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ABSTRACT 

 

Characterising protein-protein interactions of B0238.11, a previously  

uncharacterised Caenorhabditis elegans intergenic spacer binding protein 

 

Syed Omar Advisor: 

University of Guelph, 2012 Dr. Teresa J. Crease 

 

A protein, B0238.11, was identified in a yeast one-hybrid screen to bind to the ribosomal 

intergenic spacer region (IGS) of Caenorhabditis elegans. Proteins interacting with this region of 

the DNA have been implicated in ribosome biogenesis in other model organisms, so it is also 

possible that B0238.11 plays a role in RNA transcription by interacting with RNA polymerase I 

or other transcription machinery. Thus, the goal of this study was to further characterize the 

structure and function of B0238.11.   

I used yeast two-hybrid experiments to identify proteins that interact with B0238.11 

within the nucleus. RPS-0, K04G2.2, DPY-4, EFT-3, PAL-1, and B0238.11, itself, were found to 

bind to B0238.11. Additionally, I analysed the amino acid sequence of B0238.11 using in silico 

bioinformatics methods to determine its structure and putative function and also to identify and 

characterize the other interacting proteins. I found that B0238.11 contains a high-mobility group 

box domain, which is also found in HMO1P in yeast and UBF in vertebrates.  These other 

proteins also bind to the IGS, are known to form homodimers and have been implicated in the 

initiation of ribosomal RNA transcription. Here I scrutinize the validity of the interaction 

between each protein and B0238.11.  I conclude that B0238.11 is likely to be a C. elegans 

homolog of UBF and present an updated interactome map for B0238.11.
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Introduction 

The Nucleus and Nucleosome 

DNA, the physical unit of heredity, is packed inside the nucleus of eukaryotes. To maintain the 

level of fidelity required for the upkeep of the DNA sequence, the nucleus has been shown to 

have an intricate internal structure (Lamond & Earnshaw 1998). A well-categorised family of 

non-specific, DNA binding proteins called the histones form an eight-subunit disk. Two 

complete turns of the DNA strand are wrapped around this core disk (Kornberg & Lorch 1999). 

This whole unit is called a nucleosome. The nucleosomes themselves are arranged in a single 

helical structure to form the chromatin. 

 The chromatin helps in regulating the transcription state of genes and can be divided into 

two states: the euchromatin, which is the transcriptionally available state of genes, and 

heterochromatin, which is the transcriptionally unavailable state of genes. A wide range of 

proteins interacts with the chromatin and closely regulates the state of nucleosome packing; 

heterochromatin is tightly packed while euchromatin is loosely packed (McKeown & Shaw 

2009). These two states can be dynamically shifted back and forth by controlling the state of 

acetylation and methylation of the core histone units found in the nucleosome, which then allows 

DNA strands to unwind and makes the genes present on that specific segment of DNA available 

for transcription (Lamond and Earnshaw, 1998). 

The nucleolus is a prominent sub-nuclear structure that is not bound by a membrane and 

resides within the nuclear matrix. Though known to exist since the eighteenth century, the 

primary function of the nucleolus as the ‘ribosome factory’ was not discovered until the 1960s 
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(Sirlin et al., 1961). Thin section transmission electron microscopy (TEM) reveals three major 

components of the nucleolus – the fibrillar centers (FC), the dense fibrillar components (DFC) 

and granular components (GC). However, it has been proposed that this particular organization is 

restricted to mammals and that it evolved from a bipartite organization with the transition from 

anamniotes to amniotes (Thiry & Lafontaine 2005, Figure 1). The granular components of the 

nucleolar structure are assumed to represent mainly pre-ribosomal particles in various stages of 

maturation (Raska et al. 2006). 

 The structural components of the nucleolus are maintained by the molecular processes of 

ribosome biogenesis (Hernandez-Verdun 2006). Within the nucleolus, the ribosomal RNA 

(rRNA) genes that make up the ribosomal subunits are organised as tandem ribosomal DNA 

(rDNA) repeats at nucleolar organiser regions (NORs), and separated from each tandem unit by 

an intergenic spacer sequence (IGS) (Figure 2). The rDNA repeats are present in tens to tens of 

thousands of copies in eukaryotic genomes to meet the high demand for ribosomes in growing 

cells with high metabolic activity (Prokopowich et al., 2003). The rRNA genes are transcribed by 

RNA polymerase I (RNAP1) to produce 45S pre-rRNA, which is then processed into three of the 

four rRNAs. These rRNAs complex with the 5S rRNA, transcribed elsewhere in the genome, and 

with ribosomal proteins that are imported from the cytoplasm, to form pre-ribosomes (Merl et al. 

2010). Studies from primate cell lines have shown that the act of ribosome biogenesis itself acts 

as the focus for the formation and maintenance of nucleolus structure (Mais et al. 2004). 

In addition to the traditionally known role of the nucleolus in ribosome production and 

assembly, recent studies have identified a variety of additional functions. These studies implicate 

the nucleolus in cell-cycle regulation (Asato 2005), ageing and apoptosis (Lempiäinen & Shore 

2009), replication of human viruses (Greco 2009) and tumorigenesis (Montanaro et al. 2008). 
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These additions to the repertoire of nucleolus activities have raised new interest in this organelle. 

With a role in pathologically relevant activities such as tumourigenesis, and virus incubation and 

maturation, it is essential to further understand the workings of this crucial organelle. 

Ribosomal RNA transcription and ribosome biogenesis 

The ribosome is a cytoplasmic organelle comprised of two-subunits and is the site where 

messenger RNA (mRNA) is translated into protein. In eukaryotes, ribosomes consist of a large 

60S subunit, and a small 40S subunit where S is Svedberg units, which refer to the rate of 

sedimentation of these particles in a centrifuge. The large ribosomal subunit contains 5S, 28S 

and 5.8S rRNAs, whereas the small ribosomal subunit contains 18S rRNA (Figure 3). The 

mature eukaryotic ribosome is composed of these rRNA core segments and about 200 additional 

ribosomal proteins (Strunk & Karbstein 2009).  

 Alterations in cell proliferation are accompanied by profound changes in the transcription 

rate of rRNA genes (Moss & Stefanovsky 2002). As mentioned earlier, RNAP1 transcribes a 

single pre-rRNA 45S transcript from each unit that is later spliced to give three of the four rRNA 

segments.  The fourth, 5S rRNA, is transcribed elsewhere in the nucleus by RNA polymerase III 

(RNAP III) (Prokopowich et al. 2003). Based on the observation that FCs are enriched in 

RNAP1 machinery, whereas DFCs are enriched in pre-rRNA processing factors, it is 

hypothesized that pre-rRNA is transcribed either in the FC or at the border of FC and DFC, and 

that pre-ribosome assembly takes place in the GC, which envelops both the FC and DFC (Boulon 

et al. 2010, Figure 1). 

 The mechanisms of rRNA transcription initiation have been studied in various organisms 

including yeast, amoeba, human and mouse (Bateman et al. 1985; Keener et al. 1998; Jantzen et 
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al. 1992; Boukhgalter et al. 2002; Grummt 2003). The earliest data regarding rRNA transcription 

came from studies of human and mouse mammalian models. In these models, the non-specific 

DNA-binding High Mobility Group box (HMG-box) protein Upstream Binding Factor (UBF) 

was shown to bind first to the upstream and/or core promoter regions found in the intergenic 

spacer (IGS), which enables the RNAP1 promoter selectivity factor, SL1 complex, to bind and 

form a ‘stable’ pre-initiation complex (PIC) (Bell et al. 1988, Figure 4). This complex is able to 

recruit RNAP1 and initiate transcription in the presence of nucleotide triphosphates. More 

recently, it has been argued that human SL1 is able to functionally bind the promoter in the 

absence of UBF, and that UBF binding is dependent on SL1 rather than the converse (Friedrich 

et al. 2005). Overall, from mammalian studies, it seems that the basal transcription factors, SL1 

and UBF, are involved in rRNA transcription initiation and appear to be modulated by different 

signaling pathways in response to external stress demanding alteration of metabolic activity 

(Grummt 2003).  

RNAP1 initiation complex formation in yeast is generally similar to that in mammals. 

However, the number of factors directly involved appears to be significantly greater, suggesting 

that we may still have much to learn about the mammalian rRNA transcription (Moss et al. 

2007). After the Upper Activating Factor (UAF), a possible analogue of UBF in yeast, binds to 

the Upstream Promoter Element (UE or UPE in humans) present on the IGS, TATA-box Binding 

Protein (TBP) is recruited along with the other Core Factor (CF) proteins, like Rrn6p and Rrn7p 

(Figure 4). Efficient promotion of transcription requires the UAF complex, although low-level 

specific transcription initiation in vitro does not require this complex, nor does it require TBP or 

the UE of the promoter. Only the ‘Core’ promoter sequence is required (Keys et al. 1996; Steffan 

et al. 1996). 



5 
 

Ribosome biogenesis plays an essential role in the regulation of cell growth and 

transcription of the 45S pre-rRNA transcript is the limiting step in most organisms (Jorgensen 

and Tyers, 2004). Remarkably, despite rRNA gene transcription being limiting for growth, a 

large number of rRNA genes exist in the heterochromatic or ‘closed’ state that is 

transcriptionally silent, whereas the remainder exist in a euchromatic or ‘open’ state that is 

transcriptionally accessible (Grummt and Pikaard, 2003). Studies have shown that increased 

demand for ribosomes is met by increasing rRNA transcription from euchromatic rDNA rather 

than activating silent rDNA (Moss & Stefanovsky 2002; Sanij et al., 2008). Previous studies also 

showed that regulatory proteins, including UBF, bind to the IGS and there is a positive 

correlation between the length of the IGS and the rate of rRNA gene transcription (Flavell et al. 

1986; Zentgraf & Hemleben 1992; Sardana et al. 1993).  

Objectives of this study 

The nematode Caenorhabditis elegans has become an important model for the study of 

eukaryotic development and mammalian pathologies like Alzheimer’s disease, type-2 diabetes 

and depression due to its conservation of biological processes and disease pathways relative to 

other organisms (Kaletta and Hengartner, 2006). However, most studies concerning rRNA 

transcription and ribosome biogenesis have been conducted using mammalian and yeast models.  

As such, little is known about rRNA transcription and the role of the IGS in C. elegans, and none 

of the rRNA transcription initiation factors that bind to the IGS have been explored in this 

organism.  

This study aims to bridge the gap in our understanding of ribosome biogenesis in the 

model organism C. elegans by characterising the protein-protein interactions of a previously 
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uncharacterised C. elegans IGS binding protein identified using the yeast one-hybrid approach 

(Floyd and Crease, unpublished data). For this purpose, I first used in silico bioinformatics 

methods to determine the structure and putative function of this IGS-binding protein. This was 

followed by yeast two-hybrid experiments to identify protein-protein interactions in vivo. Lastly, 

I used in silico methods to further characterize the structure and putative function of the proteins 

identified in the yeast two-hybrid screens. 

Materials and Methods 

Generation of bait clones for yeast two-hybrid analysis 

The yeast two-hybrid assay is used to identify ‘prey’ proteins that interact with a ‘bait’ protein 

(Figure 5). This technique is based on the modular interaction between the DNA binding domain 

(DBD) and the activating domain (AD) of the LacZ gene’s transcription factor (Young 1998). 

The AD can activate downstream gene transcription when it is in close proximity to the DBD at 

the LacZ promoter site. The reporter genes used in yeast two-hybrid assays were β-galactosidase 

(for X-gal assay) and His (for histidine auxotrophy). In the X-gal assay, β-galactosidase 

metabolizes X-gal present in yeast media to produce a distinct blue product that can be easily 

recognized by the naked eye and indicates a potential interaction between the proteins fused to 

the AD (prey) and the DBD (bait). Similarly, activation of the His reporter gene allows yeast 

colonies exhibiting protein interactions to grow on histidine-deficient media. 

A C. elegans complimentary DNA (cDNA) library cloned into the pPC86 protein 

expression vector was obtained from the Walhout lab at the University of Massachusetts Medical 

School. This vector contains an ampicillin resistance gene (AMP) and a tryptophan marker gene 
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(TRY1), for growth on tryptophan-deficient yeast media (-T). This vector also contains the Gal4-

Activating Domain and thus cDNA sequences cloned into this vector can be used as prey clones 

for yeast one-hybrid and two-hybrid assays. The cDNA library was generated from C. elegans 

specimens in different stages of development, and as such gives a fair representation of all the 

proteins that are produced throughout the nematode’s life span. 

A DNA ‘bait’ strain containing the full-length IGS from C. elegans was constructed 

using the YM4271 yeast strain by T. Crease (unpublished data) with the techniques described in 

Deplancke et al. (2006).  Clones encoding two forms of an uncharacterized protein were 

identified many times in yeast one-hybrid screens with the C. elegans cDNA prey library (R. 

Floyd and T. Crease, unpublished data).  Plasmid DNA of these cDNA clones was extracted 

from a yeast culture and transformed into E. coli to generate bait protein clones for subsequent 

yeast two-hybrid assays.   

Bait protein clones for the yeast two-hybrid experiment were generated from the prey 

clones in pPC86 in two steps using Invitrogen Gateway technology. First, the cDNA insert was 

amplified from pPC86 using the primers, B02381B1F, B02382B1F and B0238B2R (Table 1).  

The resulting amplicon was then cloned into the entry vector, pDONR221 (Invitrogen) with BP 

Clonase II (Invitrogen) according to manufacturer’s instructions.  The insert in the resulting 

pDONR221 entry clone was transferred to the destination vector, pDEST32 using LR Clonase II 

(Invitrogen) according to the manufacturer’s protocol.  

Each plasmid construct was amplified by transformation into E. coli using heat shock 

according to the manufacturer’s protocol.  Transformed cells were plated on Luria Broth (LB) 

agar containing 100mg/L of Ampicillin and grown overnight at 37°C. Plasmid extraction from 5 
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mL of overnight E. coli liquid culture was carried out using the Zymoprep Kit (Zymogen) 

according to manufacturer’s instructions.  The plasmid DNA was eluted into a final volume of 

75µl of sterile water. Sample concentrations were determined using a Nanodrop 8000 

spectrophotometer.  

Yeast transformations and two-hybrid assays 

Preparation and transformation of competent MaV203 yeast cells for the yeast two-

hybrid screens was carried out as outlined in the Invitrogen ProQuest Two-Hybrid manual. A 

single transformation reaction contained 1 µl of C. elegans ‘prey’ cDNA library in pPC86 

(1µg/µl), 5µl of sheared salmon sperm DNA (10µg/µl) and 50µl of freshly prepared competent 

yeast cells containing the bait protein plasmid clone. Cells were plated on Synthetic Deficient 

medium lacking Leucine,Tryptophan and Histidine and containing 75 mM 3-Amino-1,2,4-

triazole(3AT) (SD-LTH+75mM3AT) for His auxotrophy to only allow colonies showing 

positive interactions to grow. Subsequently, colonies that grew were plated on SD-LT+X-gal 

(80mg/L) media for the X-gal assay.  

