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Abstract

In this assignment, we delve into the realm of translational bioinformatics with a focus
on understanding genetic variations and their implications. Through practical exercises,
we will employ bioinformatics tools to analyze genomes, identify mutations, and design
primers for PCR amplification. Additionally, the assignment involves using BLAST for
sequence alignment to elucidate genetic information relevant to health and disease. This
project aims to equip us with the skills to bridge the gap between computational biol-
ogy and clinical applications, highlighting the significance of bioinformatics in advancing

personalized medicine.

Keywords
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Table 1. Exercises implementation and short answers

’ Question \ Implementation \ Answer(s) ‘
y 1 | LaTeX, Webcutter 2.0, Python | 596 bp: Bglll | 4 cuts: BstX2I, BstYl, Mfll and Xholl |
y 2 \ LaTeX, NCBI \ Primers in [2. 1 \
HBB: S thalassemia, Sequence |3.6 Structure
3 LaTeX, NCBI, UniProt PTM
Glutamic acid (E), lysine (K), leucine (L) and proline (P) [3.10

4 LaTeX, NCBI, MEGA11 Neighbor Joining Phylogenetic Tree l4.11| \
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in the context of project of the course biol 100 Translational bioinformatics.
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available on given email.
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Report was implemented in LaTeX (pdfLaTeX) based on personal template specifically
designed for course context. The table 1| gives detailed information about the implemen-

tation of each problem.


https://drive.google.com/drive/folders/1YNKdYWM8Xv973Yn3YNSyiexA-OJehJMM?usp=share_link




Chapter ﬂ

Exercise 1

Given the following sequence:

CGAGGGACCTTTACGGCGTAATCCTGGAAACCATGACAAATCCAGAACCCCAAGGCTCCCCTCTTCA
GCTGATGTAGAATTTTGCCTGAGTTTGACCCATGGAAGGATTTGCTAGTCCACTTACTGGGATAGCGGATG
CCTCTCAAAGAGCATGCACAATGCCTTGCACATCTATATGAATGGAACAATGTCCCAGGCAGGGATCTGCC
AACGATCCTATCTTCCTTCTTCACCATGCATTTGTTGACAGTATTTTTGAGCAGTGGCTCCGAAGGCACCG
TCCTCTTCAAGAAGTTTATCCAGAAGCCAATGCACCCATTGGACATAACCGGGAATCCTACATGGTTCTTA
TACCACTGTACAGAAATGGTGATTTCTTTATTTCATCCAAAGATCTGGGCTATGACTATAGCTATCTACAA
GATTCAGACCCAGACTCTTTTCAAGACTACATTAAGTCCTATTTGGAACAAGCGAGTCGGATCTGGTCATG
GCTCCTTGGGGCGGCGATGGTAGGGGCCGTCCTCACTGCCCTGCTGGCGGGCTTGTGAGCTTGCTGTGTCC
TCACAAGAGAAAGCAGCTTCCTGAAGAAAAGCAGCCACTCCTCATGGAGAAAGAGGATTACCACAGCTTGT
ATCAGAGCCATTTATAAAAGGCTTAGGCAATAGAGTAGGGCCAAAAAGCCTGACCTCACTCTAACTCAAAG
TAATGTCCAGGTTCCCAGAGAATATCTGCTGGTATTTTTCTGTAAAGACCATTTGCAAAATTGTAACCTAA
TACAAAGTGTAGCCTTCTTCCAACTCAGGTAGAACACACCTGTCTTTGTCTTGCTGTTTTCACTCAGCCCT
TTTAACATTTTCCCCTAAGCCCATATGTCTAAGGAAAGGATGCTATTTGGTAATGAGGAACTGTTATTTGT
ATGTGAATTAAAGTGCTCTTATTTTAAAAAATTGAAATAATTTTGATTTTTGCCTTCTGATTATTTAAAGA
TCTATATATGTTTTATTGGCCCCTTCTTTATTTTAATAAAACAGTGAGAAATCT

With the help of the program Webcutter 2.0 use the appropriate restriction endonu-
clease to cut the sequence in such a way that you get a product 596 bp. Also, find which

restriction enzymes cut the above sequence in 4 positions.


http://heimanlab.com/cut2.html

w

Chapter 1. Exercise 1

First we need to identify if given sequence is linear or circular. We run the relevant
blastn and we observe that given sequence has 100% query coverage with Homo
sapiens tyrosinase (TYR), mRNA. This sequence, identified as Homo sapiens tyrosinase
(TYR) mRNA, is linear. They are transcribed from DNA in the nucleus and then translated
into proteins in the cytoplasm. Tyrosinase is an enzyme critical in the melanin biosynthe-
sis pathway, involved in determining the color of the skin, hair, and eyes. In the context
of molecular biology, mRNA molecules are synthesized from DNA templates during tran-
scription. After transcription, mRNA undergoes processing events, including splicing, 5’
capping, and 3’ polyadenylation, resulting in a mature linear mRNA molecule that exits
the nucleus to be translated into protein by ribosomes in the cytoplasm. Therefore, the
Homo sapiens tyrosinase (TYR) mRNA, like all other eukaryotic mRNAs, is linear.

To perform analysis, we have to paste the sequence into the provided box. We then
select All enzymes in the database on "Please indicate which enzymes to include in the
analysis" setting and click the Analyze sequence button as depicted in figure We per-
form a linear sequence analysis. Searching for restriction enzymes that cut the sequence
into 4 positions can be performed more effectively if we select in "Please indicate which
enzymes to include in the display” setting Enzymes cut exactly 4 times, so we do not have
to search along all results depicted in figure

F &ddor

Percent dentity

i |
| e |

Sequences producing significant alignments Dowload  Selectcolumns © Show 100V | @

LR — A Viewer

B Foudback

Figure 1.1. blastn Sequence Result

According to performed analysis , restriction endonuclease BgIII
cuts the sequence in such a way resulting in a product of 596 bp. A python script was

written based on analysis performed on Heimanlab Webcutter 2.0 tool to identify which

restriction endonuclease results in the desired product size base pairs.

# Author: Stamos Evangelos

# Date: 2024-02-02

# Title: biol100 | Translational bioinformatics | Assignment | Part 1

# Description: This script calculates the length of a given sequence and identifies which endonuclease

produces a fragment of 596 bp.

sequence = "CGAGGGACCTTTACGGCGTAATCCTGGAAACCATGACAAATCCAGAACCCCAAGGCTCCCCTCTTCAGCTGATGT
AGAATTTTGCCTGAGTTTGACCCATGGAAGGATTTGCTAGTCCACTTACTGGGATAGCGGATGCCTCTCAAAGAG
CATGCACAATGCCTTGCAATCTATATGAATGGAACAATGTCCCAGGCAGGGATCTGCCAACGATCCTATCTTCCT
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TCTTCACCATGCATTTGTTGACAGTATTTTTGAGCAGTGGCTCCGAAGGCACCGTCCTCTTCAAGAAGTTTATCC
AGAAGCCAATGCACCCATTGGACATAACCGGGAATCCTACATGGTTCTTATACCACTGTACAGAAATGGTGATTT
CTTTATTTCATCCAAAGATCTGGGCTATGACTATAGCTATCTACAAGATTCAGACCCAGACTCTTTTCAAGACTA
CATTAAGTCCTATTTGGAACAAGCGAGTCGGATCTGGTCATGGCTCCTTGGGGCGGCGATGGTAGGGGCCGTCCT
CACTGCCCTGCTGGCGGGCTTGTGAGCTTGCTGTGTCGTCACAAGAGAAAGCAGCTTCCTGAAGAAAAGCAGCCA
CTCCTCATGGAGAAAGAGGATTACCACAGCTTGTATCAGAGCCATTTATAAAAGGCTTAGGCAATAGAGTAGGGC
CAAAAAGCCTGACCTCACTCTAACTCAAAGTAATGTCCAGGTTCCCAGAGAATATCTGCTGGTATTTTTCTGTAA
AGACCATTTGCAAAATTGTAACCTAATACAAAGTGTAGCCTTCTTCCAACTCAGGTAGAACACACCTGTCTTTGT
CTTGCTGTTTTCACTCAGCCCTTTTAACATTTTCCCCTAAGCCCATATGTCTAAGGAAAGGATGCTATTTGGTAA
TGAGGAACTGTTATTTGTATGTGAATTAAAGTGCTCTTATTTTAAAAAATTGAAATAATTTTGATTTTTGCCTTC
TGATTATTTAAAGATCTATATATGTTTTATTGGCCCCTTCTTTATTTTAATAAAACAGTGAGAAATCT"

