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QUESTION 1: 
BIOINFORMATICS APPLICATION & DATABASES 
(a) Briefly explain the role of public biological databases. 

(b) 

(c) 

Distinguish between primary and secondary databases. 

Describe the following databases: 
(i) GenBank, ENA and DDBJ 
(ii) UniprotKB, 
(iii) Refseq, 
(iv) OMIM 
(v) MEDLINE 

[2 marks] 

[3 marks] 

[2 marks] 
[2 marks] 
[2 marks] 
[2 marks] 
[2 marks] 

(c) A recent enteric disease epidemic in the Manzini region of Eswatini has been 
reported to be caused by an unknown species of bacteria whose treatment is not yet 
known. A pure culture of this pathogen is brought to your consultancy lab for 
identification with a view to suggesting probable treatment for this disease. Describe 
the molecular biology and bioinformatics tools you can use to identify the species 
and/or genus this bacteria species may belong to. [1 0 marks] 

[Total marks= 25] 
QUESTION 2: 
NUCLEIC ACID/PROTEIN SEQUENCE ANALYSIS, MULTIPLE-SEQUENCE 
ALIGNMENT & HOMOLOGY/PATTERN-BASED SEARCH ALGORITHMS 

(a) Answer the following questions based on the screenshot of a BLAST page from 
NCBI website below. 

~ U.S. Nat1onat lobrory of Med1cme NCBI NatiOnal Center for Biotechnology Information 

Standard Protein BLAST 

P.T.O 



(b) 

(c) 
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(i) Describe the nature and format of the sequence in the panel labelled X. [2 marks] 
(ii) Discuss the principle of the different algorithms in the section marked Y.[8 marks] 

(i) Explain the difference between PAM and BLOSUM scoring matrices. 
(ii) Explain the significance of "62" on the BLOSUM62 matrix. 

Explain the difference between the following sequence alignment concepts: 
(i) Smith-Waterman and Needleman-Wunsch algorithms, 
(ii) Progressive and iterative MSA, 
(iii) Global and local MSA. 

[6 marks] 
[1 mark] 

[4 marks] 
[2 marks] 
[2 marks] 

(d) Shown below is a typical graphic summary of BLAST result. Identify important 
information can you extract from it. [3 marks] 

(e) Shown below is a screenshot of a typical BLAST HIT result. Identify and explain the 
labelled items. [6 marks] 

S<!quenc&s producing significant af~gMm~~t>ts: 

Select till None Sele·:ted: 0 
Q­

( ~\ ~llgJ]~;7~lj '"!Doc. f'~d; ·1''~'Y<'!i<f}il)l'i?1?,. \ti'''I'')!:{::J."'' !.:;:"" '· ·:,\y\1!)\'; :±~----H~---~· ~· ~~-'-·-----~;;;-:--r;;-~Q~~~ ... f--'~---"---·-.. · ----- , 
1 : Description scofe , score covH : value ldent AccessKm 
I, 
I [;J ttan~memtHtJ!(! emr,/4 ctommn·contatnrn!J.~.ill.mecursor {R:i.ttus nwvq~l 
I 
\ l~J ltaU~.tP..~l!J.I.-"!.ll!lfLtM!!G?..:!.QQm.affi::r.Qllti!.ii!:DiJ..P.nl~g.l!J •. tQ.fMggQ.\Kl.;l_.\AOOYlfJJ.lai.Y!.il 
1,-, 
( 1:.4 !mn~~~~'!mbrane e;nb.24 doma~n·<;vnta\nimLI~fotem 10 :Miqot\.ttj CKhr~~l 

I 
~J ffif.Q.lQJf.!J.. Jrnw.n.!i!ml;lmr~_en:m1.:1Jl2milln:matru!Jill9..ill.21.\lifi..ill.§Q!Qrnl.!!.1Jt:lir~. ~illifllil 

G f8.!ill!fL1!,D.;Jnl!1s.m~.m.~fl..rd!lP14.rt.9J!Ylql...:f.ooJ!llrunfl.rn:.o.!.fll!.Lti.tre~IQ.IJ..l\:lll.!J.fi.JI@.r.!l9.ullih[L\.w.!Hl.!ll 

