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General instructions —fi&:it88

This exam consists of two subtasks:

- Subtask 1. Practical Task in Bioinformatics (50 points)

- Subtask 2. Examination of Neuronal Activity (50 points)
ItEHEIMEFEE -
- FEEL EYEABNEEES (50 9)
- FEE2. wmEEERE (50 9)
1. Please remember to attach your barcode sticker to all pieces of paper on the answer sheet.

Write your answers in the separate answer sheet provided. Only answers given in the answer sheet
will be considered.

. Ensure you received all necessary materials and equipment listed on the next page. If any items are

missing indicate this by raising your red card within 10 minutes following the start of the exam.

During experiments ensure all materials and equipment is handled properly. Any spilled solutions
or broken equipment will not be replaced.

. Stop answering and put down your pencil immediately when the bell rings signalling the end of the

exam.

No paper, materials or equipment should be taken out of the laboratory.

1. AR ERRRR ISR ARAEE S SR LHVPREARSR L -

ARUNEBERRPR TMRNER - AEBTEBPRENERGRAS -

3. BFRMEWE T —BYHNFREBREMENRE - MRAHRMEMAIERE > FESEHRGE 10 DERSRE

REVAL &
TERIRE - BRRMPAAMENRERIERD o EABEIGELAARIRIBIREE NS HER

5. ERERIVBEL > RMMEEHER > FUNK THBAFIEES -

6.

TFRARER ~ MR RETLERE

IMPORTANT TECHNICAL NOTES ON CHEATING B {EsRMEE R iTsRE8

During the practice task, you will use the Geneious Prime and Neurophysiology (Neurofiziolo-
gia) software that are already running on your computer.

Please do not use any other software, except for the Geneious and Neurophysiology software
that you will use for the completion of the exam.

- Your computer records all of your activities, so if you open any other software program, or if you

connect your computer to the internet, you will be excluded from this task and lose all points
that you scored here.

AR » BERSIEE
- EEEABEEER > MREREEHNER EREEES (Neurofiziologia) #REE o
- BRTERAREMERREEN Geneious B8 » EFEMEREME{thEREE -
- RVEBIE IR ES - EIt - WRIRITREAEMEREE - NESEE L8R > XERATFED -




=%5 20 1BO Chinese, Traditional (Taiwan, China) Vi-3
HUNGARY 2019 Experiment 4

Materials and Equipment #1158
PC running Geneious Prime and Neurophysiology (Neurofizioldgia)
PC iZ1T Geneious Prime M EIELEHEE (Neurofiziologia)
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SUBTASK 1. PRACTICAL TASK IN BIOINFORMATICS FE7 1. £ &E 2P E RIS

Modern biological research in the 21st century is inconceivable without bioinformatic analyses. In this
practical task, we present an example of how bioinformatic data are processed in order to investigate
evolutionary issues of bacterial resistance and susceptibility to antibiotics.

MRLRBEEYERR NN > 21 HLHNRAEYBMREEAIBGRE o FULEFR » RFHEHT —EEREYE
AMBEEPRARARE M AE RN 5 R ECEENREGIAR -

Please do not start using the Geneious Prime software until you have completely read and understood the
instructions. Otherwise, you may cause changes to the data that cannot be restored. The lab assistant will
not assist you in replacing lost or corrupted data, so you should proceed step by step only.

TERTR T FRIEERBAAT » AR EE Geneious Prime Eifg o [RIMFIER BRI EHE 2 208 » UEBIEEE o
ERPHERAEMBIREE B ERNRIBHEE - FIUREIEEMKEET - —PTETOM -

IMPORTANT TECHNICAL NOTES ON CHEATING
During the practical, you will use the Geneious Prime software that is already running on
your computer.
Please do not use or even open any other software, except for this Geneious software and
the Neurophysiology software that you will use for the other practical that is also already
running.

- Your computer records all your activities, so if you open any other software, or if you con-
nect your computer to the internet, you will be excluded from this task and lose any points
that you scored here.

E#E’J&ﬂ'ﬂm&t DABAEER!
7‘;1’!51_&'4:' RE | Geneious Prime &g » HE LR E(IRIVEREH o

- AR SITREERES © RAETTRIRE A EIM Geneious Prime R EIRERERES  MRVEIKE
%Eﬁ%ﬁﬁﬁﬂ’\]@ﬂ’ﬁ s MPRTRE R E EMEREE > SN EETARRER > RELFINEER SWEE
B MRALEEB DBV DEL o

Chloramphenicol acetyltransferase (CAT) is responsible for chloramphenicol resistance in Escherichia coli.
The CAT enzyme is made up of 219 amino acids and encoded by a gene consisting of 660 nucleotides It is
a well-known phenomenon that antibiotic resistance spreads rapidly across pathogens. This is why many
scientific studies are looking at ways to prevent this. One approach is to explore whether the inverse of
resistance, that is, recovered antibiotic susceptibility, can also be passed on.

MR BB (CAT) EEMABEEPRBENEMNRNRER > CAT BEEM 219 BAREAEMN > WA 660
1@$?ﬁﬁ§ﬁﬁﬁ%ﬁﬂﬁiﬂﬁgl o SRFAXI » ﬁi%i‘n% EERRERPREGIE - ERRSRESHBMRABD LI
BIRSKNER > —BHEREARTAIUETERNEERE - tM2EENERZNZRIE -

In this task, you will be required to analyse the results of such a model experiment. An E. coli strain orig-
inally resistant to chloramphenicol was exposed to periodic heat stress, and strains were isolated after
each stress plus inoculation cycle. Some of these strains remained resistant, while others have lost their
defences against the antibiotic.

