]3({]{]}1}
P10 {] 33 (0.09) 099 (0.03) P10 0.01 {0.02) 093 (0.83)
P30 0.23 (0.08) P30 0.01 (0.02)

i 4 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
- Reto AHPND: 2 g con 144 HC familias (28 HC Ecuador; 10 MH Mexico; 16 HC Ecuadorix

Mexico). 105 colony-forming units/mL
- Reto WSSV: 4 g con infeccion oral a 107 copias virales DNA/g

h? avenp < 0,10

h? \wssy = 0,20
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PLOS ONE | https://doi.org/10.1371/journal.pone.0173835 March 22, 2017

Estimation of genetic parameters and
genotype-by-environment interactions

related to acute ammonia stress in Pacific

white shrimp (Litopenaeus vannamei) juveniles

at two different salinity levels

Xia Lu'?, Sheng Luan''?, Baoxiang Cao'?, Xianhong Meng"?, Juan Sui'?, Ping Dai""?,
Kun Luo™?, Xiaoli Shi"'2, Dengchun Hao'?*, Guomin Han?, Jie Kong"?*

Table 1. Numbers of samples/families (N) and the means, minima, maxima, standard deviations, and coefficients variation of the ST, SR, and BL

values.
Traits N Mean Minimum Maximum Standard deviation Coefficient variation (%)

ST (h) 30%o individuals 3624 36.64 2.00 78.00 16.94 46.23
families 91 36.64 16.32 64.56 10.03 27.38

5%o individuals 3597 24.80 2 69.00 13.51 54.48

families 91 24.80 9.50 50.58 7.26 29.27

30%s families 91 50.78 0 94.87 26.80 52.78

5%o families 91 50.27 2.78 95.00 19.29 38.37

30%o individuals 3624 3.77 1.00 8.80 0.93 23.85

families 91 3.77 2.84 4.94 042 11.14

5%o individuals 3597 3.70 1.00 9.30 0.90 24.32

families 91 3.70 2.63 4.79 0.40 10.81

A g
" 4
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Fig 3. The average survival time for each family of L. vannamei juveniles during acute ammonia
stress in normal and low salinity conditions.
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‘ Table 2. Variance components and heritabilities of for ST, $S5, and BL.

Traits | Variance components Heritability Phenotypic Genetic
Additive genetic Random residual error Phenotypic HP1SE correlation correlation
variance variance variance
STh 220.852 60.708 281.560 0.784 0.286+0.076* 0.394+0.097*
10.070%
ST, 111.258 82.145 193.403 0.575
+0.068°
SSsom 1.085 1.000 1.724 0.402 0.273+0.100* 0.377+£0.098*
+0.061°¢
% SSsoL 0.439 1.000 1.293 0.216
+0.050°
BLn 0.315 0.596 0.911 0.346+0.052 0.248+0.047* 0.535£0.096*
0.325 0.518 0.843 0.386+0.054




8.2. Mejoras de las estimas de heredabilidad

Navarro et al. (2016)

» IMAFISH_ML (non-invasive technological traits ; NTT)

« The measurement of growth and morphological traits in
marine fish with an image analysis package IMAFISH_ML.
The software can provide up to 27 fish morphometric traits as an
easy and fast method to assess fish growth and shape
(Navarro et al., 2016)

Z

istro fotografico
ographic record

26cm



Moderador
Notas de la presentación
Image analysis technologies measurement: The lineal and dimensional morphological traits, as well as a fast report of reproducible and reliable information. This is useful for genetic improvement programs, which require large number of samples. 



8.2. Mejoras de las estimas de heredabilidad

Estimate genetic parameters of morphological traits in gilthead sea
bream and meagre using the automatic method IMAFISH_ML (non-
invasive technological traits; NTT) and to demonstrate the
applicability to genetic breeding programs

\

Weight

Fork length in manual way (FLM)
Total lateral area (TLA)

Total dorsal area (TDA)

Fork length (FoL)

Fish maximum height (FMH)

® Measurement
- Phenotypic traits
- Genotypic traits

<

Maximum width (MW)
Head height (HeH)
Fillet area (FilA)

©COoNoOrWDNE

!



