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Practical Exam 2, Bioinformatics
EErE 2 - EPEME

Use the IBO Challenge 2020 Bioinformatics (IBOC) application to address the following
questions. The IBOC application may be accessed using any Web Browser.

s fE M IBOC RUFEATZT[EIZ MAIRRE - {Rol RTINS ZIEE31E1S IBOC EAE -

Find the URLs of your country’s server at:
EEEENEIRES
URL: https://bit.ly/IBO2020file

Or refer to the URL list at the end of this exam file/booklet.
gy fE S AR/ F o481t

Then, enter the server using the following username and password
A A N EAEAEREERSE

Username: ibo2020
Password: ibo2020binagasaki

If you have a connection problem, try the following alternative servers;
MERNBEREE - BFERUTITENERSS :

Competitors in Asia, Oceania, or America: 18.181.30.53/ec2-user/ibo2020bi
g~ KGEMN - EMNWSEEFBSEA © 18.181.30.53/ec2-user/ibo2020bi
Competitors in Europe: 18.184.254.217:3838/ec2-user/ibo2020bi/
BOMRSEEZBER : 18.184.254.217:3838/ec2-user/ibo2020bi/

IBOC applications should not be accessed except during exam hours. The above URL
should not be shared with others even after taking the test.

FREEARSN - AolfEF IBOC EARET - BlfEEemIbAIER®E - ATJEEMANZ
#t URL -

If you experience any problems using the IBOC application, reload the application using
the reload button on your Web Brower.

WMRIREREH IBOC FEAREARERRTTBE - BRI reload IHREMHAREINE

oo

The IBOC application consists of 14 tabs. After starting the test, check first to see if you
can open all tabs. Immediately after the application is loaded for the first time, it may
take about 1 minute for a tab to be loaded.



IBOC BRRERFEZ 14 EEIR - FRiflRE - WmEEG O LYIFRAER - 7%
FRInBEEZERAERFRE - dsemEAL 1 ﬁﬁeﬁ@ﬁv%ﬁﬂ“aeﬂﬂ%ﬂ%%ﬁ °

This exam consists of three parts: Part 1: 13 marks, Part 2: 66 marks, and Part 3: 21
marks. The total score is 100 marks. You will have 90 minutes to answer all questions.
These questions are designed to be solved in order, from beginning to end.

EiNR/=87n : 87 : ;E_A 6670 ; BB 12173 - AROZE100
53 - 1885 90 B ERRE R ﬁﬁﬁFﬁEE B LR S IR Bk -

Overview of the topics covered in the bioinformatics questions

EYEMRIREFE 2 AERE

Bioinformatics is a discipline that aims to elucidate how information is transmitted and
interpreted within living organisms. Research scientists use bioinformatics tools, to
convert observations of natural phenomena into digital format, and subsequently to
visualize, analyze and interpret this information using computers.

EYENBRZ—FISEREPESNSNUEEMEABRNARENESEM - RBREREY
'”*HF—%IEH—&J‘E,miﬁ%ﬁ’]eﬁf’%@ﬁiﬁﬁgﬁl1ﬂ’r I - REERBNEEEEMNETREL
DITHERE -

Digitization has benefited scientific progress in ways that are well beyond simply making
the data easier to handle. First, the development of more powerful computers enabled
the simultaneous analysis of amounts of data so large that the task would be impossible
to perform manually. In addition, online sharing of the data has made it possible for
researchers around the world to share their observations on various life phenomena
more efficiently. In particular, research on genomic DNA sequences and on the three-
dimensional structure of proteins benefited very early on from the advent of computing
technology. Nowadays, the benefits of computers in the life sciences are widespread.

AMEEREEMELBERIERIE - B EERAMINER 7 RENED - 5% - THEEER
KRBl Z BRESRERBEARFONEABAFERIFNEBEERSE - IHHh - B4R

EHEZSEFEERSMNRAL - U BEBMIHEMAEZEEMIRRIHRRE
F5hlE - ERMH DNA FRAIFIERE = HEBIIER - BRI ERIMmLIRMIES
B o W15 BREEnHETREANTECFREZER -

Use the IBOC application to address the following questions. IBOC application may be
accessed using any Web Browser.

A IBOC WEMRZEIZREZ L TRORIRE - /RolfE BEaHEE 2B 2KERS IBOC

Note: These application tools may return an error string written in red letters like the
following: " Error: An error has occurred. check your logs or contact the app author for
clarification". You will see this if the query data is formatted incorrectly.



AR BEEAERFILECBEZLIRN NI BFRRRNIERFNE © fER  8E 7
igeR - IR HR N ERAEFFERELETEE - WURY \1‘)?2*%KTE7§.:6]
HIBEIEERR - CRFERIINE -

Part 1: Genome databases

—&87 . BAEENE

Read the following information about amino acid and nucleotide sequence databases,
and answer the questions below.

B N EEaERNZERFERENNS - WEIZLIMNEE -

Genbank is known as one of the first DNA sequence databases and is maintained by
NCBI (National Center for Biotechnology Information, USA). In Genbank, information for
each gene is displayed in a format called the GenBank Format, as shown in Genes 1
tab. Read the following section and answer the questions.

Genabank 2% —{EHRZ=RIBXEMHIMTEE D0 ( NCBI ) FR#E=E0) DNA BIIER
[E - 7£ Genbank & - E—EERE#HZIRVE#E S GenBank &3, - Y[E7E Genes 1
HIBOFTZIRM - SBREL N EICIZRIE -

The Genes 1 tab includes information about the human HoxAS5 gene as registered in the
RefSeq database with the accession number NM_ 019102, and displayed in GenBank
Format. In GenBank Format, each gene entry line begins with a LOCUS tag, and ends
with two slashes (//). Most of the information is described as a combination of tags and
data corresponding to the tags. A tag is a word shown at the beginning of a line, such as
LOCUS or DEFINITION. For example, the data corresponding to the LOCUS tag is
"NM_019102 1670 bp mRNA linear PRI 31-DEC-2019".

Genes 1 ZIHEZBEA HoxA5 ERNERGIE - 2B RS2 RefSeq Bl EP M -
FHEEZS NM_019102 - 1zl GenBank 18TV < £ GenBank 18Tt - BEEETA

71910 LOCUS ﬁIEF'aﬁEE W MERIAL (/) &R - KRZEENE WA EIRE R
ZIENEBNAS - BEIRERTTEER - A0 LOCUS 5 DEFINITION - #lil - #1/&
iR LOCUS ﬁIEE/J%ZTJﬁE“ NM_019102 1670bp mRNA #R14 PRI 31-DEC-2019” -

SOURCE tag shows the species name (Homo sapiens (human)). FEATURES tag
corresponds to several sub-sections; source, gene, exon, and CDS. "/chromosome=7"
in the source sub-section shows the chromosome number of which the gene of the entry
is located. “/gene=HOXAS in the gene sub-section shows the name of the gene of the
entry. The CDS sub-section indicates that the region d for amino acids starts at the 75th
base and ends at the 887th base. The "/translation=" part of the CDS sub-section
contains the amino acid sequence translated from the coding sequence (CDS) of this
gene. There are two exon sub-sections in the FEATURES tag, described as "exon
1..636" and "exon 637..1670". This means that the gene has two exons, and that the
boundary between the two exons is located in between the 636! and 637" bases, for a
final transcript length of 1670 bp. Finally, The ORIGIN tag contains the DNA sequence



of the genomic region that is transcribed as messenger (MRNA), written from the 5’- to
the 3’-end.