The transformation efficiency was calculated for each screen by multiplying the number 

of colonies that grew on an SD-LT plate (no 3AT or X-gal) incubated with 1µl of the 

transformation reaction by 391.6µl (the total volume of a single transformation) and by the total 

number of transformations (15). A transformation was carried out without addition of any ‘prey’ 

library DNA in each assay as a negative control to test for growth on SD-LT, SD-LTH and SD-

LT+X-gal plates. This resulted in 32 yeast two-hybrid screen and transformation plates per 

screen for both bait plasmids and 96 plates in total for all three replicate yeast two-hybrid 

screens.  



9 
 

Colonies showing a positive interaction were plated on SD-LT media. Yeast plasmids 

were extracted from 3-day old colonies grown on SD-LT plates using the Zymoprep II kit 

(Zymogen). Zymolase volume was increased to 5µl if the colonies were more than 5 days old, as 

recommended by the Zymoprep II yeast plasmid extraction protocol. Plasmids were eluted using 

12.5µl of bio-inactive water after 5mins of incubation and sample concentrations were 

determined using a Nanodrop 8000 spectrophotometer. Plasmid inserts were PCR amplified 

using primers AD-F and Term-R (Table 1) and sequenced. Plasmid DNA was stored frozen until 

used.  

Candidate ‘prey’ plasmid clones were transformed into MaV203 yeast strains devoid of 

the bait plasmid as a negative control to test for ‘prey’ protein and reporter gene interaction. In 

addition, the purified plasmids were re-transformed into MaV203 yeast cells containing the bait 

plasmid to verify the positive interaction.   

The minimum amount of 3AT required to inhibit expression of the leaky His reporter 

gene was determined by plating transformed yeast cells on SD-LH media to which 3AT was 

added to a final concentration of 10mM, 25mM, 50mM, 75mM and 100mM. There was minimal 

growth of MaV203 strains with the ‘bait’ plasmids on 50mM 3AT and no growth on 75mM 3AT 

SD-LH plates.  

 The Invitrogen ProQuest Two-Hybrid System also provided ‘bait’ and ‘prey’ plasmids to 

use as controls for strong, weak and no interaction. The pEXP32Krev1/pEXP22RalGDS-wt 

‘bait’/’prey’ pair shows a strong interaction, the pEXP32Krev1/pEXP22RalGDS-m1 pair shows 

a weak interaction and the pEXP32Krev1/pEXP22RalGDS-m2 pair shows no interaction (no 
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growth). These controls were also tested on SD-LT + X-gal and SD-LTH + 75mM3AT plates as 

positive controls for the His auxotrophy and X-gal assays. 

Sequencing 

The BigDye Terminator Mix v3.1 (Applied Biosystems) was used to sequence PCR 

amplicons of prey clone inserts identified in yeast two-hybrid assays. The final sequencing 

reaction volume was 12µl and contained 0.5µl of the BigDye Terminator Ready Reaction mix, 

1µl of 5x Sequencing buffer, 10pmol of the AD-F primer and 25ng of DNA template. Cycle 

sequencing of the reaction was done using a program with 30 cycles of 96°C for 20 sec, and 

55°C for 4 min. The cycle-sequencing reactions were resolved on an ABI 3730 sequencer 

(Applied Biosystems) in the Genomics facility at the University of Guelph. 

Bioinformatics Analysis 

Prey clones identified in yeast one-hybrid and two-hybrid screens were sequenced 

(Appendix A) and then characterized using the BLAST service, which was accessed through the 

NCBI webserver at http://www.blast.ncbi.nlm.gov/Blast.cgi. In all cases, the non-

redundant/nucleotide collection (nr/nt) database was selected, with default values of all other 

algorithm parameters. The ‘e-value’ of a similar sequence identified in a BLAST search is the 

number of alignments with similarity scores that are equal to or higher than the score that is 

expected to occur by chance when analyzing a query sequence of similar length (the lower the 

better). The ‘query coverage’ is the total overlap between the query and similar sequence, and 

‘Maximum identity’ is the percentage of nucleotides or amino acids that are identical in the 

region of overlap between the query and the similar sequence.  

http://www.blast.ncbi.nlm.gov/Blast.cgi
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 The CLUSTALW2 sequence alignment service was used to align and analyze the 

sequences of prey clones (Appendix B). This service was accessed from the EBI webserver at 

www.ebi.ac.uk/Tools/msa/clustalw2/. All nucleotide and amino acid sequence alignments were 

carried out with the default multiple sequence alignment and pairwise alignment options.  

 Amino acid sequences of closest BLAST match were obtained from Wormbase and 

analyzed using the domain finding service InterProScan, which was accessed through the EBI 

webserver available at www.ebi.ac.uk/Tools/pfa/iprscan/. 

The YLoc, interpretable subcellular localization prediction service was used to predict the 

subcellular organelle of localization for proteins encoded by prey clones and was accessed at 

abi.inf.uni-tuebingen.de/Services/YLoc/webloc.cgi (Briesemeister et al. 2010). Unless otherwise 

indicated, the YLoc+ model for Animals with no Gene Ontology (GO 0term features was used to 

predict the localisation of a protein. In addition to probability of localisation in a specific sub-

cellular organelle, this service also provides a percent confidence in the predicted localisation. 

 The pSORT (protein subcellular localisation prediction) service was accessed at 

wolfpsort.org. This service also predicted subcellular organelle localizations for prey proteins 

and was used to support YLoc predictions. Protein amino acid sequences in the multifasta format 

were used as query with ‘Animal’ as the organism type. The output is the number of proteins in 

the dataset that were used to provide the localisation prediction.  

 The subnuclear protein localisation prediction service, Nuc-PLoc was accessed at 

www.csbio.sjtu.edu.cn/bioinf/Nuc-PLoc/ (Shen and Chou, 2007). The subnuclear localisation 

prediction depends on sequence similarity greater than 80% with the consensus motifs identified 

http://www.ebi.ac.uk/Tools/msa/clustalw2/
http://www.ebi.ac.uk/Tools/pfa/iprscan/
file:///C:/Users/tcrease/Dropbox/To-file/manuscripts/Omar/original/abi.inf.uni-tuebingen.de/Services/YLoc/webloc.cgi
file:///C:/Users/tcrease/Dropbox/To-file/manuscripts/Omar/original/wolfpsort.org
http://www.csbio.sjtu.edu.cn/bioinf/Nuc-PLoc/
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in the datasets for specific subnuclear compartments (Shen and Chou, 2007). The result does not 

provide any probability or confidence rating in the prediction. 

The HitPredict webservice was used to construct interactome maps and was accessed at 

hintdb.hgc.jp/htp/ (Patil et al., 2011). It is a secondary database of high confidence protein-

protein interactions from the interaction mining databases, IntAct, BIOGRID and HPRD. Data 

from the source databases is combined, annotated and assigned a reliability score in order to 

provide a confidence rating in protein-protein interaction (Patil et al., 2011). Since the 

interactions contained within this database are already annotated, a UniProt ID or Entrez Gene 

ID is provided as the input query. The output consists of proteins with their UniProt IDs, the 

likelihood of the interaction and the confidence in the likelihood of the interaction. When 

available, the program also provides links to published evidence for high confidence interactions. 

 The SMART (Simple Modular Architecture Research Tool) interactome service was 

accessed at smart.embl-heidelberg.de (Letunic et al., 2011). SMART uses previously 

documented interactions between domains to predict protein-protein interaction based on the 

domains present in the query protein (Letunic et al., 2011). All algorithms that identify additional 

protein sequence architecture (internal repeats, etc.) were also selected in every SMART 

sequence analysis. 

 The GeneMANIA webservice was accessed at www.genemania.org. This service uses a 

large set of protein and genetic interaction pathways, co-localisation, protein domain similarity, 

and co-expression data to find other genes interacting with a set of input genes. The “Find genes 

in C. elegans” option was always selected.   

file:///C:/Users/tcrease/Dropbox/To-file/manuscripts/Omar/original/hintdb.hgc.jp/htp
file:///C:/Users/tcrease/Dropbox/To-file/manuscripts/Omar/original/smart.embl-heidelberg.de
http://www.genemania.org/
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Results 

Bioinformatics analysis of B0238.11 

Previous yeast one-hybrid screens with the YM4271 bait strain carrying a full length C. elegans 

ribosomal IGS identified cDNA clones encoding two versions of the same protein (Floyd and 

Crease, unpublished data).  Both clones were sequenced and the sequences were compared to the 

C. elegans non-redundant nucleotide database using nucleotide BLAST (BLASTn). The best 

match to both clones is the hypothetical C. elegans gene, B0238.11 with an e-value of 0.0 

(Figure 6). The cDNA sequence was also translated into its amino-acid sequence and a search of 

the protein database using BLASTp gave the same results. The next five results are all from 

nematodes while the seventh is from the marmoset monkey and is included to demonstrate the 

large increase in e-value beyond the nematode matches (Figure 6).  

The sequence of B0238.11 was aligned with the two cDNA clones, which have been 

labelled cB0238.11-1 and cB0238.11-2, using ClustalW2 (Weir et al., 1993). My sequenced 

portion of cB0238.11-1 starts 56bp downstream of the reference sequence start codon and ends 

15bp upstream of the stop codon of the reference sequence (Figure 7). On the other hand, 

cB0238.11-2 clone starts 184bp downstream of the reference sequence and covers the full length 

of the coding sequence. cB0238.11-1 overlaps with 93% of B0238.11, whereas, cB0238.11-2 

overlaps with 81% of B0238.11.   

InterProScan was used to identify protein domains in B0238.11. A high-mobility group 

box (HMG-box) was found at the C-terminus of B0238.11 from aa260 to aa317. Consensus 

sequences of different HMG-box motifs were obtained and aligned with B0238.11 using 

ClustalW2. cB0238.11-1 ends five amino acids before the completion of the HMG-box and the 
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end of the reference protein, whereas, cB0238.11-2 covers the complete length of the HMG-box 

and the reference protein (Figure 8). 

If the IGS-binding protein is indeed B0238.11, it should localize to the nucleolus within 

the nucleus in vivo.  YLoc and pSORT provided a very high likelihood of nuclear localisation for 

B0238.11 (Table 2). Nuc-PLoc, which predicts sub-nuclear localisation, predicted that B0238.11 

localises in the nucleolus, which is consistent with the fact that the proteins produced from the 

two cDNA clones bind to the IGS. 

To better understand the role of B0238.11 in vivo, I used three web-based services that 

maintain databases of published protein interactions. Interactions for B0238.11 were mainly 

based on co-expression studies, which try to predict interactions based on temporally shared 

expression of genes (Figure 9). A single protein interaction was also predicted based on a high-

throughput proof-of-concept yeast two-hybrid experiment (Figure 9B).  There is only one shared 

protein interaction prediction, F33D11.10, between the two interactome services, GeneMANIA 

(Figure 9A) and SMART (Figure 9B). In contrast, HitPREDICT does not consider co-expression 

data to be an acceptable means of predicting protein interactions, but provides a likelihood of 

16% and a low confidence rating for the interaction of B0238.11 (Uniprot ID - O16487) with 

ELT-7 (Uniprot ID -O61924, Figure 9C). 

Yeast two-hybrid assays and bioinformatics analysis of interacting proteins 

Three yeast two-hybrid screens were carried out using each of the two B0238.11 cDNA inserts 

cloned into pDEST32 as bait. For both the baits, each screen had comparable transformation 

efficiencies of 2.09 X 10
6
, 2.32 X 10

6
 and 2.67 X 10

6
 colonies/reaction. Yeast colonies growing 

on SD-LTH medium containing 75mM 3AT were re-plated onto two different plates, one 
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containing 100mM 3AT and the other X-gal (SD-LT+X-gal). Growth on 75mM 3AT was the 

basic requirement for selection of a clone as a candidate interacting protein. However, there were 

several instances where strong growth on 75mM 3AT did not elicit a similar positive interaction 

phenotype in the X-gal assay or on 100 mM 3AT (clones 1, 3, 5, 7, 9, Table 3).  In addition, 

clones 8, 11, 12, 13, and 14 turned blue on X-gal but did not grow well on 100 mM 3AT.  

However, strong growth on 100mM 3AT was always associated with a positive interaction 

phenotype in the X-gal assay (clones 2, 4, 6, 10, Table 3).  

The prey plasmids interacting with the cB0238.11-1 and cB0238.11-2 baits were 

extracted from yeast cultures and used to transform E. coli.  Plasmid DNA was then extracted 

from E. coli cultures and used to transform yeast without a bait plasmid as a negative control for 

direct prey plasmid interaction with the reporter genes. Positive interactions were also re-verified 

by transforming yeast with the prey plasmids and each of the bait plasmids. In addition, the prey 

clone inserts were sequenced using the AD-F primer and identified using BLAST. 

Several proteins were recovered in the yeast two-hybrid screens more than once (Table 

4). In addition, some proteins only interacted with one of the two cB0238.11 bait clones (Table 

5). Clones that only interacted with one of the baits were sometimes recovered twice, and 

interacted with the same bait in both cases (clones 5 and 9, clones 3 and 7, Table 5). All 

interactions of cB0238.11 with itself showed a positive phenotype on the X-gal assay using 

either bait clone (clones 8, 12, 13, 14, Table 5). Clone 10 was also identified as B0238.11 but 

only interacted with cB0238.11-1. Comparison of colony growth on 3AT media between the 

original yeast two-hybrid screen (Table 3) and the subsequent re-verification using plasmid DNA 

extracted from E. coli (Table 5) shows that the intensity of the interaction decreased in the 
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subsequent screen.  For example, prey clone 6 shows strong growth on 100mM 3AT in the 

original screen (Table 3) but weak growth on 100mM 3AT in the subsequent screen (Table 5). 

After identifying the prey clones using BLAST, I obtained the curated reference 

sequences from Wormbase and aligned them to the prey clone sequences (Appendix B). Using 

this information, the prey clones were analyzed for protein completeness by comparing the 

maximum coding overlap between reference sequences and these clones (Table 6). 

InterProScan was used to identify domains in the Wormbase curated reference sequences 

of proteins that interacted with cB0238.11 (Figure 10). Comparing the information about the 

completeness of our interacting protein cDNA clones (Table 6) and the position of functional 

domains on the reference sequence (Figure 10), we can infer which domains may actually be 

involved in the interaction with cB0238.11. For example, the protein encoded by the clone 

identified as rps-0 has ‘Ribosomal protein S2’ domains, which are involved in formation of the 

translation initiation complex where they might contact the mRNA and several components of 

the ribosome (Figure 10A). Alignment of the cDNA clone with the reference sequence shows 

that it lacks three of the six ribosomal S2 domains. The uncharacterised protein encoded by 

K04G2.2 has an ‘abhydrolase’ domain which is generally found in a family of alpha/beta 

enzymes which include proteases, peroxidases and hydrolases (Figure 10B). The cDNA clones 

of K04G2.2 contain the complete abhydrolase domain. The DPY-4 protein has a collagen triple 

helix repeat domain found in matrix scaffold proteins involved with maintaining structural 

integrity of organelles (Figure 10C) and the cDNA clones of dpy-4 include the complete coding 

sequence. The EFT-3 protein has a translation elongation factor domain that is involved in the 

translation of proteins (Figure 10D). The cDNA clones of eft-3 do contain the translation 

elongation factor domain but only encode 24% of the complete wild-type protein. The PAL-1 
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protein contains a homeobox domain, which is generally found in proteins that are involved in 

the regulation of patterns of anatomical development (Figure 10E). The cDNA clone of pal-1 

contains the complete homeobox domain.  

