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1 Introduction 

A thorough understanding of larval biology within the productive context is essential to obtain 

high quality European sea bass and gilthead sea bream larvae. Close interaction between 

genetics, physiology, development and innate behaviour with external factors such as 

environmental conditions and the type of diet ultimately determines the larval quality. In the 

research phase of the project, several aspects related to genetics, water temperature, larval 

nutrition, metamorphosis, skeletal malformations, histological features of organs at various 

stages, and molecular mechanisms were examined. PerformFISH is set up to optimize and 

validate existing juvenile quality indicators in the context of commercial hatchery conditions 

based on their degree of correlation with production Key Performance Indicators (KPIs). 

Potential indicators and predictors of larval quality, applicable within the production context 

and transferable to the breeders, were the subject of the research. Eventually, the current 

research will aim at using these indicators and its output as tools for high quality standard 

certification of larvae and juvenile fish. The results of this deliverable come from the outcome 

of Deliverables 2.2 and 2.3.  

The certificate of juvenile quality, and the present deliverable was not designed to coerce or 

obligate the sector to subscribe or implement the certificate but rather prepare the groundwork 

for a future certification. The ethos, therefore, was to create a framework based on the outcome 

and results of the other tasks in WP2 that were directed at identifying quality indicators either, 

zootechnical, histological or molecular that could form the basis for a future certification scheme 

directed at underpinning and demonstrating quality and in this way adding value to hatchery 

production and providing the basis for a “made in Europe” label. As outlined before this will tie 

in with recording of a minimal set of zootechnical measurements of both biotic and abiotic 

parameters since they are linked to health and welfare, which are important quality related 

assurance for modern aquaculture production and measures supporting key performance 

indicators developed (see D2.2 and 2.3). The certificate is not ready for implementation as 

further work is required but WP2 of PerformFISH has developed the measures and tools to 

support its implementation, although a detailed consideration of all aspects will not be released 

in this public deliverable since they are commercially sensitive.  
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2 Indicators that can be used for quality certification purposes  

2.1 Strategy overview 

Considering the results of the WP2 research, the following parameters are proposed as tools for 

quality certification of hatchery production: 

1) Zootechnical spreadsheet (abiotic and biotic factors including skeletal malformations, D2.4) 

2) Molecular indicators of quality – using the generated composite molecular index 

3) Histological Indicators of larval/Juvenile quality – using the developed multiparametric semi-

quantitative scoring system (MSSS, D2.2) 

The proprietary zootechnical spreadsheet that integrates information about production 

parameters, biotic and abiotic including skeletal malformation and type will not be considered 

in the subsequent sections of this public deliverable. The proprietary zootechnical spreadsheet 

is a key element of the proposed certification scheme. The working basis of the composite 

molecule index of larval quality, and the multiparametric scoring system (MSS) of histology will 

be outlined in more detail although the core of the larval quality certificate are the 1) proprietary 

zootechnical recording datasheets (see D2.1), the composite molecular index of larval quality 

and the multiparametric scoring system both developed using as a base the resources developed 

and reported in D2.1 and D2.2. The composite molecule index tool is based on artificial 

intelligence (AI) trained using as quality indicators the skeletal quality and growth.  In the future, 

and as required the tool can be adapted to other quality indicators. 

We foresee the need before the certificate can be “rolled out” should the industry wish to have 

a certificate, the need for some further calibration and confirmation. 

   

3 Composite Molecular Index of Larvae Quality 

3.1 Approach 

3.1.1 Larvae Sampling 

Gilthead sea bream (SBG) and European sea bass (BSS) larvae populations were sampled from 

LTPs commercial hatcheries according to the sampling strategy outlined in Deliverable 2.1 

“Samples and data from the LTP larval populations”. Briefly, SBG samples were collected from 

four hatcheries based in Greece (n = 2), Italy (n = 1) and France (n = 1), and BSS populations were 

collected from three hatcheries based in Greece (n = 2) and Italy (n = 1). Samples for RNA 

extraction were collected into 15 ml or 50 ml sterile tubes containing 10 and 30 ml respectively 

of RNA later. The larval samples that were collected, included first feeding (FF), flexion (FL), end 

of larval rearing (ELR) and mid-metamorphosis (MM) and were stored in RNA later at -20 οC until 

RNA extraction. Details on all batches collected are provided in D2.1. 

  

3.1.2 Scoring of larvae populations 
All BSS and SBG batches from the LTPs were delivered to CCMAR and UoC, and they were 

evaluated according to Key Performance Indicators established for the hatchery phase in 

Deliverable 7.1. All BSS and SBG batches were inspected and rated according to degree of 

malformations present (KPIs H7-H10) by UoC. All BSS batches were also inspected and rated 

according to length growth (KPI H11) by CCMAR. Inspection resulted in the identification of 
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populations of SBG and BSS with the lowest degree of malformations (BEST) and those with the 

highest degree of malformations (POOR). Similarly, populations of highest length growth (BEST) 

and lowest length growth (POOR) were identified for BSS. Selective gene expression analysis 

followed in BEST and POOR populations.  

 

3.1.3 Gene expression 
RNA extraction and cDNA synthesis were performed by CCMAR. For RNA extraction larvae were 

removed from the RNA later at 4 ºC and weighed. The number of larvae per sample used for 

RNA extracts varied with size and approximately 10 – 15 larvae were used/sample from FF, 10 

larvae were used/sample for FL, 3 larvae were used/sample for ELR and 1 larva was used for 

MM. Six to seven replicate samples were used per larval batch. Larvae were defrosted in lysis 

buffer and homogenized by mechanical disruption with two iron beads (5 mm) using a Tissue 

lyser II (Qiagen, Germany) and 3 cycles (30 Hz) of 30 seconds at room temperature. Total RNA 

from whole larvae were extracted using an E.Z.N.A. Total RNA Kit I (Omega, Bio-Tek, USA) 

according to the manufacturer’s instructions. To remove any residual genomic DNA from the 

isolated RNA, all samples were treated using a DNAse I Digestion Set (Omega, Bio-Tek) during 

column purification, following the manufacturer’s instructions. RNA quality and integrity were 

initially checked using a Nanodrop spectrophotometer and 1% agarose gel electrophoresis. 