FEULEIFF » (RIS ERDITILEE N EERRAVER

RYHSBEABNEENARERRRETERMEARIMEE - I B ESRBHEARMEER DBMALE
o BEREMP—EDMARBMEN - MEMEKRIRAKTHRERILEES

Freshly inoculated liquid cultures of 16 strains from the experiment were grown with chloramphenicol
for 2 days. 10 mL of each culture was diluted by 100X. Then we determined the population density of
each culture and measuring optical density at 600nm with a spectrophotometer. This value is directly
proportional to the population density. Table 1 shows ODy, information of the 16 strains.

2R B LLEBRAY 16 EIPRRT R RASIE BRI QBRIEIS# 2 X o [MESTEIERYIE 10mL &#%1E 100 & A%
ERADEHESTLL 600nm RERAENZEL RN AT SEEBYNREEE « LHERAKRBEZEREL K1
FAT 16 EPRBY OD600 B} o
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1. 0.087 5. 0.915 9. 0.869 13. 1 0.784
2. 0.873 6. 0.852 10. 10.923 14. ] 0.858
3. 0.110 7. 0.077 11. 1 0.093 15. | 0.102
4. 0.098 8. 0.859 12. 10.920 16. | 0.931

When those E.coli strain were cultured in medium without Chloramphenicol, it is no difference of growth
rate among each strain.

EEEARREEREFNSEMANEEETIEER SERZANERERESE

Q.4.1.1 Study Table 1 carefully and identify which strain(s) lost its/their resistance.
Indicate your answer by putting an X in the appropriate box on the answer

sheet.
RiER 1 ERARLEEEWLEFERREEREY - EFTRELOEERERAANL X7
RARMUIETER -

In order to examine whether strains that became susceptible have evolved independently from each other
or they have a genetic relationship, we will analyse the sequence of a segment of their CAT gene. Since
CAT is an enzyme, it can be assumed that its loss of function can be primarily caused by mutations in the
active site of CAT.

ATHEESRENEMEEABICRCHNEMEREERE  RANONHE CAT EER BIFT o BT CAT
B—TEEER > JLUERAEINGENRATERZH CAT JEMURAIRES|ERT

Log in to your computer and click on the Geneious Prime icon in the bottom bar:
TR EI TN ERIABIRERE TN Geneious Prime ElfE :

N

- cDNA sequence segments of mRNAs from the CAT genes of the examined 16 strains have previously
been uploaded.

16 mAEMKRY CAT BEEZ mRNA #Y cDNA F @& BE&LTE T LEF -

- You can display them on your screen by clicking onthe ‘+’ sign next to the folder entitled ‘1B02019’
in the left pane, which will show the folders of this subtask. Clickingon ‘Subtaskl’ will display the
sequences.

R LUEMIFAAIRSESR A “1B02019” MIXMRESER “+7 fFRMAZER LETR  AXHRAIEF
BIFRISCHRR o #2 “Subtaskl” BT

- Your first task will be to compare the sequences.
RS —IREBERILEREFY o

By ticking the boxes to the left of the sequence names, select all 16 sequences, then click on ‘Multiple
Align’ command inthe ‘Align/Assemble’ drop-down menu. In the pop-up window, do not change
any settings, and click on OK. The alignment of the sequences can take up to 1 minute, so be patient.

WEFESIZTBAMAIE - BIEFTA 16 EF5 - ABEEEN “BFYI/ARAL” BIE M HIEER “SEY” &< o
ERERER » FEERERIRTE @ A% “OK - FIINHITINEE 1 78 > SBl0ER ©
- When the alignment process is completed, the progress bar will disappear and an additional line will

appear under the original sequences. Double-click on this new line. You should see a lot of grey bars
with some scattered tiny coloured spots on them.

EOF5IBETRR  EEETRIEK - MERBFY TREREEIN—1T - BBE—H1T - MEXFBIR
ZH LEEA—ESRUNBIIREBIIEBIRAL o
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- Zoom the sequence segments with the Ctrl + mouse scroll key combination. The letter identifying
the bases will appear. Above the sequences, the consensus sequence is shown which appears to be
the most common base sequence during the alignment of the examined instances.

fER Ctrl + 7B ERENREME S RMEFY | A B - iSHIRF IETREIRE - 5 L7 > FREmHHEAERFY
AEFTIHILE R RHIBRNREFT

Use the scroll button of the mouse to move left and right along the sequences.
ERARNREIZREF IR RATEE) o
Answer the following questions in the answer sheet by writing your answer in the appropriate boxes.
EEERSHEHNENAIEERMNERZREE U TRHE

Q.4.1.2.a

Specify the alignment position in sequence segment 250-350 in which Strainl
has a base different from the consensus sequence. Write this ordinal number
in the corresponding box on the answer sheet.

