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ABSTRACT 
 

        Argonaute proteins are present in diverse organisms ranging from yeast to 
humans. In addition to their role in developmental control, some Argonautes have 
been shown to play essential roles in a variety of post-transcriptional RNA-mediated 
gene silencing pathways, including RNA interference or RNAi mediated by sequence-
specific double-stranded RNA. This work is aimed at the characterization of an 
Argonaute that associates with RNAi in the shrimp Penaeus monodon in order to 
provide an in-depth understanding of the RNA-mediated gene silencing mechanism in 
the shrimp. A total of 2,829 bp of the cDNA encoding Argonaute of P. monodon 
(Pem-AGO) was obtained from RT-PCR and RACE methods, using mRNA from the 
lymphoid (Oka) organ as a template. The deduced amino acid sequence of Pem-AGO 
contained the two conserved domains, PAZ and PIWI, which are the signature of the 
Argonaute family. The requirement for Pem-AGO in RNAi was explored in the 
primary Oka cell culture of P. monodon. Transfection with three dsRNAs 
corresponding to different regions in the Pem-AGO sequence resulted in 
approximately 30% reduction of Pem-AGO expression in the Oka cells. The 
subsequent effect of the depletion in Pem-AGO mRNA level on the efficacy of RNAi 
was determined by the amount of silencing in the endogenous 5-HT receptor gene by 
its specific dsRNA. Pem-AGO depletion led to impaired RNAi as demonstrated by 
partial restoration of 5-HT receptor gene expression in the cells that acquired dsRNAs, 
which target both the Pem-AGO and 5-HT receptor genes. By contrast, only slight or 
no impairment of RNAi was seen when the exogenous gene, the protease gene of 
yellow head virus, was targeted for silencing in Pem-AGO depleted cells. In summary, 
the results from this study suggest the involvement of Pem-AGO in RNA-mediated 
gene silencing by RNAi mechanism in P. monodon. 
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RNA interference (RNAi) การศึกษาวิจัยนี้เปนการโคลนยีน Argonaute ของกุงกุลาดํา โดยใชอารเอน็
เอซึ่งสกัดจากตอมน้ําเหลืองของกุงกุลาดําในการสังเคราะหช้ิน cDNA ดวยปฎิกิริยา RT-PCR ซึ่งใชไพร
เมอรท่ีถูกออกแบบจากลําดับของกรดอะมิโนของโปรตีนชนิดนี้ซึ่งมีความคลายคลึงกันในสิ่งมีชีวิตชนิด
อื่นๆ   ช้ินของ cDNA ท่ีสรางโปรตีน Argonaute ของกุงกลุาดํา (Pem-AGO) มีขนาด 2,829 นิวคลีโอ
ไทด และลําดับของกรดอะมิโนที่ถอดรหัสจากลําดับนิวคลีโอไทดประกอบดวยลักษณะสําคัญของโปรตีน 
Argonaute ไดแกสวนอนุรักษท่ีเรียกวา PAZ และ PIWI domain การศึกษาหนาท่ีของโปรตีนชนิดนี้ใน
กระบวนการ RNAi ไดใชวิธีการนําอารเอน็เอสายคูท่ีสังเคราะหจากลําดับนิวคลีโอไทดของ Argonaute 
เขาสูเซลลปฐมภูมิจากตอมน้ําเหลืองของกุงกลุาดํา จากการทดลองพบวาอารเอ็นเอสายคูท่ีจําเพาะตอ 
Argonaute มีผลทําใหมีการแสดงออกของ Argonaute ในเซลลลดลงประมาณ 30% การศึกษาผลกระทบ
ของระดับ Argonaute ในเซลล ตอกระบวนการ RNAi ในการยับยั้งการแสดงออกของยีนในกุงกุลาดํา 
พบวาอารเอ็นเอสายคูท่ีจําเพาะตอตัวตอบรับซีโรโตนินสามารถยับยั้งการแสดงออกของยนีสรางตัวตอบรับ
ซีโรโตนินไดในเซลลท่ีมี Argonaute ในระดับปรกติ ในทางตรงกันขามอารเอ็นเอสายคูของตัวตอบรับซี
โรโตนินไมสามารถยับยั้งการแสดงออกของยีนเปาหมายไดเมื่อระดับของArgonaute ลดลง อยางไรกต็าม
การศึกษาทํานองเดียวกันนี้กบัยีนที่สรางโปรตีนของไวรัสหัวเหลอืง ไมเห็นผลท่ีชัดเจนของระดับของ 
Argonaute ในเซลลตอการยบัยั้งการแสดงออกของยีนไวรสัหัวเหลอืงดวยอารเอ็นเอสายคูท่ีจําเพาะ กลาว
โดยสรุปยีนที่สราง  Argonaute ท่ีศึกษาในงานวิจัยนี้ มคีวามสําคัญตอกระบวนการยบัยั้งการแสดงออก
ของยีนดวยอารเอ็นเอสายคูหรอื RNAi ในเซลลของกุงกุลาดาํ 
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CHAPTER I 

INTRODUCTION 

 
 

     Black tiger shrimp (Penaues monodon, Fabricius) is widely distributed throughout 

tropical and subtropical areas, along the coastlines of the Indo-west Pacific region 

including both the Andaman Sea and the Gulf of Thailand (1). The black tiger shrimp 

has become one of the most important agricultural species because of their high 

survival rate and fast growth in a wide range of salinity (15-20 ppt) (2). The maximum 

growth rates are achieved in a wide range of water temperature ranging from 25 to 35 

ºC. Thailand is the largest frozen shrimp producer and exporter in the world. Shrimp 

export generated approximately 1.7 billion USD annual export value in 2003 (3). 

Despite its high commercial impact, shrimp farming industry in Thailand has 

encountered several problems with pathogen diseases caused by bacterial, fungal and 

viral infection. These lead to a destructive effect on both shrimp production and 

economy of the country.  

 

1.1 General crustacean anatomy (4) 

      All crustaceans have bilaterally symmetrical bodies covered with a chitinous 

exoskeleton, which may be thick and calcareous (as in the crayfish) or delicate and 

transparent (as in the water fleas). Crustaceans are the only arthropods that are mainly 

aquatic, and most of them are marine. They use gills for respiration. Their thoracic 

region typically bears walking legs (pereopods), which are also used for capturing 

preys. The abdominal region oftenly is equipped with swimmeretes (pleopods) and a 

tails fan made up a pair of appendages (uropods) and the telson. 

 

       1.1.1 The Decapods crustaceans 

                 The order Decapoda contains those animals most people recognize as 

crustaceans: shrimps, lobsters, and crabs. Decapods (meaning ten feet) have the last 

five pairs of thoracic appendages modified as walking leg while the first three pairs, 
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the maxillipeds, function as mouthparts. If one pair of walking legs has enlarged 

pincers (chelae) they are referred to as chelipeds (5).  

 

       1.1.2 Penaeus monodon (Black tiger shrimp) 

The taxonomy definition of the black tiger shrimp is as follows: (6) 

Phylum           :       Arthropoda 

Class  :  Crustacea 

Subclass :  Malacostraca 

Order  :  Decapoda 

Suborder :  Natantia  

Superfamily :  Penaeoidea 

Family  :  Penaeidae Rafinesque 

Genus  :  Penaeus Fabricius 

Subgenus :  Penaeus 

Species :  Penaeus monodon 

 

      1.1.3 Morphology of Penaeus monodon 

               The exterior morphology of Penaeid shrimp is distinguished by a 

cephalothorax with a characteristic hard rostrum, and by a segmented abdomen 

(Figure 1) (7). Most organ, such as gills, digestive system and heart, are located in the 

cephalothorax, while the muscles concentrated in the abdomen. Appendages of the 

cephalothorax vary in appearance and function. In the head region, antennules and 

antennae performed sensory functions. The mandibles and the two pairs of maxillae 

form the jaw-like structures that are involved in food uptake (8). In the thorax region, 

the millipedes are the first three pairs of appendages, modified for food handling, and 

the remaining five pairs are the walking legs (pereiopods). Five pairs of swimming 

legs (pleopods) are found on the abdomen (6).  

              Penaeids have an open circulartory system and a dorsal muscular heart 

located in the cephalothorax (Figure 2) (9). The valved hemolymph vessels leave the 

heart and branch several times before the hemolymph arrives at the sinuses that are 

scattered throughout the body, where exchange of substances takes place. After 

passing the gills, the hemolymph return to the heart by means of three wide non-
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valved openings (10). A large part of the cephalothorax in penaeid shrimp is occupied 

by the hepatopancreas. The main functions of the hepatopancreas are absorption of 

nutrients, storage of lipids and production of digestive enzymes (11). One of the 

heamolymph vessel that leaves the heart ends in the lymphoid organ, where the 

hemolymph is filtered. This organ is located ventro-anteriorly to the hepatopancreases. 

The central nervous system of crustacean is ladder-like of the assembled nerve cells 

called ganglia, joined across the midline and a separated longitudinally from one 

another by paired connectives (12).   
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Figure 1.  Lateral view of the external morphology of Panaeus monodon (7) 
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Figure 2. Lateral view of the internal morphology of Panaeus monodon (9) 
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1.2 Viral pathogen of the penaeid shrimps 

      During the past decade, shrimp agricultural activity has been destructively affected 

by two major viruses that caused high mortality rates, namely yellow head virus and 

white spot syndrome virus.  

 

       1.2.1 Yellow head virus (YHV) 

    Yellow head virus (YHV) was first found in P. monodon in Thailand in 

1990. Histopathological analysis of infected shrimp revealed widespread cellular 

necrosis in the gills, connective tissues, hemocytes, hematopoietic tissues, and 

lymphoid organ, and thus strongly indicated a preferential infection of cells of 

ectodermal or mesodermal origins (13-15). The yellow head virus has been identified 

to order Nidovirals, family Roniviridae, genus Okavirus (16-18). This virus is a rod-

shape virus, enveloped with peplomer and a tubular helical nucleocapsid containing a 

positive sense single-stranded RNA (17). In natural infection, the affected shrimp 

showed the yellowish color on the cephalothorax areas, called yellow head disease 

(YHD), resulting from the underlying yellow hepatopancreas showing through the 

translucent carapace. This disease can be found in black tiger shrimp in the weight 

range of 5 to 15 g (25 to 70 days). The shrimp that is infected with YHV usually dies 

within 2-3 days (15).   

 

        1.2.2 White spot syndrome virus (WSSV) 

     White spot syndrome (WSS) is a viral disease which affects most of the 

commercially cultivated marine shrimp species worldwide. The virus was first found 

in P. japonicus in northern Taiwan in 1992 (19), followed by Japan in 1993 (20). This 

virus is enveloped nucleocapsids with bacilliform morphology, containing double-

stranded DNA, and a tail-like extension at one end. Typical signs of the diseased 

shrimp were reddish and pinkish-red discoloration of the body, including obvious 

white spots on the inside of the carapace, appendages and the inside body surface. The 

cumulative mortality of white spot syndrome-infected shrimp reaches 100% within 2-7 

days.  
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1.3 Penaeid shrimp cell culture   

      Panaeid shrimp cell culture technology was developed for use in the studies of 

growth characteristics and analysis of penaeid viruses (21). Explant cell cultures have 

been obtained from various tissues and organs of the penaeid shrimp, including the 

lymphoid (Oka) organ (22-25), the primary target for YHV in the whole animal. The 

cell derived from the lymphoid organ were found to proliferate rapidly and remain 

stable for long period of time (2-3 weeks) (26). Primary cell cultures of the lymphoid 

organ are susceptible to YHV which produce cytopathic effects (CPE) that include 

rounding of cells and their detachment from the substrate which occurs as early as 3 

days post-inoculation for YHV (27). 

       The lymphoid organ of penaeid shrimp is located on both left and right sides of 

the antero-dorsal surface of the hepatopancreases (22, 28). Because of its unique 

location and its relatively small size, identification and dissection of the organ is not 

easy, especially when small size shrimps (less than 10 g) are used. The optimal size of 

shrimp to be used for the preparation of primary lymphoid cell culture is between 20 

and 30 g. Animals weighing over 30 g are generally not recommended because the 

cells from their organs appear to be more senescent and degenerate faster despite the 

fact that their Oka organs are relatively much larger (27).  

 

1.4 General background of RNA interference (RNAi) pathway   

       RNA interference or RNAi was identified in many organisms, such as  Drosophila 

melanogaster, Neurospora crassa and Arabidopsis thaliana (29). The RNAi is known 

as a sequence-specific gene silencing process in which double-stranded RNA (dsRNA) 

induces silencing of cognate mRNA. In plant, this phenomenon is called post-

ranscriptional gene silencing (PTGS), whereas quelling (or co-suppression) is known 

as similar process in fungi (Neurospora crassa). In PTGS, dsRNA from virus or 

transgene can trigger the post-transcriptional degradation of homologous cellular RNA 

(30). In quelling, dsRNA from transgene can trigger the silencing of homologous 

chromosomal loci simultaneously (30). In the PTGS pathway, dsRNA trigger the 

silencing through the synthesis of complementary RNA (cRNA) by the action of 

dsRNA-dependent RNA polymerase (RdRP) (30-31). Then the antisense cRNA 

stranded are hybridized to target RNA which induce the cleavage, modification or 
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degradation of target mRNA (Figure 3). In the RNAi pathway, the double-stranded 

RNA could originate from several sources; for examples, aberrant transcript of high 

copy transgenes, viral RNA and in vitro synthesized dsRNA that is experimentally 

injected or transfected into the cells (32). The model of the RNAi pathway is shown in 

Figure 4 (33). Firstly, a long dsRNA is cleaved into small interfering RNA fragments 

(siRNAs) of about 21-23 nucleotides by the action of an RNase-III-like dsRNA-

specific ribonuclease, namely Dicer (34). The cleavage of long dsRNA by dicer 

utilizes ATP and generates the siRNA product with two-base 3’ overhangs and 

5’phosphate (35-37). Subsequently, the double-stranded siRNA is incorporated into a 

multiprotein complex known as the RNA-induced silencing complex (RISC) which 

contains an Argonaute protein as the major constituent. The double-stranded siRNA in 

RISC is unwound by ATP-dependent reaction into single-stranded siRNA and 

resulting in activated RISC. The activated RISC is guided by its single-stranded 

siRNA component to the target transcript by complementary base-pairing. The target 

mRNA is then cleaved by the action of endoribonuclease provided by the Argonaute 

protein, followed by further degradation with cellular exoribonucleases (38).  
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Figure 3.  The model of the post-transcriptional gene silencing pathway in plant 

(Modified from (30)) 
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Figure 4.  The model of the RNA interference (RNAi) pathway (Modified from 

(33)) 

 

 

Dicer dsRNA 

siRNA 

Ago 
RISC 

Target mRNA 

    mRNA degradation 

Target mRNA 

Target mRNA 

Ago 

Ago 



Fac. of Grad. Studies, Mahidol Univ.                                                M.Sc. (Mol. Genet. Genet. Eng.) / 11 

1.5 The essential component in the RNAi pathway 

       1.5.1 General background of Dicer protein  

                 Dicer protein is a member of the RNase class III family which recognizes 

double-stranded RNA template and digest them to small size RNA (siRNA). The 

cleavage by Dicer produces the siRNA products with the 5’ phosphate and 3’ hydroxyl 

termini. The Dicer enzyme composes of 4 domains; an amino-terminal helicase 

domain, two RNase III domains, a dsRNA binding domain and a PAZ domain (the 

conserved domain that is also found in Argonaute family (Figure 5) (39). The dsRNA 

binding domain recognizes 2’ hydroxyl of the sugar of dsRNA template (40). The 

cleavage of dsRNA substrate occurs from the dimerization forming between the active 

site in each monomer of the RNase III domain. Particularly, one catalytic site cuts 

each strand of dsRNA resulting in the cleavage of dsRNA cleavage into siRNA (41). 

The size of ~21-23 nt siRNA is specified by the distance of dsRNA between the PAZ 

domain (which bind to 2 nt 3’ overhang of dsRNA) and the active site of RNase III 

domains to create the suitable site of siRNA product (Figure 6) (41). Besides, the 

function of Dicer is co-ordinated with dsRNA-binding cofactor (dsRBD cofactor), 

such as, R2D2 in Drosophila (42). This dsRBD cofactor binds to the siRNA and 

facilitates siRNA loading into RISC to encourage the mRNA degradation (42-43).   
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Figure 5. The domain structure of RNAse III family in H. sapiens (Modified from 

(43)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Helicase DUF283 PAZ RNase III RNase III dsRBD 



Fac. of Grad. Studies, Mahidol Univ.                                                M.Sc. (Mol. Genet. Genet. Eng.) / 13 

               
 

Figure 6.  Model of catalytic cleavage of Dicer enzyme (Modified from (43)) 
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       1.5.2 General background of Argonaute protein 

                 Argonaute is a protein family that is present in a wide range of organisms, 

such as plant, Drosophila, C. elegan and human (44). The number of Argonaute 

protein varies in different species. For instances, Drosophila contain 4 Argonaute 

proteins which are Piwi, Aubergine (or Sting), dAgo1 and dAgo2 (44), human contain 

8 Argonaute proteins which are divided into 2 subfamilies that are 4 of PIWI 

subfamily (PIWIL1/HIWI, PIWIL2/HILI, PIWIL3 and PIWIL4/HIWI2) and 4 of 

eIF2C/AGO subfamily (EIF2C1/hAGO1, EIF2C2/hAGO2, EIF2C3/hAGO3 and 

EIF2C4/hAGO4) (45) and Arabidopsis has 10 Argonaute proteins, but only two of 

them, AGO1 and ZWILLE, have been studied in detail (44).  

                 Argonaute proteins play primary roles in developmental control, and some 

of them are also involved in mRNA degradation pathway via RNA interference 

(RNAi). The Argonaute family members vary in both biological functions and 

expression in specific tissues (44). For example, two Argonaute proteins in 

Drosophila, Piwi and Aubergine, are required for the germline development. In 

contrast, the other two Argonautes, dAgo1 and dAgo2, were demonstrated for their 

function in RNAi pathway (44). dAgo1 is required for the efficient RNAi as 

demonstrated by the dAgo1 mutant that exhibited the decrease in the ability of mRNA 

degradation in respond to dsRNA in vitro, whereas  dAgo2  is shown biochemically to 

be the important component in RISC (44). In Arabidopsis, Ago1 is shown to be 

involved in post-transcriptional gene silencing. Opposing to Ago1, another Argonaute 

family in Arabidopsis called ZWILLE does not function in post-transcriptional 

silencing but is demonstrated to be essential for cell division in development (44).     

                 Argonaute protein is composed of 1,000 amino acids which contain 2 

conserved domains, an N-terminal PAZ domain and a C-terminal PIWI domain 

(Figure 7) (44). The structure of  PAZ  domain consists of three parts (Figure 8), six-

stranded β-barrel as a central domain, two α-helices which cap on top of the central 

barrel and a domain composing of a long β-hairpin and a short α-helix position below 

the central part (45). The central β-barrel contains aromatic amino acid residues which 

conserved within the PAZ domain family. This part functions as RNA-binding domain 

by binding to the two nucleotide 3’ overhang of siRNA (46). Another conserved 

domain, the PIWI domain, displays conserved structure to an RNase H family. This 
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family of RNase produces the cleavage product with the 5’ phosphate and the 3’ 

hydroxyl group in the reqiurement of divalent metal ions (43, 47-48). The structure of 

PIWI domain composes of five-stranded-β sheet surrounding with α-helices (Figure 

9). This enzyme family contains three conserved carboxylic group, DDE (two 

aspartates and one glutamate) which situated on β sheet region for forming the active 

site. The first two carboxylated residues are located at the same positions among 

RNase H family while the third residue shows variation in its position (49). Mutation 

in the two conserved aspartate residues cause the inactivation of RISC in mRNA 

cleavage (50).           

                  In the RNAi process, Argonaute functions as the enzyme in RISC with the 

activity of conserved PAZ and PIWI domains. From the beginning, PAZ domain 

recognizes 3’ end of the siRNA strand originated from dsRNA cleavage by Dicer (49). 

The 5’ end of the mRNA target enters into the cleft between PAZ domain and N-

terminal domain and forms the complementary base-paring to the siRNA (Figure 10). 

