Bioinformatics

34th International
Biology Olympiad
United Arab Emirates 2023

Tranditional Chinese (Chinese Taipei (Taiwan))

Bioinformatics £ )& £

34th International Biology Olympiad

5 34 EEIREY RN EEREF

3-10 July 2023, United Arab Emirates University
20234 7 A 3-10 B » [ KL

Practical Exam
BEEH

Total points: 98
#5198

Duration: 90 minutes

BEE . 90 s

General Instructions:

—RRERAA :

You have 90 minutes to complete TWO tasks in this practical exam.
158 90 SiEnVR SR AREEE S PRMIAES o

You can do the tasks in any order.

BRI UBMERIERFITES ©

Task 1: Molecular phylogenetics (61 points)

51 3FRELBFL (619)
Task 2: Genome editing (37 points)

£7% 2 : BEREBERE (37 9)
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Important Information:

EERER:

No answers on the exam paper will be graded.
A& LHNBERFERTSD ©

You will use a dedicated browser application both to perform the bioinformatics analyses and to en-
ter your responses. This application includes four different types of screens, namely question screen,
"Notepad", "Input Sequences" and "Tools".

TREAEANIEREAEFRATEVENR DT LHALNEE - ZERARFEENEFRRIENE
B IIMEERS - TEL -~ "WAFY” M TR -

You do not need to submit the exam: it will be submitted automatically, once the exam is over.
There will be a timer showing the time remaining until the end of the exam.

EEEREXETH | THERE > THREBRR - FFE—EHRERTHAERANVRIERERE -

You MUST PRESS “Save” after completing EACH question or else your answers will not be registered.
EelEERER > 8RR “RE > SRCHNERRTEREM -

You MUST NOT quit the Safe Exam Browser.

TR FRHZE2EHIES -

Questions which are fully or at least partially answered and saved are highlighted in green in the side
panel. EZ2EHEDH A EIZF L REFEETAERPLUK BB

"Reset" button will erase answers provided for the currently selected question. It will never erase answers
provided for other questions. Using this button, you can resubmit your answers as many times as you

want. lReset) Z#RiRIBREREERENESR » EFGERAMBENSE - £REERE - R UBERE

WIRRXERE -

You can search specific text strings using "Ctrl" + "F", but you must first click on the text field (the window
within the window) to execute the search against the sequence. f&RIMER Ctrl) + TF) FRERFEMIL
FH o BUARLMEXFRU (RERNNFE) RATHFIINER -

You can open multiple instances of the same tool or different tools and have several windows side-by-
side (for instance, to compare results of different analyses). {ERIMU$T R ZEHERHF RN T AES > Wi
ZERTIBEHER (F1U0 > LLEFRDFER) o

You can switch between Windows using "Alt" + "Tab".
EeTLAfER TAIt) + TTab) 7EfR&E Z i o

If you minimise the electronic copy of the questions, you can quickly return to it by clicking the icon on
the bottom left of the screen. MNRE&/IME T FERNEFRIZA » ERILUBARBERE TANERRER
@ o

To ensure proper formatting of the obtained analysis output you can maximize the window.

7T RRFIESN2ITRENERKR » ERUSKERE -

You do not need to modify the obtained analysis output after you have pasted it into the answer box.
DR IELEI B RAER » BAREENRE -

If you face any technical issues with your computer, raise your card.

MR BB ENEAIRAMERE > FRF -
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If you get an error message after pressing “Submit” for any tool, this is because of your input being
incorrect, so such queries will not be dealt with by the assistants.

NR7EET Submity BHIRFEZRES > BEERHTHEABTR > BB FMEERIEIIERME -
Use the following cards to ask for water/washroom/help.

ERUTRRABRKAFE/ER -

Drinking water BRFB7K | Washroom 4R | Other queries Efthzaf]

No paper, materials or equipment should be taken out of the laboratory.
MR ~ MR HREFFFTHERE -

Good luck!

MIETHFE !

TASK 1. MOLECULAR PHYLOGENY {¥#&— 93 F #4501z

One of the great milestones in molecular phylogenetics was the work by Carl Woese (1977). He com-
pared the sequence of the small ribosomal subunit rRNA (165/18S rRNA), between different species, by
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digesting it with T1 RNase followed by hybridization of conservative loops.

Carl Woese (1977) WIFRD FRALEEZNBREREZ— o tiBIBAERA T1 RNase JH{b/ZEERE IR E
rRNA (165/18S rRNA) » ABIETRTIRENMES > WHER T AEYEZ B/ ZEEREIEE rRNA (165/18S
rRNA) BF5 ©

In this task, you will also use 165/18S rRNA sequences, of 10 different organisms, to build a phylogenetic
tree. To do that, you will first need to make an alignment of all corresponding sequences, and then use
that alignment as input for the tree-building algorithm.

ELLETRE T > EHEER 10 BRREEYIN 165/18S rRNA FHIRBRAMRLEEE o ALt > CEGLREHFEME
FEFFSIETTLL Y » ARERZ L H A R{CEHERIBIBIRKIR

The input data for this task can be found by clicking on the “Input Sequences” dropdown menu and
choosing the input labeled as “rRNA.fasta” . This file contains the sequences of both the 165/18S and the
23S/28S rRNA for each species. The labels have either “16S” or “23S” ending, respectively. Hence, you
should prepare a "fasta" formatted input which contains only the sequences of 165/18S rRNA. For this
you can copy-paste the provided data into the Notepad page of the Application and edit it appropriately.

BIRBEE “GAFY)” THIEEWIEIZEESA “rRNAfasta” BIEUEE A > ATLURBILLEFSHIE A BUE - %X
HEESEYREN 165/18S F1 235/28S rRNA [F51 o IBEARILL “16S” = “23S” 4R o HIt » SEZERE—
8 “fasta” HBNAVEA > EHEE S 165/18S rRNA BIFES! o At » ST LGSR AN SIS E R AL I ERE X
i EAEEmPIETEENGRE

Notes: a) each sequence should have a header starting with “>" ; b) you can enter empty lines between
sequences in the "fasta" format to keep them visually separated. For more about the "fasta" format see
Appendix 1.

A8 a) BEAFVIEZAE—MEL “>" FENRE ; b) EAME “fasta” RIKNFIIZE@MAZET » UEE
fERE LD - AR “fasta” BMANELEN > F2RMEK1 -

Now align the 165/18S sequences of each species using the “7. Sequence Alignment” tool. It will return
an alignment in the "clustal" format (for more about it see Appendix 1).

IREAIREA"7. Sequence Aligment" TRARHES—EYTER 165/18S F5 o S FEIRIVFEY &K —
f&"clustal" IIXEIER GERMIER 1 THRESZ)

Q1.1 True or False? IEfEEkikaR ?

Q1.1.1 The alignment provides evidence for insertions or deletions happening during  1.0pt
the evolution of 165/18S rRNA genes.
FF5ILE¥ % 165/18S rRNA EEECIBIZP AT £ B A SRR E MR M 7551 -

Q1.1.2 C paramecium 165/23S rRNA is the shortest sequence in the alignment. 1.0pt
EE&2 165/23S rRNA BEEHHPRENFT o

Q1.2 Copy your resulting alignment and paste it into the input field of question Q1.2 5.0pt
for the results validation.
BREFNFTHBEERLAFHTIRE Q1.2 B AFERPLUEITHERES -

Copy your resulting alignment and paste it into the input field of the “9. Tree Builder”tool. Press “Submit”
for tree building.

