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Abstract: Production of white shrimp (Litopenaeus vannamei) tends to decrease
every year caused by diseases, one of which is White Feces Disease (WFD).
Genetically, monitoring has been carried out on the parent characters of SPF
(Specific Pathogen Free) shrimp imported from Hawaii and Florida with low
genetic variation. If there is a threat such as disease caused by bacteria and the
gene that codes for disease control or the body's resistance gene is missing, it
allows the individual to become susceptible to disease. Gene that codes for
body resistance in white shrimp is hemocyanin. Hemocyanin gene studies are
needed as a first step in controlling disease in white shrimp. Method used is a
descriptive method. Procedures carried out are sample collection, detection of
WED, molecular analysis of hemocyanin and data analysis. Results showed
that healthy shrimp had hemocyanin while shrimp with WFD had very little
or no amount of hemocyanin. Hemocyanin gene profile in healthy shrimp was
also analyzed and there were 4 nucleotide change made changes to 4 amino
acid. Changes in amino acids affect the stability of hemocyanin and cause
polymorphism of hemocyanin. Phylogenetic analysis showed dendogram
split into two clades between L. vannamei and P. monodon.
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imported from Hawaii and Florida have homozygous
genetic characters or low genetic variation. In Hawaii
and Florida, this brood is the 8th filial (F8) which was

Introduction

White shrimp (Litopenaeus vannamei) according to

Wei et al. (2014) and Inayah et al. (2023) is one of the
most important fishery species economically and market
needs because it is widespread throughout the world.
Kumar et al. (2022) stated that the most important
problem in decreasing the production of white shrimp
(Litopenaeus wvannamei) farming is disease attacks.
Examples of diseases that most commonly attack white
shrimp include White Feces Disease (WFD) caused by
Vibrio  parahaemolyticus (Sugiharta et al., 2023).
Environmental conditions also play an important role in
the growth of white shrimp (Pratiwi et al., 2023; Rahmi
et al., 2023).

Genetically, monitoring has been carried out on the
parent characters of SPF (Specific Pathogen Free) shrimp
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later imported into Indonesia and then known as FO.
Breeding can caused low genetic variation (Yamin et al.,
2022).

Low genetic variation is caused because the mother
white shrimp is the result of selective breeding from
Hawaii and Florida. This is in accordance with the
statements of Wyban (2019) and Aramburu et al. (2020)
that breeding with selective breeding has a risk of
decreasing the value of genetic diversity because the
expected traits inherited from the parent are few and
uniform so that the offspring do not have diverse genetic
traits (Kang et al., 2024). In the process of cultivation by
selective breeding there may be genes coding for a trait
that are missing. If there is a threat such as disease
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caused by bacteria, viruses or parasites and the gene that
codes for disease control or the body's resistance gene is
missing, it allows the individual to become susceptible
to disease.

In white shrimp (L. vannamei) there is a gene that
codes for body resistance namely the hemocyanin gene.
The hemocyanin gene is found in the hepatopancreas
organ of shrimp which helps maintain shrimp immunity
and the process of oxygen transport (Yudiati et al., 2024).
The hemocyanin gene is also antiviral and antimicrobial
(Aweya et al., 2021). However, in reality, molecular
hemocyanin gene information in GenBank is still not
widely found. Polymorphism of hemocyanin in white
shrimp has also not been studied much (Hassan et al.,
2022).

Polymorphism analysis in hemocyanin genes is
needed to determine the diversity of hemocyanin genes
and the specification of nucleotide base sequences in
shrimp bodies. This research is needed to explore the
hemocyanin gene as the first step in disease control in L.
vannamet.

Method

Location and Time

This research was conducted from June 2023 to
September 2023 at Central Laboratory of Life Sciences,
University of Brawijaya.

Sample Collection and Preparation

Samples were taken as many as 10 individuals of
shrimp with hepatopancreatic characteristics not soft
and light in color (indication the shrimp is healthy) and
shrimp with morphological diagnosis of White Stool
Disease (WFD) with flaccid and pale hepatopancreas
(Kumar et al., 2021).