EFYIEE 250-350 # > HEHEM 1 FRIRE#FTINEE Z (B i IbRFIRE
AZRE EHENZIRSD o

Q.4.1.2.b

Specify the base in Strainl at the position identified in Q4.1.2.a by writing the
one-letter code of the base in the appropriate box on the answer sheet.
IEH7E Q4.1.2.a PEMK 1 B E > BZBENE —FHAHEASZTRE LHENT
B o

Q.4.1.2.c

Specify the two alignment position(s) where the maximum number of strains
showing a difference from the consensus sequence. Write the ordinal numbers
of these two positions in the corresponding boxes on the answer sheet.
IEEMEREMNE » HHEAREBFINEEARKHENUE - EERMLHENZE
&R > SRR HiEm{E & RIERFSRES o

Q.4.1.2.d

Specify the three strains that are likely to carry a deletion mutation in the exam-
ined gene segment. Write these ordinal numbers in the corresponding boxes
on the answer sheet.

FEFERNERERERE S > f5H I =EE % ] eI TR RS RIIERFSRES AL
FaRIRA B HRAR L E R =08 o

Q.4.1.2.e

Specify the alignment positions of adjacent-double base changes, wherein both
bases were replaced by their complementary ones. Write the ordinal numbers
of these two adjacent bases in the corresponding boxes on the answer sheet.
MEMERENENREMUE > EHEMNEAMBEREREEMREMIDA - EEFR
48 LR RSP B T iEmIEERR R A ISR

Q.4.1.2.f

Specify the alignment positions where at least four of the strains specified in your
response to question Q4.1.1 have the same changes? Write each of these ordi-
nal numbers in the corresponding boxes on the answer sheet.

IBEREMNE » HPHRERE Q4.1.1 WEEPHEENE VD NEREKEBHERRNEE ?
R E—EIEFRBREE &R LAERESED -

Your answer to question Q4.1.2.f. is relevant because all the mutations in question can form the basis for
the loss of resistance. Your next task will be to check which mutation causes amino acid substitution in
the CAT enzyme.

fR¥fEE Q4.1.2.f MEZ BRI » RAEREFFRAEREEEIMARENEENER - (MBI T—EEFRR
EMEREER CAT BERPHSR BRI -
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- Close the window where you have worked before (NOT the GENEIOUS program, this window only)
by clickingonthe ‘X’ button in the upper right corner.

- BALEAN X7 RBRFEAZAITIENRE (F=2 GENEIOUS 12/F » EIHRE) -

- Select the 16 DNA sequences by ticking the boxes to their left. Click on the ‘Sequence/Translate--’
command in the menu to see the amino acid sequences in the image that appears at the bottom or
in a separate window. The consensus amino acid sequence is shown in the top line. Similarly to the
DNA sequence, the image can be zoomed using the Ctrl+scroll key combination.

- DRI ERESE 16 1F DNA F5) o #HREDRR “F5)/@E." < JE THAAEEBREDRE
THREERFT - HEREMFTIRERRTELS1T o 2 DNA FFIEREL > AJMUEER Ctrl+ BRRSRES
SRAETRE 5 ©

Note that if you zoom into the image to a high magnification, one-letter amino acid codes will be
replaced by three-letter codes. In spite of this, ALWAYS USE THE ONE-LETTER AMINO ACID CODES
when providing your answers.

- AAR MRMEEGBRAISERE  AEFEFRERABRKK=FIEERAEEGR - @ENILL
HERERE > REREFIIEBHN -

Use the scroll button of the mouse without pressing Ctrl to move left and right along the sequences.
- BB EREIRRMAE Crl B UFYIRAEMB A
Answer the following questions on the answer sheet.
EEFMLEIELTREE -

Q.4.1.3.a

Let us suppose that you want to know which amino acid is encoded by the bases

Q.4.1.3.b 121-123 of the mRNA from the encoding region of the peptide gene in question
Q4.1.3.a. Specify the ordinal number of amino acids in the amino acid sequence
of the peptide that need to be checked in order to answer the question. Write
the ordinal number in the corresponding box on the answer sheet.

R frEAMERREE 04.1.3.2 M ERVRIFER mRNA AUEEE 121-123 HRISHY
SERAM - EHEMNREEFYRIEENRERNIEFREEEZRE U ERE -
EEFEME LAEEGETIRE AIRFRNS

Based on your answers to questions Q4.1.3.a and Q4.1.3.b., check the amino acid positions corresponding
to the mutations found in question Q4.1.2.f.

RIBIRERIRE Q4.1.3.a M1 Q4.1.3.b MIEE > MEHEINRERE Q4.1.2.f FFBRNEE Y K ERIE -

Specify the position of the amino acid(s) that changed due to mutations detected
Q.4.1.3.c in question Q4.1.2.f. Write this(these) position number(s) in the correspond-
ing boxes on the answer sheet.

IEEHBE Q4.1.2.f FIRAIZIFAREMAEN A EHNIE - REEMEREEE
4% LRIERESHED -
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Specify the position of the amino acid(s) in which the mutation(s) detected in
Q.4.1.3.d question Q4.1.2.f. remain(s) silent. Write this(these) position number(s) in the
corresponding boxes on the answer sheet.

IEEERE Q4.L2.f MR ZINFRRENTEENIUE - RUBREZTRELD
HHRESHER -

Which is the amino acid substitution that appears in all of the chloramphenicol

Q.4.1.3.e sensitive strains detected in question Q4.1.1.? Specify the position of thatamino
acid. Write the position number of this amino acid in the corresponding box
on the answer sheet.