BIR LR B FFIAE RN AL R 9. TreeBuilder" EETEMBMAR o 27" H3" REZELH o
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When the analysis is finished, you will get the resulting tree in the output field in "newick" format (for
more about the "newick" format see Appendix 1), as well as an image.

DIfERE » T EREFEDES “newick” BAELER (B “newick” BXNEZER @ B2
1) UKES -

Note: the tree is unrooted!
AR BERERN !

Q1.3 Copy the "newick" tree you have obtained from the output of the “9. Tree 5.0pt
Builder” tool and paste it into the input field of question Q1.3.
ERIRYE"9.Tree Builder" TEMEEEFIEFH “newick” it » i HBLFIRIRE
Q1.3HAES -

Based on a tree similar to the one you just obtained, Woese proposed that all cellular life is divided into
three domains: Bacteria, Archaea and Eukaryotes.

ERECHIEESAIRHELEIE o SREHRD - FRAEMREME D S =@  MEE - SEEMEREYIR

Q1.4 For each of the species in Q1.4, select the domain of life it belongs to, using  6.0pt
letters "A" for Archaea, "B" for Bacteria, "E" for Eukaryotes.
it Q1.4 RSEYRE - BEEMERE ) FAFE A" AKRGE > “B” AR
» BT REREREY -

Q1.5 What can you conclude about the Z. mays (corn, Zea mays) sequence you used based on its position
in the tree? For each statement indicate if it is True or False.

R IGTERFRY Z. mays (EK - Zea mays) 77! » EAER A B ? HINEERL - FiEHESHERHE -

Q1.5.1 The sequence could be the sequence of the nuclear 18S rRNA gene. 1.0pt
ZFYIEIRER% 18S rRNA BEEMFET! o

Q1.5.2 The sequence could be the sequence of the chloroplast 16S rRNA gene. 1.0pt
ZFYIR] AR EEARRE 16S rRNA EAMES -

Q1.5.3 The sequence could be the sequence of the mitochondrial 16S rRNA gene. 1.0pt
ZFFY I RERAIARRE 165 rRNA 2ERFT! o

Q1.5.4 The position of Z. mays sequence must be incorrect / an artifact. 1.0pt

FERFIINME—ERFIERIN/ ABRERE -

Q1.6 True or False?
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Q1.6.1 The tree demonstrates that Archaea is evolutionarily closer to Eukaryotes than  1.0pt
to Bacteria.
BERCEENSRTRC LB EREYMIFHE -

Q1.6.2 The tree can be rooted (the position of the Last Universal Common Ancestor of  1.0pt
all cellular life on Earth can be identified) by including a viral sequence into the
analysis.

EERCETUEHRZSHFERIEIERMEBECHER (WHMESMIX LA
ERXERNRBHEHELNUEMRE LA AR])

Q1.6.3 The Last Universal Common Ancestor of all cellular life on Earth likely had a  1.0pt
homolog of the 165/18S rRNA.
Ik _EFRA AR N s BV B HRIEE A BB —1E 165/18S rRNA BIENRFF o

Q1.6.4 The T1 enzyme used by Woese cleaves single-stranded RNA. 1.0pt
Woese B9 T1 B§)EI B3 RNA ©

Q1.6.5 Based on the tree, the species closest to P. syntrophicum, is M. formicicum. 1.0pt
RIBEEE(CE » RIZE P. syntropicum BY¥FER M. formicum o

Q1.6.6 A taxon that includes H. sapiens and S. cerevisiae but excludes C. parameciumis  1.0pt
monophyletic (contains all the descendants of a given ancestor).
EEBEANEERSEFESERRNDERE—EERN (B3ZHRALHM
BEA) -

Molecular phylogenetics can also compare species on a finer scale. In this task you will explore the
relationships between 5 bacteria species from the Streptococcus genus.

NFRFEFZEVTUERMMELENTE - TXMEFP > EREREKER 5 FHE 2 HEHRIF o
For this, you will use amino acid sequences of two proteins: Dna) and Cas9.
At EREAMEENEMNSEREFY! | Dna) #1 Cas9 °
Dna) is a molecular chaperone involved in protein folding.
Dna) R2HEEQHMDRIHFEER -
Cas9 is an endonuclease which is a part of the CRISPR-Cas9 system.
Cas9 B—TEZEEATIES > & CRISPR-Cas9 REHN—E 57 ©
You have two "fasta" inputs, for all five Streptococcus species :
HIFBE LEEKEYE > SAWE “fasta” @A :
- Amino acid sequences of the Dna] protein labeled “DnaJ-protein.fasta”
Z:0/4 “Dnaj- Protein.fasta” = Dna) EHMNSEEFY
DNA sequences of the Cas9 locus labeled “Cas9-locus.fasta” .
1E5e# “Cas9-locus.fasta” 2 Cas9 EEEER) DNA F5l o
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For the Cas9 locus, you need to find the Cas9 open reading frames (ORF; the part of a sequence which
can be translated) and the corresponding amino acid sequences using the “3. ORF Finder” Tool. To
do this, copy the "fasta" sequence of a single Cas9 locus, together with the species name label from the
"Input Sequences" menu, and paste it into “3. ORF Finder” . Specify the following parameters for an
ORF search by entering specific numbers into the corresponding fields:

Bt Cas9 BREE > [GEEMEM “3. ORF Finder” THE Cas9 FMIEFEIE (ORF ; AJE=ZRFYIERD)
HRHREEFY o Bt > WHE(E Caso BRER “fasta” FIINK “WARFH" EERHYBEFRE > I
TREEKEREE] “3. ORF Finder” o SFBEBTEMRRRBUPRAREHFRIEEUTHIT OR BEBEENSH !

Parameter 1: The minimum ORF length (in amino acid residues). Note that Cas9 proteins in all
given species are longer than 1000 amino acid residues.

281 &/)\ORF RE (USEMIEES) - 5EE ° A 4 B4EYEFR Casd ERESEIE 1000 &
R -

Parameter 2: The index of genetic code type which you would like to use to translate RNA to pro-
tein. The table below gives the available indices.

282 TEEANE RNA BEZAE0ERNEFERERRS| - TRIILTABANRS -

Genetic code type EEZHER Genetic code index EEZHEIEIZ
The Standard Code 1224515 1
The Vertebrate Mitochondrial Code B ENIHI4FEE S 2
The Yeast Mitochondrial Code BB RI4R L TRHE 3
The Invertebrate Mitochondrial Code & HEIHI 4RSS 5

The output of “3. ORF Finder” will be a table with 3 columns, showing ORF length, coding nucleotide
sequence and encoded amino acid sequences for each Cas9 ORF.

"3. ORF Finder” BHAIERERE—(EH 3 FIMRRE » BREE Cas9 ORF Y ORF RE - {RIEZEHEFTIFGE
R ERFY -

You will have to run  “3. ORF Finder” five times; once for each species.
B BEIT “3. ORF Finder” AR ; BEYRE—X

For each input species, you should copy the DNA and the protein sequences of the correct ORF and paste
it into the "Notepad". Each sequence should have a "fasta" header identical to the header in the original
input ( “>>S.anginosus-Cas9” and so on; the corresponding DNA and protein sequences should have the
same name).