White Feces Disease (WFD) Detection using Polymerase
Chain Reaction (PCR)

WEFD detection using the PCR refers to Anissa et al.
(2024) research that detecting shrimp disease with PCR
method. PCR method begins with DNA extraction or
isolation according to the procedure from the Promega
kit, followed by amplification using PCR, after which a
50-volt electrophoresis process is carried out within 40
minutes and  visualization using the UV
Transilluminator Gel Documentation.

Isolation of RNA

RNA isolation was carried out based on the
handbook guide of Qiagen's QIAzol® Lysis Reagent kit
(Lederer et al., 2024). Hepatopancreas weighed 0.1
grams then given Qiazol as much as 1000 pl and
centrifuged at a rate of 12000 x g for 15 minutes at 4°C.
The sample was then given chloroform as much as 200
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pl, incubated at room temperature for 3 minutes and
centrifuged again at a speed of 12000 x g for 10 minutes
at 4 °C. The sample was then given 500 pl isopropanol
and 1000 pl 75% ethanol and recentrifuged at 7500 x g
for 5 minutes at 4°C. The sample was dried and given
50 pl of nuclease free water. The isolation results were
then tested for the quantity and quality of RNA with a
nanodrop spectrophotometer on the A260/280
absorbance wave to see the concentration and purity.

Reverse Transcription

The reverse transcription process is carried out
according to the kit to be used, namely ReverTra Ace™
qPCR RT Master Mix with gDNA Remover from Toyobo
(Mo et al., 2012). Samples were incubated 5 minutes at
65°C and given 4x DNA Master Mix and gDNA
remover. The sample was again incubated at 37°C for 5
minutes and put into ice and given 5x DNA Master Mix
and then incubated again at 27°C for 5 minutes, 50°C for
5 minutes and 98°C for 5 minutes. The cDNA is then
tested for quality and quantity using a nanodrop
spectrophotometer just like RNA.

Amplification of cDNA

Amplification process refers to Rajalakshmi (2017).
Denaturation is carried out at 95°C. The second process
is annealing or pasting. The annealing process is primary
attachment with a cDNA template resulting from the
denaturation process. The annealing process is carried
out at a temperature range of 59°C within 30-45 seconds.
The last process is the extension or elongation of DNA
strands.with a temperature of 72°C. The primers used
are forward Hemocyanin_115F24 primer (5'-CAT ATG
GAA TIC CCM TTC TGG TGG-3') and reverse
Hemocyanin_1673R21 primer (5'-GGG ATC ACG GGT
GGC AGT TTC-3").

Electrophoresis

Electrophoresis for cDNA visualization refers to
Kusumaningrum et al. (2014) was performed using 1.5%
agarose media at 50 volts for 55 minutes and then

visualized with Gel Documentation uv
Transilluminator.
Sequencing

Sequencing process is carried out by the Sanger
method (Lokapirnasari et al, 2017) by preparing
samples and sending DNA samples to PT. Genetics
Science Indonesia which will proceed to 1st BASE DNA
Sequencing in Singapore.

Data Analysis
Analysis of electropherogram data from
sequencing results and then processed in several
applications The first step is to make improvements to
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the eceltropherogram using Chromas v2.6.6. The
forward and reverse eceltropherograms cut the noise
section at the beginning and end of the
eceltropherogram. Noise itself is a stacked peak on the
eceltropherogram. The base is cut along about 18-20 bp,
if exceeded, it is feared that DNA information data can
be lost. Once the eceltropherogram is fixed using
Chromas v2.6.6, the next step is to combine the forward
and reverse electropherograms to form a consensus
using the UGENE v1.31.1 application. Consensus results
are saved in files with FASTA format. After the UGENE
process, a dataset is created in the Microsoft Word
application and combined with comparison data
obtained from GenBank. Hemocyanin sequence profile
analysis using BioEdit software for alignment and
analyzed nucleotide base mutations and amino acid
changes (Mahmoodi et al., 2018) from L. vannamei
hemocyanin sequences. Data were compared with 3 L.
vannamei hemocyanin sequences and 3 Penaeus monodon
hemocyanin sequences from the National Center of
Biotechnology  Information (NCBI) Gen Bank.
Phylogenetic analysis was performed using MEGA 11
software to visualize hemocyanin mutations with a
dendogram refers to Tamura et al. (2021) with the
neighbor joining analysis method which has the
principle of determining phylogenetic tree topology,
branch length and evolutionary models.

