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Abstract
Objective

Although aquaculture is the fastest sector in terms of animal protein production in the world,
breeding programs in aquatic species have been delayed compared to livestock and plants.
Breeding improvement programs in aquaculture are mainly based on using phenotypic and
pedigree information in quantitative genetics. However, approaches based on genomic
information such as marker assistant selection (MAS) and genomic selection (GS) have been used
to improve economic traits in recent years. The present paper aimed to investigate the breeding
principles in aquaculture from phenotypic selection to genomic selection, their advantages and

limitations, and recent advances in different aquatic species.

Results

Genomic selection increases genetic gain in aquaculture through increasing accuracy of selection,
decreasing generation interval, decreasing inbreeding rate, better control of genetic and
environmental interactions, and selection of animals with less sensitivity to environmental

variation. Especially, genomic selection is suitable for difficult-to-measure or low heritability
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traits such as disease resistance, feed intake, reproduction traits, and carcass quality. Reference
population size, marker density, mating design, number and size of families, and a number of
generations are effective factors in the accuracy of genomic selection in aquaculture. Continuous
advances in cost-effective technologies for genotyping especially genotyping-by-sequencing
(GBS) and bioinformatics will facilitate the faster application of genomic selection in aquaculture.

Conclusions

Although genomic selection has been used for about 20 aquatic species in recent years and has
provided opportunities for the improvement of genetic gain. However, the advantages of this
method should be evaluated in commercial and economic aquatic breeding programs. It is
expected that genomic selection will be widely used in aquatic breeding in the future and pave
the way for the sustainable development of this industry.
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! Penaeus monodon

2 Salmo salar

3 Oreochromis niloticus

4 Litopenaeus vannamei

5 Best Linear Unbiased Prediction (BLUP)
¢ Estimated breeding values (EBVS)

7 Marker assistant selection (MAS)

8 Genomic selection (GS)

% Quantitative trait loci (QTL)
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adllas 5yl ond (oyl55 bl 55 (6ylew 4 Canglio las (gl Slis KaS ay Ol diue; 3 (63,18 anlllae
dead ool Gulll gl galls e )3 V(IPN) QSO g 33,55 s lows & Cuaglio sl QTL b 428 (3850
SaS & Ol sladsly ;5 QTL oyl 5l ootz ! ol s 65 1) (asgid (wibyly 3l a3 YA 51 i (Lol QTL &S (g y5b
0355 e Of slacumes 3 VoVe Jlo p dopp Vi Vet Jlo 1 o ¥Vl (low cpl pials 4 o SSLS
SN g SadS ale 3 uwshod (jlew 390 40 ;500 aalllae )3 .(Moen et al. 2009; Houston et al. 2012)
Fuji et al. ) sge ol 1y 6lons o) el 53 (Slosly Cio & bigyye iz iy JS 5 ooy 0+ 5l i QTL
.(2006; Ozaki et al. 2012
s Ol 6 5 Mol sladaliy 53 SLis S8 4y Sl g 3l eslitl gl (alacudgize ¢ Jl ool L
Cude gulis &y oxie &5 480 ) (oS g Bab ()] 9 SOl (Sl (S o JgSdge CliES (139) e ogMle )b
S 33,5 ezl s 5l s St Cd i 4 e Kilgi oo v QTL @l il g cundgn 5l oyl (sladyglp ol g L
6l L i )b )il emes LB )53 clacures &) Curen Sy o Sl gy 0id Lo ks cla Sl ca]

a bl S 5ol (J gl b sl S8 W o @51 g sl Sgame (3] s (claaisS 55 o0 _luolis

! Argopecten irradians
2 Crassostrea gigas
3 P. maxima
4 Salvelinus alpinus
3 Crassostrea virginica
¢ Ostrea edulis
7 Infectious pancreatic necrosis (IPN)
8 Lymphocytis
° Paralichthys olivaceus
Y ey
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P53 5 il 1055 (oo Ol 1o S0 3 Jlymon (Slos§ baws 55 S (S5 il Sl (o 5 o S S |l S SaS
Cdgionn b B9 (o J S Sarg SIS e jl ok sl baw g5 & (55 s Slao d9u0 s ;0L S8 4 Sl