HNSERAYE > CREZENIERR ORF I DNAMEREFIILRELES “TCEAX" B - SEAFTIEAEFH
[FiaE A P AVEEIA P 5B “fasta” #EEARFSI (“>>S.anginosus-Cas9” % ; 1HFERY DNA BEEHEFYIEZ
BRKHRZTE) o

Next, rearrange the sequences in the Notepad so that you have grouped the five DNA sequences first,

and then the five protein sequences. Keep both the amino acid and the coding DNA sequences in the
"Notepad" -you will need them later.

BTR > T EAPEFRHIIFEY  UEELRAME DNA F5I08 > AERRABEAERY - SERE
B% DNA FHIREBE “BELX - HERERFEZEM -
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Q1.7 What type of genetic code did you use? Choose the corresponding index num-  1.0pt
berin Q1.7.
TEER A EERRRE SRS ? £ Q1.7 PEERRNRS HF -

Q1.8 Paste the five coding DNA sequences into the input field of Q1.8 in the "fasta” 5.0pt
format. The stop codon should NOT be included.
% AL E4RES DNA FFFIREE “fasta” HF Q1.8 EAMAIFIE - FESRLTHFT

Q1.9 When searching for ORFs, “3. ORF Finder” checks all possible reading frames  1.0pt
(possible ways to divide the provided DNA sequence into codons) on both
strands. How many reading frames in total does it check? Enter your answer as
a number into the input field of Q1.9.

E18% ORF 5 > “3. ORF Finder” EE %/ FFAARIAERIRBIE (FHRMAEAI DNA
FIEID AEFRIRIAEA ) - ERHEEE T L/ MEREE ? RENZZUHTEH
AZ Q1.9 BE AL -

Follow the same workflow as for the rRNA sequences, to build trees based on the amino acid sequences
of DnaJ (provided for you in the “Input Sequences” menu) and Cas9 (you have obtained these in the
previous task).

1ZIREL rRNA F5 BRIV TEIZ » 1R1% Dna) (T “BAFYI” THEERPALIEM) M Casy (BEEL—EE
BhESEL) NaERFTERRH -

Q1.10 Paste the DnaJ protein alignmentin "clustal” format into the input field of Q1.10.  1.0pt
& “clustal” #&3URY Dna) EHLE¥KEREE] Q1.10 RUBAMEALA o

Q1.11 Paste the Cas9 protein alignmentin "clustal” formatinto the input field of Q1.11.  1.0pt
& “clustal” &M Cas9 EHELEKEEER Q1.11 BB AMRALE -

Also save the Cas9 protein alignment in your Notepad as you will need it later on.

% Cas9 ERLLHREFELELST » AAHBERHEEE -

Q1.12 Look at the two alignments. Which of the two is expected to have fewer er- 1.0pt
rors (non-homologous amino acid positions identified as homologous)? Choose
Dnaj or Cas9in Q1.12.
BE—TWIRFTIHENER o (RFEANEFB—ENERERD CFRRaERUE
WA ARR) ? £ Q1.12 HigE#E Dna) 3% Cas9 ©

Q1.13 Paste the Dna) tree in "newick" format into the input field of Q1.13. 2.5pt
& “newick” #&TURY Dna) fixhE4E] Q1.13 VARG

Q1.14 Paste the Cas9 tree in "newick"” format into the input field of Q1.14. 2.5pt
& “newick” #&ILAY Cas9 RHKERAE] Q1.14 BUBIAMML o

Q1.15 True or False?
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IEFEEREEER 2
The Cas9 protein is more evolutionarily conserved, compared to Dna). 1.0pt

Q1.15.1 £ Dna) #8LL > Cas9 EHEEI{C EEIRST ©

The Cas9 tree is more likely to show the genome-average phylogenetic relation-  1.0pt
Q1.15.2 ships between these species, compared to the DnaJ tree.

81 Dna) fi#HLL > Cas9 MR AIERIA LI YN E BRI EZAVEICRIE

The difference between the trees for the two genes could be a result of hori-  1.0pt
Q1.15.3 zontal gene transfer.

M EEE 2 ErYE Zr] e R ERKFEBRER

Both Cas9 and Dna] trees include a branch with S. anginosus and S. mitis as clos-  1.0pt
Q1.15.4 estneighbors.
Cas9 # Dna) S#EE—EN % » HPHARFER S. anginosus A S. mitis °

If we did the analysis using some other gene from the same five species, we  1.0pt
Q1.15.5 could get a tree with a different topology

QD%?MFHT%H@JEE*HHE@%EE’JH@EI 70 BRATUESEE TR/

ROt o

Using bioinformatics tools, we can also explore selective pressure on DNA and protein sequences. One
method is the dN/dS test (also known as the Ka/Ks test). Here, negative selection is defined as amino
acid substitutions being on average deleterious, while positive selection is a scenario of amino acid sub-
stitutions being on average beneficial.

FREMEMZETE » BMERUIRE DNAMZEBEFIINXER S - —f&HER dN/dS BIE (1hF84 Ka/Ks
E'Juit) o £iEHE > AMARERTRATERIK—MKREEEN > MEMXKERIESEBRINA—RKRRAEE
mAYIER ©

The test compares the observed rates of non-synonymous (N; leading to a change in amino acid) and
synonymous (S; not leading to a change in amino acid) nucleotide changes in a protein-coding DNA se-
quence, calculating their ratio (dN/dS). The rate of each type of substitutions (dN or dS) is defined as
the number of observed substitutions of this type normalized (divided) by the total number of possi-
ble substitutions of this type. The table below shows the number of possible non-synonymous (N) and
synonymous (S) substitutions for some codons.

ZAF LERE R E 4R DNA FHIFRRINIERZR (N ; ERREREL) MEZE (S ; FMERIEMREE) %
HEEECAILEE > STEEFIRILER (AN /dS) - SEHRENEAER (dN 8 dS) EHEARIKEREIAIZERATE
REIRE(E (BRIN) ZERBLRTATA EWC,M%I TRETR T RERBFAIMERNIERE (N) MR (S) BiR#HE -
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Codon ZH5F | Number of possible | Number of possible synony-
non-synonymous (N) | mous (S) substitutions
substitutions AIREHIREI RN E
ARERIERIEMAEE

ATG 9 0

AAA 8 1

AGA 7 2

ACA 6 3

The dN/dS test can be applied to either a pair of sequences, or to a tree (in the latter case, dN/dS ratio
can be calculated for each branch).

dN/dS RIS AT BRI —HFY » AT UBAR—RE (ER—RERT » TG ESEDHY dN/dS LEXR) -

Q1.16 True or False?

IFFEENEEER 2

Q1.16.1

The maximum number of possible single nucleotide synonymous changes for
a codon in the standard genetic code is 4.
BREEEBBPERFIREENE—ZER AR CNHUETGER 4 E -

1.0pt

Q1.16.2

The described normalization is needed because the relative probability of N and
S substitutions depend on the original sequence.

FRMBRECRERBLERN » B4 N M S BB EEURARYIERFT ©

1.0pt

Q1.16.3

This test assumes that synonymous substitutions are selectively neutral.

Z A RRIZEERERAERE L2 PR -

1.0pt

Q1.16.4

One can directly compare dN/dS values between genes with moderately differ-
ent total mutation rates.
AP U E#EILBAARERIRE FRNERZ ERY dN/dS & °

1.0pt

Q1.17

What is the expected dN/dS value for a sequence that evolves completely neu-
trally (even non-synonymous substitutions are neither deleterious nor benefi-
cial)? Enter your answer as a whole number into the answer field of Q1.17.
FE2HMEE{CAFETIRTEL dN/dS BER %) (BMEIFREMARESthER) ? #E
MERNBHBWAZ Q 1.17 FIZHMALP -

1.0pt

Q1.18 For each DNA sequence described below, choose if the result of the dN/dS test is expected to be
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equal, smaller or bigger than X, where X is the dN/dS value for a sequence evolving completely neutrally.