# Calculate the length of the DNA sequence

sequence_length = len(sequence)

# Print the length

s print("Length of given sequence:", sequence_length, "bp")

3 # Based on analysis performed on the sequence, the following endonucleases and their cut positions are

provided.

# Analysis was performed using the Heimanlab Webcutter 2.0 tool (http://heimanlab.com/cut2.html) with the

* O O OB W

following settings:
Type of analysis: Linear sequence analysis
Restriction sites displayed: Map of restriction sites
Table of sites, sorted alphabetically by enzyme name
Displayed enzymes : All enzymes

Enzymes to include in the analysis: All enzymes in the database

5 # Given the provided list of endonucleases and their cut positions, identify which one produces a

fragment of 596 bp.

# Defining the endonucleases with their cut positions

endonucleases = {

"AccB1I": [274], "AccB7I": [123], "AciI": [135, 507, 543], "AclwWI": [205, 217, 485],

"AcsI": [77], "AfaI": [360], "AluI": [68, 412, 552, 580, 630], "Alw21I": [936],

"AlwI": [205, 217, 485], "ApoI": [77], "AspHI": [936], "AspS9I": [5, 517, 673, 1008],

"Asul": [5, 517, 673, 1008], "AvaIl": [5], "Banl": [274], "Bbul": [154],

"Bbv12I": [936], "BbvI": [581, 599], "BcnI": [330], "BfaI": [112], "BglI": [537],

"BglII": [392, 988], "Bmel8I": [5], "BmyI": [936], "BsalI": [50, 97, 192, 497],

"Bsc4I": [101, 122, 197, 502, 538], "BselI": [127], "BseDI": [50, 97, 192, 497],

"BseNI": [127], "BseRI": [607], "BshNI": [274], "BsiHKAI": [936], "BsiSI": [329],

"BsiYI": [162, 123, 198, 503, 539], "BslI": [102, 123, 198, 503, 539], "BsmFI": [8, 194],

"BsoFI": [505, 578, 5961, "Bspl286I": [936], "Bspl407I": [358], "Bspl43I": [201, 212, 392, 481, 9881,
"Bspl9I": [97], "BsrGI": [358], "BsrI": [127], "BsrSI": [127], "BssT1lI": [50, 97, 497],

"Bst2UI": [24, 194, 714], "Bst71I": [581, 599], "BstDEI": [86, 657, 801, 840, 863, 8771,

"BstDSI": [97], "BstF5I": [138, 389, 890], "BstNI": [24, 194, 714], "BstO0I": [24, 194, 714],
"BstSFI": [407], "BstX2I": [201, 392, 481, 988], "BstXI": [395], "BstYI": [201, 392, 481, 988],
"BsuRI": [519, 675, 1009], "Cac8I": [152, 538, 554], "Cfr13I": [5, 517, 673, 10081,

"Csp6I": [359], "CviJI": [55, 68, 266, 306, 400, 412, 494, 519, 544, 552, 580, 598, 630, 642, 656,
675, 683, 789, 844, 867, 1009],

"DdeI": [86, 657, 801, 840, 863, 877], "DpnI": [203, 214, 394, 483, 990], "DpnII": [201, 212, 392,
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Chapter 1. Exercise 1

481, 988],

"DraI": [944, 985], "DraIIl": [5], "DsaIl": [97], "Eamll04I": [66, 288], "EarI": [66, 288],
"Ecol30I": [50, 97, 497], "Eco47I": [5], "Eco57I": [68, 590], "Eco64I": [274], "Eco0109I": [5],
"EcoRII": [22, 192,712],"EcoT14I": [50, 97, 497], "EcoT22I": [239], "ErhI": [50, 97, 497],
"Espl396I": [123], "FauI": [544], "FauNDI": [871],

"FokI": [138, 389, 890], "Fsp4HI": [505, 578, 5961,

"HaeIII": [519, 675, 1009], "HapII": [329], "HgiEI": [5],

"HincII": [245], "HindII": [245], "HinfI": [333, 423, 435, 476],

"HpaII": [329], "HphI": [234, 373], "Hsp92II": [35, 101, 154, 237, 344, 493, 610],

"ItaI": [505, 578, 596], "Ksp632I": [66, 288], "Kzo9I": [201, 212, 392, 481, 988],

"MaeI": [112], "MaeIII": [563, 768], "MboI": [201, 212, 392, 481, 988],

"MboII": [66, 224, 231, 288, 591, 797], "MflI": [201, 392, 481, 988],

"MnlI": [5, 63, 142, 285, 527, 607, 620, 692, 906], "Mph1103I": [239],

"MseI": [454, 850, 927, 943, 984, 1023], "MslI": [173], "MspAlI": [68],

"MspI": [329], "MspROI": [24, 194, 330, 714], "Mval": [24, 194, 714],

"MwoI": [272, 537], "NciI": [330], "NcoI": [97], "NdeI": [871],

"NdeII": [201, 212, 392, 481, 988], "NlaIII": [35, 101, 154, 237, 344, 493, 610],

"NlaIVv": [6, 56, 267, 276, 495, 518, 718, 1010], "NsiI": [239], "NspBII": [68],

"NspI": [154], "PaeI": [154], "PalI": [519, 675, 1009], "PflMI": [123],

"PleI": [439, 480], "Ppul@I": [235], "PpuMI": [5], "Psp5II": [5],

"PspN4I1": [6, 56, 267, 276, 495, 518, 718, 1010], "PvuII": [68], "RsaI": [360],

"Sau3AI": [201, 212, 392, 481, 988], "Sau96I": [5, 517, 673, 1008],

"ScrFI": [24, 194, 330, 714], "SduI": [936], "SfaNI": [139, 891], "SfcI": [407],

"SinI": [5], "SphI": [154], "Sse9I": [77, 764, 924, 948, 957], "SspBI": [358],

"StyI": [50, 97, 497], "TfiI": [333, 423], "Trull": [454, 850, 927, 943, 984, 1023],

"Tru9I": [454, 850, 927, 943, 984, 1023], "Tsp45I": [563], "Tsp509I": [77, 764, 924, 948, 957],
"TspEI": [77, 764, 924, 948, 957],"TspRI": [265, 359, 531, 1036], "XhoII": [201, 392, 481, 988],
"Zsp2I": [239]}

