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Abstract 

 

Peptides therapeutics is an upcoming research field and in the last years many papers 
have been published with promising results. A deep dive in small contigs (500 Da – 
5000Da) could reveal a multitude of potential drugs against several diseases. 
Synthetized or natural molecules are the two main categories of study for drug 
development. Especially, the second variety includes a remarkable group of peptides 
which is the one derived from plants and is characterized by a cysteine motif. Thanks to 
their anti-fungal activity and their role in the plant immune system, these peptides are 
rising interest in scientific community. Here in this study, a database of 1000 plant 
peptides is analysed against known cysteine rich peptide family spacings. Then 
clustering is performed to obtain representative peptides for each family, the clustering 
algorithm used for this task is CD-HIT. Hundreds of potential representative sequences 
are collected, and they are ranked by the criteria of higher number of potential species 
within a cluster.  
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Chapter 1 

Introduction  

 

1.1 Peptide therapeutics 

 
The two main actors of drug discovery are small molecules (500 Da) and biologics (5000 
Da), molecular weight of peptides places between these two (>500 Da). Certainly, 
peptides are more interesting than small molecules for different reasons. They are 
formed by 40 amino acids (simple design), they have ability to interact with 
underexplored targets, cheaper synthesis, decreased immunogenicity, and enhanced 
tissue penetration. [1]  
Therefore, peptides are good candidates for disrupting protein-protein interactions (PPI) 
or for inhibiting intracellular receptor tyrosine kinases. PPIs are involved in biochemical 
process that regulates a series of enzymatic activities, so drugs will bind to these 
receptors, consequently affecting cellular behaviour. Proteins in PPIs are characterized 
by large, flat and hydrophobic surfaces so small molecules are not the ideal choice for 
disrupting these interactions, instead peptides could be an optimal solution. [2] 
Despite that, peptides orally assumed are affected by several degradation barriers, such 
as proteolytic degradation, so they have a short half-life. Additionally, peptides are 
filtered by cell membranes thus it is hard to disrupt PPIs. [2]  
A small molecule is “druglike” if Lipinski’s Rule of 5 is satisfied. Peptides have a weight 

larger than 500Da, so the Lipinski’s weight requirement is not met. Peptides could be 

degraded by saliva enzymes, stomach enzymes or by pH changes, besides a molecular 
weight less than 25kDa does not allow reabsorption through the renal tubule. Many 
orally assumed peptide drug candidates have entered clinical trials but with limited 
success. [1] All these limitations do not stop researchers to find a possible therapeutic 
solution.  
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1.2 Market trends 

 
In the U.S., Europe and Japan markets, there are more than 100 peptide drugs used to 
treat a range of diseases. Financially, the peptide market is lucrative as it is estimated to 
be worth d11–16 billion annually by 2019. [13] Worldwide sales of peptides drugs 
account for more than $70 billion in 2019, a more than two-fold increase compared with 
2013. [5] Globally, peptide therapeutics is expected to have an annual growth rate of 
nearly 9% from 2016 to 2024, with sales exceeding several billion dollars in 2019. [6] 
Chronic wounds could extend the necessity of hospitalization, an economic burden 
ranging from $28.1 billion to $96.8 billion dollars in the USA. Anti-Microbial Peptides 
with wound healing properties have been largely explored hence, they could be used in 
healing wound field to cut off costs. A projection revealed that synthetic peptides market 
will reach $ 426.4 million dollars by 2023, so there is a lot of room to grow. [7] 

 

1.3 Plant peptides 

 
One of the most interesting therapeutic approaches is based on plant derived peptides 
which is making its way on the market. Pathogens and pests are the main threats against 
plants, so plants have developed sophisticated defence measures to protect themselves. 
Anti-Microbial Peptides (AMPs) are the most common chemical barrier against 
pathogens, and they are effective even in humans. Also, due to the increasing resistance 
of pathogenic bacteria against antibiotics, AMPs are involved into treating infections. 
One of the main characteristics of the AMPs are the presence of cysteine motifs.[3] Anti-
Bacterial Proteins (ABPs) are positively charged, and they interact with many plant 
bacteria. They overcome multi-drug resistance pathogens. Consequently, they could be 
considered as a potential alternative for a new class of antibiotics. The amino acid 
sequence, location and number of cysteine residues are the key classification criteria for 
ABPs. Anti-Fungal Peptides (AFPs) target some fungal components like chitin or by 
pore formation on fungal cell wall causing cell lysis. The anti-viral activity of plant 
peptides is another feature which could be crucial for several disease. In the 2019 
modern society has affected by SARS-CoV-2, also called COVID-19, pandemic. 
Biopharmaceutical companies and public researchers did an enormous effort to find a 
vaccine. Among all these studies has been discovered that Lectin extracted from red 
marine alga Griffithsia sp. (GRFT) have been shown to inhibit the cytopathic effect of 
SARS-CoV.[8] 
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1.4 Cysteine rich peptides 