SOURCE ZEIEFRREEZ (EA (A ) ) - FEATURES EIEH BN 4&EZ/\ED ;
KR - BE - INEFRARIEE (CDS ) - TE2RIER/)\ET" / chromosome = 7"FE/RE R
TERFREERT - “/gene = HOXAS EER TN &P ER F BRI - CDS R/)N\ES
B aEMHEE d 725 75 EmE SRR - 7£5 887 EMEE4 R - CDS X\EiH
“ | translation =Bl D B2 ZERNRERS) (CDS ) #lEMmARNaEiLFzsl -
FEATURES fZiC A mEINEFR/NED - 2 Bl A SN+ 1..636"F1“SMNEE T
637..1670" - ERNEZERNEEMEINET - W HMEINEF 2 BEREFRUMNRE 636
637 EE 2B - &ALEEARES 1670 bp - &7 - ORIGIN EIEE S E

( mRNA ) WERAEH DNA B3l - 1 5-Ins A 3-IF -

Question 1. According to the amino acid sequence shown in the /translation= part of the
above GenBank entry, the protein encoded by this gene starts with an M (methionine) at
the first position, followed by an S (serine) at the second position, and an another S
(serine) at the third position. Assuming the nucleotide sequence is exactly the same as
the data shown in the above GenBank entry, select the most appropriate nucleotide

sequences coding for the second and third position serines. [ 3 marks ] [No. 1]

IR 1. RIB_Li GenBank B AE R - / translation =BREREREFS - IEERARBHN
ERBESE—EUEMUM (PRl ) e w5 _EUER S (#288 ) FHiE - I
B 5—ES (#ak ) URE=UE - BELEHRFSE Fi GenBank B AE RIS
BTREBTEAEE  AEERSENGNE _ENSE—EUE4IiaeikFs - [3
53] [No. 1]

2"d position serine, 3" position serine
1. AAT, TGT
2. AAT, AAT
3. GAC, GCA
4. GAC, GAC
5. TCT, TCT
6. AGC, AGC
7. AGC, TCT
8. GCC, CGG

In the GenBank entry, not only the amino acid sequence encoded by the target mMRNA
can be found in /translation=, this information is linked to another database (GenPept)
as /protein_id="NP_061975.2".

£ GenBank B AGE D - NMECOLIFE/ translation = EHE1Z mRNA FiEHN S ERE
FR3l - BB o] L& /protein_id="NP_061975.2“ME R & = 8% S —EEiE
&il}E (GenPept )



NP_061975.2 is the accession ID of the GenPept database, also operated by NCBI. The
GenPept data for NP_061975.2 is shown Proteins tab.

NP_061975.2 2 GenPept £iEE R EREEH ID - 77N NCBI #E= - NP_061975.2 B9
GenPept Ei2ZE~1E Proteins EHEREIET -

Proteins consist of several regions with different characteristics functions (protein
domains), which confer both structure and function. In the above entry, the protein
encoded by the HOXAS gene has a total length of 270 amino acids, and the Region
sub-section indicates that amino acids 176 to 181 constitute a protein domain called the
"Antp-type hexapeptide". Another protein domain called "Homeobox domain" spans
amino acids 199 to 251. Similarly, you can find an entry for the HOXAG6 gene in the
Proteins tab.

SENEHEAAERGEINE (ZERBEEE ) NERREAMN - ELEEEE TEBMIN
BE - ELEMWMARESP - HHOXAS EREHBHERENEZ RS 270 S EKE - ‘&
B FBRIEFRRE 176 £ 181 UREMBA LA Antp BIMIVHNERBEBE - 5
—EHE A REIREA B NWERBABEEE 199 £ 251 UmE R - B oJLIE
“Proteins™#IE1 1 F] HOXA6 EREAE ANE -

One of the tools for discovering functional domains in amino acid sequences is
hmmscan in Hmmer3 (Mistry et al., 2013). It enables the discovery of common domains
(eg. “Homeodomain”) in a given family of genes. In the HMMSCAN tab of the IBOC
application, you can use hmmscan to examine the functional domains contained in the
amino acid sequence of your protein of interest. This requires an existing protein domain
database, and IBOC applications are designed to search the Pfam-A database. Let's
check the position of the Homeobox domain of HOXAS examined in Question 1 using
hmmscan.

RREEBREEMFAINEEEAEER T B2 —=2 Hmmer3 PHY hmmscan I8 ( Mistry et
al. - 2013 ) - BEEENIIGEERRGEIHNALEEE (AU RIRERBE" ) -
IBOC FERZTUHI HMMSCAN ZEIET - ol LUEA hmmscan & BHEEREN —LﬁPﬂa
FIPEIZHINEEAEBE - ERERBNERBEEBNEIEE - W H IBOC ERERS
R Pfam-A 85 - ZHFIER hmmscan 1 E T8 1 IRER HOXAS 1Y
Homeobox R E -

In the Protein Sequences 1 tab, several amino acid sequences are shown in FASTA
format which is one of the most commonly used formats to describe nucleotide and
amino acid sequences. A sequence in FASTA format begins with a single-line
description, followed by lines of sequence data. The description line (defline) is
distinguished from the sequence data by a greater-than (">") symbol at the beginning.

#£“Protein Sequences 13180 - [l FASTA V8~ / ZASEBFS - S22z
EMMaSEBFRINEEEEIZ— - FASTA BRAWFEIIIETHMIE - REEFS!
BT - UbHAAR (defline ) BARAIEUIBHIFEE AN (>) &% -



From the Protein sequences 1 tab, copy the amino acid sequence of HOXAS protein in
FASTA format and paste it in the "Input sequence" box of the HMMSCAN tab. An E-
value is calculated to estimate the probability of the result happening by chance, and the
recommended threshold is 1e-5 (=0.00001). Clicking on "Exec hmmscan" will display
the regions containing functional domains for HOXADS5 (if present). If done correctly, the
following should be displayed (Figure 1.):

%t“Protein sequence 12189 - )l FASTA 18=01EH] HOXAS EHMNREMFY - Wi
Hiftf52) HMMSCAN EIRR B AR ES - 518 E BRULEHERREERIOEER S
- EZEEES 1e-5 (=0.00001) - EZE“ Exec hmmscan’i§#~E= HOXAS IHEES,
WEE (WREFE ) - MRIEETH - BERUTIAS (BE1)

from to from

target target - to (ali description
g 9 tlen query name: qlen: score: # of (hmm (hmm (ali ( P!
name: accession: value: coord): of target:
coord): coord): coord):

P_061975.2hom nHox-
Homeodomain ~ PF00046.30 57 R 01975 Shomecboxprotaintioxs 70 4522 T7.7 11 1 57 196 252 Homeodomain
AS5[Homosapiens]

Showing 1to 1 of 1 entries Previous 1 Next

Figure 1. An example of Hmmscan search result. This figure shows the output of the
hmmscan

1. 15 Hmmscan B RERRE RS - ZEFER ¥ hmmscan V8L -

The search results display the domain name and Accession ID in the "target name:" and
"target accession:" columns, respectively. This information depends on the database
provided, and in the case of the IBOC application, the domain name and Accession ID
from the Pfam-A database are displayed. "tlen" is the total length of that particular
domain in amino acids. Here, the homeodomain registered in Pfam-A is 57 amino acids.

BRERD AT BERM AN BRI "3RI R GBI R ME - LERSEUR
IRFTRERVEUIRE - 7 IBOC BRREFRVER - iR Pfam-A BUBERA BRI R TEAT
A ID - “ten'BZFEABHERER PRIBRE - UL - & Pfam-A PEEHIAVELR
#EIBIEE 57 EREK -

The name of the query amino acid sequence (the sequence you copied in, eg.
NP_061975.2 homeobox protein Hox-A5 [Homo sapiens] in Figure 1.)" is displayed in
the "query name:" column, and its length in the "glen:" column. If the same domain is
found more than once, the total number and serial number are displayed in the "of:" and
"#:" columns, respectively. The "from (hmm coord):" column and the "to (hmm coord):"
column indicate which part of the domain matched to the database. The "from (ali
coord):" and "to (ali coord):" columns show the start and end positions of the domain of
interest inside the query sequence. This time, the results show amino acids 1 to 57 of
the PFO0046 Homeodomain, which is exactly 57 amino acids long, meaning that the
entire length of this domain was included in the query sequence.