HR TEELRSE DNA F5) 5 518 dN/dS BISMERETTERER « NWREAR X ER X B2HHE
1EMIFFIAY dN/dS 18 ©

Coding sequence of histone H4. 1.0pt
Q1.18.1 #HEH H4 NREIEFT ©

Coding sequence of a viral surface protein that can be recognized by the host’  1.0pt
Q1.18.2 simmune defense.

BILRTE X R EFMHEE RS REE L EREERFY

Coding sequence of a pseudogene (a gene which no longer produces a func-  1.0pt
Q1.18.3 tional product).
BRER FBELMEMEEYNER) RIEFY -

Now you should apply the dN/dS test to explore evolution of the Cas9 gene in the Streptococcus genus.
The first step is to align the coding sequences by codons using the “1. Codon Alignment” tool.

IRTECHEZAEF dN/dS BIEURERRIBIKE B+ Cas9 BAMNE(L - F—F 2R “1. BIBFFHE TREZEN
FLEHRIEFT o

Copy the Cas9 protein alignment for the 5 species from your "Notepad" and paste it into the first field
labeled “Format: clustal” .

!t “SBEA” FhER 5 [EYFER Cas9 ZEALLYE » WARAREMELEIER “Format : clustal” BIE—@ERE{IE o

Next, copy the Cas9 coding DNA sequences from your Notepad (all five together including the "fasta”
headers) and paste them into the second field labeled “Format: fasta” , and press “Submit” .

BTR > HEEEAREHE Cas9 4R H5 DNA B3 (FRERMERFYI—IE > G1F “fasta” 128 LHHMEEIES
“Format : fasta” BB EREAIF > ABE “B” -

Q1.19 Paste the resulting Cas9 codon alignment data into the input field of Q1.19 1.0pt
AR Cas9 RS FLEBAERAGE Q1.19 BYEI AL

Now, the codon alignment can be used as an input for the dN/dS test. However, because running it for
each branch of the tree would take too long, the results are already provided to you below.

RTE > BB FLLE AT AE dN/JS BIEEA - BR > ARHEHNESESXBRIT HSTTEARKRE > ALt
HREE TEHRMAE
The cladogram below shows the clustering of the the five Cas9 sequences. Branch length conveys no

information here. The table under the cladogram tabulates the dN/dS ratios for each branch of the
cladogram.

TENOEFEBETT 518 Cas9 FHNREER - HXEEILERAREMNE - BHE THHREHIH T
B S{ES ZH dN/dS L o



Bioinformatics

34th International I || I 2
Biology Olympiad

United Arab Emirates 2023

Tranditional Chinese (Chinese Taipei (Taiwan))

S.ruminantium_Cas9
[ S.anginosus_Cas9
S.thermophilus_Cas9
[ S.mitis_Cas9
S.pyogenes_Cas9

Branch leading to dN/dS ratio
BiREERE

S.ruminantium-Cas9 0.002
S.thermophilus-Cas9 0.028
S.anginosus-Cas9 0.011
S.pyogenes-Cas9 0.002
S.mitis-Cas9 0.022
(S.pyogenes-Cas9,S.mitis-Cas9) 0.112
(S.thermophilus-Cas9,S.anginosus-Cas9) 0.009
((S.thermophilus-Cas9,S.anginosus-Cas9), 79.086
S.ruminantium-Cas9)

Q1.20

Analyze the results of the dN/dS test of the Cas9 gene in the Streptococcus species.
DITHEKEE Cas9 EEAY dN/dS BIEAER -

True or False?

IEFE N $ERR

It can be concluded that Cas9 was under constant negative selection during its  1.0pt
Q1.20.1 evolution in Streptococcus.
PIRG4S > Cas9 FEHIKEPRIECIBREP—HENRERXEZT °

During the evolution of Cas9, since the common ancestor of S.thermophilus and  1.0pt
Q1.20.2 S.anginosus to modern-day S.thermophilus and S.anginosus, most of the non-

synonymous substitutions were deleterious.

£ Cas9 B E(CIBIEH » thFt 2R S. thermophilus £ S. anginosus BIAEIR

4 S. thermophilus £ S. anguinosus EE&iB1Z » KZHHIEFEZEBREREEM °

The divergence in Cas9 amino acid sequence between ((S.thermophilus, 1.0pt
Q1.20.3 S.anginosus), S.ruminantium) on the one hand, and (S.mitis, S.pyogenes) on the

other, could be explained by positive selection.

((S.thermophilus, S.anginosus), S.ruminantium) £ (S.mitis, S.pyogenes) iEmM1E D2

BH1E Cas9 FRERFY ENEE I FRIERKIERRERE
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The difference in Cas9 amino acid sequence between ((S.thermophilus, 1.0pt
Q1.20.4 S.anginosus),S.ruminantium) on one hand, and (S.mitis, S.pyogenes) on the other,

could be explained by a high error (non-homologous amino acid positions iden-

tified as homologous) rate in the alignment.

((S.thermophilus, S.anginosus),S.ruminantium) £ (S.mitis, S.pyogenes) &M {87 3z

BH1E Cas9 REMFY ENEZE A LGEHRFIILEEPHNSHRE FERIREER AR

BARITRIEERE) RARTE

END OF TASK 1
EFSESR

TASK 2. GENOME EDITING {¥7% 2. EF4B4R45

Genome editing became a widespread technology thanks to the Streptococcus pyogenes Cas9 enzyme.
In this approach, mammalian cells are transfected with a vector containing the sequence encoding Cas9
and a sequence encoding gRNA (guide RNA). The mechanism behind Cas9 application is described in
Appendix 3.

ERBRER A —REZERBIRN - S2RINCEIKE Caso BX - EEES AT - WIABYMAMRKRERYU
MRS Caso BERMARIE gRNA (33 RNA) FFIRVERS ° Cas9 HIFERKHIFES RS 3 o

Natural Cas9 uses two different RNAs: crRNA for DNA target sequence recognition and tracrRNA for
proper enzyme assembly and crRNA binding. Both these functions can be combined in an artificial RNA,
called gRNA.

BIARFH Cas9 ERMEARRERI RNA : crRNA AR DNA BiZFE5I:# R > tracrRNA AR IERAIEE = 4R F14
crRNA &5 - EMEEAT UGS STE—HER R —TEA L RNA > #82 gRNA ©

The guide sequence consists of the target sequence (usually 20 nucleotides) and should be followed
by the PAM sequence (protospacer adjacent motif; 5-NGG-3', where N is any base). Therefore, only
sequences with a PAM sequence at their 3' end can be targeted by the gRNA.

SIEFFIHBRRFY (BFEA 20 @iZEEE) 48 > I HEEZEHBREE PAM 75 (RERERERRTF;
5-NGG-3'» Hf N {REEmRE) - At > IBEH 3' 158 A PAM FFIRIFESIZ5EH gRNA P& B1R o

In this task your ultimate goal is to design an experiment to create a mouse model of the human sickle-
cell anemia disease, by editing the Hbb gene in mice. Specifically, you need to replace a part of the
first exon of the mouse Hbb gene with the corresponding human sequence carrying the disease-causing
mutation.

