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Martin Švejnoha (e-mail: svejnoha.ma@seznam.cz)

1. Houby nerostou jen v lese 10 bod̊u

Při řešeńı semináře IBIS nezakazujeme využit́ı generativńı AI (např. Chat-
GPT). Veškeré odpovědi, které nám pośıláš, by ale měly být psány Tvými
slovy a měl bys jim rozumět. Naše plné stanovisko k AI můžeš č́ıst na webu
v sekci Jak Řešit.

Houbovci nebo také živočǐsné houby (Porifera) jsou zvláštńı skupinou jednoduchých
živočich̊u s primárně mořským výskytem. Narozd́ıl od mnoha podobně ekologicky nevýz-
namných a lehce obskurńıch skupin bezobratlých (jmenujme např́ıklad rybomorky, ok-
nozubky, mechovnatce nebo rypečky) je jim věnována relativně velká pozornost i na
středńıch školách. Bohužel ne všechny informace a představy o houbovćıch bývaj́ı zcela
přesné a často chyb́ı hlubš́ı souvislosti, bez kterých je biologie obecně těžko pochopitelná.

Ćılem této úlohy je přibĺıžit vám ekologii houbovc̊u v kontextu i detailech.

Obrázek 1: Houba rybničńı (Spongilla lacustris), kosmopolit severńı polokoule.
biolib.cz/cz/image/id166740/

Ještě než se dostaneme k samotným houbovc̊um, představme si trochu fylogenetických
souvislost́ı. Porifera řad́ıme k bazálńım skupinám velkého taxonu mnohobuněčných živo-
čich̊u zvaného Metazoa. Bĺızkými př́ıbuznými mnohobuněčných Metazoa jsou trubénky
(Choanoflagellatea). Živ́ı se filtrováńım vody, kterou bič́ıkem vháńı do jakéhosi cyto-
plazmatického

”
ĺımečku“, potravu pak fagocytuj́ı. Mnohé trubénky vytvář́ı kolonie a

houbovc̊um jsou v lecčem podobné, ale nenajdeme u nich jeden zásadńı znak, který je
typickou vlastnost́ı pro všechny mnohobuněčné živočichy.
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1. Jaká vlastnost to je? Možná ti napov́ı daľśı části úlohy, zejména podrobnosti o tom, jak
se houbovci živ́ı. [1 b]

Přesná pozice jednotlivých skupin Porifera (znaleǰśı už ted’ tuš́ı, že jde tedy o parafyle-
tický taxon) je nevyjasněná. Některé analýzy dokonce řad́ı na nejbazálněǰśı pozici úplně
jinou skupinu – žebernatky (Ctenophora). Tak či tak, houbovci představuj́ı mimořádně
jednoduché mnohobuněčné organismy – nemaj́ı ani zárodečné listy které se už žebernatek
objevuj́ı. Většinu živočǐsných soustav a struktur u živočǐsných hub v̊ubec nenajdeme:
chyb́ı svalové buňky, nervová, dýchaćı nebo trávićı soustava, vylučovaćı orgány či ústńı
a řitńı otvor. Co vlastně tedy houbovci maj́ı?

Jejich tělo je tvořeno z opakuj́ıćıch se segment̊u (modul̊u). Povrch těla kryje jednovrstevný
epitel tvořen buňkami pinakocyty. Naopak vnitřńı část těla vystýlá složený
z buněk zvaných choanocyty. Mezi těmito vrstvami je nebuněčná hmota – (nikoliv
však často uváděný mezenchym, který je zcela odlǐsnou strukturou). V této vnitřńı vrstvě
najdeme archeocyty (= amébocyty), spongocyty a sklerocyty.

Tělo houbovce je tedy vlastně jeden velký a mimořádně účinný filtračńı aparát. Voda do
těla vstupuje drobnými otvory, neboli , částečky potravy poté vychytávaj́ı choa-
nocyty, specializované ĺımečkové buňky. Voda z tělńı dutiny1 nazývané odcháźı
vyvrhovaćım otvorem, .