Moderador
Notas de la presentación
Nine traits were selected as representative for growth and morphology in this study. 
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€ Specimen measurement

- Olympus digital camera (FE230/X790, Olympus lens 6.3 to 18.9 mm, f3.1 to
5.9, equivalent to 38 to 114 mm on a 35 mm camera) by Navarro et al. (2016)

for IMAFISH-ML software

. ~~\-'I.\
s | 4=
Registro fotografico

> DOFS@V VV@W Photographic record
» Lateral view
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€ Specimen measurement

MORPHOMETRIC
TRAITS

IMAFISH_ML

T

MATLAB v1.5

Is Desktop Window Help

File Edit View Insert Too
Dedae kheaafhw e 0B =50
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€ Specimen measurement

MORPHOMETRIC
TRAITS

IMAFISH_ML [ —
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MATLAB v17.5
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€ Specimen measurement

MORPHOMETRIC
TRAITS

IMAFISH_ML

Medidas geometricas DORADA
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MATLAB v17.5
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€ Specimen measurement

> Gilthead sea bream




rupede i 8.2. Mejoras de las estimas de heredabilidad

€ Specimen measurement

» Meagre

@ @ Fish Maximum Height (FMH)
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8.2. Mejoras de las estimas de heredabilidad

Genetic parameters (Heritabilities and correlations) in
gilthead sea bream

0.93
0.97
0.71
0.95
0.96
0.63
0.94

0.90

_ T

0.40+0.09

0.96

0.68

0.98

0.91

0.57

0.90

0.87

1).9940.01
0.46+0.10
0.73
0.98
0.97
0.63
0.96

0.99

0.9940.00
0.9940.02
0.9940.01
0.3510.08
0.71
0.72
0.94
0.69

0.74

0.9940.01
0.9940.01
0.99+0.00

0.9940.02

0.93
0.59
0.92

0.89

Genetic correlations

0.9840.01
0.9540.02
0.9840.01

0.97+0.02

f—_\
0.43+0.10 (.96+0.02

-

0.45+0.10
0.64
0.96

0.96

Phenotypic correlations

Weight, Fork Length (FLM), Standard Length (SLM), Total Lateral Area (TLA), Total Dorsal Area (TDA), Fork Length (FoL), Standard

0.9840.02
0.9540.03
0.95+0.03
0.9840.01
0.93#0.04
0.94+0.03

0.3610.08

0.9840.01
0.9640.02
0.9940.01
0.9610.02
0.9740.01
0.99+0.00

0.93+0.04

| weight | _FM | TiA_| oA | FoL | FMH | MW | heH | FiA__

0.43+0.10 0.9840.01 0.99+0.00

0.9940.00
0.9840.01
0.99+0.00
0.99+0.01
0.98+0.01
0.99+0.01

0.97+0.02

0.61 0.981‘0.01

0.64

Length (SL), Fish Maximum Height (FMH), Maximum Width (MW), Head Height (HeH) and Fillet Area (FilA).

0.92

0.45%0.10


Moderador
Notas de la presentación
Weigh, fork length(FLM) and standard length (SL) are determined using standard method.
Length are showing significantly differences between manual and non-invasive way. 
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Genetic parameters (Heritabilities and correlations) in
meagre

A
0.19+0.11

0.95

0.91

0.94

0.89

0.85

0.85

0.92

1).9840.03 0.96+0.04

-

0.2210.13 0.96+0.02

0.94

0.93

0.86

0.96

0.91

0.94

0.2510.13

0.9

0.89

0.88

0.85

0.91

0.86+0.13

0.93+£0.06

0.79+0.15

0.93#0.06

0.25+0.12

0.9

0.75

0.87

0.9

Genetic correlations

0.97+0.05

0.98+0.03

0.96+0.06

0.96+0.03

1.99+0.01

-

0.19+0.1

0.83

0.79

0.84

Phenotypic correlations

Weight, Fork Length (FLM), Standard Length (SLM), Total Lateral Area (TLA), Total Dorsal Area (TDA), Fork Length (FoL), Standard
Length (SL), Fish Maximum Height (FMH), Maximum Width (MW), Head Height (HeH) and Fillet Area (FilA).