FEEEHT > CHREERERT—EER  @@RE/) BN Hbb BE > 8IZ—EARKRIEE MER/)
BB - AfEkK:R > ERER/E Hbb ERNFE—INEFH—E7 > AETBRRENEBRAEFTIETE
o

Initially, you need to design primers to amplify and clone the complete Cas9 coding sequence into a
mammalian expression vector.

BT CHRERGT S| FRIEIG BRETATER Cas9 ARSI ZIMILBREGRS -
The primers should meet the following requirements:
Sl FREZmEMUTEX !
- Allow to amplify the complete S. pyogenes Cas9 coding sequence.
RESTIBIESTEEM S. pyogenes Cas9 ARIEFT o
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- The part of the primer annealing to the Cas9 sequence should be 18-25 bases long.
51 FE Cas9 PR EHE DR 18-25 ElRE -
- The annealing part of both primers should have a melting temperature between 47-54°C.

W5 FHVE S ER D RIS R EFETE 47-54°C ZfE o

Have a Gora Conthe3 end.
5| Fm 3 IREREE G C

Have non-annealing 5’ overhangs containing restriction sites for the restriction enzymes you plan to
use for cloning. To ensure proper orientation, the forward and the reverse primer should be cut by
different enzymes. Note: The multiple cloning site (MCS) of the expression sequence is described
in Appendix 4.

RIERIFMER 5 KA S A EE EITEIEEREARIREERREIIE - A TRMAERNERDS > EM
S FHRAES | FRZBRERHEIE © 5 | REFFINSEREMUR (MCS) FRMER4 -
Restriction sites included in the overhangs should be located right next to the annealing part of the
primers, with no additional nucleotides in between.

KRR EZHIPREIESTIRAEA TS| FRESGED - PRFEARIMLER -

Contain 5 additional nucleotides on the 5° end to improve activity of the restriction enzymes by
ensuring proper binding to the DNA

51F 5 mEE 5 EFRIMIZER - UIRSREIESE DNA NAESRES -

- Allow cloning of the Cas9-coding sequence in the same frame as the FLAG-coding sequence present
in the vector (i.e. a fusion protein of Cas9 and FLAG will be translated).

SFFEERETR FLAG HRISFTIE Cas9 ARIEFYRETEAERIMELZRFESE (BN Cas9 7 FLAG BIREER
AR ER) o

You should start with designing the annealing parts of the primers.
CREZIER 5| FRR SRR

To do this for the forward primer you need to:
HIBERS|FETRE ) BREEUTIHR

1. Openthe “S.pyogenes-Cas9-cds” input which contains the sequence of the S. pyogenes Cas9 coding
sequence and copy it. ¥TFEIE S. pyogenes Cas9 #&bEFFIRY"S.pyogenes-Cas9-cds" #A » MAFHE
Bl o

2. Openthe “6. Sequence Editor” tool and paste the sequence into the input field of the tool. ¥Tf"6.
FFo4REESE" TH » LR FHIREREIZ TR AES o

3. Select a sub-sequence from the 5° end of the Cas9 sequence. You can see the length of the se-
lected subsequence in the “6. Sequence Editor” tool. Copy the selected sequence if it meets the
requirements. #¢ Cas9 R/ 5' inEE—EFFT o ERIUTE"6. FIl4RES" TRPFRIMEFESI
HRE - MRFIEFRIIREEK > AiFHER o

4. Check its melting temperature using the “6. Tm Calculator” tool. ff"6. Tm stE 2" TEKREHA
FRIRE o
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5. If all criteria for the annealing part are met, you can paste it into your Notepad. 1R %65 2853 B9FR
BERERTE » SR LG HEHGARGEERP o

The general procedure for the reverse primer is similar. However, using additional tools (see Appendix
2) might be needed. Note that both forward and reverse primer sequences should be written in 5' — 3'
orientation.

KRES|FH—RRPEEL - B2 > AEEEFREMTE (B2RMER 2) - 53 58 » EAEMKRES|IFFHEREUL
5-3MAREER o

Q.21
Enter the sequences of the annealing parts of the primers:
RBMAS|FHMEEONFY -

Q2.1.1 Forward Primer annealing part, in 5' to 3' orientation 4.0pt

Em5|IFHEEDRIFS] (M5 2 3" #8975m) :

Q2.1.2 Reverse Primer annealing part, in 5' to 3' orientation 4.0pt

REs|FHEEDRIFES] (M5 2 3 #f75M) :

The next step is designing the overhangs. For this, you first need to choose the restriction enzymes you
want to use.

ETIRIPRZERRE - Bt > KEAFREEECEARIRGES

Use Appendix 4 to find which enzymes can cut the ‘multiple cloning site’ of the vector. Note: the same
sequence can be found in the "Input Sequences" menu labeled "MCS".

AR 4 TR EREG “SESEME (multiple cloning site)” BIES o FE5EE | HRIBNFEHIFL
7EEE “MCS” M “BIARFY)” BEEAIRE o

You should also investigate which enzymes may cut the Cas9-coding sequence. Copy the corresponding
sequence and paste it into the input field of the “4. Restriction Mapper” tool. It will return the number
of cut sites for commonly used restriction enzymes.

ISR RS FIAE G E Cas9 4REEF5IRVES - MABRERNFY > ARKHEKAE “4. [RFIEBER" TRNH
AEF o Z T AEiSEH E ARG EIEIREE -

Q.2.2
Based on the results you obtained choose the restriction enzymes that you will use for cloning.

RIFCERNER - BECHANEERNRTES -

Q2.2.1 Forward Primer: 1.0pt
[Em5|F :

Q2.2.2 Reverse Primer: 1.0pt
RmEs|F :

Q2.3



Bioinformatics

34th International I || I 6
Biology Olympiad

United Arab Emirates 2023

Tranditional Chinese (Chinese Taipei (Taiwan))

Determine the reason why the following restriction enzyme pairs are inappropriate for cloning the Cas9-
coding sequence into the mammalian expression vector.

FEELL T IRFBIESAE SR Cas9 MRiBFFY R EIMIL BV RIEERNAESRRA -

Q2.3.1 Pmel and Xhol 1.0pt
Pmel # Xhol

Q2.3.2 BamHI and HindIII 1.0pt
BamHI #0 HindIII

Reasons (you may pick more than one for each enzyme pair):

RE (ERILEESABEaNEERRA) :

A. At least one of the enzymes will cut Cas9 gene inside the coding sequence.

A EVLE—(EBEERBEFTINTIE Caso £EH -

B. At least one of the enzymes will cut the MCS twice.
B.EVE—(AEEHZERAUMETRRIIZ

C. The FLAG-coding sequence will be lost.

C. FLAG fRIBFIIR &R ©

D. The FLAG-coding sequence will not be in-frame with the Cas9-coding sequence.
D. FLAG IS5 A Cas9 MRS IR R —BIBAESS ©

Now you have to design the primer overhangs to meet all the requirements listed previously.
RELCFERE5IFHRLED » LURESTATIHAIFIBEEX °

Q2.4
Enter the primer overhang sequences in the fields below:
AT FARBAREAS|IFREDEFS :

Q2.4.1 Forward Primer overhang, in 5' to 3' orientation 4.0pt
EMSIFHEERFS] > U5 E 3 AHEs -

Q2.4.2 Reverse Primer overhang, in 5' to 3' orientation 5.0pt

RE5IFREEFS > U5 E 3 B :

Q2.5
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Indicate if the following statements regarding the cloning procedure and mammalian expression vector
is True or False.

et A TAREEREFNHIASY R ETRNRAE S IER (True) U252 (False) ©

Q2.5.1 Cloning the Cas9 gene (>4000 bp) requires using Pfu polymerase (error rate  1.0pt
1.3x107%) instead of Taq polymerase (error rate 1.8x107%).
ffﬁ:é Cas9 £[E (>4000 EigE %) FRBMER Pfu REEE (FERES 1.3x10-6) A
T Taq BMEH (FERZES 1.8x10-4) °

Q2.5.2 Codon optimization (replacing naturally rare codons with more common 1.0pt
codons encoding the same amino acids) may increase the expression level of
Cas9.
ZEFEE (REARENTHEFERARISERRERNE REHEF) 2JsegEm
Cas9 HREKFE o

Q2.5.3 The vector should contain an antibiotic-resistance gene for the selection of bac-  1.0pt
terial colonies.