# Function to calculate fragment sizes
def calculate_fragment_sizes(cut_positions, sequence_length):
# Add the start and end of the sequence to the list of cut positions
cut_positions = [0] + sorted(cut_positions) + [sequence_length]
# Calculate the sizes of the resulting fragments
fragment_sizes = [cut_positions[i+1] - cut_positions[i] for i in range(len(cut_positions)-1)]

return fragment_sizes

# Check each endonuclease for a 596 bp fragment

enzyme_with_596bp = {}

for enzyme, positions in endonucleases.items():
sizes = calculate_fragment_sizes(positions, sequence_length)
if 596 in sizes:

enzyme_with_596bp[enzyme] = sizes

if not enzyme_with_596bp: # Zero endonucleases found that produce a 596 bp fragment
print('No endunucleases found that produce a 596 bp fragment.’)

else: # Print the endonuclease(s) that produce a 596 bp fragment
print('Endonuclease(s) that cut the sequence resulting to a product of 596 base pairs:’,

enzyme_with_596bp)



107 # Produced result

108 # 'Length of given sequence: 1044 bp’

109 #'Endonuclease(s) that cut the sequence resulting to a product of 596 base pairs: {'BglII’:

561}’

[392, 596,

Listing 1.1: Exercise 1 - Python Code

Restriction enzymes AspS9I, Asul, BsaJl, BseDI, BstX2I, BstYI, Cfr13I, Hinfl, MflI,
MspR9I, Sau96I, ScrFI, TspRI and Xholl cut the given sequence in 4 positions, with
further information available in table

we b
L

‘There are two ways to input your sequence:

1. You can copy-and-paste it or type it into the box below

2. You can upload a sequence file from your computer by clicking the "Browse..." button below.

Choose File o file solected Upload Sequence File

Please enter a title for this sequence:
Exercise 1 Sequence

Paste the DNA sequence into the box below

CGAGGGACCTTT: ARACCATGAS TeceeTeT TGCCTOA.
T TTGCTAGTCCACTTACTG TCTC TGCACATCTATATGA
TCCTTCTTCACCATGCATTTGTTGACAGTATTTT
TCAAGAAGTT TCTTATACCACTG,
TTCTTTATY TTTCAAGACTA
CATTAAGTCCTATTTGGAACAAGE GeTeeT TAGGGG
GCGGGCTTGTGAGCTTGCTGTGTC! cr TCCTC) TACCA

CAGCTTGTATCAGAGCCATTTATAAAAGGCT

TTCCCAGAGAATATCTGCTGGTATTTTTCTGTAAAGACCATTTGCAAAATTGTAACCTAATACARAGTGTAGCCTTCTTCCAACTCAGGTA

AACACACCTGTCTTTGTCTTGCTGTTTIC)

ACTCAGCCCTTTTAACATTTTCCCCTAAGCCCATATGTCTAAGGARAGGATGCTATT

66

AATTAAAGTGCTCTTATTTTAAAAAATTGAAATAATTTTGATTTTTGCCTTCTGATTATT TARAGAT

TAATGAGGAACTGTTATTTGTATGTG/
CTATATATGTTTTATTGGCCCCTTCTTTATTTTAATAAAACAGTGAGAAATCT

Please select the type of analysis you would like
OLinear sequence analysis

Circular sequence analysis

Find sites which may be introduced by silent mutagenesis

Phease indicate how you would like the restriction sites displayed

‘Table of sites, sorted sequentially by base pair number

Please indicate which enzymes to include in the display
OAll enzymes
Enzymes not cutting
Enzymes cutting once
Enzymes cutting exactly times
Enzymes cutting at least _ times, and at most _ times
Rainbow @ highlights for enzymes from the standard @ polylinker

Piease indicate which enzymes to include in the analysis
© All enzymes in the database
Only enzymes with recognition sites equal to or greater than 6 _bases long

Only the following enzymes: ccps

Figure 1.2.

Webcutter 2.0 Settings
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‘There are two ways to input your sequence:

1. You can copy-and-paste it or type it into the box below
2. You can upload a sequence file from your computer by clicking the "Browse..." button below.

Please enter a title for this sequence:

Paste the DNA sequence into the box below
(CoAGGGACCTT!
orm

TITGCCTGA

TGCATTTGTTGACAGTATITTTGAGCAGTGGCTC
TCCTACATGGTTCTTATACCACTG

ca o) TCCTT
TCTTCAAGAAGTTTATCCAGAAGCCAS

(CATTAAGTCCTATTTG

(CAGCTTGTATCAGAGCCATTTATAAAAGGCT A
T CTGCTGGTATTTT! TTGCARRATTGT

T 66
CTTCTTCCAACTCAGGTA

TTGTCTTGCTOTTT TTTARCATTT
TATTTGTATGTGAATTAAAGTGCTCTTATTTTAAAAAAT TGAAATARTTTTGATTTTTGCCTTCTGATTATTTARAGAT
TITTATTG TTCTTTATTTTAATARAACAGTGAL

Pease select the type of analysis you would like
©OLinear sequence analysis

Circular sequence analysis

Find sites which may be introduced by silent mutagenesis

Piease indicate how you would like the restriction sites displayed
Map of restriction sites

‘Table of sites, sorted alphabetically by enzyme name

‘Table of sites, sorted sequentially by base pair number

Please indicate which enzymes to include in the display
All enzymes
‘Enzymes not cutting
‘Enzymes cutting once
OEnzymes cutting exactly 4 _times
Enzymes cutting atleast _ times, and atmost _times
Rainbow @ highlights for enzymes from the stndsrd @ polylinker

Piease indicate which enzymes to include in the analysis
© All enzymes in the database
Only enzymes with recognition sites equal to or greater than & _bases long
g

uuuuu

- Only the following enzymes Ay

Figure 1.3. Webcutter 2.0 Settings for restriction enzymes that cut the sequence in 4
positions

Table 1.1. Endonucleases that do not cut the sequence

Endonucleases

Endonucleases (continue)

Aatl, Aatll, Accl13I, Accl®6l, Acc65],
AccBSI, Accl, Accll, Acclll, AcINI, Acyl,
Afel, AflII, AfIIIl, Agel, AhdI, Alw26lI,
Alw44I1, AlwNI, Ama871, Aocl, Aor51HI,
Apal, Apall, Ascl, Asel, Asnl, Asp700I,
Asp718I, AspEIl, Aspl, AspLEI, Atsl,
Aval, Avill, Avrll, Ball, BamHI, BanlI,
Banlll, Bbel, Bbill, BbrPI, BbslI,
Bbv16ll, Bcegl, Bcll, Beol, Bfrl, Blnl,
Blpl, Bpil, Bpml, Bpull02Il, Bpul4l,
BpuAl, Bsa29I, BsaAl, BsaBI, BsaHI,
Bsal, BsaMI, BsaOl, BsaWI, Bscl,
Bsel18I, Bse21l, Bse8I, BseAl, BseCl,
BsePI, Bsgl, Bsh1236I, Bsh1285I,
Bsh1365I, BsiEl, Bsil, BsiMI, BsiWI,
BsmAI, BsmBI, Bsml, BsoBI, Bsp106]I,
Bspl119l, Bsp120I, Bspl3I, Bspl143lII,
Bspl17201I, Bsp68I, BspCIl, BspDI,
BspEI, BspHI, BspLU1l1ll, BspMI,
BspTI, BspXl, BsrBI, BsrBRI, BsrDI,
BsrFI, BssAl, BssHII, BssSI, Bst11071,
Bst98I, BstBI, BstD102I, BstEII,
BstH2I, Bstl, BstMCI, BstPI, BstSNI,
BstUI, BstZI, Bsulbl, Bsu36I, CciNI,
Celll, Cfol, Cfr10I, Cfr42I, Cfr9l, Cfrl,
Clal, Cpol, Csp45I, Cspl, Cvnl, Dralll,
DrdI