0.95+0.06
0.98+0.03
0.98+0.04
0.98+0.04
0.7340.22
0.9540.05

0.2610.14

0.9840.02

0.64+0.06

1.00+0.00

1.00+0.00

0.99+0.02

0.97+0.11

0.9940.01

| weight |_siv | tiA | A | st | ewe | ww | Hen | fiA

0.22+0.12 0.97+0.03 0.9940.02 1.0040.01

0.9940.03
0.96+0.04
0.99+0.02
0.97+0.03
0.94+0.06
0.9440.06

0.9940.01

0.9 .ooro.oo

0.94

0.82

0.19+0.12


Moderador
Notas de la presentación
Weigh, fork length(FLM) and standard length (SL) are determined using standard method.
Length are showing significantly differences between manual and non-invasive way. 


9. Respuesta a la seleccion

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 5 Response to selection, selection differentials, and
realized heritability for growth in L. vannamei

Parameters Estimates
Selection response (g) 1.26
Selection response (%) 10.70
Mean selection differential (g) 4.25

Realized heritability (%) 29 65




9. Respuesta a la seleccion

Argue et al. (2002)

Diseio:

- Pesoy Resistencia a TSV

- Intensidad de seleccion del 19%

- Indice de seleccion sintético: 70% vs 30% (TSV vs P)

- 709:303 (22: 183), HC vs MHp

- 36 HCs — 7 HCc (P) / 65 HCs — 15 HCc (TSV)

- Engorde en: Estero (22 semanas) y RAS (16 semanas) a 100 animals / m?, 95 animals / familia
(completados con no marcados)

- Reto TSV: 3-5 g con 3.789 animals en 4 tanques (2 alimentados con el 3% de su peso con
cefalotorax infectado una vez un dia / 2 alimentados con el 3% de su peso con cefalotorax
infectado una vez tres dias). Mortalidad a los 21 dias

Table 2
Mean harvest weight (+s.d.). weight gain. growth rate. and survival of L. vannamei in the recirculating
raceway (RR) and the round pond (RP)

RP (growth line) RR RP (TSV line)
Harvest weight (g) 25.04+5.1 23.5+44 22.842.9
Harvest weight range 7.7-48.6 8.3—40.7 8.5-334
Weight gain (g) 23.745.1 222444 21.342.8
Growth rate (g/week) 1.0840.23 1.3940.27 1.3940.19

Survival (%) 76.6+9.6 82.1+11.5 81.1+11.9




G de i ‘ 9. Respuesta a la seleccion

Argue et al. (2002)

Table 3
Realized response to selection for Growth line L. vannamei reared in the OI round pond
Selection Harvest weight Weight gain %Survival %Female
(g+s.d) (g+s.d) (+s.d) (+s.d)
Select 258+ 2.5a 24.54+2.5a 76.4+9.1a 50.1+6.1a
Control 20942.4b 19.64+2.4b 77.9+6.4a 55.6+4.2b
~ %Gain +234 25.0 —-19
\
Means in the same column with different letters are significantly different (P < 0.05).
R, |
Table 4
3 Realized response to selection for Growth line L. vannamei reared in the recirculating raceway
| Selection Harvest weight Weight gain %Survival %Female
(g+s.d.) (g+s.d) (+s.d.) (+s.d.)
Select 242+ 121a 2294 12.1a 81.74+11.6a 51.54+5.9a
Control 20.04+2.7b 18.9+2.7b 84.5+11.5a 50.0+4.8a
%0Gain +21.0 +21.2 —3.3

Means in the same column with different letters are significantly different (P < 0.05).




9. Respuesta a la seleccion

Argue et al. (2002)

Realized response to selection in the TSV line of L. vannamei

Selection GCRL TSV survival O1I survival

OI weight
(% +s.d.) (% +s.d.) (g+s.d)
| Select 46.449.8a 81.6+ 10.8a 22.64+1.5b
Control 39.248.0b 78.8 £ 9.9a 2374 1.6a
\ %Gain 1184 136 _46

Shrimp were evaluated at the Gulf Coast Research Laboratory (GCRL) and the Oceanic Institute (OI). Means
. in the same column with different letters are significantly different (P < 0.05).