This cleft contains the positively charge for appropriate binding of the negatively 

charge of the RNA strand (49). Then the catalytic RNase H-like enzyme in the PIWI 

domain cleave the mRNA target at the position to the center of the guide siRNA (49).  
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Figure 7. Domain structure of Argonaute protein in P. furiosus (Modified from 

(49)) 
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Figure 8. The structure of D. melanogaster Argonaute 2 PAZ domain family 

(Accession number: MMDB 27919, 1T2SA0 chain A, 110513) 
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Figure 9. The structure of P. furiosus Argonaute PIWI domain (Accession 

number: MMDB 31372, 1W9H , 127717) 
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Figure 10. Model of mRNA degradation guided with siRNA by Argonaute 

protein of P. furiosus (Modified from (49)) 
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1.6 Other components in the RNAi pathway 

       Two RNA binding proteins, the VIG protein, the human homolog of FMRP 

(fragile X mental retardation protein), dFXR and tudor staphylococcal nuclease 

(Tudor-SN) are shown to associate with RISC (51-52). The first protein, VIG, is 

encoded from the intron of vasa gene which is conserved in C. elegans, Arabidopsis, 

mammals and S. pombe (51). The VIG protein is composed of RGG box which 

functions in binding to RNA (51). In the Drosophila S2 cells, VIG functions in the 

maintaining of the silencing efficiency. The suppression level of VIG inhibits about 

50% RNAi activity (51). Besides, VIG shares high similarity to the human 

phosphoprotein ki-1/57 which is a substrate of the protein kinase and thus is 

implicated in chromatin remodeling and transcriptional gene silencing (52-53). The 

second protein, dFXR, is encoded from the locus on the X chromosome which 

silenced in Fragile X syndrome (51). In Drosophila, dFXR protein functions in 

repressing of the translation of an mRNA encoding the microtubule-associated protein. 

Similar to the VIG protein, the Fragile X family also contains an RGG box which is 

suitable for binding of RNA (51). The third protein, tudor staphylococcal nuclease 

(Tudor-SN) is composed of staphylococcal nuclease (SNase) domain and a Tudor 

domain (54). The homolog of this protein is also discovered in C. elegans, 

Arabidopsis, mammals and S. pombe (54). SNase exhibits the nuclease activity that 

produces the product containing 5’ hydroxyl group and 3’phosphate (55-56) similarly 

to the tudor domain that also displays the nuclease activity (52). However, tudor-SN is 

responsible for cleavage of both RNA and DNA strand and it cleaves the target 

independent to the sequence. This is in contrast to the characteristic of RISC which 

has no DNase activity and acts in highly sequence specific cleavage (54). However, 

the specific role of these three proteins in the RNAi  pathway are still unclear.     

 

1.7 The RNAi pathway and developmental function of Argonaute protein 

       Besides the function in RNAi pathway, some of the Argonaute proteins also play 

role in developmental control. In plant, A. thilania, Argonaute protein AGO1 functions 

in both RNAi pathway and development. The ago1 mutants showed the defect in 

RNAi pathway (sensitive to viral infection) and phenotypic abnormalities (for 

example, abnormal infertile flowers and leaves) (44). In D. melanogaster, one of the 
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Argonaute proteins, Piwi is required for germline development and transgene-

mediated co-suppression (44). Mutant in piwi affects the germline development by 

causing insufficient in the number of germline stem cell in the adult stage and inhibits 

post-transcriptional gene-silencing pathway (PTGS) (44).  

 

1.8 The RNAi pathway, DNA methylation and chromatin remodeling 

       The RNAi pathway affects the centromeric silencing via methylation of histone 

H3 and the formation of condensed heterochromatin (57). In the process, transcription 

of centromeric region leads to the formation of dsRNA which is then processed into 

siRNA by the RNAi pathway (58). The siRNA then binds to the methyl-transferase 

and forms complementary base-paring to homologous centromeric sequence (58). This 

causes the histone methylation at the centromeric region and activates the condense 

heterochromatin formation (58). The compact structure of the heterochromatin then 

causes the transcriptional gene silencing (59). Mutation in Argonaute protein, Dicer 

and RNA polymerase II caused the lacking of histone methylation which mediated the 

loss of centromeric silencing. For example, in Arabidopsis, there are two genes that 

are responsible for DNA methylation, MET1 and DDM1. MET1 encodes the DNA 

methyltransferase while DDM1 encodes the protein that is involved in chromatin 

remodeling. Mutation in MET1 and DDM1 reduced the level of gene methylation and 

also cause negative impact to PTGS which is corresponded to the decrease in 

transgene methylation (60).  

 

1.9 The RNAi pathway and antiviral defense 

       The RNAi machinery can be developed as a tool in antiviral defense in many 

organisms (61). The viral dsRNA can inhibit viral expression or viral replication by 

mRNA cleavage. For instance, in Drosophila S2 cell, co-transfection with the full-

length of Flock house virus (FHV) RNA and dsRNA corresponding to the FHV 

sequence causes the decrease in the accumulation of FHV RNA (61). Moreover, 

infection of Drosophila S2 cell with FHV virus resulting in the production of siRNA 

which sequence specific to FHV and the reduction of FHV RNA level (62). Therefore, 

FHV acts as both the target and the initiator of RNA silencing (62). Conversely, 

viruses can develop the mechanism to defense RNAi in host cells by producing the 



Manasave    Dechklar                                                                           Introduction / 22 

RNAi-suppressing protein (63). For example, the viral protein p19 in plant (VP19) can 

inhibit RNAi in the host cell by preventing the unwinding of duplex siRNA to single-

stranded siRNA (64-65). This caused the unincorporation of siRNA into RISC and 

block the RNAi pathway in the cell (66).    

 

2.1 RNAi pathway and the microRNA pathway  

      The evolutionarily conserved RNAi pathway also involved with the microRNA 

(miRNA) pathway (67). MicroRNA is encoded within plant and animal genomes and 

plays widespread roles in growth and development of specific tissue (68). It has been 

shown to be involved in the control of cell death and cell proliferation in flies, 

haematopoietic differentiate in mammals, neuronal pattern in nematodes, leaf and 

flower development in plants (69). MicroRNA is the small non-coding RNA that 

regulates gene expression of homologous transcript at the level of translational 

efficiency and stability of partial or fully sequence-complementary mRNA (68). The 

silencing by microRNA can initiate degradation of mRNA in plant or translation 

inhibition in animal (68). For example, in Arabidopsis, the miRNA 

(miRNA171/miRNA39) show the perfect complementarity to the mRNA target and 

direct the sequence-specific mRNA degradation (70). Alternatively, in C. elegan, two 

miRNA, lin-4 and let-7, regulated the endogenous gene which is involved in 

developmental timing by forming partial complementary to 3’ untranslated region of 

target mRNA, lin-14 and lin-41 (71-74). In Figure 11, microRNA gene is transcribed 

from RNA polymerase II in nucleus and produced the long primary transcript called 

pri-microRNA which is composed of several hundred nucleotides long (43, 75). Pri-

microRNA is processed by another class of RNase III enzyme called Drosha. Drosha 

is composed of  long N-terminal region, two RNase III domains and double-stranded 

RNA binding domain (dsRBD) (43, 75) . Drosha required a hairpin dsRNA with a 

loop of greater than 10 nucleotides as a specific substrate. This enzyme is associated 

with double-stranded RNA binding protein called Pasha which recognized the active 

site of RNase III domain of Drosha (43). The Drosha/Pasha complex activated the 

cleavage of  30 base pairs from the 10 nt loop resulting in the ~70 nucleotides stem 

loop product called pre-miRNA which contains 2 nucleotides 3’ overhang at the 

terminus (43, 75). The pre-miRNA is then exported from the nucleus to the cytoplasm 
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by exporting factor, exportin-5, which directly and specifically binds to the pre-

miRNA (43, 76). In the cytoplasm, Dicer enzyme recognizes 2 nucleotides 3’ 

overhang of Pre-miRNA by using PAZ domain and generates the ~21-23 nucleotides 

mature miRNA (43). The mature miRNA is then transferred into RISC which has the 

Argonaute protein binding to the 5’end and the 3’end  of  mature miRNA by using 

PIWI and PAZ domain, respectively, similar to the siRNA (75). In human cell, 

Argonaute protein, eIF2C2, and two ribonucleoprotein complex of the ATP-dependent 

RNA helicase , Gemin 3 and Gemin 4 proteins, are found to be co-immunoprecipitate 

with miRNA in the RISC activity assay (77). In C. elegan, two Argonaute proteins, 

Alg-1 and Alg-2 are required for miRNA function similar to Rde-1 in siRNA function 

(78, 79). In Arabidopsis, AGO1 is required for miRNA function and PTGS (80). The 

perfectly match miRNA can act as a siRNA in the production of mRNA cleavage and 

degradation (81). However, binding of imperfect complementary miRNA to the 3’ 

untranslated region of  target gene cause the translational suppression which inhibits 

the expression at the level of protein synthesis (81). Conversely, imperfect 

complementary siRNA to the mRNA target can induce the translational inhibition as 

miRNA function (81).  In mammalian cell culture, siRNA can repress gene expression 

by forming the partial base-pairing to the 3’UTR of target mRNA without the effect to 

the mRNA stability (77). Therefore, the function of siRNA and miRNA in gene 

silencing, either trigger the degradation of target gene or activation of  translational 

repression, depends on the degree of the complementarity to the target gene (71-74,  

82-83) 
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Figure 11.  The model of the microRNA (miRNA) pathway (Modified from (43)) 
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CHAPTER II 

OBJECTIVE 
 

 

2.1 Rationale 

       Penaeus monodon or the black tiger shrimp, is the export product that has high 

commercial value in Thailand. However, the shrimp farming in our country has 

encountered several problems with viral infectious diseases, such as, diseases from 

Yellow Head Virus and white spot syndrome virus, which cause a collapse in shrimp 

production and thus affect the economy of our country. As such, the mechanism of 

RNA interference has been developed to control viral replication in the shrimp. 

Therefore, understanding of the function of Argonaute protein which is a key 

component in RISC will improve the understanding of RNAi pathway that has become 

a potential way to prevent viral infectious disease in this economically important 

species.  

 

2.2 Objective 

 The objectives of this thesis are 

        - To clone and characterize Argonaute cDNA that encodes Argonaute protein       

from P. monodon 

        - To investigate whether Argonaute plays role in RNAi pathway in P. monodon.  
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CHAPTER III 

MATERIALS 

 

 
3.1 Materials   

       3.1.1 Bacterial strain 

          Escherichia coli, DH5α [supE44∆lacU169(Φ80 lacZ ∆M15)hsdR17 recA1  

endA1 gyrA96 thi-1 relA1] was used as a host for plasmid propagation. 

 

 3.1.2 Culture media 

                3.1.2.1   Bacterial culture media 

-LB medium : 1.0% (w/v) tryptone, 0.5%(w/v) yeast extract, 1.0% (w/v) NaCl, pH 7.5 

-LB agar        :  LB broth with 2.0%(w/v) agar 

                          The E. coli transformants were grown in LB/Ampicillin medium 

containing 100 µg/ml Ampicillin. 

-SOB medium : 2% (w/v) bacto tryptone, 0.5% (w/v) yeast extract, 10 mM  NaCL, 2.5 

mM KCL, 10 mM MgCl2 and 10 mM MgSO4 

 

3.1.2.2  Primary cell culture medium  

-Leibovitz’s L-15 medium : Leibovitz’s L-15 powder, 1% D-Glucose and 0.5% NaCl, 

pH 7.5 

-Washing medium : 2X-Leibovitz’s L-15 medium, 1% D-Glucose, 0.5% NaCl, 200 

IU/ml penicillin, and 200 ug/ml streptomycin 

-Working medium : 2X-Leibovitz’s L-15 medium, 1% D-Glucose, 0.5% NaCl, 200 

IU/ml penicillin, and 200 ug/ml streptomycin supplemented with 15% (v/v)  fetal 

bovine serum, 15% shrimp meat extract and 5% (v/v) lactabumin  
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3.2 Enzymes and accessory buffers 

      Restriction enzymes and other modification enzymes were purchased from New 

England Biolabs, USA; Promega, USA; Gibco BRL, USA. The restriction enzymes 

used in this study are listed in Table1. 

 

Table 1. Restriction enzymes and optimal condition for digestion 

 

            Enzymes    Recognition sequences           Optimal condition 
Buffer/Incubation Temperature 

              EcoR I          GvAATTC 
 

               H/37°C 
                                                    

              Nco I          CvCATGG 
 

               H/37°C 
 

              Pst I 
 

         CTGCAvG                H/37°C 

              Sal I          GvTCGAC 
 

               D/37°C 

              Xba I          TvCTAGA 
 

               D/37°C 
 

             Xho I          CvTCGAG 
 

               D/37°C 

 
Note: In the second coloumn, v indicates the cleavage site 

Buffer D : 6 mM  Tris-HCl (pH 7.9), 6 mM MgCl2, 150 mM NaCl, 1 mM DTT 

Buffer H : 90 mM  Tris-HCl (pH 7.5), 10 mM MgCl2, 50 mM NaCl 

 

3.3 Cloning vectors 

       The pGEM®-T Easy (Promega) and pUC 18 (kindly provided Miss Supattra 

Treerattrakool) were used as cloning vectors. The detail about these vectors is given in 

Figure 1 and 2 and Table 2. 
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Figure 12. The physical map of pGEM®-T Easy vector (Promega) 

       The pGEM®-T Easy vector is suitable for cloning of PCR product. It 

contains a 3' terminal thymidine added to both ends, which is compatible with a single 

deoxyadenosine overhang at 3' end of PCR product generated by certain thermostable 

polymerases.  
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Figure 13. The physical map of pUC 18 vector  

       The pUC 18 vector is suitable for cloning of DNA fragment. It contains 

multiple-cloning sites on lac Z region. The DNA fragment insertion can be verified by 

using plates containing IPTG and X-Gal.   
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Table 2. Cloning vectors and descriptions 

 
Plasmids 
 

    Description Marker in E. coli Figure 

pGEM®-T Easy -contain a single 
3’terminal thymidine at 
both end of linearized 
vector which make the 
high efficiency of the 
ligation  
-contain the lac Z 
reporter gene and 
multiple cloning site 
 

   lac Z and Ampr     1 

pUC 18 -contain lac promoter for 
expression of cloned 
DNA 
-containing the lac Z 
reporter gene and 
multiple cloning site 
 
 

   lac Z and Ampr          2 

 
 
3.4 Miscellaneous 

-Deoxynucleotide Triphosphate (dNTPs)                                Promega 

-RiboMAXTM Large Scale RNA production System                    Promega 

   –T7 and SP6 RNA polymerase 

-QIAquick Gel Extraction Kit                                                      QIAGEN 

-QIAprep Spin Miniprep Kit                                                               QIAGEN 

-MEGAscript® RNAi Kit                                                                    Ambion                                          

 

3.5 Oligonucleotides 

      The oligonucleotide primers were custum-ordered from Proligo Singapore Pty Ltd. 

The sequence of all oligonucleotides are shown in Table 3 and the  recognition sites of 

restriction enzymes are underlined. 
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Table 3. The detail of oligonucleotide primers 

 
Experiment   Primer 

  name 
 

                               Sequence (5’-3’)     
Tm    
   
(°C) 

Reverse 
transcription 

 
PRT  

 
 
CCGGAATTCAAGCTTCTAGAGGATCCTT(T)14   
  

 
   
69.9 

Reverse  
transcription 

 
PM-1 

 
 
CCGGAATTCAAGCTTCTAGAGGATCC  

 
   
60.5 

3’RACE AGO1 CA(gA)CC(I)Tg(CT)TT(CT)Tg(CT)AA(gA
)TA(CT)gC  
 

   48 

3’RACE RISC2R gT(Ag)Tg(Ag)Tg(AgTC)C(gT)(TC)TT 
(TC)Tg  

   50 

3’RACE AGO/S1 TCTACAAGTCTACGCGGTTC     60 
3’RACE AGO/S2 ATGAGAGAGGCTTGCATAAA     56 
5’RACE dAGOF1 CCCTCGCAGTGGAAGATGATG     57 
5’RACE 5’AGOR1 AGTGTCACCCACACGCTTCAC     55 
5’RACE 5’RACE4 CCCTTAATTTCTTTTGTGAACTTGA     53 
Coding 
sequence 

 
AGOExF 

 
TGGAATTCGTCGACAAAAGAATGTACCCTGTTGG
GCAGC  

   76 

coding 
sequence 

 
AGOExR 

 
ACTCTAGATTAAGCAAAGTACATGACTCTGTTTG  

   59 

dsRNA 
template 

PAZ-F TTTATGTGTGAAGTGTTAGATATTCGAG     53 

dsRNA 
template 

PAZ-R CATGGTAGATGTCTGCATGTCTGT     53 

dsRNA 
template 

PIWI-F CAGCTTGTATGTGTTGTTCTACCAGG     56 

dsRNA 
template 

PIWI-R GAGATGATAACGAGCCCTGAAGG     56 

dsRNA 
template 

dsAGOF1 ACGTGACAGGGTGTTCAAGGTAG     55 

dsRNA 
template 

dsAGOR1 TGTATTGCATCATAAGGAATGGTTC     54 

dsRNA 
template 

dsAGOF2 AGACAGAATGGATCAACAACAC     48 

dsRNA 
template 

dsAGOR2 TGAGCAGCTCCTTCACCATAG     52 

  

EcoR I Hind III Xba I BamH I 

EcoR I Hind III Xba I BamH I 

EcoR I Sal I 

Xba I 
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3.6 Shrimp specimens 

       Black tiger shrimps (P. monodon) were purchased from shrimp farms in 

Chachoengsao, Phatumthani, Samutprakarn and Samutsongkharm provinces of 

Thailand.  
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CHAPTER IV 

METHODS 

 

 

 

4.1 Amplification of a cDNA encoding Argonaute protein  of Penaeus monodon 

(Pem-AGO) 

       4.1.1 First strand cDNA synthesis via reverse transcription (RT) 

                The total RNA from the lymphoid organ of P. monodon (kindly provided by 

Miss Supattra Treerattrakool) was used as a template to generate first-strand cDNA in 

a reverse transcription reaction. Total RNA (about 1 µg) was mixed with 500 nM of 

oligo-dT (PRT) primer in a final volume of 5 µl RNase-free water. The mixture was 

heated at 70°C for 5 min and quickly chilled on ice for 5 min. Then the following 

components were added to the mixture; 4 µl of  5X  Improm-IITM reaction buffer, 

2.4 µl of 25 mM MgCl2 ,1 µl of dNTP mix (10 mM each), 0.5 µl of 40 unit RNasin 

ribonuclease inhibitor (Promega), 1 µl of Improm-IITM  Reverse-Transcriptase 

(Promega) and RNase-free water to a final volume of 20 µl. The reaction was 

incubated at 25 °C for 5 min to allow binding of oligo-dT primer to the poly A of 

mRNA template. Then the temperature was raised to 42°C for 60 min to synthesize the 

first stranded DNA, and finally the reverse transcription reaction was inactivated at 

70°C for 15 min. These incubation steps were performed in a GeneAmp®PCR System 

2400 Thermal Cycler (PE applied Biosystems). 

 

       4.1.2 Amplification of partial Pem-AGO cDNA (fragment 1) by Polymerase 

chain reaction (PCR) 

                 The first strand cDNA was subjected to the amplification of the partial 

cDNA encoding Argonaute protein using degenerate primers, AGO1 and RISC2-R. 

The PCR reaction was performed in the volume of 25 µl containing of 17.75 µl of 

RNase-free water, 2.5 µl of 10X thermophilic polymerase reaction buffer, 2 µl of 25 
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mM MgCl2, 0.5 µl of dNTP mix (10 mM each), 0.5 µl of 10 µM AGO1 upstream 

primer, 0.5 µl of 10 µM RISC2-R downstream primer and 1 µl of the first strand 

cDNA. After incubating the mixture at 94°C for 3 min, 0.25 µl of 1.25 unit Taq DNA 

polymerase (Promaga) was added. Amplification was performed with 35 reaction 

cycles, each comprising of denaturation at 94°C for 30 sec, annealing at 48°C for 30 

sec and extension at 72°C for 1 min. The last PCR cycle was followed by a 7 min 

extension at 72°C for 7 min.  