 
Cysteine rich peptides (CRPs) are peptides with a molecular weight of 2–6 kDa 
containing a high number of cysteine residues. CRPs have a length of 40–100 amino 
acids [9] and they are presumed to be an effective source of potential therapeutic agents. 
Disulfide bonds and knotted motifs confer to peptides high stability in acidic conditions 
and resistance to proteolytic degradation. It is assumed this could solve the 
gastrointestinal tract degradation of the peptides when assumed orally.[4]  
Here are listed CRPs families: 

 
1.4.1 Defensins 

 
These peptides are part of AMPs subset, they are structured by a characteristic β-sheet-
rich fold and six-cysteine residues that form three disulphide bonds. In addition to this, 
all the plant peptides have a common three-dimensional structure. The tertiary structure 
of defensins consists of a triple stranded antiparallel β-sheet and a prominent α-helix, 
the latter stabilizes the complete peptide by the s–s bridges forming a cysteine stabilized 
αβ-motif. 
Defensins are composed of two motifs, α-core (from first β-strand to the α-helix) and γ-
core (β-strands 2 and 3), furthermore the three-dimensional structures of defensins in 
plants exhibit significant similarity (Fig.1). [9] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1 Three-dimensional structure of two defensins. NaD1: Nicotiana alata defensin 1. 
VrD2: Vigna radiata defensin 2. [9] 
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1.4.2 Cyclotides 

 
Cyclotides are involved into host defence, they have some interesting structural features 
like a head-to-tail cyclized backbone and a cysteine knot core. These peptides are 28–

37 amino acid long and contain six cysteine residues forming S–S bridges. Specifically, 
a cysteine knot is formed by the intersection of 3 disulphides CysI–CysIV, CysII–CysV 
and CysIII–CysVI. The interlocking cysteine knot provides stability and rigidity to the 
cyclotide backbone. Cyclotides are classified in three subfamilies Möbius, Bracelet and 
Trypsin inhibitor (Fig. 2).[9] 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

1.4.3 Snakins 
 

Snakins are AMPs which are similar to the GAST (gibberellic acid stimulated transcript) 
and GASA (gibberellic acid stimulated in Arabidopsis). Snakin-1 (StSN1) (Fig.3) and 
snakin-2 (StSN2) with 63 amino acid residues are the two main categories of Snakins 
family. They have a characteristic cysteine motif composed by 12 cysteines of the C-
terminus in highly conserved positions. This arrangement is responsible of their 
structure and is essential for their biochemical activity as antioxidant. Nonetheless, 
many hypotheses on their biological functions were suggested, their mode of action is 
still unknown. [9] 

 
 
 
 
 
 
 
 

Figure 2: Three-dimensional structure of prototypical cyclotide, kalata B1.[9] 

Figure 3: The cartoon representation of the final three-dimensional snakin-1 
structure after 50 ns of simulation.[15] 
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1.4.4 Non-Specific Lipid Transfer Proteins 

 
Lipid Transfer proteins are involved in subcellular membranes activities to enable 
various metabolic patterns. They could be coupled with phospholipids and the term used 
to identify these peptides is “nonspecific lipid transfer proteins” (NsLTPs) (Fig. 4). 
NsLTPs are stabilized by eight conserved cysteine residues forming four disulfide bonds 
and they usually contain signal peptides in the N-terminus. NsLTPs can be divided into 
two main groups according to their molecular weight: nsLTP1 (9 kDa) and nsLTP2 (7 
kDa). The disulfide bond linkages of nsLTP1 at Cys1-Cys6 and Cys5- Cys8 differ from 
those of nsLTP2 at Cys1-Cys5 and Cys6-Cys8. For the CXC motif in nsLTP1, X is a 
hydrophilic residue; however, in nsLTP2, a hydrophobic residue, such as leucine or 
phenylalanine, was found at the X position [16] 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