Y &

-




EJEMPLO de Respuesta a la seleccion: peso cosecha

Poblacién bajo estudio
Considerando:

Patred

® | (proporcion seleccionados (5,0%) coloccica s

e h?2 (Peso)

o GP
» Media poblacion en peso

* Intervalo entre generaciones

Respuesta=R =i h?0;

Ryswy =2429g =——> R,/ media=0,1194 —— 11,94 % / generacion
23,88 % / afio




EJEMPLO de Respuesta a la seleccion: supervivencia a cosecha

Considerando:

® | (proporcion seleccionad

Poblacién bajo estudio

Padre
031(5,0%) seleccio%ddos 3

e h? (Supervivencia)

.GP

« Media poblacién en pesc/

* Intervalo entre generaciones

Cl:QX — r-AhY
IQX hX
CR,

X

=1,32

r,= 0,485

Ryswy =1,41% ——> R,/ mediresps6@5 R =hzep 2,5 % / generacion

5,0% / ano




10. Modelo de implementacion de la Seleccion Genética

CRUCES DIRIGIDOS

No adaptados a los sistemas de produccion
industrial
- Incremento de costes
- Mejor control del parentesco
- Genealogia conocida
- Existe varianza del Ec

CRUCES BAJO PUESTAS
MASALES

Adaptados a los sistemas de produccion
industrial
- Minimizacién de costes
- Peor control del parentesco
- Genealogia inferida
- No existe varianza del Ec

ecuanaria




10. Modelo de implementacion de la Seleccion Genética

EVOLUCION

DE UN PROGRAMA DE
MEJORAMIENTO GENETICO
EN ECUADOR

Rocha et al. (2010)

Evolucion Variabilidad Genética
# Alelos

y =0.0329x + 9.46
R* = 0.0441

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Evolucion Variabilidad Genética

0.74
0.72
0.70
0.68
0.66
0.64
0.62
0.60
0.58
0.56
0.54

Heterocigocidad Observada

\

y =-0.0016x + 0.689
R*=0.083

172 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Retencién de la diversidad alélica

Retencién del 94% de la heterocigosidad

&




10. Modelo de implementacion de la Seleccion Genética

Rocha et al. (2010)

—Balance después de 2 Aios y medio

» Promedio de ganancia anual de 8,7% para
crecimiento en el conjunto de las tres
fincas (con incrementos de densidades)

» Sobrevivencia se mantuve,
productividades mucho mas altas, menos
dias de cultivo mismo con pesos finales
mas altos, sin problemas de tallas




11. Interaccion Genotipo-Ambiente

Pérez-Rostro Ibarra. (2003)

A captive population of Pacic white shrimp (Penaeus vannamei) replicated in
two environments was evaluated for genetic variability and covariability of size
traits.

Table 1 (a) Mean squares and significance of effects from the mixed-model multivariate analysis of variance (MANovA) for all
size traits in Litopenaeus vannamei; (b) least-square means of size traits within the environment and within sex; (c) heritability
estimates ( + standard error (SE)) for size traits after correction for sex and environmental effects

(a) Manova mixed-model resulls
Mean squares for each trait

Source of variation d.f. TL CL AL TWt Cwi AWt Wi1AS
Environment 1 164.03* 11.34* 9.09* 3o087.11* 517.79* 1076.28* 4.360*
Farmily 36 1.71* 0.13* 0.97* 19.94* 2.74% 8.40* 0.020"
Sex 1 3.3 1.59* 0.33 86.82* 31.85* 13.50 0210"
Env x fam 36 0.62 0.06 0.35 T.76 1.04 331
Env = sex 1 0.01 0.01 0.00 0.05 047 041
Fam = sex 36 0.45 0.05 0.24 5.51 0.72 243
Env x fam = sex 36 0.53 0.05 0.28 6.60 1.07 262
Error 538 0.47 0.05 0.25 617 0.95 2.56




12. Cruzamiento

Ho

HETEROSIS POSITIVA = [, - (Han + M..)/2

K e B

Modelo: Gen (o) alelos (A, a) 2 Aa
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journal homepage: www.elsevier.com/locate/aqua-online