BRI ERFIINEE (SEESEEIFS - Fli - B 1 89 NP_061975.2 BIREE
E%EH Hox-A5 [Homo sapiens]&E A - ) TE“E8EE  "3GER - HRETE IRZNRE
IRE—#18E - AR FEIIR D BB RTE of : "A0“# : "F% - “ from (hmm



coord ) : "%l “to (hmm coord ) : "FiE/RAETEIEROME—ER > EAZIB EVIAC - “ from ( ali
coord ) :"Hl“to (alicoord ) : "AEERARBIHAIIFABTNAERMUE EX - ARER
PF00046 Homeodomain #J 1 2| 57 IR EM - 18 E 57 BaEM K - EEREZEE
BHNEEREEHEIZEEHFIP -

Question 2. Find a Homeodomain (PF00046.30) in HOXAG6 (NP_076919.1 homeobox
protein Hox-A6 [Homo sapiens]). Use E-value: 1e-5 as threshold. [ 4 marks ]
Hint: Use the sequence data from the Protein sequences 1tab and HMMSCAN tab.

IR 2. £ HOXA6 ( NP_076919.1 EIREEEH Hox-A6 [BA] ) P EI—EEIREE
13 ( PF00046.30 ) - fFFBE & : 1e-5 EARRIE - [4 marks ][4 7]

The homeodomain (PF00046.30) region in HOXA6 gene starts (“from (ali coord):”) at
[No.2][No.3][No.4], and ends (“to (ali coord):”) at [No.5][No.6][No.7].

HOXA6 EERIEIEL B ( PF00046.30 ) B1H#4[no.2] [no.3] [no.4]Ra4 (“4t ( ali &
) ") &R (“to(aliiZ) ) - ) E[GIR][6 5] [7 57 °

eg) If you would like to answer "starts at 25” and “ends at 143", the example of how to
answer is as following,

BIgn ) MREAREZ FIaR 25" M 4ERR 1437 - Al D ZRRBI T -

No.2: O
No.3: 2
No.4: 5

No.5: 1
No.6: 4
No.7: 3

Next, let's find where the two exons of HOXAS are encoded in the DNA genome. It is
convenient to use the NCBI-BLAST+ tool developed by NCBI to search for sequence
similarity. To do this, you can choose between the following three programs. When
blastp is selected, an amino acid sequence query is searched for in an amino acid
sequence database. If blastn is selected, a nucleotide sequence query is searched
against a nucleotide sequence database. Finally, when tblastn is selected, an amino
acid query may be searched against a nucleotide sequence database.

IR - EHFIEE) HOXAS RUM{E SN 72 DNA ERAFHRIGUE - EFHH NCBI
FI3289 NCBI-BLAST + TESEMIERFIAREIE - BUE - EIUEU N = ERRFZME
ETEE - E2EEE blastp F - ARERFIEBETLERAERFIIEN - MREE
7 blastn - RIStHIZE R FIBIRELRZERFIEM - &1& - SEE [ tblastn [ -
oSt ER R BB EERaEKE -

The first three tabs of the IBOC application show the following nucleotide sequences.



The "Human Genome DNA 1" tab shows the nucleotide sequence of human
chromosome 7 from positions 27,140,701 to 27,150,700.

The "Human Genome DNA 2" tab shows the nucleotide sequence of human
chromosome 7 from positions 26,188,001 to 26,218,000.

The "B. burgdorferi B31 Genome DNA 1" tab is the sequence of the entire cyclic
genomic DNA of a bacterium (Borrelia burgdorferi strain B31).

IBOC FEREFIAI —EZEIEFE R M2 EEFS -

“ANEBEFH DNA 1"EIEER 7 ABRER 7 WZEE RS - UER 27,140,701 2
27,150,700 -

“NFRERH DNA 2"BIRFEUR 7 AR 7 SRS IENZER TS - UES 26,188,001 &
26,218,000 -

“ B. burgdorferi B31 Genome DNA 1”282 4& ( Borrelia burgdorferi B31 &tk ) HIZE
EIRAREEAE DNA 1931 -

In the following questions we will refer to base positions within the analyzed sequence,
not positions along the chromosome. For example, we will refer to the first base of the
Human Genome DNA 1 sequence as 1, not 27,140,701. The genomic DNA of B.
burgdorferi strain B31 is circular. Therefore, the first base was arbitrarily defined.

HELUNERES - HORSIRO MRS PHRENE - mMAZEARERENUIE - HI1 -
FiPis ASBE A4 DNA 1 FIIRE—EmERES 1 - mAZ 27,140,701 - B.
burgdorferi Btk B31 FIERH DNA BIRiARY - EHIt - F—EERZERERN -

After copying the mRNA sequence of HOXAS (NM_019102.4) from the Predicted
mRNA Sequences tab, paste it into the "Input sequence:" window of the BLAST tab.
(Note: By convention, RNA sequences are shown as a complementary DNA sequence.
This means a coding DNA strand and the transcribed RNA would be shown as identical
sequences). Next, by selecting "Human Genome DNA 1" from the "Reference
Sequence:" options, a similarity search is performed against “Human Genome DNA 1.
This step requires blastn. Clicking "Exec" gives the predicted locus of HOXAS. In the
search results, "sseqid" displays the IDs of the hit sequence.

W FERIE mRNA F3IMEIEPEE HOXAS B9 mRNA F3l (NM_019102.4 ) 2% - i§H
TRGE) BLAST"EIER A RS  "BOF - (JER : KIRIES] - RNA RIIBRBEM
#) DNA 3l - SR RE4RIEH DNA SEAEERT) RNA BB RREENFES ) - #H

R BB SERS  MEIRPEE ABERA DNA 17 AR DNA 17417
HERMEER - X REZER blastn - EEE“HTT" ("Exec") 1§45 HOXAS FITRAIE
R - FEBERERERT - “ sseqid"B R HFIIA D -



Question 3. Choose the location which is including the first exon of HOXA5 from the
following options. Use “E-value:1e-5" as threshold for blastn. Hint: Use Predicted
mRNA sequences tab, and BLAST tab. [ 2 marks ] [No.8]

B8 3. Ll NEIEFEEES HOXAS S5—EINEFRINIE - R E-value : 1e-5"fF
SEE - RBor AR mRNA FAEIEFBLAST 18 - [2 7 ] [8 5]

1 bp ~ 1,000 bp
1001 bp ~ 2000 bp
2001 bp ~ 3000 bp
3001 bp ~ 4000 bp
4001 bp ~ 5000 bp
5001 bp ~ 6000 bp
6001 bp ~ 7000 bp
7001 bp ~ 8000 bp
8001 bp ~ 9000 bp
9001 bp ~ 10,000 bp

COONOIORWN~

Question 4. Next, find proteins with a similar amino acid sequence to HOXAG. Using
HOXAG as a query, perform a blastp search on a human protein dataset (“human

proteins” in the Reference sequence field). Use “E-value:1e-5” as threshold for blastp.
Choose the entry with the highest sequence similarity from the following options, but not
HOXAG itself. Use “E-value:1e-5" as threshold for blastp. Hint: Use Protein sequences 1
tab, and BLAST tab. [ 4 marks ] [No.9]

B 4.3 TR - HEISERFIE HOXA6 BN ERE - A HOXAG fERAEME
. WABERBEIBEERNE (“SERIFRPVAREEE") #iTblastp BE - &
/A " E-value : 1e-5"1E% blastp EIE -

UM EEPEZRIHMUEERSHNEAEZR - MAZ HOXA6 &5 - {£/A" E-value :
1e-5"{F7% blastp WERE - &/~ . EFHEBERS 1 125 BLAST 125 - [4 72][9 5]

1_06639
105172
1_07981
109188
112205
112968
115255
115496
117260
118575

CoONIh~wLN =

In order to obtain the protein sequence, you should go to the Entry Database tab within
the IBOC application (you would need in questions 18 and 19). The amino acid
sequence of the protein will be displayed upon entering the protein’s ID (eg. 1_05121) in
the Entry_ID input field and choose an organism name from the Sequence selection.
Note: This feature may be useful for answering Question 18 and 19.