Confirmation of the absence of genomic DNA contamination in RNA to be used for the cDNA 

synthesis was obtained by running PCR for the reference gene 18S rRNA. PCR reactions were 

performed in a 10µl reaction volume containing 5 ng tRNA. The PCR thermocycle was as follows: 

95 ◦C for 3 min, followed by 25 cycles of 95 ◦C for 20 s, 58 ◦C for 20 s, 72 ◦C for 20 s and a final 

extension step of 72 ◦C for 5 min. The amplified PCR products were visualized on a 2% TAE 

agarose gel. Only RNA that had no amplified 18S rRNA was used for cDNA synthesis. For cDNA 

synthesis, 500 ng of DNAse treated RNA was used and cDNA synthesis was performed in 96 well 

plates using a PrimeScript-RT reagent kit (Takara Bio Inc, Kusatsu, Shiga, Japan), following the 

manufacturer’s instructions. In brief, a 20 μL final reaction volume contained 100 pmol random 

hexamers (Jena Bioscience, Germany), 1 mM dNTPs (Nzytech, Portugal), 200 U of enzyme and 

20 U RNase Inhibitor (Nzytech, Portugal). The success of the cDNA synthesis was verified by PCR 

using specific primers for the b-actin gene according to the amplification cycle: 5 min at 95 ºC, 

followed by 35 cycles of 95 ºC for 15 s, 60 ºC for 20 s and 72 ºC for 20 s followed by 10 min at 72 

ºC.  

Gene expression analysis was performed by UTH and CCMAR. In SBG samples the expression of 

twenty-five genes, from which twenty-two were candidate markers and three were 

housekeeping genes; In BSS samples a total of twenty-six genes were analyzed, from those 

twenty-four were candidate markers and two housekeeping genes (Table 1). PCR reactions were 

prepared for a 10 ul final volume using KAPA SYBR® FAST qPCR Master Mix (2X) Kit (Kapa 

Biosystems) and the appropriate concentration of each transcript specific set of primers. Primers 

were designed using the Primer3 (v.0.4.0) (Untergasser et al. 2012) and Beacon Designer 

software and all primers were designed to span the coding sequences of the transcripts. 

Amplification cycle was: 5 min at 95 ºC, followed by 40 cycles of 95 ºC for 20 s and 60 ºC for 20 

s, followed by the dissociation curve step to verify for a single product amplification. Each 

reaction was performed in duplicate. A standard curve using a dilution series (1:5, 1:10, 1:20, 

1:50, 1:100) from pooled cDNA was prepared to estimate amplification efficiency (Table 1).  
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Three housekeeping genes (ef1, rpl13a and rpl19) were tested and rated using the geNorm 

(Vandesompele et al. 2002) algorithm. From the obtained Ct values R0 was calculated using the 

following formula R0=𝑇ℎ𝑟𝑒𝑎𝑠ℎ𝑜𝑙𝑑/(1+𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦)𝑐𝑡 and were normalized using the geometric 

mean of the two most stable expressed housekeeping genes (rps18, rpl13) for SBG and (rpl13, 

fau) for BSS. 

 