(Allal & Nguyen 2022; Song et al. 2022; Nadeem 2018) <l 4,

Ol 3 (a9 LT

Olfe i3 b (el Cho Sl ) (S35 pibly @Vl o)y 02es OTL i b G o (ol
pie 5 Glaw 1 S (S (Jb cpl b b dekp (s Copw b S0l K8 a4 ol jloslaw I L 1y cas oyl
op) lacudgioe p ade (gl S o dgae |y LSO ts S8 4 Ol fual Cuddge (glynl wdes Bl b s QTL dg59
Cato s a0 Bime ) Ken s MEUWISSEN L 5 VooV Jlo 13 ,b gl sl (GS) o5 sl 39,
Ly pess S &S wSTyte sla S5l 51 iy oyl 5o (Meuwissen et al. 2001) cé,5 )8 oolaiul 3y90 (5 s o5 (5)95
b9y prpclio (o) Gl o s ol L st 1y Co (S uilly dem B39 oo o0litis] cimd o sy
a5 3 osil y dogi b g o L5 (35 a2 lio) S8 S5 ol ity L 5 o ] lho sl sl
2 5L SO L JBls QTL 1 Ky a8 canl (ol o (258 o095 oBesl o (dae Veeve 5l i) (K55 50l (ool
(Meuwissen et al. 2001) i)ls |8 Kiwge Jobs pac s

5955 9 e s ysSy sl &SN xx o Cumen () 15,5 oo )8 ool | 350 31,81 5l A germe 93 0g3f Sl )
935 e 45 o]l s s OleMbl (ol i g 03gr uigid (cladygS,y 481 a5 Yupl Cunes (¥ g A
Sl yo xix (o) bl (098] Ll gladslyy yide pSls I )3 W9 0 cuisi) e Cllge> dan g Cunl dia
cdysSy shls Sllgs 5l an ye cures 5 duwl (Meuwissen et al. 2001; Hayes et al. 2009) x,.5 o <50
SMLI b (g Ml LS| i & g 5 500 535] o o ko iz (sl B 5 9 VL o b igd
Vb como b (2ol slagb))l g pe Cumer ) 500 ©)le 40035 (o0 3955 e SNP ails G s o o395
1335390 SNP j2 5l pgd dls 1o )3 ol o n SNP 5 Mol (sla yo5)) oo bls)l JLos 5 g 515 3939 (S5 3945)
e Sl il ol s 23,5 00 y9l 0 (ol Cdio (gl TsegS i Wlee S G Sl @20 Came

sy C)LSI?P g oo ol | Aol Cumen > Ll lalu sl LS‘)'.’ \‘(GEBVS) PP oMb 3)31).3 @)&o‘ LSL“u:’).)‘

! Reference or training population

2 Validation population

3 Genomic prediction equation

4 Genomic estimated breeding values (GEBVS)

VEY
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dy50 Gt (Su5 dgubn (Sl (pise lgie 4 Wyla 1y Ay YL a8 60l g Bgd e (sl A, GEBV ool bl
Meuwissen et al. 2001; Yanez et al., 2022; Song et al. 2022; ) 15,5 o ol gax glaJ—us > jlas

ol o 031y L5 Kl Sygo 4 (y9 Sl 5D o955 wll 3,509, V S 5> (Budhlakoti et al. 2022

SB35 SU ao e L B2 U s
P e =3
\-4& B
‘*r .
& <> J' . .
, - NN

> ﬂ,-(.‘

o ot 3l
e ——
GEBVE= WX, WX WX,
S AT e
VW,
- - -
- " -

22gud o0 Pl s 50 93 )3 (0935 BN (595 (31T )3 (095 PR gy Silewd luled ) JSU
ot o (Y 9 Y Como L (BVS) (o 1 (gl i)l (51,15 g po Capmonr 3 L S35 515 91 5 ()
ool 5 g Conron 3 ] Iy 1S g1y (GEBVS) oogi i 39151 o5 Mol g5