Result and Discussion

White Feces Disease (WFD) Detection using Polymerase
Chain Reaction (PCR)

Molecular diagnosis of White Feces Disease (WFD)
uses the Polymerase Chain Reaction (PCR) method to
ensure that the sample is diagnosed WFD or not. Primers
used is specific primer Enterocytozoon hepatopenaei.
Enterozytozoon hepatopenaei primers can used as first
detect of White Feces Disease (WFD) in Litopenaeus
vannamei (Alfiansah et al., 2020). Primer forward

spefication is EHP 510F (5'-
GCCTGAGAGATGGCTCCCACGT-3') and primer
reverse specification is ~ EHP  510R (5-
GCGTACTATCCCCAGAGCCCGA-3). The primer

used is a design primer with the addition of
immunostimulants as a booster in white shrimp and for
the detection of hemocyanins. PCR results are shown by
Figure 1 (for health shrimp) and Figure 2 (for WFD-
diagnosed shrimp).

Based on the Figure 2, there are two controls used,
namely negative control (K-) and positive control (K+).
Negative control is used as a reference that a sample is
negative WFD or undiagnosed WFD. Conversely, a
positive control describes a positive sample exposed to
WEFD (Kim et al., 2023). Samples with W code indicate
samples with WFD diagnosis at the time of
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morphological analysis and based on PCR results, all W
samples are proven to be WFD diagnosed because there
is a band that is parallel to the positive control. Sample S
indicates a healthy sample seen on when morphological
analysis and PCR results show none. The band is the
same as the negative control so it is concluded that all S
samples are not diagnosed WFD. The length of the
resulting base is estimated at £100 bp. WFD is caused by

Vibrio parahaemolyticus infecting the hepatopancreas.

Figure 1. PCR result of health shrimp (S); M: marker, K-:
negative control, K+: positive control

500 bp

300 bp

Figure 2. PCR result of WFD shrimp (W); M: marker, K-:
negative control, K+: positive control

Quality and Quantity Test of RNA and cDNA

In this study, the quality and quantity test of RNA
and cDNA isolation results was used to determine the
concentration and purity of the isolate obtained. The
quality test of RNA isolation results was carried out
using a nanodrop spectrophotometer at wavelengths
A260 nm and A280 nm. The absorbance value at the
wavelength ratio A260/A280 indicates the purity value
of the insulation result., The quantity test of RNA
isolation results was also carried out with a nanodrop
spectrophotometer where the RNA concentration was
obtained from the multiplication between the
absorbance value at a wavelength of 260 nm, constant
and dilution factor (A260 x 50 x 1). Results are shown in
Table 1 and 2.

Based on the results in the Table 1, the RNA purity
value of healthy samples ranges from 1.71 - 1.99. The
RNA concentration of healthy samples ranged from 636
ng/ul - 2310 ng/pl. RNA concentrations in shrimp with
WEFD diagnosis ranged from 552 - 2240 ng/ pl and purity
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values ranged from 1.71 - 1.98. Based on the data above,
it can be concluded that the RNA concentration results
have met the standard, which is above 100 ng / pl and
all samples have good RNA purity (1.7 - 2.0) so that it
can be said that the RNA obtained is pure RNA isolate
(Liu et al., 2022). The low purity value of RNA is caused
because in the RNA isolate obtained there are still lipids,
proteins and polysaccharides. While the purity value of
RNA that exceeds 2.0 indicates that there are
contaminants in the form of DNA in it. Low RNA
concentration values can be caused by imperfections in
RNA isolation processes such as RNA precipitation so
that there is no RNA in the supernatant (Maharana et al.,
2018).

Table 1. Quality and Quantity Test of RNA

| RNA
Sample Concentration (ng/ul) Purity(A260/280)
S1 1,536 1.93
S2 745 1.99
S3 636 1.91
S4 2,160 1.76
S5 1,299 1.97
S6 782 1.98
S7 2,261 1.73
S8 1,259 1.94
S9 636 191
510 2,310 1.71
W1 2,186 1.73
W2 1,629 1.90
W3 882 1.79
W4 2,240 1.71
W5 2,160 1.82
Wé 1,445 1.98
W7 2,094 1.85
W8 552 1.81
W9 597 1.92
W10 1,514 1.98

Based on the results in the Table 2, the cDNA
concentration value of healthy samples ranges from
1.717 - 1.870 ng/pl. The cDNA purity of healthy samples
ranges from 1.7 - 1.75. The concentration of cDNA in
shrimp with WFD diagnosis ranged from 29 - 2.321
ng/pl. The purity of cDNA in shrimp samples with
WEFD diagnosis ranged from 1.7 - 1.76.