 

       4.1.3 Amplification of the 3’ region (fragment 2) of Pem-AGO cDNA by 3’ 

Rapid  Amplification of cDNA ends (3’RACE)  

                 The first strand cDNA was subjected to amplification of the 3’ end of 

Argonaute cDNA using specific primers, AGO/S1 and AGO/S2. The PCR reaction 

was the same as described earlier for the first amplification using degenerate primers, 

except that 0.5 µl of 10 µM AGO/S1 and 0.5 µl of 10 µM PM-1 primers were used 

instead of AGO1 and RISC2-R respectively. The amplification step was performed as 

the previous step, except that the annealing was carried out at 55°C.  Then, the nested 

PCR conducted by AGO/S2 and PM-1 primers was amplified to increase specificity 

using the same condition, except the annealing temperature at 50°C was used.   

 

      4.1.4 Amplification of the 5’ region of Pem-AGO cDNA  

               4.1.4.1 Amplification of partial 5’ sequence (fragment 3) of Pem-AGO 

                 cDNA 

                            The first strand cDNA from 4.1.1 was used as a template to amplify 

partial 5’ region of Pem-AGO cDNA using two specific primers; dAGOF1 which was 

designed from the conserved nucleotide sequence of D. melanogaster’s Argonaute 1 

and 5’AGOR1 which was designed from the nucleotide sequence of the 3’RACE 

fragment. The PCR reaction was set up as previous step with 0.5 µl of 10 µM 

dAGOF1 and 0.5 µl of 10 µM 5’AGOR1 primers and the annealing took place at 

55°C.  
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               4.1.4.2 Amplification of the 5’ end of Pem-AGO cDNA (fragment 4) by    

                           5’RACE  

                          4.1.4.2.1 First strand cDNA synthesis via reverse transcription             

                                         (RT) 

                                         The total RNA from the lymphoid organ of P. monodon was 

used as a template to generate the first strand cDNA in a reverse transcription reaction 

similar to 2.1.1 except that 500 nM of 5’RACE 1 primer was used in the reaction 

instead of oligo-dT primer.  

 

                          4.1.4.2.2 Tailing of the cDNA with dATP 

                                          The poly A tail was added to the 3’end of the first strand 

cDNA by the action of terminal deoxynucleotidyl transferase (Promega). The final 

volume of 25 µl contained 10 µl of the RT product from 2.3.2.1, 10 mM of dATP and 

5 µl of 5X TdT buffer [100 mM cacoadylate buffer (pH 6.8), 1 mM CoCl2 and 0.1 mM 

DTT]. The mixture was incubated at 94ºC for 3 min and chilled on ice. The reaction 

was added with 15 unit (1 µl) of terminal deoxynucleotidyl transferase and incubated 

at 37ºC for 20 min. Finally, the reaction was inactivated by further incubated at 65ºC 

for 10 min.  

 

         4.1.4.2.3 Amplification of the 5’end of Argonaute cDNA by PCR 

                    The dATP-tailed first strand cDNA was subjected to 

amplification using 5’RACE 4 gene specific primer, designed from the conserved 

nucleotide sequence, and oligo-dT primer in the PCR reaction as described in previous 

steps with the annealing temperature of 55°C. 

 

4.2 Amplification of the cDNA coding sequence of Argonaute protein by 

PhusionTM DNA polymerase 

        The first-strand cDNA generated by oligo-dT primer from 4.1.1 was used as a 

template to amplify the coding sequence of Argonaute cDNA using 5’and 3’gene 

specific primers, AGOEx-F and AGOEx-R, that were designed based on the sequence 

from the start and stop codons of the 5’ and 3’ RACE products, repectively. The PCR 

reaction was performed in the volume of 25 µl composing of 12.5 µl of RNase-free 
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water, 5 µl of 5X thermophilic polymerase reaction buffer, 0.75 µl of DMSO, 0.5 µl of 

dNTP mix (10 mM each), 0.5 µl of 10 µM AGOEx-F upstream primer, 0.5 µl of 

10 µM AGOEx-R downstream primer and 1 µl of the first strand cDNA. After 

incubating the mixture at 98°C for 3 min, 0.25 µl of 1.25 unit PhusionTM DNA 

polymerase was added. Amplification was performed with 35 cycles, each comprising 

of denaturation at 98°C for 10 sec, annealing at 55°C for 30 sec and extension at 72°C 

for 90 sec. The last PCR cycle was followed by an extension at 72°C for 10 min.  

 

4.3 Agarose gel electrophoresis 

      Gel electrophoresis was used for determining the size of PCR products. To prepare 

the gel, 1% (w/v) or appropriate amount of agarose in 1X TBE buffer [45 mM Tris-

borate, 1 mM EDTA] was melted and poured into edge-sealed plastic tray. A comb 

was inserted in order to form the sample slot. After the agarose gel was completely set 

(20-30 min at room temperature), the comb was carefully removed and the gel was 

installed on the platform in the electrophoresis chamber containing 1X TBE buffer. 

The DNA samples were mixed with 30% (v/v) gel-loading buffer [25% (v/v) glycerol, 

60 mM EDTA, 0.25% (W/V) Bromophenol Blue] and slowly loaded into the slots of 

the submerged gel. The electrophoresis was carried out with a constant voltage at 80 V 

for 90 min. After electrophoresis, the gel was stained with a staining solution 

containing 2.5 µg/ml of ethidium bromide (EtBr) and destained with water for 10-15 

min. The DNA pattern was visualized under UV light [Gel Doc model 1000 (BIO-

RAD, USA)] and photographed. 

 

4.4 Purification of DNA using QIAquick Gel Extraction Kit (QIAGEN) 

      The expected DNA fragment was excised from agarose gel with a clean razor 

blade under a long wavelength UV light for the shortest possible time. The gel slice 

was transferred to a microcentrifuge tube and the volume of the gel was approximately 

determined (0.1 g equals approximately 100 µl). Then the DNA fragment was purified 

using a QIAquick GEL Extraction Kit following the manufacturer’s protocol. Three 

volumes of QG buffer were added to 1 volume of the gel, then the mixture was 

incubated at 50°C for 10 min or until the gel slice was completely dissolved. The 
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mixture was transferred to the QIAquick column inserted in 2 ml collection tube. The 

column was centrifuged at 13,000 rpm for 1 min at room temperature. The flow-

through solution was discarded. The 0.5 ml of QG buffer was added to the column and 

centrifuged for 1 min as the previous step. After the flow-through solution was 

removed, the column was washed by adding 0.75 ml of PE buffer and centrifuged for 

1 min. In order to collect the eluted DNA, the column was placed on a fresh microtube 

and 20 µl of EB buffer was applied. The column was left at room temperature for 10 

min before centrifugation. Finally, the concentration of the eluted DNA was 

determined by agarose gel electrophoresis.  

   

4.5 DNA ligation  

       The purified DNA fragment was ligated to the plasmid vector as follows. The 

ligation mixture was performed using the catalytic reaction of T4 DNA ligase to 

regenerate phosphodiester bonds between 3’-hydroxyl and 5’-phosphate termini in 

DNA. A final volume of 10 µl reaction contained a mixture of digested plasmid 

vectors and the DNA fragments at the molar ratio of 1:3 in 1X Ligase Reaction Buffer 

[50 mM Tris-HCL, pH 7.6, 10 mM MgCl2, 1 mM ATP, 1 mM DTT, 5%(W/V) 

polyethylene glycol-8000] and 1 unit T4 DNA ligase.  The ligation was incubated at 

4°C for 12-16 hr. 

 

4.6 Preparation of competent cells  

       A single colony of E. coli strain DH5α was inoculated into 25 ml of SOB 

medium, pH 7.0 [2% (w/v) bacto tryptone, 0.5% (w/v) yeast extract, 10 mM NaCL, 

2.5 mM KCL, 10 mM MgCl2 and 10 mM MgSO4] in 250 ml flask. The cells were 

incubated at 18ºC with vigorous shaking for 24 h. The overnight culture was 

transferred into 250 ml of SOB medium and incubated at 18ºC with vigorous shaking 

until OD600 reached 0.4-0.6. The culture was placed on ice for 10 min before 

transferred to 500 ml centrifuge bottle and centrifuged at 2,500 x g, 4ºC for 10 min. 

The cell pellet was resuspended in 80 ml of ice-cold TB buffer, pH 6.7 (10mM PIPES, 

55 mM MnCl2, 15 mM CaCl2 and 250 mM KCL),  incubated on ice for 10 min and 

centrifuged at 2,500 x g, 4ºC for 10 min. The cells were resuspended in 20 ml of ice-

cold TB buffer. Dimethyl sulfoxide (DMSO) was added with gently swirling to a final 
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concentration of 7% (v/v) then the culture was incubated on ice for 10 min. The 

resulting competent cells were stored at -80ºC as 200 µl aliquots in microtubes.  

 

4.7 Transformation of competent E.coli DH5α 

       The ligation products or plasmid DNA were used for transformation to E. coli 

cells. A volume of 10 µl of ligation product was transferred to 100 µl of competent 

cells, mixed gently by flicking the tube and incubated on ice for 30 min. The cells 

were heat-shocked at 42°C for exactly 90 sec and immediately chilled on ice for 2 

min. Then 900 µl of LB medium was added and the mixture was incubated at 37°C 

with shaking for 1 hr. The transformed cells were collected by centrifugation at 13,000 

x g for 30 sec and suspended in 600 µl of LB medium. Finally, 200 µl of suspended 

cells were spread on each LB agar plates containing 100 µg/ml of ampicillin. The 

transformants were allowed to grow by incubation at 37°C overnight. 

 

4.8 Plasmid extraction from E. coli using CTAB method  

      Plasmids were prepared based on the use of the cationic detergent 

cetyltrimethylammonium bromide (CTAB) for DNA precipitation. A single colony of 

bacteria was inoculated in 3 ml of LB medium containing 100 µg/ml ampicillin. After 

overnight growth in a 37°C shaker incubator, cells were harvested in a 1.5 ml 

microcentrifuge tube by spinning at 13,000 x g for 30 sec. Then, the pellets were  

suspended in 350 µl of STET buffer [8% (w/v) sucrose, 50 mM EDTA, 0.1% (w/v) 

Triton X-100, 50 mM Tris-HCL, pH8.0]. After vortexing, 25 µl of lysozyme solution 

(10 mg/ml) was added and the mixture was incubated at room temperature for 5-10 

min. The samples were then placed in a boiling waterbath for 45 sec, followed 

immediately by incubating on ice for 30 sec and then centrifuged at 13,000 x g for 10 

min. After discarding the pellet, 35 µl of 5% (w/v) CTAB solution was added and then 

centrifuged at 13,000 x g for 10 min. The supernatant was removed and 300 µl of 1.2 

M NaCl was added to resuspend the pellet. After vortexing, 1 µl of 10 mg/ml RNase A 

was added with incubation at 37°C for 1 hr. Then, the proteins were removed by 

adding an equal volume of phenol/chloroform and mixed by shaking for 30 sec. The 

samples were subsequently centrifuged at 13,000 x g for 10 min to separate the 



Fac. of Grad. Studies, Mahidol Univ.                                                M.Sc. (Mol. Genet. Genet. Eng.) / 39 
 

aqueous phase from the organic phase. The clear aqueous phase was transferred to a 

new tube. Then 2 volumes of pre-cooled absolute ethanol was added and incubated at -

30°C for 20 min. The DNA pellets were recovered by centrifugation at 13,000 x g, 

4°C for 10 min. Finally, the DNA pellets were washed with 70% ethanol, air dried, 

and resuspended in 15-20 µl of milli-Q water. 

 

4.9 Plasmid DNA extraction using QIAprep Spin Miniprep Kit (QIAGEN) 

       The overnight bacterial culture was collected by centrifugation at 13,000 x g for 

30 sec at room temperature, and the supernatant was discarded.  The cell pellet was 

resuspended with 250 µl of Buffer P1 and then added with 250 µl of Buffer P2. The 

mixture was gently mixed by inverting the tube for 4-6 times. A volume of 250 µl of 

Buffer N3 was added and the tube was gently inverted for 4-6 times, then centrifuged 

at 13,000 rpm for 10 min. The supernatant was transferred to the QIAprep spin column 

and centrifuged at 13,000 rpm for 1 min. The flow-through solution was discarded and 

750 µl of Buffer PE was added. After centrifugation for 1 min, the flow-through was 

removed and the additional centrifugation for 1 min was required to remove the 

residual wash buffer. The QIAprep column was placed in a fresh 1.5 ml 

microcentrifuge tube and the plasmid DNA was eluted by adding 20 µl of Buffer EB 

[10 mM Tris-Cl (pH 8.5)], left standing for 1 min and followed by centrifugation for 1 

min to collect DNA solution.  

 

4.10 Screening for recombinant clones by restriction enzyme analysis 

        After plasmid DNA was extracted from E. coli cells, the recombinant plasmids 

were digested with appropriate restriction enzymes. The final volume of 20 µl 

contained 2 µl of 10X Buffer H, 0.5 µl of 10 unit of restriction enzyme, 1 µl (1 µg) of 

plasmid DNA and RNase-free water to final volume 20 µl. The reaction was incubated 

at 37°C for 1 hr. Then, the pattern of digested DNA was analyzed by electrophoresis 

on 1% agarose gel. 
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4.11 DNA Sequencing and data analysis 

         The DNA sequences of selected clones were determined at DNA sequencing 

service either Macrogen (www.macrogen.com) or Institute of Molecular Biology and 

Genetics (Mahidol University). The sequencing data were compared against the 

nucleotide sequences in all non-redundant databases using the blastn program at www. 

ncbi.nlm.nih.gov/blast. The nucleotide sequences were translated to amino acid 

sequences using the transeg program at www.mb.mahidol.ac.th/ tools/EMBOSS, and 

the amino acid sequences were searched for homology using the blastp program at 

www. ncbi.nlm.nih.gov. Multiple sequence alignments were later performed using the 

Vector NTI , Clustal X and GeneDoc programs. 

 

4.12 Amplification of short DNA templates for the synthesis of double-stranded 

RNA by Vent DNA polymerase (Biolabs)   

         The small DNA templates for double-stranded RNA (dsRNA) synthesis were 

amplified using first strand cDNA synthesized by oligo-dT primer as a template. Three 

sets of forward and reverse specific primers, dsAGOF1-dsAGOR1, dsPIWIF-dsPIWIR 

and dsPAZF-dsPAZR were designed from non-conserved (the first pair) and 

conserved region (second and third pair) in the coding sequence of Argonaute cDNA, 

respectively. The amplification was performed in the volume of 25 µl containing of 

15.75 µl of RNase-free water, 2.5 µl of 10X thermophilic polymerase reaction buffer, 

0.5 µl of dNTP mix (10 mM each), 2.5 µl of 10 µM of µpstream primer (dsAGOF1, 

dsPIWIF or dsPAZF), 2.5 µl of 10 µM of downstream primer (dsAGOR1, dsPIWIR or 

dsPAZR) and 1 µl of the first strand cDNA. After incubating the mixture at 95°C for 3 

min, 0.25 µl of 1.25 unit Vent DNA polymerase was added. Amplification was 

performed with 35 cycles, each comprising of denaturation at 93°C for 10 sec, 

annealing at 45°C (dsAGOF1-dsAGOR1) or at 50°C (dsPIWIF-dsPIWIR and 

dsPAZF-dsPAZR) for 10 sec and extension at 72°C for 1 min. The last PCR cycle was 

followed by a final extension at 72°C for 7 min.  
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4.13 Amplification of the short DNA template for the synthesis of double-

stranded RNA by Taq DNA polymerase 

         The third pairs of primer, dsPAZ-F and dsPAZ-R, were designed from conserved 

PAZ domain of Argonaute cDNA. The amplification was performed in the volume of 

25 µl containing of 17.75 µl of RNase-free water, 2.5 µl of 10X thermophilic 

polymerase reaction buffer, 2 µl of 25 mM MgCl2, 0.5 µl of dNTP mix (10 mM each), 

0.5 µl of 10 µM AGO1 µpstream primer, 0.5 µl of 10 µM RISC2-R downstream 

primer and 1 µl of the first strand cDNA. After incubating the mixture at 94°C for 3 

min, 0.25 µl of 5 unit Taq DNA polymerase (Promaga) was added. Amplification was 

performed with 35 reaction cycles, each comprising of denaturation at 94°C for 30 sec, 

annealing at 48°C for 30 sec and extension at 72°C for 1 min. The last PCR cycle was 

followed by a 7 min extension at 72°C for 7 min.  

 

 4.14 Synthesis of double-stranded RNA by in vitro transcription using 

RibomaxTM Large Scale RNA Production System-T7 RNA polymerase (Promega) 

            The PCR product from 3.14 was then ligated to pGEM®-T Easy vector and 

transformed into E. coli DH5α as described in 3.7 and 3.8. The direction of the insert 

fragment was determined by DNA sequencing. The clone that contained the insert in 

either forward and reverse direction related to the T7 promoter were selected as a 

template for in vitro transcription of the sense or antisense.   

 

            4.14.1 In vitro transcription of sense and antisense-strand RNA 

                       A plasmid DNA template was linearized with an appropriate restriction 

enzyme (Sal I) before subjected to in vitro transcription to produce an RNA of defined 

length. The linearized DNA was heated in a waterbath at 65°C to inactivate the 

enzyme followed by ethanol precipitation. Then the template was used in the synthesis 

of RNA by setting up the reaction at room temperature. The reaction was performed in 

100 µl reaction mixture containing 20 µl of T7 Transcription 5X Buffer (400 mM of 

HEPES-KOH (pH 7.5), 120 mM of MgCl2, 10 mM of spermidine and 200 mM of 

DTT), 30 µl of rNTPs (25 mM each of ATP, CTP, GTP, UTP), 40 µl of 10 µg of 

linear DNA template, 10 µl of T7 RNA polymerase. The reaction was mixed and 
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incubated at 37°C for 4 hr. Then 10 µl of RNase-Free DNase (1u/ug) was added to the 

reaction to remove the DNA template following transcription. The sample was 

incubated at 37°C for 15 min. Then 1 volume of TE (10 mM of Tris-HCL, pH 8.0 and 

1 mM of EDTA, pH 4.5)-saturated phenol:chloroform:isoamyl alcohol (25:24:1) was 

added. The reaction was vortexed for 1 min and centrifuge at 13,000 x g, 4°C for 2 

min. The upper aqueous phase was transferred to a fresh microtube and added with 1 

volume of chloroform:isoamyl alcohol (24:1). The reaction was vortexed for 1 min 

and centrifuge similar to the previous step. After the upper aqueous phase was 

transferred to a fresh microtube, 0.1 volume of 3M Sodium Acetate (pH 5.2) and 1 

volume of isopropanol was added and placed on ice for 5 min. The reaction was 

centrifuged at 13,000 x g, 4°C for 10 min followed by washing with 1 ml of 70% 

ethanol. After centrifugation at 13,000 x g, 4°C for 5 min, the supernatant was 

discarded and the pellet was air-dried and resuspended with 50 µl of RNase-free water. 

 

            4.14.2 Synthesis of double-stranded RNA 

                       Two direction of single-stranded RNA (sense and antisense) from the 

previous step were annealed to synthesize double-stranded RNA. The annealing 

reaction contained 20 µl of 5X annealing buffer (100 mM of Potassium acetate, 30 

mM of HEPES-KOH (pH 7.4) and 30 mM of MgOAC), the equal concentration of 

sense and antisense single-stranded RNA and RNase-free water to a final volume of 

100 µl. The sample was heated to denature at 90°C for 2 min. The temperature was 

gradually decreased to 37°C and hold for 1 hr. The reaction was placed at room 

temperature for another 1 hr. The sample was analyzed on agarose gel electrophoresis 

and store at -20°C.    

 

             4.14.3 Digestion of remaining single-stranded RNA in the double-

stranded  RNA  reaction   

                           The excess single-stranded RNA that remained after the annealing 

reaction was degraded by digestion with RNase A. The digested reaction containing 

2 µl of 5X RNaseA buffer (300 mM of Sodium acetate, 100 mM of Tris, pH 8.0 and 5 

mM of EDTA, pH 8.0), 2-5 µg of double-stranded RNA, 1 µl of 0.1ug/ul RNase A 
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and the RNase-free water to 10 µl. The reaction was incubated at 37°C for 10 min. 

The sample was analyzed on agarose gel electrophoresis. 