HREEZEINERNMER  ARERARESE -

Q2.5.4 Bacterial RNA polymerase can start transcription from the transcription start  1.0pt
site adjacent to the multiple cloning site.

AR RNA R EEs ] UL FEin2 BIRTA (I RS BB IR (U RE 1888 -

In humans, sickle-cell anemia is caused by a single nucleotide mutation in one of the beta-globin genes,
which results in the substitution of glutamate for valine at 6th amino acid position (E6V substitution; GAG
codon changing to GTG).

FEANEF > HFDEEMERH B-KEARFZ —MEREHRRESEN - BEHE 6 AaBRUBREHAL
FBAREARERA (E6V BXL ; GAG BIEFE % GTG) °
In this task you need to design two nucleotide sequences:
FEREEHF  CREXFtMEREEFT
1. A gRNA which will guide the Cas9 enzyme towards the proper mouse Hbb gene.
—1{E gRNA > Ef5]3& Cas9 BESE L ZIERR/NE Hbb £H o
2. A Homology Directed Repair (HDR) template (see Appendix 3) which will allow introducing the ap-
propriate mutation. —{EEIREERE®E (HDR) ik (RMiE%3) » EEAFSIABENEE o

The table below contains annotations for the GenBank file (accession number: X14061.1) (labeled
“M.musculus-Hbb-complex” in the “Input Sequences” menu), containing the mouse genomic DNA
sequence of the beta-globin complex. This sequence is 55856 bp, and includes several genes and
pseudogenes (genes which do not produce functional products).

TREE GenBank XHEHEE (JFESE : X14061.1) (£ “BAARYI” B|EHIELEA “M.musculus-Hbb-
complex” BIFRE) » HhE /B B-HKEAESEIEREL DNA F5 o %552 55856 bp » B85 %EREE
MBERE (REXIR E’EE%E’JEI) °

Note: the coordinates of the exons are inclusive on both ends (a region defined as 1..2 spans 2 bp).

AR NEFREEMRHEIEAN (EER 1.2 N—ERERE 2 EREE)
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The wild-type coding sequence of this human beta-globin is available in the “Input Sequences” menu
labeled “H.sapiens-Hbb-cds” .

LERBALR B-IREQNEFERFEFTIAIE “WAFY" EERRS “H.sapiens-Hbb-cds”

Type 88! Name %18 Expression RiE Coordinates for exons
ShEEFRINIE
Gene EHA Hbb-y High expression level in early embryo | 12781..12872,

13200..13422,
14274..14402

Gene EHA Hbb-bh0 Low expression level in early embryo 12781..12872,
13200..13422,
14274..14402

Gene EHA Hbb-bh1 High expression level in late embryo 21102..21194,
21301..21522,
22331..22459

Pseudogene tA4&&E | Hbb-bh2 None #& 23786..23882,
23963..24182,
24905..25030

Pseudogen BEEF Hbb-bh3 None #& 30435..30525,
30617..30707,
31409..31534

Gene EHA Hbb-b1 High expression level in pups and adult | 38339..38430,
38547..38769,
39424..39552

Gene EHA Hbb-b2 Low expression level in pups and adult | 53548..53652,
53757..53978,
54607..54735

Q2.6 Selectthe mouse gene to target with CRISPR-Cas9 which would probably create  1.0pt
the best model of human sickle-cell disease.
BEHEM CRISPR-Cas9 EIT/NEERANERUEARGRE > FJicGRIZRERNAERRT]

BB MAEREY o
Q2.7
True or False?
IEFESkEEER

You can perform additional analyses of these sequences using the available tools, if needed.
RINFERYEE > R UERAEEN T RETRINIFETIDH

Q2.7.1 The N-terminal methionine residue is present in the mature human beta-globin  1.0pt
chain.

BRFARIASE B-IRE R H#EARI N InH BiRikRE -
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Q2.7.2 The coding sequence of the target mouse beta-globin chain (chosen in Q2.6) 1.0pt
has the same length as the coding sequence of the human beta-globin chain.
FrERBERNE B-IXER#E (£ Q2.6 FiEEE) NRIEFTEALE BIXERQHENSR
BE5IREMER -

Q2.7.3 The sequences of the last 10 amino acid residues in the target mouse beta- 1.0pt
globin chain and human beta-globin chain are identical.

BB BHERMAI A pIHEEERE 10 BEESRRENFIIRERN -

Q2.7.4 Both mouse beta-globin pseudogenes result from reverse transcriptase activity.  1.0pt

WmiE/NE B-BXERREREEH R BEREEEEER

Q2.7.5 The wild-type sequence of the target mouse beta-globin chain contains a glu-  1.0pt
tamate in the 6th position (the target position)
BR/NE B-HERENTEEFIIESE 6 BAUE (BRAUE) a3 —EZRE -

Q2.8 Choose the appropriate sequence for part of the gRNA hybridizing to the tar-  1.0pt
get sequence (excluding PAM; shown in dark blue in Appendix 3) from those
provided in Q2.8.

% Q2.8 iR MHAVEEIAT » BHZEBRFT| (REHE PAM > Rk 3 hrREGE
) EITHSH gRNA WEERT ©

Q.2.9 Choose the N nucleotide within the NGG sequence (PAM sequence) for the ap-  1.0pt
propriate gRNA sequence.
NGG 5 (PAM F5l) HigE#E N ZEE » (FAEEDN gRNA 751 -

Analyze the following HDR template sequence. Shaded fragments are flanking sequences which are
homologous to the target sequence.

S LATRY HDR #EiRFS - BB ERE B RFFIEmAINEIREFS
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5'-CACAGCATCCAGGGAGAAAT-[160 nucleotides]-CAACCCCAGAAACAGACATC
ATGGTGCATCTGACTCCTGTGGAGAAGTCTGCCGTTACTGCC
CTGTGGGGAAAGGTGAACTC-[160 nucleotides]-ACCCTTGGACCCAGCGGTAC-3'

This sequence is also available in the “Input Sequences” menu labeled “HDR-template” . There, each
of the three parts of the sequence are separated onto different lines.