Sub-cellular protein localisation prediction services were used to determine where the 

putative interacting proteins localised in vivo (Table 7). The RPS-0 protein was predicted to 

localise to the cytoplasm but with low probability and a low confidence rating in the prediction. 

The cytoplasmic localisation prediction of RPS-0 does not support its interaction with B0238.11, 

which localises to the nucleolus within the nucleus. YLoc predicted that K04G2.2 would localise 

in the cytoplasm with about 50% probability and low confidence, but pSORT predicted that it 

would localise to the cytoplasm and the nucleus. The disputed localisation prediction with low 

confidence for K04G2.2 could possibly suggest a less than robust protein localisation prediction 

model for abhydrolases. YLoc predicted the DPY-4 protein to localise in the nucleus with low 

probability and confidence, but to the extracellular matrix by pSORT and to the nuclear matrix 

by Nuc-PLoc with high probability. The localisation prediction for DPY-4, which is a matrix 

scaffold protein, to the nuclear matrix is consistent with its interaction with B0238.11. The EFT-

3 protein was predicted to localise in the cytoplasm with high probability and confidence by 

YLoc and pSORT, but in the nucleolus by Nuc-PLoc. The localisation prediction of EFT-3 in the 

cytoplasm does not support its interaction with B0238.11 in the nucleus. The PAL-1 protein was 

predicted to localise in the nucleus with nearly 70% probability and high confidence by YLoc 

and pSORT, and localise in the nucleolus by Nuc-PLoc. This supports the interaction of PAL-1 

with B0238.11, which also co-localises in the nucleolus. 
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Discussion 

Ribosomal RNA transcription accounts for more than 50% of total cellular transcription and thus 

ribosome biogenesis is an energy-intensive process for any cell and needs to be tightly regulated 

(Lempiäinen & Shore 2009). This tight control over ribosome biogenesis is provided by direct 

rRNA transcription regulation. As a result, ribosome assembly requires the coordinated 

expression and assembly of hundreds of proteins and is finely tuned to cell and organism growth. 

In mammals, UBF depletion has been shown to form the basis of stress response, which leads to 

reversible rRNA gene silencing (Sanij et al., 2008). Although it has been extensively studied in 

mammalian and yeast models (Moss et al., 2007), we surprisingly know very little about rRNA 

transcription initiation in C. elegans. Extrapolating from studies on this subject in other model 

species, and the affinity of B0238.11 to bind to the IGS of C. elegans, I was generally expecting 

my yeast two-hybrid experiments to identify proteins that were analogous, if not homologous, to 

proteins involved in regulation of rRNA transcription in model organisms. However, it may be 

the case that B0238.11 is more similar in function to High Mobility group-1 (HMO1P), which 

has been shown to carry out similar functions as UBF, but also interacts with a multitude of 

different ribosomal proteins in yeast (Gadal et al., 2002). Ribosomal RNA transcription initiation 

has not been studied in the well-established eukaryotic model C. elegans. With this study, I took 

the first steps in filling the gap in our knowledge of rRNA transcription initiation in C. elegans 

by characterising the protein-protein interactions of B0238.11, which is a good candidate for 

carrying out functions analogous to UBF and HMO1P. 

One of the main disadvantages of the yeast two-hybrid technique is that it gives false-

positive interactions. This is mainly due to the fact that all proteins (‘prey’ and ‘bait’) used have 

a nuclear localising signal fused to their N-terminus, which may occasionally allow proteins that 
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do not co-localise in vivo to give a false-positive interaction phenotype. Another general source 

of error may arise from the inaccurate determination of the minimum 3AT concentration that 

inhibits inherent his gene expression by ‘bait’ proteins in yeast cells. These inherent problems in 

the technique were addressed by using two different reporter systems (HIS auxotrophy and X-gal 

assay) with different sensitivities and negative controls to check direct ‘prey’ and reporter 

interaction, testing the interactions identified by HIS auxotrophy on different concentrations of 

3AT, and supplementing the reported interactions with published data to infer the feasibility of 

the interaction. Another disadvantage of the yeast two-hybrid technique is that it only detects 

binary interactions and as such protein complexes (in the case of the B0238.11 homo-dimer and 

other interactions) could not be identified. A complementary way to further elucidate the non-

binary interactions of B0238.11 in future studies would be to use pull-down assays that could 

identify protein complexes that interact with B0238.11. Furthermore, gene knock-out and gene 

knock-in studies of B0238.11 can concretely determine its in vivo function in rRNA transcription 

within C. elegans.  

The case of B0238.11 

The HMG-box is a DNA-binding domain with the capacity to recognise and mediate 

binding in a non-sequence specific manner and affect the accessibility of the DNA to other 

proteins involved in transcription, recombination, or DNA repair by structural and 

conformational changes (Stros et al., 2007). The HMG-box binds to bent, kinked or unwound 

DNA structures with high affinity (Stros et al., 2007).  The identification of an HMG-box 

functional domain at the 3’ end of the B0238.11 sequence (Figure 7) and confirmed by the 

ClustalW alignment of the consensus HMG-box sequences with B0238.11 (Figure 8), as well as 

the nuclear localisation of B0238.11 predicted by YLoc and pSORT (Table 2) are consistent with 
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its DNA-binding activity in yeast one-hybrid assays (Floyd and Crease, unpublished data).  

Moreover, the nucleolar localisation predicted by Nuc-PLoc (Table 2) is consistent with the fact 

that cB0238.11 binds to the IGS of C. elegans.  

Studies conducted in other model organisms have shown that UBF1 (Upstream-binding 

factor) and SL-1 (Selectivity factor) are involved in rRNA transcription initiation by mediating 

the recruitment of RNA polymerase 1 (RNAP1) which transcribes the rRNA genes (Bell et al., 

1988). Additionally, studies from mammals and Xenopus have shown that UBF binds to the IGS 

as well as the rRNA coding regions and the promoter site (O’Sullivan et al., 2002).  Moreover, 

Copenhaver et al. (1994) showed that UBF, but not SL-1, contains the non-sequence specific 

HMG-box domain that recognises DNA structures, which explains why UBF from one 

vertebrate species can bind to the IGS of another (Pikaard et al., 1990). The similarities between 

B0238.11 and UBF, including being a homo-dimer, binding to the IGS and containing HMG-box 

domain, suggest that the former has the UBF-like in vivo activity of initiating rRNA gene 

transcription in C. elegans. 

 The published data used by GeneMANIA (Figure 9A) and SMART (Figure 9B) to 

assemble protein-protein interaction maps for B0238.11 were either high throughput proof-of-

concept yeast two-hybrid experiments, as in the case of interaction with ELT-7 (Simonis et al., 

2008), or protein co-expression data collected from various microarray experiments. SMART, 

which is primarily a protein-binding domain identification service, uses known domain-domain 

interactions to hypothesize future protein-protein interactions, but it failed to identify any 

domains in B0238.11 apart from a low-complexity region in the middle that could be involved in 

transcription based on its composition and location (Coletta et al., 2010).  HitPREDICT, which 

only uses published data, identified a ‘low confidence’ protein-protein interaction between 
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B0238.11 and ELT-7 (Figure 9C). Overall, these in silico analyses only predicted theoretical 

interactions with B0238.11, but none of them were identified in my in vivo yeast two-hybrid 

experiments. 

One of the primary results of my yeast two-hybrid assays is that cB0238.11 binds to itself 

(Table 3). As previously mentioned, B0238.11 could be a C. elegans homolog of UBF, which is 

a functional homo-dimer in vertebrates (McStay et al., 1991). In fact, Hannan et al. (1999) 

showed that the ability of UBF to mediate RNAP1 recruitment and transcription initiation is 

severely impaired in mutants compromised for dimerization. Additionally, O’Mahony et al. 

(1992) showed that the dimerization domain of UBF is located near its N-terminus. This is 

consistent with the slightly stronger self-interaction of cB0238.11-1 (Table 5; clone 10), which 

includes more amino acids from the N-terminus than cB0238.11-2 (Figure 8). The number of 

HMG-box domains in UBF from different vertebrates has been shown to vary (Laudet et al., 

1993), but Putnam et al. (1994) also showed that only one HMG-box domain is sufficient for 

UBF to carry out its function, albeit with reduced efficacy. Very little is known about rRNA 

transcription initiation in invertebrates apart from yeast. The HMO1P protein involved in yeast 

rRNA transcription has been put forward as a UBF homolog (Gadal et al., 2002). HMO1P 

contains only one HMG box domain, its mutants have a weak growth phenotype compared to 

wild-type, and its overexpression strongly increases rRNA synthesis in yeast (Gadal et al., 2002). 

In addition, HMO1P has also been shown to bind to the rDNA array (Hall et al., 2006). As of yet 

there is no indication that HMO1P is a functional homodimer. Based on similarity of DNA 

binding profiles and being the only protein involved in yeast rRNA transcription with an HMG 

box domain, there is a strong possibility that B0238.11 carries out similar functions as HMO1P 

and that both are functionally similar to vertebrate UBF.  
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Other proteins that interact with cB0238.11  

One prey clone (clone 1, Table 5) that interacted with cB0238.11 was putatively identified as 

rps-0, which encodes a ribosomal protein of the 40S ribosomal subunit (Gönczy et al., 2000) and 

also appears to function as a laminin receptor, 37-LRP (Ford et al., 1999). Yeast cells disrupted 

in RPS-0 production have reduced growth rate and reduced amounts of 40S ribosomal subunits 

relative to wild-type cells due to disruption in the pre-rRNA processing that gives rise to mature 

18S rRNA (Ford et al., 1999). This shows that RPS-0 is involved in the maturation of the 18S 

rRNA transcript, a process that Kopp et al. (2007) showed to occur co-transcriptionally in the 

mammalian nucleus. They also found that UBF interacts with pre-rRNA processing factors, 

which is consistent with the interaction I observed between RPS-0 and cB0238.11. The in silico 

sub-cellular localization analysis of RPS-0 suggests that it localizes to the cytoplasm, but with 

low probability (Table 7). This could be due to the multifunctional role of the protein as a 

ribosomal protein and a laminin receptor (Ford et al., 1999). In contrast, sub-nuclear localization 

analysis predicted that it occurs in the nucleolus (Table 7), which is consistent with its interaction 

with rRNA transcription initiation factors (Kopp et al., 2007). My in silico analysis was carried 

out using the complete reference sequence from Wormbase, but identification of a true in vivo 

interaction between RPS-0 and cB0238.11 would require use of a cDNA clone that encodes the 

entire protein.  The cDNA clone identified in my yeast two-hybrid screens encodes the last 56% 

of the reference protein (Table 6) and lacks three of the six ribosomal S2 domains (Figure 10A). 

This may explain why the blue phenotype indicating a strong positive interaction was not 

expressed in the X-gal assay (Table 5). As such, the interaction between cB0238.11 and prey 

clone 1 may not be an accurate representation of the in vivo interaction, so further studies must 

be done with a complete clone to confirm this result.  
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Three prey clones (clones 2, 4, 6, Table 5) that interact with cB0238.11 were identified as 

K04G2.2, which is an uncharacterised C. elegans protein that contains an alpha/beta hydrolase 

fold domain that is known as an abhydrolase (Figure 10B). The abhydrolase fold is common to a 

very wide range of hydrolytic enzymes and includes proteases, peroxidases and hydrolases 

(Dijkstra and Nardini, 1999). The sub-cellular localization analysis of K04G2.2 predicted that it 

would occur in the cytoplasm and the nucleus, but both with low probability (Table 7). The sub-

nuclear localization was predicted to be the nucleolus (Table 7) and all three clones gave the blue 

phenotype in X-gal assays, suggesting a strong interaction.  However, this interaction only 

occurred with cB0238.11-1 (Table 5), which includes more of the N-terminus of the reference 

protein than does cB0238.11-2 (Figure 10). Sequences of the prey clones showed that they 

encode 100% of the K04G2.2 reference protein from Wormbase (Table 6). Studies in bacteria 

have shown that σ
B
, a stress-induced transcription factor, is indirectly activated by RsbQ, an 

alpha/beta hydrolase (Brody et al., 2001). Although abhydrolases do not directly interact with 

transcription factors in prokaryotes, it is possible that one could directly interact with a DNA-

binding protein in C. elegans. K04G2.2 is an uncharacterised protein, so it is not currently 

possible to infer the functional role of its interaction with cB0238.11. However, because the prey 

clones I recovered are complete and showed strong interactions with cB0238.11, it is possible 

that these in vivo interactions are genuine.  

Two of the prey clones that interacted with cB0238.11 (clone 3, 7, Table 5) were 

identified as dpy-4. Using RNAi, Simmer et al. (2003) showed that DPY-4 is required for larval 

development, nematode locomotion and normal body morphology. The mutant phenotype for 

this protein has “dumpy” (short, stout) body morphology, hence the name. This protein contains 

a collagen triple helix repeat (Figure 10C), which is typically found in a family of about 100 
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genes known to express cuticle and basement membrane collagens that are components of the 

extracellular matrix (James, 1994).  Overall, dpy-4 has not been studied outside the context of the 

collagen triple helix repeat family. Thus, the functional role of the interaction between DPY-4 

and cB0238.11, a DNA-binding protein localised in the nucleus, cannot be inferred from the 

individual characteristics of DPY-4. The in silico sub-cellular localization predictions for DPY-4 

include the nucleus and the extracellular matrix, with low probability (Table 7). The nuclear 

localization of DPY-4 could depart from the collagen triple helix repeat family’s general 

characteristic of being extracellular. It is possible that the role played by collagen triple helix 

repeat family proteins in the extracellular matrix could be played by DPY-4 in the nuclear 

matrix. This would be an appropriate condition for the interaction between cB0238.11 and DPY-

4 as both are localised in the nucleus. Additionally, Tetko et al. (2006) showed that nuclear 

matrix scaffold proteins can regulate gene expression, which lends some credence to the 

interaction between a nuclear matrix protein and a protein that binds to the IGS. I was unable to 

sequence past the first 33% of the putative dpy-4 clones identified in my yeast two-hybrid assays, 

most likely due to the sequence’s secondary structure, although PCR of the dpy-4 prey clones 

with AD-F and Term-R produced a 1400bp transcript that would be sufficient to encode the 

complete DPY-4 protein (Table 6). Based on the fact that we sequenced the start codon of this 

protein, it is likely that we contain the complete protein which includes the N-terminal nematode 

cuticle collagen domain and the collagen triple helix repeat domain and (Figure 10C). The fact 

that cB0238.11 is a functional homo-dimer whereas the bait in my two-hybrid assays was only a 

monomer may explain why the blue phenotype was not expressed in X-gal assays (Table 3). 