 

             4.14.4 Precipitation of double-stranded RNA from the enzymatic reaction 

                         The equal volume of TE-saturated phenol:chloroform:isoamyl alcohol 

(25:24:1) was added to the digestion reaction. The reaction was vortexed for 1 min and 

centrifuge at 13,000 x g, 4°C for 5 min. The upper aqueous phase was transferred to a 

new tube and added with equal volume of chloroform. The mixture was vortexed for 1 

min and centrifuge similar to the previous step. After the upper aqueous phase was 

transferred to a fresh microtube, 0.1 volume of 3M Sodium Acetate (pH 5.2) and 1 

volume of isopropanol was added and incubated at -30°C for 1 hr. The sample was 

centrifuged at 13,000 x g, 4°C for 15 min. The supernatant was removed and 1 ml of 

70% ethanol was added to the pellet. After centrifugation at 13,000 x g, 4°C for 5 min, 

the supernatant was discarded and the pellet was air-dried and resuspended with 50 µl 

of RNase-free water.  

 

4.15 In vivo stem-loop production (Bacterial expression) of double-stranded RNA 

of yellow head virus (YHV) and green fluorescense protein (GFP) 

         The single colony of YHV (or GFP) pET3a plasmid (obtained from Miss 

Supansa Yodmuong) was inoculated into 4 ml of LB medium (1.0% (w/v) tryptone, 

0.5% (w/v) yeast extract, 1.0% (w/v) NaCl, pH 7.5) containing 12 µg/ml of tetracyclin 

and 100 µg/ml of Ampicillin and incubated at 37°C overnight with vigorous shaking. 

The 0.5 ml of overnight culture was transfered into 50 ml of 2XYT medium and 

incubated at 37°C with vigorous shaking until OD600 reached 0.6-0.7. Then the culture 

was induced with 0.4 mM IPTG for 4 hr until OD600 reached 1.0. The cell was 

centrifuged at 6,000 x g, 4ºC for 10 min to collect the pellet and resuspended in 0.1% 

SDS in PBS. The sample was boiled for 2 min followed by RNase A digestion to 

degrade the loop from the double-stranded RNA. The reaction was supplied with 5X 

RNase A buffer and 50 µg of RNase A. After the reaction was incubated at 37°C for 

15 min, the double-stranded RNA was isolated with TRI-REAGENT®. The 5 ml of 

TRI-REAGENT® was added to the reaction and mixed by vortexing. The 1 ml of 
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chloroform was added and incubated at room temperature for 15 min. The mixture was 

centrifuged at 10,000 x g for 10 min at 4ºC. The upper phase was collected and added 

with 2.5 ml of isopropanol for precipitation at -20ºC for overnight. Then the mixture 

was centrifuged at 10,000 x g for 15 min at 4ºC. The supernatant was discarded and 1 

ml of 75% ethanol was added to the pellet followed by centrifugation at 7,500 x g for 

5 min at 4ºC. Finally, the pellet was  resuspended with 150 mM NaCl and stored at - 

20ºC.  

 

4.16 Determination of RNA concentration and purity 

         The concentration and purity of RNA was determined by using 

spectrophotometer at wavelength 260 nm and 280 nm. The final RNA concentration 

was measured by spectrophotometer at wavelength 260 nm and  was calculated by the 

following formula. 

 

RNA concentration (µg/µl) = [A260 x (dilution factor) x 40] / 1000 

 

The RNA purity was determined by the absorbance ratio of A260/A280. A ratio of 1.8-

2.0 indicated that RNA samples were relatively pure.  

 

4.17 Electrophoresis of RNA 

         The RNA sample was analyzed in 1.2% agarose gel containing 0.48 g of 

agarose, 2.2 ml of 37% formaldehyde, 4 ml of 10x MOPS buffer (200 mM of MOPS, 

50 mM of sodium acetate and 10 mM of EDTA) and 33.8 ml of DEPC-water. The 

prepared RNA sample [3 µl of the RNA samples (3 µg), 9.5 µl of RNA loading buffer 

(360 µl of formamide, 80 µl of 10X MOPS buffer, 130 µl of 37% formaldehyde, 50 µl 

of sterile water, 50 µl of EtBr (10 mg/ml), 40 µl of sterile glycerol and 40 µl of 

saturated Bromophenol Blue in sterile water)] were heated at 65º C for 15 min and 

loaded onto the gel immersed in 1X MOPS buffer. The pattern of RNA was visualized 

under UV light. 
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4.18 RNA isolation 

         The lymphoid cell (or a pair of lymphoid organs) was homogenized in 600 µl of 

TRI-REAGENT®. After homogenization, 200 µl of chloroform was added and 

incubated at room temperature for 15 min. The mixture was centrifuged at 12,000 x g 

for 10 min at 4ºC. The upper phase was collected and added with 500 µl of 

isopropanol for precipition at -20ºC for overnight. Then the mixtue was centrifuged at 

12,000 x g for 15 min at 4ºC. The supernatant was discarded and 1 ml of  75% ethanol 

was added to the pellet followed by centrifugation at 7,500 x g for 10 min at 4ºC. 

Finally, the pellet was resuspended with RNase-free water and stored at -80ºC.  

 

4.19 Preparation of the primary cell culture from the lymphoid (Oka) organ of P. 

monodon 

         Primary cell cultures from the lymphoid (Oka) organ of P. monodon were 

established as described by Kasornchandra et al. (1999) and Assavalapsakul et al. 

(2003). The lymphoid organs, located at the anterior-ventral surface of 

hepatopancrease were dissected out from freshly killed P. monodon. The pooled 

lymphoid was washed five times in washing solution [2X-Leibovitz’s L-15 medium, 

1% of D-Glucose, 0.5% of NaCl, 5% lactabumin, 200 IU/ml penicillin, and 200 µg/ml 

streptomycin]. Then the collected tissue was transferred to working solution [2X-

Leibovitz’s L-15 medium, 1% of D-Glucose, 0.5% of NaCl, 200 IU/ml penicillin, and 

200 µg/ml streptomycin supplemented with 15% (v/v)  fetal bovine serum, 15% 

shrimp meat extract and 5% (v/v) lactabumin] in the cultured plate and minced into 

cell suspensions. Then the primary cell was transferred to 96-well tissue culture plate 

and incubated at 28ºC. Propagation of the cells was observed daily under an inverted 

microscope. 

 

4.20 Transfection of double-stranded RNA into primary lymphoid cell using 

TransMessengerTM Transfection Reagent 

          TransMessenger Transfection Reagent was used to transfect double-stranded 

RNA into eukaryotic cells. The reagent is based on the lipid formulation which is 

composed of the specific RNA-condensing reagent (or Enhancer R), an RNA-

condensing buffer (or Buffer EC-R) and TransMessenger Transfection Reagent. In the 
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first step, the double-stranded RNA was condensed with the specific RNA-condensing 

reagent (Enhancer R) in an RNA-condensing buffer (Buffer EC-R) in the ratio of 1 µg 

of double-stranded RNA to 2 µl of Enhancer R. The mixture was vortexed and 

incubated at room temperature for 5 min. In the second step, TransMessenger 

Transfection Reagent was added to the condensed double-stranded RNA in the ratio of 

1 µg of double-stranded RNA to 2 µl of TransMessenger Reagent. The mixture was 

vortexed and followed by incubating at room temperature for 10 min to allow the 

forming of TransMessenger-RNA complexes. Then 150 µl of medium (without serum 

or antibiotic to avoid RNase contamination) was added, mixed by pipetting and 

dropped on the cell plate. The plate was swirled gently to distribute the transfection 

solution and incubated at 26 ºC for 3 hr before removing the reagent. After the cell 

was washed with the antibiotic-free medium, the growth medium was added and 

followed by incubating at 26 ºC further. The cell was collected at different time point, 

24 h, 48h and 72 h, for RT-PCR analysis.     
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CHAPTER V 

RESULTS 
 

 

5.1 Cloning of a cDNA encoding Argonaute protein of P. monodon (Pem-AGO) 

       In order to obtain the nucleotide sequence of P. monodon’s Argonaute (Pem-

AGO) cDNA, four overlapping partial cDNA fragments that comprise the entire 

length of Pem-AGO cDNA were cloned by the combination of RT-PCR and RACE 

strategies. Briefly, the first partial cDNA fragment (fragment 1) was cloned by RT-

PCR with degenerate primers that were designed from the conserved sequences of 

Argonaute proteins. Then the nucleotide sequence of fragment 1 was used to design 

specific primers for 3’ RACE to amplify fragment 2 that contains the information at 

the 3’ end of the cDNA. The third fragment (fragment 3) containing partial 5’ 

sequence upstream of the fragment 1 was subsequently cloned by using specific 

primer to fragment 1 and another primer that was designed based on Drosophila’s 

AGO1 nucleotide sequence. Finally the 5’ sequence of Pem-AGO was completed by 

5’ RACE amplification of fragment 4. The relative locations of each fragments along 

the Pem-AGO cDNA is shown as diagram in Figure 14-15. 

         

        5.1.1 Amplification of partial cDNA (fragment 1) of Pem-AGO using 

degenerate primers 

                  Total RNA from the lymphoid organ was reverse-transcribed into cDNA 

using PRT primer. Then, the amplification of the partial cDNA of Argonaute protein 

was performed with degenerate primers, AGO1 and RISC2-R primers which were 

designed based on the conserved sequences among Argonaute proteins from several 

species (Table 4). The PCR product of the expected size about 800 bp was obtained 

(Figure 16). This PCR fragment was recovered from the gel, cloned into pGEM®-T 

Easy vector and transformed to E. coli DH5α.  
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Figure 14.  A schematic diagram representation of the amplification of fragments 

1 and 2 of Pem-AGO cDNA  
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Figure 15. A schematic diagram representation of the amplification of fragments 

3 and 4 of Pem-AGO cDNA 
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Argonaute Species AGO1 RISC2-R 

argo-A QPAIPFIS QKRHHTR 

zwille-A EPVIPIYS QKRHHTR 

argo1-D QPCFCKYA QKRHHTR 

eIF2C2-H QPCFCKYA QKRHHTR 

argo1-C QPCFCKYA QKRHHTR 

                                                                                         

                                             

Table 4.  Two degenerate primers designed from conserved amino acid blocks of 

Argonaute protein from different species (shown in bold)   

                    Argo-A and zwille-A are Argonaute protein of A. thilania, argo1-D are 

Argonaute protein of D. melanogaster,  eIF2C2 are Argonaute protein of  H. sapiens, 

argo1-C are Argonaute protein of  C. elegan.    
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Figure 16.  The PCR product of  the fragment 1 of Pem-AGO cDNA 

                    Total RNA from the lymphoid organ was used as a template for RT-PCR 

with AGO1 and RISC2-R primers. The amplification products were fractionated on 

1.2% agarose gel electrophoresis. Lane M is 100 bp DNA ladder. Lane 1 is the 

negative control which contained no cDNA template in the reaction. Lane 2 is the 

PCR product of fragment 1 that was amplified from AGO1 and RISC2-R primers. 
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          5.1.2 cDNA cloning and screening of recombinant clones 

                   Twenty recombinant clones were screened by restriction enzyme analysis 

with restriction endonuclease, EcoR I. The patterns of digestion products of some 

recombinant clones were shown in Figure 17. The clones that contained the correct 

insert fragment would generated 2 bands, a 3 kb of the vector and a 800 bp of the 

insert. Three recombinant clones, no. 1, 5, and 8 harboring the insert fragment of the 

correct size were selected for further characterization. 
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Figure 17.  Screening of recombinant clones containing fragment 1 by restriction 

enzyme analysis 

                    Randomly picked recombinant clones were digested with EcoR I. Lanes 

M1 and M2 are 100 bp DNA ladder and λBstE II marker, respectively. Lanes 1 and 2 

are undigested and EcoR I-digested plasmid of the blue colony that contains the vector 

alone. Lanes 3, 5 and 7 represent undigested plasmids of the white colonies number 1, 

5 and 8, respectively where as the EcoR I-digested plasmids of clones number 1, 5 and 

8 were shown in lanes 4, 6 and 8, respectively. 
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            5.1.3 Sequence analysis of recombinant clones 

                     The plasmids of the 3 selected clones were subjected to nucleotide 

sequencing. The nucleotide sequences of these clones were compared by Clustal X 

program. The sequence comparison showed that all three clones had almost identical 

nucleotide sequences except for a nucleotide substitution at position 62 in clone no. 1 

(Figure 18). Searching for significant similarity by blastn program 

(www.ncbi.nlm.nih.gov/blast) showed that the consensus nucleotide sequence shared 

the highest sequence similarity to Drosophila melanogaster Argonaute 1, dAGO1 

(CG6671-PB) at 78% identity.  Similar result was obtained where the blastp search 

revealed a 81% identity between the deduced amino acid sequence of fragment 1 to 

the amino acid sequence of dAGO1 (Figure 19).  
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                  *        20         *        40         *        60         *        80      
3RACE1 : CAGCCGTGCTTTTGTAAGTACGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCCGAAGAGCACATTCACCGG :  80
3RACE8 : CAGCCGTGTTTTTGCAAGTACGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGG :  80
3RACE5 : CAGCCGTGCTTCTGTAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGG :  80
         CAGCCGTGcTTtTGtAAGTAcGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCtGAAGAGCACATTCACCGG      
                                                                                               
                  *       100         *       120         *       140         *       160      
3RACE1 : TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG : 160
3RACE8 : TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG : 160
3RACE5 : TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG : 160
         TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG      
                                                                                               
                  *       180         *       200         *       220         *       240      
3RACE1 : GAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAATA : 240
3RACE8 : GAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAATA : 240
3RACE5 : GAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAATA : 240
         GAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAATA      
                                                                                               
                  *       260         *       280         *       300         *       320      
3RACE1 : AATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT : 320
3RACE8 : AATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT : 320
3RACE5 : AATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT : 320
         AATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT      
                                                                                               
                  *       340         *       360         *       380         *       400      
3RACE1 : GGGTGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT : 400
3RACE8 : GGGTGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT : 400
3RACE5 : GGGTGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT : 400
         GGGTGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT      
                                                                                               
                  *       420         *       440         *       460         *       480      
3RACE1 : CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA : 480
3RACE8 : CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA : 480
3RACE5 : CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA : 480
         CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA      
                                                                                               
                  *       500         *       520         *       540         *       560      
3RACE1 : GTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGGTG : 560
3RACE8 : GTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGGTG : 560
3RACE5 : GTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGGTG : 560
         GTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGGTG      
                                                                                               
                  *       580         *       600         *       620         *       640      
3RACE1 : AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA : 640
3RACE8 : AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA : 640
3RACE5 : AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA : 640
         AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA      
                                                                                               
                  *       660         *       680         *       700         *       720      
3RACE1 : GGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC : 720
3RACE8 : GGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC : 720
3RACE5 : GGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC : 720
         GGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC      
                                                        
                  *       740         *       760       
3RACE1 : CTGGCATCACGTACATTGCTGTGCAGAAGCGTCA------- : 754
3RACE8 : CTGGCATCACGTACATTGCTGTGCAGAAGAGTCACCATACA : 761
3RACE5 : CTGGCATCACGTACATTGCTGTGCAGAAGAGCCATAA---- : 757
         CTGGCATCACGTACATTGCTGTGCAGAAGaGtCA  a                
 

 

Figure 18.  An alignment of nucleotide sequences of the fragment 1 of Pem-AGO 

cDNA among the three individual clones         

                   The alignment was conducted by Clustal X program. The arrows indicate 

the nucleotide sequences of the two degenerate primers, AGO1 and RISC2-R. The 

nucleotides that are identical in all sequences are highlighted in black whereas grey 

color indicates the positions at which variations in the nucleotide are found. The 

consensus sequence among the three clones is shown in the bottom line of each block. 
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds 

Length = 950, Score = 391 bits (1004), Expect = 1e-107 

Identities = 203/250 (81%), Positives = 211/250 (84%), Gaps = 28/250 (11%) 

 
 
Query  1    QPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCV  180 
            QPCFCKYA GPDQVEPMFRYLK TF GLQLV VVLPGKTPVYAEVKRVGDTVLGMATQCV 
Sbjct  578  QPCFCKYATGPDQVEPMFRYLKITFPGLQLVVVVLPGKTPVYAEVKRVGDTVLGMATQCV  637 
 
Query  181  QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGIRPKVFNEPVIFLGADVTHPPAGDNK  360 
            QAKNVNKTSPQTLSNLCLKINVKLGGINSILVP IRPKVFNEPVIFLGADVTHPPAGDNK 
Sbjct  638  QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPSIRPKVFNEPVIFLGADVTHPPAGDNK  697 
 
Query  361  KPSIAAVVGSMDAHPSRYAATVRVQQHRQNGSTTQGQSASDGSRPRQLTFARTAHDEVIQ  540 
            KPSIAAVVGSMDAHPSRYAATVRVQQHRQ                           E+IQ 
Sbjct  698  KPSIAAVVGSMDAHPSRYAATVRVQQHRQ---------------------------EIIQ  730 
 
Query  541  ELSSMVKELLIQFYKST-RFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYK  717 
            ELSSMV+ELLI FYKST  +KP+RIILYRDGVSEGQF  VLQHELTA+REACIKLE +Y+ 
Sbjct  731  ELSSMVRELLIMFYKSTGGYKPHRIILYRDGVSEGQFPHVLQHELTAIREACIKLEPEYR  790 
 
Query  718  PGITYIAVQK  747 
            PGIT+I VQK 
Sbjct  791  PGITFIVVQK  800 

 

 

Figure 19. An example of identity search results of the fragment 1 of Pem-AGO 

cDNA by the blastp program 

                   The consensus nucleotide sequence of fragment 1 of Pem-AGO cDNA 

was submitted to blastp program. The result showed that the deduced amino acid 

sequence of the fragment 1 exhibited an identity of 81% to a corresponding amino acid 

sequence of Argonaute 1 of D. melanogaster [Accession:NP_523734.1]. 
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5.2 Amplification of the 3’ end (fragment 2) of Pem-AGO cDNA 

      In order to obtain the nucleotide sequence at the 3’ end of Pem-AGO cDNA, the 

3’RACE strategy was employed. Two specific primers, AGO/S1 and AGO/S2, were 

designed from the sequence of the fragment 1 obtained in the previous step. The first-

strand cDNA synthesized from PRT primer was used as template to amplify the 3’ end 

of Pem-AGO cDNA. The first round amplification was performed with AGO/S1 and 

PM-1 primers. The PCR product longer than 700 bp was obtained (Figure 20A). Then, 

the nested PCR conducted by AGO/S2 and PM-1 primers produced the band between 

600 bp and 700 bp in size (Figure 20B). This nested PCR fragment was recovered 

from the gel, cloned into pGEM® –T  Easy vector and transformed into E. coli DH5α.  
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Figure 20.  PCR products from 3’ RACE (fragment 2) 

                   The amplification products were fractionated on 1% agarose gel 

electrophoresis. Lane M is 100 bp DNA ladder. Lane 1 is the PCR products from the 

first round amplification with AGO/S1 and PM-1 primers (A) and the second round 

amplification (nested) with AGO/S2 and PM-1 primers (B).  
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       5.2.1 Screening of recombinant clones containing fragment 2 and sequencing 

analysis 

                After the recombinants were screened by EcoR I digestion (Figure 21), two 

recombinant clones, no.6 and 8 harboring the insert fragment of correct size were 

selected for DNA sequencing as the previous steps. The nucleotide sequences of the 

two clones were compared by Clustal X program. The sequence comparison showed 

that the two clones had almost identical nucleotide sequences except for nucleotide 

substitution at positions 229, 301, 324, 326, 530 and 555 (Figure 22). Of these 

nucleotide variations, only the substitution at positions 326 did not change the encoded 

amino acids. The nucleotide sequence of the two primers, AGO/S2 and PM-1 were 

detected, but neither the poly A sequence upstream of the PM-1 primer nor the poly A 

signal at the 3’ end was found. Searching for significant similarity by blastp program 

(www.ncbi.nlm.nih.gov/blast) showed that this fragment 2 contains a coding sequence 

at the C-terminal of Pem-AGO as well as the partial sequence of 3’UTR.  The identity 

of 90% was found between the deduced amino acid sequence of fragment 2 and the 

amino acid sequences of Drosophila melanogaster Argonaute 1 (CG6671-PB) (Figure 

23).  
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Figure 21. Screening of recombinant clones containing fragment 2 of Pem-AGO 

cDNA by restriction enzyme analysis  

                  The recombinant clones were randomly picked and digested with EcoR I 

Lane M1 and M2 are 100 bp DNA ladder and λBstE II marker, respectively. Lanes 1 

and 3 are the undigested plasmid of the recombinant clones number 6 and 10 whereas 

lanes 2 and 4 represent the EcoR I-digested plasmids from clones 6 and 10, 

respectively .  
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                   *        20         *        40         *        60         *        80      
3RACE6  : ATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATAC :  80
3RACE10 : ATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATAC :  80
          ATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATAC      
                                                                                                