1.4.5 S-adenosyl-L-methionine-dependent methyltransferases 
 

S-Adenosyl-methionine (SAM)-dependent methyltransferases (MTases) catalyse the 
transfer of methyl groups from SAM to a specific substrate (metabolites or bio-
macromolecules) generating S-adenosyl-homo-cysteine (SAH). SAM-dependent 
methyltransferases can be grouped into different types based on the substrates. The 
methylation process has important implications in various disease processes and 
applications in industrial chemical processing. The structure of these peptides have been 
solved by NMR and X-ray crystallography. (Fig. 5). [10] 

Figure 4: Representation of one the non-specific lipid transfer type 1 proteins.[16] 
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1.4.6 Protease inhibitor II 
 

Generally, Protease Inhibitor-II protein consists of a double head-like structure having 
one reaction centre at each head. Each head contains two cysteine residues of a five 
amino acid residue. In one domain protease inhibitor have two cysteines that form two 
disulfide bonds with other two cysteines of another domain. The three amino acid 
residues between these cysteine residues often show variations between the 
homologues. The three-dimensional structure of a Protease inhibitor II extracted from 
Cenchritis muricatusis is showed (Fig. 6) [11] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Crystal structures of human DNMT1(646–1600) in complex with DNA.[10] 

Figure 6: Ribbon representation of the CmPI-II lowest-energy structure.[17] 



Introduction 
 

7 
 

 
1.4.7 Heveins 

 
Hevein-like peptides (Fig. 7) are cysteine-rich peptides of 29–45 amino acids with 3–5 
disulfide bonds. These contigs have a chitin-binding site, a secondary structure with 
coil-β1-β2-coil-β3 motif and variations. The central-sheet of the Hevein motif is formed 
by two antiparallelβ-strands, whereas the disulfide bridges are in the core. The C-
terminal is a short helical segment. [9] Hevein-like peptides display antifungal activity, 
and they are promising against Gram-positive and Gram-negative bacteria. Studies have 
shown that Heveins have a big presence in the plant kingdom, so it supposed that they 
could have a relevant role in therapeutics. [18] 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
1.4.8 Kazal 

 
Kazal amino acid sequences are characterized by 40–60 amino acid residues including 
some spacer. By and large, the vertebrate Kazal domains and architecture are quite 
similar to invertebrate ones. The Kazal motif has a general amino acid sequence of C-
𝑋𝑎-C-𝑋𝑏-PVCG-𝑋𝑐-Y-𝑋𝑑-C-𝑋𝑒-C-𝑋𝑓-C where the subscripts a, b, c, d, e and f are 
integral numbers of amino acid residues. Between cysteine numbers 1–5, 2–4,3–6 there 
are three disulfide bridges resulting in a characteristic three-dimensional structure (Fig. 
8) [12] 
 
 

Figure 7: 3D representation of Hevein-like peptides. Helices in yellow and β-sheets in red. 
[18] 
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1.4.9 Bowman-Birk protease inhibitors 
 

Typically, Bowman Birk protease inhibitor (BBI) sequences have been determined from 
both monocotyledonous and dicotyledonous seeds. These single polypeptides with a 
conserved array of seven disulfide bridges, which stabilize their reactive site 
configuration. BBI have two homologous regions within three β-strands (Fig. 9). When 
two cysteine residues are conserved then disulfide bridges occur. Dicot BBIs have 14 
cysteines, whereas the monocot BBIs with a similar size have 10 cysteines. [13] 

 

 

 

 

 

 

 

Figure 8: The structure of porcine pancreatic secretory inhibitor derived from the PDB file 
1TGS. [12] 

Figure 9: Ribbon diagram of a Bowman Birk protease inhibitor. [13] 
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1.5 Circularization 

  

A bunch of peptides have an exceptional structure and proteolytic stability, thanks to 
their cyclized backbone. The N-terminus links to a C-terminus with a peptide bond 
shaping a head to tail structure. Circular peptides are categorized in two different groups. 
The first one includes small peptides with a length less of 15 amino acids, they are 
synthesized by microorganisms, and their three-dimensional arrangement is not well 
known. The second group of peptides with more than 15 amino acids are identified in 
mammals and plants. Moreover, the three-dimensional structure of these larger peptides 
is defined even if some contigs have unusual amino acids produced by posttranslational 
modifications. [30] 

 

1.5.1 Cyclotides 

 