Also note that DPY-4 only interacted with cB0238.11-2, which includes less of the N-terminus 

than cB0238.11-1 (Figure 8). Additionally, I only used 290 nucleotides to identify the protein as 
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DPY-4. Based on the current evidence, the interaction between cB0238.11 and the putative dpy-4 

clones may not be an accurate representation of the in vivo situation.  Even so, this interaction 

should not be completely discounted because dpy-4 belongs to the collagen triple helix repeat 

family. Further studies with a verified dpy-4 clone are required to provide conclusive evidence of 

an interaction with cB0238.11. 

Two prey clones (clone 5, 9, Table 5) that bind to cB0238.11 were identified as eft-3.  

EFT-3 in C. elegans is a eukaryotic translation elongation factor that is conserved between 

human, mouse, chicken, zebrafish, frog and nematode (Newbery et al., 2011). Its mammalian 

ortholog, ef-1α is required as part of the 26S protease complex for degradation of proteins 

(Gonen et al., 1994). As such, it has been suggested that EFT-3 is a proteasome co-factor 

involved in proteolysis (Davy et al., 2001). Studies of mammals have also indicated a critical 

role for EFT-3 in the cell-death response to lipid overload (Borradaile et al., 2006). The same 

study also found that the RNAi-induced disruption of ef-1α resulted in actin cytoskeleton defects 

suggesting that EF-1α mediates the cell-death response by regulating cytoskeletal changes 

(Borradaile et al., 2006). Based on the predicted role of EFT-3 as a proteasome co-factor, it is 

possible that its interaction with cB0238.11 was essentially for the purpose of degradation. As 

such, the interaction between EFT-3 and cB0238.11 is difficult to explain unless cB0238.11 is 

marked for degradation. The sub-cellular localization of EFT-3 was predicted to be the 

cytoplasm with high probability (Table 7). Based on the current understanding of EFT-3 as a 

proteasome co-factor, the validity of a true in vivo interaction between EFT-3 and cB0238.11 

seems unlikely. The sub-nuclear localization of RPS-0 was predicted to be the nucleolus (Table 

7), which is consistent with its interaction with cB0238.11. The sequences of the putative eft-3 

clones only encode the last 25% of the reference protein (Table 6) and would only contain the 
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translation elongation and initiation factor domains (Figure 10D). Thus, the interaction observed 

between cB0238.11 and EFT-3 is not likely to be an accurate representation of the in vivo 

interaction.  Further studies using different techniques and a complete clone of eft-3 are needed 

to confirm its interaction with cB0238.11. 

The prey clone (clone 11, Table 5) identified as pal-1 expressed the blue phenotype on X-

gal media, indicating a strong interaction with cB0238.11 (Table 3). PAL-1 contains a homeobox 

domain and is required for the normal morphological development of C. elegans (Edgar et al., 

2001). It has also been shown to mediate the activation of muscle-specific transcription factors 

(Lei et al., 2009, Figure 10E).  As PAL-1 is crucial for the development of C. elegans, its 

interaction with cB0238.11 could be genuine. For example, PAL-1 could be an upstream 

regulator of growth that interacts with cB0238.11 to modulate the production of ribosomes. The 

sub-cellular localization services predicted that PAL-1 localizes to the nucleus with high 

probability while sub-nuclear localization was predicted to be the nucleolus (Table 7). This 

suggests that the interaction between PAL-1 and cB0238.11 is valid.  Comparison of the putative 

pal-1 clone sequence with the reference sequence in Wormbase shows that the clone encodes a 

complete gene (Table 6).  The documented role of PAL-1 in C. elegans development and its 

strong interaction with cB0238.11 makes it likely that this is a genuine in vivo interaction and 

thus deserves further study. 

Conclusion 

The goal of this study was to identify proteins that interact with cB0238.11, a previously 

uncharacterised C. elegans IGS binding protein. I found that this protein contains an HMG-box 

domain, which is characteristic of proteins that bind DNA, including UBF, which plays a role in 
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the regulation of rRNA transcription in vertebrates. As is the case with UBF, this protein formed 

functional homodimers in yeast two-hybrid assays. In addition, I identified five other proteins 

that interact with B0238.11 (Figure 11).  Of these, the two most likely to be genuine interactors 

are K04G2.2 and PAL-1. The results of this study should be confirmed using complementary 

techniques like pull-down assays, which identify protein complexes, and gene knockout and gene 

knock-in studies to further determine the role of these proteins in the regulation of rRNA 

transcription in C. elegans.
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Table 1. Primers used in yeast two-hydrid experiments. All the primers used for the yeast two-hybrid experiments, including the ones 

used to form cB0238.11 bait clones from prey clones, are listed here. AD-F and Term-R were used for PCR verification of various ‘prey’ 

inserts. The pDEST32-F primer was used to sequence bait clones to confirm that the reading frame was correct. The AD-F primer was also 

used to sequence clones exhibiting positive interaction with B0238.11.  

Primer Use Sequence 5′ to 3′ 

B02381B1F For adding a forward 

Gateway cloning tail to 

AD-Y clone B0238.1-1 

GGGG ACA AGT TTG TAC AAA AAA GCA GGC TTC AAG AAT GCG AGT AAC GCT GGA TCG A 

 

B02382B1F For adding a forward 

Gateway cloning tail to 

AD-Y clone B0238.1-2 

GGGG ACA AGT TTG TAC AAA AAA GCA GGC TTC AGA AAT GAA GAC AAC GGT CAA GCG A 

 

B0238B2R For adding a reverse 

Gateway cloning tail to 

both B0238.1 clones 

GGG GAC CAC TTT GTA CAA GAA AGC TGG GTC CTA CAT GCT GAT GGC AAG GCT TTC 

 

AD-F Forward primer to 

amplify ORF inserts 

from AD-Yplasmids 

with Term-R 

CGC GTT TGG AAT CAC TAC AGG G 

 

Term-R Reverse primer to 

amplify ORF inserts 

from AD-Y plasmids 

with AD-F 

GGA GAC TTG ACC AAA CCT CTG GCG 

 

pDEST32-F Sequencing primer for 

ORF inserts in 

pDEST32 

AA CCG AAG TGC GCC AAG TGT CGT 
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Table 2. Localisation of the B0238.11 protein from Caenorhabditis elegans. The YLoc-

HighRes program for animals was first used to determine the most likely cellular location of the 

protein. The accompanying confidence in the prediction is in brackets. pSORT was used to 

corroborate the nuclear localisation of B0238.11. The pSORT output is the number of proteins 

that were used to predict the localisation for the query. Once the nucleus was identified as the 

organelle of localization, Nuc-PLoc was used to identify and confirm the nucleolus as the most 

likely location of the protein. 

Service Localization Probability 

YLoc-HighRes Nucleus 98.95%(0.95) 

pSORT Nucleus 31 

Nuc-PLoc Nucleolus >80% 
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Table 3. BLAST results for prey clones showing a strong interaction with the bait 

clones, cB0238.11-1 and cB0238.11-2 in yeast two-hybrid screens. Cells were plated on 

Synthetic Deficient medium lacking Leucine,Tryptophan and Histidine and containing 3AT (SD-

LTH+3AT), or containing X-gal (SD-LT+X-gal). Growth was scored after 5 days of incubation at 

30°C.  

 

Prey 

clone 

Growth on 

75mM 3AT 

Growth on 

100mM 3AT 

X-gal 

phenotype 
Top match in BLAST search 

1 Weak Weak White 
C. elegans Ribosomal Protein, Small 

subunit family member (rps-0) 

2 Strong Strong Blue C. elegans hypothetical protein (K04G2.2) 

3 Strong Weak White 
C. elegans DumPY : shorter than wild-type 

family member (dpy-4) (dpy-4) mRNA 

4 Strong Strong Blue C. elegans hypothetical protein (K04G2.2) 

5 Strong Weak White 
C. elegans Elongation FacTor family 

member (eft-3) 

6 Strong Strong Blue C. elegans hypothetical protein (K04G2.2) 

7 Strong Weak White 
C. elegans DumPY : shorter than wild-type 

family member (dpy-4) (dpy-4) mRNA 

8 Strong Weak Blue C. elegans hypothetical protein (B0238.11) 

9 Strong Weak White 
C. elegans Elongation FacTor family 

member (eft-3) 

10 Strong Strong Blue C. elegans hypothetical protein (B0238.11) 

11 Strong Weak Blue 
C. elegans Posterior ALae in males family 

member (pal-1) 

12 Strong Weak Blue C. elegans hypothetical protein (B0238.11) 

13 Strong Weak Blue C. elegans hypothetical protein (B0238.11) 

14 Strong Weak Blue C. elegans hypothetical protein (B0238.11) 
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Table 4. Naming convention of prey clones that interact with cB0238.11-1 and 

cB0238.11-2. This table lists the different prey clones identified using BLAST. The cDNA prey 

clones and their corresponding protein product have a ‘c’ prefix to denote their origin from the 

cDNA library. The corresponding reference gene sequences obtained from Wormbase and their 

protein products are also listed.  

 

Prey clone cDNA clone Encoded protein  Wormbase gene Wormbase protein 

1 cRPS-0 cRPS-0 rps-0 RPS-0 

2, 4, 6 cK04G2.2 cK04G2.2 K04G2.2 K04G2.2 

3, 7 cDPY-4 cDPY-4 dpy-4 DPY-4 

5, 9 cEFT-3 cEFT-3 eft-3 EFT-3 

11 cPAL-1 cPAL-1 pal-1 PAL-1 

8, 10 , 12, 13, 14 cB0238.11 cB0238.11 B0238.11 B0238.11 
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Table 5. Verification of interactions between prey clones and bait clones, cB0238.11-1 

and cB0238.11-2. Plasmids containing interacting proteins were re-tested in the MaV203 yeast 

strain containing one of the cB0238.11 bait plasmids on SD-LTH+75mM3AT, SD-

LTH+100mM3AT and SD-LT+X-gal media.  

 

Prey Clone Bait 
Growth on 3AT X-gal 

Phenotype 

Top BLAST 

result  
75mM 100mM 

1 
cB0238.11- 1 - - - 

rps-0 
cB0238.11- 2 Weak No White 

2 
cB0238.11- 1 Strong Weak Blue 

K04G2.2 
cB0238.11- 2 - - - 

3 
cB0238.11- 1 - - - 

dpy-4 
cB0238.11- 2 Weak Weak White 

4 
cB0238.11- 1 Strong Weak Blue 

K04G2.2 
cB0238.11- 2 - - - 

5 
cB0238.11- 1 Weak Weak White 

eft-3 
cB0238.11- 2 - - - 

6 
cB0238.11- 1 Strong Weak Blue 

K04G2.2 
cB0238.11- 2 - - - 

7 
cB0238.11- 1 - - - 

dpy-4 
cB0238.11- 2 Weak - White 

8 
cB0238.11- 1 Strong Weak Blue 

B0238.11 
cB0238.11- 2 Strong Weak Blue 

9 
cB0238.11- 1 Strong Weak White 

eft-3 
cB0238.11- 2 - - - 

10 
cB0238.11- 1 Strong Strong Blue 

B0238.11 
cB0238.11- 2 - - - 

11 
cB0238.11- 1 Strong Weak Blue 

pal-1 
cB0238.11- 2 - - - 

12 
cB0238.11- 1 Strong Weak Blue 

B0238.11 
cB0238.11- 2 Strong Weak Blue 

13 
cB0238.11- 1 Strong Weak Blue 

B0238.11 
cB0238.11- 2 Strong Weak Blue 

14 
cB0238.11- 1 Strong Weak Blue 

B0238.11 
cB0238.11- 2 Strong Weak Blue 
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Table 6. Alignment of prey clones with reference sequences from Wormbase. Reference 

sequence is the complete length, in base pairs, of the most similar coding sequence in Wormbase 

from the start codon to the stop codon. Reference protein is the length of the protein in amino 

acids. Nucleotide overlap is the length of the reference sequence that overlaps with the AD-Y 

cDNA clone in base pairs. Protein covered by clone indicates the overlap between the amino acid 

sequences obtained from Wormbase and those encoded by the AD-Y clones. 

 

Gene with highest 

similarity 

Reference 

sequence (bp) 

Reference 

protein  (aa) 

Nucleotide 

overlap  (bp) 

Protein covered 

by clone (aa) 

rps-0 831 276 465 154 (56%) 

K04G2.2 999 332 999 332 (100%) 

dpy-4 870 289 870 289 (100%) 

eft-3 1392 463 344 114 (25%) 

pal-1 813 270 813 270 (100%) 
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Table 7. Cellular localization of prey proteins that interact with cB0238.11 in C. 

elegans. YLoc and pSORT are both sub-cellular localization prediction services, whereas Nuc-

PLoc is a sub-nuclear protein localization prediction service. YLoc provides a probability of 

localization in the predicted organelle and also a confidence in the prediction based on the number 

of proteins in its dataset that it used to make the prediction (given in brackets). pSORT only 

provides the number of proteins it used to make the prediction. The Nuc-PLoc algorithm does not 

return localisation targets unless the probability is greater than 80%.  

 

Prey clone BLAST match Service Localization Probability 

1 rps-0 

YLoc Cytoplasm 45.72% (0.03) 

pSORT Cytoplasm 23.5 

Nuc-PLoc Nucleolus >80% 

2 

4 

6 

K04G2.2 

YLoc Cytoplasm 52.34% (0.06) 

pSORT Cytoplasm and Nucleus 14.2 

Nuc-PLoc Nucleolus >80% 

3 

7 

dpy-4 

YLoc Nucleus 43.65% (0.04) 

pSORT Extracellular 27 

Nuc-PLoc Nucleoplasm >80% 

5 

9 

eft-3 

YLoc Cytoplasm 83.96% (0.84) 

pSORT Cytoplasm 24 

Nuc-PLoc Nucleolus >80% 

11 pal-1 

YLoc Nucleus 67.77% (0.96) 

pSORT Nucleus 32 

Nuc-PLoc Nucleolus >80% 
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Figure 1. Structure of the nucleolus. Within the nucleolus, the fibrillar center (FC) is outlined 

with the dense fibrillar component (DFC) which forms the boundary between the FC and the 

granular component (GC). The GC envelopes both the FC and DFC and may contain several 

FC/DFC structures.  
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Figure 2. Structure of ribosomal DNA in eukaryotes. The rRNA genes are arranged in 

tandem repeats separated by the intergenic spacer (IGS) sequence. The 45S precursor rRNA is 

transcribed as a single molecule and contains the 18S, 28S, and 5.8S rRNAs. This transcript is 

later spliced to produce the three individual rRNAs, which directly associate with the 5S rRNA 

and proteins to form the ribosome. 
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Figure 3. The eukaryotic ribosome. The eukaryotic ribosome is made up of 60S and 40S 

subunits composed of rRNA and proteins.  The final ribosome is 80S. The 5.8S, 18S and 28S 

rRNAs (green) are encoded by genes that occur in a different genomic location than the genes 

encoding 5S rRNA (blue).   
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Figure 4. Models of the rDNA transcription initiation complex in (A) mammals and (B) 

yeast. The intergenic spacer (IGS) is shown in blue and the promoter elements in yellow. In the 

mammalian model (A), the Upstream Binding Factor (UBF) dimers (Red) bind to the Upstream 

Controlling Element (UCE) and the Core promoter regions of the DNA after which TATA-

binding protein (TBP, orange) and SL1 protein complex attaches to the DNA(Transcription 

Activating Factor, TBP). This leads to the recruitment of RNA polymerase 1 (RNAPI) mediated 

by RPA43, PAF53 and RRN3P. The yeast model (B) shows High Mobility Group 1 Protein 

(HMO1P) binding to the Upstream Element (UE) and the Core promoter in a similar fashion as 

UBF in the mammalian model. Once the Upstream Activating Factor (UAF, composed of UAF30, 

H4, H3, Rrn5p, -10p and Rrn9p) binds to the UE, it recruits TBP, which in turn recruits -11p, and 

RRN7P and RRN6P subunits, which are analogous to the mammalian SL1 subunits. This leads to 

RNAP1 recruitment mediated by Rrn3p and A43p. [Taken from Moss et al. (1997)]. 
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Figure 5. Yeast-2-hybrid assays. (A)  The galactase-4 binding domain (DBD) binds to the 

upstream activating sequence (UAS). When DBD and galactase-4 activating domain (AD) are in 

close proximity, DBD directs AD to activate a downstream reporter gene, such as LacZ or HIS3. 