                   *       100         *       120         *       140         *       160      
3RACE6  : AAGATTGTTCTGTTCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCA : 160
3RACE10 : AAGATTGTTCTGTTCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCA : 160
          AAGATTGTTCTGTTCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCA      
                                                                                                
                   *       180         *       200         *       220         *       240      
3RACE6  : TCACGCATCCAACTGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCTGTCACTACCAC : 240
3RACE10 : TCACGCATCCAACTGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCAC : 240
          TCACGCATCCAACTGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCC GTCACTACCAC      
                                                                                                
                   *       260         *       280         *       300         *       320      
3RACE6  : GTACTGTGGGATGATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGAGTCATACCTATGTAAGATG : 320
3RACE10 : GTACTGTGGGATGATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATG : 320
          GTACTGTGGGATGATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTG GTCATACCTATGTAAGATG      
                                                                                                
                   *       340         *       360         *       380         *       400      
3RACE6  : TACGCGATCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAA : 400
3RACE10 : TACACAATCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAA : 400
          TAC C ATCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAA      
                                                                                                
                   *       420         *       440         *       460         *       480      
3RACE6  : AGGAGCATGACAGTGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTT : 480
3RACE10 : AGGAGCATGACAGTGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTT : 480
          AGGAGCATGACAGTGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTT      
                                                                                                
                   *       500         *       520         *       540         *       560      
3RACE6  : ACAGTGCATGTCGACACAAACAGAGTCATGTACTTTGCTTAACATCTCTCCTTACCTAGTCTGCCTCAAGGTTCACAACA : 560
3RACE10 : ACAGTGCATGTCGACACAAACAGAGTCATGTACTTTGCTTAACATCTCTTCTTACCTAGTCTGCCTCAAGGTTCGCAACA : 560
          ACAGTGCATGTCGACACAAACAGAGTCATGTACTTTGCTTAACATCTCT CTTACCTAGTCTGCCTCAAGGTTC CAACA      
                                                                                                
                   *       580         *       600         *       620         *       640      
3RACE6  : TCGTCATGCAAGAAGTAGAGTCTGGTCTTAAAAGTGGGCTCATTTGCAGAAGAACTCGTCGATGGATCCTCTAGAAGCTT : 640
3RACE10 : TCGTCATGCAAGAAGTAGAGTCTGGTCTTAAAAGTGGGCTCATTTGCAGAAGAACTCGTCGATGGATCCTCTAGAAGCTT : 640
          TCGTCATGCAAGAAGTAGAGTCTGGTCTTAAAAGTGGGCTCATTTGCAGAAGAACTCGTCGATGGATCCTCTAGAAGCTT      
                         
                         
3RACE6  : GAATTCCGG : 649
3RACE10 : GAATTCCGG : 649
          GAATTCCGG       
 

 

Figure 22. An alignment of nucleotide sequences of the fragment 2 of Pem-AGO     

cDNA of the two individual clones 

                  The alignment was conducted by Clustal X program. The arrows represent 

the nucleotide sequences of the two primers, AGO/S2 and PM-1. The stop codon 

(TAA) was underlined. The nucleotides that are identical between the two sequences 

are highlighted in black. The consensus sequence was shown in the bottom line.  
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds 

Length = 950, Score = 340 bits (871), Expect = 3e-92 

Identities = 157/173 (90%), Positives = 165/173 (95%), Gaps = 0/173 (0%) 

 
Query  1    MREACIKLEADYKPGITYIAVQKRHHTRLFCSDKKEQSGKSGNIPAGTTVDVGITHPTEF  180 
            +REACIKLE +Y+PGIT+I VQKRHHTRLFC++KKEQSGKSGNIPAGTTVDVGITHPTEF 
Sbjct  778  IREACIKLEPEYRPGITFIVVQKRHHTRLFCAEKKEQSGKSGNIPAGTTVDVGITHPTEF  837 
 
Query  181  DFYLCSHQGIQGTSRPCHYHVLWDDNHFDSDELQCLTYQLSHTYVRCTRSVSIPAPAYYA  360 
            DFYLCSHQGIQGTSRP HYHVLWDDNHFDSDELQCLTYQL HTYVRCTRSVSIPAPAYYA 
Sbjct  838  DFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCTRSVSIPAPAYYA  897 
 
Query  361  HLVAFRARYHLVEKEHDSGEGSHQSGNSEDRTPSAMARAVTVHVDTNRVMYFA  519 
            HLVAFRARYHLVEKEHDSGEGSHQSG SEDRTP AMARA+TVH DT +VMYFA 
Sbjct  898  HLVAFRARYHLVEKEHDSGEGSHQSGCSEDRTPGAMARAITVHADTKKVMYFA  950 

 

 

Figure 23. An example of identity search results of the fragment 2 of Pem-AGO 

by blastp program  

      The nucleotide sequence of the clone number 6 was submitted to blastp 

program. The result showed that the deduced amino acid sequence of the fragment 2 

exhibited an identity of 90% to the corresponding sequence of Argonaute protein in D. 

melanogaster. [Accession : NP_523734.1] 
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5.3 Amplification of the 5’ end of Pem-AGO cDNA  

      5.3.1 Further amplification of partial  5’ fragment of Pem-AGO cDNA 

(fragment 3) 

          Amplification of the partial 5’ region was conducted using the cDNA that was 

synthesized by PRT primer as a template. 5’AGOR1 primer that was designed from the 

nucleotide sequence of the previously obtained fragment 1 of Pem-AGO cDNA and 

dAGOF1 primer, designed from the conserved nucleotide sequence of D. 

melanogaster, were used in the PCR reaction. The product of about 1 kb was obtained 

(Figure 24). The PCR fragment was recovered from the gel and cloned into pGEM®-T 

Easy vector. The recombinant clones were screened by EcoR I digestion and two 

clones, number 4 and 7, were selected randomly for sequencing (Figure 25). The 

alignment of nucleotide sequences between the two recombinant clones were shown in 

Figure 26. Variations of the nucleotides between the two clones were found at 

positions 195, 372, 436, 505, 741 and 941, however the encoded amino acids were 

affected only by the variation at positions 436, 505 and 941. Figure 27 shows the 

identity between the deduced amino acid sequence of the fragment 3 and Argonaute 1 

of D. melanogaster at 88% by blastp searching.  
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Figure 24. The PCR product of the fragment 3 of Pem-AGO cDNA  

                   The amplification products were fractionated on 1% agarose gel 

electrophoresis. M is 100 bp DNA ladder. Lane 1 is the PCR product that was 

amplified from 5’AGOR1 and dAGOF1 primers. 
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Figure 25. Screening of recombinant clones containing the fragment 3 of Pem-

AGO by restriction enzyme analysis 

                    Randomly picked recombinant clones were digested with EcoR I. Lane 

M1 represents 100 bp DNA ladder and lane M2 is λBstE II marker. The undigested 

plasmids of the recombinant clones number 4 and 7 are shown in lanes 1 and 3 

whereas the EcoR I-digested plasmids are loaded in lanes 2 (clone number 4) and 4 

(clone number 7), respectively.   
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                  *        20         *        40         *        60         *        80      
5RACE4 : CCCTCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTAT :  80
5RACE7 : CCCTCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTAT :  80
         CCCTCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTAT      
                                                                                               
                  *       100         *       120         *       140         *       160      
5RACE4 : GTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAG : 160
5RACE7 : GTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAG : 160
         GTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAG      
                                                                                               
                  *       180         *       200         *       220         *       240      
5RACE4 : AAATTAAGGGTCTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGG : 240
5RACE7 : AAATTAAGGGTCTGAAGATTGAGATCACACACTGAGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGG : 240
         AAATTAAGGGTCTGAAGATTGAGATCACACACTG GGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGG      
                                                                                               
                  *       260         *       280         *       300         *       320      
5RACE4 : CCAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGA : 320
5RACE7 : CCAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGA : 320
         CCAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGA      
                                                                                               
                  *       340         *       360         *       380         *       400      
5RACE4 : CAAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGGCAAGAACACAAACACACATACCTTCCTC : 400
5RACE7 : CAAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTC : 400
         CAAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGG CAAGAACACAAACACACATACCTTCCTC      
                                                                                               
                  *       420         *       440         *       460         *       480      
5RACE4 : TGGAAGTATGCAACATTGTACCTGGACAACGATGCTTCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCA : 480
5RACE7 : TGGAAGTATGCAACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCA : 480
         TGGAAGTATGCAACATTGTACCTGGACAACGATGC TCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCA      
                                                                                               
                  *       500         *       520         *       540         *       560      
5RACE4 : ACAGCTAGATCTGCACCTGATAGGAAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT : 560
5RACE7 : ACAGCTAGATCTGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT : 560
         ACAGCTAGATCTGCACCTGATAGG AGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT      
                                                                                               
                  *       580         *       600         *       620         *       640      
5RACE4 : GCAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATG : 640
5RACE7 : GCAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATG : 640
         GCAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATG      
                                                                                               
                  *       660         *       680         *       700         *       720      
5RACE4 : GAGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA : 720
5RACE7 : GAGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA : 720
         GAGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA      
                                                                                               
                  *       740         *       760         *       780         *       800      
5RACE4 : ATCCGCGTGTGGGCCGTTGCATGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT : 800
5RACE7 : ATCCGCGTGTGGGCCGTTGCGTGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT : 800
         ATCCGCGTGTGGGCCGTTGC TGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT      
                                                                                               
                  *       820         *       840         *       860         *       880      
5RACE4 : ACAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGG : 880
5RACE7 : ACAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGG : 880
         ACAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGG      
                                                                                               
                  *       900         *       920         *       940         *       960      
5RACE4 : TAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGCTCTACCAGGCAAAACTCCT : 960
5RACE7 : TAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCT : 960
         TAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTG TCTACCAGGCAAAACTCCT      
                                                 
                  *       980         *          
5RACE4 : GTCTATGCTGAAGTGAAGCGTGTGGGTGACACTA : 994
5RACE7 : GTCTATGCTGAAGTGAAGCGTATGGGTGACACTA : 994
         GTCTATGCTGAAGTGAAGCGT TGGGTGACACTA       
 

 

Figure 26. An alignment of nucleotide sequence from the fragment 3 of Pem-

AGO cDNA between two recombinant clones  

                    The alignment was conducted by Clustal X program. The arrows 

represent the nucleotide sequences of the two primers, dAGOF1 and 5’AGOR1. The 

nucleotide residues that are identical in all sequences are highlighted in black whereas 

grey color indicates the nucleotide residues that contained the variation between the 

two clones.  
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds 

Length = 950, Score = 621 bits (1601), Expect = 1e-176 

Identities = 306/346 (88%), Positives = 317/346 (91%), Gaps = 15/346 (4%) 

 
Query  1    PSQWKMMLNIDVSATAFYKAQAVIEFMCEVLDIREIGEQRKPLTDSQRVKFTKEIKGLKI  180 
            PSQWKMMLNIDVSATAFYKAQ VI+FMCEVLDIR+I EQRKPLTDSQRVKFTKEIKGLKI 
Sbjct  283  PSQWKMMLNIDVSATAFYKAQPVIDFMCEVLDIRDINEQRKPLTDSQRVKFTKEIKGLKI  342 
 
Query  181  EITHCGAMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPC  360 
            EITHCG MRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKY+MKLR+PHLPC 
Sbjct  343  EITHCGQMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYRMKLRYPHLPC  402 
 
Query  361  LQVGQEHKHTYLPLEVCNIVPGQRCFKKLTDMQTSTMIKATARSAPDRKREINNLVRKAD  540 
            LQVGQEHKHTYLPLEVCNIV GQRC KKLTDMQTSTMIKATARSAPDR+REINNLV++AD 
Sbjct  403  LQVGQEHKHTYLPLEVCNIVAGQRCIKKLTDMQTSTMIKATARSAPDREREINNLVKRAD  462 
 
Query  541  FNNDPYMQEFGLTISTAMMEVRGRVLPPPKLQYGGR-----TKQQ----------ALPNQ  675 
            FNND Y+QEFGLTIS +MMEVRGRVLPPPKLQYGGR     T QQ          A PNQ 
Sbjct  463  FNNDSYVQEFGLTISNSMMEVRGRVLPPPKLQYGGRVSTGLTGQQLFPPQNKVSLASPNQ  522 
 
Query  676  GVWDMRGKQFFTGVEIRVWAVACFAPQRTVREDALRNFTQQLQKISNDAGMPIIGQPCFC  855 
            GVWDMRGKQFFTGVEIR+WA+ACFAPQRTVREDALRNFTQQLQKISNDAGMPIIGQPCFC 
Sbjct  523  GVWDMRGKQFFTGVEIRIWAIACFAPQRTVREDALRNFTQQLQKISNDAGMPIIGQPCFC  582 
 
Query  856  KYANGPDQVEPMFRYLKSTFTGLQLVCVALPGKTPVYAEVKRVGDT  993 
            KYA GPDQVEPMFRYLK TF GLQLV V LPGKTPVYAEVKRVGDT 
Sbjct  583  KYATGPDQVEPMFRYLKITFPGLQLVVVVLPGKTPVYAEVKRVGDT  628 

 

 

Figure 27. An example of identity search result of the fragment 3 of Pem-AGO by 

blastx program 

        The nucleotide sequence of the clone number 4 containing the fragment 3 

of Pem-AGO cDNA was submitted to blastp program. The deduced amino acid 

sequences of the fragment 3 shared an 88% identity to Argonaute 1 protein of D. 

melanogaster [Accession : NP_523734.1]. 
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5.4 Amplificatiom of the 5’end (fragment 4) of Pem-AGO cDNA by 5’RACE 

      Further amplification of the 5’ region was conducted by 5’RACE. 5’RACE1 primer 

that was designed from the nucleotide sequence of the fragment 1 of Pem-AGO cDNA 

was used to synthesize the first stranded cDNA by the action of reverse transcriptase. 

Then the cDNA template was tailed with dATP by terminal deoxynucleotide 

transferase. The tailed cDNA was used as a template to amplify the 5’end by using 

5’RACE4 primer, designed from the sequence in the fragment 1 of Pem-AGO cDNA, 

in combination with PRT primer. The result showed that the PCR product about 1.2 kb 

was amplified (Figure 28). This fragment was purified and cloned into pGEM®-T Easy 

vector. After screening the recombinant clones with restriction enzyme EcoR I (Figure 

29), the clones with correct insert size, clones number 4 and 21, were subjected to 

nucleotide sequencing. The nucleotide sequence alignment showed variations in 

nucleotide between the two clones at positions 56, 230, 266, 545, 779  (Figure 30). 

Additionally, the nucleotides 319 to 327 of clone number 4 were absent in the other 

clone. The putative start codon was detected at  position 93. Searching for significant 

similarity by blastp program showed that the deduced amino acids sequence of the 

fragment 4 shared high sequence similarity to Drosophila melanogaster Argonaute 1 

(CG6671-PC) at 78% identity (Figure 31).   
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Figure 28. The PCR product from the fragment 4 of Pem-AGO cDNA  

                   The amplification products were fractionated on 1% agarose gel. M is 100 

bp DNA ladder and lane 1 is the PCR product that was amplified from 5’RACE 4 and 

PRT primers. 
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Figure 29. Screening for recombinant clones containing the fragment 4 of Pem-

AGO cDNA by restriction enzyme analysis 

                    Plasmid DNA from randomly picked recombinant clones were digested 

with EcoR I. Lane M1 and M2 are λBstE II and 100 bp DNA ladder, respectively 

Randomly picked recombinant clones were digested with EcoR I. The undigested 

plasmids of the recombinant clones number 4 is shown in lanes 1 whereas the EcoR I-

digested plasmids are loaded in lanes 2. 
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                   *        20         *        40         *        60         *        80       
5RACE4  : CAGTCTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAATCCGTTTCCTCCTTCAATTAGCAACT :   80
5RACE21 : CAGTCTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAATTCGTTTCCTCCTTCAATTAGCAACT :   80
          CAGTCTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAAT CGTTTCCTCCTTCAATTAGCAACT       
                                                                                                 
                   *       100         *       120         *       140         *       160       
5RACE4  : ATTGTAGAGTTCATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCC :  160
5RACE21 : ATTGTAGAGTTCATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCC :  160
          ATTGTAGAGTTCATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCC       
                                                                                                 
                   *       180         *       200         *       220         *       240       
5RACE4  : AGGACCAGCTGGCCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCA :  240
5RACE21 : AGGACCAGCTGGCCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCCATCACTACCA :  240
          AGGACCAGCTGGCCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCC ATCACTACCA       
                                                                                                 
                   *       260         *       280         *       300         *       320       
5RACE4  : TTGTACCGCAGGCCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTAAC :  320
5RACE21 : TTGTACCGCAGGCCCCTGGTACGCCAGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA-- :  318
          TTGTACCGCAGGCCCCTGGTACGCC GCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA         
                                                                                                 
                   *       340         *       360         *       380         *       400       
5RACE4  : ACACCAGCTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCA :  400
5RACE21 : -------CTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCA :  391
                 CTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCA       
                                                                                                 
                   *       420         *       440         *       460         *       480       
5RACE4  : GATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGG :  480
5RACE21 : GATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGG :  471
          GATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGG       
                                                                                                 
                   *       500         *       520         *       540         *       560       
5RACE4  : AAATTATTGAGACGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGAAGGGAGAAGCAATTTA :  560
5RACE21 : AAATTATTGAGACGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTA :  551
          AAATTATTGAGACGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGA GGGAGAAGCAATTTA       
                                                                                                 
                   *       580         *       600         *       620         *       640       
5RACE4  : TACACCAGAGATCCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGT :  640
5RACE21 : TACACCAGAGATCCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGT :  631
          TACACCAGAGATCCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGT       
                                                                                                 
                   *       660         *       680         *       700         *       720       
5RACE4  : GTTCAAGGTAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA :  720
5RACE21 : GTTCAAGGTAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA :  711
          GTTCAAGGTAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA       
                                                                                                 
                   *       740         *       760         *       780         *       800       
5RACE4  : TTCCTTATGATGCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCC :  800
5RACE21 : TTCCTTATGATGCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACGTACACACCAGTGGGCAGGTCC :  791
          TTCCTTATGATGCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGAC TACACACCAGTGGGCAGGTCC       
                                                                                                 
                   *       820         *       840         *       860         *       880       
5RACE4  : TTTTTCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG :  880
5RACE21 : TTTTTCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG :  871
          TTTTTCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG       
                                                                                                 
                   *       900         *       920         *       940         *       960       
5RACE4  : ACCTTCACAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTA :  960
5RACE21 : ACCTTCACAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTA :  951
          ACCTTCACAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTA       
                                                                                                 
                   *       980         *      1000         *      1020         *      1040       
5RACE4  : TGTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAA : 1040
5RACE21 : TGTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAA : 1031
          TGTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAA       
                             
                   *         
5RACE4  : GAAATTAAGGGA : 1052
5RACE21 : GAAATTAAGGGA : 1043
          GAAATTAAGGGA        
 

 

Figure 30. An alignment of nucleotide sequences of the fragment 4 of Pem-AGO 

cDNA between two recombinant clones  

                  The alignment was conducted by Clustal X program. The arrow represents 

the nucleotide sequences of the primers, 5’RACE 4. The nucleotide residues that are 

identical in all sequences are highlighted in black whereas grey color indicates the 

nucleotide residues that contain the variation. 