Eael, Eagl, Eaml105I,

EclHKI, EcIXI, EcolO05],

Eco24l, Eco255I, Eco31],
Eco47Ill, Eco52I, Eco72I, Eco81I,
Eco88I, Eco91l, EcoICRI, EcoNI,
EcoO65I, EcoRI, EcoRV, Ehel, Esp3I,
Fbal, FriOl, Fsel, Fspl, Gsul, Haell,
Hgal, Hhal, Hinll, Hin6I, HinP1I,
HindIIll, Hpal, Hsp92I, HspAl, Kasli,
Kpn2I, Kpnl, Ksp22I, Kspl, Lspl,
Maell, Maml, Mfel, Mlul, MIuNI, Mrol,
MroNI, Mscl, Mspl7I, MspCI, Munl,
Mval269I, Mvnl, Nael, Narl, NgoAlV,
NgoMI, Nhel, Notl, Nrul, NspV, Pacl,
PaeR71, Pfl231I, PinAl, Plel19I, PmaClI,
Pmeb55I, Pmel, Pmll, PshAl, PshBI,
Psp124BI, Pspl1406I, PspAl, PspALI,
PspEl, PspLl, PspOMI, Pstl, PstNHI,
Pvul, Rcal, Rsrll, Sacl, Sacll, Sall,
Sapl, Sbfl, Scal, SexAl, Sfil, Sfr274lI,
Sfr303I, Sful, Sgfl, SgrAl, Smal, Smil,
SnaBI, Spel, Spll, Srfl, Sse8387I,
SseBI, Sspl, Sstl, Sstll, Stul, Sunl,
Swal, Taql, Thal, Tth111I, TthHBSI,
Vha464I1, Vnel, Vspl, Xbal, Xcml, Xhol,
Xmal, Xmalll, Xmnl

Ecl136lI,
Ecol471,
Eco321I,




Table 1.2. Table of restriction enzymes 1 of 3

Enzyme name

No. of cuts

Positions of sites

Recognition sequence

AccB1I 1 274 g/gyrcc
AccB7I 1 123 ccannnn/ntgg
Acil 3 135 507 543 ccge
AclWI 3 205 217 485 ggatc
Acsl 1 77 r/aatty
Afal 1 360 gt/ac
Alul 5 68 412 552 580 630 ag/ct
Alw211 1 936 gwgcew/c
Alwl 3 205217 485 ggatc
Apol 1 77 r/aatty
AspHI 1 936 gwgcw/c
AspS9l 4 5517 673 1008 g/gncc
Asul 4 5517 673 1008 g/gncc
Avall 1 5 g/gwce
Banl 1 274 g/gyrce
Bbul 1 154 gecatg/c
Bbv12I 1 936 gwgew/c
Bbvl 2 581 599 gcagce
Benl 1 330 cc/sgg
Bfal 1 112 c/tag
Bgll 1 537 geennnn/ngge
BglII 2 392 988 a/gatct
Bmel8I 1 5 g/gwce
Bmyl 1 936 gdgch/c
BsadJl 4 50 97 192 497 c/cnngg
Bsc4l 5 101 122 197 502 538 ccnnnn/nnngg
Bsell 1 127 actgg
BseDI 4 50 97 192 497 c/cnngg
BseNI 1 127 actgg
BseRI 1 607 gaggag
BshNI 1 274 g/gyrcc
BsiHKAI 1 936 gwgcw/c
BsiSI 1 329 c/cgg
BsiYI 5 102 123 198 503 539 ccnnnnn/nngg
Bsll 5 102 123 198 503 539 ccnnnnn/nngg
BsmPFI 2 8 194 gggac
BsoFI 3 505 578 596 ge/nge
Bsp12861 1 936 gdgch/c
Bsp14071 1 358 t/gtaca
Bsp143I 5 201 212 392 481 988 /gatc
Bsp19I 1 97 c/catgg
BsrGlI 1 358 t/gtaca
Bsrl 1 127 actgg
BsrSI 1 127 actgg
BssT1I 3 50 97 497 c/cwwgg
Bst2UI 3 24 194 714 cc/wgg
Bst711 2 581 599 gcagce
BstDEI 6 86 657 801 840 863 877 c/tnag
BstDSI 1 97 c/crygg
BstF51 3 138 389 890 ggatg
BstNI 3 24 194 714 cc/wgg
BstOI 3 24 194 714 cc/wgg
BstSFI 1 407 c/tryag
BstX21 4 201 392 481 988 r/gatcy
BstXI 1 395 ccannnnn/ntgg
BstYI 4 201 392 481 988 r/gatcy
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Table 1.3. Table of restriction enzymes 2 of 3

Enzyme name | No. of cuts Positions of sites Recognition sequence
BsuRI 3 519 675 1009 gg/cc
Cac8I 3 152 538 554 gen/nge
Cfr13I 4 5517 673 1008 g/gncc
Csp6l 1 359 g/tac
CviJl 21 55 68 266 306 400 412 494 519 544 552 rg/cy

580 598 630 642 656 675 683 789 844 867 1009
Ddel 6 86 657 801 840 863 877 c/tnag
Dpnl 5 203 214 394 483 990 ga/tc
Dpnll 5 201 212 392 481 988 /gatc
Dral 2 944 985 ttt/aaa
Drall 1 5 rg/gnccy
Dsal 1 97 c/crygg
Eam11041 2 66 288 ctctte
Earl 2 66 288 ctctte
Eco1301 3 50 97 497 c/cwwgg
Eco47I] 1 5 g/gwce
Eco571 2 68 590 ctgaag
Eco64I 1 274 g/gyrcc
Eco01091 1 5 rg/gnccy
EcoRII 3 22 192 712 /ccwgg
EcoT14I 3 50 97 497 c/cwwgg
EcoT221 1 239 atgca/t
Erhl 3 50 97 497 c/cwwgg
Esp13961 1 123 ccannnn/ntgg
Faul 1 544 ccege
FaulNDI 1 871 ca/tatg
FokI 3 138 389 890 ggatg
Fsp4HI 3 505 578 596 ge/nge
Haelll 3 519 675 1009 gg/cc
Hapll 1 329 c/cgg
HgiEl 1 5 g/gwce
Hincll 1 245 gty/rac
HindII 1 245 gty/rac
Hinfl 4 333 423 435 476 g/antc
Hpall 1 329 c/cgg
Hphl 2 234 373 ggtga
Hsp92II 7 35 101 154 237 344 493 610 catg/
Ital 3 505 578 596 ge/nge
Ksp6321 2 66 288 ctette
Kz09I 5 201 212 392 481 988 /gatc
Mael 1 112 c/tag
Maelll 2 563 768 /gtnac
Mbol 5 201 212 392 481 988 /gatc
Mboll 6 66 224 231 288 591 797 gaaga
MI1lI 4 201 392 481 988 r/gatcy
Mnll 9 5 63 142 285 527 607 620 692 906 ccte
Mph1103I 1 239 atgca/t
Msel 6 454 850 927 943 984 1023 t/taa
Msll 1 173 caynn/nnrtg
MspAll 1 68 cmg/ckg
Mspl 1 329 c/cgg
MspR9I 4 24 194 330 714 cc/ngg
Mval 3 24 194 714 cc/wgg
Mwol 2 272 537 gennnnn/nnge