(B) Bait proteins containing DBD bind to UAS, but there is no downstream activation of the 

reporter gene in the absence of AD. (C) Due to the absence of DBD, there is no downstream 

activation of the reporter gene. (D) Interaction between a bait protein (fused to DBD) and a prey 

protein (fused AD) results in activation of the downstream reporter gene.  
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Figure 6. BLAST results for the cDNA clone identified in yeast one-hybrid screens of 

the C. elegans ribosomal IGS.  The protein sequence of the cDNA clone binding to the C. 

elegans IGS was analyzed using the BLASTp algorithm. The non-redundant protein sequence (nr) 

database was selected with all other parameters set to default values. Total score is the sum of all 

high-scoring segment pairs (HSP) from the same database sequence. The higher the score, the 

more likely the exons identified are true matches to the query sequence. Query coverage is the 

percentage of the query sequence covered by different HSPs. E-value is the probability that the 

similarity between the query and the matching sequence occurs by chance. 

 

 

   

Protein 

Total 

Score 

Query 

Coverage 

E-

value 

hypothetical protein B0238.11  

[C. elegans] – Nematode 

649 86% 0.0 

hypothetical protein CRE_27217  

[C. remanei] – Nematode 

277 86% 8e-89 

hypothetical protein CAEBREN_22571  

[C. brenneri] – Nematode 

271 86% 1e-86 

Hypothetical protein CBG06777  

[C. briggsae] – Nematode 

245 86% 1e-76 

hypothetical protein CAEBREN_20615 

[C. brenneri] – Nematode 

230 77% 2e-70 

hypothetical protein LOAG_10757  

[Loa loa] – Nematode (river blindness) 

58.2 27% 2e-07 

putative upstream-binding factor 1-like 

protein 1-like [Callithrix jacchus] – 

Chordata (Marmoset monkey) 

37.4 49% 5.4 
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Figure 7. Alignment of the B0238.11 reference sequence and cDNA clones identified in 

yeast one-hybrid screens of the C. elegans IGS.  The reference nucleotide sequence obtained 

from Wormbase is labelled B0238.11 and the cDNA clones are labelled cB0238.11-1 and 

cB0238.11-2. The HMG-box domain is highlighted in blue. 

 
cB0238.11-1      --------------------------------------------------GAAGAAATCG 10 

cB0238.11-2      ------------------------------------------------------------ 

B0238.11         ATGACTAAACGCAAGAATGCGAGTAACGCTGGATCGAGCCCAAAAAAAGAGAAGAAATCG 60 

                                                                              

 

cB0238.11-1      GAAACTTTTGCTGCTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGACTCTTCG 70 

cB0238.11-2      ------------------------------------------------------------ 

B0238.11         GAAACTTTTGCTGCTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGACTCTTCG 120 

                                                                              

 

cB0238.11-1      GATTCCGAGCCGGAGGACTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACG 130 

cB0238.11-2      ----------------------------------------------------------CG 2 

B0238.11         GATTCCGAGCCGGAGGACTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACG 180 

                                                                           ** 

 

cB0238.11-1      AGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAG 190 

cB0238.11-2      AGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAG 62 

B0238.11         AGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAG 240 

                 ************************************************************ 

 

cB0238.11-1      TCTTTCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAA 250 

cB0238.11-2      TCTTTCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAA 122 

B0238.11         TCTTTCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAA 300 

                 ************************************************************ 

 

cB0238.11-1      AACAAGGTTGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTC 310 

cB0238.11-2      AACAAGGTTGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTC 182 

B0238.11         AACAAGGTTGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTC 360 

                 ************************************************************ 

 

cB0238.11-1      GTTCTCGACTTCCGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAAC 370 

cB0238.11-2      GTTCTCGACTTCCGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAAC 242 

B0238.11         GTTCTCGACTTCCGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAAC 420 

                 ************************************************************ 

 

cB0238.11-1      GATTCGTGTGCCGCCATATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAG 430 

cB0238.11-2      GATTCGTGTGCCGCCATATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAG 302 

B0238.11         GATTCGTGTGCCGCCATATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAG 480 

                 ************************************************************ 

 

cB0238.11-1      TCAATGCCGGATCGTCCACCTACAAAAATACAGCTTTACATAAAGAAACATCAGATTATG 490 

cB0238.11-2      TCAATGCCGGATCGTCCACCTACAAAAATACAGCTTTACATAAAGAAACATCAGATTATG 362 

B0238.11         TCAATGCCGGATCGTCCACCTACAAAAATACAGCTTTACATAAAGAAACATCAGATTATG 540 

                 ************************************************************ 

 

cB0238.11-1      TTGAAAGGAATCGGTGGTGAACCGATGAAAAACGCCTACAAAGCAATGAATGCGGATACG 550 

cB0238.11-2      TTGAAAGGAATCGGTGGTGAACCGATGAAAAACGCCTACAAAGCAATGAATGCGGATACG 422 

B0238.11         TTGAAAGGAATCGGTGGTGAACCGATGAAAAACGCCTACAAAGCAATGAATGCGGATACG 600 

                 ************************************************************ 

 

cB0238.11-1      GAGGGTGCGAAAGAACTCGACGAGCTACTCCGAGAAGCTTCGTTGCAGTACATTCCACAA 610 

cB0238.11-2      GAGGGTGCGAAAGAACTCGACGAGCTACTCCGAGAAGCTTCGTTGCAGTACATTCCACAA 482 

B0238.11         GAGGGTGCGAAAGAACTCGACGAGCTACTCCGAGAAGCTTCGTTGCAGTACATTCCACAA 660 

                 ************************************************************ 

 

cB0238.11-1      CTTCAGGAGTTCCTTGATACGCATCCAAATCTGACAGAAGAACAGAAGCGATCAATCGTT 670 

cB0238.11-2      CTTCAGGAGTTCCTTGATACGCATCCAAATCTGACAGAAGAACAGAAGCGATCAATCGTT 542 

B0238.11         CTTCAGGAGTTCCTTGATACGCATCCAAATCTGACAGAAGAACAGAAGCGATCAATCGTT 720 

                 ************************************************************ 

 

cB0238.11-1      AACAAGATGAAGATGCTCAACAAGAAATACAACTCAAAGGAAATTTCAAGCACACCAAAG 730 

cB0238.11-2      AACAAGATGAAGATGCTCAACAAGAAATACAACTCAAAGGAAATTTCAAGCACACCAAAG 602 

B0238.11         AACAAGATGAAGATGCTCAACAAGAAATACAACTCAAAGGAAATTTCAAGCACACCAAAG 780 

                 ************************************************************ 

 

cB0238.11-1      AAGAGATCTAGCAAGAAGGATCCAGAGACGGCATTCAGCCTCTTCTGTAGAACAAAGAAC 790 

cB0238.11-2      AAGAGATCTAGCAAGAAGGATCCAGAGACGGCATTCAGCCTCTTCTGTAGAACAAAGAAC 662 

B0238.11         AAGAGATCTAGCAAGAAGGATCCAGAGACGGCATTCAGCCTCTTCTGTAGAACAAAGAAC 840 

                 ************************************************************ 

 

cB0238.11-1      GATAAGTATCGTGACCTGTCTGACGAGGAACGCGAGATCAAGCTGCAAAAGAAGTTCGAA 850 

cB0238.11-2      GATAAGTATCGTGACCTGTCTGACGAGGAACGCGAGATCAAGCTGCAAAAGAAGTTCGAA 722 

B0238.11         GATAAGTATCGTGACCTGTCTGACGAGGAACGCGAGATCAAGCTGCAAAAGAAGTTCGAA 900 

                 ************************************************************ 

 

cB0238.11-1      AAACTGCCGGCCGCTCAAAAGGATATTTACGAAAGC------------------------ 886 

cB0238.11-2      AAACTGCCGGCCGCTCAAAAGGATATTTACGAAAGCCTTGCCATCAGCATGTGA------ 782 

B0238.11         AAACTGCCGGCCGCTCAAAAGGATATTTACGAAAGCCTTGCCATCAGCATGTGA------ 960 

                 ************************************                        
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Figure 8. Protein alignment of B0238.11 and HMG box sequences. The consensus amino-

acid sequences of different HMG box domains were aligned with B0238.11, cB0238.11-1 and 

cB0238.11-2 using ClustalW2.  

 
HMG1B-box          ------------------------------------------------------------ 

HMG1A-box          ------------------------------------------------------------ 

HMG2B-box          ------------------------------------------------------------ 

HMG2A-box          ------------------------------------------------------------ 

HMG-D              ------------------------------------------------------------ 

hUBF-box3          ------------------------------------------------------------ 

B0238.11           EMTKRKNASNAGSSPKKEKKSETFAALKSVKAEKRPAADSSDSEPEDFEEEQITHTEAEE 

cB0238.11-1        ------------------KKSETFAALKSVKAEKRPAADSSDSEPEDFEEEQITHTEAEE 

cB0238.11-2        ------------------------------------------------------------ 

                                                                                

 

HMG1B-box          ------------------------------------------------------------ 

HMG1A-box          ------------------------------------------------------------ 

HMG2B-box          ------------------------------------------------------------ 

HMG2A-box          ------------------------------------------------------------ 

HMG-D              ------------------------------------------------------------ 

hUBF-box3          ------------------------------------------------------------ 

B0238.11           TRNEDNGQAIYEPDVMRPLIESFLEFLVQRQSETSTVHNMENKVAEWAETRRDDNIDAGL 

cB0238.11-1        TRNEDNGQAIYEPDVMRPLIESFLEFLVQRQSETSTVHNMENKVAEWAETRRDDNIDAGL 

cB0238.11-2        -RNEDNGQAIYEPDVMRPLIESFLEFLVQRQSETSTVHNMENKVAEWAETRRDDNIDAGL 

                                                                                

 

HMG1B-box          ------------------------------------------------------------ 

HMG1A-box          ------------------------------------------------------------ 

HMG2B-box          ------------------------------------------------------------ 

HMG2A-box          ------------------------------------------------------------ 

HMG-D              ------------------------------------------------------------ 

hUBF-box3          ------------------------------------------------------------ 

B0238.11           FVLDFRKYLKSAVKFKNLQMNDSCAAISTYLNSEKSLVEYKSMPDRPPTKIQLYIKKHQI 

cB0238.11-1        FVLDFRKYLKSAVKFKNLQMNDSCAAISTYLNSEKSLVEYKSMPDRPPTKIQLYIKKHQI 

cB0238.11-2        FVLDFRKYLKSAVKFKNLQMNDSCAAISTYLNSEKSLVEYKSMPDRPPTKIQLYIKKHQI 

                                                                                

 

HMG1B-box          ------------------------------------------------------------ 

HMG1A-box          ------------------------------------------------------------ 

HMG2B-box          ------------------------------------------------------------ 

HMG2A-box          ------------------------------------------------------------ 

HMG-D              ------------------------------------------------------------ 

hUBF-box3          ------------------------------------------------------------ 

B0238.11           MLKGIGGEPMKNAYKAMNADTEGAKELDELLREASLQYIPQLQEFLDTHPNLTEEQKRSI 

cB0238.11-1        MLKGIGGEPMKNAYKAMNADTEGAKELDELLREASLQYIPQLQEFLDTHPNLTEEQKRSI 

cB0238.11-2        MLKGIGGEPMKNAYKAMNADTEGAKELDELLREASLQYIPQLQEFLDTHPNLTEEQKRSI 

                                                                                

 

HMG1B-box          -------------------FKDPNAPKRPPSAFFLFCSEYRPKIKGEHPGLS--IGDVAK 

HMG1A-box          -------------------KGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNFSEFSK 

HMG2B-box          -------------------KKDPNAPKRPPSAFFLFCSEHRPKIKSEHPGLS--IGDTAK 

HMG2A-box          -------------------KGDPNKPRGKMSSYAFFVQTCREEHKKKHPDSSVNFAEFSK 

HMG-D              ----------------------SDKPKRPLSAYMLWLNSARESIKRENPGIK--VTEVAK 

hUBF-box3          -------------------KGGSEKPKRPVSAMFIFSEEKRRQLQEERPELS--ESELTR 

B0238.11           VNKMKMLNKKYNSKEISSTPKKRSSKKDPETAFSLFCRTKNDKYRD----LS--DEEREI 

cB0238.11-1        VNKMKMLNKKYNSKEISSTPKKRSSKKDPETAFSLFCRTKNDKYRD----LS--DEEREI 

cB0238.11-2        VNKMKMLNKKYNSKEISSTPKKRSSKKDPETAFSLFCRTKNDKYRD----LS--DEEREI 

                                          .  :   ::  ::    . . :      .    :    
 

HMG1B-box          KLGEMWNNTAADDKQPYEKKAAKL 

HMG1A-box          KCSERWKTMSAKEKGKFEDMAKAD 

HMG2B-box          KLGEMWSEQSAKDKQPYEQKAAKL 

HMG2A-box          KCSERWKTMSAKEKSKFEDMAKSD 

HMG-D              RGGELWRAM--KDKSEWEAKAAKA 

hUBF-box3          LLARMWNDLSEKKKAKYKAREAAL 

B0238.11           KLQKKFEKLPAAQKDIYESLAISM 

cB0238.11-1        KLQKKFEKLPAAQKDIYES----- 

cB0238.11-2        KLQKKFEKLPAAQKDIYESLAISM 

                      . :      .*  ::                     
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Figure 9. Interactome of B0238.11. Protein-protein interactions were predicted prior to yeast two-hybrid screens using (A) GeneMANIA, 

(B) SMART, and (C) HitPREDICT. All interactions displayed by GeneMANIA were predicted based on co-expression data. Proteins 

connected by black lines in the SMART interactome were predicted from co-expression data, whereas the pink line shows a high-throughput 

experimental study. HitPREDICT displays elt-7 (UniProt sequence ID O61924) as the only interaction with B0238.11(Uniprot-O16487).  
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Figure 10. Functional domain identification in proteins interacting with cB0238.11. InterProScan was 

used to identify domains in (A) RPS-0, (B) K04G2.2, (C) DPY-4, (D) EFT-3 and (E) PAL-1. Databases used are 

color coded and listed at the bottom of the sequences. Domain names are shown next to each each sequence.  
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Figure 11. Coexpression and interactome map of B0238.11 including proteins identified 

in this study. The black lines represent interaction identified using the Histidine marker (growth 

on 75mM/100mM 3AT) and the blue line represents interaction identified using the β-

galactosidase marker (blue colony phenotype on media containing X-gal). The loop around 

B0238.11 shows the self-dimerization identified in this study. The brown lines indicate proteins 

that are co-expressed. This map was produced using GeneMANIA webserver. No prior 

interactions were present between B0238.11, K04G2.2, PAL-1, DPY-4, EFT-3 and RPS-0. 