Dig o B! dxs i (290 (lgis a4 Ollg o2 5V g (e 31,81 GEBV

Figure 1. Schematic representation of the genomic selection process in aquaculture.
Genomic selection is done in two steps: 1) Estimation of markers effects in a reference
population with high-quality estimates of breeding values (BVs), and 2) Prediction of
genomic estimated breeding values (GEBVs) of selection candidates in the validation
population. Based on GEBV, the candidates are ranked and the individuals with the highest

scores will be chosen as the parents in the subsequent generation

Ol 3 (9§ LI Sacudguse 5 Ll
Ol g bl oo (Rl cage (Sl 19)3 (S5 bl (85 a0 53 sk Sl Sl (e Sl

o Ot S ) Jgan 3335 3T 3155 oMol slaalin 53 (0 g sl Sy Ve B) (S5 Sy g
VYe¢
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e ST )3 (0093] QBRI g0yl (e QLRSI 509, 93 )3 (S)low & Cunglie g 0 ) o (gl Mol (sl 55
ooy (siine GBSl 0 (Aol gl i)l G e Core 1Sk ol GleMbl b (sl ol ducslio 6540 5 Bl
Cred 00,5 Jod YO U oo yialibl Cage og) SleMbl a5 3gs +/FA (3l sladigS ,d sy 4 bgyye Slas 390 4
3 oS 1> (glo & bgrye Sl 3)90 )3 0,505 1 (ite S5l )3 (Aol sla b)) i S Coro il
.))I.) u.i»_w & o Caxe> O)IAJ] 9 )iaLw pfl).: (Cuzo> )Lbl_w S GO Dy 05 PP ul?wl ‘51)4 9 ¥y
.(Houston et al. 2020; Allal & Nguyen 2022)

D815 (a5 (555 4l S 55 o5 (Ml 5] ol 1 Sl 55 3 3 o35 A5 o
M B isad &5 inlS g st Bl b auglio 15 o5 Gl 095 oo (Sei5] Cptay Ltals8l Cango o alold
as )50 1 (NE) Cumaz 550 0310 > (yp0m 42 9 35,15 (oYL Sl (5090 258 & Gl el £ 90 ol &5 995 (0 20
Sl g Copde b1y (ool5 2M ol sladoly o1 Gl oo Cmiman ol Cucnl pls sl b S5 o bl <l
o9y bl (Zenger et al. 2019) ol sgup o935 Sl ) (gilimn] 5 cudle Sl plesl 5 g bame o S Jilie
(6 loss 4 Cuoglie Jlio (gl 35,5 il (o @lys b ol Hlomid ol (6565 05l &S Slino bl gl Luogasis
» Jle sl (Song et al. 2022) coo ! cow b i o5 cutS Slio g oMo Slio (lieady Sliw «Sjgd Brane
i ($95ue Cuma y3 i &S pgydivs (g & Cenglile Cuduo (SB] d9se sl (63L) Jasliy & 08 ()15 (ladllas
CJL\A S99 r@)lm.ﬁ UL)"T JLl Lf°9)) ul}u;l Fl}ul (Ll“ehammer et al 2020) .))l.) S99 &94) ul}:ﬂl )‘ ol | Lv LS")’C
iz basly (b g ) wlhie )3 (igd (Sbd)sS) mne Sl (Cho (g L o) Lally) S50 S (o9l
(Gjedrem et al. 2012) wsb o cuslio