In general, precursors of these proteins are composed by an ER targeting signal, an N-
terminal pro-peptide (NTPP), an N-terminal repeat (NTR) and cyclotide domain. These 
portions could be repeated up to 3 times and the final peptide usually is an hydrophobic 
C-terminal pro-peptide (CTPP). [30] 

Figure 10: The figure shows the linear sequence of the kalata B1 peptide and its cyclized form. 
In orange is signed the hydrophobic C-terminal pro-peptide (CTPP).[30] 
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In figure 10 linkage point is pointed by the black arrow in the linear peptide, the C-
terminus of the cyclized peptide is an Asparagine residue (N) or Aspartic acid (D) while 
the N-terminus is a Glycine (G). The point of cyclization is showed by “*” in the green 
cyclic peptide. Asparaginyl endopeptidase (AEP) is the enzyme which attacks the bond 
between the Asparagine and the tripeptide GLP. Notably, there are four residues before 
the first cysteine and three residues after the last cysteine. 
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Chapter 2 

Bioinformatics 

 

2.1 Six frame translation 

Biological information is sorted in three levels: 

- Chromosomal genome information. 
- Expressed genome or transcriptome information. 
- Proteome information. 

DNA sequence portions that encode proteins or RNA molecules are called coding 
regions, while other segments are known as non-coding regions. Using genetic code 
tables, it is possible to translate DNA sequences. The start of a coding sequence is 
unknown, so it is essential to execute six-frame translation. First the translation begins 
with the reading of three forward frames starting from the first, the second and the third 
triplets. Next step is to continue reading three reverse frames, reversing DNA frame 
(complementary strand) and repeating the same logic as described for forward frames. 
The six frames are potential proteins, normally only one of these frames is biologically 
functional. (Fig. 11) [31]  

 

 

 

 

 

Figure 11: the first triplet is the starting point of the reference, ss13 is associated to second 
triplet and ss12 is associated to the third triplet. Sas13 is associated to the first reverse 
triplet, sas12 is associated to the second reverse triplet and sas11is associated to the third 
reverse triplet.[32] 
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2.2 FASTA format 

In bioinformatics the FASTA format is a text-based format used for representing amino 
acid, nucleotide or nucleic acid sequences. A sequence begins with a greater-than 
character (“>”), followed by a description of the sequence (name, unique identifier and 
additional information). NCBI also defined a standard for unique identifiers. Therefore, 
multiple DNA/RNA or peptides could be classified in one single file. The extension of 
FASTA files is not defined but there are several extensions to indicate the type of 
sequences. A lot of software and scripts could be used for manipulating FASTA files 
such as FaBox [33] or FASTX-Toolkit within Galaxy servers [34] or own made python 
scripts. 

 

 

 

 

 

2.3 Open Reading Frames 

Biological pipeline of translation begins from transcription of the double stranded DNA 
to mRNA, afterwards mRNA is processed to form the mature mRNA. Ribosomes are 
molecular structure employed for allowing translation of mRNA into amino acids. The 
protofilament generated by ribosomes is known as protein. The start codon, a codon is 
a triplet of bases, usually is a methionine (AUG), the translation stops only when a stop 
codon is found (UAA,UAG,UGA). 

 

 

Figure 12: Representation of amino acid FASTA file sequence. >SEQUENCE_1 
is the header of the sequence. 
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Other molecular structures involved in the translation process are the t-RNAs, which 
read the codons and then they carry the corresponding amino acids. Subsequently, the 
protein is built by peptide bonds among these amino acids. (Figure 13) 

 

 

 

 

 

 

 

 

 

 

Open reading frame is a portion of DNA, or RNA, transcribed into RNA which doesn’t 

include a stop codon. [35] The biological functional frame usually is the longest open 
reading frame. These frames are functional to execute computational analyses or 
collecting them in datasets for clustering. 

