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- Avoiding secondary structure.

- Avoiding repeats of Gs or Cs longer than three bases.

- Placing Gs and Cs on ends of primers.

�Matenals and M;;h-� 
- . � . ,--

. . 

Checking sequence of forward and reverse primers to ensure no

3"" complementarity.

- Avoiding primer-dimer formation. [2]

First step to create a new dialog box under Gen runner menu, in arder to find a 

pair of primer far target gene sequence, was to stick the oligonucleotide sequence 

from the bloc note archive into the respective window opened from file, new, 

nucleic acid sequence (Figure 18). 
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Figure 18: Creation of new nucleic acid sequence 

Then, through the command Analysis, PCR analysis dialog box enabled us to 

specify the primer requirement and maximize its qualities (Figure 19). 
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Figure 19: Primer specification design 

As results of analysis execute, hundreds of choices were generated. The aligo 

function under analysis choice enabled us to control characteristics and secondary 

structure that could be formed far each oligonucleotide (primer) selected (Figure 

20). 
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12 1!175 1159 16 63.2 76.9 1-� 91.9 s�.s 53.1 57.1 57 .1 
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1261 RAf-ACfATcTI R•A TCGGcG, 1 LGTGTTTi 
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13 1870 1151 76 
CGTTCIIGACTCTCClCCA&C 

6-.S: 77.5 
21 -12.5 -!"'·º

l.� s� .6 52.� SI.U 60.8 69.Q 
-313.9 G�GAICCl&IG&CJGA&llCG 21 -31.9 -1..: 
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Figure 20: Variety of primers choice 

At this stage, a hard work was allocated to detect the best pair of primer that 

respect at maximun anterior desribed guidelines. 

After primer selection, a demand with product description according to 

manufacturer·s instructions was sent to TIB MOLBIOL Syntheselabor Gmbh 

(Berlin, Germany) in arder to be designed. 

Products reached us under lyophilized form and were diluted with respective 

vol u me of TE ( 1 X) to be at a concentration of 100 pmol/ µI each. 

TE product was new prepared to avoid any contamination risk of the primer stock. 

TE (1X) is a mix of 10 mi of TRIS (1M, ph=8) and 2 mi of EDTA (0.5M, ph=8). 
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Gen 

B-actin

IL-lB 

TNF 

��.;;�-., 
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Table 111: Primers sequences used in PCR and real time PCR 

Forward 

Reverse 

F01ward 

Reverse 

F01ward 

Reverse 

Primer Sequence 

TCTGTCTGGATCGGAGGCTC 

AAGCATITGCGGTGGACG 

AGCGACATGGCACGATTTC 

GCACTCTCCTGGCACATATCC 

CTCACACCTCTCAGCCACAG 

TTCCGTCTCCAGTITGTCG 

P. length (bp)

113

140 

195 

The PCR was performed in 25 µI reactions using the adjusted amount of template 

(1, 2, 5 µI). Reactions contained 2.5 µI forward and reverse primer (10 pmol/ µI), 

2.5 µI NH4 buffer (1 OX), 0.5 µI dNTP mix (1 O mM each), 1.5 µI MgCl2 (50 mM), 0.2 

µI BIOTAQ (20U/µI) and adjusted water ULTRA PURE. 

To find the optima! annealing temperature far each gene, a gradient of annealing 

temperatura above and below the calculated Tm, was tested to enable us avoiding 

non specific products formation. 

The polymerase chain reaction was performed using a specific amplification 

program established far each gene and described in the following tables (tables 

IV, V, VI): 
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Table IV: PCR condition for p-actin gen 

Step Temperatura 

Cycle 1 (1X) 1 94 ºC 

Cycle 2 (30X) 1 94 ºC 

2 54.8-58.5 ºC 

3 72 ºC 

Cycle 3 (1X) 1 72 ºC 

Cycle4 (1X) 4 ºC 

Table V: PCR condition for IL-1P gen 

Step Temperature 

Cycle 1 (1X) 1 95 ºC 

Cycle 2 (40X) 1 95 ºC 

2 50-60 ºC

3 72 ºC 

Cycle 3 (1X) 1 72 ºC 

Cycle4 (1X) 4 ºC 

� 
·· Materials and Method

Time 

5:00 

00:15 

00:30 

00:05 

00: 10 

00 

Time 

5:00 

00:15 

00:30 

00:30 

1:00 

00 
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Table VI: PCR condition for TNF gen 

Step Temperature Time 

Cycle 1 (1X) 1 95 ºC 5:00 

Cycle 2 (40X) 1 95 ºC 00:15 

2 50-60 ºC 00:30 

3 72 ºC 00:05 

Cycle 3 (1X) 1 72 ºC 00:10 

Cycle4 (1X) 4 ºC 00 

11.2.2.6.1 PCR control and quantification of amplified product 

PCR product was checked with the common method of agarose gel. An aliquot of 

PCR samples was ran on agarose gel 2% and stained with ethidium bromide. 

Gel was submerged with TBE 0.5X in the electrophoresis bucket and put under an 

electric tension of 80 V for 100 min.

Aliquot samples were prepared mixing 3 µI of samples with 2 µI of ultra pure water 

and 1 µI of loading buffer 6X. The q> 17 4 marker concentrated (0,4µg/µI) and 100 

bp marker (0.2 µg/µI) were loaded next to samples to be able assessing product 

amount (table VII). 

47 



��11.tt?��s-:��;;•-: ·.',:'�- ·��:-';,�:�:;;;:��: 

:::Materials and Method 

Table VII: Different bands cp 174 marker and its respective concentrations 

1
ª 1353 37.68 

2ª 1078 30.02 

3ª 872 24.28 

4ª 603 16.79 

5ª 310 8.63 

6ª 281 7.82 

7ª 271 7.54 

8ª 234 6.51 

9
ª 194 5.4 

10ª 118 3.28 

11ª 72 2 
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A second marker (1 00bp PCR Molecular Ruler) was used to ensure band size. 

In stained gel, three reference bands appear clearly: 3000, 1000 and 500. In 

total were 30 bands in exact incrementing by 1 00pb from each other. 

11.2.2. 6.2 Sequencing of amplified products 

PRC products were been sequenced to ensure the correct amplification of 

the target genes following the BIG OYE V 3.0 sequencing protocol. 

Far a PCR product of 100-200 bp (5-10 ng), a mix product was prepared 

containing 0.5 µI of primer (10 pmol/ µI), 0.5 µI of SOLUTION 1, 1.5 µI of 

SOLUTION 2 and the adjusted volume sample for each cDNA respecting 

manufacturer instruction concentration. Finally adequate water volume was 

added to reach a final volume reaction of 5 µI (table VIII). 

