Class 2 Lab*

Sequence Alignment & Database Searching (Pt. 1)
Barry Grant

2025-12-16

i Instructions

Save this decoment to your computer and open it in g PDF viewer such as Proview
(avallable on every mac) oF Adobe Acrobat Reader {free for PO and Linux ). Be sure to
add your name and UTC San Diego personal dentification mamber [PID) and cnoail below

bedore answering all guestions in the apace provided.

Student Wame UCsD FID UCSD Email
Patrick Mguyen A17820785 pdn004@ucsd.=du

Learning Objectives

By the end of this lab, you will Te able to:

1.

¥

Explain how dot plot parameters (window size, step sige, and match stringency d atfect the
visnalization of sequenee similarvity and the trade-off between sensitivity and specibicity.

. Perform pairwise sequence alignment by hand wsing the Neodleman-Wuansch dynamle

programiming algorithm with specified scoring paramebers,

cInterpret the outpat of & completed seoring matrix to identify optimal alignments and

recognbze when multiple optimal solutions exist.

. Use NCBI BLAST to search protein datebeses for bomologons sequences, applying

appropriate Alters and database selections to refine resulis,

Evaluate BLAST results critically, considering E-values, percent identity, and query
covernge to assess the biologies] significance of reported matehes,

*htip: fthegrantlab.org/teaching,



Dverview:

Aligning novel sequences with previously characterized genes or proteins provides important
insights into their commeon attributes and evolutionary orizins,

In sectionz 1. 2 and 3 of this hands-on session we will Arst explore the principles and methods
underlying the computational comparison and alisnment of biomolecular sequences.

In section 4 we explove how these oethods are waed 1o search databases to dentify homologoes
sequences e, finding evolutionary related genes or proteins that are descended from a commaon
ANCestor).

In section 5 we highlight the detection limits of conventional BLAST. This sets the scene for
introducing more sensitive {but often more time consuming) approaches including Profiles,
PSI-BLAST and Hidden Markov Models (HMMs).

Section 1: Dot Plot Parameters

ot plots ave a simple graphieal appeoach for the visnal comparizon of two sequences. They
have a long history (see Maizel and Lenk 1951 and veferences therein) and entail placing one
sequence on the vertical axis of a 2D grid {or matrix) and the other on the hovizontal.

In it simplest forme, a dot is placed where the hosizontal and vertical sequence values match.
More elabaorate forms wee Csliding windsis " composed of multiple chavacters and a theeshold
value, or “maich stringency” for two windows to be considered as matehed.

Wisle our very own simple dot plot welb-appe U.inhl oF it mibrror Link2] amnd get a feel for how
altering these major dot plot parameters change the displaved protein and DNNA dot plots.

MOB. Mote the questions lsted om the wels page (alao found below ] and add voar
answers i the apace provided on the next page.



BGGMN-M3: Dot Plot Comparizon of Tewo Sequences
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Figure 1; Interactive dot plot web app to explore fondamental concepts of biomolecular sequence
COLNPATIEGD

Q1 Why does the DNA sequence have more dots than the protein sequence plot?

Tip

What doe you know about DNA composition ve protein composition?

Protein has a larger ladder (20 possible nuclectides) than DA (4 possible nucleotides)




Q2 How can we increase the signal to nokse ratio?
Tip

Signal in this case means correct matehes that we actuslly want to highlight
and noise means spurious matches that we don’t want.

signal to noise ratio can be increased by increasing the window size and match strimgency
proportionally.

33 What does a “Match stringency” larger than “Window size’ vield and why?
a "math stringency” larger than window size results in dot plot not being produced. A window

size smaller than a match stringency cannot show the amount of matches asked by stringency
larger than the window.

Q4 What are the major weaknesaes of this approach?

Tip
Is your inner necd happy with this approach?  Hew would you use it to

determine if a second set of sequences was more similar oo each sther than a
fivat aot of sequenoes?

Dot plots are not very quantitstive and are only mostly qualitative.




Section 2: Necdleman-Wunsch Alignment

Sequence aliznment methods often use something called & ‘dypamic programming” algorithm
that can be usefully considered as an extension of the dot plot approsch, Here we have two
spnple sequences, and we'd like to use the Needleman-Wonsch algorithm disenssed in class to
align theam. Feel free to use the classroom white-boards and for pen and paper and attach o
jrhistes to this POF for gradeseope.

Q5 Using & match score of +2, o mismatch score of =1, and a gap score of =2, Till
in the table below (or use pen and paper) for the following two segquences:

Sequence 10 ATTGO
Sequence 2 AGTTC

From vour completed talile {(see template below | what iz the optimal score and corre-
sponding alignment (with one sequence above the other)?

Tip
It enn be hard to store the sll important progress ammows in the PDE wersion of

this docmment amd thus vou may prefer to nse your own paper (o white-board)
version Lhal vou can take a photo off for opload 1o gradescope,

Oplimal Seore:
4

Aligmments:

Alignment 1:

Sequence 1=A-TTGCA
Sequence 2=AGTT-CT
Alignment 2:

Sequence 1=ATTGC
Sequence 2=AGTTC
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Section 3: Practice makes perfect

Apain wae the Needleman-Wansch algorithm diseuased in class to align the following seqguences:

Q6 Using o match score of +2. o mismatch score of <1, and a gap seore of <2, Fill
in the table below amd translate i oo a alignment, What s the optimal seore for this
alignment”! Ia there one unigue alignment with this score?