Sea bream

Gene name Ensembl gene ID FW primer RV primer Efficiency

ALP ENSSAUG00010020743 CTGCCGTCCGTTCCCAGTGTA CTCATTGTCGGAGTACCAGTC 108.9

GK ENSSAUG00010023799  TGTGTCAGCTCTCAACTCGACC AGGATCTGCTCTACCATGTGGAT 92.8

PK ENSSAUG00010018486 CAAAGTGGAAAGCCGGCAAGGG GTCGCCCCTGGCAACCATAAC 109.4

RBP ENSSAUG00010016646 TCCGCACCATAACCACCTTCAAG CCAGCCTCGTCCTTCCTTCTCC 117.6

OSTC ENSSAUG00010006659 TCCGCAGTGGTGAGACAGAAG CGGTCCGTAGTAGGCCGTGTAG 103.9

M_CAD ENSSAUG00010001919 GGCCTTCGTGGGTAGATAGG TTTAACGTCGACCTGCTGTG 108

COL1A ENSSAUG00010019190 GAGATGGCGGTGATGTGGCGGAGTC GCCTGGTTTGGCTGGATGAAGAGGG 104.3

OP ENSSAUG00010017675 AAAACCCAGGAGATAAACTCAAGACAACCCA AGAACCGTGGCAAAGAGCAGAACGAA 94

ON ENSSAUG00010007127 AGGAGGAGGTCATCGTGGAAGAGCC GTGGTGGTTCAGGCAGGGATTCTCA 100

MYL1 ENSSAUG00010015082 GCTGCGTATCGTTCTGTCAA GGGGTCTGCACTTACACGAT 98

MYLPFA ENSSAUG00010024472 GCTCCTCCAATGTGTTCTCC TCCCTCAGGTCATCTTTGCT 100.2

MYLPFB ENSSAUG00010025741 CAGCAAGGACGATCTTAGGG CATGGTCAGAAAGACGGTGA 103.3

MYLZ3 ENSSAUG00010018073 TTGACAGAGTCGGTGACAGC CCTCGAAGTTGAGCCTCTTG 107.4

COLI1A ENSSAUG00010019190 AGACCTGCGTATCCCCAACTG GCCACCGTTCATAGCCTCTCC 94.5

MYOG ENSSAUG00010010641 CAGAGGCTGCCCAAGGTGGAG CAGGTGCTGCCCGAACTGGGCTCG 106.09

LPL ENSSAUG00010011385 CAACCAGCACTACCCCACAT GATGAATCCTGTCCCAGGGC 95.6

PPARG ENSSAUG00010013475 TGGCACCTCTGATGAACAAA TTTGGCTCCATCATTTGACA 104.1

MSTN1 ENSSAUG00010004791 TTTTTGACACAACCGATC GTGTGTGTGTTCCTGCATCC 104.9

PEPSIN_A_LIKE ENSSAUG00010026579 CACTCTCAATGGACACGCCT GACTGAGCCTGGGTGTCAAA 100.4

ELA2L ENSSAUG00010019519 GGAGTGGATGTCAACGCTCA GCACCAGGTTGTGTTTTCCC 101

IGFBP1 ENSSAUG00010023441 TTGGCGTTTCCTCAATGGGT TGTAGCTGAGAAGAGCCCCT 99.9

APODA2 ENSSAUG00010027356 TGCCACCTACAGCCCTAAGA AGAGCACCCAATAAGGACCG 102.5

TRYPSIN_LIKE ENSSAUG00010013074 GGTGTCTCTGAACGCTGGAT CCTGGAGGCATCAATCCACT 103.4

RPS18 ENSSAUG00010000811 AGGGTGTTGGCAGACGTTAC GAGGACCTGGCTGTATTTGC 104.5

RPL13 ENSSAUG00010003114 TCTGGAGGACTGTCAGGGGCATGC AGACGCACAATCTTAAGAGCAG 93.4

EF1 ENSSAUG00010018560 TCAAGGGATGGAAGGTTGAG AGTTCCAATACCGCCGAT 102.6

Sea bass

Gene name Ensembl gene ID FW primer RV primer Efficiency

WAP65 ENSDLAG00005021309 ATCAAACTCAATGCCTTCACACC AGCACTCGCCCTCACTAATGG 89.7

APOA1 ENSDLAG00005000348 CTGGAGAGCCTGAGAGCAATGG TGTTGATGTTCTGAGCCTGGTTGT 89.1

COL1A2 TCGCCCAGAAGAACTGGTACAGAA CGTTGTAGGTAAACTCAGTACCACCG 100.6

FGB ENSDLAG00005002651 ACCGTCCGCTATCAAGAGG CTTCTCCTGTGCCTGTGGTC 95

EBP ENSDLAG00005001286 CCACCTATGTTGCCAATGACC AACCAGCCCTCAATGACACC 90.4

TRY ENSDLAG00005013031 CTCCCTGGTCAACGAGAACT  ACCCTGATGTTGTGCTCTCC 100.7

PLA2 ENSDLAG00005004463 TCCTGTGTGTGATGCCTGAT TCTCGTCGCAGTTGTAGTCG 100.1

TRF ENSDLAG00005008061 ACACTGCTGGACTGAACAACTACGA GGATTTCTTCCCGCTGAGGT 92.4

COL10A1 ENSDLAG00005004562 TGGGAATGAGTGAGGTTATGG GGATGCTGTAGGCAAAATAGT 94.7

MYLPFA ENSDLAG00005010562 CATGTTTGAGCAGAGCCAGA CACGTCCCTCAGGTCATCTT 106.1

MYLPFB ENSDLAG00005007525 TCATCAGCAAGGACGATCTG GATCAGCACCCTTCAGCTTC 98.7

MYL1 CACCCAAGAAGGACGCTAAG GGGCTGAACTCGATCTTGAC 96.6

MYLZ3 ENSDLAG00005026275 GACTACGTTGAGGGTCTGCG ACACTGCCGTTCTCATCCTC 102.9

PRKAB1 ENSDLAG00005004430 CTCAGTCGCTCCAATCCTAC ATTACCGCCACTCTATGTCTAC 102.2

PRKAG2_L ENSDLAG00005002525 AGGCTGGTTGTCGTTGATGAG TGTGTCTGGTTCTGTTGAGTCC 97.4

PRKAA2 ENSDLAG00005005389 GGACGGGTGGAAGATACAGA CGTAGGAACTCCCCATCTGA 98.7

PRKAG3 ENSDLAG00005017447 TCACAGGTGTCATTCCCAAA TTTGCCACCAGTGCATAAAA 103.2

AAKB1 ENSDLAG00005011830 GCTCAACAGAAGTCAGAAGAAC CCACAAACCGTCCACACAGAA 104

UQCR11A ENSDLAG00005024816 GATCCCAACTTTGGCTGTATGG TGCCACTGATGTAGGGAACGT 99.5

UQCR11B ENSDLAG00005007897 GGCGGCAAATACATTGCTA ATCGCCAGTCTGTGAAGTGA 98.3

UQCRFS1A ENSDLAG00005020221 TTGCCCACACAGACATTAGG CTTCTGGATTCACTGCTCTCC 106.9

UQCRFS1B ENSDLAG00005021271 GGCAAAAACATGACCTTCAA GCTCCCCCATATTCACAGAC 100.5

UQCRC2A ENSDLAG00005014897 AGAACTACTCCCCCGTGTCC GCCAGTCGTAGCACATGAGA 96.3

NDUFS1A ENSDLAG00005009594 GGCTCCTCTCTTCAATGCAC CAACCACAACAACAGGATGC 105.1

RPL13 ENSDLAG00005000624 GAAGGCATCAACATCTCC CTCTGAAGTGGTAAGGTC 99.1

FAU ENSDLAG00005000664 CTTCGTGAATGTTGTGCC ACTGATGGATGGTGATGA 102.9

Table 1. Gene names, accession numbers, primer sequences and qPCR efficiencies for all genes 
measured in SBG and BSS 
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3.1.4 Statistical analysis 