EREE Q4.1.1 PRAZINFIARMERSZ It ERPHIRNABEENRRAE 2 15
ZRERNE - HUERETEFRELNBEED -

We have identified which amino acid substitutions are likely to cause chloramphenicol sensitivity. Since
the examined DNA segment has changed several times and in several loci during the microevolution of
the strains, it is also possible to build a DNA-based phylogenetic tree of the 16 strains. You have to do this
with the help of Geneious Prime, as specified below.

HMELRERT LRERZRENRE > EEREBITIAESES KIE o BitHRIA DNA R BRIEE B
MUEEBIEPEL S e B &MEREES L > R LUEEE L DNA BEIM 16 ERE Mk 2 R5RE%
& o fREETE Geneious Prime MBI FEMBIETE » W1 FFRt o

If you performed the previous examinations in a new window, close this window (NOT the entire
Geneious Prime program!) or if the amino acid sequence appeared in the split bottom pane of the
screen, untick the box next to ‘Translation of 16 sequences’ in the top pane.

- MBREHRREPTR T ZRIBEA > FEALLRE (F2Z(E Geneious Prime 127 | ) (BN RAEEKF
JIHRAERNDREEAERE > FEESRETICHIE “16 BEFTIREZE" SBrE -

If you can only see the DNA segments again, tick/select the tested 16 DNA sequences, then click on
the’ Tree’ iconinthetop menu bar. In the pop-up window, accept the default settings by clicking
on’ OK’ .Itmay take a few seconds for the software to generate the phylogenetic tree. If it appears
below only, click the upper right corner of the area displaying the phylogenetic tree to enlarge the
image so that you can see the window in full screen.

- WIRIRRBEBREEI DNA R B > i/ RISIRY 16 18 DNA 751 » ARIZTARPEERTEY “Tree”
R EBHAET > % OK” ERHARE - RIS AEREZHEA SEENRGRFE - MREERTRE
T o ARG EENERZE LANKKE S » UETUEERRERS °

- The obtained tree is unstructured (unrooted), so you need to transform it so that it can serve as a
basis for conclusions. The first step is to select the oldest (most divergent) strain, which will be the
root, also known as the outgroup, of the structured tree.

- IRPRERSETERIFEEER (BR) » FIUREEHR CETERT EFRAERNER - E—P2E
EREN (RDEN) MR » EREUIAABEEIR - 7RI o

- Since the original phylogenetic tree does not provide accurate information about the oldest strain,
you will have to find it in a different way.

MR RANRRETHREIRHARSERRNERER - AILRGANUFRGIXEE -

- Click on the’ Distances’ tab in the second textual menu bar in the upper left. Thus, a distance
matrix is obtained that shows the degree of divergence between each pair of DNA sequences. .In the
upper middle menu, change’ Styles’ to’ Heatmap’ . The darkness of rectangles corresponds to
the extent of divergence.

- BEAL FAFTENAKERTH IR EIEFR o EIt o SRR - HEERSE DNA B2 EH
SR RE o 1EP B 5 EEEE R » EBER “Styles” & “Heatmap and Numbers” o JBFiZHORS EH FER 9 I AIFE
o



=%5 20 1BO Chinese, Traditional (Taiwan, China)

V1-9

HUNGARY 2019 Experiment 4

Specify the ordinal number of the strain that probably has the oldest sequence
Q.4.1.4.a among the 16 strains. Write this ordinal number in the corresponding box on

the answer sheet. (Forexample, if your answer is Strain-23, write 23’ on answer

sheet.)

£ 16 EEHKP I ERAA R G ERFYINERNIERRIEAR o RItIEFRIERESE

4E_ERIMEREASIER o (BIE0 » MRIRMEZRRZ Strain-23 > FEBBEM LR L “237 o)

Based on the above data, you can already start structuring the phylogenetic tree.
Bt EIER > (REL eI ARRIAIS IR SRR o

- To do this, switch back to the’ Tree view’ view by clicking on the appropriate tab in the second

menu bar from the top.
- HUTUIERME > BB TRRE ZEEEREREREEIRTIAE] “Tree view” 1HE

- Subsequently, click on the endpoint nearest to the name of the strain identified in question Q4.1.4.a.,
and then click on the’ Root’ button in the third menu bar that is activated at this time. Thus, an
already structured tree is obtained where the common ancestor is the strain identified in question
Q4.14.a.

BB1& - % RI%IT Q4.1.4.a FHEEE KR MAVAREL » ARIRFE=(EIEERH “Root” %l - AL > AIER
—BEEBCRRGRFRE - HRHFRESLRE Q4.1.4.a RREERIEE ©

Forasimplerview, tickthe’ Transform branches’ boxin the right menu bar (Formatting submenu)

- BRESEMENERE > oEAAIEED “Transform branches” 1 (BB {CFIEE)

- Change the scaling from “Equal” to “Cladogram” using the scroll down menu just below.
- FERTENE TEEEERERE “Equal” 822428 “Cladogram” o

Find the branch containing the sensitive mutants and specify the strain-number

Q.4.1.4.b oftheresistant strain(s) that is most closely related to these strains. Write these

numbers in the corresponding boxes on the answer sheet. (For example, if
your answer is Strain-23, write ‘23’ on the answer sheet.)

LRI REERELOENESESD - (BIM0 > MRIREIZFER Strain-23 > 5
EEEELERLE 237 )

Specify the strain-number of the two sensitive strains that may have evolved

Q.4.1.4.c most recently. Write these numbers in the corresponding boxes on the an-

swer sheet. (Forexample, if your answer is Strain-23, write 23’ on the answer
sheet.)