iS5l (ag0me olasi 3 1 5 3] sl )3 Ao ol 5> Slasis (Uil > o5 S 09l (sblje 3929 L
Clacures Sllge (lp Cuigs s Vb 4o (bl ) egis Ol ealiiwl Cudgisme gl cccwl oais el (g3l
st g g Cigs o 029 4 Vb D L pgil b JIg slocs)sld ool b cudgaome ) Al e 4l g a2y
1 sl s By o S o lid calio dim b ) YU coS b (S5 ,Silis ool i wlgie o5 (GBS)
25 S5l ool b o i Cono 4 03,5 jastiie ()5 Gyge bl ) glan 4 Cuglie Slaw (¢lp a5 claddlas
5 LSNP o jl ooliiw |l s s (GWAS) Log5 bli)l 0350 5 Glilllas bow 5 0dd oo L SNP I ac oo

(Luo et al. 2021)

! Genotyping-by-sequencing (GBS)
Y¢o
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0995 9% 53 Soloms & Canglilo 9w ) Olho (glyr (Aot (S W05y (ot (it Comio dunzlie L) Jgu>
(Allal & Nguyen 2022) 95 9 plo iliseo (L digS 45 0935 QLRI g 0y w1 siine LSRI]
Table 1. Comparison of the prediction accuracy of EBVs for growth and disease resistance

traits based on pedigree and genomic selection in the different species of fish and shrimp
(Allal & Nguyen 2022)

cbal ) cos il CSNP slis) Cuigl s g, Olaw &o5
e OB 4y G 0935 _ ()Jﬁ, Traits Species
0y y Genotyping method gnumber of
Accuracy relative effective SNPs)
INCcrease
Fish b
19.5% SNP arrays (33,000-112,000) %y oolbl ogildl ygell
Growth Atlantic salmon
23.8% SNP arrays (7,000—220,000) Solow 4 Cunglio
Disease resistance )
70.8% SNP arrays (27,000-45,000) (o)l & Canglis oS 555, Y1 U3
Disease resistance  Rainbow trout
127% RAD-seq (9,000) Solon 4 Cuoglie ’hff <Y 58
Disease resistance Coho salmon
18% RAD-seq (20,000) A3, NS
Growth Common carp
8% RAD-seq (16,000) & loss 4 Cuoglie
Disease resistance
39.8% SNP arrays (32,000-48,000) A S sl
900 SNP 44.000) Growth Nile tilapia
0 arrays (44, low 4 Canglio 2oyl b o
RAD-seq (9,000) Disease resistance European ses bass
120% SNP arrays (3,000) Slyss mdil
235 GNP 44.000) Feed efficiency
5% arrays low 4 Canglio (S
RAD-seq (22,000) Disease resistance Gilthead sea bream
12% RAD-seq (18,000) Sboss & Congli J
] Disease resistance Turbo
- WGS (1,900,000) Sloss &) Conglia S5 S
Disease resistance Japanese flounder
28.5% SNP arrays (55,000) Growth ., anlyl b 4,8
Channel catfish
- RAD-seq (30,000) Growth ., S5 Sy
Large yellow
croaker
- DArT-seq (14,000)" Growth ., 35 p3 oo ol
Yellowtail
kingfish
- GBS (54,000) Growth .3, 355 ply
Yellow drum
Shrimp ¢5
- RAD-seq (23,000%, SLAF-seq  Growth ., oy M (5550
(6,000 Whiteleg shrimp
5.5% RAD-seq (23,000) Solowt 4 Cnglio
Disease resistance
21.4% DArT-seq (9,000) Growth s, Sige L;ﬁi,ﬁ
Banana shrimp
567% DArT-seq (9,000) Slows 4 Canglio

Disease resistance

! Restriction site-associated DNA sequencing (RAD-seq)

2 Deamination adjacent to RNA modification targets
Yy e
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O 43 Kl oo Ay AiS 0 dgat |) (i Cono S & (g Sl sl (oleii Sl cul nl