 

 

 

Figure 13: Translation process. Open reading frame is highlighted. 
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2.4 Database mining 

 

Data mining means to “mine” a large amount of data from a database and try to find 

patterns, association, common features helpful for several applications. One of the main 
applications is in the biomedical field to enable researchers to find new treatments to 
improve medical care and life knowledge. Data mining is called Knowledge Discovery in 
Database (KDD), this methodology in bioinformatics is fundamental for fields of study 
such as drug development, protein modelling, gene expression and biomarker 
identification. The pipeline of data mining is showed in figure 14.[36][37][38]

Figure 14: Data mining pipeline. 
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Chapter 3 

Analysis of 1kp database 

 

3.1 The 1000 plant transcriptomes project 

 
The 1000 plants initiative (1KP) is a multidisciplinary consortium aiming to generate 
large-scale gene sequencing data for over 1000 species of plants. These species 
potentially are involved into agriculture and medicines, thus future studies are likely to 
be decisive in the discovery of new therapeutics. The 1kp project is rising interest in the 
scientific community and several papers are already published. This initiative sequenced 
and analysed transcribed RNA from 1,342 samples representing 1,173 green plant and 
chloroplast bearing species. Furthermore, in the 1kp project the Viridiplantae: 
streptophyte and chlorophyte green algae, bryophytes, ferns, angiosperms, and 
gymnosperms taxa examples, are included. [14] 

 

3.2 Experimental procedure  

 
3.2.1 Download FASTA files from 1kp database. 

 
First step is to download all the entries from a database, from the GigaScience paper 
published in 2019 (https://doi.org/10.1093/gigascience/giz126) in the supplementary 
material there is a google drive link of the 1kp database  
(https://drive.google.com/drive/folders/175nB8kf1UQushuEzv7UaJLPNNwdOrxh5?u
sp=sharing ). 
All the trans-assemblies were downloaded as “fasta.gz”. 

 

https://sites.google.com/a/ualberta.ca/onekp/home
https://doi.org/10.1093/gigascience/giz126
https://drive.google.com/drive/folders/175nB8kf1UQushuEzv7UaJLPNNwdOrxh5?usp=sharing
https://drive.google.com/drive/folders/175nB8kf1UQushuEzv7UaJLPNNwdOrxh5?usp=sharing
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Figure 15: On the left multiple sequences from one FASTA file. On the right the six-frame 
translation of the respective sequence. The software used for this analysis was Python. 

 

3.2.2 Removing mislabelled/contaminated files 

 
Initially, the number of trans-assemblies is an amount of 1455 samples, afterwards we 
removed the known mislabelled/contaminated FASTA files. The list of 29 specimens is 
published on Giga DB website (http://gigadb.org/dataset/100910) 

 

3.2.3 Six frame translation and Open Reading Frames  

 
Using several own made python scripts, a FASTA file with “.gz” extension is 
uncompressed and for each sequence of one single FASTA file six frame translation is 
executed. (Fig. 15) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

http://gigadb.org/dataset/100910
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The script scans every DNA sequences. Some sequences have the letter “N” which 
stands for undefined base so when the script encounter a non-translatable triplet it 
translates the triplet in “*”. The translation will stop when a STOP CODON (“_”) is 

found. After, the script finds the Open Reading Frames (ORF) for all six frames. One 
frame could have several ORFs, so they are potential ORFs. (Fig. 11) The finding has 
the following logic: find a start codon “M”, then find a stop codon “_”, thus save open 
reading frame (with several meta data such as 4 letter id, scaffold id, number of frame, 
number of ORF). Repeat if there are more starting codons. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 16: Example of potential Open reading Frame finding. For each frame there are several 
potential Open reading Frames. 
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3.2.4 Cysteine spacings 

 
The script inspects all the open reading frames and it finds cysteine spacings with a 
minimum hold of two cysteines (a filter is implemented to exclude only one cysteine 
sequences). The logic of the script to find the cysteine spacing is showed in the chart 
below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
Every peptide sequence is saved with several metadata (ID sequence, spacing, frame, 
amino acid sequence, potential ORF) in an excel file named with the 4 letter ID of the 
reference sample. (Fig. 18) 

 

 

 

Figure 17: Flow chart to find cysteine spacing. 
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A database of 13,4 Gigabyte is built from python scripts. The time required to run all 
the scripts is around 4 days, never stopping the machine. The technical settings of the 
workstation are CPU of 12th Gen Intel(R) Core (TM) i5-12400 2.50 GHz, 16Gb of 
RAM and OS Windows 64 bit. 