15 Al BE BT HAE LR A M8 5 UM B AR AV SRS o IS ELERIB R EERA LaVESH
FESIER o (FIU0 » WRIRHZEERE Strain-23 » AEZEME LT L “237 9
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Q.4.1.4.d

For each of the following groups of strains, specify whether it is monophyletic
(A), or NON-monophyletic (B). Indicate your answer by putting an X in the ap-
propriate box on the answer sheet.
RN TIIESHNEK > IEECERERE (A) ~ HIFERE (B) - TERMLAIAME
HEPEA” X” RARMFHEE -
Groups:

1.8;12

11.5;6;16

I.3;7; 10
Options:

A -monophyletic

A-BRE#

B -NON-monophyletic

B-JFEREF

Q4.14.e

Based on the phylogenetic tree obtained above, you can find autapomorphic,
synapomorphic, and plesiomorphic mutations in certain nucleotide positionsin
the sequences examined in the first part.
RR DR GR RS > (Rl ESE —SAFIIARRELEZERUEBER BETE
g7 ~7 fAERY AT HOTEET =& o

:. Flesiomorfia |
@ Sinapomorfia
O Autapomorfia |

Return to the 16-line DNA sequence alignment obtained in the first part by
double-clicking onthe ‘Nucleotide alignment’ line and specify the types of mu-
tations in the following positions from the perspective of the phylogenetic tree.
Indicate your answer by putting an X in the appropriate box on the answer
sheet.
AR E “Nucleotide alignment” iR[E]1% —EB 3 #E1FHY 16 15 DNA FFILL »
G R GR B A ERISTE TG ENRELEE - TERA LNERSIEDES
A" X REARIMRHESR o
Positions:
fiig :

51

144

312

447

531
Options:

A —autapomorphic

A-BETEN

B -plesiomorphic

B -fAE

C -synapomorphic

C-HITE
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SUBTASK 2. EXAMINATION OF NEURONAL ACTIVITY PATTERN ON MOVING ANIMALS

IMPORTANT TECHNICAL NOTES ON CHEATING
Durlng the practlce task, you will use the Neurophysiology (Neurofiziolégia) software that
is already running on your computer.
Please do not use any other software, except for the Geneious software that you will use
for the other bioinformatics task.

- Your computer records all of your activities, so if you open any other software program, or
if you connect your computer to the internet, you will be excluded from this task and lose
any points that you scored here.

AR TR » EERAFER

- EEIBREEER  RERAEREHNE HﬁJ:E’JWﬁ‘«EIEE?— (Neurofiziolégia) Erfg o

- BRTERAREMENZEIEDN Geneious 2 & A AEFERTRIEMERES o

- ARNERE S CERFIAES) » FLL - lll]%ﬁﬂﬁﬁﬁcﬂﬁﬂﬂi}\ﬂ— » HEABEE LHER 0 AERAFEHD ©

Please, do not start the software yet. Read the detailed descriptions on the next pages first.

T ERENES » SoblsE T —HAVEAERRA -

Your task is to clarify the role of neurons involved in navigation. Navigating space is a complex problem
involving many neurons. The 2014 Nobel prize was awarded to O’ Keefe, and the 2011 Brain prize was
awarded to the Hungarian Gyorgy Buzsaki, for developing techniques to study this problem. We can ob-
serve the individual activity of hundreds of neurons. Multiple electrodes are inserted into rodent brains.
After the surgery, the animal recovers and adapts to the device on its head. Next, the animal is placed into
experimental situations, and measurements are performed (Figure 1).

AERBRRETEENBETINENAE - TRSMNE T RETSHZTHNEMHRRE > 2014 FHEEHERME

A7 O’ Keefe » M 2011 £F Brain #1845 7 & 2F F Gyorgy Buzsaki > IARE HFEZEMITZMENEAM o FIBE
ﬂu@*ﬁéﬂ%ﬂﬁqﬂfﬁ)\y@ BB > HAI T LURRI LR S B (% o hERSES) o« BABBFME » RKEKRIU
EEINEI EEEI MRS BT REITERERLEER (B 1) -

Figure 1. Experimental set-up. A: Exploration field. B: Animal with electrodes after surgery.
C: Camera recording the path of the animal. D: Recording unit (records potential changes of
brain regions and animal movements simultaneously)

B 1. BRERE-A:HREAE - B: FMRBREABENEY - C: CHBVIZB NI EAIER
FH o DB (ARKCHRAKSEEEBUSICNEYNGZE)
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Using similar techniques to you, O’ Keefe investigated the hippocampus and found that many of its neu-
rons fire when the animal is standing on or passing through a given point of its exploration field. These
cells were named place cells. The results of such an experiment are shown on Figure 2.

O’ Keefe £ IRLIHIEAMTAR B HBIEEMETHEE > TEFEPYIL TN ZBERREEHNETERME > B
SFEMETTEIE(L - BLEARER S B A EMM (place cell) - BSEERRRVERIE 2 P ©

Figure 2. Place cell behaviour. Black line: The path a rodent took as it explored a square
field. Red dots: places where a certain neurone fired.

2. WEMRZITA R BEIYERRESFRIGFARINMNRERE - AR BEMHK
TTE{EBVLE -

The place cells described by O’ Keefe are not measured in your data!
They are not a cell-type you should look for!