Table VIII: Respective volume reactive for sequencing reaction 

1 • 

11111 

�f1b[•� •,1 -i� í1�, �ir'':'.it'lU!V1f � r,;¡n � '/ 
-:MIX(�1f-S2)�-'-- Vol 

' ' ' 

(µI) 

2 

2 

2 

Once all was ready, samples 

programmed as follow (table IV). 

l 0.5 

0.5 0.5 

0.5 0.5 

were incubated in the 

� ' � l • 

.'H20mqVol 
(Jll) ) 

1.5 

2 

2 

thermal cycler 

Table IX: Program thennal cycler for sequencing reaction 

Step Temperature Time 

Cyde 1 (1X) 1 94 ºC 3:00 

Cycle2(25X) 1 96 ºC 00:10 

2 50 ºC 00:05 

3 60 ºC 04:00 

Cyde4 (1X) 1 4 ºC 00 
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After that, each 5 µI of product was precipitated into 14.83 µI absolute 

ethanol, 4.4 µI H2O ULTRA PURE and O. 75 µI sodium acetate (3M, pH 5). 

AII reaction was well mixed and was incubated at room temperature far 15 

min, then was centrifuged at maximum speed far 25 min. The supernatant 

was discarded and tubes were washed by 62.5 µI of ethanol 70% each one. 

After a new centrifugation of 1 O min, ethanol was eliminated and samples 

were dried at room temperature far 15 min. 

At this stage, samples were sent to genetic laboratory in Medicine 

University to be sequenced. 

11.2.2.6.3 Real time quantitative PCR analysis 

11.2.2.6.3.1 General design of qRT-PCR 

Quantitative PCR assays for studied genes were performed using IQ ™5 

Real-Time PCR System (BIO-RAD). Multiple assays were been done to 

ensure suitable sample concentration and developing convenient range of 

sample dilution in arder to be able defining the PCR efficiency far each primer 

set. 

In this study, samples were been diluted 1 /1 O and standard dilution aliquot 

was performed in duplicate using serial dilutions from a pool of ali cDNA 

samples. The gradient used was as follow: 

1:1 1:2 1:4 1:8 1:16 1:32 1:64 

Every designed plaque was performed with special care to avoid sample 

contamination and pipetting error (fig 21.). Control reactions without template 

were incubated in duplicate for each primer combination in arder to control 

dimer product formation. Furthermore, a same sample chosen arbitrarily was 

performed in duplicate and separately in each plaque in arder to be able 

unifying the threshold value (Ct) between all plaques even elaborated in 

distinct days and far different target genes. 
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Far this purpose, this elected sample was the 50 D1 C1 with the specific IL-113 

primer and the chosen (Ct) was established at 22.83, so for all following 

assays the baseline was adjusted manually at this value. 

Eventually, 6 plaques en total were designed twice per gene. Firsts were 

elaborated far control and infected samples of 1 day and 7days post infection. 

Seconds were samples of O hour and 3 days. 

The software program permitted us to describe the repartition of samples in 

wells and specify the nature far each (sample, standard ar positive control) 

through the various geometric shapes. Moreover it allocated for each plaque 

its specific spreadsheet that describes specific parameters of each template 

(Name, localization, concentration, Ct value) (fig 22, 23). 

Figure 21 : Preparation of PCR plaque 
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Figure 22: Plaque design for TNF qRT-PCR 

D Seq, I - Plate Sum!TkT)' 

PlateSpr�tEdt Mode: i51'BR¡ � 1/lµrtlWJtiOOrs 1 E,llt p).¡u¡ S¡:;r8adsne9tEdimQ 

-- ---
R<>N Coum SanllieTlllO Rept ldermer/Cordwn Quartly Unil:s 

E 12 JtJ,,..,.., ., 60 7Cl 0713 Nlt. c�number 

F 1 Jrónr:= V 61 705 01 C1 NIA copynumbe, 

F 2 JtJ<.ro..., V 52 iOS D1 C-2 NI.� copy numbe1 

F 3 Jri,Jl()\'il1 V 63 705 01 C3 N/A copynumbe, 

F • Jrl<J'<.""" y 54 70S D111 N/A copynumbe, 

F 5 Jrl\00\'<\ ., 65 7llS 0112 N/A copynumbe, 

F 6 J,.._,_, .,. SS 7DS 0113 NIA cownumbei 

F 7 J,...,...,.., . 67 705 D7 C1 NIA co�numbe, 

F 8 u"'"°"" V 68 705 D7C2 NIA cor,; numbe1 

F 9 Jr>JCJWfl 69 705D7□ N/A cop¡,runbei 

F 10 Jr,.m.n ., 70 70S D711 N/A C()J:!lnumbel 

F 11 )n<r<)\W\ y n 70S 0712 NI� copynumbe, 

F 12 J"',..,.., V n 70S 0713 NIA co�nurnbe1 

G 1 5,a,4¡¡,J V 1 1,00E+OO C0P'f numbe1 

G 2 Stilldafd V 2 5,lllE-01 cop¡,numbe, 

G 3 5!� ., 3 2,511:-01 copy,.,,,be, 

G • S!'lld!l!rl • 1,25!:-01 copi,1 numbe1 

G 5 Stm"'d 5 6.2ff-02 copynumbe, 

Figure 23: Spreadsheet design of TNF plaque 
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11.2.2.6.3.2 qRT-PRC reaction 

AII PCR reaction were performed using 1 O µI Brillant SYBR Green QPCR Master 

Mix (BIO-RAD), 1 µI of cDNA, 1 µI of forward and Reverse primer (4 pmol/ µI), 

filled up with ultra pure water to final volume of 25 µl. To guaranty the same 

volume of reactive for each sample, a mix of all components except cDNA sample 

was preparad and 24 µI of it were put into its respective wall with the means of 

automatic pipette. Finally, each 1 µI of respective cDNA was added with a normal 

pipette to avoid as possible pipetting error. 

After choosing adequate protocol and respective plaque selection, the thermal 

cycler was put to heat for ten minutes before incubating plaque sample. 

11.2.2.6.3.3 Cycling conditions 

Common PCR was been a fundamental step to define sorne parameters in arder 

to economiza time and reactives when manipulating with qRT-PCR, however 

doing again temperatura gradient for each gene was essential to limit exactly the 

melting point for each one and discarding possibilities of primer dimer products. 