Table 1.4. Table of restriction enzymes 3 of 3

Enzyme name

No. of cuts

Positions of sites

Recognition sequence

Neil 1 330 cc/sgg
Ncol 1 97 c/catgg
Ndel 1 871 ca/tatg
Ndell 5 201 212 392 481 988 /gatc
Nlalll 7 35 101 154 237 344 493 610 catg/
NlalV 8 6 56 267 276 495 518 718 1010 ggn/ncc
Nssil 1 239 atgca/t
NspBII 1 68 cmg/ckg
Nspl 1 154 rcatg/y
Pael 1 154 gecatg/c
Pall 3 519 675 1009 gg/cc
PIMI 1 123 ccannnn/ntgg
Plel 2 439 480 gagtc
PpulOl 1 235 a/tgcat
PpuMI 1 5 rg/gwcecy
Psp5II 1 5 rg/gwcecey
PspN4I 8 6 56 267 276 495 518 718 1010 ggn/ncc
Pvull 1 68 cag/ctg
Rsal 1 360 gt/ac
Sau3Al 5 201 212 392 481 988 /gatc
Sau96l 4 5517 673 1008 g/gncc
ScrFI 4 24 194 330 714 cc/ngg
Sdul 1 936 gdgch/c
SfaNI 2 139 891 gcatce
Sfel 1 407 c/tryag
Sinl 1 5 g/gwcece
Sphl 1 154 gecatg/c
Sse9l 5 77 764 924 948 957 /aatt
SspBI 1 358 t/gtaca
Styl 3 50 97 497 c/cwwgg
TAI 2 333 423 g/awtc
Trull 6 454 850 927 943 984 1023 t/taa
Tru9l 6 454 850 927 943 984 1023 t/taa
Tsp45I 1 563 /gtsac
Tspb509I 5 77 764 924 948 957 /aatt
TspEI 5 77 764 924 948 957 /aatt
TspRI 4 265 359 531 1036 cagtg
Van91l 1 123 ccannnn/ntgg
Xholl 4 201 392 481 988 r/gatcy
Zsp2l 1 239 atgca/t
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Table 1.5. Table of restriction enzymes that cut sequence in 4 positions

Enzyme name | No. of cuts Position site Recognition sequence
AspS9I 4 5517 673 1008 g/gncc
Asul 4 5517 673 1008 g/gncc
BsaJl 4 50 97 192 497 c/cnngg
BseDI 4 50 97 192 497 c/cnngg
BstX2I 4 201 392 481 988 r/gatcy
BstYI 4 201 392 481 988 r/gatcy
Cfr13I 4 5517 673 1008 g/gncc
Hinfl 4 333 423 435 476 g/antc
MIfII 4 201 392 481 988 r/gatcy
MspR9I 4 24 194 330 714 cc/ngg
Sau96I 4 5517 673 1008 g/gncc
ScrFI 4 24 194 330 714 cc/ngg
TspRI 4 265 359 531 1036 cagtg
Xholl 4 201 392 481 988 r/gatcy
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Exercise 2

For the 596 bp product you got in Exercise 1, select primers using any program you
want to carry out the polymerase chain reaction (PCR). Select the pair of primers that

gives you the largest product.
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Chapter 2.

Exercise 2

In Exercise 1, we observed that using restrictive endonuclease BgIII results in a prod-
uct of 596 base pairs. Given that BglII cuts the linear sequence at positions 392 and 988,

and considering the length of our sequence is 1044 base pairs, the digestion with BglII

produces the following fragments:

e Fragment 1: This fragment is from the start of the sequence to the first cut site at

position 392, 392 base pairs long.

e Fragment 2: This fragment is between the two cut sites, from position 392 to 988,

596 base pairs long.

e Fragment 3: This fragment is from the second cut site at position 988 to the end of

the sequence at position 1.044, 56 base pairs long.

We are interested in Fragment 2, which starts from position 392 of the given sequence

to position 988.

An alternative way of finding the desired cut sequence is implemented in a Python

script.

# Author: Stamos Evangelos

# Date: 2024-02-02

# Title: bioll00 | Translational bioinformatics | Assignment | Part 2

# Description: This script calculates the fragment of a sequence given cut positions.

sequence =

"CGAGGGACCTTTACGGCGTAATCCTGGAAACCATGACAAATCCAGAACCCCAAGGCTCCCCTCTTCAGCTGATGT
AGAATTTTGCCTGAGTTTGACCCATGGAAGGATTTGCTAGTCCACTTACTGGGATAGCGGATGCCTCTCAAAGAG
CATGCACAATGCCTTGCAATCTATATGAATGGAACAATGTCCCAGGCAGGGATCTGCCAACGATCCTATCTTCCT
TCTTCACCATGCATTTGTTGACAGTATTTTTGAGCAGTGGCTCCGAAGGCACCGTCCTCTTCAAGAAGTTTATCC
AGAAGCCAATGCACCCATTGGACATAACCGGGAATCCTACATGGTTCTTATACCACTGTACAGAAATGGTGATTT
CTTTATTTCATCCAAAGATCTGGGCTATGACTATAGCTATCTACAAGATTCAGACCCAGACTCTTTTCAAGACTA
CATTAAGTCCTATTTGGAACAAGCGAGTCGGATCTGGTCATGGCTCCTTGGGGCGGCGATGGTAGGGGCCGTCCT
CACTGCCCTGCTGGCGGGCTTGTGAGCTTGCTGTGTCGTCACAAGAGAAAGCAGCTTCCTGAAGAAAAGCAGCCA
CTCCTCATGGAGAAAGAGGATTACCACAGCTTGTATCAGAGCCATTTATAAAAGGCTTAGGCAATAGAGTAGGGC
CAAAAAGCCTGACCTCACTCTAACTCAAAGTAATGTCCAGGTTCCCAGAGAATATCTGCTGGTATTTTTCTGTAA
AGACCATTTGCAAAATTGTAACCTAATACAAAGTGTAGCCTTCTTCCAACTCAGGTAGAACACACCTGTCTTTGT
CTTGCTGTTTTCACTCAGCCCTTTTAACATTTTCCCCTAAGCCCATATGTCTAAGGAAAGGATGCTATTTGGTAA
TGAGGAACTGTTATTTGTATGTGAATTAAAGTGCTCTTATTTTAAAAAATTGAAATAATTTTGATTTTTGCCTTC
TGATTATTTAAAGATCTATATATGTTTTATTGGCCCCTTCTTTATTTTAATAAAACAGTGAGAAATCT"

# Note 1lst position is @

fragment_596bp = sequence[391:987]

print("596 bp fragment:", fragment_596bp)