 

 

 

 

 

 

Figure 18: Example of potential Open reading Frame finding. For each frame there are 
several potential Open reading Frame 
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3.2.5 Filtering by known cysteine spacings and by longest ORF 

 

Thanks to Bernhard Retzl’s thesis (“Analysis of cysteine-rich peptides from plants using 
mass spectrometry”) we have a list of potential cysteine spacings for each peptide 
family. This list was created by a BLAST search, some known cysteine spacings have 
been included from experimental findings. (Table A) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A: Table A-1: Bowman Birk and Cyclotides spacings [21][22]; Table A-2: Defensins, Non-
specific lipid transfer and S-adenosyl-L-methyltransferase spacings [23][24][25]; Table A-3: 
Heveins and Kazal spacings [26][27]; Table A-4: Protease Inhibitor II and Snakins spacings 
[28][29]. 
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Therefore, an own made python script was coded to find several peptides by Retzl and 
experimental spacings. Next step is to collect them in separated excel file by family 
name. Furthermore, it is a good bioinformatics practice to choose the longest ORF, thus 
many potential open reading frames are ruled out. 

 

3.2.6 Truncation of amino acid sequences 

 
The peptides have several portions of interest, my focus is the cysteine motif. I observed 
that the truncation reduced the number of clusters and increased the average number of 
sequences in each cluster after clustering step. Consequently, I supposed to consider 
truncated peptides to improve the clustering analysis because the algorithm exclusively 
scans variations between extreme cysteine ends. (Fig. 19) 

 
 
 
 
 
 
 
 

 

 

 

 
This procedure is executed for all CRP families.  
 
 
 
 
 

 

Figure 19: Example of a starting complete peptide and his truncated version. 



Analysis of 1kp database 

22 
 

3.2.7 Clustering 

 

 
The excel files are converted in FASTA files to be processed by CD-HIT a well-known 
method to cluster biological sequences. Furthermore, Ubuntu has been used to run CD-
HIT. CD-HIT is a clustering algorithm based on the minimum number of identical short 
substrings, called ‘words’, such as dipeptides, tripeptides and so on, shared by two 

proteins. It establishes a similarity threshold by simple word counting. [19] Basically, 
CD-HIT is a greedy incremental algorithm that starts with the longest input sequence as 
the first representative cluster, and then process the remaining sequences from long to 
short to classify each sequence as a redundant or representative sequence based on its 
similarities to the existing representatives. The clustering algorithm exploits a 
parallelization process. Given T threads or cores, CD-HIT uses two-word tables and use 
T−1 threads to run multiple checking procedures using one word table, and the 
remaining thread to run a single clustering procedure using the other table in parallel. 
[20] CD-HIT parameters are regulated by the user in the command line, I tested several 
threshold values (c = threshold of similarity) excluding c = 1.0 - 0.9 and c < 0.7. Values 
below 7 are not suggested by the user manual but at the same time a high similarity 
between sequences is what I would like. On the other hand, many of the clusters are 
composed by one single peptide for c = 1 and c = 0.9. The idea behind the choice of the 
threshold is to reduce number of clusters and at the same time increase the average 
number of sequences in each cluster. Best results are reached by c values of 0.7 for all 
families, while c = 0.75 for S-adenosyl-L-methionine-dependent methyltransferase 
(Table B). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table B: Testing of several threshold values against number of clusters and average number of 
contigs. 
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 From every CD-HIT run I got two types of files: 

1. CRP FAMILY NAME.clstr 
2. CRP FAMILY NAME (no extension but opened as txt file) 

The first file is the list of peptides grouped in several clusters. The second file is the 
list of the representative sequences associated to a cluster. 

 

 

3.2.8 Removing/Checking unknown amino acids 

 

 
In several FASTA files downloaded from the 1kp-database I encountered some 
peptides that have unknown bases (N). During six-frame translation non translatable 
triplets have been translated with “ * ” symbol to avoid misunderstanding with 

asparagine (N). Specifically, the removal of unknown amino acids before clustering 
do not affect the number of elements per cluster in a relevant way. Therefore, before 
clustering the dataset is filtered by a python script to remove peptides with 
undetermined triplets. This step is fundamental for future computational analyses, 
because a complete known amino acid sequence is required as input. 

 

 

3.2.9 Ranking the clusters 

 

Every cluster has one representative peptide so the criteria to rank all these 
clusters/peptides is to arrange them from the more representative (highest number of 
4 letter IDs) to the less representative. 
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In table C the most representative cluster/sequence is Cluster 5 because it has the highest 
number of 4 letter IDs and Cluster 6 is the less representative. Another criterion of 
ranking, which is not examined in this thesis, is to choose the cluster/sequence with 
more contigs such as Cluster 7 (24 contigs signed in RED). 
However, the ranking score for Table C is cluster 5 with 21 4letter IDs > cluster 7 with 
15 4letter IDs > cluster 6 with 12 4letter IDs > … 

According to this ranking criterion all the representative sequences/clusters are arranged 
in a descending way. 