Based on the data above, it can be concluded that
the cDNA of healthy samples and samples with WFD
diagnosis synthesized is pure cDNA because it has a
cDNA concentration above the minimum value of above
20 ng / pl and a purity value between the values of 1.7 -
2.0 (Sophian, 2021; Utaminingsih & Sophian, 2022). The
value of cDNA concentration is influenced by the speed
at the time of extraction. CDNA deposition may occur if
the lysis and precipitation process is carried out for a
long time so that when the supernatant is taken, cDONA
is not taken. Purity values that are below the minimum
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threshold of 1.7 are due to RNA contamination
(Dewanata & Mushlih, 2021).

Table 2. Quality and Quantity Test of cDNA

I cDNA

Sample Concentration (ng/ul) Purity(A260/280)
S1 1,717 1.74
S2 1,734 1.74
S3 1,751 1.73
S4 1,768 1.75
S5 1,785 1.72
S6 1,802 1.74
S7 1,819 1.73
S8 1,836 1.74
59 1,853 1.74
S10 1,870 1.70
W1 29 1.71
W2 1,588 1.76
W3 2,010 1.73
W4 1,393 1.77
W5 122 1.70
W6 1,860 1.73
W7 1,444 1.77
W8 2,321 1.70
W9 1,705 1.75
W10 1,705 1.75
PCR Result of cDNA

PCR amplification wusing hemocyanin-specific
primers aims to double hemocyanin and see if
hemocyanin is present in the sample. The difference in
the presence of hemocyanin in healthy shrimp samples
and WFD-infected shrimp samples can be seen based on
the results of electrophoresis visualization from
amplification. The primers used are forward
Hemocyanin_115F24 primer (5'-CAT ATG GAA TTC
CCM TTC TGG TGG-3') and reverse
Hemocyanin_1673R21 primer (5'-GGG ATC ACG GGT
GGC AGT TTC-3)).

S4 S5 S6 S7 S8 S9 S10

10000 bp 10000 bp

3000 bp

3000 bp
1000 bp

1000 bp

500 bp
300 bp

500 bp
300 bp

Figure 3. PCR result of health shrimp (S) cDNA; M: marker

M Wi w2 W3 W4 WS We W7 W8 WS W10

Figure 4. PCR result of WFD shrimp (W) cDNA; M: marker
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The amplification results indicate that the primary
successfully binds and amplifies the target gene, in this
study, the hemocyanin gene in shrimp samples is
characterized by the presence of bands in the
visualization of PCR results. In healthy samples (Figure
3) it can be seen that there are bright and clear bands in
samples with codes S1, S2 and S3. This indicates that the
hemocyanin gene as the target gene was successfully
obtained and amplified in the three healthy samples.
Samples S4, S6, S7, S8, S9 and S10 do not show any
bands. The results of PCR visualization on samples with
WEFD diagnosis (Figure 4) showed that there were very
thin bands in W3, W4, W5, W6, W8 and W9 samples.
However, the bands in all six WFD diagnosis samples
were barely noticeable. While in the W1, W2 and W10
samples there are no bands at all.

There is a band-like luminescence in the
visualization of PCR results of healthy samples with
codes 54, S5, S6, S7, S8, S9 and 10 and all samples with
WEFD diagnosis. The band-like luminescence is not an
amplified band because it is below the minimum line of
marker magnitude, this is called a dimer primer.
Primary dimer can occur because the bond between 2
nucleotide base sites is identical to the primer, or it can
occur because the hot start process in the PCR program
does not occur perfectly. Dimer primers have the
potential to cause false-positive results because they are
often considered amplified bands (Wang et al., 2020) so
accuracy is needed to analyze the visualization of
electrophoresis results to ascertain whether the bands
obtained are DNA amplification or dimer primers.