I 
G ll:sr~.JLrnr.::M..s!Qm~rn-.t.Qn.taillim.u;!ll}t~!IL1!.l.(li"~I=.v.illll.lMv.Ul..\w~Y.!Yiii 

~~~ !ntflfiD!!ffiha_f!.tUrlli0!n Tmrt2.truft.JMW.f~e®r.rir&1!~~1 

I
t.·.·~ ... ' transm-:!ffit.:iillllL\ij];.~ tr~. lfjc1:1r~ .. P..nllilliiliLtY.i5r.' §!UMwiJlli!~.~..Y.Ml 
1.?,.1 ~.h!illllLll!ll<!llil~oJWlliiJLlll[Ml!!L<;JJJlli!l 

!jj trin§!!l..§illtrnrut.WP~l!l!J.Qmt~.m.19.t"Ml&.QW.mi1 

lc.-J ~!!.W1·m~..nt.JIDJ~ID:r~llllJO .. J."ffii&l.UJ.!J1ti1l!l..Omi~Y£.llilll 
I Q I!.illl:ill\i.rrl!li.<!!l~~!!!!~;f4-like !r~1!!.~1!UQ_~n_j_QJY.!UilUJrA..~l!!.!!.?~l 
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444 444 1{10% 1e-157 

439 439 100% 2e-155 

433 438 100% 2e-1SS 

437 437 100% 5e·155 98% 

434 434 100% 6e·154 

434 B4 100% 8e·154 

434 434 100% 1e-153 98% 

433 433 100% 2e-15J 97% 

432 432 100% 4&-153 97~, 

432 432 100% le-153 

100% 2e-l52 

i 
0 

9&% 

97% 
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(f) Shown below is a screenshot of a typical BLAST alignment result. Identify and explain 
the labelled items. marks] 

transmembrane ernp24 domain-containing protein 10 precursor [Rattus norvegicus] 
Sequence 10: NP 445919.1 Length: 219 Number of Matches: 1 

> S•e3 mm• Utl<(;;) I :. I ____ 1 ... ~.-... 1 .... · .. ·~· --·· ·-----···· Range 1: 1to 219 G<mP..Q.\ GraQhics __ .• T..: . ____ __ .. 
Score Exp'--e-ct-=--..M=et=.:h::...od'-:------- Identities Positi"J"s Gaps 

450 bits(l158) _:l_e-160 Compositional_matrix adjust. 219/219{100%} 219/219(100%) 0/2!_9jQ_~l__ 

Query 1 

Sbjct 1 

Query 61 

Sbjct 61 

Query 121 

Sbjct 121 

Query 181 

S!ljct 181 

MSGLSGPLSHPGPLLSALLFLFLLGPSSVLGISFHLPVNSRKCLREEIHKDLLVTGAYEI 60 
11SGLSGPLS\·Ji>GPLLSA.LLFLFLLGPSSVLGISFHLPVNSRKCLREEIHKDLLVTGAYEI 
MSGLS6PLSWi'GPLLSAlLFLFLLGPSSVLGISFHLPVNSRKCLREEIHKDLLVTGAYEI 60 

TOQSG6A6GUHHLKITDSAGHILYAKEOATKGKFAFTTEDYDf•1FEVCFESKGTGRIPDQ 120 
TOQSGGAGGlRTHUGlDSAGHILYAKEOATKGKFAFTTEDYDI4FEVCfESKGTGRIPDQ 
TOQSGGAGG LRTHLKITDSAGHI L YAKEOA lKGKFAFTHOYDf•1FEVCHSKGTGRIPDQ 120 

LVI LDMKHGVEAKNYEE IAKVEKLKPLEVE L RRL EDLSESIVI-JDF AYf-\KKR E E Er•\RDTNE 180 
l VI LDMKHGVEAKNYEEIAKVE KLKP LEV£ LRRLEDLS ES IVNDF .IIYI·lKKRE E E r~RDTNE 
LVILDI'lKHGVEAKNYEEIAKVi:KLKPLEVELRRLEDLSESIVI·JDFAYf'lKKREEE/4ROTNE 180 

STNTRVLYFSIFSHFCLIGLIHWQVFYLRRFFKA.KKLIE 21" 
STNTRVL YFSIFSI1FCLIGLA HJQ\IfYLRRFfKAKKLI E 
STNTRVLYFSIFSI'tFCLIGlAnJQVFYLRRFfKAKKLIE 219 

[Total marks = 40] 

QUESTION 3: 
GENE & PROTEIN MOTIFS/DOMAIN PREDICTION AND GENOME ANNOTATION 

(a) Briefly discuss the advantages and disadvantages of having long versus short 
k-mers in genome assembly [6 marks] 

(b) Describe using any bioinformatics tool, how CpG islands in a genome can be 
detected. [5 marks] 

(c) Discuss the use of the Burrows-Wheeler transform in genome assembly, including its 
algorithmic complexity. [6 marks] 

[Total marks= 17] 

QUESTION 4: 
MOLECULAR PHYLOGENETIC$ 

(a) Explain why a heuristic approach is required for constructing phylogenetic trees 
when the number of taxa is large. [6 marks] 

• 
(b) Explain the difference between the Jukes-Cantor and Kimura 2-parameter models 

when inferring a phylogenetic tree from DNA sequences. [6 marks] 

(c) What is an outgroup and why is it important to include one or more outgroups in 
phylogenetic analysis? [6 marks] 

[Total marks= 18] 

END OF EXAMINATION PAPER 