A TESEAERY - GEZES IBOC FERZER TR Entry Database #18 ( £ 18
MI19DPEE) - FEntry IDEMAFERTHEAEEERWID (1M 105121 ) Lt
REDEESYEEE  BBENEAENEEMEY -

X ¢ ULEThAEHR O ZERE 18 71 19 cIAERABH -

Part 2. Analysis of sequence features and motif discovery

2 587 - AN A T Rl G e A %

The question below introduces methods to investigate the GC composition of nucleic
acid sequences as a general property of genomic DNA. Read the following information
about chromosomes and the GC composition of DNA, and answer the questions below.

VAN RRE 4R 7 i e BE PR 51R0 GC AR TEREEE DNA —REBHRTE - BREU
NERIREESH] DNA Y GC AHARVALE - WEIZELI T ERE -

As their name suggests, chromosomes can be dyed using one of several staining
methods. Among these methods, Giemsa staining results in a striped pattern of bands
along the chromosome. The staining is usually performed during the [ No. 10 ] of cell
division, when the chromosomes are visible because of chromosome condensation. The
coloration is darker in regions that have a [ No. 11 ] AT content, and lighter and brighter
in regions that have a [ No. 12 ] GC content. Furthermore, regions with a [ No.12] GC
content were thought to have more genes. Such a correlation between GC content and
gene density was confirmed when the nearly complete sequence of human nuclear
DNA (draft genome) was determined by the Human Genome Project in 2000. In
addition, DNA tend to undergo denaturation (separation of the double helix into two
single strands) at [No. 13 ] temperatures. GC pairs are denatured at a [No. 14 ]
temperature than AT pairs. As described above, the GC content is a value that is both
easy to obtain and very useful in various aspects of bioscience and biotechnology
research.

BEERE - OJLUEREEREIAZ —HRBRETRE - BELFAT - Giemsa &
AREFLOZREERERARNIRST - REBEEAMNDZANo. 10[HEET - 28
E\W%EEI%Z B0 REELELRR - £ AT 2ER[No. 1MHNEES - BEEEX - £GC =
E5[No. 12]HEET - BRREZ - 9 - EB[No0.12] GC SENEEHK R BEBREZH
2HE - & 2000 FABEEATSIEE 7 AEZDNA (ERAER ) (LT 2R
5 miag 8 L GC AE@E%FZFQE’\JEEWE@& ° E—LER - DNA 2@ No.
13 E AR ( TR N B /SMEER ) - GC HTERE[No. 14]4HE AT S5
Bt - Y0 Ep %E% BESRERE - EEVRBNEY IS ESE
#HIFEEH -

Question 5. Pick the answer most appropriate for[ No.10]. [4 marks ]
B A[No. 10 ERENSE[4 7 ]



1. GO phase
2. S phase
3. Metaphase

Question 6. Pick the answer most appropriate for [ No. 11 ], [ No. 12 ], [No. 13], and
[No.14]. [ 8 marks ]

IEE/N. £[No.11] ~ [No.12] * [No.13]E2[No.14] Pk EAYZ ZE[ 8 marks |

1. higher
2. lower

From here, let us focus on the GC content of DNA sequences. The GC content (GC%)
is represented by the following formula.

WiEERY  ERMEEDNAFIINGC 22 - GC 28 (GC% ) HFAET -
GC% =100 x (([G] +[C])/([A]l +[T]1+[G] +[C]))

In this formula, [A] represents the number of adenosines (A), and similarly, [T], [G], and
[C] each stand for the number of thymines (T), guanosines (G), and cytosines (C),
respectively.

FEUFHEI P - [AVERRZE (A) BOEE - LGt - [T] - [GIA[C] 2 BICRIGAR IENE
(T) &%E (G) MEEIENEE (C) -

Question 7. For the DNA sequence shown in "THuman Genome DNA 1" tab,
calculate the GC content in the ten bases from the 1st to the 10th position included. [ 2
marks ]

B 7 : R ABEEH DNA 1"2IEHE/RAY DNA B3 - iBETE1EsE 1 (125 10 fumy
10 EEEPHGC ZE °[2 70 ]

[ No. 15 ][ No. 16 ][ No. 171 %

eg) If you would like to answer "32%”, the example of how to answer is as following,
REEIRIEZEREIZE"32%" - LUF ZBIE A 4l

No.15: O
No.16: 3
No.17: 2

The usage of the “Count nucleotide” tab and the “Window search” tab is shown
below.

“Count nucleiotide’ 215 "Window search’=IEFIIHEEN FFA7R »

DNA sequences from the region of your choice can be extracted from "Human Genome
DNA 1", "Human Genome DNA 2", and "B. burgdorferi B31 Genome DNA 1" by using
the Get Subsequence function on the left side of the "Count Nucleotide" tab.



Select Human Genome DNA 1 from the Target Sequence selection list, then enter 1
and 10 in the "Start" and "End" fields, respectively. This will display the first 10 bases
from the first to the tenth base of "Human Genome DNA 1". Note: This feature may be
useful for answering Question 15 and 16.

AT EREIR A ARSI TNEE - ol UL AFRERE DNA 17 REVRFIEE
&13%A) DNA 51 - “ A$REE#H DNA 2"F0B. burgdorferi B31 A #H DNA 175 -

BRI BIRIBE R PR AR DNA 1 - A BIE B T B R ERPHA
17110 - BT AEEE/A DNA 1'% — B2 HEBER] 10 BRE - 108
SREIERIE 16 TTRA -

Window search is a method used to examine the distribution of DNA features over the
entire nucleotide sequence by shifting a window of fixed length by a fixed unit. The
length of the window is called Window Size. The length of the window shift is called Step
Size.

Window search 2—&E:B15EERER window B E[EEE N HiGE DNA 12
EZErE RS s % - window BEEEA“Window Size” - window B UIME
[E7E 7 Step Size -

Next, let's examine the sequence characteristics of "Human Genome DNA 1" and
"Human Genome DNA 2" using the "Window Search" tab of the IBOC application.

BERk, M 1IBOC FEFRE /Y Window SearchEIE s AFEKLKFH DNA
171 NFEELKIFH DNA 275 B,

Question 8. Let's check the GC content for the first 10,000 nucleotides of "Human
Genome DNA 1" using window search.

B 8 : EHIFIfER window R gE" ARE A DNA 1”#YAT 10,000 E#ZE#ERY GC

=
o

N
=

—~

. Open the "Window Search” tab and select "Human Genome DNA 1" from the
Reference Sequence list.

FTF"Window Search’ZIZ I 1t Reference Sequence list ZEiE"Human

Genome DNA”
To check the total number of G’s and C’s combined, select "G+C" from the Nuc.
selection list.

75V EME G's f1 C's WARE! - F Nuc.FVEIEPIEE'G+C” -
3. Enter 1 in the Start field and enter 10,000 in the End field.
£ Start BT EIEA 1 A% 7E End BZEIEA 10,000 -

4. Set the “Window Size” to 100 bp, the “Step Size” to 100 bp, and the “Bin Size” to
10 %.

$m"Window Size”27E% 100 bp - #"Step Size”s87E % 100 bp - ZAIL’Bin Size”
RER 10% °

N



5. With the above settings, the GC content will be calculated for every 100 bp
window from the 1st base to the 10,000th base of "Human Genome DNA 1".