 

 

5’RACE 4 
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds 

Length = 950, Score = 340 bits (871), Expect = 5e-92 

Identities = 157/200 (78%), Positives = 177/200 (88%), Gaps = 6/200 (3%) 

 
Query  261  TPAVATGTGMTALLPPELPNTPAFVAPRRPNLGREGRPITLRANHFQISMPRGYIHHYDI  440 
            TPA+AT T      P   P+ P F  PRRPNLGREGRPI LRANHFQ++MPRGY+HHYDI 
Sbjct  82   TPAIATAT------PATQPDMPVFTCPRRPNLGREGRPIVLRANHFQVTMPRGYVHHYDI  135 
 
Query  441  SITPDKCPRKVNREIIETMVHAFPRIFGTLKPVFEGRSNLYTRDPLPIGNEKMELEVTLP  620 
            +I PDKCPRKVNREIIETMVHA+ +IFG LKPVF+GR+NLYTRDPLPIGNE++ELEVTLP 
Sbjct  136  NIQPDKCPRKVNREIIETMVHAYSKIFGVLKPVFDGRNNLYTRDPLPIGNERLELEVTLP  195 
 
Query  621  GEGRDRVFKVAMKWLAQVNLYTLEEALEGRTRTIPYDAIQALDVVMRHLPSMTYTPVGRS  800 
            GEG+DR+F+V +KW AQV+L+ LEEALEGRTR IPYDAI ALDVVMRHLPSMTYTPVGRS 
Sbjct  196  GEGKDRIFRVTIKWQAQVSLFNLEEALEGRTRQIPYDAILALDVVMRHLPSMTYTPVGRS  255 
 
Query  801  FFSAPDGYYHPLGGGREVWF  860 
            FFS+P+GYYHPLGGGREVWF 
Sbjct  256  FFSSPEGYYHPLGGGREVWF  275 

 

 

Figure 31. An example of identity search result of the fragment 4 of Pem-AGO by 

blastp program 

        The nucleotide sequence of the clone number 4 containing the fragment 4 

of Pem-AGO cDNA was submitted to blastp program. The deduced amino acid 

sequences of the fragment 4 shared an 78% identity to Argonaute 1 protein of D. 

melanogaster [Accession : NP_523734.1]. 
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5.5 Amplification of the coding sequence of Argonaute cDNA with Phusion® Taq 

DNA polymerase. 

 From the previous cloning steps, four overlapping fragments (fragments 1 - 4) of 

Pem-AGO cDNA were obtained. The virtual transcript of Pem-AGO cDNA was 

obtained by the combination of the nucleotides sequences of these four cDNA 

fragments using vector NTI program. In order to verify whether this virtual transcript 

of Pem-AGO is really existed in P. monodon, an attempt to clone the putative entire 

coding sequence of Pem-AGO cDNA was made. Two specific primers, AgoC-F and 

AgoC-R, were designed from the 5’ end (the first ATG codon that is in-frame with the 

translated product) and the 3’ end (TAA) of the coding region of the combined Pem-

AGO sequence. The cDNA template generated with PRT primer was used in the 

reaction with Phusion® Taq DNA polymerase. The PCR product of the expected size 

about 2.8 kb was obtained (Figure 32). The nucleotide sequences of two recombinant 

clones, COD1 and COD3, containing this Pem-AGO cDNA were compared in Figure 

33. The comparison indicated that the sequences of these two clones were nearly 

identical except for one nucleotide substitution at position 1,530.  Moreover, the 

region of 9 nucleotides at positions 227 to 235 was found in one clone but not the 

other. This is the same region that was detected in the two clones of fragment 4 as 

shown in Figure 30.  
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Figure 32. The PCR product from the coding sequence of Pem-AGO  

                   The amplification products were fractioned on 0.8% agarose gel 

electrophoresis. M is 100 bp DNA ladder. Lane 1 is the PCR product that was 

amplified with Phusion® Taq DNA polymerase using AgoC-F and AgoC-R primers. 
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                   *        20         *        40         *        60         *        80       
COD1    : ATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG :   80
COMBINE : ATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG :   80
COD3    : ATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG :   80
          ATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG       
                                                                                                 
                   *       100         *       120         *       140         *       160       
COD1    : CCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG :  160
COMBINE : CCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG :  160
COD3    : CCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG :  160
          CCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG       
                                                                                                 
                   *       180         *       200         *       220         *       240       
COD1    : CCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA---------CTTTT :  231
COMBINE : CCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTAACACACCAGCTTTT :  240
COD3    : CCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTAACACACCAGCTTTT :  240
          CCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTAacacaccagCTTTT       
                                                                                                 
                   *       260         *       280         *       300         *       320       
COD1    : GTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCAGATCTCTATGCC :  311
COMBINE : GTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCAGATCTCTATGCC :  320
COD3    : GTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAACCACTTCCAGATCTCTATGCC :  320
          GTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAAtCACTTCCAGATCTCTATGCC       
                                                                                                 
                   *       340         *       360         *       380         *       400       
COD1    : GAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA :  391
COMBINE : GAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA :  400
COD3    : GAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA :  400
          GAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA       
                                                                                                 
                   *       420         *       440         *       460         *       480       
COD1    : CGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT :  471
COMBINE : CGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT :  480
COD3    : CGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT :  480
          CGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT       
                                                                                                 
                   *       500         *       520         *       540         *       560       
COD1    : CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC :  551
COMBINE : CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC :  560
COD3    : CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC :  560
          CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC       
                                                                                                 
                   *       580         *       600         *       620         *       640       
COD1    : GATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGATG :  631
COMBINE : GATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGATG :  640
COD3    : GATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGATG :  640
          GATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGATG       
                                                                                                 
                   *       660         *       680         *       700         *       720       
COD1    : CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT :  711
COMBINE : CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT :  720
COD3    : CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT :  720
          CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT       
                                                                                                 
                   *       740         *       760         *       780         *       800       
COD1    : CCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGTG :  791
COMBINE : CCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGTG :  800
COD3    : CCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGTG :  800
          CCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGTG       
                                                                                                 
                   *       820         *       840         *       860         *       880       
COD1    : GAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT :  871
COMBINE : GAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT :  880
COD3    : GAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT :  880
          GAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT       
                                                                                                 
                   *       900         *       920         *       940         *       960       
COD1    : TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGGT :  951
COMBINE : TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGGT :  960
COD3    : TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGGT :  960
          TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGGT       
                                                                                                 
                   *       980         *      1000         *      1020         *      1040       
COD1    : CTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT : 1031
COMBINE : CTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT : 1040
COD3    : CTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT : 1040
          CTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT       
                                                                                                 
                   *      1060         *      1080         *      1100         *      1120       
COD1    : GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA : 1111
COMBINE : GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA : 1120
COD3    : GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA : 1120
          GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA       
                                                                                                 
                   *      1140         *      1160         *      1180         *      1200       
COD1    : TGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC : 1191
COMBINE : TGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC : 1200
COD3    : TGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC : 1200
          TGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC       
                                                                                                 
                   *      1220         *      1240         *      1260         *      1280       
COD1    : AACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGATC : 1271
COMBINE : AACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGATC : 1280
COD3    : AACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGATC : 1280
          AACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGATC       
                                                                                                 
                   *      1300         *      1320         *      1340         *      1360       
COD1    : TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTTG : 1351
COMBINE : TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTTG : 1360
COD3    : TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTTG : 1360
          TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTTG        

AgoC-F 
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                   *      1380         *      1400         *      1420         *      1440       
COD1    : GTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA : 1431
COMBINE : GTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA : 1440
COD3    : GTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA : 1440
          GTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA       
                                                                                                 
                   *      1460         *      1480         *      1500         *      1520       
COD1    : AAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGTG : 1511
COMBINE : AAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGTG : 1520
COD3    : AAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGTG : 1520
          AAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGTG       
                                                                                                 
                   *      1540         *      1560         *      1580         *      1600       
COD1    : GGCCGTTGCATGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTA : 1591
COMBINE : GGCCGTTGCATGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTA : 1600
COD3    : GGCCGTTGCGTGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTA : 1600
          GGCCGTTGCaTGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTA       
                                                                                                 
                   *      1620         *      1640         *      1660         *      1680       
COD1    : GTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATG : 1671
COMBINE : GTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATG : 1680
COD3    : GTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATG : 1680
          GTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATG       
                                                                                                 
                   *      1700         *      1720         *      1740         *      1760       
COD1    : TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA : 1751
COMBINE : TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA : 1760
COD3    : TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA : 1760
          TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA       
                                                                                                 
                   *      1780         *      1800         *      1820         *      1840       
COD1    : AGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTC : 1831
COMBINE : AGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTC : 1840
COD3    : AGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTC : 1840
          AGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTC       
                                                                                                 
                   *      1860         *      1880         *      1900         *      1920       
COD1    : AAACACTGTCCAACCTCTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA : 1911
COMBINE : AAACACTGTCCAACCTCTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA : 1920
COD3    : AAACACTGTCCAACCTCTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA : 1920
          AAACACTGTCCAACCTCTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA       
                                                                                                 
                   *      1940         *      1960         *      1980         *      2000       
COD1    : AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT : 1991
COMBINE : AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT : 2000
COD3    : AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT : 2000
          AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT       
                                                                                                 
                   *      2020         *      2040         *      2060         *      2080       
COD1    : TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATG : 2071
COMBINE : TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATG : 2080
COD3    : TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATG : 2080
          TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATG       
                                                                                                 
                   *      2100         *      2120         *      2140         *      2160       
COD1    : GATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG : 2151
COMBINE : GATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG : 2160
COD3    : GATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG : 2160
          GATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG       
                                                                                                 
                   *      2180         *      2200         *      2220         *      2240       
COD1    : GTGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT : 2231
COMBINE : GTGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT : 2240
COD3    : GTGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT : 2240
          GTGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT       
                                                                                                 
                   *      2260         *      2280         *      2300         *      2320       
COD1    : CATCCTTTATCGGGATGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTT : 2311
COMBINE : CATCCTTTATCGGGATGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTT : 2320
COD3    : CATCCTTTATCGGGATGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTT : 2320
          CATCCTTTATCGGGATGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTT       
                                                                                                 
                   *      2340         *      2360         *      2380         *      2400       
COD1    : GCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT : 2391
COMBINE : GCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT : 2400
COD3    : GCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT : 2400
          GCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT       
                                                                                                 
                   *      2420         *      2440         *      2460         *      2480       
COD1    : TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC : 2471
COMBINE : TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC : 2480
COD3    : TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC : 2480
          TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC       
                                                                                                 
                   *      2500         *      2520         *      2540         *      2560       
COD1    : TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGATG : 2551
COMBINE : TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGATG : 2560
COD3    : TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGATG : 2560
          TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGATG       
                                                                                                 
                   *      2580         *      2600         *      2620         *      2640       
COD1    : ATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGTC : 2631
COMBINE : ATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGTC : 2640
COD3    : ATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGTC : 2640
          ATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGTC       
                                                                                                 
                   *      2660         *      2680         *      2700         *      2720       
COD1    : TCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG : 2711
COMBINE : TCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG : 2720
COD3    : TCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG : 2720
          TCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG        
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                   *      2740         *      2760         *      2780         *      2800       
COD1    : TGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG : 2791
COMBINE : TGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG : 2800
COD3    : TGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG : 2800
          TGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG       
                                              
                   *      2820                
COD1    : ACACAAACAGAGTCATGTACTTTGCTTAA : 2820
COMBINE : ACACAAACAGAGTCATGTACTTTGCTTAA : 2829
COD3    : ACACAAACAGAGTCATGTACTTTGCTTAA : 2829
          ACACAAACAGAGTCATGTACTTTGCTTAA        
 

 

Figure 33.  The alignment of nucleotide sequence between the coding sequence of 

Pem-AGO cDNA and the combined four overlapping fragment   

         The alignment was conducted by Clustal X program. The arrows indicate 

the nucleotide sequences of the two primers, AgoC-F and AgoC-R. The nucleotides 

that are identical in all sequences are highlighted in black whereas grey color indicates 

the positions at which variation nucleotide are found. The consensus sequence was 

shown in the bottom line of each block.  

 

  5.5.1 Analysis of Pem-AGO sequence 

           The entire coding sequence of Pem-AGO is either 2,820 or 2,829 

nucleotides long depending on whether or not it contains the 9-nuclotide region at 

position 227 to 235. The nucleotide and the deduced amino acid sequence of Pem-

AGO is shown in Figure 34. Analysis by blastp program has identified two signature 

domains of the Argonaute family in the Pem-AGO sequence. The PAZ domain of 

Pem-AGO was 139 amino acids long found at position 289 to 428 while the PIWI 

domain span amino acid 572 to 901 was 329 amino acids in length.  
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MYPVGQPPGPPGPPGPSGPGGPPGPAGPPVPRPLTLPPGPTPVPGPITTIVPQAPGTP
AVATGTGMTALLPPELPNTPAFVAPRRPNLGREGRPITLRANHFQISMPRGYIHHYDI 
                (---T) 
SITPDKCPRKVNREIIETMVHAFPRIFGTLKPVFEGRSNLYTRDPLPIGNEKMELEVT
LPGEGRDRVFKVAMKWLAQVNLYTLEEALEGRTRTIPYDAIQALDVVMRHLPSMTYTP
VGRSFFSAPDGYYHPLGGGREVWFGFHQSVRPSQWKMMLNIDVSATAFYKAQAVIEFM
CEVLDIREIGEQRKPLTDSQRVKFTKEIKGLKIEITHCGAMRRKYRVCNVTRRPAQMQ
SFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPCLQVGQEHKHTYLPLEVCNIVPGQ
RCFKKLTDMQTSTMIKATARSAPDRKREINNLVRKADFNNDPYMQEFGLTISTAMMEV
RGRVLPPPKLQYGGRTKQQALPNQGVWDMRGKQFFTGVEIRVWAVACFAPQRTVREDA
LRNFTQQLQKISNDAGMPIIGQPCFCKYANGPDQVEPMFRYPKSTFTGLQLVCVVLPG
KTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGI
RPKVFNEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQHRQNGST
TQGQSASDGSRPRQLTFARTAHDEVIQELSSMVKELLIQFYKSTRFKPNRIILYRDGV
SEGQFQTVLQHELTAMREACIKLEADYKPGITYIAVQKRHHTRLFCSDKKEQSGKSGN
IPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLC
HTYVRCTQSVSIPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSGNSEDRTPSAMARA
VTVHVDTNRVMYFA 

 

 

Figure 34. The deduced amino acid sequence of Pem-AGO entire coding sequence 

             Dot line represents to the three deleted amino acid sequences in one clone. 

Two conserved domain, PAZ and PIWI in the Pem-AGO were shown in highlight.    

  

        5.5.2 Comparison between the Argounaute proteins of P. monodon and D. 

melanogater  

            The alignment between Pem-AGO and its highest similar protein, 

Drosophila Argonaute 1 (dAGO1) was conducted by clustal X program and was 

shown in Figure 35.  The two proteins were very similar, especially in the conserved 

PAZ and PIWI domains. However, the PIWI domain of Pem-AGO contained an extra 

81 amino acids when compare to that of dAGO1.  
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                 *        20         *        40         *        60         *        80            
DROSO : MSTERELAPGGPAQLHPHTLPLTFPDLQMTSTVGIIGKVYESQWTPSPTRPQSPSQAQTSFDTLTSPPAPGSSVNPTAVTSPSAQN :  86
PMOD  : --------------------------------------MYPVGQPPGPPGPPGPSGPG-------GPPGPAGPPVPRPLTLPPGPT :  41
                                              6Y     P P  P  PS           PP P     P  6T P          
                                                                                                    
           *       100         *       120         *       140         *       160         *        
DROSO : VAAGGATVAGAAATAAQVASALGATTGSVTPAIATATPATQPDMPVFTCPRRPNLGREGRPIVLRANHFQVTMPRGYVHHYDINIQ : 172
PMOD  : PVPG--------PITTIVPQAPGTPAVATGTGMTALLPPELPNTPAFVAPRRPNLGREGRPITLRANHFQISMPRGYIHHYDISIT : 119
           G             V  A G         6    P   P1 P F  PRRPNLGREGRPI LRANHFQ63MPRGY6HHYDI I       
                                                                                                    
             180         *       200         *       220         *       240         *       2      
DROSO : PDKCPRKVNREIIETMVHAYSKIFGVLKPVFDGRNNLYTRDPLPIGNERLELEVTLPGEGKDRIFRVTIKWQAQVSLFNLEEALEG : 258
PMOD  : PDKCPRKVNREIIETMVHAFPRIFGTLKPVFDGRSNLYTRDPLPIGNEKMELEVTLPGEGRDRVFKVAMKWLAQVNLYTLEEALEG : 205
        PDKCPRKVNREIIETMVHA5 4IFG LKPVFDGR NLYTRDPLPIGNE46ELEVTLPGEG4DR6F4V 6KW AQV L5 LEEALEG      
                                                                                                    
        60         *       280         *       300         *       320         *       340          
DROSO : RTRQIPYDAILALDVVMRHLPSMTYTPVGRSFFSSPEGYYHPLGGGREVWFGFHQSVRPSQWKMMLNIDVSATAFYKAQPVIDFMC : 344
PMOD  : RTRTIPYDAIQALDVVMRHLPSMTYTPVGRSFFSAPDGYYHPLGGGREVWFGFHQSVRPSQWKMMLNIDVSATAFYKAQAVIEFMC : 291
        RTR IPYDAI ALDVVMRHLPSMTYTPVGRSFFS P GYYHPLGGGREVWFGFHQSVRPSQWKMMLNIDVSATAFYKAQ VI FMC      
                                                                                                    
             *       360         *       380         *       400         *       420         *      
DROSO : EVLDIRDINEQRKPLTDSQRVKFTKEIKGLKIEITHCGQMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYRMKLR : 430
PMOD  : EVLDIREIGEQRKPLTDSQRVKFTKEIKGLKIEITHCGAMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKLR : 377
        EVLDIR I EQRKPLTDSQRVKFTKEIKGLKIEITHCG MRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKY4MKLR      
                                                                                                    
               440         *       460         *       480         *       500         *            
DROSO : YPHLPCLQVGQEHKHTYLPLEVCNIVAGQRCIKKLTDMQTSTMIKATARSAPDREREINNLVKRADFNNDSYVQEFGLTISNSMME : 516
PMOD  : FPHLPCLQVGQEHKHTYLPLEVCNIVPGQRCIKKLTDMQTSTMIKATARSAPDREREINNLVRKADFNNDPYMQEFGLTISTAMME : 463
        5PHLPCLQVGQEHKHTYLPLEVCNIV GQRCIKKLTDMQTSTMIKATARSAPDREREINNLV44ADFNND Y6QEFGLTIS  MME      
                                                                                                    
         520         *       540         *       560         *       580         *       600        
DROSO : VRGRVLPPPKLQYGGRVSTGLTGQQLFPPQNKVSLASPNQGVWDMRGKQFFTGVEIRIWAIACFAPQRTVREDALRNFTQQLQKIS : 602
PMOD  : VRGRVLPPPKLQYGGR-----TKQQALP----------NQGVWDMRGKQFFTGVEIRVWAVACFAPQRTVREDALRNFTQQLQKIS : 534
        VRGRVLPPPKLQYGGR     T QQ  P          NQGVWDMRGKQFFTGVEIR6WA6ACFAPQRTVREDALRNFTQQLQKIS      
                                                                                                    
               *       620         *       640         *       660         *       680              
DROSO : NDAGMPIIGQPCFCKYATGPDQVEPMFRYLKITFPGLQLVVVVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLC : 688
PMOD  : NDAGMPIIGQPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLC : 620
        NDAGMPIIGQPCFCKYA GPDQVEPMFRYLK TF GLQLV VVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLC      
                                                                                                    
         *       700         *       720         *       740         *       760         *          
DROSO : LKINVKLGGINSILVPSIRPKVFNEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQHRQ-------------- : 760
PMOD  : LKINVKLGGINSILVPGIRPKVFNEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQHRQNGSTTQGQSASDGS : 706
        LKINVKLGGINSILVP IRPKVFNEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQHRQ                    
                                                                                                    
           780         *       800         *       820         *       840         *       860      
DROSO : -------------EIIQELSSMVRELLIMFYKSTGGYKPHRIILYRDGVSEGQFPHVLQHELTAIREACIKLEPEYRPGITFIVVQ : 833
PMOD  : RPRQLTFARTAHDEVIQELSSMVKELLIQFYKSTR-FKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYKPGITYIAVQ : 791
                     E6IQELSSMV4ELLI FYKST  5KP RIILYRDGVSEGQF  VLQHELTA6REACIKLE  Y4PGIT5I VQ      
                                                                                                    
                 *       880         *       900         *       920         *       940            
DROSO : KRHHTRLFCAEKKEQSGKSGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT : 919
PMOD  : KRHHTRLFCSDKKEQSGKSGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT : 877
        KRHHTRLFC  KKEQSGKSGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT      
                                                                               
           *       960         *       980         *      1000         *       
DROSO : RSVSIPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSGCSEDRTPGAMARAITVHADTKKVMYFA : 984
PMOD  : RSVSIPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSGNSEDRTPSAMARAVTVHVDTNRVMYFA : 942
        RSVSIPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSG SEDRTP AMARA6TVH DT 4VMYFA       

 

 

Figure 35. The alignment of amino acid sequence between Pem-AGO and 

Drosophila Argonaute 1 (dAGO1) 

               The deduced amino acid sequence of clone no.3 was aligned to the amino 

acid sequence of D. melanogaster by Clustal X program. The extra 81 amino acids of 

Pem-AGO in the PIWI domain were shown in rectangular. The asterisks * indicated 

the conserved amino acid sequences containing in PAZ and PIWI domain of dAGO1 

and Pem-AGO. 
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5.6 Preparation of double-stranded RNA  

The function of Pem-AGO in RNAi could be determined by studying the efficacy 

of RNAi in the cells in which Pem-AGO transcript is not expressed or expressed at 

low level. Such Pem-AGO depleted cells could be generated by the introduction of 

dsRNA that corresponds to Pem-AGO transcript into the cells. 