Sy 5503 g,y D92 anlgs dbe Hlas ol iliste cladisS > agi; O] I edlitw | @y (gl g amd el |y Cuig
St b g5 SBl Glalusls g (cnlge) clly b b9y nl (b oS co (55 i Sgmen i) e e R0l
SLip} s Kgd o cigf o b o515 b g auje o SNP Ju G L by plw o YU o515 L SNP Ly
hlizee Slllas b 33,5 oo amenl YU 15155 LSNP i b oa 5 (aigi s 381 oMbl jl ool ol b cllges o)
) ogs bl 3 1y gelien como YU o515 L calaliy 5l onlitel b duglis 13 Laisif (piuismpos) 4 ol 00 aseine
Do Oaameal B a5 Lo, SLts Cauas adlos I odaxie Jolse 5l Cov ig) dwdgmed] coo b ol b S o
(S gy P e B pagif Al B ) a)SiLis guone Cusbge 0dd Sigmel 5 620 Cumex S G (N5l b))
Allal & Nguyen 2022; Song et al. 2022; Yanez et al. ) 5,15 1,8 x> 1o Cuxen 318l sl ClaS” JI Jlgl)0
s ysls b 5 a8 col ol (bl )5 egs bl eslaiul (¢l K05 cudeame (2022; Zenger et al. 2019
9l gox ol (ly el b (sl )sS) g At 04d i (slmo o (S U5 p 5 b g pliwgy Cous plale 51 oL
P ol o g pliw gy Couw lo GoaisS gl 031 sk 4 SNP (claaslys ol Jlo )3 105 Sk 195 (o0

(Allal & Nguyen 2022) sloais

Ol 5 093 LB Cono 1 S50 Jolgs
(Srapb ( SHj a5y gl 4 bl Calisee sladisS ) og55 Ol o], ¢ w15 e Mol sladel  Ailon
Slallae Gl ) i o bl 3 (cof QB como p She Jelge 2l (S s 315 2o | Blaal g Cumex S0 o5l
JB Jolos (¥ Jgia) L9 o0 gy als S JB e Jolse 9 JyuS LB Jelgs 09,5 53 53 9 lod () (sl 4l
s g 3905 J55S o35 oMol (o 3] it i S S50 sl s sl3) s 3 gon 1y S
Song et ) Kad o cilisie Glio g iures dadiss (5 og5f wlsasl u.ﬂ)lf P ey BB ol & e S LB

[(al. 2022; Zenger et al. 2019

25 30 Coro a)‘b&'
&y Camed ojlul coplplo 05 bige @ o Camen (oigid b2 )05 4 5 egif (Mo | o)l e Gy sl

Wbl j5 )5 @ ye Camen dx iy (Slho (pdy ilyg S By o S e bl (9] (S i Cono )3 (cege B

! Genotype imputation

VeV
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Song et al. ) 59, 0 yYb (0955 (i Gl S cplpls 9 35 0 i 55 SIS oy by uigid (sbad)sS)

(2022

(Song et al. 2022; Zenger et al. 2019) U 31 3 095 LG Como w0 yh0 Jolgs Y Jou>

Table 2. Factors affecting the accuracy of genomic selection in aquaculture (Song et al. 2022;

Zenger et al. 2019)

S BB e Jelge

Uncontrollable factors

S 5 Jolse

Controllable factors

lopgigeg,S Jsb bawgie

Average length of chromosomes

i p oo slagj sl
Number of genes affecting traits

Slio (g pdy cdlyg
Heritability of traits
pj ojlul
Genome size

&0 Capmex 0l
Reference population size
Sl 515
Marker density
093 >l sl )l (e L by
GEBYV estimation methods
el g g2 ye scumer o sWglings b))
Relationship between reference and

candidate populations
S i b
Mating design
Loslgsls o315l ¢ dlass
Number and size of families
S oo