B ERIRRTE - GC 2 =8EEE 100 bp * window #£”"Human Genome DNA

1”858 1 25 10,000 EEERIAIL FETE -

6. Finally, clicking on "Show Chart 1", displays the result as a histogram
representing the frequency of GC content values in intervals of 10 %
(corresponding to the histogram’s Bin Size) in "Histogram for the selected
nucleotide(s)”.

Ex{& - & 1"Show Chart 1" - &1& - BE“B/REF 17 - £ Histogram for the
selected nucleotide(s)”. FUBHBENFEINERER - ZEHE L 10%8E R

( HEREHSER Bin Size)Z/~ GC 2 EERVIEE -
7. Additionally, clicking on "Show Chart 2", displays the result as a plot
representing the frequency of GC content values along the region above in
"Frequency for the selected nucleotide(s)".

LESh - EEZ2“Show Chart 2” - 45 RE R~ AH3R"Frequency for the selected
nucleotide(s)"' L5 &I+ GC ZEBEXEWHLRE -

Note: X-axis in Chart-2: nuceotide position (bp). Y-axis in Chart-2: frequency for the
selected nucleotide(s).

AR ER2 P XE  ZERNUE (bp) - BR2PHY # : FREZEMAER -

Note: In Chart 2, Chart 3 and Chart4, the x-axis position may be displayed as “1e-4”
instead of “10,000".

AR EEER 2 BRI MER 4 - x BHUE RS 1e-4” - AZ" 10,0007

Note: If you have changed the parameters, click on "Show Chart 1( or 2, 3, 4)" again to
reflect the change.

AR WRENTSE - FHEREEBRER1 (52 34) "DU<REN -
Select the most appropriate item for [ No. 18 ] in the following sentence. [ 4 marks ]
TELA T A) - 45[No. 18hERRRAEREE,  [4 7]

Using the above settings, 100 bp windows with a GC content of [ No. 18 ] % appear
most frequently in "Human Genome DNA 1”.

e EaiEeE - “ABRERHE DNA 1" HIR[GC ZEA[No. 18]%]/Y 100 bp B RYIEZR

=
Bx =)

10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

Nk~ wN =



Question 9. As we saw in Question 7. ~ 8. the GC% of DNA varies from region to
region. Find out where the 200 bp window with the highest GC content is located on "B.
burgdorferi B31 Genome DNA", and choose the corresponding location from the
following options. Note that this genome DNA of this organism is circular and 910,724
bp long. Note that this calculation may take some time (about one minute per
calculation) in IBOC applications. [ 5 marks ] [ No. 19 ]

8 9 : IEMNFKMERTE 7~8 PEZRVIR - DNA B GCREEEMNARMAR - %
T EBERS GC 2=/ 200 bp window #£“ B. burgdorferi B31 Genome DNA” ERIMIE -
AR NEIRPEERRBNMNE - IR - ZEYWERE DNA 2R 910,724
bp £« < JXE - 7 IBOC [BRREFF - EtEugERE—LEE ( BREABEARNFE—
DiE) - [5 2 1[19 5]

50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp

CoNoaRrwWN =

In the following section, we will investigate bacterial DNA replication using the methods
for analysis such as Window Search, which we learned from the previous question.

£ N—git - IS E AT Window Search 7321773 AR IT ST AlE DNA RI4E
B BRI L—EREERRER -

Question 10. The replication of circular DNA starts at a single position and propagates
in both directions (Figure 2).

I8 10 : 3R1A DNA RUERIE—EUER®R - WRMmEHDERE (B2) -

X

TR

Y

Figure 2. Schematic diagram of DNA replication in a bacterial circular genome. X
is the start point of replication (Ori) and Y is the end point of replication. There are two
replication forks, shown as Z1 and Z2.

2 AEIRIREE 4T DNA EERIREE - X ZEFIRIEERL (Ori) - Y S2ERAIAE
mn o AMEERY - oRIBRRZ1 M Z2 -



If the whole genome sequence of the bacteria is available, to estimate the start and end
points of replication, it is useful to examine the GC-skew. GC-skew is an indication of the
bias in the balance between G’s and C’s on one strand of the DNA. It is expressed as
the difference between the number of C’s and the number of G’s divided by the total
number of G’s and C’s over a given sequence length.

MR oESHENRZERERARS - DUAFHERRIERMAR - AIE GC RFRRA
A - GC fR#IZRAA DNA FU—1%iE = G M C ZBMTFEFERE - BRI SEAENF
SIREA - C B8 G BZZ=REL G A C BUABEL -

GC-skew = ([CHG]) / (IC]+[G])

Using the Window Search, look up the GC-skew of the B. burgdorferi B31 Genome
DNA. In the "Window Search" tab, select "B. burgdorferi B31 Genome DNA" in the
"Reference Sequence", fill the first base and the last base in the Start and End fields,
respectively, and then choose ([C]-[G])/([C]+ [G]) for Skew field. Finally, press Show
Chart 3, the GC-skew plot appears in the Chart 3 area. Note that this calculation may
take some time (about one minute per calculation) in IBOC applications.

FA“Window Search” - & B. burgdorferi B31 EE4H DNA 9 GC fR& - 7
"Window SearchZEIET - IE“£E [R5 #EEE" B. burgdorferi B31 Genome DNA” - 7>
AITE R M SR FERPERSE —EmENRE—EmE - ABEE ([[CHG])/ ([C]
+[G]) "BNRRIFE - &% - #% Show Chart 3 - GC-skew [E|HIR7E Chart 3 &g -

IR - £ IBOC BREFD - B JERFE—LEE (BXEIEANTFTE—7E) -

There are two switching points between high GC-skew and low GC-skew in the DNA.
Choose the corresponding locations among the following options. [ 8 marks ]

DNA 195 GC fRFFE GC RF zEEME)RE, - ELMNEIRPEEREIMLIE -
[8 7]

50,000 bp ~ 100,000 bp
100,000 bp ~ 200,000 bp
200,000 bp ~ 300,000 bp
300,000 bp ~ 400,000 bp
400,000 bp ~ 500,000 bp
500,000 bp ~ 600,000 bp
600,000 bp ~ 700,000 bp
800,000 bp ~ 900,000 bp
The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp

CoNoORrWN =

The two switching points are located in [ No. 20 ] and in [ No. 21 ].
A E BB IS [No. 20]F1[No. 21] -

Question 11. It is known that the replication start point, OriC, is in the vicinity of the
region encoding the DnaA protein. Examine the region encoding the DnaA protein on
the "B. burgdorferi B31 Genome DNA" and select the region that contains it.



Think about which tools you need to use to answer this question. You can use the DnaA
protein sequence from the Protein Sequences 2 tab.

[2 marks ][ No.22]

B8 11 . BN EHER OriC I/ 4RAS DnaA EEMEIIYT - & “ B. burgdorferi
B31 E[X#H DNA" L4w1E DnaA EENEL - ABERCZZEEWES -

ERE— MURZEFEAME T ERLCIZEERRE - Mot ERE /RS 2" EIBPER
DnaA ERERSI - [2 73][22 5]

50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp

CoNoORrwWN =

Question 12. It is known that GC-skew values change significantly at both the
replication start and end points of replication. Considering the answers to the previous
questions, select the region that is most likely to contain the replication start point (OriC)
for this organism from the following. [4 marks] [ No. 23 ]

Bl= 1Z-E%DE?’E*”E’\J@*”@%*ﬂ%ﬁ%ﬁ GC RAMEHE S REREE(L - ERETAIBE
MER  BURUTRRDEERBUEESZEYISESEEE (OriC ) WES - [4 7]
[23 5]

50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp

©CONOOHAWN =~

From here, we will examine the DNA motifs involved in the regulation of gene
expression in eukaryotes.