Based on the data above, hemocyanin was
successfully obtained and amplified in three healthy
samples, namely S1, S2 and S3 amounting to £500 bp so
that these three samples were continued in the
sequencing While in W3, W4, W5, W6, W8 and W9
samples, it is suspected that these samples still have
hemocyanin in them with very small levels. This
happens because hemocyanin as a gene coding for body
resistance is still contained in samples infected with the
disease but in small quantities (Zhao et al., 2013). It can
also be influenced by the primary design in which there
are immunostimulant contents. Samples with thin bands
cannot proceed to the sequencing process.

Molecular Analysis of Hemocyanin

Molecular analysis of hemocyanin begins with a
blast test looking for comparison data for hemocyanin
sequences. The comparison data used were hemocyanin
sequences of L. vannamei and P. monodon to see the
polymorphism. The blast test results shown in Table 3.

Zhao et al., (2013) stated that the percent identity
value shows the similarity in the percentage of
sequences. The percentage identity value of 96-99% is a
related sequence, while the percent identity value of 99-
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100% is categorized as an identical sequence. The
percentage identity value that is categorized as related is
most likely to occur in it mutations in several nucleotide
bases. The E.v (E-value) indicates the homology of the
sequence where the E-value of 0 indicates that the
sequence is homologous. The 100% query cover shows
the percentage of nucleotide base length aligned with
nucleotide data on GenBank NCBI. The next step is to
align the sequence of the research sample with the
comparison data and then analyze the nucleotide base
mutation as can be seen in Figures 5 and 6.

Table 3. Blast Result of Hemocyanin Sequence

Per.
Species  Query (%) E.v Ident Acc Code
(%)
100 00 99.00 XM 0273832601  P1
L. -
. 100 0.0 98.59 KY6952461 P2
varmanet 100 00 9799  XR 003475559.1  P3
99 00 9215 XM 0379394911 O1
P. =
99 00 9195 XR 00523023881 O2
monodon 99 00 9115 XR 00523023891 O3
1110 1120 1130 1140 1150
[ e P T e e N I |
sample s1 GGATTCATCACCAACTTACCGTCCGAT TTGATGCCGAACGTCTGTCCAAT
Pl GGATTCATCACCAACTTACCGTCCGATTTGATGCTGAACGTCTGTCCAAT
P2 GGATTCATCACCAACTTGCCGTCCGAT TTGATGCTGAACGTCTGTCCAAT
P3 GGATTCATCACCAACTTACCGTCCGATT-GATGCTGAACGTCTGTCCAAT
o1 GGGTTCATCATCAACTTACCGTCCGATTTGATGCTGAACGTCTGTCCAAT
02 GGGTTCATCATCAACTTACCGTCCGATTTGATGCTGAACGTCTGTCCAAT
03 GGGTTCATCATCAACTTACCGTCCGATTTTATGCTGAACGTCTGTCCAAT
11€0 1170 1180 1190 1200
veveleeeilonealonnalonealoranlonealoennlonaelones |
sSample S1 TATCTGGATCCAGTAGGTGAACTCCACTEGEGAACAAGCCCATTGTAGATGE
Pl TATCTGGATCCAGTAGGTGAACTCCAGTGGAACAAGCCCATTGTAGATGG
P2 TATCTGGATCCAGTAGGTGAACTCCAGTGGAACAAGCCCATTGTAGATGE
B3 TATCTGGATCC GAACTCC ACARGCCC]
o1 TATCTGAATCCAGTAGATGAACTCCAGTEGEAACAAGCCCATCGTAGACGE
o2 TATCTGAATCCAGTAGATGAACTCCAGTGEGAACAAGCCCATCGTAGACGE
o3 TATCTGAATCCAGTAGATGAACTCCAGTGEGAACAAGCCCATCGTAGACGE
13€0 1370 1380 1390 1400
ceeslossalaceslonnslancalecenlonselasaalinaalanaal
Samp].u 81 AGTTGACAGGGAGGGCAAACACATTGACATCAGTAATGAGAAAGGTATTG
Pl AGTTGACAGTGAGGGCAAACACATTGACATCAGTAATGAGAAAGGTATTG
P2 AGT ARACAC; TGACATCAGTAATGAGAAAGGTATTG
P3 AGT AAACAC TGACATCAGTA A -TTG
o1 AAT CACGGCAAAC. TGACATCAGTAATGAGAAAGGCATTG
o2 AAT CACGGCAAAC. TGACATCAGTAATGAGAAAGGCATTG
o3 AATTGATAGCCACGGCAAACAGAT TGACATCAGTAATGAGAGAGGCATTG
1410 1420 1430 1440 1450
S T L A R NN NN U I |
Sample sS1 ACATTCTTGGTGATATCATCGAAT CCTCAATATACAGTCCCAACGTGCAG
Pl ACATTCTTGGTGATATCATCGAATCCTCACTATACAGTCCCAACGTGCAG
P2 ACATTCTTGGTGATATCATCGAATCCTCACTATACAGTCCCAACGTGCAG
P3 ACATTCTTGEGTGATATCATCGAATCCTCACTGTACAGTCCCAACGTGCAG
oLl ACATTCTTGGGGATETTATCGAGT CATCACTGTACAGCCCCAATGTGCAG
o2 ACATTCTTGGGGATGTTATCGAGT CATCACTGTACAGCCCCAATGTGCAG
03 ACATTCTTGGGGATGTTATCGAAT CATCACTGTACAGCCCCAATGTGCAG