2. V předešlých dvou odstavćıch doplň do každé mezery vždy jeden termı́n. Poté nakresli
jednoduché schéma těla houbovce se všemi zmı́něnými strukturami. [2 b]

Zachycené mikročástice potravy poté fagocytuj́ı amébocyty a živiny rozvád́ı po celém
těle. Amébocyty funguj́ı také jako jakési kmenové buňky, které se mohou diferencovat
v daľśı typy buněk. Propojeńı mezi buňkami jsou překvapivě volná, dokonce je možné
tělo houbovce rozmělnit jemným śıtkem a po nějaké době se zase samo slož́ı (viz odkaz).
shapeoflife.org/video/sponges-time-lapse-sponge-cells-recombining

Tělo houbovc̊u vyztužuje pružný spongin produkován spongocyty a také
”
kostra“ z r̊uzných

typ̊u jehlic, ty zase tvoř́ı sklerocyty. Jehlice mohou být z či z a podle jejich
tvaru děĺıme Porifera do několika skupin.

3. Doplň do prázdných mı́st vzorce dvou látek [1 b]

V České republice se však vyskytuje pouze 6 druh̊u ze sladkovodńıch Demospongia,
většina úlohy se proto vztahuje sṕı̌se k této skupině. V naš́ı př́ırodě ale na tyto zvláštńı or-
ganismy naraźıte sṕı̌se zř́ıdka, kolonie je totiž těžké odlǐsit od kdejakého slizu a b̊uhv́ıčeho
ještě, co se ve vodách jak tekoućıch tak stojatých běžně vyskytuje.

4. S č́ım bychom si mohli houbovce splést? Uved’ alespoň dva př́ıklady. [1 b]

Rozmnožováńı houbovc̊u je velice rozmanité – najdeme zde jak hermafrodity tak i gono-
choristy. Nejjednodušš́ım zp̊usobem je rozmnožováńı nepohlavńı, které můžeme rozdělit
na vněǰśı a vnitřńı pučeńı.

1Je to tělńı dutina asi tak podobně, jako je tělńı dutinou dlaň, kterou slož́ıme do tvaru misky – jako
pravou tělńı dutinu bychom mohli označit prostory mezi vnitřńı a vněǰśı vrstvou těla houbovce, tedy
kanálky, kterými procháźı voda.
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Vněǰśı pučeńı je vlastně jen rozr̊ustáńı (představme si třeba skalńık na zahradě vašich
prarodič̊u) – vznikaj́ı tak trsy a kolonie. Vnitřńı pučeńı, gemulace, je naopak o něco
komplikovaněǰśı. Gemule se tvoř́ı pr̊uběhu celého roku, nejv́ıce ale na podzim. Uplatňuj́ı
se zejména pokud se zhoršuj́ı podmı́nky v prostřed́ı, např́ıklad se bĺıž́ı zima, jde totiž
o drobné kulovité útvary schopné dlouhodobě přež́ıvat i promrznut́ı (což houby samotné
zahub́ı). Gemule tvoř́ı shluk ve sponginovém obalu s vrstvou jehlic, zvaných ge-
moskléry. Jehlice můžeme rozdělit do dvou charakteristických typ̊u, jsou to a

. Jehlice jsou druhově specifické, takže podle gemuĺı relativně snadno (ve formě na-
tivńıho preparátu pod běžným světelným mikroskopem) poznáme, kteréme druhu nálež́ı,
jen je třeba nejprve chemicky rozrušit sponginový obal.

5. V předešlém odstavci doplň do každé mezery vždy jeden termı́n. [1 b]

6. Zvláštńım typem nepř́ımého rozmnožováńı je rozpad jedinc̊u na menš́ı části, které následně
regeneruj́ı. U kterých skupin živočich̊u se můžeme s t́ımto zp̊usobem setkat? Uved’ alespoň
dva př́ıklady. A je něco takového možné i u houbovc̊u? [1,5 b]

Gemule také představuj́ı skvělý zp̊usob, jak se houbovćı mohu š́ı̌rit na velké vzdálenosti.
Jehlice se snadno zachyt́ı např. na peř́ı vodńıch pták̊u, kteř́ı je roznesou na stovky kilo-
metr̊u.

7. Jak se tento zp̊usob š́ı̌reńı nazývá? Uved’ alespoň dva př́ıklady jiných skupin rostlin či
živočich̊u (vyjma parazit̊u), které se takto š́ı̌ŕı. [1,5 b]

Houbovci se ale mohou rozmnožovat také pohlavně. Pohlavńı buňky vznikaj́ı nejsṕı̌se
z archeocyt̊u v mezohylu, spermie se uvolňuj́ı do vody a jsou nasávány do samič́ıho
jedince, kde docháźı k oplozeńı. Vzniká tak larva (parenchymula nebo amfiblastula),
která po přisednut́ı metamorfuje na morfologicky zcela odlǐsného dospělce.