WEE - RPRHREZEY T MERRITHZERN DNA GEE18E -

Gene expression can be regulated by the chemical addition of methyl groups to specific
bases on DNA (Figure 3).

BREFRIRO LU B RNIMPE(LZ DNA R EmENREE (B 3) -



Figure 3. Structural formula of 5-methylcytosine, a methylated cytosine. The
dotted area is the added methyl group.

3. 5-FREMEENE (—EFEAREIE ) NERT - ERBRIEANMAEE -

In vertebrates, the cytosines of CpG dinucleotides are often subject to DNA methylation.
A CpG dinucleotide, as the name indicates, consists of a consecutive C and G in the 5’
to the 3’ direction (Figure 4). 'p' between C and G, which stands for the phosphodiester
bond so that CpG is distinguished from CG which is a nucleotide pair in a double-
stranded DNA.

EEHEE PR - CpGC A HMAIMEIRITALRALRE DNA FEE - BREE - CpG _#&H
B2 5'2 37510 LEER C A G 4R (Bl 4) - CHl G ZMERY p"UaRihife _Bed -
It CpG %1 CG BF&R! - CG S DNA PRIZE LT -

Figure 4. A CpG dinucleotide consists of a consecutive C and G in the 5’ to the 3’
direction. The dotted area is an example of a CpG dinucleotide.

4. CpG _#ZEMH 5% 3750 L3#EER C M G AL - EREENZE CpG _#ZEMHAY
Bl -

A DNA region that is rich in CpG dinucleotides is known as a CpG island. CpG islands
are regularly found in the genomic DNA of vertebrates, and may be located either
around the exons of protein-coding genes, or a few hundred bp upstream of their
transcription start sites. Not all CpG islands are methylated, but these methylation
events are correlated with inactivation of the downstream gene.

23 CpG _#ZEH#H DNA BIZ#HES CpG Bl - CpG BIEKE LIREAHE YA
E[E4H DNA & - clgEURERERSERIINETBE - 0 oJEAIREE R
WEE bp - WIFFRAR CpG SIEEKPRL - BREEFESHE NHERRKE
HEE -



Several methods have been proposed to look for CpG islands. Among them, the CpG-
score is expressed by the following formula, and can be calculated over a shifting
window as demonstrated previously

EAIRL FEETARSH CpG Bl - Hop - CpG nBIHRLI N ATUERIR - SJLANAIFR
MERBRE LS

CpG-score = ([CpG]/ ([C] x [G] ) ) x Window-Size

In this formula, [CpG] represents the number of CpG in the window, and similarly, [G],
and [C] each stand for the number of guanosines (G), and cytosines (C) in the window,
respectively.

FEUATS - [CpGItRE N F CpG WEIE - 1B - [GIFI[CI AINRE LN SER
(G) APemElE (C ) RUEE -

To obtain the CpG score, “Window-Size = 100” and “Step-Size = 1” are generally the
standard parameters used. Subsequently, areas with a CpG score of 0.6 or higher are
often considered as candidate CpG islands.

5 TR CpG N8l - BEEA“ Window-Size = 100”F“ Step-Size = 1" - g€ - CpG 5
775 0.6 HESHWEIFBEE G RIEE CpG BIH -

Question 13. As mentioned above, "Human Genome DNA 1" is the sequence from
positions 27,140,701 to 27,150,700 on human chromosome 7, for a total of 10,000
bases.

[ERE 13 : W LRt - “ NERERZH DNA 1”2 AFeie 7 L1t 27,140,701 £ 27,150,700
furIF3l - HA 10,000 fEEEE

In the "Window Search" tab, select “Human Genome DNA 1” from the Reference
Sequence field, and examine the distribution of the CpG-score. Enter the appropriate
values for the Start and End fields. Use “Window-Size = 800” and “Step-Size = 1” as the
parameters.

£"Window Search"#EIE - 7/{“Reference Sequence”FE& T #E1E A FAEE4H DNA
17 W& CpG BN - E“Start’ F“End"FZER T AEZHE - FH“ Window-
Size = 800"F1“ Step-Size = 1"EHSE] -

Select "CpG-score" from the CpG-score field shown in the lower right corner of the
screen, and click Show Chart 4. This will display the distribution of CpG-scores for the
target sequence region. Estimate the length of the longest candidate CpG island region
found in this sequence, and choose the closest value from the following options. In this
question, regions with a CpG score greater than 0.6 are considered to be candidate
CpG islands. Note that this calculation may take some time (about one minute per
calculation) in IBOC applications. [ 6 marks ] [ No. 24 ]

HERE G FABRI"CpG-score"F P EE CpG-score” - AEEEE“Show Chart 4” -
EREREERIBREN CpG D&M - METELLRIIFHENEZRRIZEE CpG BlEE




BRE - REEUNERPRESEINE - HEIR—ED - CpG 2 EUKR 0.6 V&
WARR%E CpG Bl - 5= - /£ IBOC BAERF - IFIHosEFE—LKE (&

REEANBEE—HIE) - [6 5] [24 3]

200 bp

800 bp
1,400 bp
2,000 bp
2,600 bp
3,200 bp
3,800 bp
4,400 bp
5,000 bp

COoNOOR~WN =

Question 14. Then, predict the transcription start site of human HoxA6 gene in the
Human genome DNA 1. Consider the most 5’-end-most position among the search
results (also called “hits”) of this full-length sequence as the transcription start site, and
also consider the most 3’-end position among the hits of this full-length sequence as the
end of transcript. Choose the closest answer from the following options. For the HoxA6
sequence, use the sequence shown in the "Predicted mRNA sequences" tab.

B8 14 : 7818 - TRRIALE HoxA6 ERXTE ABEREH DNA 1 PROESREERAIR - 2R
IR RAR (A hits” ) P STRIUB R RERREERNR - W2 RFSIM
VLA kB iR 3R B A B NARE - U N ERPEESEOINESR - R
HoxA6 5!l - #51# F"Predicted mRNA sequences":EIB T ZRNFEY! -

The transcription start site of HoxA6 is nearest to nucleotide position [ No. 25]. [ 4
marks ]

HoxA6 RS tEIAUR R SE ML E LI E[N0.25] [4 77 ] °

1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

©CoNoOORWN =

Question 15. Referring to Questions 13 - 14 above, choose the incorrect statement
from the following options [ 6 marks ] [ No. 26 ]

B 15 : 2R FEAIERE 13-14 - LN EIRPEEZEAEREAOE - [6 73] [No.26]

1. The CpG island, which overlaps with the first exon of HoxAS, is longer than another
CpG island which overlaps with the first exon of HoxA®6.



#1 HoxA5 I —ENEEFEER CpG ElELES —{EEE HoxA6 HFE—EINETFEE/
CpG Bl -

2. The intron of HoxA6 is roughly consistent with the region containing the fewest CpG
dinucleotides.

HoxA6 N Z FEZHE&) CpC _ZHBAEIIA—2 -

3. In this sequence, the region with the lowest CpG-score is roughly consistent with the
region with the highest AT content.

FEULRSIH - CpG N &ENEEHE AT 2 ERSHIEIIAN—2 -

4. Both HoxA5 and HoxA6 have a GC content of >60% in the first exon.
HoxA5 1 HoxA6 T —E9MNEE T GC 2=E19>60% -

5. The intergenic region between HoxA5 and HoxA6 genes is approximately 1.7 kb in
length.

HoxA5 #1 HoxA6 EX 7 B ERERERHNRELAS 1.7 kb

In the following question, we will examine the characteristics of functional sequence
motifs found on genomic DNA.