 

 



52 
 

Appendix A – Raw cDNA sequences of all clones 

These are the unedited sequences as obtained by the sequencing reactions. The chromatograms 

of these sequences were used to call sequence bases where the Sequencher software was unable 

to call the bases. Multiple clone sequences were used to derive at a consensus sequence. The start 

and stop codons in the open reading frame are underlined. 

  

>cB0238.11-1, Bait 1 (886bps) 
GAAGAAATCGGAAACTTTTGCTGCTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGAC

TCTTCGGATTCCGAGCCGGAGGACTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGA

CGAGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTC

TTTCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAG

GTTGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACT

TCCGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGC

CATATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCA

CCTACAAAAATACAGCTTTACATAAAGAAACATCAGATTATGTTGAAAGGAATCGGTGGTGAAC

CGATGAAAAACGCCTACAAAGCAATGAATGCGGATACGGAGGGTGCGAAAGAACTCGACGAGCT

ACTCCGAGAAGCTTCGTTGCAGTACATTCCACAACTTCAGGAGTTCCTTGATACGCATCCAAAT

CTGACAGAAGAACAGAAGCGATCAATCGTTAACAAGATGAAGATGCTCAACAAGAAATACAACT

CAAAGGAAATTTCAAGCACACCAAAGAAGAGATCTAGCAAGAAGGATCCAGAGACGGCATTCAG

CCTCTTCTGTAGAACAAAGAACGATAAGTATCGTGACCTGTCTGACGAGGAACGCGAGATCAAG

CTGCAAAAGAAGTTCGAAAAACTGCCGGCCGCTCAAAAGGATATTTACGAAAGC 

 

>cB0238.11-2, Bait 2 (925bps) 
CGAGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTC

TTTCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAG

GTTGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACT

TCCGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGC

CATATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCA

CCTACAAAAATACAGCTTTACATAAAGAAACATCAGATTATGTTGAAAGGAATCGGTGGTGAAC

CGATGAAAAACGCCTACAAAGCAATGAATGCGGATACGGAGGGTGCGAAAGAACTCGACGAGCT

ACTCCGAGAAGCTTCGTTGCAGTACATTCCACAACTTCAGGAGTTCCTTGATACGCATCCAAAT

CTGACAGAAGAACAGAAGCGATCAATCGTTAACAAGATGAAGATGCTCAACAAGAAATACAACT

CAAAGGAAATTTCAAGCACACCAAAGAAGAGATCTAGCAAGAAGGATCCAGAGACGGCATTCAG

CCTCTTCTGTAGAACAAAGAACGATAAGTATCGTGACCTGTCTGACGAGGAACGCGAGATCAAG

CTGCAAAAGAAGTTCGAAAAACTGCCGGCCGCTCAAAAGGATATTTACGAAAGCCTTGCCATCA

GCATGTGAACCACCCATTCCCCATTAATTTTAAACGTTATTTTATTAATCTCCAATAATGATCA

ACTTTTCGCGATACTCTTCATTTACTCGAGAATTTCAACCAAATTTGTTTCACACTGTTTTGTT

TTTGTTTCAAAAATATTTAATGAAAATCT 
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>crps-0, Clone 1 (598bps) 
TATATAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGGTCATCTCTGACCCACGTATCGATCATCAGGCTGTCACTGAGGCTTCCTACGT

CGGAGTTCCAGTCATCTCCTTCGTCAACACCGAGTCTCCACTCAAGTTGATCGACATCAGAGTT

CCATGCAACAACAAGGGAGAACGCTCAATCGGACTTATGTGGTGGATGCTCGCTCGCGAGATCC

TCATTCTCCGTGGAAAGATCTCCCGTCAAACCGGATTCGTCCTCGAAGGAAAGGAAATCATGCC

AGATCTTTACTTCTACCGTGACCCAACTGAGACCGAGAAGGAGGAGACTGGAGCTCACGCTGAT

GTTGCTGAGGCTCAAGAATACCAACAACCAACTGACATCGACTTCACCACCCAAGGAGGAAAGG

TTGACGATTGGGCCGCTGAGACCGCTACCTGGACTGCCGAGACCAAGACCACCGAAGAGTGGGC

CAACGCTCCAACCCAGTCTAACTGGTAATCAATTTGTTACAATGTTGGTTCTTTGAAATAAACC

TTGTTAACTATGAAAAAAAAAA 

 

>cK04G2.2, Clone 2 (999bps) 
TATATAACTATCTATTCGATGATGAAGANACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGTTGGCCTGCAGTGCCACTCAGATGTCGTCAGGAGCACCATCGGGTTCATCAAT

GTCGAGTACACCTGGATCACCACCACCACGGGCTGGCGGACCAAATAGTGTTTCTTTCAAAGAT

CTCTGCTGCTTATTCTGCTGTCCTCCATTCCCATCATCCATTGTTTCGAAATTGGCATTCATGC

CTCCAGAGCCCAGTTATACTATTACTGAAGACAACAAGTTGGTTTTAATCGAAGGACGAGCAGC

ATGGCCTCATCAGGAAGTCGATATGGCGAATTGTGTCGAAATGAGAATAACGAGAACTCGGAGG

CGTAATCGTGTAGCCTGTACAATGATTCGACCACTTCCAAATTCTCATTTCACATTGCTCTTCT

CACATGGAAACGCTGTTGATCTTGGACAGATGACATCATTTTTGTATGGTCTTGGATTCCATCT

GAATTGTAATGTATTCAGTTATGATTATTCCGGATATGGATGTTCAACGGGAAAACCGTCAGAG

AAGAACCTTTACGCAGACATAACCGCCGCTTTTGAGTTGCTAAAATCAGAGTTCGGGGTTCCAA

AAGAGAAAATTATTCTTTATGGGCAATCAATANGCACCGTGCCNAGTGTCGATTTGGCAAGCCG

CGAGGATTTGGCGGCACTCGTATTACATTCTCCTCTGATGTCCGGAATGCGTGTCGCTTTTCCC

GGAACAACGACAACATGGTGTTGTGACGCGTTTCCATCGATTGAGAAAGTGNCACGTGTCAAAT

GNCNNACACTGGNGATTCATGNAANNAGACGACGANNTTATTGATTTCTCACATGGTGTATCTA

TTTACNAAAGATGCCCGACGTCAGTANAACCACTCTGGGNTCCAGGANCTGGTCNCAATGACGT

NGNANCTTCATGCANNNNATCNGGAANGTCTCCGATTTC 

 

>cdpy-4, Clone 3 (418bps) 
TATATAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGGCTTCCAAAGCCTAATAATGGACATCGATTCGAAGATTAAGGCTTACCGCTTC

GTCGGATATGCCGCCGTCTGCTTCTCAGCAATGGCTGTTCTTTCGGTCTGCATCACCCTCCCAA

TGGTGTACAACTATGTGCAACACGTGCGCACCCAGATGCACCAGGAGCTCTACGCCTGCAAGGG

ATCCGCCAAGGACGTGTGGAACTCTGTCTACTCCATCCGCGAGCTCCCATTGAGCGCCAACCGT

ACCGCCCGTTCTACCTACAACGAGCAATGCGCCGGCTGCTGCTTGCCAGGACCACAAGGACCNC

NNGGAANNNNNNNAAAGCCTGNAAAGCCANNAAN 

 

>cK04G2.2, Clone 4 (1010bps) 
TATATAACTATCTATTCGATGANGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGTTGGCCTGCAGTGCCACTCAGATGTCGTCAGGAGCACCATCGGGTTCATCAAT

GTCGAGTACACCTGGATCACCACCACCACGGGCTGGCGGACCAAATAGTGTTTCTTTCAAAGAT
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CTCTGCTGCTTATTCTGCTGTCCTCCATTCCCATCATCCATTGTTTCGAAATTGGCATTCATGC

CTCCAGAGCCCAGTTATACTATTACTGAAGACAACAAGTTGGTTTTAATCGAAGGACGAGCAGC

ATGGCCTCATCAGGAAGTCGATATGGCGAATTGTGTCGAAATGAGAATAACGAGAACTCGGAGG

CGTAATCGTGTAGCCTGTACAATGATTCGACCACTTCCAAATTCTCATTTCACATTGCTCTTCT

CACATGGAAACGCTGTTGATCTTGGACAGATGACATCATTTTTGTATGGTCTTGGATTCCATCT

GAATTGTAATGTATTCAGTTATGATTATTCCGGATATGGATGTTCAACGGGAAAACCGTCAGAG

AAGAACCTTTACGCAGACATAACCGCCGCTTTTGAGTTGCTAAAATCAGAGTTCGGGGTTCCAA

AAGAGAAAATTATTCTTTATGGGCAATCAATAGGCACCGTGCCAAGTGTCGATTTGGCAAGCCG

CGAGGATTTGGCGGCACTCGTATTACATTCTCCTCTGATGTCCGGAATGCGTGTCGCTTTTCCC

GGAACAACGACAACATGGTGTTGTGACGCGTTTCCATCGATTGAGAAAGTGCCACGTGTCAAAT

GCCCAACACTGGTGATTCATGGAACAGACGACGAAGTTATTGATTTCTCACATGGTGTATCTAT

TTACNAAAGATGNCCGACGTCAGTAGAACCACTCTGGGTTCCAGGAGCTGGTCACAATGACGTG

GNNCTTCATGCAGCATATCTGGNACGTCTCCGAAGTTTCATCGATATGGA 

 

>ceft-3, Clone 5 (378bps) 
TATATAACTATCTATTCGATGATGAAGANACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCAGGACAGATCTCCAACGGATACACTCCAGTTCTCGATTGCCACACCGCTCAC

ATCGCCTGCAAGTTCAACGAGCTTAAGGAGAAGGTTGACCGTCGTACCGGTAAGAAGGTTGAGG

ACTTCCCAAAGTTCCTCAAGTCTGGAGATGCTGGAATCGTCGAGCTCATCCCAACCAAGCCACT

TTGTGTTGAATCCTTCACCGACTACGCTCCACTCGGACGTTTCGCCGTTCGTGACATGAGACAA

ACCGTCGCTGTCGGAGTTATCNNNTCCGTTGANANNNCNGANGNATCCTCTGGANNGG 

 

>cK04G2.2, Clone 6 (542bps) 
TATATAACTATCTATTCGATGANGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGTTGGCCTGCAGTGCCACTCAGATGTCGTCAGGAGCACCATCGGGTTCATCAAT

GTCGAGTACACCTGGATCACCACCACCACGGGCTGGCGGACCAAATAGTGTTTCTTTCAAAGAT

CTCTGCTGCTTATTCTGCTGTCCTCCATTCCCATCATCCATTGTTTCGAAATTGGCATTCATGC

CTCCAGAGCCCAGTTATACTATTACTGAAGACAACAAGTTGGTTTTAATCGAAGGACGAGCAGC

ATGGCCTCATCAGGAAGTCGATATGGCGAATTGTGTCGAAATGAGAATAACGAGAACTCGGAGG

CGTAATCGTGTAGCCTGTACAATGATTCGACCACTTCCAAATTCNCATTTCACATTGCTCTTCT

CACATGGAAACGCTGTTGATCTTGGACAGATGACATCATTTTTGTATGGTCTTGGATTCCATCT

GAATTGNAATGTATTCANNTANGATTANTC 

 

>cdpy-4, Clone 7 (374bps) 
TATATNNNTATCTATTCGATGATGAAGANACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGGCTTCCAAAGCCTAATAATGGACATCGATTCGAAGATTAAGGCTTACCGCTTC

GTCGGATATGCCGCCGTCTGCTTCTCAGCAATGGCTGTTCTTTCGGTCTGCATCACCCTCCCAA

TGGTGTACAACTATGTGCAACACGTGCGCACCCAGATGCACCANGAGCTCTACGCCTGCAAGGG

ATCCGCCAAGGACGTGTGGAACTCTGTCTANTCNATCCGCGAGCTCCCATTGANCGCCAANCGN

ACCGCCCGNNCNNNNTNNNACGANCANTGCGCCNGNNGNNGCTTGCCANGACCA 
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>cB0238.11, Clone 8 (601bps) 
TATATAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCTAAA

CGCAAGAATGCGAGTAACGCTGGATCGAGCCCAAAAAAAGAGAAGAAATCGGAAACTTTTGCTG

CTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGACTCTTCGGATTCCGAGCCGGAGGA

CTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACGAGAAATGAAGACAACGGTCAA

GCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTCTTTCTTAGAATTCCTTGTTCAAA

GGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAGGTTGCGGAATGGGCTGAAACACG

TCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCNACTTCCGTAAGTANCTGANNNGTGCG

GTGAAATTCNNANATCTGCAAATGANNNATTCGTGTGCCGCCATATCCACNNANCNGAACAGTG

AAAAATCTCTGGTCGAGTACAAGTC 

 

>ceft-3, Clone 9 (537bps) 
TATATAACTATCTATTCGATGANGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCAGGACAGATCTCCAACGGATACACTCCAGTTCTCGATTGCCACACCGCTCAC

ATCGCCTGCAAGTTCAACGAGCTTAAGGAGAAGGTTGACCGTCGTACCGGTAAGAAGGTTGAGG

ACTTCCCAAAGTTCCTCAAGTCTGGAGATGCTGGAATCGTCGAGCTCATCCCAACCAAGCCACT

TTGTGTTGAATCCTTCACCGACTACGCTCCACTCGGACGTTTCGCCGTTCGTGACATGAGACAA

ACCGTCGCTGTCGGAGTTATCAAGTCCGTTGAGAAGTCTGATGGATCCTCTGGAAAGGTCACCA

AGTCCGCCCAAAAGGCTGCACCAAAGAAGAAGTAAATCTTCATTGTTGAGTTTATCTTGTTGAT

TTTTGAATAAATTATCAACTCTTTACTTTTTAATGGGTTATGAAATAAATAAACATTGAAAACT

GATAAAAAAAAAAAAAAAAAAAAAA 

 