✓ lnterleukin protocol

The cycling conditions were: 95ºC for 5 min, followed by 40 cycles consisting of 

95°C for 15 s, 55.6°C for 30 s, and 72°C for 30 s. Amplification program was 

followed by three cycles more starting again with one cycle at 95 ºC for 1 min, 

another at 70 ºC for 1 min, followed by 81 cycles at 55 ºC for 10 s. Last program 

allowed us to corroborate the specificity for PCR product (Figure 24). 
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Figure 24: Cycling program of lnterteukin gene 

✓ Tumor necrosis Factor

..!... 

Templates were incubated 1 min at 94ºC, following by 39 cycles consisting of 15 s 

at 94ºC, then 30 s at 62.4 ºC, finally 12 s at 72ºC. As usual, amplification cycles 

were ended by three other to test no specific product formation. They were been 

established like that would be described far anterior gene (Figure 25). 
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Figure 25: Cycling program of Tumor Necrosis Factor gene 

✓ 8-actin

Templates were incubated using the same Tumor Necrosis factor cycling program 

except the number cycle for amplification step which was performed just for 31 

cycles. 

11.2.2.6.3.4 Expression gene analysis 

The comparative CT method (2-MCT) was used to determine the expression level 

of analyzed gene. (Livak and Schmittgen, 2001 ). This method is commonly used 
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and assumes that both target and reference genes are amplified with efficiency 

near 100% and with 5% of each other. 

First step consist on normalization of the CT of the target gene (IL_ 1 B or TNFa) to 

that of the reference gene (8-actin), far both the test sample (lnfected) and the 

calibrator (control) sample: 

LlCT (test) 
= CT (target, test) - CT (reference, test)

LlCT (calibrator) 
= CT (target, calibrator) - CT (reference, calibrator)

Second step consist on normalizing the LlCT of the test sample to the 

LlCT of the calibrator: 

LlLlCT= LlCT (test) - LlCT (calibrator) 

Finally, calculating the ratio Z MCT gives us the normalized expression ratio that 

translates the folds increase or decrease of target gene in the test sample 

(infected) compared to the calibrator (control). 

11.2.2. 7 Statistical analysis 

Data were compared using general linear model univariate (ANOVA) followed by 

Duncan multiple comparison test. Analyses were performed using SPSS software 

(SPSS far windows 11.0). 
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Results 

III.1 First experiment

111.1.1 Growth 

AII experimental diets were very appreciated by seabream. Individual weight of 
seabream fish of each diet are presentad in the Annex l. AII analysis were been 
done with mean values. 

The statistical analysis (One Way ANOVA) not proved significant difference 
between different experimental diets during the first feeding month. AII growth 
parameters were similar during this phase. Same statements are deduced far 
the second feeding month. Although a slight difference persists between the 
100 soybean oil diet and this of 70% inclusion of soybean oil (Duncan test). This 
effect reveals significant in the relativa growth parameter (p<0.05) between the 
same diets mentioned above. Concerning the conversion index, the feed intake, 
specific growth rate and weight gain, all seems to be similar between diets 
except the fish fed partial and total soybean oil. Such difference appears clearly 
when comparing individual final body weight between different diets (Table XII).

Except final mean weight, all calculated parameters seem to be in decrease. lt s 
clearly apparent, that after 70 days of feeding, all experimental fish were been 
able to double its weight. AII parameters values are recapitulated in the table (X, 
XI) and illustrated in the following (figures 26).

Table X: relative growth rate between initial and final weight during experimental 
period 

Diet 100F 

%Growth T 1 2,123 
100L 

1,947 
1005 

2,00 
70L 

2,149 
705 

2,190 
50550L 

2,076 
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Table XI: Conversion index (CI), Specific Growth Rate (SGR) and relative growth of seabream during 70 days of fattening 

1
st 

month 

2
sd 

month 

CI 

SGR 

t-�-<,OoF··:T/i:J:'/;'..·//:j®:tr:>/
c

•::·<Jill!s:fo�sTTI?f !::·fsWBU::/i7F]::'.'�:�::,:_:�070.,:>:>-; ! :GJ(T//,ds�ij[:r:t:�,;: 
1,03 ± 0,03 1,077 ± 0,04 1,057 ± 0,04 1,019 ± 0,05 1,050 ± 0,08 1,037 ± 0,05 
1,86 ±0,09 1,75 ±0,13 1,74 ±0,07 1,86 ±0,11 1,82 ±0,15 1,82 ±0,13 

o/o Growth I 0,92 ± 0,06 0,85 ± 0,08 0,84 ± 0,04 0,92 ± 0,07 0,90 ± O, 1 O 0,8ª-_ ± O,Qª 

;: J::;:ioop:;t\:\!: ::-;\\;:{ij:ij.qLJ.:/:\:\t :t>:_,/(i"-s::::<i\;:'.; � .. i:_•.•;::\:· ioilt. ·_'.:,,,'J _:_u///_;,'ib.s--V:H/ :, ?.iU/":ssc,t;i.>.-:'.t\
CI 1,32 ±0,07 1,34 ± 0,02 1,41 ± 0,05 1,32 ±0,07 1,3 ±0,03 1,32 ± 0,04 

± 
SGR 11,290 0,09 1,260 ±0,06 1,190 ±0,05 1,270 ±0,08 1,330 ±0,05 1,250 ± 0,03 

± 
o/o Growth 1 0,59 0,05 0,58 ± 0,03 0,56 ± 0,03 0,61_ ± 0,04_ 0,66 _±0,03 _0,6_1_ _ ± º ·º-� 

--
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Table XII: lnitial and final mean weight of seabream during 70 days of fattening experimental diets 

. �-.".�/l:,.·i·-�
lnitial Mean Weight _ Final_Mean Weight 

36,31±1,25 113,44± 6,04 (ab) 

35,96± 0,62 106,01± 6,14 (a) 

36,99± 0,20 111,01± 4,88 (b) 

36,25± 1,23 114,18± 7,60 (ab) 

36,53± 1,31 116,56± 6,68 (e) 

36, 13± 1,24 111,17±_1,33 (b) 
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Figure 26: lllustration of the evolution of different growth control parameter during the experimental phase 
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The following table XIII, shows the Fatty acids profile of each experimental diet. 

Control diet ( 1 00F) appears the richest on total saturated fatty acids, followed by 

diet with half inclusion of linseed oil and soybean oil and the poorest are diets with 

total inclusion of vegetables oil. Amounts range from 44% to 21 %. With the regard 

to Linoleic acid (LA), diets with partial and total substitution by soybean oil present 

highest amount about 40%, although diets with total and partial substitution with 

linseed oil are leader in linolenic acid (LNA) with a percentage oscillating between 

34% and 1.4% in fish oil diet. The highest level of EPA and DHA were attributed to 

fish oil diet (respectively 7.5% and 5.27%) following by diet with 70 % of vegetable 

oil inclusion with the half amount encountered in the control diet. Other diets 

reflected a content of only 1 %. Therefore, the polyunsaturated fatty acids n-3 

HUFA are more accumulated in control diet (12.78%) decreasing from diets with 

partial inclusion (6.9%) to reach 2% in 100L, 100S and 50S50L diets. Finally, 

comparing ratio omega 3/omega 6 reflects high level in control diet and the 70 L 

(3.47%) followed by the 100L diet whereas diets of soybean oil inclusion 

presented the minar value about (0.4%). 