£ MNERBES - RIS EEEEA DNA L3R INEERAEBRIRmRE -

DNA contains a variety of functional sequence motifs. A famous example is the
polyadenylation signal (AAUAAA sequence) encoded by the transcribed RNA in its 3'
untranslated region (UTR). On mRNA precursors, a group of protein complexes
recognizes this polyadenylation signal and truncates the 3’-end of RNA before adding a
poly(A) tail. In other words, we can expect to find a polyadenylation signal in the last
exon at the 3'-end of a coding sequence.

DNA 82 B EREFSEEERE - —EZ200F28E M RNA £H 3EHER
(UTR) BHRISHZIRERR(CETR (AAUAAA B3l ) - ZEmRNA IS L - —4HERE
EEHREZZIREREESE - WER poly (A) EEBZAIEET Y RNA Y 3% - 8

BEES - BT DUREERE RSN I RIRHNRE—EINETPRE—ERRERIEE
i

If the location of the motif is known, an analysis method called “sequence logo” enables
statistical evaluation of the consensus sequence. As an example, let's use the sequence
logo program to visualize the polyadenylation signal motif. The 3'-end of genes are
shown in FASTA format below. The sequence of the polyadenylation motif is shown in
capitals. Ten bases either side are shown in lowercase. (Same sequences are shown
on the bottom of the Sequence Logo tab).

WRFE AEREIRUE - RIolDUER—1E1E %" Sequence Logo™ R DT /7581 A
FRAETHETRS - BIUN - EIAME A" Sequence Logo 12 5 I RICZIRERLALISIRAS
BiEEe - ERR 3-ARImULL T FASTA BS3UEN - ZIRERI(CEBIEIENFIILIAR



FERER - NRERNIMANHERE - (HENFIBENE FIRIR EIRRE
) e

>HoxA5_1638bp_1663bp
tggaacaaaaAATAAActttctattg
>CBX3_2027bp_2052bp
acagttgggaAATAAAagtttcatgt
>HNRNPA2B1_3591bp_3617bp
ggctgtccccAATAAAtgctgttcat
>Stk31_3238bp_3263bp
gattgtgaaaAATAAAgatgtttggc
>Tra2a_1752bp_1777bp
agtagtctcaAATAAAagctaatttc

The figure below is a representation of the sequence alignment as a sequence logo
(Figure 5).

MNERFIILEH AR REE(Figure 5)

N Cordert

fos C..IC < .lTITT'é

) K LS [ 7 R J 10 11 12 13 4

Postor

Figure 5. An example of a result of the sequence logo.
5. An example of a result of the sequence logo

5 - "Sequence Logo 45 RAIRA|

Using the Sequence Logo tab, make sure that you actually get the same diagram as
above. (Copy the above sequences in the Sequence Logo tab and paste those into the
"Input Sequence" window in the Sequence Logo tab, and then click on the “Exec
Sequence Logo”).

5 F"Sequence Logo &R - TR{REER PES VA HiHENER - (8 LLiltFsE
#iZ"Sequence Logo EIAT - Wig EikbREE AR EIEM "Input Sequence"&
th . FABEE“Exec Sequence Logo” ) -

Thus, the AATAAA sequence, a common polyadenylation-signal motif in all five
sequences, is highlighted on the sequence log as you can see. In this example, only five
gene sequences were used, but in the actual discovery of motifs, many more sequences
need to be analyzed. Otherwise, you run the risk of highlighting sequences that just
happen to be coincidental matches.

FEILE - MIEFRR - AATAAA RIIZFIBAERSITE RS RERCEREEER - &
FRIHAPRARER - aEEMFF - EER 7T LERERS - BEREERIURERERE



1]

e FEOMBZHFS - &R - MolgEZR BB 2155l HrIFS -

hu

Question 16. In eukaryotes, protein-coding genes consist of several exonic and
intronic sequences on a genomic DNA. It is known that the boundary between exons
and introns contains a distinctive sequence that allows the spliceosome (the enzyme
that cuts out the intron) to recognize the intron sequences to be spliced. In addition to
their commonality within eukaryotes, they also have species-specific and taxonomic
specificity. The HNRNPA2B1 gene has a typical exon-intron boundary sequence motif in
the human genome. Determine the correct motif of exon-intron boundary and intron-
exon boundary.You can use the information of the HNRNPA2B1 gene in the GenBank
format in the Genes 1 tab, mRNA sequence in the Predicted mRNA sequences tab.
Then choose the most appropriate answer from the following options. [ 13 marks ]

[ERE 16 : EEZEYS - BERERGERNZSHERHE DNA LS EIMNEFNNZ

SR - SHMEINEFHINZ F ZENEREEE —EBENRS - 275 EEEE

( o[t FRVEE ) BESERIRREENANZ TR - B M EEREYTEBNHE
w29 - BMEEEYRESE UMD B2 LAY - HNRNPA2B1 EREARER

HPERHARNINE- NS FEFREFIGEBRE - BEMNE NS FEFRENANZF-

SNEEFIER ARV IEEAEBER - O]l "Genes 1EIE A GenBank 18 TUAY

HNRNPA2B1 EEEHE\ . 7£“Predicted mRNA sequences”*ZIE1EH mRNA F3l - 24

BN EBRPEESSENSE - [13 7]

Note that these represent the 4 bp motif (2 bp at the 3'-end of the exon and 2 bp at the

5'-end of the intron) that make up the main exon-to-intron boundary in human ([No. 27 —

No. 30]), and the 3 bp motif (2 bp at the 3'-end of intron and 1 bp at the 5'-end of exon)
that makes up the major intron-to-exon boundary in human ([No. 31 — No. 33)).

AR BEARERAREEZNINEFEAZ FEFRGH 4 bp AAEREE (SMNET '
2bp AZF 5T 2bp) ([No.27 —No. 30]) - #03 bp R B ( A= F 37KIK 2
bp + SMEF 5'Klim 1 bp ) 1B L ANBREZRIRS FEINEFEFRR (| [56 31 57-5 33
5] ) -

[ Exon-side bases ] - [ Intron-side bases ]
[ [No.27], [No.28] ] - [ [N0.29], [No.30] ]

[ Intron-side bases ] - [ Exon-side base ]
[[No.31], [N0o.32] ]-[[No.33] 1

PO~
cQ@ ~ o



eg) If you would like to answer “ ...exon... at-gg ...intron...ca-t ... exon ...”, the
answer should be as follows:

Bl ) MRAIELE .. IMNEEF..... . 7E-gg... AR F...ca-t.. SpEEF......” BEXEUWH .

No. 27 :
No. 28 :
No. 29 :
No. 30 :
No. 31 :
No. 32 :
No. 33 :

N-2BPWWN -

Part 3' Task
E—E7 : ireR

Answer the following questions using the IBOC application.