Popsali jsme si ekologii a životńı cyklus sladkovodńıch houbovc̊u, nicméně většina druh̊u
živočǐsných hub žije v moř́ıch a to až do hloubek několika set metr̊u. Tomu muśı být
samozřejmě také řádně adaptovány. Velice zvláštńım př́ıkladem, kterým uzavřeme kapi-
tolu houbovc̊u je Asbestopluma hypogea, druh, který přešel k poněkud zvláštńı strategii
źıskáváńı potravy.

8. Zjisti o tomto druhu v́ıce informaćı a stručně shrň jak a č́ım se živ́ı. Proč je tento zp̊usob
v hlubokých moř́ıch výhodněǰśı, než klasická filtrace, kterou najdeme u zbytku houbovc̊u?

[1 b]
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Tereza Šustrová (e-mail: tereza.sustrova@mail.muni.com)

2. Go get stabbed (Di se bodnout) 10 points

A friendly reminder:
Your solution of this task is expected to be written in English.

We all know the feeling. You get out of bed in the morning, stretch and realize you feel
miserable. You wonder why, because yesterday you only drank tea and coffee like a real
scientist, so you don’t have a reason to be sick. Your Ginkgo biloba tea warms you up
nicely, but you still feel horrible. Every joint in your body aches, you vomit, have a fever,
are short of breath whenever you move and your head feels like it will explode. To make
matters worse, you (your girlfriend, sister, mother, roommate) are about to start your
period, so you need to buy some supplies.

You finish the last cup of your brain tea, put on your respirator and head to the store to
get tampons, hoping that soon you will return to your bed with another cup of herbal
brew.

But then – what. . . ? In the sanitary products section, you see “Always”brand sanitary
pads staring back at you. And you remember that this is how you answer your supervisor’s
question “After all this time?”, asking about your interest in research.

Figure 1: Harry Potter and the Deathly Hallows

So unfortunately your adventure doesn’t end with pads. It’s time to go to the laboratory.
But how to do it? Of course, you’ll run to the pharmacy for some ibuprofen or paraceta-
mol, but let’s be real – it won’t get you up on your feet until tomorrow. So, how do you
figure it out?
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1. Let’s assume that your symptoms are specifically fever (specifically 38.4 °C), vomiting,
tension headache and hypertension. Suggest a diagnosis and immediate solutions to sup-
press these symptoms. Do not limit yourself to conventional medicine. [1 pt]

It could be the flu or viral gastroenteritis. However, similar symptoms can also be caused
by dehydration, which we will rule out based on the previous text.

One possible solution in classical medicine is to administer antipyretics and antiemetics
intravenously. A possible solution in alternative medicine would be, for example, acu-
puncture or hypnotherapy.

Figure 2: Chinese
symbol for medicine

Who is to decide, who is to solve this problem? You walk into the lab
devastated and are still wondering what to do next. You are so lost
in thought that you don’t even notice your colleague who greets you
enthusiastically. When you don’t answer him, his smile drops and he
tells you pointedly, ”Go get stabbed!”And eureka! Acupuncture! It
will help!

2. Acupuncture is one of the methods of so-called Traditional Chinese
Medicine. In addition to it, it is based on four other basic methods of
treatment. What are they?Write for each of the individual treatments
on what principle it works, both from the perspective of classical
Western medicine and from the perspective of alternative medicine. [1 pt]

These are:

∙ Phytotherapy – This is the use of herbs, which in Traditional Chinese Medicine are
no different from the use of herbs by Paracelsus. The treatment uses substances
that a given plant contains as a defense against other organisms, nutrition for itself
or others.

∙ Dietetics – This is the use of food as medicine. In Western medicine, we know
that our diet is important, and it is very appropriate when we eat approximately a
certain number of different macro and micronutrients during the day. However, in
Chinese medicine, it is not so much about prevention, although this is taken into
account, as about a vague boundary between medicine and food. In short, simply
when I see that a patient has symptoms of low blood pressure, I stuff him with a
lot of red meat (and the fact that it is an iron problem is not at all important).

∙ Tuina – Tuina is a set of massages that in Chinese medicine work on the same princi-
ple as acupuncture, described in other tasks. It involves pressing various acupressure
points. In some cases, Tuina is even considered a part of acupuncture. In Western
medicine, we know that massage is based on the principle of releasing soft tissues.

∙ Qigong – This is a set of exercises that in Western medicine could be explained
simply as stretching and strengthening exercises that also affect soft tissues. In
Chinese medicine, it is an exercise that is supposed to support the flow of vital
energy ”qi”.
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“Wait a minute, I’m a scientist. Why should I bother with alternative methods?”you ask
yourself. Let me tell you something.