Cross breeding of different domesticated lines as a simple way for genetic
improvement in small aquaculture industries: Heterosis and inbreeding effects on
growth and survival rates of the Pacific blue shrimp Penaeus (Litopenaeus) stylirostris

Emmanuel Goyard **, Cyrille Goarant ?, Dominique Ansquer ?, Pierre Brun?, Sophie de Decker ?,
Robert Dufour?, Christian Galinié ®, Jean-Marie Peignon ?, Dominique Pham 2, Elodie Vourey ®,
Yves Harache ¥, Jacques Patrois *

Table 3
Individual weights at stocking and harvest and average growth rates observed in experimental earthen ponds and in experimental cages where populations were reared, tagged and
mixed together {“communal rearing” conditions) or separately (“separate rearing” conditions)

‘ initial weight at the time of tagging and Time of Final weight (g) Average growth Final survival
mixing (g) harvest! rate (g/day) rate”

ac HH F ac HH F €C HH F C HH F
Year class 2005 Pond 1 33(0.85D) 34(135D) 29(045D) 134 255(335D) 266(255D) 323(30SD) 017 017 022 52% GOX G1%
Pond 2 33(085D) 34(135D) 29(045D) 134 240(285D) 245(235D) 304(315D) 015 016 021 50% GOX GOX
Year class 2006 Pond 1 40(125D) 111(295D) 3.8(125D) 126 255(3.75D) 31.2(505D) 333(325D) 017 016 023 37% 27X 55%
Pond 2 40(125D) 111(295D) 3.8(125D) 126 260(435D) 328(435D) 352(375D) 017 017 025 32% 38X 52%
Year class 2006 “Separate rearing” cages  31(115D) - 3.1(105D) 77 162(3.03D) - 233(335D) 017 - 026 38% -  5I1%
“Communal rearing” cages 31(11SD) 97(16SD) 31(10SD) 77 177(36SD) 240(37SD) 244(27SD) 019 019 028 44% 40% 52%

* Days post stocking.
" From stocking to harvest
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Gitterle et al. (2005)

Table 4

Heritability (A~ + SE) and the effect common to fill-sibs other than
additive genetic {L‘z + SE) for WSSV resistance and harvest body
weight in Pvannamei for each batch and line

Line Batch W35S5V Body weight
h*+SE ¢’ +SE h* +SE ¢’ +SE
| 4 017006 000002 0211011 00810.04
&) 0.03+003 0024001 0151008 00851+0.03 45%

All 0.07x002 001001 021004 008£0.02

b

3 0.4+004 001002 011015 017007
3 0,07 003 0.,00=x001 006009 0.11X0.04
7 0.03x002 001001 045010 000£0.03
All 0.03x001 002001 020004 009£0.02
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Aquaculture

journal homepage: www.elsevier.com/locate/aqua-online

Cross breeding of different domesticated lines as a simple way for genetic
improvement in small aquaculture industries: Heterosis and inbreeding effects on
growth and survival rates of the Pacific blue shrimp Penaeus (Litopenaeus) stylirostris

Emmanuel Goyard *¥, Cyrille Goarant?, Dominique Ansquer 2, Pierre Brun?, Sophie de Decker ?,
Robert Dufour?, Christian Galinié ®, Jean-Marie Peignon # Dominique Pham ?, Elodie Vourey ?,
Yves Harache 9, Jacques Patrois ®

2 ifremer, Département Aquaculture en Calédonie, Station de Saint Vincent, BP 2059, 98846 Nouméa, New Caledonia
Y Groupement des Fermes Aquacoles, Chambre d'Agriculture, BP 111, 98 845 Nouméa, New Caledonia

ARTICLE INFO ABSTRACT

Article history: Two populations of the Latin American shrimp Penaeus (Litopenaeus) stylirostris domesticated in Hawaii and in New
Received 26 September 2007 Caledonia were previously shown to be genetically differentiated and proven highly inbred. In New Caledonia,
Received in revised form G March 2008 where different Vibriosis affect shrimp production and antibiotic use is banned in growing ponds, the Hawaiian
Accepted 12 March 2008 population was introduced to increase the allelic variability available for local shrimp farmers and start a genetic

improvermnent program. Growth and survival rates of the two pure populatons and the two-way F,-hybrids
obtained by breeding Hawaiian animals with New Caledonian animals were assessed in several simple experiments
[earlhen pcnds I'loaung cages and expenrnental infection challenges} during two years on two successive