BEFYIth A UTEIREC A" "HDR-template” 1" BMIAFY|" BEEHRKE - THEF > ZFFIH=E55 > 25RE
REBITL -

Q.2.10
True or False?
IEFEEkEEER

The central sequence (non-shaded) in the HDR template should be divisible by  1.0pt
Q2.10.1 3.
7£ HDR R0 FY) GERRFERE) FEZErI# 3 BERIVEL

Using this HDR template will change the total number of amino acid residues  1.0pt
Q2.10.2 in the target mouse beta-globin chain.
fEFIE(E HDR BRI BB B-IXERETPNEIEREZEYSE -

Non-Homologous-End-Joining repair may induce frame shifting in the Hbb  1.0pt
Q2.10.3 gene.
FEEIRRInAE SIEERISEE L5 E Hbb B EIPRIET -

Using this HDR template is likely to affect the amino acid sequence of the mouse  1.0pt
Q2.10.4 embryonic beta-globin chain, encoded by the Hbb-bh1 gene.

fEFIEME HDR ERRAIAE G R 2 H Hbb-bh1 ERREIEH/NEMR B-IKERENR

BEEFT -

END OF TASK 2
1E75 2. 45
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Appendix 1 Data format types Fi$f 1 SRS ER

FASTA

The "fasta” format is a format used to store DNA/RNA/protein sequences.
"fasta" &2 ERE DNA/ RNA/ EHERFTIIER o

Each sequence has a label (header) that starts with a “>” sign. The actual sequence starts on the next
line and goes on until the next label or the end of the file. An example is shown below.

BEFVEHE—ME > FREAENRE (1R - BRFIRT—1TR%G » BRI T —ERBSSUHERE - U
TR—ETRE -

>Examp1
AGTCGATCGACTAGCATCAGC
CACTACGTCAGCAT

>Examp2
AGTCGATGCACTAGCATCAGCCACTA

Note: Usually only four letters are used to represent both RNA and DNA sequences: A,C,GandT,as ‘T
stands for both thymine and uracil. For amino acid sequences, single letter codes are used (see Appendix
5).

AR BERFERNEFERERT RNAFI DNA S A~C~GHM T Ef'T RARKIRZIEFARIEIE o it
SEBFY > FREEFZSAEE (BHiEES5) o

CLUSTAL

Below is an example of a sequence alignment using the "clustal” format
TRER “clustal” SSVETHFIIEE TG

CLUSTAL X (1.81) multiple sequence alignment

CLUSTALX (1.81) ZF5IHET

)

. _— Tt T g T T T g g e oy R T Ty T G g W e o e
Exampl GAGAGEGAGCCTGAGAGATGGCTACCACATCCARGGAACGGCAGCAGGCEE
Examp2 CACAGGGGCACTGAGACACGGGCCC CACTCCTRCGGGAGG CAGCAGTTAG
_ e Py PSR pa—
F' xamD .o A ',ll_'. ',E', [ (2, T o i [ [ |f—,: i .,:',,—',. LE] 11 i .,—,-: LI [ Al HElElE{C ] :,‘—,: |:.‘h'. E{EI
" - w W e e o o W - W Ll u - oW ool e e W e
— — o e e e T T ey a1 n T
Examp 1 GCAMARATTACCCARMT CCTGATTCAGGGAGGTAGCGACAGA DD
o p— " T T FTT T e e e ey T T = N R e ey [ T R
ExXamp. GAARTCTTCCGCAATGGGC GCAAGCC TGACGGAGCGACGCCGCTTEGAGEA
Examp3 GAAACCTCCGCAATGCACGAAAGTGCGACGGGGGARAACCCAAGTGCCAC
- & w & oW W W WO * w

The first line is a header. It specifies the alignment format. The header is followed by sequence blocks
(in the example above there are two blocks). Each block has the sequence labels followed by the corre-
sponding sequences. In this example there are three sequences labeled ‘Examp1’ , ‘Examp2’ and
‘Examp3’ .

F—1TRIEE - BIEE T HERSR - ZEEEEFVIER (ELEMNRFTREREER) - SEBRBEFIIE
® > cEEEHENEY - TEEREIF > B=ERFSIFE A Examp1’ ~ 'Examp2' #'Examp3' ©
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(A:0.3,(B:0.4,(C:0.3,D:0.2):0.2):0.1);

The dashes -’ in the sequence indicate alignment gaps resulting from insertions or deletions during
the evolution of the analyzed sequences. Beneath the last sequence there is a line with “*” symbols
indicating positions conserved across all analyzed sequences.

FFY R ER - R MEDITFTINECIBREPHGEALMEMEENS B[R - TRE—EFFITE > &
—1THA"" RIRCHE » KRB SFRFIIR R EHE

NEWICK

Below is an example of a tree expressed in the "newick” format, followed by a graphical representation
of the tree it describes:

MR " newick" S8R THERIRE - EEERTZENER RN -
(A:0.3,(B:0.4,(C:0.3,D:0.2):0.2):0.1);

0.2

In the "newick” format, characters to the left of the colon “" symbol are node or leaf labels; numbers
to the right of the colon “’ symbol indicate the length of the corresponding branch and brackets ()’

“,”

are used to group leaves and nodes into branches; the tree ends with a semi-colon symbol ~;

E'newick" B H - BIR" FRABNF MR EFNRE ; BN REENBFRTERSZHNE
o 5580 BRNREFMEBR D ER D 5 IS IRATIR"" AR o
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Appendix 2. Bioinformatics tools available in the application [fi## 2. FERIZXPIRILAIEY
HENBETA
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Tool TH Description #itt Input A Output &ith
1 Codon Align- | Align two or more nu- | 1.A protein alignment | Nucleotide sequences
ment %% B F ¥ | cleotide sequences by | ("clustal") EEEEHE with  only  aligned
iy codons ¥R EZEF M | 2.Corresponding  nu- | codons shown = &
BERNELMIZEEFYE | cleotide codons se- | REHBEZBFIIZER
1THE quences ("fasta") tHFER | F5I
HEREZBFFS
2 DNA to protein | Translate DNA  nu- | Nucleotide  sequence | Encoded protein amino
DNAEERE cleotide sequence to | (text) #ZEBEFS!I (text) | acid sequence #RIEHIER

protein amino acid se-
quence #& DNA iZE B F
JEEAERERERS
5l

BERERFT!

3 ORF Finder 3
ORF &1k 28

Find open reading
frames in nucleotide
sequence EZEHEF 7
rh SRR BIEE

1.Minimum ORF length
(numeric) &)\ ORF RE
2.Genetic code type (nu-
meric) EERIEEE
3.Nucleotide sequence
("fasta") ZHEEFT

ORF size (in amino acid
residues), DNA coding
sequence and encoded
protein sequence ORF X
N (UARERBERT)
DNA #RbE 75 4RSI E
BHEF5!