 

 5.6.1 Amplification of the templates for in vitro transcription 

               The double-stranded RNA corresponding to particular regions in the Pem-

AGO sequence was designed for knocking down Pem-AGO transcript in order to 

characterize the function of Pem-AGO in the RNAi pathway.     

               Three pairs of primers were designed from the coding sequences of Pem-

AGO cDNA in order to amplify the short DNA template for the synthesis of double-

stranded RNA (Figure 36). The dsAGO-F1 and dsAGO-R1 primers were designed to 

amplify the 111 base pairs region corresponding to the non-conserved sequence from 

the 5’region of Pem-AGO cDNA, called ds1 fragment. The second pair was dsPIWI-F 

and dsPIWI-R that amplify the conserved sequence of 129 base pairs located in the 

PIWI domain, called dsPIWI fragment. The third pair, PAZ-F and PAZ-R was used 

for amplification of the 417 base pairs region of the conserved PAZ domain, call 

dsPAZ. After PCR amplification, the products of the expected size for each template 

(Figure 37) were individually cloned into pGEM®- T  Easy vector.  The recombinant 

clones of the three fragments were screened and the nucleotide sequences were 

confirmed. The recombinant clones containing the insert in either sense or antisense 

directions related to the T7 promoter in the vector were obtained for all three 

fragments. The correct sequences of the sense and antisense templates of each 

fragment were verified by DNA sequencing.  

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                                                M.Sc. (Mol. Genet. Genet. Eng.) / 81 

 

 

 

 
 

 

Figure 36. The schematic diagram representing the primers for amplification of 

DNA templates for in vitro transcription of single-stranded RNA  

                   Three pairs of primers were designed to amplify the templates for ds1 

(dsAGO-F1 and dsAGO-R1), dsPIWI (dsPIWI-F and dsPIWI-R) and dsPAZ (dsPAZ-

F and dsPAZ-R) from the coding sequences of Pem-AGO cDNA. The regions of the 

three dsRNA were shown as black lines under the diagram. 
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Figure 37.  The amplification of DNA templates for in vitro transcription of 

single-stranded RNA  

                    The cDNA clones containing the coding sequence of Pem-AGO was used 

as a template for PCR amplification. The amplification products were fractionated on 

1.5% agarose gel. M is 100 bp DNA ladder. Lane 1 and lane 2 in (A) are the PCR 

product that was amplified with dsAGOF1-dsAGOR1 primers (ds1) and dsPIWI-F-

dsPIWI-R primers (dsPIWI). Lane 3 in (B) is the PCR product that was amplified with 

dsPAZ-F and dsPAZ-R primers (dsPAZ). 
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         5.6.2 In vitro transcription and annealing of dsRNA 

            The plasmid DNA containing ds1, dsPIWI and dsPAZ fragments in both 

directions were extracted from E. coli cells by using QIAGEN column. Then the 

plasmids were linearized with Sal I which is located in the multiple cloning sites of the 

pGEM®- T Easy vector and 3’downstream of the insert fragment. The linearized 

plasmids were used to transcribe single-stranded RNA by in vitro transcription 

reaction using RibomaxTM Large Scale RNA Production system of T7 RNA 

polymerase (Promega) which transcribed from the T7 promoter through to insert 

fragment and ended at the Sal I site. After both the sense and antisense single-stranded 

of ds1, dsPIWI and dsPAZ were obtained, the concentration of single-stranded RNA 

was determined by spectrophotometer and gel electrophoresis. The equal 

concentration of sense and antisense single-stranded RNA were used for the annealing 

reaction to synthesize double-stranded RNA of the three fragments. The annealed 

dsRNA products showed a major band with several other discrete bands that may 

represent different multimeric form of the annealing products (Figure 38 and 39).  In 

order to prove whether the products of the annealing reaction really existed in the form 

of dsRNA, these annealing products were treated with RNase A, the enzyme that 

selectively degrade only single-stranded RNA. The RNase A-treated products 

appeared as a single band of the smaller size than the major band seen from the 

untreated products (Figure 38 and 39).  This result confirmed that the three dsRNA of 

Pem-AGO were obtianed. 
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Figure 38. The single-stranded RNA from in vitro transcription and double-

stranded RNA from the annealing reaction of ds1 and dsPIWI fragments  

                      Plasmid DNA containing short DNA templates in sense and antisense 

directions were transcribed to single-stranded RNA by in vitro transcription. Sense and 

antisense single-stranded RNA of ds1 (A) and dsPIWI (B) were heated before loading 

in lane 1 and 2, respectively. Lane 3 is double-stranded RNA from the annealing 

reaction. Lane 4 is double-stranded RNA after treated with RNaseA.  
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Figure 39. The single-stranded RNA from in vitro transcription and double-

stranded RNA from the annealing reaction of dsPAZ fragment 

A) Plasmid DNA containing short DNA template in sense and antisense 

directions were transcribed to single-stranded RNA by in vitro transcription. Sense and 

antisense single-stranded RNA were heated before loading in lane 1 and 2, 

respectively 

B) Lane 1 is double-stranded RNA from the annealing reaction. Lane 2 is 

double-stranded RNA which after treated with RNaseA. 
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5.7 Reduction in the expression level of Pem-AGO in the Lymphoid (Oka) cell 

culture by Pem-AGO dsRNAs 

      Three double-stranded RNAs, ds1, dsPIWI and dsPAZ, corresponding to different 

regions of Pem-AGO sequence were used to transfect the primary lymphoid (Oka) cell 

culture of P. monodon in order to determine the function of Pem-AGO in RNAi 

pathway. Each double-stranded RNA was transfected into the Oka cell culture at the 

concentration of 2 µg per 1 ml in a 24-well culture plate. The remaining dsRNA in the 

culture medium was washed at one and a half hour after transfection. The cells were 

collected at 24 and 48 h for detection of the level of Pem-AGO expression by RT-PCR 

(Figure 40). The Pem-AGO transcript was amplified by the primers that target the 

coding region of the PIWI domain. The level of Pem-AGO expression in each sample 

was compared to the level of actin transcript of the same sample.  The control cells 

that were not transfected with any dsRNA showed the highest level of Pem-AGO 

transcript. The percentages of Pem-AGO transcript (after normalized with the actin) in 

each sample comparing with that of the control cells were shown as a bar graph in 

Figure 41-42. The result from duplicated experiments showed that at 24 h post-

transfection the cells that received ds1, dsPIWI and dsPAZ expressed Pem-AGO 

transcript at the level of 73, 77 and 69% of the control cell, respectively. The cells 

transfected with unrelated dsRNA of the green fluorescent protein (dsGFP) although 

expressed lower level of Pem-AGO than the control cells, the level of Pem-AGO 

expression is still higher than that in the cells transfected with any one of the Pem-

AGO dsRNA. A more than not reduction in the level of Pem-AGO transcript in the 

cells transfected with ds1, dsPIWI and dsPAZ was observed after transfection for 48 h. 

However, the effect of dsGFP on Pem-AGO transcript was not determined at this time 

point. These results demonstrated that dsRNAs from Pem-AGO sequence were able to 

deplete, although not completely, the level of Pem-AGO expression in the cells. 
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Figure 40. RT-PCR detection of Pem-AGO transcript in the Oka cell culture 

after transfected with Pem-AGO specific dsRNAs 

                    The Oka cells were transfected with either Pem-AGO specific dsRNAs; 

ds1, dsPIWI and dsPAZ or unrelated dsRNA, dsGFP. The control cells were 

transfected with the buffer alone. Total RNA was extracted from the cells at 24 h (A) 

and 48 h (B) post transfection. The upper panel represents the actin transcript and the 

lower panel shows the Pem-AGO transcript that was amplified by PIWI-F and PIWI-R 

primers. C is the control cells whereas 1, PI, PA and G represent the cells transfected 

with ds 1, dsPIWI, ds PAZ and dsGFP, respectively. 
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Figure 41. The percentages of knockdown Pem-AGO transcript after 24 h 

double-stranded RNA transfection  

                      The value of the band intensity of Argonaute (PIWI) and actin are 

measured by using Scion Image program. The values are expressed as mRNA levels of 

Argonaute (PIWI)/actin which normalized to 100% level. The Y axis indicated the 

relative of  PIWI/ACTIN. The X axis showed the oka cell culture that transfected with 

four different double-stranded RNAs. The data are from independently duplicated 

experiments and plotted as means +SEM (Standard error of the mean). * Indicated a 

significant difference between control cell and dsRNA-transfected cell at P < 0.05 by 

using one-way ANOVA test.  
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Figure 42. The percentages of knockdown Pem-AGO transcript after 48 h 

double-stranded RNA transfection  

                      The value of the band intensity of Argonaute (PIWI) and actin are 

measured by using Scion Image program. The values are expressed as mRNA levels of 

Argonaute (PIWI)/actin which normalized to 100% level. The Y axis indicated the 

relative of  PIWI/ACTIN. The X axis showed the oka cell culture that transfected with 

three different double-stranded RNAs. The data are from independently duplicated 

experiments and plotted as means +SEM (Standard error of the mean). * Indicated a 

significant difference between control cell and dsRNA-transfected cell at P < 0.05 by 

using one-way ANOVA test.  
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5.8 Determination of the efficacy of RNAi pathway in Pem-AGO depleted cells  

       5.8.1 The effect on silencing endogenous gene 

           To determine the effect on RNAi pathway in Pem-AGO depleted cells, the 

double-stranded RNA corresponding to an endogenous gene, the serotonin (5-

hydroxytryptamine, 5-HT) receptor (kindly provided by Dr. Chalermporn 

Ongvarrasopone) was co-transfected with individual dsRNA of Pem-AGO (one 

microgram each) into the Oka cell culture. The cells were collected at 72 h after 

transfection, and the transcription level of both Pem-AGO mRNA and 5-HT receptor 

mRNA were detected by RT-PCR. The levels of Pem-AGO transcript in the cells that 

were co-transfected with either ds1 and dsPIWI, ds1 and dsRNA of 5-HT receptor 

(ds5-HTR) or dsPIWI and ds5-HT were not different from that of the control cells (no 

dsRNA), but lower than that of the ds5-HTR-transfected cells (Figure 43, middle 

panel). The ds5-HTR triggered the decrease in the expression of 5-HT receptor to 

about 15% of that in the control cells. However, the transcription level of 5-HT 

receptor was recovered to considerable extent in the cells that were co-transfected with 

ds1 or dsPIWI and ds5-HT, whereas the cells receiving only ds1 and dsPIWI exhibited 

the same level of 5-HT receptor transcript as the control cells (Figure 43, bottom 

panel). 
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Figure 43. RT-PCR detection of 5-HT receptor transcript in the Oka cells after 

co-transfected with Pem-AGO specific dsRNA and 5-HT receptor dsRNA   

                    The Oka cells were either trnasfected with ds5-HT-R alone or co- 

transfected with ds5-HT-R and ds1 or dsPIWI of Pem-AGO. The cells were collected 

for RT-PCR at 72 h after transfection. The actin transcript is shown in the top panel. 

The middle and bottom panels represent the RT-PCR products of Pem-AGO (using 

PIWI-F and PIWI-R primers) and 5-HT receptor (using YR5-HTFULL and 

YR3RACE primers), respectively. C is the control cells that received no dsRNA, 

whereas 5, 5+2 and 5+1 represents the cells that were transfected with ds5-HTR alone, 

ds5-HTR together with dsPIWI and ds5-HT-R together with ds1, respectively. 

Similarly, 1+2 represents the cells that were co-transfected with ds1 and dsPIWI of 

Pem-AGO. The numbers at the bottom represent the percentage of 5-HT-receptor 

mRNA level in each sample comparing with the control. 

 

 

 

 

        C           5        5+2      5+1       1+2        

Actin   

5-HT receptor 

Pem-AGO 

% 5-HT/ACTIN    100         15         41         78         161    
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       5.8.2 The effect on silencing exogenous gene 

                The double-stranded RNA harboring the sequence of the protease gene of 

the yellow head virus (dsYHV) has been shown to be capable of preventing the 

replication of YHV in the Oka cells (84). Therefore, the potency of Pem-AGO 

depleted cells to prevent YHV replication upon the presence of dsYHV was 

investigated. The dsYHV was used to co-transfect into the Oka cell culture with each 

of Pem-AGO dsRNA (one microgram each) and followed by infection with 10-5 titer 

of YHV at 40 h after transfection. The transcription level of Pem-AGO and the 

replication of YHV in the cells were detected by RT-PCR at 72 h post infection 

(Figure 44).  The result showed that the level of Pem-AGO transcript in each sample 

was not different (Figure 43, middle panel). High level of YHV transcript, as detected 

by RT-PCR using the primers that were specific to the helicase gene of YHV was 

detected only in the control cells that was infected with YHV without transfection with 

either Pem-AGO or YHV dsRNA. The cells that received dsYHV prior to YHV 

infection produced dramatically detection level of YHV transcript. Similar level of 

YHV transcript to that of dsYHV-transfected cells was also detected in the cells into 

which  dsYHV had been co-transfected with dsPIWI and dsPAZ.  However, it should 

be noted that YHV may replicate more efficiently in dsYHV and ds1-transfected cells 

as the level of YHV transcript was slightly higher than that in the cells co-transfected 

with dsYHV and any of the other two Pem-AGO dsRNA (Figure 44, bottom panel). 
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Figure 44. RT-PCR detection of YHV transcript in the Oka cell culture after 

transfected with different dsRNAs and followed by YHV infection 

         The Oka cells were transfected with different dsRNAs at 40 h before 

infected by 10-5 titer of YHV. The cells were harvested at 72 h after YHV infection. 

The actin transcript is shown in the top panel. The middle and bottom panel represent 

the transcripts of Pem-AGO and YHV (amplified with Hel-F and Hel-R primers), 

respectively. C is the untransfected cells, whereas Y represents the dsYHV-transfected 

cells. The cells in which dsYHV was co-transfected with dsPIWI, ds 1and dsPAZ 

were depicted as Y+PIWI, Y+1 and Y+PA, respectively. The numbers at the bottom 

represent the percentage of YHV mRNA level in each sample comparing with the 

control. 

   

 

 

       C        Y     Y+PI    Y+1   Y+PA    

Actin  

Pem-AGO 

YHV  

% YHV/ACTIN    100      10        9         14         9    
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 CHAPTER VI 

DISCUSSION 
 

 

         Argonaute is a family of proteins that plays a primary role in developmental 

control. In addition, several of Argonaute proteins are shown to be a key component in 

the RNA-mediated gene silencing mechanism in a variety of species ranging from 

nematode to human (29). The number of Argonaute proteins varies from one organism 

to another. In general, Argonaute protein is classified into two major groups; the 

proteins that are responsible for developmental control and the proteins that are 

associated with RNAi function. For example, in human, two subfamilies of Argonaute 

protein are characterized, the PIWI subfamily and eIF2C/AGO subfamily (45). The 

PIWI subfamily functions in the maintenance of stem cell differentiation. 

Alternatively, the eIF2C/AGO subfamily is associated with siRNA and RISC that are 

related to the RNAi pathway. In the RNAi pathway, Argonaute protein acts as the 

major component in RISC which guides the degradation of cognate mRNA directing 

by siRNA. Recently, RNAi has been demonstrated for its potential in preventing viral 

replication in the shrimp P. monodon (85). Since the knowledge about RNAi in the 

shrimp is very limited, characterization of Argonaute protein and its functional role in 

RNAi could pave the way to a better understanding of this promising pathway for viral 

control in the shrimp.  

         In this study, 3’RACE and 5’RACE stratergy were used to clone the coding 

sequence of Argonaute cDNA from P. monodon (Pem-AGO). The function of Pem-

AGO in the RNAi pathway was characterized by investigating the potency of RNAi to 

knock down specific gene in P. monodon’s primary Oka cell culture that were 

depleted in Pem-AGO expression. 

         In the cloning strategy, the degenerate primers were designed from the conserved 

sequence of Argonaute proteins from A. thaliana, D. melanogaster, H. sapiens and C. 

elegan in order to amplify the Argonaute cDNA (Pem-AGO) of P. monodon   
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The 3’UTR sequence obtained by 3’RACE was incomplete because the poly A 

sequence at the 3’end from the sequence analysis was not found. This could occur 

from non-specific binding of the primer sequence (PM-1) at the internal site within the 

3’UTR region. Such internal binding would block the amplification from the PM-1 

primer that binds to its corresponding sequence in the oligo (dT)-containing primer, 

PRT, that  recognize the poly A  at the 3’ end of cDNA. 

          The 5’ end amplification with 5’RACE strategy gave two types of product that 

were distinguished base on the presence or the absence of nine nucleotides at position 

319-327 (Figure 30).  This leads to the loss of three amino acids in one type and the 

change in the next amino acid residue when compared between the deduced amino 

acid sequences from both fragments. The presence of two different sequences either 

with or without the nine nucleotides discussed above was confirmed by amplification 

of the entire coding sequence of Pem-Ago cDNA (Figure 33). This suggested that 

there are at least two variants of Pem-Ago cDNA in P. monodon.  

         The amplification of the fragment 1 of Pem-AGO in this study gave only a single 

band of the products and analysis of three recombinant clones containing the fragment 

1 showed the same nucleotide sequence. However, in previous work that aimed at 

cloning this cDNA fragment, a shorter product of fragment 1 has been also obtained 

(Apinunt Udomkit, Personal communication). This shorter fragment 1 has the deletion 

of eighty-one nucleotides (27 amino acids) in the coding sequence for the PIWI 

domain (Appendix 1). However, an attempt to clone the entire coding region of the 

Pem-AGO cDNA containing this deletion was not successful. One possible reason for 

this is that the short form of Pem-AGO, if really existed, may be expressed at much 

lower level than the longer form as could be observed in later experiments in this 

thesis. When the transcript of Pem-AGO was detected by RT-PCR with the primers 

PIWI-F and PIWI-R, two bands of the product were produced, and the amount of the 

smaller fragment was always less than that of the longer one (Appendix 2).  

         Because the PIWI domain is conserved in Argonaute protein family and this 

domain exhibits  similar structure to that of RNaseH domain (49). The PIWI domain is 

responsible for the endonuclease activity in RISC that cleaves the mRNA target. The 

active site for RNaseH family normally contains the three catalytic residues called the 

DDE (aspartate, aspartate and glutamate) motif which are conserved in several species 
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(49). Although the region of 81 bases deletion in the PIWI domain of the short Pem-

AGO does not include these conserved catalytic residues, the missing of the 81 

nucleotides might disturb the proper conformation and thus affect the formation of the 

active site among the three catalytic residues that is suitable for catalytic reaction of 

the PIWI domain. However, the function of the short form of Pem-AGO is still not 

known. It is possible that this short form might display different function from the 

Pem-Ago that is characterized in this study. 