! 2 eartben nonds were 37% (7% SD) higher than

Keywords:
Genetic improvement
Cross breeding

Shrimp

Penaeus (Litopenaeus) stylirostris n the different PUFfU'a'-‘Uns '{\"hen
Growth () . E thowed better survival rates in all
Survival clusion that biomass production is
Vibriosis much higher with F;-hybrid populations than with pure populations using the same quantity of juveniles stocked:

biomass production in ponds was increased 1.4 and 2.3 times on year 1 and year 2 respectively, and 1.9 times in
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Acta Oceanol. Sin., 2017, Vol. 36, No. 2, P. 62-68
DOI:10.1007/s13131-016-0942-6
http://www.hyxb.org.cn

E-mail: hyxbe@263.net

Heterosis and heritability estimates for the survival of the Pacifi
white shrimp (Litopenaeus vannamei) under the commercial

scale ponds

LU Xial-2, LUAN Sheng! 2, CAO Baoxiang! 2, SUI Juan'-2, DAI Ping'-2, MENG Xianhong' 2, LUO Kun'?
KONG Jiel 2*

\ Table 1. Numbers of families produced from incomplete diallel crosses of eight strains of Litopenaeus vannamei
Paternal

Maternal UA1 UA2 UA3 UA4 UA5 UAG UA7 SIN Total
UAI 6 - 2 5 2 3 1 5 21
UA2 1 8 1 1 1 1 1 2 16
UA3 1 1 8 1 _ 1 1 1 14
UA4 5 1 2 13 1 5 A 1 35
UA5 5 1 . 6 10 A A 1 31
UA6 5 1 1 1 10 5 1 34
UA7 2 1 1 6 6 A 1 _ 31
SIN 7 1 1 _ 1 1 10 22
Total 32 14 16 10 27 29 28 21 207

Note: UA1 represents HAWALIL, UA2 GUAMIS, UA3 KONABA, UA4 OCENALI, UA5 SISMAM, UA6 HIGHHA, UA7 OCENAZ2, and SIN

o

.




The survival rate/™

1.0

0.8 4

0.6+

0.4 4

0.2 4

The 207 families

Fig. 1. The distribution of survival rate of all the 207 families.

Table 5. Variance components and heritability estimates for
survival in Lifopenaeus vannamei

Varlance components Heritability =~ Common environ-
202, o az o, h*4SE ment c*+SE
0.064 0.122 1.00 1.176  0.09210.043 0.106+0.054

Note: Zggd issire-damvariance; o~ is common environmental eff-
ects variance; Cl':é is residual variance; ¢ is common environment
coefficient.
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Table 4. Analysis of heterosis for survival of eight strains in Litopenaeus vannamei

Population Survival rate/%
‘ Combination types cumpblnau ons Orthogonal (3 x9) Reciprocal (9 x3) Mean Heterosis/%
' Hybridized UA3xSINY 100.00 100.00 100 20.53
combinations UA2xUA52) 100.00 93.33 96.67 10.79
UA3xUA4Y 83.33 100.00 91.67 9.33
UAT=SINY 91.67 - 91.67 8.02
SINxUAS5D 90.00 - 90.00 7.33
UA4xSINY 85.00 91.67 88.34 6.80
UABxUA3D 100.00 86.67 93.34 6.64
UA1xUA3Y 88.33 91.67 90.00 6.29
» UAGxSINY 93.33 85.00 89.17 3.22
‘ UA1xUA4Y 80.67 92.33 86.50 2.46
UA4xUA5Y 88.33 83.75 86.04 1.54
UABxUA4D 90.00 86.90 88.45 1.36
UABxUA5Y 90.83 86.67 88.75 0.38
UABxUATY 91.25 86.00 88.63 -0.88
UA1xUA5Y 82.00 86.67 84.34 -1.44
f UA2xUA3Y 81.67 88.33 85.00 -1.57
UAI=SIN? 81.90 82.00 81.95 -1.90
UA2xUABY 93.33 81.67 87.50 -2.54
UATxUA4Y 88.75 77.78 83.27 -2.89
UA1xUAGY 83.33 86.67 85.00 -3.51
UA3xUATY 66.67 98.33 82.50 -4.06
UA2xUA4Y 85.00 80.00 82.50 -4.19
UATxUA5Y 87.92 78.33 83.13 -4.33
UA1xUATY 82.50 80.00 81.25 -6.15
UA2xUATY 75.00 90.00 82.50 -6.52
UA2xSIN? 80.00 77.50 78.75 -7.60
UA1xUA23 77.05 - 77.05 -11.37