Table XIII: Diet fatty acids composition (g/100g AA) 

Fatty acids 100 F 70 L 30F 70S 30F 50 S SOL 100 L 100 S 

12 0,1373 0,0503 0,0492 2,4585 0,0235 

14 10,5071 3,5314 3,5459 6,5305 1,7404 1,3419 

14:1n7 0,2941 0,1123 0,1124 0,8084 0,0735 0,0545 

14:1n5 0,0930 0,0338 0,0332 0,1858 

15 0,8353 0,3245 0,3218 1,2666 0,2091 0,1525 

15:1 n5 0,1236 0,0480 0,0486 0,1134 0,0306 

16:01SO 0,1317 0,0627 0,0573 0,0734 0,0528 

16 24,7202 13,2084 16,4357 24,8909 11,7785 14,4574 

16:1 n7 0,0554 0,0418 0,0414 1,7376 0,0424 0,0395 

16:1 n5 12,1028 4,2213 4,2681 21,3951 2,0284 1,5967 

16:2n6 0,4111 0,1524 0,1365 0,4401 0,0602 0,0484 

16:2n4 1,8758 0,6652 0,6734 0,2281 0,2765 0,2186 
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17 0,9943 0,4094 

16:3n4 1,7877 0,6559 

16:3n3 O, 1616 0,0710 

16:4n3 0,5476 0,2458 

18 4,3379 4,3137 

18:1n9 9,0950 14, 1352 

18:1n7 3,3721 1,7649 

18:1n5 0,1314 0,0826 

18:2n9 0,0417 

18·2n6 LA 2,9523 11 7958 

18:2n4 0,3882 0,1196 

18:3n6 0,3505 0,1379 

18:3n4 0,4476 0,1195 

18'3n3 LNA 1 3947 31 4852 

18:3n 1 

18:4n3 1,5063 0,6930 

18:4n1 0,3113 

20 2,4190 1,9314 

20:1 n9 0,2717 0,1309 

20:2n9 0,1281 0,0338 

20:3n9 

20:2n6 0,1835 

20:3n-6 DHGLA 0,2231 

20:4n6 ARA 0,9353 0,3935 

20:4n3 0,7824 

20:5n3 EPA 7 5052 3 5175 

22:1 n11 1,5724 1,4657 

22:4n6 0,2697 

22:5n3 1,3239 0,5890 

22·6n3 DHA 5,2781 3,4566 

Total satuates 44,0829 23,8318 

Total monoenes 27, 1115 22,0364 

n-3 18,4998 40,0582 

n-6 5,3255 12,4796 

0,4210 0,5857 

0,6700 0,7564 

0,0710 O, 1293 

0,2514 0,0750 

3,5237 5,4415 

19,0946 13,4356 

2,2466 5,8495 

0,1154 0,3478 

1,4586 

30 2211 4,5249 

0,1242 

O, 1519 0,1734 

0,1764 

4 4378 0.2988 

0,0801 

0,6869 

0,2979 0,2690 

1,9761 2,0724 

0,1349 0,5450 

0,0350 0,3244 

0,1609 

0,3952 0,9087 

0,3177 0,0710 

3 4569 1 1254 

1,5474 0,2874 

0,5732 0,4621 

3,3501 0,5620 

26,3308 43,2461 

27,6425 44,7056 

13 1452 2,7236 

30,9046 6,2081 

0,2951 

0,2506 

0,0524 

0,0910 

5,2015 

18,4337 

1,4773 

0,0762 

16 3180 

0,0499 

0,0372 

34 5633 

0,2239 

0,2317 

1,9560 

0,0981 

0,0802 

0,0496 

O, 1458 

0,0971 

O 9516 

1,6397 

0,0450 

O, 1369 

1.1617 

21,2775 

23,9000 

37,2778 

16,5690 
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0,2563 

0,2286 

0,0398 

0,0608 

3,4398 

23,7230 

1,9430 

0,1076 

40,7831 

0,0362 

0,0487 

4,7885 

0,2346 

0,3142 

1,6493 

0,0803 

0,0716 

O 1332 

0,0890 

1 0674 

1,3341 

0,0477 

O, 1515 

1 4093 

21,3501 

28,8787 

7,8408 

41, 1328 
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Results 

n-9 9,5363 14,2998 19,2644 15,7636 18,6616 23,8032 

n-3 HUFA 12 7832 6,9741 6,8070 1,6874 2 1133 2,4767 

AA/EPA O, 1246 O, 1119 0,1143 0,8075 0,1532 O, 1248 

OA/DHA 1,7232 4,0893 5,6997 23,9064 15,8678 16,8336 

EPA/DHA 1,4220 1,0176 1,0319 2,0024 0,8191 0,7574 

OA/n-3HUFA 0,7115 2,0268 2,8051 7,9625 8,7229 9,5785 

n-3/n-6 3 4738 3 2099 O 4253 0,4387 2 2499 0,1906 

100F=100% fish oil; 100L=100% Linseed oil; 100S=100% Soybean oil; 70L30F= 70% 

linseed oil and 30% fih oil; 70S30F= 70%soybean oil and 30%fish oil; 50S50L= 50% 

soybean oil and 50% linseed oil. 
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III.2 Second experiment

111.2.lPrimer design proof 

111.2.1.1 Agarose gel proof 

► lnterleukin 1 beta

149pb 

Figure 27: Agarose gel photo of lnterleukin_ 1 beta as proof to adequate primer design 

► Beta-actina and Tumor Necrosis factor

Marker q¡ 174 

i95r;m ---

13 

Figure 28: Agarose gel photo of Beta-actina and Tumor necrosis as proof of adequate 

primer design 
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Results 

The following ethitium bromide staining of cDNA separated in native agarose gel 

2% visualized bands of amplified sequence respectively to IL_ 1 B, TNF and B

actin. The marker cp 17 4 confirms the product weight of each searched band. 

Testing several amplification temperature per above and below the annealing 

temperature of each target gene allowed us to avoid favorable cases of non 

specific product amplification (Figure 27, 28). 