Spquence 10 TATAG
Sequence 2 GTTAC

Ciptimal Seore:
1

Alignments:

Alignment 1:

Sequence I=TATAG
Sequence 2=G TTAC
Alignment 2

Sequence 1=-TATG G
Sequence 2= GT-TALC

L]
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Section 4: Finding homologous sequence

Yor eollaborators found a prifein while working on a flv species sl have asked vou to see if
there are any homan hoasologs.

*»fly_protein
HLHHSSVPWASARSYTCLELDAKCHSS5555 38K AASSTSATPQEET) THRHIAHTORCLERLTEL VAL
LLIVLFMYFSFAHSCGPGRGLGRHRARNLYPLYLEGTIFNLSEY THE ASGPLECVIREDEFEFRDLVENY
NRDILFRDEEGTGADRLMSERCHENLN VLAY SVHNEWPGIALLYV TESWDEDYHHGOESLHYEGRAVTIAT
SDRDSKYGHLARLAVEAGF DMV YV ERRH I YCEVESDEs I SEIVHGCF TPESTALLESGVREPLGELST
GDREVLEMTANGAVYSEVILFHDRNLEQMONFYQLHTDGEAVLTVTPAHLYEVWQPESQELTFVFADRLE
EE NGV LY ROV ET CELAPQRVVEVGSVASKGY VAPLTREGT INVHEVAASCY AVINS QS LAHWGLAFMALL
STLEAWLPAKEQLHSSPEVVSSAQONNGIHE Y ANALYEVEDYVLFQSWRHD

Q7 Using the defanlt settings for NCRBI BLAST, can you find sny homologs for this
protein in Humans?

Tip
Trv using the LIMITS and FILTERING options we covered in the last lab,



no homalogs found

Q8 Ty changing the database to refaeg  jeotein, From the resulis, select a few proteins
and find the common name for the species. What trend do yon notice as you move down
the results list?

Tip

Search google for the species name and use the taxonomy tab on your NOBRI
BLAST results page.

hedgehog protein

Q8 Finally, try also limiting the search to only B, Sapiens, What function do these
proteins have?

Tip
You can simply type the Taxon (D 9606 in the “Organi=m”™ box,

calciumn ion binding. protein binding., pepitase activity, paiched binding, zinc ion birding




Q10 What function do son think this peotein performs for vour eollaborators” organism?

guiding embryotic development, affecting patteming fissuwes

OPTIONAL EXTENSION

We will revisit this problem sod introdwce approsches with greater sensitivity (Le ability to
find more remote bomologues) in the next lab,

Section 5: The limits of using BLAST for remote homologue detection

Let’s return to the HBE protein that we explored in s provious cless aod see if we oan find
distantly related myoglobin and pewroglobin using HBB as a BLAST query,

*pi 4504349 | ref INP_000509.1| hemoglobin subunit beta [Homo sapiena]
HVHLTFEEKSAVTALWGKVNVDEYCEEALCRLLVVYFUTQRFFESFCDLATEDAVHCNFEVEAHCEEVLG
AFELCLAHLDNLEGTFATLSELHCDELEVDPENFRLLCEYLVCVLAHEF CKEF TPEVOAAYQEVV AGVAN
ALAHKYH

Afver selecting blastp and eotering the sequence, be sure (o change the seacch database to
“reffeg-protein” amd restrict onr search organism to only humans (taxid: Q606G This will
help focns our reaults to highlight distant bomologs in himans,

Q11 What hoanodess did yvou Aod with this simple Dlastp search? MNote thelr percent
blentities, coverage and E-wvalues.




Mow we conld try changing the Algorithm parameters on the submission page to increase
the mumber of hits reported. To do this you can click on the Edit and Resubmit link at the
top left of your resnlis page,

Q12 Try inereasing the Expect thresheld for vour blasts search (e.g. to 20000, What new
hits were reported? What about thelr alignment statksties? Do yon trost these matches?
IFial son hind mppoglobin?

Q13 What one part of this exercise or associsted becture material is still confusing?

IT aippropriate please also indicate the guestion number from this decument and answer
the question in the following anonyimons form: Muddy_ Polnt__Assesment__Form
Your comments will et us know which material needs €o be further clarified and will help
u= gain stronger control of the material in this course. Thank you!

Discussion

Blany wsebul ‘rules of thiimb' are expressed in terms of percent identity. If two probeins have
more than A5% identical residues in their optimal alignment they typically have very similar
structures and are likelv to have s similar function. If two proteins have more than 25%
identical residues (but less than 45% identity), they are likely to have a similar general folding
pattorn, Mote that we will expand on the basis of this important sequence > sfructure =
SJunction relationship in the pext lab where we also explore the detection limits of standard
BLAST searches for blentifving remote homaologs.

i



Observations of a lower degree of sequence similarity cannot however ule ont homelosy, Chur
very own late RBuss Doolittle defined the megion between 18-25% sequence identity as the
“terilight zone™ in which the suggestion of homelogy is tantalizing bot dengerons. Below the
twilight zone is a region where pairwize sequence alignments tell s very litthe - sometimes
callend the “midnight zone”™

Our next class will introduee more advanced topics including profile and strocture based
approaches that can delve decper inte these impertant, bot often hard to detect, sequence-
strneture-Tunction relationslips.
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