e



13. SELECCION GENOMICA: Mapa genético en Camarén

Yu et al. (2016) Nature Scientific Report

LG1 279 166.14 0.6 LG23 52 78.37 1.54
LG2 84 70.64 0.85 LG24 99 95,06 0.97
LG3 171 88.06 0.52 LG25 178 95.63 0.54
LG4 101 112,58 113 LG26 126 106.17 0.85
LG5 9 69.02 0.7 LG27 131 102.13 0.79
LGé 105 113.83 1.09 LG28 181 110.12 0.61
LG7 104 81.72 0.79 LG29 222 124.16 0.56
LG8 70 131.56 1.69 LG30 100 103.29 1.04
LG9 194 90.15 0.47 LG31 175 113.19 0.65
LG10 143 87.18 0.61 LG32 172 101.38 0.59
LG11 110 65.07 0.6 LG33 91 48.14 0.53
1LG12 92 83.64 0.92 LG34 222 120.05 0.54
LG13 186 94.28 0.51 LG35 107 108.42 1.02
LG14 21 2136 1.07 LG36 153 108.05 0.71
LGI5 201 76.22 0.38 LG37 154 99.89 0.65
LGl6 169 101.8 0.61 LG38& 9 119.54 1.26
LG17 189 100.68 0.54 LG39 75 131,67 1.78
LG18 117 98.52 0.85 LG40 156 130.85 0.84
LG19 183 92.41 0.51 LG41 110 8265 0.76
LG20 226 117.02 0.52 LG42 189 111.24 0.59
LG21 26 33.32 1.33 | LG43 178 102.01 0.58
LG22 113 83.55 0.75 LG44 187 100,67 0.54
Total 6,146 ,271.43 0.7

Mapa de 44 grupos de ligamiento estadisticos construidos como promedio de ambos sexos




13. SELECCION GENOMICA: SNPs

Jones et al. (2017) Nature Scientific Report

Genotipados Distancia media entre SNP (cM) Mapa L.vannamei cM sexo-promedio
13.364 (825 - 6.146) 17,22 (0,7 - 50} 441G 4.44537

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

1)

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

i)

Infinium® ShrimpLD-24 v1.0 BeadChip Kit (1152 samples) &
20013014
Sign in to see pricing and favorite 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
aguaculture 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:

Ll

» 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

e

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



13. SELECCION GENOMICA: vs seleccion fenotipica

Pérez-Enciso y Toro (2007)

TABLA 2.
Ventaja relativa esperada de la respuesta a la seleccion fenotipica
asistida con marcadores respecto a la seleccion fenotipica
en presencia de desequilibrio de ligamiento poblacional,
en funcion de la heredabilidad del caracter (/?)
y de la fraccion de varianza genética explicada
por los marcadores (g,,).

h? 0,10 0,30 0,50
0,10 1,35 1,87 2,29
0.25 1,11 1,31 1,51
0,50 1,03 1,08 1,15




13. SELECCION GENOMICA: vs seleccion combinada

Pérez-Enciso y Toro (2007)

TABLA 3.