The statistical analysis and the training of the algorithm was performed by UTH. For the 

statistical analysis a collection of R packages was used. To examine the normality of the 

distribution for each variable, we used Shapiro–Wilk test to examine if the variables were 

normally distributed and qqplots to examine the degree of skewness of the data. Wilcoxon 

signed-rank test was used to examine if any significant differences were observed between 

BEST-POOR scorings for each gene for each one of the four developmental stages. To evaluate 

the multi-collinearity of the variables in the data set, we used Pearson correlation coefficient. 

To evaluate if there were differences between BEST-POOR scorings for each stage, a multivariate 

approach was used, and to evaluate the amount of the variability explained by the groupings, 

we conducted permutational analysis of variance (PERMANOVA). Prior to that, to be sure that 

the assumptions of PERMANOVA are met, we conducted a dispersion analysis to examine if the 

dispersion of the data were similar between the two groupings.  

Decision tree analysis was used as a predictive modeling approach to explore the significance of 

each gene in building a predictive model of larval quality. Decision tree is a decision support tool 

that uses a tree-like model of decisions and validates their possible consequences. Each branch 

represents the outcome of the test, and each leaf node represents a class label. Decision tree 

analysis forms the basis of random forest analysis, which is a classification algorithm. Random 

forest analysis is a supervised learning algorithm that contains a number of decision trees. The 

random forest takes the prediction from each tree and based on the majority votes of 

predictions it predicts the final output. To implement random forest initially the original dataset 

was divided into a training data set and a test dataset consisting of 70% and 30% of the original 

data respectively (Figure 1). The algorithm was trained with the smaller training data set and the 

predicted outcome on the test data set was analysed. The percentage of correct predictions was 

used as a measure of the accuracy of the model. We used random forest as a classifier, and we 

compared the accuracy of random forest predicting quality scorings (BEST-POOR) between the 

four developmental stages. The number of trees was set to 3,000. The cross-validation 

performance was used to train the model, and a separate test set was used to evaluate its 

accuracy. Lastly, the importance of each variable in the model was evaluated based on the mean 

decrease accuracy of the model for each variable.  

Figure 1. Graphical presentation of how the random forest algorithm works. 
https://www.javatpoint.com/machine-learning-random-forest-algorithm. 

https://www.javatpoint.com/machine-learning-random-forest-algorithm
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3.2 Results 
3.2.1 Gilthead sea bream 
Normality tests revealed that none of the variables were normally distributed. Based on that, 

non-parametric tests were selected for the rest of the analysis. In order to evaluate which genes 

are differentially expressed between the two quality scorings (BEST, POOR) per developmental 

stage, we conducted Wilcoxon signed-rank test (Table 2). Non-significant differences were 

observed in the expression levels of three genes (alp, mylpfb and igfbp1), for all the 

developmental stages between BEST and POOR. Based on the above, those genes were excluded 

from the rest of the analysis. For the remaining eighteen genes, the significant differences in 

expression levels were stage specific (Table 2). The gene that was differentially expressed 

between BEST and POOR at three out of four stages was ela2l. The highest number of 

differentially expressed genes between BEST and POOR was identified at Mid Metamorphosis 

(MM). Correlation analysis revealed the genes that were highly correlated in each of the four 

developmental stages. Given that collinearity could compromise the final step of the analysis 

(feature importance algorithm of random forest), only the gene with the highest p-value at 

Wilcoxon signed-rank test between BEST and POOR was selected for further analysis from each 

group of highly correlated genes (correlation coefficient of > 0.7). As a result, different sets of 

genes were taken under consideration for each one of the developmental stages (Table 3). 

Table 2. Wilcoxon signed-rank test results for all developmental stages of SBG 
 

FF FL ELR MM 

alp - - - - 

gk - * - - 

pk - - * - 

rbp - - - * 

ostc - * - - 

m_cad - ** - - 

op ** - - - 

on * - - - 

myl1 - - - - 

mylpfa - - ** *** 

mylpfb - - - - 

mylz3 * - - *** 

coli1a *** - - *** 

myog - - - - 

lpl *** - - *** 

pparg - - ** *** 

mstn1 - * * - 

pepsin_a_like NA - * *** 

ela2l - *** *** *** 

igfbp1 - - - - 

apoda2 - - - *** 

trypsin - - - *** 

Assumptions for equal dispersion of data allowed permutation analysis in all stages but the 

flexion (Figure 4). Significant differences between BEST and POOR were revealed, yet a low 
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percentage of the variance was explained (R2) (Figure 4). The stage with the highest level of 

variance explained by BEST and POOR scoring was that of MM with 15% of the variance 

explained, followed by FF with 9.8%, FL with 9.6% and ELR with 6.6%. The stage of MM was 

selected to apply the random forest classifier based on three reasons: 1) highest number of 

differentially expressed genes between BEST and POOR, 2) the lowest number of genes with 

high collinearity between them, and 3) the highest percentage of variance between BEST and 

POOR explained at permutational analysis of variance.  