# Output

# 596 bp fragment:AGATCTGGGCTATGACTATAGCTATCTACAAGATTCAGACCCAGACTCTTTTCAAGACTACATTAAGTCC
TATTTGGAACAAGCGAGTCGGATCTGGTCATGGCTCCTTGGGGCGGCGATGGTAGGGGCCGTCCTCACTGCCCTGCTGGCGGGCTTG
TGAGCTTGCTGTGTCGTCACAAGAGAAAGCAGCTTCCTGAAGAAAAGCAGCCACTCCTCATGGAGAAAGAGGATTACCACAGCTTGT
ATCAGAGCCATTTATAAAAGGCTTAGGCAATAGAGTAGGGCCAAAAAGCCTGACCTCACTCTAACTCAAAGTAATGTCCAGGTTCCC
AGAGAATATCTGCTGGTATTTTTCTGTAAAGACCATTTGCAAAATTGTAACCTAATACAAAGTGTAGCCTTCTTCCAACTCAGGTAG
AACACACCTGTCTTTGTCTTGCTGTTTTCACTCAGCCCTTTTAACATTTTCCCCTAAGCCCATATGTCTAAGGAAAGGATGCTATTT



33 GGTAATGAGGAACTGTTATTTGTATGTGAATTAAAGTGCTCTTATTTTAAAAAATTGAAATAATTTTGATTTTTGCCTTCTGATTAT
34 TTAA

Listing 2.1: Exercise 2 - Python Code

Since we have obtained our sequence, we may proceed to find primers for PCR and
select the pair of primers that results in the biggest longer product, using NCBI Primer-
BLAST. We set Forward prime range From 392 and Reverse primer range to 988 to input
the initial sequence Alternatively, we can input the cut sequence produced by our
Python script and not select any range for primers. As we can see in detailed primer
reports figures and at table Primer pair 7 with Forward primer TAGC-
TATCTACAAGATTCAGACCCA and Reverse primer AGGGCTGAGTGAAAACAGCA re-
sults in the longer product of 439 base pairs length.

B An official website of the United States government Here'

National Center for Biotechnology Infor

Primer-BLAST Atool for finding specific primers

ific to y ol ing Pri BLAST).

Primers for target on one template Primers common for a group of sequences

Retrieve recent results  Publication _ Tips for finding specific primers

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) @ Range @
AT TG ARAAT TG TANCCT AT ACAAAGTGTAGCC T TCT TCCAACTCAGGTAGAACACACE om
GTCTTTGTCTTGCTGTT TTCACTCAGCCCTTTTAAGATTTTCCCCTAAGCCCATAT GTCTAAG Forwaed p,(,.,., F:|

ARG GATGCTAT TGS TANGACGAACTGTTATTTGTATGTGARTYARAGTCCICTIATTTTA

T TGAAATAATTTTGAT LT TTGCCTICTGATTAT TTAAAGATCTATATATGTTTTATTG G
CCCTTCTPTATT TTAATAAACAGT CAGAAATCT v iz
RIS R Choose File no fle selected

Primer Parameters
Use my own forward primer D)
(5->3'on plus strand) ‘ 10 @
Use my own reverse primer (5 =
U \ )

Min Max

PCR product size 1000
#of primers to retum [

Max T, difference

Min opt Max
Primer melting temperatures G le
L)

selection

PCR template input i rec in the section @
Exskuctinses (]
Exon junction match MinS'match  Min3 match _Max 3 match

Minimal and maximal number of bases that must anneal to exons at the §'or 3' side of the junction @
Intron inclusion O P byat (2]

Intron length range Min Max
1000 10000 | @

Primer Pair Specificity Checking Parameters

‘Specificity check Enable search for primer pairs specific o the intended PCR template @
Search mode [Avtomatc v']@
Database [Refsea mRNA v]e
Exclusion [ Exclude predicted Refseq transcripts (accession with XM, XR prefix) ] Exclude uncultured/environmental sample sequences @
Organism [“Homo sapiens |(Add organism)
Enter dents), taxonomy Id or seect from the suggestion st as you type. @
Entrez query (optionsl) [ )

Primer specificity stringency - primor must have at least total mismatches to unintended targets, including
atleast| mismatches within the last bps atthe 3'end. @
Ignore targets that have [ 6 ] or more mismatches to the primer. @
L Max taraet amolicon size o 1o

Figure 2.1. NCBI Primer-Blast - Analysis settings

Figure 2.2. NCBI Primer-Blast - PCR template highly similar to Homo sapiens tyrosinase
(TYR) mRNA


https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Figure 2.3. NCBI Primer-Blast - Detailed primer reports I
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Figure 2.4. NCBI Primer-Blast - Detailed primer reports II
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Figure 2.5. NCBI Primer-Blast - Detailed primer reports II




Table 2.1. Primer pair and product size

Forward Primer

Reverse Primer

Product size

AGCTATCTACAAGATTCAGACCCA

GACACAGCAAGCTCACAAGC

153
GCTATCTACAAGATTCAGACCCAGA CTTGTGACGACACAGCAAGC 160
AGCTATCTACAAGATTCAGACCCAG TCCGACTCGCTTGTTCCAAA 73

GCTATCTACAAGATTCAGACCCAG CCAGATCCGACTCGCTTGTT 77
GCTATCTACAAGATTCAGACCCA GATCCGACTCGCTTGTTCCA 74
AGCTATCTACAAGATTCAGACCC AGATCCGACTCGCTTGTTCC 76

TAGCTATCTACAAGATTCAGACCCA | AGGGCTGAGTGAAAACAGCA 439

TAGCTATCTACAAGATTCAGACCC CGACACAGCAAGCTCACAAG 155

CTATCTACAAGATTCAGACCCAGA GTGAGGTCAGGCTTTTTGGC 282
ATAGCTATCTACAAGATTCAGACCC GCCATGACCAGATCCGACTC 87
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Exercise 3

The mutations of the genes HEXA, HFE, PKU, PKU, HBB, LDLR cause respectively 5
well-known genetic diseases in humans. Which gene mutation causes  thalassemia?

Find for for this protein:

e Its sequence

e Its structure

e The post-translational modification

e The 4 amino acids that change and cause beta-thalassemia
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Based on NBCI Gene search information obtained the following results are displayed

in[3.1, 3.2/ 3.3/ [3.4 3.5

5 oioal wabsto of tho Uniod iaos gorermmont Hars's how Yo 0.

m) National Library of Medicine
N o i on

Gene G Gl D
Advancad
FullRepart - Sondtor -
HEXA hexosaminidase subunit alpha [ Homo sapiens (human) ]
Geno ID: 3073, updatod on 25-Jan 2024
= Summary

™ prtein, catayzes the
g Ty-Sachs

Figure 3.1. NCBI Gene Information - HEXA

= ofical webste of th Unted Siaes government

m) National Library of Medicine
N S —

€ G ell L
Advanced
Ful Repert+ Sendto »
HFE homeostatic iron regulator [ Homo sapiens (human) |
(Gene 10:3077, pcated on 1-Jan-2024
~ Summary

Official Symbol  HFE o oy K.
Official Full Name _ homeostatc on ooy
prima HGNCHGNC 4886

ae—

MiMs13609:

Figure 3.2. NCBI Gene Information - HFE

55 ofioal wabsto of tho Uniod taos gorerment Hrg's how Yo IOHL

Gene cme all {seorcn |
Rvanced
Ful Rogart+ Sonato
PAH [ Homo 1 & Download Datasets.
G I0: 5059, updtad on 23Nov-2023
= Summary

Figure 3.3. NCBI Gene Information - PKU

The mutations in the genes mentioned above are associated with the following dis-
eases:

HEXA: Mutations in this gene cause Tay-Sachs disease, a rare inherited disorder that
results in progressive destruction of nerve cells in the brain and spinal cord.

HFE: Mutations in the HFE gene cause Hemochromatosis, a condition of excess iron
in the body that can lead to serious conditions such as diabetes, heart problems, and
liver disease.