>cB0238.11, Clone 10 (970bps) 
TATAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGACCC

ACGCGTCCGTGACTAAACGCAAGAATGCGAGTAACGNTGGATCGAGCCCAAAAAAAGAGAAGAA

ATCGGAAACTTTTGCTGCTCTAAAGTCGGTTAAAGCGGAAAAGCGGCNNNNNCGGACTCTTCGG

ATTCCGAGCCGGANNCTTCGAAGANNAGCAAATTACTCATACCGAGGCTGAAGAGACGAGAAAT

GAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTCTTTCTTAG

AATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAGGTTGCGGA

ATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACTTCCGTAAG

TATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGCCATATCCA

CCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCACCTACAAA

AATACAGCTTTACATAAAGAAACATCAGATTATGTTGAAAGGAATCGGTGGTGAACCGATGAAA

AACGCCTACNAAGCAATGAATGCGGATACGGAGGGTGCGAAAGAACTCGACGAGCTACTCCGAG

AAGCTTCGTTGCAGTACATTCCACAACTTCAGGAGTTCCTTGATACGCATCCAAATCTGACAGA

AGAACAGAAGCGATCAATCGTTAACAAGATGAAGATGCTCAACAAGAAATACAACTCAAAGGAA

NTTCAAGCACACCAAAGAAGAGATCTAGCAAGAAGGATCCAGAGACGGCANTCAGCCTCTTCTG

TAGAACAAAGAACGATAAGNATCGNGACCTGTCTGACGNGGAANGNGAGANCAAGCTGCAAAAG

AAGNTCGAAA 
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>cpal-1, Clone 11 (923bps) 
TATATAACTATCTATTCGATGANGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCAAGTTTGAGAATGTCGGTCGATGTCAAGTCGGATTTTTCGGAAAACGAGTCC

TCATCAACACCTTCACCAACAACAGTTCCAGCAGATGTCACGTGGCCTCACTATCCAATGATGC

CATTCATGCAACCACATCCTCTGAGAGAAAAGATGCTGCAACCAACATTTGATCCACAAATCTA

TGGAAGGTGGTCACAAATGGGTGATACTGGTTTTTACGGACATCCGGATCTCTATCCATTCGGC

CTTCCACAACTCGCTGCCAACGGACAAATTCCAGCAGTAGAAGCCGTTGATGTGAAGCCACCGC

TTTCGAATGGAAGTAGCAGTAGTGATAGTGGAATGTATCCATCACCGAGTGATATGATGACACC

GTTCCCATCAACATCATCTGGAGCTGCATCTTCTTCAGAGCTTTCAGCAGCTGCTGCTGCTGCA

GCCAACTACCAGATGAGAGCTGCCACGTGTTATCAGCAATCTGTTTGGCCGTTTATGGATTATC

AACAGTTTCAGGGATTCTCGTGGAAAATGCCTCTTGGAAACAATCATGGAAAGGATCGAAGATC

AAGCAGTGATGGGAAAACATTACCAACGGGACCTGNAACGAATAATGTCCGTGTACGAACAGCT

GACAAATACCGTATGGTTTACTCGGATTATCAACGCCTTGAACTGGAAAAAGAATTCCATACAT

CGCCATTCATAACATCAGATCGCAAGTCCCAATTGTCGACGANGTTAAGCTTGACAGAACGACA

AATCNAGATTTGGTTTCAAAATAGGCGTGCAAAGGATCGTCNTGNCNAACAGAANATTCGNCTA

TAAGTACTCNTCTACTTACNAAG 

 

>cB0238.11, Clone 12 (455bps) 
TTCGGATTCCGAGCCGGAGGACTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACG

AGAAATGAAGACAACGGTCAAGCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTCTT

TCTTAGAATTCCTTGTTCAAAGGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAGGT

TGCGGAATGGGCTGAAACACGTCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACTTC

CGTAAGTATCTGAAAAGTGCGGTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGNCA

TATCCACCTATCTGAACAGTGAAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCACC

TACAAAATACAGCTTTACATAAAGAAACATCAGANTATGTTGAAAGGNATCGGTGGTGAACNGA

TGAAAAA 

 

>cB0238.11, Clone 13 (1007bps) 
TATATAACTATCTATTCGATGANGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCTAAA

CGCAAGAATGCGAGTAACGCTGGATCGAGCCCAAAAAAAGAGAAGAAATCGGAAACTTTTGCTG

CTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGACTCTTCGGATTCCGAGCCGGAGGA

CTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACGAGAAATGAAGACAACGGTCAA

GCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTCTTTCTTAGAATTCCTTGTTCAAA

GGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAGGTTGCGGAATGGGCTGAAACACG

TCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACTTCCGTAAGTATCTGAAAAGTGCG

GTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGCCATATCCACCTATCTGAACAGTG

AAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCACCTACAAAAATACAGCTTTACAT

AAAGAAACATCAGATTATGTTGAAAGGAATCGGTGGTGAACCGATGAAAAACGCCTACAAAGCA

ATGAATGCGGATACGGAGGGTGCGAAAGAACTCGACGAGCTACTCCGAGAAGCTTCGTTGCAGT

ACATTCCACAACTTCAGGAGTTCCTTGATACGCATCCAAATCTGACAGAAGAACAGAAGCGATC

AATCGTTAACAAGATGAAGANGCTCAACAAGAAATACAACTCAAAGGAAATTTCAAGCACACCA

AAGAAGAGATCTAGCAAGANNNTCCAGANACGGCATTCAGCCTCTTCTGNAGAACNAAGAACGA

TAAGTATCGTGACCTGTCTGANGAGGANNCGAGATCAAGCTGCAAAA 
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>cB0238.11, Clone 14 (921bps) 
TATATAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGGGTGGGTCGAC

CCACGCGTCCGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCGGACGCGTGGGCTAAA

CGCAAGAATGCGAGTAACGCTGGATCGAGCCCAAAAAAAGAGAAGAAATCGGAAACTTTTGCTG

CTCTAAAGTCGGTTAAAGCGGAAAAGCGGCCAGCTGCGGACTCTTCGGATTCCGAGCCGGAGGA

CTTCGAAGAAGAGCAAATTACTCATACCGAGGCTGAAGAGACGAGAAATGAAGACAACGGTCAA

GCGATTTACGAGCCTGATGTAATGCGCCCTTTGATTGAGTCTTTCTTAGAATTCCTTGTTCAAA

GGCAGTCTGAAACGAGTACAGTCCATAACATGGAAAACAAGGTTGCGGAATGGGCTGAAACACG

TCGAGATGATAATATTGACGCAGGATTGTTCGTTCTCGACTTCCGTAAGTATCTGAAAAGTGCG

GTGAAATTCAAAAATCTGCAAATGAACGATTCGTGTGCCGCCATATCCACCTATCTGAACAGTG

AAAAATCTCTGGTCGAGTACAAGTCAATGCCGGATCGTCCACCTACAAAAATACAGCTTTACAT

AAAGAAACATCAGATTATGTTGAAAGGAATCGGTGGTGAACCGATGAAAAACGCCTACAAAGCA

ATGAATGCGGATACGGAGGGTGCGAAAGAACTCGACGAGCTACTCCGAGAAGCTTCGTTGCAGT

ACATTCCACAACTTCNNAGTTCCTTGATACGCATCCAAATCTGACAGAAGAACAGAAGCGATCA

ATCGTTAACAAGATGAAGATGCTCAACAAGAAATACAACTCAAAGGAAATTTCAAGCACNNCAA

AGAAGAGATCTAGCNAGANGGATCCA
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Appendix B – ClustalW2 cDNA alignments of Wormbase sequence with clones 

Each reference sequence starts with the start codon and ends with the stop codon. Sequences of 

my cDNA clones (prefix-c) were obtained by sequencing with the AD-F primer. Our clone 

sequence upstream and downstream of the reference sequence’s start and stop codons has been 

trimmed.  

>dpy-4 vs. cdpy-4 

 dpy-4          ATGGACATCGATTCGAAGATTAAGGCTTACCGCTTCGTCGGATATGCCGCCGTCTGCTTC 60 

cdpy-4          ATGGACATCGATTCGAAGATTAAGGCTTACCGCTTCGTCGGATATGCCGCCGTCTGCTTC 60 

                ************************************************************ 

 

 dpy-4          TCAGCAATGGCTGTTCTTTCGGTCTGCATCACCCTCCCAATGGTGTACAACTATGTGCAA 120 

cdpy-4          TCAGCAATGGCTGTTCTTTCGGTCTGCATCACCCTCCCAATGGTGTACAACTATGTGCAA 120 

                ************************************************************ 

 

 dpy-4          CACGTGCGCACCCAGATGCACCAGGAGCTCTACGCCTGCAAGGGATCCGCCAAGGACGTG 180 

cdpy-4          CACGTGCGCACCCAGATGCACCAGGAGCTCTACGCCTGCAAGGGATCCGCCAAGGACGTG 180 

                ************************************************************ 

 

 dpy-4          TGGAACTCTGTCTACTCCATCCGCGAGCTCCCATTGAGCGCCAACCGTACCGCCCGTTCT 240 

cdpy-4          TGGAACTCTGTCTACTCCATCCGCGAGCTCCCATTGAGCGCCAACCGTACCGCCCGTTCT 240 

                ************************************************************ 

 

 dpy-4          ACCTACAACGAGCAATGCGCCGGCTGCTGCTTGCCAGGACCACAAGGACCACAGGGAACC 300 

cdpy-4          ACCTACAACGAGCAATGCGCCGGCTGCTGCTTGCCAGGACCACAAGGACC---------- 290 

                **************************************************           

 

 dpy-4          CCAGGAAAGCCTGGAAAGCCAGGAAAGCCAGGAGCTCCAGGACAACCAGGAACTCCAGGA 360 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          CGTCCACCACAGCAACCATGTGAGCCAACCACCCCACCACCATGCCAGCCATGCCCACAA 420 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          GGACCACCCGGACCACCAGGACAGCCAGGAATTCCAGGAGACAACGGACCACCAGGAGAG 480 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          CAAGGACCAAAGGGACCAGACGCCGCACCAGGAGAGCCAGGACCAAAGGGACCGATTGGA 540 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          CCACCAGGACCACCAGGACAAGCCGGAGCCCCAGGAGAGCCAGGATCACCAGCCAAGTCT 600 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          GAGCCAGCCGTTCCAGGACCACCAGGACCACCAGGACAGGCCGGACAACAAGGACCACCA 660 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          GGACCACCAGGATCCAACGGAATCGATGGAGCTCCAGGAGCACCAGGAGCCAAGGGAGAA 720 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          CCAGGAACTCCAGGAGAGCCAGGAAAGGATGGAGAGCCAGGAAAGCCAGGAACTCCAGGA 780 

cdpy-4          ------------------------------------------------------------ 
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 dpy-4          CAAGACGGAACTCCAGGAGAGAAGGGAATCTGTCCAAAGTACTGCGCTTTGGACGGAGGA 840 

cdpy-4          ------------------------------------------------------------ 

                                                                             

 

 dpy-4          ATCTTCTTCGAGGACGGAACCCGCCGTTAA 870 

cdpy-4          ------------------------------ 
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>eft-3 vs. ceft-3 
 

 eft-3          ATGGGAAAAGAAAAGGTTCATATCAACATCGTCGTCATCGGACACGTCGACTCCGGAAAG 60 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          TCCACCACAACTGGACACTTGATCTACAAGTGCGGAGGAATTGACAAGAGAACCATCGAG 120 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          AAGTTCGAGAAGGAGGCTCAGGAGATGGGTAAGGGATCTTTCAAGTACGCTTGGGTCCTC 180 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GACAAGCTGAAGGCCGAGCGTGAACGTGGTATCACCATCGATATCGCTCTCTGGAAGTTC 240 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GAGACTGCCAAGTACTACATCACCATCATCGATGCCCCAGGACATCGTGATTTCATCAAG 300 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          AACATGATCACTGGAACATCCCAGGCCGATTGCGCCGTCTTGGTCGTCGCTTGCGGAACT 360 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GGAGAATTCGAGGCCGGAATCTCCAAGAACGGACAAACTCGCGAGCACGCTCTTCTTGCC 420 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          CAGACCCTTGGAGTCAAGCAACTCATCGTTGCCTGCAACAAGATGGACTCCACCGAGCCA 480 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          CCATTCTCTGAGGCCCGTTTCACCGAGATCACCAACGAGGTTTCTGGATTCATCAAGAAG 540 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          ATCGGATACAATCCAAAGGCTGTTCCATTCGTCCCAATCTCTGGATTCAACGGAGACAAC 600 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          ATGCTTGAGGTCTCCTCCAACATGCCATGGTTCAAGGGATGGGCCGTTGAGCGCAAGGAA 660 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GGAAACGCTTCCGGAAAGACCCTCCTCGAGGCTCTCGACTCCATCATTCCACCACAACGC 720 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          CCAACTGACCGACCACTCCGTCTCCCACTCCAGGATGTGTACAAGATCGGAGGAATCGGA 780 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          ACTGTTCCAGTCGGACGTGTTGAGACCGGAATCATCAAGCCAGGAATGGTCGTTACCTTC 840 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GCTCCACAAAACGTCACCACTGAAGTCAAGTCCGTTGAGATGCATCACGAATCTCTTCCA 900 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          GAGGCCGTCCCAGGAGACAACGTTGGATTCAACGTCAAGAACGTCTCCGTCAAGGATATT 960 
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ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          CGTCGTGGATCCGTCTGCTCCGACTCCAAGCAAGACCCAGCCAAGGAGGCTCGCACCTTC 1020 

ceft-3          ------------------------------------------------------------ 

                                                                             