Figure 3: “Let me tell you something”meme

Figure 4: Qi

Although some methods may seem fake, unfounded, or even like “alter-
native biomother”to you, which prevents you from focusing on them,
you may see some solid evidence that our ancestors had good reason
for thinking what they thought.

3. What is qi energy, on which is acupuncture based? What are its types
– for three of them, describe the biological reason why they affect a
person? [1 pt]

What is consciousness? Life? Soul? Energy? None of us can really describe that. In any
case, it is a part of each of us. Qi energy, literally translated as air or breath, expresses
the energy of our body, the strength we have and feel, how we ourselves empirically and
mentally feel, and sometimes it is even an expression of some gods in our body.

8
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Qi is divided into yin and yang in the organism.

We can also divide it into good (zheng, i.e. everything good in our organism) and bad
(xie). The Xie qi type tries to get into our organism and do evil in it – probably like
pathogens that our ancestors could not see – bacteria or viruses.

But we have three other important types of qi in our body: Yuan qi, which we inherit from
our parents. It is therefore a non-biological analogue of the phenotype that we acquired
in DNA. Gu qi, which we obtain from food and biologically therefore fulfills the function
of our physical well-being – we have enough food, water, a proper ”Western”lifestyle.
The last type is Zhong qi energy, which is a combination of Gu qi and air. Zhong qi
symbolises our health in general. But why the air? Air is traditional medicine equivalent
of mental health. We might have not noticed it, but air and breathing is actually a big
part of mental health. It is no coincidence that the Buddhist ”Ommmmmmmmmm”and
the Christian Lord’s Prayer ensure that a person breathes at the optimal frequency and
deeply enough for calmness so their mental health is getting better during prayers.

4. In addition to Qi energy, acupuncture is based on the principle of acupressure points. This
is a group of points between which Qi flows and when they are stimulated, individual
problems are solved. Try to find which acupressure points we would have to stimulate to
solve the symptoms in task 1 and biologically justify whether stimulating these particular
points can work. [1 pt]

For example, stimulating the points on the tips of the fingers and the base of the thumb of
the right palm might help. The relationship between acupressure points and the treatment
of given body parts was refuted in a 2014 double-blind study in the journal Nature Cancer,
and stimulating individual points does not work. However, acupuncture has been shown
to be effective for other problems, such as relieving muscle tension, so we can continue
with the task.

But I think you should think about whether acupuncture is good for you. What if it
doesn’t help you? After all, intravenous calcium channel blockers would also not help you
for a fever and would even hurt you. Maybe it would be worth finding out more about
acupuncture, so you don’t injure yourself.

5. Is your diagnosis in task 1 one of the indications for acupuncture according to WHO?
If so, imagine that it is not. Is it a problem to undergo acupuncture if you do not have
indications for it? [1 pt]

The diagnosis of influenza, mentioned in the solution to task 1, is included in the WHO
indications. Other diagnoses will be assessed individually.

If you undergo acupuncture without any indication, you would expose yourself “only”to
the risk of contraindications or complications during the process. The method itself is
not dangerous.

Ok, however what about the specific contraindications. Will it hurt YOU? Directly you
– a person sitting now by computer solving IBIS?
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6. Try to think of two contraindications that could prevent a patient from going to an
acupuncture session. Justify why this should be the case. [1 pt]

For example, active psychosis or substance abuse due to the threat to oneself and the
doctor. Or pregnancy or ongoing chemotherapy due to major problems with complicati-
ons.

Let’s assume that the method is suitable for you. However, it is important to think about
two relevant things before you throw yourself at the doctor: the method and the doctor
himself. There are a lot of reasons why you want your doctor to have experience with a
method that best suits your needs.

7. What are the two most common problems that people suffer from when acupuncture is
performed incorrectly? Explain why these problems can occur with acupuncture and how
to prevent them. [1 pt]

The most common problem is infection, which can be prevented by sterilizing acupoint,
needle and hands of the doctor.

The second most common problem is the pneumothorax, which is produced by the pe-
netration of the needle. The prevention of pneumothorax is the choice of the right place
and the needle angle.

8. Find three methods to enhance classical acupuncture by modifying the classical acu-
puncture needle. For each, describe how the enhancement helps the treatment. [1 pt]

These are:

Fire-Needle Acupuncture: In addition to the release of the tension itself, the needle itself
also warms soft tissue, which also has proven effects in pain reduction.