Ventaja relativa esperada de la respuesta a la seleccion combinada asistida
con marcadores respecto a la seleccion combinada en una poblacion panmictica
como funcién de la heredabilidad del carécter (h?), la fraccién de varianza genética
explicada por los marcadores (g,,), el nimero de familias (71) y su tamano (1)

(OLLIVIER 1998).
I = 7
n= grande n=1 n= grande
0,10 0,50 1,8 1,10 1,21 1,28 1,21

0,50 0,50 1,09 1,05 1,09 1,19 1,13




13.1. QTLs en Camaron: crecimiento

Yu et al. (20 1 6) . Nature Scientific Report
LG | Position (cM) Markers LOD | Additive Effect | Dominant Effect | R (%)
1 513 Marker12047 6.1 —18.4 16.5 13.1
10 39.3 Marker7605 5.7 —104 12.1 19.0
12 50.3 Marker2797 5.3 —13.9 15.4 14.7
13 67.3 Marker18522 3.5 —14.7 29 15.0
18 66.0 Marker33221 5.5 —92 7.7 226
33 259 Marker24250 6.5 —16.3 20.3 17.9
37 35.6 Marker8838 5.1 —17.7 16.5 11.3
38 5334 Marker11898 5.9 —15.7 20.2 17.9
38 64.6 Marker42558 5.4 —165 19.2 13.8
42 449 Marker89109 5.8 —11.7 12.9 16.3
44 176 Marker5684 5.1 9.5 11.7 19.7
Table 7. Detected QTLs for Body Length.
LG | Position (cM) Locus LOD | Additive Effect | Dominant Effect | R? (%)
9 46 Marker34000 7.1 —3.6 23 20.8
10 39.3 Marker7605 4.1 —4.0 5.1 14.3
22 28.8 Marker33688 4.2 1.1 1.0 7.8
27 13.5 Marker21173 38 —40 3.1 15.5
35 61.1 Marker58445 4.0 —22 0.2 13.8
38 38.7 Markerd670 3.7 —14 0.5 6.4
41 38.5 Marker10074 4.1 —5.2 47 11.1

Table 8. Detected QTLs for Body Weight.




13.2. SELECCION GENOMICA: costes

Minimal Laboratory Setup

lllumina
Thermocycler Benchtop

Sequencer
Centrifuge

100 500 1000
384 $30 $40 $50
1056 $25 $28 $35
3072 $23 $25 $27
5088 $22 $23 $25
10080 $20 $21 $22
15072 $20 $20 $21
20064 $20 $20 $20
25056 $20 $20 $20
30048 $20 $20 $20

>30048 $20 $20 $20



PARQUE CIENTIFICO TECNOLOGICO DE LA ULPGC (PCTM)

> CONTROL Y MONITORIZACION

| 6 Tanques x 40 m3
2 Tanques x 80 m?

AQUAEXCEL2020 - http://lwww.aquaexcel2020.eu/

GIA - http://www.giagua.org/



http://www.aquaexcel.eu/index.php?option=com_k2&view=item&id=42:call-for-access
http://www.aquaexcel2020.eu/

- 1 T ——

) ) Warm Water
| PARQUE CIENTIFICO TECNOLOGICO DE LA ULPGC Species Selection Unit
(PCTM) (WWSSU)

CONTROL Y
MONITORIZACION
2 Tanques x 2 m3
24 Tanques X 1m3
(fotoperiodo)



http://www.giaqua.org/index.php/en/noticias-2
http://www.giaqua.org/index.php/en/noticias-2

Marine Biosecurity

“  PARQUE CIENTIFICO TECNOLOGICO DE LA ULPGC
(PCTM)

> CONTROL Y MONITORIZACIO’N

| 16 RAS
4} 48 Tanques x 0.5 m3 (total)


http://www.giaqua.org/index.php/en/noticias-2
http://www.giaqua.org/index.php/en/noticias-2

“  PARQUE CIENTIFICO TECNOLOGICO DE LA ULPGC
(PCTM)

FITU

Feed Ingredients-additives
Testing Unit

> Manual CONTROL & MONITORIZACION
a 45 Tanques x 1 m3

a 90 Tanques x 0.5 m3

a 2 Tanques x 2 m3

a 48 Tanques x 0.2 m3

a

24 Taniues x 0.1 m3

Manual CONTROL & MONITORIZACION

>

a 2 Tanques x 40 m3
a 6 Tanques x 2 m?®
a 8 Tanques x 10 m3



http://www.giaqua.org/index.php/en/noticias-2
http://www.giaqua.org/index.php/en/noticias-2
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