PKU: This is likely a reference to the PAH gene, which when mutated, causes Phenylke-

tonuria (PKU). PKU is a genetic disorder that causes increased levels of phenylalanine (an


https://www.ncbi.nlm.nih.gov

B ol webst of e Unied Stes govemont Hars's o you oo

National Library of Medicine

Sond o+
1 & Download Datasets

Figure 3.4. NCBI Gene Information - HBB

B ot weosi of the Unid Sttes govommont Hare's how you ke

Mo ol et

Gene Gore el =3

Advancad

LDLR low density lipoprotein receptor [ Homo sapiens (human) | & Download Datasets
‘Gone ID: 3949, updated on 31-Jan2024

. May 2022)

Figure 3.5. NCBI Gene Information - LDLR

amino acid) in the body.

HBB: Mutations in the HBB gene cause 3 thalassemia. The HBB gene provides
instructions for making a protein called beta-globin, which is a component of hemoglobin.
Hemoglobin is the protein in red blood cells that carries oxygen throughout the body. Beta
thalassemia is a blood disorder that reduces the production of hemoglobin. Mutations
in the HBB gene can lead to reduced (8+) or absent (8°) production of beta-globin. This
reduction or absence disrupts the normal balance of alpha-globin to beta-globin, leading
to the formation of abnormal hemoglobin molecules that can destroy red blood cells,
causing anemia and other related health issues. The severity of beta thalassemia can
vary depending on the specific mutations in the HBB gene and how much they affect
beta-globin production. The condition is inherited in an autosomal recessive pattern,
meaning that two copies of the mutated gene (one from each parent) are necessary for a
child to be affected by the disorder.

LDLR: Mutations in the LDLR gene cause Familial Hypercholesterolemia, a form of
high cholesterol that can lead to serious health conditions like coronary artery disease.

Having identified that mutation on gene HBB causes 3-thalassemia we proceed further

on analysis using UniProt.


https://www.uniprot.org/uniprotkb/P68871/entry
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Table 3.1. Genes mutation and diseases causality

’ Gene Mutation Caused Disease

[ HEXA
|

Tay-Sachs Disease

| |

| |

HFE \ Hemochromatosis ‘

’ PKU ‘ Phenylketonuria ‘
] HBB \ B thalassemia ‘
yiLDLR \ Hypercholesterolemia \

3.1 Sequence

The sequence of HBB has length 147 and Mass (Da) 15,998, as depicted in is the

following:

llniPro.t.,: BLAST Align Peptidesearch IDmapping SPARQL  uniproixe ~ [[ESS

tes  Publications  Externallinks  History

Lastupdated 2007-01-23v2
Checksum' A31F

ped potential isoform sequences’
apped othisntry

Viewall

Figure 3.6. UniProt - HBB Sequence

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG
KEFTPPVQAAYQKVVAGVANALAHKYH

3.2 Structure

The structure of HBB is displayed in figure and It should be noted that
displayed HBB structure is sourced by Protein Data Bank (PDB), with identifier 1A00, X-
ray method, resolution 2.00 A, chain B/D and positions 1 - 147. Many more structures
are available on Uni-Prot, most of them of X-ray method while there are also 2 Neutron,
2 Nuclear Magnetic Resonance (NMR), 8 Electron Microscopy (EM) method structures
from PDB and 1 predicted structure from AlphaFold Structural Features of HBB are
included in table [3.3]

3.3 Post-Translational Modification (PTM)

Post-translational modification (PTM) is the following:


https://www.ncbi.nlm.nih.gov/gene/3073
https://www.ncbi.nlm.nih.gov/gene/3077
https://www.ncbi.nlm.nih.gov/gene/5053
https://www.ncbi.nlm.nih.gov/gene/3043
https://www.ncbi.nlm.nih.gov/gene/3949
https://www.uniprot.org/uniprotkb/P68871/entry#structure

3.3 Post-Translational Modification (PTM)

Source Identifier Method Chain | Positions
PDB 2DXM Neutron B/D 2-147
PDB 3KMF Neutron C/G 2-147
PDB 2H35 NMR B/D 2-147
PDB 2M6Z NMR B/D 2-147
PDB B5NI1 EM B/D 2-147
PDB 6NBC EM B/D 2-144
PDB 6NBD EM B/D 2-144
PDB 7PCF EM B 2-147
PDB 7PCH EM B/D 2-147
PDB 7PCQ EM B/D 2-147
PDB 7VDE EM B/D 1-147
PDB 7XGY EM B/D 1-147
AlphaFold | AF-P68871-F1 | Predicted 1-147

Table 3.2. Neutron, NMR, EM available HBB structures on UniProt

’ Type ‘ Positions Sequence
Helix 6-17 PEEKSAVTALWG
Helix 21-35 VDEVGGEALGRLLVV
Helix 37-42 PWTQRF
Helix 44-46 ESF
Helix 52-57 PDAVMG
Helix 59-75 PRKVKAHGKKVLGAFSDG
Turn 78-80 HLD
Helix 82-95 LKGTFATLSELHCD
Helix | 102-119 ENFRLLGNVLVCVLAHHF
Helix | 120-122 GKE
Helix | 125-143 | PPVQAAYQKVVAGVANALA
Helix | 144-146 HKY

Table 3.3. Structural Features of HBB

Glucose reacts non-enzymatically with the N-terminus of the beta chain to form a
stable ketoamine linkage. This takes place slowly and continuously throughout the 120-
day life span of the red blood cell. The rate of glycation is increased in patients with
diabetes mellitus.

S-nitrosylated; a nitric oxide group is first bound to Fe?" and then transferred to
Cys-94 to allow capture of Os.

Acetylated on Lys-60, Lys-83 and Lys-145 upon aspirin exposure.
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BLAST Align Peptidesearch IDmapping SPARQL

UniProtice -

HBB

Names Ty
Subcellulr Location Structure’
R——
S
PDB 1A00 Xeray 200A B/D 3-147 PDBe - RCSB-PDB - PDBj - PDBsum & Foldseek
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Figure 3.9. UniProt - HBB PTM



3.4 The 4 amino acids that change and cause beta-thalassemia

3.4 The 4 amino acids that change and cause beta-thalassemia

The four (4) amino acids that change and cause beta-thalassemia are glutamic acid

(E), lysine (K), leucine (L) and proline (P), as depicted in figure

1. A mutation that causes a change from glutamic acid (E) to lysine (K) at position

27.
2. A mutation that leads to a change from leucine (L) to proline (P) at position 115.