Electroacupuncture: Here are more needles which have a low-frequency electric current
passing through them. The principle of this method is different from other types of electro-
therapy, since if the current was high enough to give a proven effect, the acupoint needle
would break. The principle of electroacupuncture is not yet known, but it is assumed that
it could be a transfer of ions in the direction of currents and thus greater nutrition and
blood flow to the tissue.

Acupuncture Point Injection: This is a method where the acupuncture needle is continu-
ously injecting various substances into the body. The biological effect then depends on
the substance. A special case is acupuncture with bee poison.

Hey, when the doctor comes to it, be careful! Do you even know what he’s doing? And
do you even know what could happen?

9. Briefly describe the insertion of a classic acupuncture needle into the triceps surae muscle.
[1 pt]

The acupuncture needle is held between the thumb and the middle finger or as in holding
a pencil.

10
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Subsequently, there is a decision where the right acupoint should be. In our case, it should
be the upper half of the calf, but the exact location is determined so it wouldn‘t interfere
with the tendons, nerves and vessels.

We introduce the needle with a gentle pressure on the acupoint at such an angle so that
we do not go through the muscle nor insert the whole needle to the muscle – almost
perpendicular to the acupoint.

Then we manipulate the needle according to the patient’s feelings.

Lastly we remove the needle with a gentle pull and disinfect the injection site.

10. Come up with seven complications that can happen to a patient during an acupuncture
session and list solutions for these complications. [1 pt]

For example:

∙ fainting: classic first aid – breathing monitoring, lifting your feet

∙ Breaking needles in tissues: pulling the needle with tweezers or surgical solution

∙ Needle bending in tissue: a gentle pulling in the direction of bending

∙ blocking needles by surrounding structures in tissue: waiting, release of surrounding
tissue by heat or massage

∙ Hematoma at the injection site: pressure as in normal venous hematoma,

∙ injection in the injection site: the patient’s calm, the mild massage of the structures

∙ Allergic reaction: administration of antihistamines

Uf, well. You survived the acupuncture. It was an intense experience! It is a pity that
you are not feeling any better. I guess you’ll have to rest. So run to sleep!
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Verra Hanušová (e-mail: verra.hanusova@gmail.com)

3. Souboj mozk̊u aneb kognice u člověka a zv́ı̌rat20 bod̊u

Pojem kognice je odvozen z latinského cogito. Středověký filozof Tomáš Akvinský cogito
popsal jako schopnost zabývat se pravdou. V současné době lze tuto definici chápat snad
jako schopnost vidět a vńımat svět kolem sebe pravdivě – tedy tak, jak je – a dokázat
se mu nejen přizp̊usobit, ba dokonce mı́t z tohoto přizp̊usobeńı i jistou výhodu! Když se
nad podstatou kognice zamysĺıme o něco d̊ukladněji, pravděpodobně naraźıme na jeden
problém, a sice, zdali je kognice schopnost́ı výlučně lidskou – jak ji obvykle chápeme –
anebo kognićı disponuj́ı i zv́ı̌rata. Možná vlivem své lidské ješitnosti zajdeme v této úvaze
dále. Je lidská kognice opravdu neotřesitelně lepš́ı než kteréhokoliv jiného druhu za všech
okolnost́ı?

Abychom trochu té naš́ı pýchy – ve vš́ı nadsázce – srazili hned pro začátek, představ́ıme si
jeden známý zv́ı̌rećı druh, který nás, lidi, v jisté schopnosti zcela předč́ı. Než budete č́ıst
dále, zkuste se zamyslet nad t́ım, zdali by byl holub podle Vás dobrým lékařem, dejme
tomu histologem. . .

1. Nı́že vid́ı̌s tabulku, která znázorňuje benigńı a maligńı histologické preparáty. Zkus si
tabulku dobře prohlédnout a zaměřit se na detekci signálu, kterým je v tomto př́ıpadě
maligńı struktura histologického preparátu. Druhý den (pokud budeš úlohu dělat na
posledńı chv́ıli a nebudete st́ıhat, doporučuji si nechat rozestup alespoň dvě hodiny. . . )
se k této úloze vrat’ a rozstř́ıhej tabulku na jednotlivé vzorky (jako pexeso). Pokus se
u nastř́ıhaných vzork̊u určit, zdali se jedná o maligńı, nebo benigńı struktury. Sv̊uj proces
hry na histologa vyfot’ a napǐste, kolik vzork̊u jsi zvládl určit správně (úspěšnost určeńı
vzork̊u neovlivňuje Tv̊uj bodový výsledek z této úlohy.) [2 b]

Obrázek 1: Benigńı a maligńı histologické preparáty (Levenson et al. 2015)
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Z úlohy 1 si snadno můžeš spoč́ıtat Tvou procentuálńı úspěšnost rozpoznáńı histolo-
gických nález̊u. Nyńı bych Ti chtěla nab́ıdnout př́ıležitost porovnat Tv̊uj výsledek s vý-
sledkem pr̊uměrného holuba. Skupina čtyř holub̊u totiž při takové úloze dosahuje úcty-
hodného výsledku 99% úspěšnosti!