Clustal Consensus hkkkhkkkh hkkk ok Rk kR Rk hhk ok khkhk ARk Rk Rk hkRk

Figure 5. Nucleotide base mutation in hemocyanin of L.
vannamei sequence

Based on figure 5, Sample S1 has 4 polymorphisms
in its nucleotide base sequence. In the number of 1135
nucleotide base sequence, the hemocyanin sequence L.
vannamei in the comparison data has a thymine
nucleotide base (T) and changes to cytosine (C) in
sample S1. At the sequence of nucleotide bases to 1177
there is a change in guanine base (G) to cytosine (C). At
the number of 1365 nucleotide base sequence, there is a
change in thymine base (T) to guanine (G). At the
number of 1430 nucleotide base sequence, there is a
change in the nucleotide base cytosine (C) to adenine
(A). Species differences allow for many nucleotide base
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changes and show different characterizations of each
species. The change of adenine nucleotide bases (A) to
guanine (G) and thymine (T) to cytosine (C) and vice
versa is a type of transitional substitution mutation,
which occurs between purine bases with purines and
pyrimidines with pyrimidines. The change of purine
nucleotide bases to pyrimidines e.g. adenine (A) to
cytosine (C) or thymine (T), cytosine (C) to adenine (A)
or guanine (G) and vice versa is also called transversion
substitution (Badua et al., 2021; Shahzadi et al., 2019).
Polymorphism in the genes of two different species
according to Orfanoudaki et al. (2019) occurs because the
characteristics of these species are different so that it is
an effort to adapt each species to its environment.
Changes in nucleotide bases cause changes in the amino
acids formed as shown in Figure 6.

360 370 380 390 400
O L e e O I P I |

Sample S1 X*CLRPSSGSQRRKLLLDSSPTYRPI*CRTSVQLSGSSR*TPLEQAHCRW
Pl E*CLRPSSGSQRRKLLLDSSPTYRPI*C*TSVQLSGSSR*TPVEQAHCRW
P2 E*CLRPSSGSQRRKLLLDSSPTCRPI*C*TSVQLSGSSR*TPVEQAHCRW
B3 E*CLRPSSGSQRRKLLLDSSPTYRPIXC*TSVQLSGSSR*TPVEQAHCRW
ol G*RVRPSSRSQGRELLLGSSSTYRPI*C*TSVQLSESSR*TPVEQAHRRR
02 G*RVRPSSRSQGRELLLGSSSTYRPI*C*TSVQLSESSR*TPVEQAHRRR
03 G*RVRPSSRSQGRELLLGSSSTYRPILC*TSVQLSESSR*TPVEQAHRRR