 

Table 3. Genes that were used for the classification analysis for each of the developmental 
stages in SBG 

FF FL ELR MM 

op ostc pk rbp 

mylz3 m_cad mylpfa mylz3 

coli1a mstn1 pparg coli1a  
ela2l mstn1 lpl   

pepsin_a_like pepsin_a_like   
ela2l ela2l    

apoda2    
trypsin 

 

 

 

P R2

Dispersion 0.333

Permutation 0.004 0.09838

P R2

Dispersion 0.002

Permutation 0.001 0.09646

P R2

Dispersion 0.831

Permutation 0.009 0.06666

P R2

Dispersion 0.596

Permutation 0.001 0.15186

Figure 2. Dispersion and permanova analysis for each developmental stage of SBG. 
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The application of random forest analysis to the MM stages in SBG is shown in Figure 3. The 

original dataset consisted of 61 samples and was used as the subset to train the algorithm, which 

was then used to analyse the test dataset. The test classification accuracy of the random forest 

model was 86%, and statistically significantly (P-Value : 0.0017) improved over the 54% that was 

the test accuracy of the non information rate (the proportion of classes that could be speculated 

correctly if they were randomly allocated). The model’s sensitivity was estimated at 90% and 

the specificity at 83%. The five most important predictors of quality were ela2l, pepsin a like, 

mylz3, coli1a and lpl. 

 

 

3.2.2 European sea bass 
Normality tests revealed that none of the variables were normally distributed, based on the non-

parametric test that was selected for the rest of the analysis. In the case of BSS, two types of 

scorings were provided, one based on skeletal deformities by UoC and the other based on length 

growth from CCMAR. In this case, further analysis was conducted for each scoring type 

separately. 

Scoring based on degree of skeletal deformities 

In order to evaluate which genes are differentially expressed between BEST and POOR in each 

developmental stage, Wilcoxon signed-rank test was conducted (Table 4). Non significant 

differences were observed in the expression levels of two genes (prkag3 and uqcrfs1b) across 

developmental stages that were excluded from the rest of the analysis. The remaining genes 

were differentially expressed between BEST and POOR, at different developmental stages. Four 

genes (ebp, mylpfb, myl1 and mylz3) were differentially expressed between BEST and POOR in 

all four developmental stages and the stage with the highest number of differentially expressed 

genes (sixteen out of twenty-five) was the FF. Correlation analysis revealed the highly correlated 

genes in each of the four developmental stages. As in the case of SBG and to avoid compromising 

Figure 3. Decision tree to predict larvae quality in SBG at the stage of mid-metamorphosis 
(MM), based on the expression levels of molecular markers. 



D2.6: Certificate of Quality   

12 
 

the following steps of analysis, only one gene (with the highest p-value at Wilcoxon signed-rank 

test, between BEST and POOR) among those highly correlated (correlation coefficient of > 0.7) 

was included in the analysis.  

 

Table 4. Wilcoxon signed-rank test for the four developmental stages of BSS between BEST 
and POOR scoring based on skeletal deformities 

 
FF FL ELR MM 

wap65 ** - * - 

apoa1 *** * - - 

col1a2 - * * - 

fgb *** - * - 

ebp *** * ** ** 

try *** - - * 

pla2 ** - *** *** 

trf *** - - - 

col10a1 - - ** - 

mylpfa - * * * 

mylpfb *** *** ** *** 

mylpfa/mylpfb - - * - 

myl1 *** *** *** *** 

mylz3 *** *** ** ** 

prkab1 * - * ** 

prkag2_l ** ** ** - 

prkaa2 - * - - 

prkag3 - - - - 

aakb1 * - - - 

uqcr11a - * - - 

uqcr11b *** - - - 

uqcrfs1a - ** ** - 

uqcrfs1b - - - - 

uqcrc2a ** - - * 

ndufs1a *** * ** - 

 

Based on the above, different sets of genes were identified for each of the developmental stages 

(Table 5). Dispersion of the data inside the groupings was similar (Figure 4) for all stages, and 

the criteria for permutational analysis of variance were met in all cases. For all stages, the results 

of the analysis revealed significant differences between BEST and POOR, but different 

percentages of the variance were explained (R2) (Figure 4). The stage with the highest level of 

variance explained by the groupings was the FF with 25.7 % followed by FL with 21.3%, ELR with 

20.9% and MM with 15%. Because the percentages of variance explained were relatively similar 

between the four stages, we conducted the random forest analysis in all of them. The stage with 

the highest classification accuracy (88%) of the random forest model was that of FF, yet accuracy 

was ≥ of 80% for all the stages (Table 6). In addition, in all stages the prediction model was 

significantly better (P-Value < 0.05) than the one of the non information rate (the proportion of 
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classes that could be speculated correctly if they were randomly allocated). As described above 

different genes were identified as important score predictors in each stage, based on significant 

differences between BEST and POOR and collinearity. The top 5 genes that were contributing 

more in the accuracy of the model for each stage, are shown in Table 7. 

 

Table 5. Genes used for the classification analysis for each developmental stage in BSS based 
on skeletal deformities scoring 

FF FL ELR MM 

wap65 apoa1 wap65 ebp 

apoa1 ebp col1a2 try 

fgb mylpfa ebp pla2 

ebp myl1 pla2 mylpfa 

try prkag2_l col10a1 mylpfb 

pla2 uqcr11a mylpfa/mylpfb myl1 

trf uqcrfs1a myl1 prkab1 

mylpfb ndufs1a prkab1 uqcrc2a 

prkag2_l 
 

uqcrfs1a 
 

aakb1 
 

ndufs1a 
 

uqcr11b 
   

ndufs1a 
   

 