Sequencing and alignment proof 

► lnterleukin 1 beta

Qata � :;_.a.ch o¡s¡Jay tje!p 

1,Ae!;lé!!JT H,. 

)O 90 100 
-G G G . OTOO 

110 120 

- Ten G G G G GT G G G 

130 140 
GG T T T 

150 
� T - G 

Figure 29: Sequencing result of lnterleukin-1beta gene 

-..---
• ' ' . '  • •  ' ' 1 

160 
G- � G G 

Primer specificity was been tested through sequencing technique of the amplified 

fragment. Alignment of obtained sequence paste successfully with the 

interleukin_ 1 beta sequence of gilthead seabream published in the Gen bank 
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(Figure 29) and (Figure 30). 

Primer Forward 

;,· , 

Results 

Primer Reverse 

Figure 30: Alignment of primers and sequence of interleukin-1 beta of seabream 

Designed primers are able to amplify an amplicon of 140 pair of bases from the 

base 2354 to 2493 base of the sequence of interleukin-1 beta of gilthead 

seabream. 

► Tumor Necrosis factor a

Primer specificity was been tested through sequencing technique of the amplified 

fragment. Alignment of obtained sequence paste successfully with the Tumor 

Necrosis factor a sequence of gilthead seabream published in the Gen bank 

(Figure 31) and (Figure 32). 
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Results 

1 • •  r ... , , 1 

20 30 40 :SO 60 70 80 90 1 00 

• GTG r r r CJ,TG•O (} GGT G ·GGr, G GCOTG r • • • G T ·GG,GG'C· G�r-�.-G.G· GG-.�GGGG,TGGT• 

Figure 31: Sequencing result of Tumor Necrosis Factor a 
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Primer Reverse 

Figure 32: Alignment of primers and sequence of Tumor necrosis factora of seabream 

Designed primers are able to amplify an amplicon of 195 pair of bases from the 

base 1126 to 1320 base of the sequence of Tumor Necrosis Factor a of gilthead 

seabream. 

III.3 II.2. Gene Expression

111.3.1.1 RNA lntegrity 

The (Annex 11) resumed the different concentration and absorbance ratio of 126 

templates ( each one represented a pool of four fish). Each diet is defined by four 

point of sampling far control subject as well as infected fish. AII samples shown a 

good quality, almost ali presented a ratio of A260/280 above 1. 7 and several reach 

the value of 2. 

111.3.1.2 Specificity and Efficiency of cDNA amplification 

Specificity of qPCR for different genes 
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Because the Syber Green I binds to all dsDNA, it was been necessary 

checking the specificity of our qPCR assay far each target gene by analyzing 

the reaction products. The melting curve function of our reaction enables us to 

ensure the optima! annealing temperature far IL-1 B, TNF and 8-actin avoiding 

amplification of non specific product such as dimers. (Figure 33), (Figure 34) 

and (Figure 35) AII charts shown a unique tip well defined coupled with good 

efficiency amplification Table XIV. 
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Figure 33: Melting point curve of TNF gene 
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Figure 34: Melting point curve of IL_ 1 B gene 
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Figure 35: Melting point curve of B-actin gene 

Efficiency of qPCR 

Table XIV: Efficiency of TNF and IL-1 B amplification 

Genes qPCR EFFICIENCY 

Oh+3D 1D+7D 

B-actin 107 124.9 

TNF 101.8 107.5 

IL-lB 98.3 114.5 

The table above sum up efficiency of amplification of each gene for different 

carried plaque. Efficiency clase to 100 % is the best indicator of robust, 

reproducible assay. 

111.3.1.3 Data expression 

The following table XV resumes CT values of different samples. 
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Table XV: CT values of different target genes for both lnfected and control sample 

Condition CT lnterleukin CTTNF CT B-actina 

50 D1 C1 23,83 25,41 17,35 

50 D1 C2 21,82 24,47 21,30 

50 D1 C3 20,77 22,08 20,55 

50 D1 11 22,13 24,71 19,03 

50 D1I2 23,68 25,29 22,18 

50 D1I3 23,14 24,96 17,30 

50 D7 C1 23,47 25,93 22,48 

50 D7 C2 22,92 24,98 22,00 

50 D7 C3 23,74 25,20 23,56 

50 D7I1 26,28 26,47 23,51 

50 D7I2 22,91 23,59 20,36 

50 D713 22,46 20,36 19,89 

100F D1 C1 26,87 28,97 15,97 

100F D1 C2 28,14 28,90 18,83 

100F D1 C3 26,72 25,94 15,91 

100F D1 11 24,97 27,78 15,43 

100F D1I2 26,49 28,97 17, 14 

100F D1I3 26,19 28,17 18, 10 

100F D7 C1 24,06 29, 11 20,20 

100F D7 C2 21,71 24,89 21,05 

100F D7 C3 23,46 28,02 22,43 

100F D7I2 24,50 29,29 21,22 

100F D7I3 24,22 28,57 20,14 

100L D1 C1 27,91 29,16 17,05 

100L D1 C2 26,33 27,19 17,41 

100L D1 C3 23,87 26,07 17,93 

100L D1 11 25,78 27,04 15,71 

100L D1I2 27,24 29,05 19,33 

Results 
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100L 01 13 26,70 

100L 07 C1 24,02 

100L 07 C2 22,57 

100L 07 C3 24,70 

100L 07 11 22,83 

100L 0712 26,60 

100L 0713 25,77 

100S 01 C1 25,99 

100S 01 C2 26,55 

100S 01 C3 25,96 

100S 01 11 27,38 

100S 0112 24,49 

100S 0113 23,41 

100S 07 C1 24,02 

100S 07 C2 24,82 

100S 07 C3 25,34 

100S 07 11 24,19 

100S 07 12 26,80 

100S 0713 24,33 

70L 01 C1 27,58 

70L 01 C2 24,52 

70L 01 C3 23,71 

70L 0111 24,84 

70L 0112 25,02 

70L 0113 22,94 

70L 07 C1 24,20 

70L 07 C2 21,34 

70L 07 C3 28,05 

70L 0711 23,44 

70L 0712 25,49 

28,56 

27,52 

25,48 

28,28 

26,37 

29,12 

30,98 

27,69 

27,20 

27,16 

28,73 

27,01 

26,93 

25,09 

25,95 

28,16 

26,39 

26,21 

26,32 

28,10 

27,97 

26,30 

25,60 

26,01 

25,74 

25,47 

22,01 

29,44 

27,56 

27,88 

20,52 

17,76 

19,07 

18,14 

20,17 

19,78 

18, 16 

18, 15 

16,61 

19, 10 

16,22 

18,74 

22,41 

15,65 

16,73 

18,67 

20,92 

17,02 

16,14 

21,23 

21,50 

20,31 

20,06 

19,35 

23,10 

16,25 

17,78 

20,93 

21,13 

17,95 

;:::_;.1:,,;~ -· 

' 
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70L D7I3 22,60 25,63 18, 13 