Clustal Consensus

sample sl S*QGGQTH*HQ**ERY *HSW*YHRILNIQSQRAVLWSFT*HCPYCTRPSR
Pl S*Q*GQTHY*HQ**ERY*HSW*YHRILTIQSQRAVLWSFT*HCPYCTRPSR
P2 S*Q*GQTHY*HQ**ERY*HSW*YHRILTIQSQRAVLWSFT*HCPYCTRPSR
P3 S*Q*GQTH*HQ* *ERX*HSW*YHRILTVQSQRAVILWSFT*HCPYCTRPSR
o1 N**PRQTD*HQ* *ERH*HSWGCYRVITVQPQCAVLWSFT*HCPYCTRSSR
02 N**PRQTD*HQ* *ERH*HSWGCYRVITVQPQCAVLWSFT*HCPYCTRSSR
03 N**PRQTD*HQ* *ERH*HSWGCYRIITVQPQCAVLWSFT*HCPYCTRSSR

Clustal Consensus XXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXAXXXXXXXXXK
Figure 6. Amino acid mutation in hemocyanin of L. vannamei
sequence

The amino changes shown were amino acid
changes from S1 samples that were different from the L.
vannamei hemocyanin sequence in the comparison data
and the P. monodon hemocyanin sequence. In the 351st
amino acid sequence, there is a change in the amino acid
glutamic acid (Glu/E) to amino acid X, where amino
acid X is an unknown amino acid (Unk/X). This may
happen because some sequences show different amino
acids or if the quality of the original sequence is too poor
to translate into definite amino acids (Martoni, 2019).
Amino acid on base number 398 sequence also changes
from valine (Val/V) to leucine (Leu/L). In amino acid
number of 455, there is a change in the amino acid
sequence hemocyanin L. vannamei sample S1 from the
stop codon to glycine (Gly/G) while the amino acid
sequence hemocyanin P. monodon is different from L.
vannamei, namely proline (Pro/P). The last amino acid
change is shown in the 477 order amino acid, namely
from threonine (Thr/T) to asparagine (Asn/N).
Mutations in nucleotide base sequences will often cause
amino acids to change, affecting the proteins produced
(Fan et al., 2019; Morgil et al., 2020; Robert & Pelletier,
2018). For amino acid changes in the hemocyanin gene
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(HMC) allows changes in the expression of the
hemocyanin gene itself, causing diversity in the
characteristics of hemocyanin in Litopenaeus vannamei.

Phylogenetic Analysis

Phylogenetic analysis is performed using the
Neighbor Joining method which will select sequences
that when combined will produce the best estimate of
the length of the branches that most closely reflect the
actual distance between the sequences (Dharyamanti,
2021). The results of the reconstruction of the
phylogenetic tree compiled by the Neighbor Joining
method. can be seen in Figure 7.

P1 XM 027383260.1
43

72 |= P2 KY695246.1

Clade 1
Sample S1
P3 XR 003475559.1
’— 03 XR 0052302389.1
100 | , O1 XM 037939491.1 Clade 2
(Qutgroup)

60
02 XR 0052302388.1

Figure 7. Dendogram of samples

All individuals are divided into 2 clades consisting
of an ingroup clade and 1 outgroup clade. Clade 1
consists of S1 samples and three comparative data of L.
vannamei hemocyanin sequences, namely P1, P2 and P3.
Clade 2 consists of all outgroup samples of P. monodon
hemocyanin sequences, namely O1, O2 and O3 samples.
Group determination is based on genetic distance
visualized by branch length. If the branches get shorter,
the genetic distance is small, which means that the closer
the kinship and enter into one clade (Suryani et al., 2022).
Based on the dendogram above, it can be concluded that
hemocyanin in L. vannamei and P. monodon has
differences in molecular characters due to mutations in
them by 1%.

Conclusion

Hemocyanin works optimally in healthy shrimp
and does not work optimally in shrimp infected with
White  Feces  Disease = (WFD).  Hemocyanin
polymorphisms are possible as in this study.
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Hemocyanin gene profile in healthy shrimp was also
analyzed and there were 4 nucleotide change made
changes to 4 amino acid. Changes in amino acids affect
the stability of hemocyanin and cause polymorphism of
hemocyanin. Phylogenetic analysis showed dendogram
split into two clades between L. vannamei and P.
monodon. Polymorphism occurs due to genetic
mutations that can cause changes in amino acids.
Changes in amino acids allow for differences in genes to
be encoded so that changes in gene expression can occur.
Knowing the profile and characteristics of hemocyanin
molecularly can be the first step in disease control in
white shrimp cultivation.
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