 
 

Table C: (Bowman Birk c=0.7) 4letter ID found in a cluster (K, M, O columns) and number 
of peptides belonging to the 4 letter ID class (L, N, P columns). i.e. In cluster 7 have been 
found 5 peptides belonging to BEKN. 
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Chapter 4 

Results  

 

Here are reported all the representative sequences for each CRP family found by CD-
HIT and ranked with the criteria explained in the 3.2.9 paragraph. The sorted number of 
4 letter IDs is approximatively the number of species found and the sorted cluster is the 
respective cluster. In the third column are showed all the representative sequence 
identifiers. The number of species could change since some transcriptomes of the same 
species share the same 4 letter ID. 

 

4.1  Bowman Birk Inhibitors 

 

 

 

 

 

 

 

 

 

 

 

Table D: 22 bowman birk inhibitors representative sequences/clusters 
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4.2  Cyclotides 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 Table E: 46 cyclotides representative sequences/clusters. 
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4.3  Defensins 
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 Table F: 327 defensins representative sequences/clusters. 
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4.4  Heveins 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table G: 53 heveins representative sequences/clusters 
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4.5  Kazal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table H: 48 kazal representative sequences/clusters. 
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4.6   Protease Inhibitor II 
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Table I: 75 protease inhibitors ii representative sequences/clusters 
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4.7   Non-Specific Lipid Transfer 

 

 

 

 

 

 

 

 

 

 

 

4.8  S-Adenosyl-L-Methionine-Dependent Methyltransferase  

 

 

 

 

 

 

 

 

 

Table J: 14 non-specific lipid transfer representative sequences/cluster 

Table K: 5 S-adenosyl-L-methionine dependant transferase representative sequences/clusters. 
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4.9  Snakins 
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Table L: 179 snakins representative sequences/clusters. 
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Chapter 5 

Conclusions 
 

It is clear that the development of new scripts is indispensable to extract data from 
databases. There are a lot of online sources but for specific tasks it is convenient to use 
own made scripts, using an open-source programming language like Python. The choice 
of Python is crucial because it has a big community, so it is more accessible, and it is 
easier to find support. Another important aspect is the computing power to reduce the 
time spent to analyse the enormous number of peptides/proteins. Six frame translation 
and the finding of open reading frames are demanding tasks, indeed over than 
150.000.000 sequences have been extracted, it took 4-5 days using a low budget PC. 
After the extraction of peptides from the 1000 plants database, python scripts filtered 
the dataset by known cysteine motifs. The knowledge of a particular aspect of the 
peptide (i.e. cysteine motif) is crucial to rule out not relevant elements. Filtering data is 
essential because we need a decrease in number of peptides/proteins. Thus, nine cysteine 
rich families have been found in the 1000 plants database. To follow up clustering 
sequences is decisive to find similarity between the peptides filtered. First, several runs 
of the clustering algorithm are required to find optimal parameters, also user manual is 
informative to avoid mistakes. For this reason, the optimal threshold of similarity is c = 
0.7 (0.75 only for SALMdM) and n = 5 (size of word).  One particularity of this study 
is the “virtual” truncation of the contigs based on data obtained after a certain number 
of clustering runs. The truncation is performed before the clustering, it showed that 
number of clusters decreased and average number of elements for each cluster increased 
respect to the use of complete peptides. This method reduced single peptide clusters. 
Last step before clustering is the removal of peptides with unknown amino acids, this 
will be beneficial for future computational analyses. CD-HIT revealed 22 bowman birk 
clusters, 46 cyclotides clusters, 327 defensins clusters, 53 heveins clusters, 48 kazal 
clusters, 75 protease inhibitors II clusters, 14 non-specific lipid transfer clusters, 5 
SALMdM clusters and 179 snakins clusters. Arrangement of data with a ranking 
criterion is advantageous to visualize peptides of interest. Finally, we found similar 
sequences that could be potential drugs or valuable in other fields such as food or 
pesticides, but further computational and experimental validations are indispensable. 
This methodology is convenient to decrease the amount of time for experimental 
finding, optimistically minimize the number of experiments and optimize all the drug 
development pipeline.
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