2. Z jakého d̊uvodu holub dosahuje v této úloze tak vysoké úspěšnosti? Jaká je jeho
”
super-

schopnost“ a jakou evolučńı výhodu mu nab́ıźı? [2 b]

Holub má velmi vysokou úroveň vizuálńı inteligence a dokáže snadno provést mentálńı
rotaci. (Lze uznat i odpovědi typu vysoká prostorová inteligence/orientace v prostoru).
To je pro něj velmi výhodné při orientaci zejm. ve městě.

3. Úlohy, které jsou založené na podobném principu jako je ta výše, vycháźı z teorie detekce
signálu. Tato teorie zkoumá, jak rozpoznáváme šum oproti signálu. Pokus se na základě
znalost́ı o procesu detekce signálu doplnit následuj́ıćı tabulku, v ńıž jsou vynechaná žlutá
pole. [2 b]

U teorie detekce signálu ještě chv́ıli z̊ustaneme. Nejedná se pouze o teoretický model,
velké využit́ı má i v praxi.

4. V jakých oblastech, kromě lékařstv́ı, jak je zmı́něno výše, se můžeme s detekćı signálu
setkat. Uved’ alespoň dva př́ıklady. [1 b]

Např́ıklad radarové systémy, daktyloskopie, kamerové systémy, analýza očitých svědectv́ı. . .

5. V souvislosti s touto teoríı se hovoř́ı o dvou typech kognitivńıch zkresleńı: konzervativńı
a liberálńı. V čem tato kognitivńı zkresleńı spoč́ıvaj́ı? Znovu si vzpomeň na hru na chi-
rurga/histologa v prvńı úloze. Je lepš́ı, pokud má chirurg v takové situaci konzervativńı,
nebo liberálńı kognitivńı zkresleńı? Svou odpověd’ zd̊uvodni. [2 b]

Konzervativńı bias: Lékař je opatrněǰśı a označuje nález za pozitivńı pouze při větš́ı
jistotě. Liberálńı bias: Lékař je v́ıce nakloněn označit nález za pozitivńı i při nejistotě.
Pokud jde o detekci malignit, většinou se považuje za výhodněǰśı liberálńı bias, protože
d̊usledky falešně negativńıho výsledku (nezachyceńı rakoviny) jsou často závažněǰśı než
d̊usledky falešně pozitivńıho výsledku (zbytečné vyšetřeńı nebo biopsie).
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Pokud pro Tebe argument, že Tě pr̊uměrný holub předč́ı v jisté specifické úloze (těm
z vás, co zvažuj́ı profesńı dráhu chirurga, se omlouvám), neńı př́ılǐs přesvědčivý, možná
změńı̌s názor v následuj́ıćı podúloze. Pod́ıváme se bĺıže argument, jehož śılu může snad
přesvědčivě dokládat skutečnost, že je starý jako samotná lidská civilizace.

Už ve filozofických spisech z obdob́ı předsokratovské filozofie nalezneme úvahu, že člověk,
narozd́ıl od zv́ı̌rat, pouze nereaguje a abreaguje na své okoĺı, ale také je poznává, posuzuje
a soud́ı. Nezbytným předpokladem pro takové jednáńı je právě vědomı́ sebe sama. Podle
Platóna je sebevztah podstatou inteligence. Avšak lze vědomı́, že se bytost vztahuje k sobě
sama přisoudit výlučně člověku?

6. Než se vydáme v prozkoumáváńı této problematiky dále, pokus se vlastńımi slovy popsat,
jak chápeš pojem sebevědomı́. Disponuj́ı podle Tebe sebevědomı́m pouze lidé? [1 b]

Uznávám r̊uznorodé odpovědi řešitel̊u.

Vývoj člověka coby druhu je v mnoha ohledech velmi specifický. Lidská mlád’ata jsou ne-
obvykle dlouho závislá na své matce, náš vývoj je plný nejen biologických, ale i sociálńıch
milńık̊u.