&£/ IBOC FEREAREIZL MEE

Using the BLAST tab and the Entry Database tab, a sequence-similarity search can be
performed against the protein data set of the following 7 organisms; 5 animals (human,
mouse, fruit fly, octopus, and starlet sea anemone) and 2 unicellular organisms
(choanoflagellate. and fission yeast). By examining some of the cadherin family genes in
these organisms, answer the following questions.

f£F3 BLAST #1587 Entry Database 218 - O] DI ¥ N3l 7 BEYMNEQ BB E R £
TRAIELIEIEER ; 5@ (AR - /B RIE - SEMEBE ) M2 EEMAREY
(R ESRMNZEEDRE ) - SHREELEEY P —LIERE S H K% (cadherin
family)ZERA - EZELMEE -

Question 17. E-Cadherin and N-Cadherin are known to be representative of the
cadherin family of genes. Information on these two genes are shown in the Genes tab,
Proteins tab, Predicted mRNA sequences tab, and Protein sequences 1 tab. Many
of the cadherin family genes in the above animals have a tandemly duplicated
(=repeatedly lined up) domain. Both E-Cadherin and N-Cadherin repeat this domain at
least five times or more. The domain is given by the Accession ID of Pfam-A: (i) PF
***** 1. Identify the domain, use the e-value of less than 1e-5 for the hmmscan threshold.
(Note: Ignore the numbers after the dot in Pfam Accession ID.) [ 4 marks ]

8 17 . BH E-#fREEEM N-BMEEEAREHZELRENER - EMEER
B B/RTE “Genes EI8 - “Proteins”#]E - “Predicted mRNA sequences” I8 4]

“Protein sequences 1"&EIE8H - B INHFZILMERRGEERNEREEECEMN (=
SEHSIN ) &18E - E-IEREESRAN-BAEER _ENERMABEE VAR E



% - 4GB Pfam-A RORE ID ol DUES © (i) [PF ™ - BETEUERE - FR
hmmscan BIMEEA/NR 1e-5 8 e B - (JER : BRS Pfam 51 ID FRERENEF - )
[4 7]

() PF [No. 34][No. 35][No. 36][No. 37][No. 38]

eg) If you would like to answer “PF00001.12”, the answer should be as follows:
Blan ) MMREAEEZ PFO0001.12" - ZXEFEZUT

No. 34 :
No. 35:
No. 36 :
No. 37 :
No. 38 :

~ O OO0

Question 18. A comparison of the domain structure of cadherin proteins in animals
and non-animals shows that, (ii)[ PF ***** . * ] is added to the (iii) [No.44]-terminus next
to the repeat of the (i) domain in animals. (Note: Ignore the numbers after the dot in
Pfam Accession ID.)

B8 18 : AL HICEE ST EMMIFS MR EY P ISIaE QRGBSR o LUERS -
(ii ) [PF - *FEEDP (i) FEBHEERRIFIE (iii ) [No 441 RN - (R : B
f% Pfam 51 ID PRESRERIEF - )

(i) PF [No. 39][No. 40][No. 41][No. 42][No. 43]
(iii) [No.44]

1. N

2. C
Question 19. From the set of protein entries for the choanoflagellate, find one gene
that has multiple repeats of the above domain (i ) in Question 17. To identify the domain
(i), use the e-value of less than 1e-5 for the hmmscan threshold. [ 7 marks ]

(The more repeats of domain (i) that are in the gene that you find, the higher score you
will get.)

ERE 19 : EEE 17 F - t—AHRWFERNEREMASNPRE—EES HIEEEE
BEENVER (i) - BERCLEEE (i) @ BFER/NR 1e-5 8 e  hmmscan B E -
[7 7]

(EAEBRIOERD - 13 (1) WEEREBZ - Bl - )

aEfER © )

Hint: You may use following functions in HMMSCAN-tab as needed." ‘Show [ number ]

entries’ function can be used to change the number of displayed lines. 'Search:
[ word ]' can be used to perform a string [ word ] search. The total number of rows in the



resulting table is displayed at the bottom left of the screen.

7R RO LURIBFEZETE HMMSCAN ZEIER{ER R AITNRE - “B/REIF @S AR TH
AEO] MR E N ERAVITEL - 18R | [ER| o AT H[EME] [BE - BREFPRIT
HEERERENAL R

(iv) [No.45] _ [No. 46][No. 47][No. 48][No. 49][No. 50]

// End of Practical Exam 2.
E1ERE 2 3 baE R



URL list

© 0o N o o b~ WODN -~ H=

W W W NN NDNDNDNDNDNDNDNMNDNDND=2 2 A A a a A A A a
N = O © 00 N OO0 o1 A WO N -~ O © 00N O O b WON -~ O

Participants
Iran
Hungary
Japan
Armenia
Russia
Kazakhstan
Philippines

Indonesia

South Korea

Nepal

Sri Lanka
Bangladesh
Pakistan
Thailand
Vietnam
Singapore
China

Chinese Taipei
Hong Kong, China

Syria

Saudi Arabia

Finland
Denmark
Iceland
Estonia
Latvia
Lithuania
Kyrgyzstan
Tajikistan
Uzbekistan
Azerbaijan

Georgia

11
12
13
15
16
17
18
19
20
21
23
24
25
26
27
29
30
31
32
34
36
44
47
48
49
50
51
53
54
56
59
60

URL for Practical Exam 2
13.127.129.209/ec2-user/ibo2020bi
3.122.239.215/ec2-user/ibo2020bi
54.250.182.124/ec2-user/ibo2020bi
13.127.129.209/ec2-user/ibo2020bi
3.122.239.215/ec2-user/ibo2020bi
13.127.129.209/ec2-user/ibo2020bi
52.79.248.78/ec2-user/ibo2020Dbi
54.255.220.196/ec2-user/ibo2020bi
52.79.248.78/ec2-user/ibo2020bi
13.235.100.64/ec2-user/ibo2020bi
13.235.100.64/ec2-user/ibo2020bi
13.234.37.5/ec2-user/ibo2020bi
13.234.37.5/ec2-user/ibo2020bi
52.79.146.192/ec2-user/ibo2020bi
54.255.220.196/ec2-user/ibo2020bi
54.255.232.154/ec2-user/ibo2020bi
52.79.146.192/ec2-user/ibo2020bi
52.79.248.78/ec2-user/ibo2020bi
54.255.232.154/ec2-user/ibo2020bi
13.127.123.61/ec2-user/ibo2020bi
13.127.123.61/ec2-user/ibo2020bi
35.156.199.58/ec2-user/ibo2020bi
35.156.199.58/ec2-user/ibo2020bi
18.184.71.168/ec2-user/ibo2020bi
18.184.71.168/ec2-user/ibo2020Dbi
3.124.195.33/ec2-user/ibo2020bi
3.124.195.33/ec2-user/ibo2020bi
15.236.134.99/ec2-user/ibo2020bi
15.236.134.99/ec2-user/ibo2020bi
15.188.75.25/ec2-user/ibo2020bi
15.188.75.25/ec2-user/ibo2020bi
3.124.195.33/ec2-user/ibo2020bi



33
34
35
36
37
38
39
40
41
42
43
44
45
45
46
47
48
49
50
51
52

Czech Republic
Poland

Bulgaria
Slovenia

North Macedonia
Turkey
Netherlands
Belgium
Germany
Switzerland
Luxembourg
United Kingdom
United States of America
Australia
Turkmenistan
Croatia

Canada

France
Afghanistan
Norway

El Salvador / Ibero-America

61
63
64
65
69
72
73
74
75
7
78
82
83
84
89
66
81
93
95
45
92

3.127.214.51/ec2-user/ibo2020bi
3.127.214.51/ec2-user/ibo2020bi
35.180.21.57/ec2-user/ibo2020bi
35.180.21.57/ec2-user/ibo2020bi
15.236.239.75/ec2-user/ibo2020bi
15.236.239.75/ec2-user/ibo2020bi
15.236.131.4/ec2-user/ibo2020bi
15.236.131.4/ec2-user/ibo2020bi
18.185.106.176/ec2-user/ibo2020bi
18.185.106.176/ec2-user/ibo2020bi
3.126.249.168/ec2-user/ibo2020bi
35.178.172.104/ec2-user/ibo2020bi
3.128.202.209/ec2-user/ibo2020bi
3.104.47.102/ec2-user/ibo2020bi
3.126.249.168/ec2-user/ibo2020bi
35.180.21.57/ec2-user/ibo2020bi
3.128.202.209/ec2-user/ibo2020bi
15.236.131.4/ec2-user/ibo2020bi
15.236.239.75/ec2-user/ibo2020bi
35.178.172.104/ec2-user/ibo2020bi
3.128.202.209/ec2-user/ibo2020bi