70S D1 C1 30,71 29,19 17,06 

70S D1 C2 24,18 26,89 17,68 

70S D1 C3 25,30 26,33 17,68 

70S D1I1 28,95 28,79 16,55 

70S D1I2 29,20 28,99 16,98 

70S D1I3 26,52 27,90 19,14 

70S D7 C1 24,77 25,89 15,41 

70S D7 C2 24,25 26,04 17,59 

70S D7 C3 26,53 28,60 18,64 

70S D7I1 26,42 27,77 20,75 

70S D7I2 27,01 27,27 18,01 

70S D7I3 27,77 26,55 17,57 

111.3.1.4 Assessment of proftle gene expression of TNF and IL _ 1B in 

the proximal intestine 

111.3. 1.4. 1 TNF a gene 

Basal level of TNF a expression in tbe different diets 

The chart bellow (Figure 36) shows TNF gene basal level expression for each type 

of diet. Statistical test (One-Way ANOVA) not proved significant expression 

difference between different diets except between 1 OOL and 70S (Post Hoc 

Multiple comparisons: Duncan test). Except the 100 L diet, TNFa of fish fed 100% 

or 70% soybean oil and the 70% linseed oíl expressed less than the fish fed 

control diet. Estimated means are presented in the following table Table XVI. 
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TNF gene expression in different diets
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Figure 36: Baseline expression level of TNFa of different diets 

Table XVI: Estimated means value of basal level TNFa for different diets 

Diet 
Mean TNF expression level in the proximal 

intestine 

100F 0,361 ± O, 19 

100L 0,563 ± 0,40 

100S 0,245 ± O, 134 

?OL 0,0005 

70S O, 124 ± O, 142 

Post infection expression of TNF a in the control diet (100% fish oil) 

An over expression is observed at third day post infection that decrease in the 

followings days (Figure 37). lt is about 3 times up the basal level. In spite of this 

important difference of average expression, this do not seems to be statistically 

significant due to the great variance of values. Nevertheless, excluding one value 
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that seems to be clearly out of rank put in evidence the existence of significant but 

transitory up regulation of TNFa expression in the control diet ( Table XVII ). 

TNF e.\pressi n pattem in tl1e e n r·I rjiet r1 i F} 

1 d 

1. 2

fJ) 0.8 ------------1 
'0 

. , ) -----------

O. 

1 7 

Figure 37: TNFa gene expression in the 100 F diet during the time course of post infection 

Table XVII: Significant mean difference during the time course of TNF expression in the 

control diet 

Sum of 
Squares df Mean Square F Sig. 

Between Groups 1.043 2 ,521 27.268 ,012 

Within Groups ,057 3 ,019 

Total 1,100 5 

The new means values respective to such modification are showed in the following 

table (XVIII). They are presented as means ±Sdt. Deviation. 
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Table XVIII: The new mean values of TNFa expression during the time course post infection 

of control diet 

Day Folds expression of TNFa in the proximal intestina 

D1 0,48856959ª ±0, 12318953 

D3 1,21418889b ±0,20140584 

D7 0,22917686ª ±0,04022892 

Means with a letter in different superscript differ significantly (P < O.OS) 

.J.. Pattern expression for 100 S diet 

Picture shows (Figure 38) that TNFa of fish fed the 100% soybean oil diet, 

presents a gradual increase of expression during the course time post infection 

that reaches a tip of over expression at third day when infected subjects are 

expressing at 5.5 folds higher level than control fish and about 23 times above the 

basal level. At seventh day, mRNA decreases but not reaches basal value. This 

expression pattern is not demonstrated significant due to the high variance 

existing between samples. Means values are presented in the following table 

(Table XIX). 

77 



·.::; 

,:;,, 

:,, 

Qj) 

... 

o 

s 

5 

3 

] 

TNF e e lev I e. p e sion i 100 S diet 

D.-,'l'

7 

Figure 38: TNFa gene expression in the 100S diet during the time course of post infection 

Table XIX: Mean value of TNFa expression for 100S diet during course time 

Day Mean 

1 1, 14 ± 1,46 

3 5,53 ± 3,88 

7 0,85 ± 0,40 

Pattern expression for 100 L diet 

The bacteria! infection appears inducing up regulation of TNFa gene expression 

especially at third day post inoculation in samples fed the 1 00L diet ((Figure 39). 

Such fish expressed the target gene 3 times more compared with control animals 

and at 6 folds higher level than the basal level. This expression pattern is 

demonstrated significant (p<0.05) (Table XX). After, gene expression level falls to 

reaches newly basal level. Means values are presented in the table below (Table 

XXI). 
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TNF gene expression of 100 L diet 
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Figure 39: TNFa gene expression in the 100 L diet during the time course of post infection 

Table XX: Significant mean difference of TNFa expression in the 100L diet 

Sum of 
TNF EXP Squares df Mean Square F Sig. 

Between Groups 9,101 2 4,551 24,589 ,014 

Within Groups ,555 3 .185 

Total 9,657 5 

Table XXI: Mean value of TNFa expression for 1 00L diet during time course post infection 

Day Mean 

1 O 81ª

' 
± 0,57 

3 3 17
b 

' ± 0,16 

7 0,365ª ±0,43 
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- Pattern expression for S0S:S0L diet
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Up regulation at the 3 day post infection was observed in samples fed mixed 

vegetable oil diet 50S50L (Figure 40). Over mRNA TNFa transcription reaches to 

expresse 1 O times more than control fish and subsequently decreases in the 

followings days. This oscillation not appears significant except if (p<0, 06). 

Nevertheless, excluding one value that seems to be out of rank transforms data to 

be significant (p< O, 05) Table XXII, XXIII. 
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Figure 40: TNFa gene expression in the 50550 L diet duñng the time course of post 

infection 

Table XXII: Significant mean difference of TNFa expression in the 50S50L diet 

Sum of 
Squares df Mean Square F Sig. 

Between Groups 112,043 2 56,022 20,762 ,004 

Within Groups 13,491 5 2,698 

Total 125,534 7 
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Table XXIII: Mean value of TNFa expression for 50S:50L diet during course time 

Day Mean± Sdt

1 0,89ª ±1,14 

3 10,03
b ± 0,83

7 2,05ª ± 2,25 

Pattern expression of 70S diet 

Unlike to other pattern expression, samples fed diet with partial vegetable oil 

substitution at 70% soybean oil shown a later up regulation expression at the 

seventh day post inoculation (Figure 41 ). Furthermore, expression magnitude 

seems to be lower than what we have observed with other diets. Although, this low 

level expression, induction of TNF gene expression after bacteria! infection is 

clearly marked comparing with the basal level. Statistical test not proved a 

significant difference between means due to the high variance aspect of data. 