3. A mutation that results in a change from alanine (A) to aspartic acid (D) at position
116.

4. A mutation that changes valine (V) to glycine (G) at position 127.

MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG
KEFTPPVQAAYQKVVAGVANALAHKYH

Theirdepositon

Figure 3.10. UniProt - HBB The 4 amino acids that change and cause beta-thalassemia
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Exercise 4

Using the beta thalassemia protein sequence, perform the relevant BLAST. Select the
sequences Homo sapiens, Gorilla gorilla gorilla, Pongo abelii, Nomascus leukogenys, Tra-
chypithecus francois, Pongo pygmaeus and using whichever program you wish, construct

a Neighbor Joining phylogenetic tree. What do you observe?
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4.1 NCBI Blast Neighbor Joining Phylogenetic Tree

Having obtained beta thalassaemia protein sequence (HBB Homo sapiens), we perform
the relevant Protein BLAST blastp We select the species for which we want to create
a neighbor joining phylogenetic tree as shown in figures and we save their
sequences to perform a separate analysis with MEGA11, and we select 'Distance tree
of results’ to display it, choosing Neighbor Joining’ in Tree Method option. We select
Taxonomic Name (Sequence ID)’ in Sequence Label option for a more clear visualized
result.
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National Center for Biotechnology Information
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From
To

STPD.
AVMGNPKVKAHGKKVL GAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRL
LGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH

.
4

CHmminld Choose File_nofile selected ©

Job Title [

Entor  doscrplive tle for your BLAST search @
() Align two or more sequences @

Choose Search Set

Databases @ standard databases (nr etc.): LBl O Experimental databases < Try experimental clustered nr database Q
For mors info see What s clustered nr?
Compare [ select to compare standard and experimental database @
Standard
R Non-redundant protein sequences (nr) v]e
Organism
e [ ] exclude (dd organism )

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown

Exclude () Modets (xM/xP) (] Non-redundant RefSeq proteins (WP) () Uncultured/environmental sample sequences.
Optional

Program Selection
Algorithm © Quick BLASTP (Accelerated protein-protein BLAST)
@ biastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific lterated BLAST)
O PHI-BLAST (Patter Hit Initiated BLAST)
O DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm @

BLAST Search database nr using Blastp (protein-protein BLAST)

() show resaits in @ new window

Figure 4.1. HBB Homo sapiens blastp

BB o offcia websioof th Unted st government Hace' o ou oo

BLAST ® » blastp suite » results for RID-WHVHV78J013 Home RecentResults Saved Strategies Help
Job Title Protein Sequence Filter Results
RID WHVHV78J013 Search expires on 02-1222:56 pm Download All v
Program ST onv Organism_onty top 20 wisgpear (] exclude
Database nr - See details v ! o name "

+ Add organism
e e 1131565

Description  unnamed protein product Percent Identity Evalue Query Coverage

el e i C Jol ][ Js[ J[ Jo

Query Length 147

v epors  Dstae ol e Ml alooment My © =2

[ Compare these results against the new Clustered nr database @ "I
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Figure 4.2. blastp sequences selected I

Based on the constructed phylogenetic tree the following we can make the following

observations:
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Figure 4.5. NCBI Neighbor Joining Phylogenetic Tree

e Homo sapiens and Gorilla gorilla gorilla sequences are closely related, indicating a

close evolutionary relationship between these two species

e Both Pongo species (Pongo abelii and Pongo pygmaeus) branch off together in the
phylogenetic tree, again indicating their close relationship with each other and their

separation from the African apes (humans and gorillas).
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e The Nomascus leucogenys (gibbon) and Trachypithecus francoisi (Francois’ leaf
monkey) are also placed on separate branches from the great apes, which is consis-

tent with the evolutionary distance between these species.

e Both species of orangutan, Pongo abelii and Pongo pygmaeus, are grouped together,
but they form a separate branch from the rest of the apes, indicating a divergence
from the common ancestor they share with the African apes (gorillas, humans) and

the Asian apes (Nomascus leucogenys and Trachypithecus francoisi).

4.2 MEGA Neighbor Joining Phylogenetic Tree

Having obtained all HBB protein sequences for all species, we import them to MEGA
and we perform multiple alignment 4.8 After alignment is successfully performed, we
export aligned sequences in .meg file we open .meg file and we select the ’Construct/Test
Neighbor-Joining tree with the appropriate settings After clicking Ok we get the
results [4.10] 4. 11]

Based on the constructed phylogenetic tree the following we can make the following

observations:

e Homo sapiens is shown to be most closely related to Gorilla gorilla gorilla, which is

consistent with current understanding of hominid evolutionary relationships.

e The tree indicates that all the listed species have a common ancestor, with subse-

quent branching representing evolutionary divergence.

e The branch lengths represent the amount of genetic change, with the numbers pre-
sumably representing substitutions per site. Humans (Homo sapiens) and gorillas
(Gorilla gorilla gorilla) have the shortest branches, suggesting fewer genetic changes

since their divergence from a common ancestor compared to the other species.

e Both species of orangutan, Pongo abelii and Pongo pygmaeus, are grouped together,
but they form a separate branch from the rest of the apes, indicating a divergence
from the common ancestor they share with the African apes (gorillas, humans) and

the Asian apes (Nomascus leucogenys and Trachypithecus francoisi).

e Nomascus leucogenys (gibbon) and Trachypithecus francoisi (Frangois’ leaf monkey)
are grouped on the same branch, which is consistent with them both being Asian

primates, but they diverged significantly from both the African apes and orangutans.

4.3 Differences between the two constructed phylogenetic trees

There are several differences between the two phylogenetic trees, both in terms of
structure and the information they present. For brevity we will refer to the phylogenetic
tree produced by MEGA11 as '"MEGA tree’ and for phylogenetic tree produced by NCBI as

‘NCBI tree’. Some of the differences are presented below:



4.3 Differences between the two constructed phylogenetic trees

——

v 8 sequences_species
hemoglobin beta [Pongo pygmaeus).fasta
hemoglobin subunit beta [Gorilla garilla gorilla].fasta
hemoglobin subunit beta [Homo sapiens].fasta
hemoglobin subunit beta [Momascus leucogenys].fasta
hemoglobin subunit beta [Pongo abelii] .fasta
hemoglobin subunit beta [Trachypithecus francoisi].fasta

Figure 4.6. Obtained sequences files in .fasta format

Figure 4.9. Neighbor Joining Phylogenetic Tree settings

e The MEGA tree has branch lengths with numerical values that represent genetic
distances or the number of substitutions per site. This detail gives a sense of how
much genetic change has occurred since the divergence from a common ancestor,
while the tree, taken from the BLAST interface, does not show these numerical
branch length values, making it harder to assess the exact amount of genetic change

or distance.

e In MEGA tree, Homo sapiens is placed closer to Gorilla gorilla gorilla, while the two
Pongo species (orangutans) are on a separate branch, and the gibbon (Nomascus
leucogenys) and leaf monkey (Trachypithecus francoisi) are on another. In NCBI
produced tree, the relationships seem to be consistent with the first in that hu-
mans are closer to gorillas, and the two orangutan species are grouped together.
However, without the branch length data or bootstrap values, the strength of these

relationships is not quantified.
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Figure 4.10. Neighbor Joining Phylogenetic Tree
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Figure 4.11. Neighbor Joining Phylogenetic Tree clean

e The MEGA tree includes a bootstrap value (64) at the node separating the orangutan
species from the other primates, providing some measure of confidence in that
grouping, while NCBI blastp produced tree does not have visible bootstrap values

or other measures of statistical support.



4.3 Differences between the two constructed phylogenetic trees

e While both trees were constructed using the Neighbor-Joining method, the param-
eters such as the model of evolution (e.g., Kimura protein model in NCBI) and the

exact settings differ, which affect the outcome of the tree.

o MEGA tree has a scale bar indicating the genetic distance, which is absent from the
NCBI tree. This scale bar is crucial for interpreting the lengths of the branches in

evolutionary terms.

e The MEGA tree is a more traditional representation, with clear delineation of branches

and distances. The second tree is more schematic.






List of Abbreviations

BLAST Basic Local Alignment Search Tool

blastp Protein BLAST

bp base pairs

EM Electron Microscopy

NCBI National Center for Biotechnology Information
NMR Nuclear Magnetic Resonance

PCR Polymerase Chain Reaction

PDB Protein Data Bank
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