          The information of the overlapping fragments of Pem-AGO obtained earlier was 

used to design specific primers in order to amplify the entire coding sequence of Pem-

AGO cDNA. The 2,829 bp (939 amino acids) of the coding sequence of Pem-AGO 

was successfully amplified. This Pem-AGO sequence was closest (at 85% identity) to 

the Argonaute protein 1 (dAgo1) of D. melanogaster. The Pem-Ago sequence 

contained the two conserved domains of Argonaute family, PAZ and PIWI. PAZ 

domain of Pem-AGO is 417 base pair long and PIWI is 987 base pair in length. The 

amino acid sequence of Pem-AGO PAZ and PIWI domains were 94.7% and 99.7 %, 

respectively, identical to the consensus sequence of both domains (Appendix 3-4). The 

nuclear magnetic resonance solution structure of the PAZ domain of dAgo1 depicted 

that the characteristic fold of this domain is centered around six-stranded β-barrel core 

(46). The surface of β-barrel structure and the appendage (α-helix and β-hairpin) form 

the conserved nucleotide binding site (Tyr 386, Phe 387 and Tyr 391) which bind to 

the 2 nucleotide-3’overhang of the siRNA. Mutation in the conserved residues in the 

binding site in dAgo1 showed the 50% decrease in RNA binding. This conserved 

RNA-binding site was also found in the Pem-AGO sequence (indicated by the 

asterisks in Figure 35) suggesting the conserved function between dAgo1 and Pem-

AGO. The other conserved domain, the PIWI domain, adopts structural similarity to 

the RNaseH enzyme family which contains three conserved catalytic residues, Asp-

Asp-Glu (DDE) in the active site (49). Mostly, the positions of two aspartates are 

invariant, but the third amino acid, glutamate varies in the position among RNase H 

family. However, the third residue in the catalytic site of the PIWI domain of human 

Argonaute (hAgo2) was demonstrated to be the histidine instead of glutamate. This 

catalytic triad, DDH (instead of DDE), was also found in Pem-AGO sequence at 

conserved positions (indicated by asterisks in Figure 35). This catalytic site was 
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proposed to function as the metal ion binding site that is required for the activity of 

RNaseH enzyme in the mRNA cleavage reaction. Mutation of the two aspartates and 

histidine, but not the glutamate, in hAgo2 inactivated the mRNA cleavage in vitro. 

This suggested that these three residues are coordinated with the metal ion and 

accomplished the mRNA cleavage activity.  

         The conserved positions of the residues that are critical for the function of 

Argonaute in both PAZ and PIWI domain implies the possible role of Pem-AGO in 

the RNAi pathway. In order to provide a supporting evidence for this implication, the 

involvement of Pem-AGO in RNAi mechanism in P. monodon was determined. One 

approach to characterize the function of Argonaute in RNAi is to assay for RNAi 

efficiency in the cells that are defective in Argonaute expression. Such Argonaute-

depleted cells could be generated either by gene knockdown (85) or by siRNA-

mediated gene silencing (86)  

          In P. monodon, an attempt to characterize the function of Argonaute protein was 

made. Although the continuous cell line from penaeid tissues has not been 

successfully established, primary cell culture could be prepared from various tissues of 

penaeid shrimp (16). From the variety of tissues, the cells from lymphoid (Oka) organ 

were found to proliferate more rapidly and remain stable for long periods of time (2-3 

weeks). Furthermore, the repression of specific gene by dsRNA has been 

demonstrated in the primary lymphoid cell culture (25). Additionally, the result in this 

study also showed the high level of expression of Pem-AGO in the lymphoid organ 

(Appendix 2).  Taken together, the primary Oka cell culture was considered for 

investigation of Pem-AGO function in RNAi. 

         In the characterization of Pem-AGO function, three regions located in the coding 

sequence of Pem-Ago were selected to synthesize three double-stranded RNAs; ds1, 

dsPIWI and dsPAZ. The ds1 is corresponded to the sequence 5’ upstream of the PAZ 

domain. This region is not conserved among different Argonaute proteins, therefore 

ds1 is expected to specifically knockdown only the Pem-AGO sequence identified in 

this study. Alternatively, dsPIWI and dsPAZ were synthesized from the conserved 

sequences in the PIWI and PAZ domains, respectively, and thus should target all the 

Argonaute transcripts that contain similar PAZ and PIWI sequences. The Oka cell 

culture that was transfected with 2 µg of ds1, dsPIWI and dsPAZ for 24 h showed the 
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27%, 23% and 31% reduction in Pem-AGO transcript level comparing with the Pem-

AGO transcription the control cells. At 48 h after transfection the cells that were 

transfected with all three types of Pem-AGO dsRNA exhibited similar levels of 

reduction at approximately 30% of that in the control cells (Figure 40-42). The result 

suggested that three dsRNAs of Pem-AGO showed comparable level of activity in the 

inhibition of Pem-AGO mRNA expression in the Oka cells. The efficacy of siRNA 

generated from long dsRNA to silence the target mRNA depends on several factors 

such as the 5’ end thermodynamic stability of the anti-sense strand and the 

accessibility to the target sequence (87). The results of Pem-AGO silencing by dsRNA 

in this study are similar to that of the knockdown of the rat Argonaute (GERp95) by 

specific siRNA in which approximately 50% depletion in GERp95 mRNA level was 

observed at 24 and 48 h after transfection (86). One possible explanation for this 

incomplete knockdown of Argonaute expression by specific dsRNA or siRNA is that 

certain level of Argonaute expression is required to maintain RNAi machinery in the 

cells. Upon the acquisition of Argonaute dsRNA, the Argonaute proteins that are 

already presence in the cells will be utilized to repress Argonaute expression. At 

certain time, once the Argonaute protein level is decreased due to the silencing of its 

expression, the RNAi will become less effective, and allows de-repression of 

Argonaute expression, thus produce more Argonaute mRNA once again. The more 

substantial level of Argonaute knockdown could be achieved by using longer dsRNA 

that would give higher possibility to produce more effective siRNA or by knocking 

down the gene that encodes the Argonaute protein (86).  

          The unrelated dsRNA, dsGFP, was used to demonstrate specificity of Pem-AGO 

dsRNA to knockdown Pem-AGO mRNA. However, a small reduction in Pem-AGO 

mRNA level (approximately 15% less than the control) was still observed in the cells 

transfected with dsGFP (Figure 41). It has been reported that double-stranded RNA 

targeting the unrelated control gene, GFP, showed the induction of  partial protection 

of antiviral defense in Litopenaeus vannamei by  non-specific knockdown (88). 

Therefore it is possible that the slight decrease in Pem-AGO mRNA level by the 

unrelated dsGFP may be the result of this non-specific knockdown mechanism of 

dsGFP to the Argonaute transcript. In mammalian cell, non-specific antiviral defense 

by dsRNA is activated through the dsRNA recognition receptor called Toll-like 
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receptor 3 (TLR3) (89, 90). TLR3 is the germline-encoded family which recognized 

pathogen molecule, host protein-associated pathogen and including dsRNA from viral 

infection (91). In the presence of dsRNA, TLR3 induces the synthesis of type I 

interferon which activates two proteins. First protein is the RNA-dependent protein 

kinase (PKR) which inhibites viral protein synthesis (92). The second protein is 2’-5’-

oligo adenylate synthetase which activates RNase L to degrade RNA in a non-specific 

sequence (89). Therefore, similar to the mammalian cell, dsRNA in the shrimp cell 

may induce both sequence-specific-gene suppression by RNAi and non-specific 

sequence suppression of protein synthesis and enhancement of mRNA degradation by 

recognizing through TLR3 (89). The Toll-like receptor has been found in P. monodon 

(93) and the gene that controls the immune function homolog to the interferon 

response, STAT, was also found in shrimp (94). Therefore, this toll-like receptor may 

be involved in sequence-independent antiviral immunity in shrimp (93). It is possible 

that there is the evolutionary link between innate antiviral immunity triggering by 

dsRNA in both vertebrate and invertebrate (88). These evidences support that 

induction of dsRNA in shrimp may go through two pathways, sequence-independent 

immunity and sequence-specific gene silencing of RNAi (95). 

         To determine the ability of Argonaute-depleted cells to drive RNAi pathway, a 

dsRNA corresponding to the endogenously expressed 5-hydroxytryptamine (5-HT) 

receptor gene was co-transfected with Pem-AGO dsRNAs into the Oka cells. 

Preliminary study suggested that transfection of the Oka cells with 2 ug of dsRNA of 

5-HT receptor (ds5-HTR) triggered the inhibition of 5-HT receptor mRNA level at 48 

h after transfection (96). In this study the efficiency of RNAi to knockdown 5-HT 

receptor expression by ds5-HTR in the Pem-AGO depleted environment (induced by 

co-transfection of Pem-AGO dsRNA) was investigated. At 72 h after transfection, the 

cells that were transfected with the combination of two Pem-AGO dsRNA (ds1 and 

dsPIWI) showed no inhibitory effect on 5-HT receptor mRNA level comparing to the 

control cell into which no dsRNA was introduced. This demonstrated that dsRNA of 

Pem-AGO did not have any effect on 5-HT receptor expression and thus confirm 

specificity of using dsRNA to silence mRNA target. The expression of 5-HT receptor 

mRNA was dramatically decreased in the cells transfected with ds5-HTR alone to the 

level of 15% of that expressed in the control cells. On the contrary, the expression of 
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5-HT receptor mRNA could be restored to a substantial extent by co-transfection of 

ds1 or dsPIWI with ds5-HT (Figure 43). This demonstrates that depletion of Pem-

AGO mRNA leads to the impairment of RNAi mechanism in the cells. Similar level of 

the impaired siRNA in the cells that were depleted for Argonaute was also reported in 

the rat cells in which the ablation of Argonaute, GERp95, caused a de-repression of 

neuropeptide Y (NPY) gene expression from dsRNA that targeted NPY (86). As a 

result, Pem-AGO could be therefore considered as an essential component in the 

RNAi in P. monodon.  

         In addition, RNAi in the cells that had acquired Pem-AGO dsRNA was also 

investigated with exogenous dsRNA corresponding to the protease gene of YHV 

(dsYHV). It has been reported that the Oka cell culture that was transfected with 1 µg 

of dsYHV followed by infection with 10-5 titer of YHV showed complete inhibition in 

the YHV mRNA level at 48 h post-infection (84). In contrast to the result of the effect 

on expression of endogenous gene 5-HT receptor, co-transfection of ds1, dsPIWI or 

dsPAZ with dsYHV into the Oka cells was unable to rescue the expression of YHV in 

the cells comparing with the cells that received dsYHV alone. Although slight 

recovery of the YHV mRNA level was observed when dsYHV was co-transfected 

with ds1, the effect is not significantly different from the inhibited level in the cells 

transfected with dsYHV alone (Figure 44). The different effect of Pem-AGO depletion 

on the efficiency of RNAi against 5-HT receptor and YHV protease genes could be 

explained by the difference in the time at which their siRNA products meet the targets. 

Since 5-HT receptor is normally expressed in the lymphoid organ, the RNAi can 

function to degrade 5-HT receptor mRNA once the cells were administrated with ds5-

HTR. Therefore if Pem-AGO was depleted by co-transfection with Pem-AGO dsRNA, 

the effect on the efficiency of RNAi to silence the expression of 5-HT receptor could 

be simultaneously observed. On the other hand, in the experiment with dsYHV, the 

cells were infected with YHV virus at 40 h after double-stranded RNA transfection 

and the cells were harvested at a further 72 h after viral infection. Therefore, the total 

time in collecting cell in this experiment is 112 h after administrated with dsRNA. At 

this time, it is possible that Pem-AGO level was recovered and therefore relieved the 

RNAi activity against dsYHV. Since the siRNA is unstable as a result from its short 

half-life, it has been reported that the effective duration in the transfection by using the 
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siRNA to mediate gene silencing should not be longer than 96 h post transfection (97-

99). In order to obtain a more promising result of Pem-AGO depletion on the RNAi 

against dsYHV, appropriate duration of dsRNA transfection and YHV infection must 

be determined.  

          In summary, the Pem-AGO could be considered as one of the factors that 

associate with RNAi pathway in the shrimp P. monodon. This is supported by several 

evidences from this study; 1) Pem-AGO are closely related to dAgo1 of D. 

melanogaster that has been shown for its role in RNAi pathway. 2) Pem-AGO 

contains the two signature, PAZ and PIWI domains of the Argonaute family with the 

conserved functional residues. 3) The depletion of Pem-AGO had an impact on the 

RNAi activity in shrimp cells. 
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CHAPTER VII 

CONCLUSION 
 

 

 

         7.1 The virtual transcript of a cDNA encoding Argonaute protein of P. monodon 

(Pem-AGO) was revealed by combination of the sequences from four overlapping 

cDNA fragments obtained by RT-PCR and RACE.  

 

         7.2 The cDNA harbouring the entire coding sequence of Pem-AGO was 

successfully cloned by means of RT-PCR with gene specific primers designed from 

the 5’end (the first ATG codon that is in-frame with the translated product) and 3’ end 

(the TAA codon) of the combined virtual transcript.  

 

        7.3 The entire coding sequence of Pem-AGO is 2,829 nucleotides in length. The 

deduced amino acid sequence of Pem-AGO revealed a significant degree of 85% 

identity to Argonaute protein 1 of D. melanogaster. The Pem-AGO contained two 

conserved domains in Argonaute family, PAZ (417 bp) and PIWI (987 bp).   

  

        7.4  In the 5’region  of Pem-AGO coding sequence, two types of sequences that 

are distinguished by the presence or the absence of nine nucleotides at position 319-

327 were found suggesting the  presence of two variants of Pem-Ago cDNA in P. 

monodon.  

  

         7.5 Three different regions located in the coding sequence of Pem-AGO were 

selected to synthesize three double-stranded RNAs; ds1, dsPIWI and dsPAZ. These 

dsRNAs of Pem-AGO were used to transfect into the primary Oka cell culture to 

investigate the function of  Pem-Ago in RNAi. 
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        7.6 The ds1, dsPIWI and dsPAZ  showed comparable level of activity that 

exhibited 30% inhibition of Pem-AGO mRNA transcript in the Oka cells at 24 and 48 

h after transfection.  

 

        7.7 The depletion of Pem-AGO experiment in the Oka cells caused the 

impairment of RNAi activity on endogenous gene (5-HT receptor) by specific dsRNA 

(ds5-HTR) that could be detected at 72 h after transfection. On the other hand, no 

significant impact of Pem-AGO depletion on RNAi mechanism against exogenous 

gene (dsYHV) was observed.  

 

        7.8 The Pem-AGO could be considered as one of the factors that is associated 

with RNAi pathway in the shrimp P. monodon due to the presence of conserved 

domain, PAZ and PIWI, and the impact on the RNAi activity in shrimp cell culture.  
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                *        20         *        40         *        60      
AGOL : QPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCV :  60
AGOS : QPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCV :  60
       QPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCV      
                                                                         
                *        80         *       100         *       120      
AGOL : QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGIRPKVFNEPVIFLGADVTHPPAGDNK : 120
AGOS : QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGIRPKVFNEPVIFLGADVTHPPAGDNK : 120
       QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGIRPKVFNEPVIFLGADVTHPPAGDNK      
                                                                         
                *       140         *       160         *       180      
AGOL : KPSIAAVVGSMDAHPSRYAATVRVQQHRQNGSTTQGQSASDGSRPRQLTFARTAHDEVIQ : 180
AGOS : KPSIAAVVGSMDAHPSRYAATVRVQQHRQ---------------------------EVIQ : 153
       KPSIAAVVGSMDAHPSRYAATVRVQQHRQ                           EVIQ      
                                                                         
                *       200         *       220         *       240      
AGOL : ELSSMVKELLIQFYKSTRFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYKP : 240
AGOS : ELSSMVKELLIQFYKSTRFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYKP : 213
       ELSSMVKELLIQFYKSTRFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYKP      
                      
                      
AGOL : GITYIAVQK : 249
AGOS : GITYIAVQK : 222
       GITYIAVQK       
 
 
Appendix 1. The alignment of deduced amino acid sequence between short and 

long form of Pem-AGO 

                       The alignment was conducted by Clustal X program. The amino acid 

sequences that are identical between two forms are highlighted in black. The deletion 

of eighty-one nucleotides sequence (27 amino acids) of the short form was shown in 

rectangular.  
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Appendix 2. Tissue distribution of Pem-AGO transcripts by RT-PCR 

                      Tissue specific expression of Pem-AGO mRNA was performed using 

RT-PCR strategy with gene specific primers PIWI-F and PIWI-R. The cDNA template 

in this study were kindly provided by Dr. Chalermporn Ongvarrasopone. The 

expression of Pem-AGO mRNA was detected in all tissues at the expected size of 1 

kb. The PCR products were observed on 1% agarose gel electrophoresis. The upper 

panel represents RT-PCR of actin transcripts from each tissue. The lower panel 

represents the RT-PCR analysis of Pem-AGO mRNA expression in various P. 

monodon tissues. Lanes 1, 2, 3, 4, 5, 6 and 7 represent the Pem-AGO transcript in  

nerve, hepatopancreas, ovary, gill, heart, abdominal muscle and lymphoid organ 

respectively.  

 

 

 

 

 

 

 

 

 

1          2          3          4          5          6         7 

Actin 

Pem-AGO 
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gn⏐⏐CDD30001, CD-Length = 144 residues, 100% aligned 

Score = 128 bits (324), Expect = 3e-30 

 

 
Query:  283  AQAVIEFMCEVLDIREIGEQRKPLTDSQRVKFTKEIKGLKIEITHCGAMRRKYRVCNVTR  342 
Sbjct:  1    AQPVIEFLKEFLGFDTP----LGLSDNDRRKLKKALKGLKVEVTHRGNTNRKYKIKGLSA  56 
 
Query:  343  RPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPCLQVGQEHKHTYLPLEVCNI  402 
Sbjct:  57   EPASQQTFEL---KDGEKEISVADYFKEKYNIRLKYPNLPCLQVGRKGKPNYLPMELCNI  113 
 
Query:  403  V  403 
Sbjct:  114  V  114 

 

 

Appendix 3. The identical consensus sequence of deduced amino acid sequence of 

PAZ domain from Pem-AGO    

                      The deduced amino acid sequence of PAZ domain of Argonaute protein 

in P. monodon was submitted to blastp program. The result from NCBI conserved 

domain search showed that the conserved PAZ domain exhibited a significant identity 

to the gn⏐⏐CDD30001 sequence of PAZ domain in the cdd.v2.o6 database.  
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gn⏐⏐CDD23311, CD-Length = 300 residues, 99.7 % aligned  

Score = 339 bits (870), Expect = 1e-93 

 

 
Query:  5    QLVCVILPGKTP-VYAEVKRVGDTVLGMATQCVQAKNVNKTSPQ-TLSNLCLKINVKLGG  62 
Sbjct:  1    LIVVVLPDENKPDVYYEIKKRELTDLGIPSQCIRLKTLKKRNKQFTLTNVLLKANMKLGG  60 
 
Query:  63   INSILVPGIRPKVFNEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQ  122 
Sbjct:  61   LNYKL--NIEPEPPLKPTLIIGFDVSHPNGGNGNNPSVAGVVANMDSHGTKFRGGVREQP  118 
 
Query:  123  HRQNGSTTQGQSASDGSRPRQLTFARTAHDEVIQELSSMVKELLIQFYKSTRFKPNRIIL  182 
Sbjct:  119  AGQ---------------------------ELLTDLKKIIKESLRSFYKSTRKLPKRIIV  151 
 
Query:  183  YRDGVSEGQFQTVLQHELTAMREACIKLEADYKPGITYIAVQKRHHTRLFCSDKKEQSGK  242 
Sbjct:  152  YRDGVSEGQFSQVLNYEVNQIKEACKTLSESYNPKLTVIVVQKRHHTRFFASDK---RDG  208 
 
Query:  243  SGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQL  302 
Sbjct:  209  PQNPPPGTVVDDKITSPEYYDFYLCSQAGRQGTVKPTHYTVLYDEWGLSPDELQDLTYKL  268 
 
Query:  303  CHTYVRCTRSVSIPAPAYYAHLVAFRARYHL  333 
Sbjct:  269  CYMYQRSFRPVSLPAPVYYAHLLAKRGRNNL  299 

 

 

Appendix 4. The identical consensus sequence of deduced amino acid sequence of 

PIWI domain from Pem-AGO    

                       The deduced amino acid sequence of PIWI domain of Argonaute 

protein in P. monodon was submitted to blastp program. The result from NCBI 

conserved domain search showed that the conserved PIWI domain exhibited a 

significant identity to the gn⏐⏐CDD23311 sequence of PAZ domain in the cdd.v2.o6 

database. 
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