Excluding same ones from the data base change ANOVA- one way analysis 

results to be significant (p<0,05) Table XXIV, XXV. 
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Figure 41: TNFa gene expression in the 70 S diet during the time course of post infection 
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Table XXIV :5ignificant mean difference of TNFa expression in the 705 diet 

Sum of 
Squares df Mean Square F Sig. 

Between Groups ,851 2 .426 7,390 ,045 

Within Groups ,230 4 ,058 

Total 1.081 6 

Table XXV: Mean value of TNFa expression for 705 diet during course time 

Day 

1 

3 

7 

Mean 

0,229 ª ± 0,025 

0,298 ª ± O, 196 

1,43 b ± O, 195 

Pattern TNF expression in 70 L diet 

Unlike to TNF gene expression of infected fish fed with 70% soybean oil, infected 

fish fed a diet with a linseed oil partial inclusion expressed early front of 

pasterellosis infection (Figure 42 ). A marked up regulation was detected since the 

first day post inoculation, and TNF mRNA transcripted was 6 times higher than 

control fish and over expressed comparing with the basal level. After, gene 

expression was down regulated and almost reached the basal level at the third 

day post infection. 

This expression deference was not demonstrated statistically significant. Means 

values are presented in the table below (Table XXVI). 
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TNF gene expression in the 70L diet 
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Figure 42: TNF gene expression in the 70 L diet during the time course of post infection 

Table XXVI: Mean value of TNFa expression for 70L diet during time course post infection 

Day Mean 

1 5,56 ±7,28 

3 0,9± 0,79 

7 0,966± 0,84 
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Post inf ection Tl\1F gene expression pattern of in ali diets 

TNF gene expression in ali experimental diets 
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Figure 43: TNF gene expression leve! of different diets 
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The following figure (Figure 43) shows the estimated marginal mean value of TNF 

expression far each type of diet, and considering the three points of sampling 1, 3 

and 7 days post infection. As it is observed, third day post infection is a crucial 

point in which an over expression but transitory was observed far 100% vegetable 

oil substitution diet (100S and 100L), same behavior gene expression was 

attributed also to the mixed diet 50S:50L (50%soybean oil, 50% linseed oil). 

Unlike to anterior diets, fish fed partial substitution soybean oil witnessed a marked 

over expression at seventh day post inoculation. 

Divergence en time TNF gene expression take more evidence with the 70L diet far 

which infected fish expressed more early in response to the bacteria! invasion. 

With the regard to the Control diet 100 % fish oil, infected fish expressed more at 

third day post infection but at lower magnitude compared with other diets. 
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Comparing different magnitude expression between ali diets and during the time 

course of pasteurellosis post infection, ANOVA test reveals significant expression 

difference at third day post inoculation (p<0.05). First, difference appears clearly 

between soybean diets with its different percentage of substitution: 50%, 70% and 

100%. The partial inclusion of linseed oil seems to have significant difference with 

all other diets. Finally the control diet and the 100% linseed oíl not manifesf 

significant difference between each other. 

The following table translates such significant difference at third day post infection 

(Table XXVII). 

Table XXVII: Different mean values of TNF expression for all diet at third day post infection 

Diet 

lOOF 

lOOL 

100S 

70L 

70S 

50S50L 

Mean value 

1.21 (abe)± 0.20

3. 17(abe) ± 0.16

5.53 (e) ± 3.88 

0.9 (ab)± 0.79 

0.22 (a)± 0.025 

10.03 (be)± 0.83 

Means with a letter in different superscript differ significantly (P < O.OS) 

85 



���@�...,...-¡-

-.

,r�-Q!

"'

•.JS 

1�--- -- - - Results: -· _; 

► lnterleukin_ 1 B gene

Baseline IL_lB gene expression 

The following picture (Figure 44) shows IL-1 � gene basal level expression for each 

type of diet. Statistical test (One-Way ANOVA) not proved significant expression 

difference between different diets. (Post Hoc test are not performed because 

existed diet with fewer than three groups). Similarly to basal TNF gene expression 

of samples fed the 70L diet, IL-1� expression was very low or almost zero. Means 

values were presentad in the following table XXVIII. 

.2 

O, 

.2 

ll_lB gene expression level in dífferent diets 

1(.) l .L 1 D 70L 70 

Figure 44: Basal IL-1 J3 gene expression in different diets 

Table XXVIII: Means values of basal IL-1 J3 expression in different diets 

Diet Mean±SD 

100F 0,24 ±0,21 

100L 0,429 ± 0,49 

100S 0,26 ± 0,26 

70L 0,00052 

70S 0,166 ± 0,23 
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Figure 45: IL-113 gene expression in the 100F diet during the experimental phase 

The chart above reveals an over expression of IL-113 expression during the three 

first days post infection with a magnitude of about 3 times more than control 

expression (Figure 45). After, a significant down regulation occurs at seventh day 

post inoculation. lt is a marked fall that represents almost 10% of the initial 

expression value. ANOVA result analysis and mean expression value are resumed 

in the following tables XXIX. 

Table XXIX: Significant ANOVA test and different means values of IL-113 expression in the 

100F diet 

Sum of 
Squares df Mean Square F SiQ. 

Between Groups 1,271 2 ,635 5,953 ,048 

Within Groups ,534 5 ,107 

Total 1,805 7 
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Results 

Day Mean± SD 

1 2,828ª ± 1,67 

3 3,049ª ± 3, 16 

7 0,292b ± O, 11 
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Figure 46: IL-1 p gene expression in the 50550 L diet during the time course of post 

infection 

The figure above (Figure 46) showed a significant up regulation at third day post 

inoculation (P<0.05) of the IL-1 � gene expression of subject reared with mixed diet 

of 50 % soybean and 50% linseed. Such expression decrease after to reach 

almost the same initial value. Significant difference proof and means values 

expression are mentioned in tables bellow Table XXX. 
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Table XXX: Significant ANOVA test and different means values of IL-113 expression in the 

50S50L diet 

Sum of 
Squares df Mean Square F Sig. 