 

 eft-3          CACGCCCAGGTCATCATCATGAACCATCCAGGACAGATCTCCAACGGATACACTCCAGTT 1080 

ceft-3          ----------------------------CAGGACAGATCTCCAACGGATACACTCCAGTT 32 

                                            ******************************** 

 

 eft-3          CTCGATTGCCACACCGCTCACATCGCCTGCAAGTTCAACGAGCTTAAGGAGAAGGTTGAC 1140 

ceft-3          CTCGATTGCCACACCGCTCACATCGCCTGCAAGTTCAACGAGCTTAAGGAGAAGGTTGAC 92 

                ************************************************************ 

 

 eft-3          CGTCGTACCGGTAAGAAGGTTGAGGACTTCCCAAAGTTCCTCAAGTCTGGAGATGCTGGA 1200 

ceft-3          CGTCGTACCGGTAAGAAGGTTGAGGACTTCCCAAAGTTCCTCAAGTCTGGAGATGCTGGA 152 

                ************************************************************ 

 

 eft-3          ATCGTCGAGCTCATCCCAACCAAGCCACTTTGTGTTGAATCCTTCACCGACTACGCTCCA 1260 

ceft-3          ATCGTCGAGCTCATCCCAACCAAGCCACTTTGTGTTGAATCCTTCACCGACTACGCTCCA 212 

                ************************************************************ 

 

 eft-3          CTCGGACGTTTCGCCGTTCGTGACATGAGACAAACCGTCGCTGTCGGAGTTATCAAGTCC 1320 

ceft-3          CTCGGACGTTTCGCCGTTCGTGACATGAGACAAACCGTCGCTGTCGGAGTTATCAAGTCC 272 

                ************************************************************ 

 

 eft-3          GTTGAGAAGTCTGATGGATCCTCTGGAAAGGTCACCAAGTCCGCCCAAAAGGCTGCACCA 1380 

ceft-3          GTTGAGAAGTCTGATGGATCCTCTGGAAAGGTCACCAAGTCCGCCCAAAAGGCTGCACCA 332 

                ************************************************************ 

 

 eft-3          AAGAAGAAGTAA 1392 

ceft-3          AAGAAGAAGTAA 344 

                ************                                                 

 



62 
 

>K04G2.2 vs. cK04G2.2  
 

 K04G2.2        ATGTCGTCAGGAGCACCATCGGGTTCATCAATGTCGAGTACACCTGGATCACCACCACCA 60 

cK04G2.2        ATGTCGTCAGGAGCACCATCGGGTTCATCAATGTCGAGTACACCTGGATCACCACCACCA 60 

                ************************************************************ 

 

 K04G2.2        CGGGCTGGCGGACCAAATAGTGTTTCTTTCAAAGATCTCTGCTGCTTATTCTGCTGTCCT 120 

cK04G2.2        CGGGCTGGCGGACCAAATAGTGTTTCTTTCAAAGATCTCTGCTGCTTATTCTGCTGTCCT 120 

                ************************************************************ 

 

 K04G2.2        CCATTCCCATCATCCATTGTTTCGAAATTGGCATTCATGCCTCCAGAGCCCAGTTATACT 180 

cK04G2.2        CCATTCCCATCATCCATTGTTTCGAAATTGGCATTCATGCCTCCAGAGCCCAGTTATACT 180 

                ************************************************************ 

 

 K04G2.2        ATTACTGAAGACAACAAGTTGGTTTTAATCGAAGGACGAGCAGCATGGCCTCATCAGGAA 240 

cK04G2.2        ATTACTGAAGACAACAAGTTGGTTTTAATCGAAGGACGAGCAGCATGGCCTCATCAGGAA 240 

                ************************************************************ 

 

 K04G2.2        GTCGATATGGCGAATTGTGTCGAAATGAGAATAACGAGAACTCGGAGGCGTAATCGTGTA 300 

cK04G2.2        GTCGATATGGCGAATTGTGTCGAAATGAGAATAACGAGAACTCGGAGGCGTAATCGTGTA 300 

                ************************************************************ 

 

 K04G2.2        GCCTGTACAATGATTCGACCACTTCCAAATTCTCATTTCACATTGCTCTTCTCACATGGA 360 

cK04G2.2        GCCTGTACAATGATTCGACCACTTCCAAATTCTCATTTCACATTGCTCTTCTCACATGGA 360 

                ************************************************************ 

 

 K04G2.2        AACGCTGTTGATCTTGGACAGATGACATCATTTTTGTATGGTCTTGGATTCCATCTGAAT 420 

cK04G2.2        AACGCTGTTGATCTTGGACAGATGACATCATTTTTGTATGGTCTTGGATTCCATCTGAAT 420 

                ************************************************************ 

 

 K04G2.2        TGTAATGTATTCAGTTATGATTATTCCGGATATGGATGTTCAACGGGAAAACCGTCAGAG 480 

cK04G2.2        TGTAATGTATTCAGTTATGATTATTCCGGATATGGATGTTCAACGGGAAAACCGTCAGAG 480 

                ************************************************************ 

 

 K04G2.2        AAGAACCTTTACGCAGACATAACCGCCGCTTTTGAGTTGCTAAAATCAGAGTTCGGGGTT 540 

cK04G2.2        AAGAACCTTTACGCAGACATAACCGCCGCTTTTGAGTTGCTAAAATCAGAGTTCGGGGTT 540 

                ************************************************************ 

 

 K04G2.2        CCAAAAGAGAAAATTATTCTTTATGGGCAATCAATAGGCACCGTGCCAAGTGTCGATTTG 600 

cK04G2.2        CCAAAAGAGAAAATTATTCTTTATGGGCAATCAATAGGCACCGTGCCAAGTGTCGATTTG 600 

                ************************************************************ 

 

 K04G2.2        GCAAGCCGCGAGGATTTGGCGGCACTCGTATTACATTCTCCTCTGATGTCCGGAATGCGT 660 

cK04G2.2        GCAAGCCGCGAGGATTTGGCGGCACTCGTATTACATTCTCCTCTGATGTCCGGAATGCGT 660 

                ************************************************************ 

 

 K04G2.2        GTCGCTTTTCCCGGAACAACGACAACATGGTGTTGTGACGCGTTTCCATCGATTGAGAAA 720 

cK04G2.2        GTCGCTTTTCCCGGAACAACGACAACATGGTGTTGTGACGCGTTTCCATCGATTGAGAAA 720 

                ************************************************************ 

 

 K04G2.2        GTGCCACGTGTCAAATGCCCAACACTGGTGATTCATGGAACAGACGACGAAGTTATTGAT 780 

cK04G2.2        GTGCCACGTGTCAAATGCCCAACACTGGTGATTCATGGAACAGACGACGAAGTTATTGAT 780 

                ************************************************************ 

 

 K04G2.2        TTCTCACATGGTGTATCTATTTACGAAAGATGCCCGACGTCAGTAGAACCACTCTGGGTT 840 

cK04G2.2        TTCTCACATGGTGTATCTATTTACGAAAGATGCCCGACGTCAGTAGAACCACTCTGGGTT 840 

                ************************************************************ 

 

 K04G2.2        CCAGGAGCTGGTCACAATGACGTGGAGCTTCATGCAGCATATCTGGAACGTCTCCGAAGT 900 

cK04G2.2        CCAGGAGCTGGTCACAATGACGTGGAGCTTCATGCAGCATATCTGGAACGTCTCCGAAGT 900 

                ************************************************************ 
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 K04G2.2        TTCATCGATATGGAGGCTTCTGCGATTCGTGTTACTGCACCAATTACTAACGCAACGAGT 960 

cK04G2.2        TTCATCGATATGGAGGCTTCTGCGATTCGTGTTACTGCACCAATTACTAACGCAACGAGT 959 

                ************************************************************ 

 

 K04G2.2        ACCAATAGTCGGACGATTTCGAATGGCACATCTTCCTAG 999 

cK04G2.2        ACCAATAGTCGGACGATTTC------------------- 978 

                ********************  

 



64 
 

>pal-1 vs. cpal-1 
 
 pal-1          ATGTCGGTCGATGTCAAGTCGGATTTTTCGGAAAACGAGTCCTCATCAACACCTTCACCA 60 

cpal-1          ATGTCGGTCGATGTCAAGTCGGATTTTTCGGAAAACGAGTCCTCATCAACACCTTCACCA 60 

                ************************************************************ 

 

 pal-1          ACAACAGTTCCAGCAGATGTCACGTGGCCTCACTATCCAATGATGCCATTCATGCAACCA 120 

cpal-1          ACAACAGTTCCAGCAGATGTCACGTGGCCTCACTATCCAATGATGCCATTCATGCAACCA 120 

                ************************************************************ 

 

 pal-1          CATCCTCTGAGAGAAAAGATGCTGCAACCAACATTTGATCCACAAATCTATGGAAGGTGG 180 

cpal-1          CATCCTCTGAGAGAAAAGATGCTGCAACCAACATTTGATCCACAAATCTATGGAAGGTGG 180 

                ************************************************************ 

 

 pal-1          TCACAAATGGGTGATACTGGTTTTTACGGACATCCGGATCTCTATCCATTCGGCCTTCCA 240 

cpal-1          TCACAAATGGGTGATACTGGTTTTTACGGACATCCGGATCTCTATCCATTCGGCCTTCCA 240 

                ************************************************************ 

 

 pal-1          CAACTCGCTGCCAACGGACAAATTCCAGCAGTAGAAGCCGTTGATGTGAAGCCACCGCTT 300 

cpal-1          CAACTCGCTGCCAACGGACAAATTCCAGCAGTAGAAGCCGTTGATGTGAAGCCACCGCTT 300 

                ************************************************************ 

 

 pal-1          TCGAATGGAAGTAGCAGTAGTGATAGTGGAATGTATCCATCACCGAGTGATATGATGACA 360 

cpal-1          TCGAATGGAAGTAGCAGTAGTGATAGTGGAATGTATCCATCACCGAGTGATATGATGACA 360 

                ************************************************************ 

 

 pal-1          CCGTTCCCATCAACATCATCTGGAGCTGCATCTTCTTCAGAGCTTTCAGCAGCTGCTGCT 420 

cpal-1          CCGTTCCCATCAACATCATCTGGAGCTGCATCTTCTTCAGAGCTTTCAGCAGCTGCTGCT 420 

                ************************************************************ 

 

 pal-1          GCTGCAGCCAACTACCAGATGAGAGCTGCCACGTGTTATCAGCAATCTGTTTGGCCGTTT 480 

cpal-1          GCTGCAGCCAACTACCAGATGAGAGCTGCCACGTGTTATCAGCAATCTGTTTGGCCGTTT 480 

                ************************************************************ 

 

 pal-1          ATGGATTATCAACAGTTTCAGGGATTCTCGTGGAAAATGCCTCTTGGAAACAATCATGGA 540 

cpal-1          ATGGATTATCAACAGTTTCAGGGATTCTCGTGGAAAATGCCTCTTGGAAACAATCATGGA 540 

                ************************************************************ 

 

 pal-1          AAGGATCGAAGATCAAGCAGTGATGGGAAAACATTACCAACGGGACCTGGAACGAATAAT 600 

cpal-1          AAGGATCGAAGATCAAGCAGTGATGGGAAAACATTACCAACGGGACCTGGAACGAATAAT 600 

                ************************************************************ 

 

 pal-1          GTCCGTGTACGAACAGCTGACAAATACCGTATGGTTTACTCGGATTATCAACGCCTTGAA 660 

cpal-1          GTCCGTGTACGAACAGCTGACAAATACCGTATGGTTTACTCGGATTATCAACGCCTTGAA 660 

                ************************************************************ 

 

 pal-1          CTGGAAAAAGAATTCCATACATCGCCATTCATAACATCAGATCGCAAGTCCCAATTGTCG 720 

cpal-1          CTGGAAAAAGAATTCCATACATCGCCATTCATAACATCAGATCGCAAGTCCCAATTGTCG 720 

                ************************************************************ 

 

 pal-1          ACGATGTTAAGCTTGACAGAACGACAAATCAAGATTTGGTTTCAAAATAGGCGTGCAAAG 780 

cpal-1          ACGATGTTAAGCTTGACAGAACGACAAATCAAGATTTGGTTTCAAAATAGGCGTGCAAAG 780 

                ************************************************************ 

 

 pal-1          GATCGTCGTGACAAACAGAAGATTCGGCTATAA 813 

cpal-1          GATCGTCGTGACAAACAGAAGATTCGGCTATAA 813 

                ********************************* 
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>rps-0 vs. crps-0  
 
 rps-0          ATGTCAGGCGGTGCCGCTCATTCCGCCCTCACTGAGGAGGATGTTATGAAGCTTCTTGCT 60 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          ACCCAGGCCCATTTGGGATCCACCAATCTTAACTTCCAAATGCAGCAATACGTCTACAAG 120 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          AGACGTTTTGACGGACCAAATATCATCAACGTCAAGAAGACCTGGGAGAAGCTTCTTCTC 180 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          GCTGCCCGCGCTATCGCCGCTGTTGAGAACCCAGCTGATGTCGTCGTTGTTTCGGCTAGA 240 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          CCATACGCCCAGCGTGCTCTTCTCAAGTTCGCTGCTCATACCGGAGCTACCGCCATCTTC 300 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          GGACGTTTCTCTCCAGGATGTCTTACCAACCAGATCCAAAAGACCTTCAAGGAGCCAAGA 360 

crps-0          ------------------------------------------------------------ 

                                                                             

 

 rps-0          CTTCTCGTCATCTCTGACCCACGTATCGATCATCAGGCTGTCACTGAGGCTTCCTACGTC 420 

crps-0          ------GTCATCTCTGACCCACGTATCGATCATCAGGCTGTCACTGAGGCTTCCTACGTC 54 

                      ****************************************************** 

 

 rps-0          GGAGTTCCAGTCATCTCCTTCGTCAACACCGAGTCTCCACTCAAGTTGATCGACATCGGA 480 

crps-0          GGAGTTCCAGTCATCTCCTTCGTCAACACCGAGTCTCCACTCAAGTTGATCGACATCGGA 114 

                ************************************************************ 

 

 rps-0          GTTCCATGCAACAACAAGGGAGAACGCTCAATCGGACTTATGTGGTGGATGCTCGCTCGC 540 

crps-0          GTTCCATGCAACAACAAGGGAGAACGCTCAATCGGACTTATGTGGTGGATGCTCGCTCGC 174 

                ************************************************************ 

 

 rps-0          GAGATCCTCATTCTCCGTGGAAAGATCTCCCGTCAAACCGGATTCGTCCTCGAAGGAAAG 600 

crps-0          GAGATCCTCATTCTCCGTGGAAAGATCTCCCGTCAAACCGGATTCGTCCTCGAAGGAAAG 234 

                ************************************************************ 

 

 rps-0          GAAATCATGCCAGATCTTTACTTCTACCGTGACCCAACTGAGACCGAGAAGGAGGAGACT 660 

crps-0          GAAATCATGCCAGATCTTTACTTCTACCGTGACCCAACTGAGACCGAGAAGGAGGAGACT 294 

                ************************************************************ 

 

 rps-0          GGAGCTCACGCTGATGTTGCTGAGGCTCAAGAATACCAACAACCAACTGACATCGACTTC 720 

crps-0          GGAGCTCACGCTGATGTTGCTGAGGCTCAAGAATACCAACAACCAACTGACATCGACTTC 354 

                ************************************************************ 

 

 rps-0          ACCACCCAAGGAGGAAAGGTTGACGATTGGGCCGCTGAGACCGCTACCTGGACTGCCGAG 780 

crps-0          ACCACCCAAGGAGGAAAGGTTGACGATTGGGCCGCTGAGACCGCTACCTGGACTGCCGAG 414 

                ************************************************************ 

 

 rps-0          ACCAAGACCACCGAAGAGTGGGCCAACGCTCCAACCCAGTCTAACTGGTAA 831 

crps-0          ACCAAGACCACCGAAGAGTGGGCCAACGCTCCAACCCAGTCTAACTGGTAA 465 

                *************************************************** 

 

 