FF P R2

Dispersion 0.056

Permutation 0.001 0.257

FL P R2

Dispersion 0.754

Permutation 0.002 0.213

ELR P R2

Dispersion 0.059

Permutation 0.001 0.209

MM P R2

Dispersion 0.314

Permutation 0.001 0.1501

Figure 4. Dispersion and permanova analysis for each developmental stage of BSS using the 
the scoring based on skeletal deformities. 
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Table 6. Accuracy, sensitivity and specificity of the random forest model for each 
developmental stage in BSS using the scoring based on skeletal deformities 

 
FF FL ELR MM 

Accuracy 0.88 0.80 0.86 0.84 

Sensitivity 0.87 1 0.77 0.80 

Specificity 0.88 0.60 1 0.88 

 

 

Table 7. Top 5 high importance variables per stage in BSS using scoring based on skeletal  
deformities 

FF FL ELR MM 

trf ndufs1a myl1 myl1 

ndufs1a uqcrfs1a pla2 prkab1 

try prkag2_l wap65 mylpfa 

ebp apoa1 col10a1 mylpfb 

fgp myl1 uqcrfs1a try 

 

Scoring based on length growth 

The results of Wilcoxon signed-rank tests using the scoring based on length growth, revealed 

seven genes (wap65, fgb, try, trf, mylpfb, prkag3, ndufs1a) with no significant differences in the 

expression levels between BEST and POOR across developmental stages (Table 8), and those 

genes were excluded from the rest of the analysis. The genes ebp and aakb1 were differentially 

expressed between BEST and POOR in three of the four developmental stages. The stages with 

the most differentially expressed genes were the ELR and the MM.  

 

Table 8. Wilcoxon signed-rank test for the four developmental stages in BBS between BEST 
and POOR scoring based on length growth 

 
FF FL ELR MM 

wap65 - - - - 

apoa1 - - * - 

col1a2 ** - - - 

fgb - - - - 

ebp *** - *** ** 

try - - - - 

pla2 *** - ** - 

trf - - - - 

col10a1 - - *** * 

mylpfa - - - ** 

mylpfb - - - - 

mylpfa/mylpfb - * ** - 
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myl1 - - * - 

mylz3 ** - - - 

prkab1 - - - * 

prkag2_l - - - * 

prkaa2 - *** ** - 

prkag3 - - - - 

aakb1 - * ** *** 

uqcr11a - - *** - 

uqcr11b - - - ** 

uqcrfs1a * - - - 

uqcrfs1b - - - * 

uqcrc2a - - - ** 

ndufs1a - - - - 

 

Correlation analysis revealed the genes that were highly correlated in each of the four 

developmental stages. The genes used for further analysis (Table 9) were selected as described 

previously. Dispersion of the data inside BEST or POOR was similar (Figure 5) for all stages, and 

the criteria for permutational analysis of variance were met in all cases. In all stages, the results 

of the analysis revealed significant differences between the BEST and POOR, but different 

percentages of the variance was explained (R2) (Figure 5). The stage with the highest level of 

variance explained by BEST and POOR was the FL with 41.6 % followed by FF with 35.3%, ELR 

with 12.7% and MM with 6.9%. When the random forest classifier was applied in FF and FL the 

differences between the predictions and the non information rate was not significant. In those 

cases we cannot rely on the model. For the other two stages, ELR and MM, the above mentioned 

differences were significant and the accuracy of the model was 0.80 and 0.88 respectively (Table 

10). The top 5 genes that contributed more in the accuracy of the model for each stage are 

shown in Table 11. 

 

Table 9. Genes that were used for the classification analysis for each developmental stage in 
BSS using the scoring based on length growth 

FF FL ELR MM 

col1a2 mylpfa/mylpfb apoa1 col10a1 

pla2 prkaa2 col10a1 mylpfa 

mylz3 
 

mylpfa/mylpfb prkab1 

uqcrfs1a 
 

myl1 prkag2_l   
prkaa2 aakb1   
aakb1 uqcr11b   

uqcr11a uqcrfs1b    
uqcrc2a 
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Figure 5. Dispersion and permanova analysis for each developmental stage in BSS using the 
scoring based on length growth.  

 

Table 10. Accuracy, sensitivity and specificity of the random forest model for each 
developmental stage in BSS  using  the scoring based on length growth 

 
ELR MM 

Accuracy 0.80 0.88 

Sensitivity 0.93 0.92 

Specificity 0.60 0.83 

 

 

Table 11. Top 5 high importance variables per stage in BSS  using the scoring based on length 
growth 

ELR MM 

col10a1 aakb1 

uqcr11a mylpfa 

mylpfa/mylpfb prkag2_l 

prkaa2 uqcr11b 

aakb1 uqcrc2a 

  

 

3.2.3 Proof of concept of the composite molecular index 
WP6 provided the framework for the first proof-of-concept of the tool in collaboration with one 

of the LTP. SBG larvae from a commercial batch were collected by the LTP hatchery at MM and 

forwarded to scientific partners.  

P R2

Dispersion 0.919

Permutation 0.001 0.353

P R2

Dispersion 0.538

Permutation 0.003 0.41697

P R2

Dispersion 0.164

Permutation 0.001 0.127

P R2

Dispersion 0.467

Permutation 0.004 0.06905
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The expression levels of the top five gene predictors identified in SBG were determined in this 

blind sample and the trained classification algorithm was used to predict the sample quality as 

BEST. The results were communicated to the LTP hatchery that confirmed the batch quality 

which matched the predicted. It was a batch of 2.9 million larvae that was subsequently stocked 

in sea cages in different geographical areas. Screening for skeletal abnormalities resulted in 

discarding approximately 70,000 SBG larvae, i.e. 2.4% of the batch.  