Between Groups 3,217 2 1.608 9.217 ,015 

Within Groups 1.047 6 ,175 

Total 4,264 8 

Day Mean± SD 

1 0,861 ª ± 0,91 

3 7, 131
b ± 3,89 

7 0,262ª ± 0,02 

IL-lP gene e�--pression pattern in the lOOL diet 
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Figure 47: IL-113 gene expression in the 100L diet during the experimental phase 

The bacteria! infection appears inducing up regulation of IL-1 í3 gene expression 

especially at third day post inoculation in samples fed the 100L diet (Figure 47). 

Such fish expressed the target gene 1 O times more compared with control animals 
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and at 25 folds higher level than the basal level. This expression pattern is 

demonstrated significant (p<0.05). After, gene expression level falls to reache 

newly basal level. Mea ns values are presented in the table below Ta ble XXXI. 

Table XXXI: Significant ANOVA test and different means values of IL-1P expression in the 

100L diet 

Sumof 
Squares df Mean Square F Sig. 

Between Groups 111,068 2 55.534 68.783 ,003 

Within Groups 2,422 3 .807 

Total 113,491 5 

Day Mean::t:SD 

1 0,965 ±0,86 

3 9,745b ± 1,27 

7 O 3
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1 
± 0,11 

IL-lP gene expression pattern in the 100S diet 
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Figure 48: IL-1 p gene expression in the 100S diet during the experimental phase 
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Table: Data integrity and concentration of RNA of all control and infected 

samples during different sampling point for all diets 

Name Final conc. (µg/µI) A260/A280 

100F 0h1 0,213 1.99 

100F 0h2 1,737 1.96 

100F 0h3 0,504 1.86 

100F 1d1c 1,249 1.77 

100F 1d2c 0,583 2.02 

100F 1d3c 1,461 2.01 

100F 1d1i 1,383 1.96 

100F 1d2i 1,743 1.90 

100F 1d3i 1,259 1.95 

100F 3d1c 1,441 1.71 

100F 3d2c 2,068 1.70 

100F 3d3c 1,560 1.87 

100F 3d1 i 2,050 1.82 

100F 3d2i 1,967 1.86 

100F 3d3i 2,747 1.84 

100F 7d1c 1,104 1.90 

100F 7d2c 1,105 1.92 

100F 7d3c 1,504 1.82 

100F 7d1i 2,029 1.95 

100F 7d2i 1,728 1.80 

100F 7d3i 1,274 1.81 

100L Oh1 1,013 1.88 

100L 0h2 0,388 1.94 

100L 0h3 2,038 1.92 

100L 1d1c 0,424 1.92 

100L 1d2c 2,670 1.89 

100L 1d3c 1,243 2.01 

100L 1d1i 1,425 1.96 

100L 1d2i 3,165 1.91 

100L 1d3i 1,688 1.95 

100L 3d1c 1,615 1.50 

100L 3d2c 1,380 1.89 

100L 3d3c 1,484 1.80 

100L 3d1i 2,043 1.75 

100L 3d2i 1,708 1.76 

100L 3d3i 1,771 1.70 

100L 7d1c 1,412 1.92 

100L 7d2c 1,165 1.94 

100L 7d3c 1,881 1.79 

100L 7d1 i 1,151 1.94 

100L 7d2i 2,220 1.82 



100L 7d3i 0,953 1.78 

100S 0h1 1,287 1.92 

100S 0h2 1,733 1.95 

100S 0h3 0,895 1.98 

100S 1d1c 0,762 1.86 

100S 1d2c 2,665 1.90 

100S 1d3c 2,685 1.87 

100S 1d1i 1,860 1.93 

100S 1d2i 2,205 1.93 

100S 1d3i 1,855 1.92 

100S 3d1c 2,241 1.64 

100S 3d2c 1,639 1.83 

100S 3d3c 2,461 1.85 

100S 3d1i 2,593 1.70 

100S 3d2i 2,304 1.83 

100S 3d3i 3,172 1.73 

100S 7d1c 1,530 1.92 

100S 7d2c 1,514 1.95 

100S 7d3c 0,748 2.00 

100S7d1i 2,238 1.83 

100S 7d2i 1,152 1.86 

100S 7d3i 1,017 1.86 

70L 0h1 0,621 1.83 

70L 0h2 1,357 1.96 

70L 0h3 0,000 0.00 

70L 1d1c 0,602 1.92 

70L 1d2c 1,670 1.88 

70L 1d3c 1,928 1.88 

70L 1d1i 1,860 1.88 

70L 1d2i 1,936 1.93 

70L 1d3i 1,654 1.91 

70L 3d1c 1,828 1.61 

70L 3d2c 1,346 1.87 

70L 3d3c 0,930 1.80 

70L 3d1i 1,461 1.72 

70L 3d2i 0,762 1.83 

70L 3d3i 2,980 1.83 

70L 7d1c 1,490 1.91 

70L 7d2c 1,062 1.91 

70L 7d3c 0,775 2.00 

70L 7d1i 2,160 1.85 

70L 7d2i 1,352 1.86 

70L 7d3i 1,342 1.85 

70S 0h1 0,545 1.90 

70S 0h2 0,467 2.04 

70S 0h3 0,790 1.94 

70S 1d1c 0,337 2.02 

70S 1d2c 2,490 1.89 

70S 1d3c 1,468 1.91 

70S 1d1i 0,988 1.99 

70S 1d2i 2,550 1.8 

70S 1d3i 1,640 1.98 



70S 3d1c 2,685 1.54 

70S 3d2c 1,338 1.86 

70S 3d3c 2,556 1.8 

70S 3d1i 4,258 1.74 

70S 3d2i 1,649 1.82 

70S 3d3i 3,330 1.72 

70S 7d1c 1,150 1.90 

70S 7d2c 0,786 1.95 

70S 7d3c 0,855 1.97 

70S 7d1i 0,783 1.90 

70S 7d2i 1,309 1.75 

70S 7d3i 1,316 1.83 

50S 0h1 1,525 1.70 

50S 0h2 1,170 1.63 

50S 0h3 0,721 1.66 

50S 1d1c 0,910 1.73 

50S 1d2c 0,977 1.67 

50S 1d3c 0,752 1.74 

50S 1d1i 1,615 1.64 

50S 1d2i 1,552 1.72 

50S 1d3i 1,178 1.61 

50S 3d1 e 1,638 1.64 

50S 3d2c 1,588 1.90 

50S 3d3c 1,880 1.92 

50S 3d1i 2,570 1.72 

50S 3d2i 2,314 1.78 

50S 3d3i 4,329 1.75 

50S 7d1c 1,565 1.58 

50S 7d2c 1,390 1.65 

50S 7d3c 0,928 1.73 

50S 7d1i 1,208 1.59 

50S 7d2i 0,413 1.58 

50S 7d3i 0,458 1.63 