RVBURLFRAIE O' Keefe fuiAyIthE ARAT !

EMTEMEZS RSS!

Summary of Tasks B{EHE
Your task is to analyse the function of neurons in the entorhinal cortex. The task will consist of two parts:
KREZ D AIREE P TIIEE » BEMED -

Part 1. You will have to analyse recordings of 30 cells. You will identify which neurons are responsible
for perceiving the same aspects of movement and/or position in space. At first, you do not have to
state which aspects of movement or position each neuron responds to, you only have to identify
groups of cells performing similar functions.

© BB 18053 o sES T 30 ERRASTTRIBUR o SRisHMEMK Tt B ERAMERNEE & (3X) ZEUE - 'k
ARG EES ERESSUENTMESE - (MRBEIEENITELTHENARMEE -

- You may only begin the second part after completing the first part.

- SERE BB PIRAE & o
Part 2. When beginning the second part, the lab assistant will provide you additional sheets with a

short description of the exact function of the cells in part 1. After studying these descriptions, you
will have to state the precise aspects of movement/space which six neurons respond to.

- B 2E - ERWRE AN E 0 BEREDHRREHERMEEIINGR A A E S0 MR BRI
BBt o (FHARTRETR - R R REER PR FREN IS B S ZE FEED A Y7 N EAE H FE RIS ST RER o

The background of your experiment:

BERFIENHRER
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1. Aratimplanted with electrodes was allowed to explore a 2m x 2m square field. X BiEA BiBE B
2mX2m WIESFEL o

2. We recorded the animal’ s movement and the activity of different neurons. F 9528 7 E¥RiEEHF0
R THE S ©

3. Results are displayed in the Neurophysiology software. 45 REERTEMAS LIRS EFEH o

4. You can switch between the NEUROPHYSIOLOGY and the Geneious Prime softwares by clicking on
the system tray or using the Alt+Tab key combination. {REI X B R E R4t (system tray) HEIRFE
T Alt + Tab 4 &3 NEUROPHYSIOLOGY # Geneious Prime xBg o

5. Do not use the software before reading the tasks. ;2F3:EE B KREAZ A1 > 50 (EBAEREE -

— B 1 B o (o— -
D s
i

PFary e dian L prad l Erplep wpresdi 10

Yomr

Figure 3. Software overview. A: Exploration field. B: Selection of neuron and run. C: Playback
control. D: Statistical information on the actual run. E: Answer block

3. MEEfE A -A RRIFE-B: EEMHE T HIT-C: EK—R (playback) > D :
BERITOMR IR - £ ERE

Part1 3 1 2%

Your software displays the route of the experimental animal continuously in time. You are able to select
individual neurons, and red dots appear on the animal’ s route when the firing of this neuron changes
significantly. Each animal was recorded doing three separate runs, so three data sets are available for
each neuron. (Figure 4-6).

RN EFELNNETERINNENRG o Ko LUREBEEWHKT > EXMCTAEEEEEES®L
B> BIMRVERIS LS HIRATR: - BEEFYHET=XERIN LK » HltSE®KTAIES =ESEA - (&
4-6) o

In Part 1, the animal’ s route will fade with time, so you can only observe a portion of the rat’ s movements.
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£% 18805 > BYNREEREREMHR > RILMRRERRIIKRENHIEZE -

-

Figure 4. Selecting neurones and runs. In this menu, you can switch between individual
neurons ( “neurons” 1-30). Clickon “run” and choose 1-3 from the drop-down menu.

B 4 EEMRGETLEHRIT - FEER > (RAANEE—WExZETH] ( “W&Ex” 1-30) - &F
“HATHR (run)” BIETHITVEEREE 1-3 -

\

o

Figure 5. Exploration field. Blue shows route of animal, red dots show neurone activity and
the arrow shows the direction of the head.

B S5 RESEH BEERHYNREG AeMBETHETNEL  MAEBERBRINA
E]
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Play Slow down | Speed up Replay speed: 1X

703
Eli}

Time (s)

Figure 6. Playback control. You can start ( ‘Play’ ) or pause ( ‘Pause’ ) the run, or you can
speed up ( ‘Speed Up’ ) or slow down ( ‘Slow Down’ ) the playback. Using the slider, you can
jump forward or backward in a run. Please be patient when using the slider, the software
may take a few seconds to load.

6. BIEZEF - RuI AR ( Play ) HEF ( ‘Pause’ ) BRAHIT > HELE AT LUIME (
‘speed up” ) HiEAE ( ‘slow down’ ) 4T o FIRHFE » oI UERFIHEEEE) o ERIFIERE
THOER > BT AER BRI EASE THENT -

You will see aggregated data of the activity of the neuron (y-axis) plotted against aspects of its movement
(Figure 7).

7 AETTEBNE SR (yH#) REYEHNREEE (E7) -

‘Online Analysis’ : the graphs show aggregated data collected until the current time point of the current
playback. Therat’ s current position is represented by black lines on the graphs.

“BDEF (on line) B : BIRETEREREAFINENAEHE - BR LNERERRTAENEAIUE -

‘Final Analysis’ : the graphs show aggregated values of the entire current run. The black line returns to
the 0 positions.

‘RS BIRETEEREINPITHERE > RRGFIRO(IE 05 -

FR(Hz) vs. X (cm): the firing frequency of the neuron is plotted against the animal’ s horizontal distance
measured from the lower left corner of the exploration field.