Number of generations

1 ploml oMb s i 5 (2bg)l ol (0 3 (lon 4 Cunglio Dlao dgi0 jokaie 4 &S (gladllas )3 Jlie 4l
ali o adllas 45 (Griot et al. 2021) ol seup 0555 (s i Couo @ yo Cured 03l L8l L a8 03 8 5 )1E
I30m 1555 olll gl cigalls Sl (s3] 855 oz 13 o5 st oo e Cama 0] Sl b oS3
5 Cmon 5m 031l S5l sl pymasyo s 42 (SONG & HU 2022) el tals (S 05y V1 38 5 (5ose
Cappte b ol elacuren I odim o W yol o) 45 03l e 0,55 MBI 539 JolS sinjls gy oyl Ll 39u5 g0 o0l
Wile og35 leMbl 5l eslaz ol (Uimari and Tapio, 2011; Pasandideh et al. 2020b) 4l o Kol YL
Caw | Sae &S s | 3l coCusas 13 Lo g 5 Cunas 50 05l0] ds s (gl s Lo > ol 5 SNP slaas |5
sl azils JelS gl ors e ML)
YA
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LS o515
ol 5 350 BQTL 5 la SoLis s (LD) (Sioger Jolos pis el comgo Lo SiLis slass Gtal3él o S 5sbo
uasuie sladlls ,> (SONg et al. 2022; Zenger et al. 2019) sas (il3bl 1) (Sis5 e iy § obl coro Ll
Gyl ial3al g <105 &y +J¥A §) Obesl como bl el g0 pn ot Ver a0 5l b, Silis 1815 50 i &S 0
ol b (Lillehammer et al. 2013) sl (ials +/++d 4 +/+V ) Setran oS s 3 a5 VAY 4 VA | (S
i ot Sono s | oSan callis 5 395 (oo "B cla KoL 5 ) (B oloml el b Sl o815 (3l 8IS o Jls

(Gong et al. 2021; van Binsbergen et al. 2015) sa> zalS' 1) 055

(GEBV) (093§ (Yol (s 3d5,! (st (it 99,
2 by cnl o) (e el aclyy L) 53 (ete (385 (GEBV) (oo (oMol (slaj55] (o i U,
oo p e slaigy (Vg Tonse ()98 » e sl (Y BLUP ()95 5 (e (sla g, () odes 09,8 au
Sslise i ol 215" ateld ¢ Gl bro B9y hlisee SLS ghe 4y d255 L (Y Jpi) Wipd (oo sy Akl T Lo 650k
Ll obsyl ey cplpls Nd o (sl sla gy 10 gled oo lais 5 Cuxes o0l cioS £95 ¢l 1 0gMe .l

(Song et al. 2022) sy iShis 4 o953 Ol ST B 54 bl Jas 590 (o315 Mol asbiys 4y d>g5

Ml g g2 0 SBCurer o (giglings bLS)
YL o2 (093] (S (e Coo @l B85 b g @ pe Slalunen (m (sNsladngd byl ae e (IS 5ok 4
2 Ols e 2bul 5 esias (o B Sl & s ol (YL 590k 53l SloisS pre sla S 5l (S|
2 s et a (02lgsls Ve v slool gl 500 bodle B¢ ¢l lais a) S o paly8 ]y S5 wlide o (SU laedlgls
5 (Allal & Nguyen 2022) 5,15 3939 40l g g po slacunes ;> Sllgs o Sodp (oxgliingd bls)l ol o) ;]
Col Sa98 Jgone 595 9 2yl (b (oo (@M po oo (Lo j (sl (o Capmen e ojluil &S5 (0155 (ladllas
4 o claddllas > (Saura et al. 2021) cul s3l sloaisS ST clacumes o Sodp (S bls)l sxms Lis a5

sl T(ISSR) Libe ook (61,55 (sla gy (ol Sl ) oolitas | spsS smle 5l 4555 033195 55 SB35 95 Loms 1t yolaie