7. V souvislosti s uvědoměńım sebe sama se, zejména ve vývojové psychologii, můžeme
setkat s termı́nem teorie mysli. Vysvětli, v čem tato teorie spoč́ıvá? V jakém věku se
v pr̊uběhu vývoje objevuje? [1 b]

Teorie mysli spoč́ıvá v pochopeńı intersubjektivity druhých lid́ı, d́ıtě tedy nabývá vědomı́,
že ostatńı lidé přemýšĺı jinak než ono samo. Po dosažeńı tohoto milńıku jsou děti schopná
chápat, posuzovat a předv́ıdat chováńı druhých. Teorie mysli děti obvykle dosahuj́ı ve
věku 4–5 let, přestože daný milńık může být individuálně specifický, tř́ıleté děti teorie
mysli ještě obecně schopny nejsou.

K dosažeńı určitých vývojových milńık̊u, jako je např́ıklad teorie mysli, docháźı v určitých
věkových obdob́ı, nicméně do určité mı́ry konkrétńı doba u toho kterého jedince otázkou
jeho individuálńıho vývoje.

8. Zkus se zamyslet nad t́ım, jak bys u určitého d́ıtěte otestovali, zdali teorie mysli dosáhlo
či nikoliv. Rozhlédni se kolem sebe a zapǐs tři předměty, které vid́ı̌s. Máš? Výborně! Nyńı
se pokus za využit́ı těchto tř́ı předmět̊u (nebo pouze některého z nich) navrhnout test,
který by spolehlivě prověřil, zdali již jedinec teorie mysli dosáhl či nikoliv. [2 b]

Princip testu spoč́ıvá s manipulaćı s předmětem v situaci, kdy jiná osoba neńı př́ıtomna,
ale osoba (d́ıtě), již testujeme, ano. Pokud d́ıtě usoud́ı, že osoba, která byla nepř́ıtomna,
nev́ı, kde se předmět nacháźı, přestože ono samo bylo svědkem manipulace a v́ı, kde
se předmět nacháźı, testem prošlo. Uznávám variabilńı odpovědi řešitel̊u, které budou
v principu správné.

Zkoumáńı teorie mysli se však neomezuje pouze na lidský druh. Jak už to tak ve vědeckém
světě bývá, panuje ohledně toho, zdali teoríı mysli disponuj́ı pouze lidé, nebo i jiná zv́ı̌rata,
mnoho dohad̊u a př́ı.
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9. Existuje však řada přesvědčivých d̊ukazu, které poukazuj́ı na to, že některá zv́ı̌rata teorii
mysli maj́ı! Jaký doklad teorie mysli byl zjǐstěn u sojky západńı? Nápovědou Ti mohou
být práce z oblasti etologie, např́ıklad Emery Claytona (2009). Co si Ty sám/sama mysĺı̌s
o existenci teorie mysli u zv́ı̌rat? [1,5 b]

Sojky západńı ukrývaj́ı potravu t́ım zp̊usobem, aby to žádná daľśı sojka neviděla. Pokud
v pr̊uběhu ukrýváńı sojka zaznamená, že ji spatřila jiná sojka nebo člověk, potravu vy-
hrabe a přemı́st́ı jinam. Bodově ohodnocen i vlastńı pohled řešitel̊u na př́ıtomnost teorie
mysli u zv́ı̌rat.

Naše uvažováńı o inteligenci ve světě zv́ı̌rat můžeme nepochybně rozš́ı̌rit i na bezobratlé
živočichy. Schopnost́ı adaptovat se na své prostřed́ı z evolučńıho hlediska nepochybně
disponuj́ı, stejně tak jako obratlovci, kterým jsme se zčásti už věnovali.

10. Housenky představuj́ı pro řadu pták̊u v́ıtanou pochoutku. Podle čeho ptáci housenky
v korunách stromů hledaj́ı? Jak na to housenky evolučně zareagovali? Lǐśı se nějak me-
chanismus, který housenky vyvinuly, u chutných a nechutných housenek? Nápovědou Ti
může být obrázek ńıže. [1,5 b]

Jedná se o př́ıklad asociativńıho učeńı. Housenky během života ož́ıraj́ı list́ı, sýkorky se
tedy nauč́ı, že ožraný list znač́ı př́ıtomnost housenky. Sýkorka tak housenku snadno najde
podle ožraných list̊u. Housenky źıskaj́ı během evoluce schopnost ož́ırat listy tak, aby
nevypadaly ožrané. Tento mechanismus však vyvinou pouze chutné housenky, nechutné
housenky k němu nemaj́ı d̊uvod.