MEEENE (FR:HZ) Sk IS ENEERE (X: cm) BYRAR: IS TREICSRR BB YK TS B EERERIRRRE - KT 15
HIER T MEREE THARG

FR(Hz) vs. Y (cm): the firing frequency of the neuron is plotted against the animal’ s vertical distance
measured from the lower left corner of the exploration field.

MMSTENE (FRHz) SR ETS BYBERE (V: cm) OBfR: WMETTHOE (LA BRI E B BIERNMGE  SE5D
SR ERE A TG o

FR (Hz) vs. Speed (cm/s): the firing frequency of the neuron is plotted against the animal’ s linear speed.
RERENME (FR:Hz) BB ENEEE (S: cm/s) MIRAR © W ThYE(CIRREE R ZENREMRIAE -

LOOKING AT: the firing frequency of the neuron mapped against the angle between the animal’ s direction
of gaze and the straight line connecting the centre of the exploration field with its lower left corner.

FEER .7 MKTECER ® IR RRkEERRRBEAEATAZHROEFIRAE" FRRNEN
B o
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" Online analysis {* Final analysis
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w 004
=
Q00 ._l“ —
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Figure 7. Statistical information on the run

ARASHBR B IE

4.2.1.Q You will have to use the exploration field and statistical information to determine
whether each neuron has a function in the perception of movement and position
characteristics. You will then have to find cells with similar function.
MR EFERFRRBEHERKRAEE > UEEE—EARKTEES RMUERMIBIE
RFFEZ A6 o TR AR LIThEERARR o

- When you have an idea what the function of a certain neuron is, use the software to look for cells
with similar function.
R T R A TTRIFT A B RITHEER: » B RAZBE RS AR RN -

- The cells measured in your data are divided into FOUR groups based on the different charac-
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teristics of movement and position they respond to.
- IREBARREESIIENFESE - BERFLSMARS AMAE -

Each cell only responds to one of these four aspects of movement and position.
- SEMARELRESNUENKISH —&FEE -

- Approximately half of the 30 cells measured in your data do not respond to movement or posi-
tion. These are NOT cells which you are interested in.

- EERRAER 30 EMRED, KO—FEERNBHHMUEZHEE - ELARTFHIES o
- Your data includes at least FOUR neurons from each group.
- INSEREEE LS ERET
- You must find THREE neurons from each group
- R ERSADIREI =BT o
- l.e. you must identify four groups of three neurons
- BMRAZEHRINAE » B4 = EwAETT
- All the neurons in each group you enter should have the same function
- {REREANSEAPFRE LT AEA BRI (F4ERLTRIERTIEE)
- All the groups you enter should have different functions
- {RPREAARIPRE 4RI L R B R RIRITHAEE

You have a maximum of TEN ATTEMPTS at entering groups of three neurons to find all four cat-
egories
AR MESAETREE TUEA =B ST ERHRE N EEER

- You will receive fewer marks for each attempt
- AEREMS - FRFS Bt
- l.e. You should aim to find all four groups in your first four attempts
- BMRAEZA BRI R PRI PR 4R
- You can use table 1 to keep track of the attempts you make. It will NOT be marked.

- {RATLAREFAER 1 B RBVRIE » J2E > EXREWETD -
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T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

Table 1

When you identify three neurons from the same group, enter them into the answer block (Figure 8).
Repeat for each group.

WRE—4EPHE h = EMRETE  BREMBAZZEES (B 8) » LERILDERNESHE -

[ [0 |

Subrmnit
ansueer]

Wou have

1[4
trves lefi.
Group 1 - 177
Group X - T
Group 3 = 777

Group 4 - 117

Figure 8. Answer block

BN\ ERE

Write the number of three neurons into the rectangles, then click “Submit answer” . The system counts
down your attempts from 10 ( “You have 10 tries left” )

=AM E B AER, ABE—T ZHHRZXH: submitanswer” o ERFRFFERIMERIZEBZRE
(1€ 10 #ERL) (BUEN” FREER 10 RIFZHE) o
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If you answer is correct you will see this box (Figure 9). Click “OK” and continue to work.
MRMTNERZERR - MAEEIEEEE (B9) » ##— T BE LEFDE-

o You have found the group 1 néurons!

OK

Figure 9. Correct answer

Eh > EFEER

If your answer is correct, but the neurons are in a group that you have already correctly submitted, then
you will see this box (Figure 10). This will count as a false attempt and the number of remaining attempts
will decrease. Click “OK” and continue to work.

MRMPNBEREERD > EREEMRETE—EMBELEHERSENERNS - BEREFEIESERE (B 10)
BRI AR - WHEEMRR TARIRERE - 8—T" OK” IMEEEE -

/

You have found the group 1 néurons... again.. look for
something elie

oK

Figure 10. Re-discover)} of a group

10 > BHRIRIN EFF AR

If you submit three neurons which are not in the same group, you will see not see a pop-up box, but the
number of remaining attempts will decrease, and this will count as a false attempt. Continue to work.

MREH=ERER—HEFNHEETT » MIEFAGEIRERE » BFRERAERERRL > I RAERER o
HBIFES -

When you correctly identify three neurons in each of the four groups, part 1 will end. Or, when you run-out
of attempts, part 1 will end. You will see this box (Figure 11).