! Noise markers

2 Based on the Bayesian theory

3 Based on machine learning algorithms
4 Inter Simple Sequence Repeat

\Ea!
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adlbe p> (Mohammadabadi et al. 2021) 5 1> 3¢9 acuxes pl o (S35 (S5 bls)l a5 05,5 jascie «wd)S
sl e (315 Mol (sladelyy )3 i iy Cono (59 20l g aye SlaCuner o S35 (ST balyy b S0
o 359l p el (bl 53 Al g @ ye (slacures o Sodp sNsliings bls,l (Fraslin et al. 2022) s oLl
Allal ) 35 o @l 1y (SNP -5 Voo e Jlis plsie ) ol o515 b ol Solis b (> Slio (K55 sty

(& Nguyen 2022; Song et al. 2022

(Song et al. 2022) sagi5 LGSl ;3 sagi5 (Aol SWaLS5,l s iy BB, ¥ Jgs

Table 3. Methods of GEBV prediction in genomic selection (Song et al. 2022)

o9 09,5

RRBLUP;  GBLUP; ssGBLUP; TABLUP; BLUP (5,55 » e

BLUP/GA; GFBLUP Based on the BLUP theory

BayesA; BayesB; BayesC/Cn; BayesR; BayesRC; ORI 695 ¢ e

Single-step Bayesian Based on the Bayesian theory

RF: SVM; RKHS:; DL oble (653l slagin oSl e

Based on machine learning

algorithms

S b
9 e Gl p Sl oo o5 Cunl 5 Mol acly o Cudbye )3 pre Jolse | (S (6 St cuslie 23l ]
S 4 b asebio JuygiSlh g (sl i S5 (St ozl dunlio b gladdllas )3 A5l S5 (Suf céydy
2186 gt i S5 i o Jlo 3 el Gty 286 (St ok 5 (SS Sy (i g S e
GBS oy 5 (Seed s (S5 xSt b b Jlo ol bl s Ol 4 de b g Ssten (S €55 5

.(Dupont-Nivet et al. 2006) wsb o 3 Curen S50 0jl01 b bls,l

Lodlgils 531051 g dlaxs
Oliee (£9) (6 pSoii jobo 4y 1538 o )8 ool wl D50 (4315 Mol ol S yd a7 hdlge b aoalgils slass

OalS b 5l oolgls Yoo b baodlgils slass (yial53] a8 sy o plas a4y )b sl Glesl s ¢ (Sug o Lads o Setuen

Yo
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Skaarud et al., 2011, ) 545 0 (o313 Mo | slodalip 1,18 39000 cvgo o (S5 Cdpii i iuli3l g Sged e
oSl JBlis & sl (awlio 0dlgils 03lul cl Koo 03l o (5 g5 Voo B D aS duy o Hla5 4 Cpimen (2014

(Zenger et al. 2019) wsl K55 € i iley Sl 4 g Seen

RELIREY)

Sl dud Sldllas ool b bapls (615 2 Mol (slaaoly 13 0535 Gl Coo g9y Juws dliad puss W30
s 2115 2l g ol s 4 315 s 15 plol 415 gy 48 anllae s ol < Jlte (sl ! 045 yasiiie
9S3e (s, SLS r (Srger Jolod pus 23 ¢ Jud 3laes Gal3l b 5 ol s oyl @ Bisos g9dgm ol wbbon (2018
ol 238 o 58T (a5 (Mool slo byl e Ly Como 2 255 i 42 &S Wl Sl Sl 50 SLQTL
(Maetal. 2019) 55 Jlusjg,a plato job 4 b g2 o Cumer Sl

2 e Al Glo e g gt SleMbl loslit | 5y (o wdas ysbo & il (S dgste Sloasl 35 e Al
4,8 )8 ool 13,90 (sl (sH555 Yo 290> (sl s B 3 sl o 53 (Jlo cpl b s T o3gy (o8 S Jgeo |
LU Lol S o walyd bl 25 oMo | gladsly j3 (S cdpiin Gl o1y olacus B o5 Ol 4 S .|
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