 

3.3 Discussion 

The extensive screening for potential molecular markers of growth and overall quality of SBG 

and BSS larvae samples derived from commercial hatcheries (Deliverable 2.2) allowed the 

informed choice of a particular selection of gene markers for the development a composite 

molecular index of quality in SBG and BSS. The quality index was develop to reflect on important 

KPIs, the frequency of skeletal deformities (KPIs H7-H10) and the length growth (KPI H11).  

The index has been meant to have the capacity to predict at early stages important phenotypic 

traits of later stages. This is considered important in routine hatchery management, where the 

prediction of the quality of a batch when at the stage first feeding can support desicions of 

investing in the batch production or discarding the batch and saving on resources. The model 

developed has the capacity to predict with high accuracy only when applied at the advanced 

stages ELR and MM (Table 12). In BSS, the prediction of quality score based on skeletal 

deformities at MM is possible at the previous stage of ELR, whereas the prediction of quality 

score based on length growth is only possible at MM (Table 12). PERMANOVA analysis in all 

cases revealed that distiguishing between BEST and POOR is possible at FF (Figure 2, Figure 4, 

Figure 5). The low number of samples available at this stage did not provide the statistical 

robustness necessary for training the algorithm at this early stage. However, the results support 

that reinforcing the dataset with more FF samples can lead to an early, highly accurate prediction 

of quality. 

 

Table 12. Comparison of the properties of the model developed to predict phenotypic quality 
scores at MM in SBG and BSS 

Species Stage of model 

application 

Accuracy Sensitivity Specificity Scoring based 

on…. 

SBG MM 0.86 0.90 0.83 Skeletal 

deformities 

BSS ELR 0.86 0.77 1.00 Skeletal 

deformities 

BSS MM 0.84 0.80 0.88 Skeletal 

deformities 

BSS ELR 0.80 0.93 0.60 Length growth 

BSS MM 0.88 0.92 0.83 Length growth 

 

In BSS, different marker genes were identified for different quality scorings (Skeletal 

abnormalities vs length growth; Table 7,Table 11). Although this can not explained on the basis 
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on causative links, it indicates that the model could be refined for any quality trait requested or 

even a combination of quality traits, important in fish farming. Work performed in WP2 have 

provided the ontogenetic profile of a long list of genes that be subsequently recruited in refining 

the molecular quality index to the direction indicated by the fish farmers.  

Additional features important for practical application were also considered. The quality index 

should be cost- and time- effective. To this direction, we undertook a step-wise approach that 

allowed the exclusion of approximately 80% of the initial marker genes to finally determine the 

five most important marker genes and achieve time- and cost-effectiveness. In its present form, 

the application of the molecular index requires a lab service provider and two days analysis from 

sample delivery to results. The lab analysis is based on standard technology and methodology 

and no further investment in infrastructure is required. The overall approach and final setup 

ensures an affordable price per analysis that can be further consolidated with increasing number 

of samples for analysis.  

 

4 Histological Indicators of larval/Juvenile quality 

4.1 Introduction 

Histology could be a useful tool to early recognize and take action on factors that can limit 

production. For the aims of the project, UNIUD proposed and original histological 

Multiparametric Semi-quantitative Scoring System (MSSS) specifically designed for the 

evaluation of marine larvae and juveniles, providing insight in the overall histological situation 

of a batch. Unlike descriptive histology, histological grading system, as well as morphometry, 

leads to a standardized quantification and allows the possibility of legitimate comparison 

between different studies (Bernet et al., 1999). Morphometric analysis certainly offers many 

advantages, in fact it is a robust, reproducible, and rapid method which can be employed for a 

large number of samples. However, tissue quality of the sample must be adequate (i.e., not too 

fragmented or degraded by fixation/processing procedures) for accurate performance of 

quantitative morphometry; the image analysis systems cannot ignore or compensate for those 

irregularities so easily, while a trained histopathologist is able to do this when the sample is not 

totally compromised (Silva et al., 2015) and is able to interpret the data. Moreover, 

morphometric analysis is more expensive, as the cost of the initial investment in hardware and 

advanced software for image analysis is still high and must to be included in the cost of the 

diagnostic service. These reasons lead to the choice of adopting a semi-quantitative method for 

the purpose of the project, instead of a descriptive or quantitative one. In fact, the MSSS is not 

excessively expensive as it only requires an image analysis software for basic research and it is 

applicable on samples coming from commercial farms, sampled in sub-optimal conditions by 

non-specialized operators. In addition, this method can be used both by laboratories that offer 

a diagnostic and/or consulting service to companies, but also directly in the farm if it can benefit 

of a basic histological laboratory and of a specifically trained expert in its staff.  

 
 
 



D2.6: Certificate of Quality   

19 
 

4.2 Approach 

The MSSS provides 24 data per age and batch (18 descriptors plus 6 architecture data) that can 

be exploited according to the purpose of the survey (Table 13, Figure 6). An algorithm allows to 

summarize all the descriptors in a single number (Cumulative Histologic Index – CHI) (Formula 

2); having a single value indicating the histological status of a batch is useful to obtain a first 

glance on the status of the batch itself (see D2.2 for full details). 

The CHI alone does not give information on which organ district is most affected by the problem, 

but when higher than 3.5, it suggests that something is going wrong. In fact, the threshold was 

specifically set at a very unbalanced value downwards, compared to the upper limit of 25, so 

that it acts as a “wake-up call” for the farmer when the situation is still solvable. The limit of 25 

is only virtually achievable, since, to obtain it, all organic districts should obtain 5 both in all 

descriptors and in architecture. A similar situation is likely to be incompatible with life. On the 

other hand, specific information is given by the OCV (Organ Condition Value) which shows the 

general condition of each organ and by the individual descriptors, which also provide a way to 

understand what is specifically causing the problem.  