4 Restriction map-
per PR & E8 B 3L E
fi2s

Find restriction sites in a
nucleotide sequence 7£
ZEEFY DS REEE
PIEvES

Nucleotide  sequence
(text) ZEHELFY (text)

Number of cut sites
for the corresponding
restriction enzymes #H

FEPRBIES VLN B R BN E

5 Reverse Com-
plement & [ &
#

Returns the reverse
complement of a nu-
cleotide sequence & [E]
ZERFYIREE/HEFT

Nucleotide  sequence
(text ) IZEHELFT! (text)

Reverse  complement
nucleotide sequence &

B BRI EEFY

6 Sequence Editor

FFo4mEEes

Returns the length, start
and end position of a se-
lected subsequence iR
ElIFfEFFFIRRE - #E
YaMERMUE

Nucleotide  sequence
(text) L EHEEFT

Length, start and end
position of a selected
subsequence Ffi%E ¥
SIRE - B RUE

7 Sequence Align-
ment FFFIHZS

Performs alignment of
two or more nucleotide
/ protein sequences ¥}
B ZEER/ EREF
SIEITHE

A set of at least two
nucleotide / protein se-
quences ("fasta") Z /i
@*ﬁﬁ@ﬁ/ﬁﬁ%ﬁﬂﬂ@%

Aligned sequences
("Clustal") HEEIFT

[ |
8 Tm Calculator /& | Calculates melting | Nucleotide  sequence | Melting temperature in
ERETEER temperature for a nu- | (text) ZEHEFY! degrees Celsius & 258

cleotide sequence 5t &

HBRR Y REARRE

E (BKE)

9 Tree Builder #i{f2
EEs

Builds a phylogenetic
tree based on a nu-
cleotide / protein se-
quence alignment 1R i
ZER/EOEFYIHER
fegiakevE wi

Nucleotide/protein
alignment ("Clustal”) %
FRERERFIHE

("clustal")

Phylogenetic tree
("newick"+image) iR
#oElbs ("newick"+ &
%)
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Appendix 3. Cas9: function and application [f}#% 3. Cas9 : ThEEEAFER

To undertake genome editing of mammalian cells, scientists transform them with a vector to synthesise
Cas9 enzyme and gRNA. Cas9 then cleaves DNA at the locus targeted by gRNA.

A7 HEILEYMERETRERARE  HBERFIA—EERBEE » LA Cas9 B8H gRNA - 781 > Cas9 f
£ gRNA $5ERIMIRL L 1EI DNA o

This can trigger the homology directed repair (HDR) pathway, which repairs the the double-strand break
using complementary sequences (either sister chromosomes, or an artificially introduced repair tem-
plate). The repair template can contain a desired mutation, or even an additional DNA fragment.

EAUEEREIREREE (HDR) @®1E > ZBEEREMFY] (AR RERIATIIIANEERR) EELiE
B3 - EERIRFTIAE SFARNRE » EERILUEETRSMNY DNA R B ©

An alternative mechanism used by cells to repair double-strand breaks is Non-Homologous-End-Joining
(NHEJ). NHE] typically deletes or inserts several random nucleotides whilst fusing the cut DNA back to-
gether.

MR AIMEE L HRET RS —EHR SR IERIRRRERE (NHE) ° NHE) @EERIEIR DNA ERERZERFR
A ABEFEEILEE

An overview of the CRISPR-Cas9-mediated genome editing is shown in the figure below.
TEIFETR T CRISPR-Cas9 /T ERER BRI

(A) (B)
Cas9 3 -5
T T

Figure A. shows how the Cas9 enzyme recognizes the cleavage site and introduces a double strand
break into the genomic DNA. The target sequence is indicated in blue, while the PAM sequence (see
main exam text) is shown in yellow. B. shows repair by HDR. Homologous recombination, which occurs
between genomic DNA and flanking sequences in the HDR template, is indicated by crossed lines

A BERY Cas9 BNy EI(URE I B EI4H DNA 5| ALRER - BRFIILERRT > M PAM F5
(F2REEEEXS) UEEET ° B B BT HDREE - FIREARETEEHE DNA K HDR #EikHPa9#4
IERFHIZE > UIRXARRT ©
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Appendix 4. Multiple cloning sites of the vector [f$% 4. HiF NS FIETAND

The figure below presents the sequence, with some features labelled, of the ‘multiple cloning site’ of
the mammalian expression vector that you plan to use in your cloning.

TEFER TR BEEREPERANHASYRERERN SEREMR NFY) > HP—ERNEERTHR -

First, the vector will be transformed into Escherichia coli for amplification. It is then isolated from bacterial
cells, sequenced, and transfected into mammalian cells to produce recombinant Cas9-FLAG enzyme.

Bt ZHEREECARBERETIEE - A% > MERARPOELEE - BITFI 9 > LERAHRAL
AR P EEEHERY Caso-FLAG B o

FLAG is a commonly used artificial tag recognised by tool antibodies for immunodetection of recombi-
nant proteins. In this case, western blotting may be performed on a crude lysate of transfected mam-
malian cells to confirm proper expression of the recombinant Cas9 enzyme.

FLAG BE—EEAMNATRR > IR TEMRERF > ARRRRAEHEER - TEEBRT @ aTUHER
B FLEN AR VAR IR ERIETT PR 5 R ENRAR  (western blotting) » LUFESRE4E Cas9 BERVIERERIE o

START
I >
1 GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTG 50

51 GCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGC 100
Nhel

101 GTTTAAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGT 150
Pmel Hindlll  Kpnl BamHlI

151 GGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGe eyw:{arv.v:{e 200
EcoRl EcoRV Notl Xhol FLAG

201 leler e Neler Ve Ve WAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACT 250
FLAG STOP Apal Pmel

Figure: Multiple cloning site (MCS) and promoter region of the vector.

P HRNSEREMR (MCS) MBEBFES -

Legend: START -transcription start site
Bl : START -B5E% EIA{iI 2L FLAG -coding sequence for the FLAG epitope
FLAG -FLAG ERIHI4REEFS! STOP -stop codon for FLAG-coding sequence
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STOP -FLAG #RIEFF 58948 IEZFEF Underlined sequence is recognized by the enzyme indicated under
the sequence.

WEFRELHNFIBRWIERERFT T HERFH AR c Numbers either side of each line of sequence
indicate the nucleotide position, within the vector sequence, at the start and end of that line, respectively

BITFIIMAINBFORRTZITRABNERNZERAUE - THEFIIANMUE

Appendix 5. Standard Genetic Code table [fi$% 5. IZ#IBEHETER



Bioinformatics

34th International
Biology Olympiad
United Arab Emirates 2023

Q1-28

Tranditional Chinese (Chinese Taipei (Taiwan))

uuu ucu UAU UGU

ch} Pre Tucel o UAC} v UGC} On

UUAY o | UCA( % | uma s UGA  Stop

uuG UCG UAG} % | uaGe T

cuu ccu CAUY . | CGU

cuc cce CAC CGC

CUA } Leu CGA} Pro CAA CGA} Arg

CuG CCG cAGf G | cGG

AUU ACU AAU AGU

AUC } le | ACC { 1, | AAC§ Asn AGC} Ser

AUA ACA "] AAA AGAY ,

AUG Met | AcG AAG} Lys AGG} 9

GUU GCU GAU} A GGU

aucl \, |eccl n, | GACS ™ Jaecl o

GUA GCA GAA GGA

GUG GCG GAG} Gu | caa

Amino acids encoding with 3- and 1-letter codes
A 3 F8# 1 FENBRENNEEE

Amino acid 3-letter code | 1- letter code Amino acid 3-letter code | 1-letter code
Glycine H&E B Gly G Proline fiE & Pro P
Alanine AR Ala A Valine #ARF& Val v
Leucine HREE Leu L Isoleucine & Ile I
Methionine EBEREE Met M Cysteine ¥ & g Cys C
Phenylalanine A& Phe F Tyrosine B &ES Tyr T
Tryptophan & Trp W Histidine BB His H
Lysine BE&EL Lys K Arginine fE&E& Arg R
Glutamine BEE&EL GIn Q Asparagine XPIL RS AL Asn N
Glutamate EX &% Glu E Aspartate XPIZL & Asp D
Serine 44 &4 Ser S Threonine BX& i Thr T