EfRE MR LI » SASZEHETR > SREATTRAFEMEE > BERSE 152 BRI
(B 11)
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CODE:
UIBTEOPDE

Figure 11. Completion of Part 1.

E+— > F—&D4E

You MUST write the “CODE: #######” on your ANSWER SHEET.
RBEE BRR LERLE™ A ##

Alternatively, you may choose to end Part 1 before you run out of attempts to save time. Click “Skip this
part! Show the CODE!” This box will appear (Figure 12). Click “YES” to end the task and reveal your code.
This is irreversible, you will receive marks for the correct groups you have discovered but it will count as
using all ten attempts. You must write your code on your answer sheet. Click “NO” to return to part 1 and
continue working.

tE5h > RET LUR AR ST+ RIE S RIENAS RS 1 B UME R o RHE” BUBILE ! BmAEE” - &EAE
SRTICE (B 12) - N =B BERF—af0ZFELERAHE - 55E8 ) —BI-T > AERE—MAF
ZEAEEE  RIGFERA T + RSB RERAERNZFD > BRATEEE LR LA - 5% & 8l
R[5 1 B AAEEES -

Group 3 - 177

Group 4 - 117

0 06 5
Qod 4
:
o
1 sln.l III N

Are you sure? Do you really want to skip this task? You will
lose your remaining chances and there is no way back!

Yes No

1 e g 1] 1
Figure 12. Giving-up

12, IEFE!
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After completing part 1 you MUST hold up your YELLOW CARD.
SERLSE 1 8B5318 > IRAAMZIFES R o

An assistant will check that you have correctly written the code.
BRI BEMRESERSHAES -

An assistant will give you INFORMATION necessary for PART 2.
BhEHG A IRIRIESE 2 BB AEBFRERE -
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Part 2

Read the information given to you by the assistant describing five different groups of neurons (A, B, C, D &
E). Your software will now display the whole route of the animal without fading (Figure 13).

R H PR (et A AH R RIRMAS T (A~ B~ C~ D & E) WEH,  fRAVERRS B RIS B EIR @R EN B R
HIRZBRE (B 13)

0 » 0 m s )
* e fom

Figure 13. Exploration field for Part 2.
13 » BERD ZIRZRIBI

Six specific neurons are listed on your answer sheet (Number 23, 17, 9, 25, 3 & 11). View the Exploration
fields of runs 1-3 for each of these neurons. Identify which of the five different groups each neuron belongs
to.

BFER LI T AERENBLTT (RSR 23179~ 25 3&11) - EFESE®MKITHIAT 3 R (runs 1-3) AR
RiFEE - BESEHETENNLERRMEFRM—E -

Q.4.2.2 Put an X on your ANSWER SHEET identifying which GROUP EACH NEURON be-
longs to.
EEFRRLES X LRI SEHRETRERMERR o
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Extra information on neuron types BRAMES T BRI AVEESM &

A) Speed cells EE4AE

Speed cells’ firing rate is proportional to the linear speed of the animal
I EAMARA AR AEE I BB IRV AR 1% R E RE LE I RA (R

Researchers recorded neuronal activity whilst controlling rats’ running speed. Rats were put in a bot-
tomless frame which was moved at pre-set speeds, compelling them to run (Fig. 1a). Rats either ran with
gradually increasing speed (Figure 1b left, middle), or with a sharp transition in the middle (Figure 1b
right).

PR SR E A iEH K R ES R ERHEEN - EEREN —ABREMAR LURRNEERS - UREXE
EF (B 1a) - KERAIZEEFIMERESNIN (B 1b £, &) > FReIERRERESEH (B 1b ) -

AN N
/7 i

b — Axis 2 Axis 3
~ 0.72 .-.._..m_ﬂﬁ M | 061
w 20F 20 ¥
x . 1 X
% 2 207 9% 7 a0 O5 2 i
Axis 1 Axis 1 Hoxis A

Figure 1. Speed set-up. Axis 1: Position in track (m). Axis 2: Firing Rate (Hz). Axis 3: Speed
(cm/s)

1. ZBEANFSEE 8 1. THE (m) P E o 8 2: HKTIEEERE Ho) o 8 3: BRE
(cm/s)

The other cell-types were discovered with the experimental design shown in Part 1.
5 1 B EEFSHEMARMESE -

Results shown in Figure 2.

#ERUNE 2 Fm o
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—

QJ

Figure 2

& —

B) Head direction cells ZE&B:E m4HA

The diagram depicts the firing rate (distance from origin) as a function of the animal’ s head direction.
Head direction cells fire anywhere in an environment when the animal is looking in a certain direction.

AEFETR T ENYIERERRY A M AT IR R (BRI R L) ZRIARE - EEFMRREESRER > & FREAR
Z FEERE EARA o
C) Grid cells #A1&4HAR

Grid cells have firing areas evenly spaced in a close-packed hexagonal array across the surface of the field.
MR AER RS CEIFIR LA R BUBIREE > I B R EEREEEREZHERBN/NEREY) o

D) Border cells i& R 4RA
Border cells only fire when the rat is in close proximity to the wall of the field.

BRARIAAEAREIAESHNNEBER A g3E1E

E) Bulk cells HEFAE3 5 4R

These cells do not show a clear firing pattern when the animal is moving even though they are often firing
during locomotion. This means we do not understand their function yet.

HATER BN - BEARBEEEL  ELERRNBEE RN - ERRERMEFTNECTINEEINGE