 

The MSSS outcomes, CHI, OCV and descriptor scores can be used together or individually, to 

observe the variation between different groups, along with environmental variation and 

variation in hatchery operating procedures or through the stages of development. The authors 

underline that histology provides indications of the fish morphological condition in a precise 

instant of their life history and, therefore, it is not possible to obtain predictive information of 

the fish quality at the end of the production cycle. Furthermore, fish larval and juvenile stages 

have an extraordinary growth and recovery potential which is also expressed as high 

competence in repairing or regenerating (process by which damaged or lost structures are 

perfectly or near-perfectly replaced) tissues due to pathological events (infectious and non-

infectious) (Poss et al., 2003; Beraldo and Canavese, 2011; Zupanc and Sîrbulescu, 2013; Choi et 

al., 2015; Wolf et al., 2015; Bates et al., 2018). Do not take into account this fish abilities, could 

Table 13. The complete list of descriptors included in MSSS and the scoring system 
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induce investigators to overestimate the long-term impacts of certain lesions on the health of 

individual fish and fish populations (Wolf et al., 2015). Therefore, MSSS cannot be used for a 

predictive long-term quality evaluation but rather it could be effective in the early highlighting 

of health problems in a batch, in providing farmers with information about the impact of their 

managerial practices and, therefore, in helping them to solve critical problems in the hatchery 

phase. Therefore, it could potentially be a supportive tool both for hatcheries, as internal quality 

control at different developmental stages, and for on-growing farms for the control of incoming 

fry. Furthermore, the MSSS could be a valid tool for the comparison of quality in larval and 

juvenile fish populations subjected to different rearing conditions.  

 

4.3 Results and discussion 

The MSSS was applied in the evaluation of GSB and ESB larval/juvenile batches from different 

European hatcheries, with the aim of histologically comparing batches quality and detecting 

pathological alterations/histopathological configurations that represent an indicator of health 

deviation. In this sense, the MSSS application and the calculation of CHI and OCV can be useful 

for fish farmers who want to carry out surveys on the quality of their fish production. In the span 

of about 2 years, since the samples started arriving at the P13 laboratory, the MSSS was 

extensively stressed with the evaluation of 34 batches, 2791 fish and the attribution of about 

67000 scores. These labour intensive and challenging evaluations revealed that, although the 

MSSS has a complex structure and implies the attribution of 24 scores for each fish (18 

descriptors plus 6 architecture values), it is easy and quite fast to use, after a proper training of 

the evaluator (about 3 to 12 minutes/fish based on the developmental stage and the complexity 

of the histological situation), therefore it represents a valid support to check the fish quality 

during hatchery rearing. Obviously, since a trained histologist is needed and rarely operators 

with these skills are present in the aquaculture hatchery, farmers must turn this task to a 

histological laboratory or specialized research center. Very important is the supply of well-fixed 

samples by farmers; although a well-trained histologist is usually able to discriminate artifacts 

and problems caused by poor tissue fixation, the optimal sample preservation and histological 

processing are crucial in ensuring the maximum investigative result by MSSS.  
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Figure 6. Representative histological images. The panel presents the modified tissue 
organisation encountered and the link with failures in specific management parameters.  The 
MSSS approach provides a mean to manage larvae and establish real-time production quality.   
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5 Conclusion 

The identification of markers related to the quality of gilthead seabream and European sea bass 

larvae and juveniles, which may constitute a reference for the purposes of quality certification, 

is not easy to resolve. Having worked throughout PerformFISH only on sample from industry 

hatcheries, it has been clear that this has made the research process more complex, but the 

large gain has been that the collected data are closer to the production reality, and therefore 

have a greater level of applicability, relevance, and improved chance of finding a practical 

application. For this reason, we propose useful guidelines to follow to obtain better quality and 

more successful larvae and juveniles for production and highlight three tools developed during 

PerformFISH that can form the basis to support the certification purpose should industry 

representatives consider this is an “added value” and useful outcome. The three tools coming 

from WP2 are a) the zootechnical spreadsheet that integrates biotic and abiotic measures 

including assessment of malformation types and incidence, b) the composite molecular index 

and c) the MSSS tool (among the 18 MSSS descriptors, some have proven to be particularly 

significant as indicators of quality, both for their histopathological meaning and the ease of 

evaluation). 

It should be noted that the delivery will be provided to industry associations and is made public. 

Although meetings with industry representative occurred throughout the duration of 

PeformFISH, Covid 19 impacted the final stage and limited the scope of discussion between 

scientists and producers. Nonetheless, as initially proposed in the project several resources have 

been developed that provide the necessary monitoring tools for implementation of a 

certification of juvenile quality. 

 

 

 

  



D2.6: Certificate of Quality   

23 
 

6 References 

Bernet D., Schmidt H., Meier W., Burkhardt-Holm P. and Whali T. (1999) Histopathology in fish: 
proposal for a protocol to assess aquatic pollution. J. Fish Dis., 22:25-34.  

Silva P.F, McGurk C., Knudsen D.L., Adams A., Kim D. Thompson K.D., Bron J.E. (2015) A 
Histological evaluation of soya bean-induced enteritis in Atlantic salmon (Salmo salar L.): 
Quantitative image analysis vs. semi-quantitative visual scoring. Aquaculture, 445 42–56  

Poss, K.D., Keating, M.T. and Nechiporuk A. (2003) Tales of regeneration in zebrafish. Dev. Dyn., 
226: 202–210.  

Beraldo P. and Canavese B., (2011) Recovery of opercular anomalies in gilthead sea bream, 
Sparus aurata L.: morphological and morphometric analysis. J. Fish. Dis., 34(1):21-30  
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