Obrázek 2: Leaf Damage (Collins 1983)

11. Na závěr se vrát́ıme zpět k nám, lidem. Přestože jsme na některé schopnosti našich
zv́ı̌rećıch koleg̊u krátćı, je pravdou, že coby lidé disponujeme mimořádnou schopnost́ı lo-
gického a abstraktńıho myšleńı, plánováńı a rozhodováńı, která nás odlǐsuje od ostatńıch
zv́ı̌rat. Jaká část mozku, kterou maj́ı lidé oproti jiným druh̊um podstatně větš́ı a kom-
plexněǰśı, je za výše zmı́něné schopnosti zodpovědná? [1 b]

Prefrontálńı kortex

12. Nı́že nalezneš popis a pojmenováńı část́ı výše popsané struktury. Tvým úkolem je správně
spojit charakteristiku a název. [2 b]
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Ročńık 9
Sada 4

VMPFC

DLPFC

OFC

ACC

Exekutivńı a kognitivńı funkce

Okruhy impulzivity,
kompulzivity, kontrola

Zaměřeńı pozornosti,
emotivita

Korové zpracováńı emoćı,
nálada, afektivita

13. Složitost a komplexnost lidského mozku jej však mimo jiné předurčuje také ke specifickým
klinickým pot́ıž́ım. Jednou z nich je i frontálńı syndrom, který u pacient̊u zp̊usobuje
neobvyklé, mnohdy obskurńı chováńı. V čem tento syndrom spoč́ıvá a jak se projevuje?

[1 b]

Porucha nálady (tupá euforie, moria – VMPFC), porucha exekutivńıch funkćı (poru-
cha plánováńı činnost́ı, rozdělené na d́ılč́ı kroky – DLPFC), porucha kontroly impuls̊u,
desinhibice, familiérńı a nevhodné vystupováńı, hyperoralita, poruchy chováńı (OFC),
porucha pozornosti (ACC), porucha daľśıch kognitivńıch funkćı – syndrom demence
frontálńıho typu s převahou dysexekutivy a poruch chováńı. . .
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Jan Mičan (e-mail: honzamicann@gmail.com)

4. PRDEL 2 20 bod̊u

PRDEL neńı jen české slovo, které má p̊uvod ve všeslovanském *p rděti, pocházej́ıćı
z indoevropského onomatopoického kořene *perd- se stejným významem. Ve třet́ı sadě
jsme zjistili, že sekvence ṕısmen je také sekvence aminokyselin, která se skutečně nacháźı
v b́ılkovinách tvořených živými organismy. V této úloze se v těchto pěti ṕısmenech po-
vrtáme mnohem hlouběji a zkuśıme naj́ıt, zdali má PRDEL v biologických sekvenćıch
nějaký věťśı význam.

Úloha PRDEL v minulé sadě si kladla za otázku, zdali sekvence PRDEL hraje nějakou roli
v živých organismech. Jednoznačná odpověd’ je ano! B́ılkoviny obsahuj́ıćı tuto sekvenci
maj́ı celou řadu r̊uzných funkćı. Otázka jakou roli hraje konkrétně sekvence PRDEL
v těchto b́ılkovinách jsme ale zcela neobjasnili. Pojd’me se pomoćı bioinformatických
nástroj̊u dostupných každému online zkusit doṕıdit v́ıce.

Kdo již řeš́ı IBIS deľśı dobu, v́ı, že by to nebyla úloha od Honzy Mičana, aby v ńı nebyl
playlist či ṕıseň. Pro ty, kteř́ı ještě neslyšeli skladbu z předchoźı úlohy, je to:

Umbrtka – Pozad́ı: youtube.com/watch?v=zzqN94TLyLs

Pro ty, co ano, by daľśı ṕısně s touto tématikou měly př́ılǐs pokleslý text, raději tedy
klidné doporuč́ım tyto klidné lo-fi beaty:

Lofi playlist by Michelle: youtube.com/watch?v=8f3 UYv9Me8
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Ročńık 9
Sada 4

Základńım předpokladem pokoušeńı se o vysvětleńı role sekvence aminokyselin PRDEL
v proteinových sekvenćıch živých organismů je jej́ı nalezeńı. Použijeme k tomu nástroj
NCBI BLAST (Basic Local Alignment Search Tool): blast.ncbi.nlm.nih.gov/Blast.cgi

Proved’ vyhledáváńı sekvence PRDEL pomoćı nástroje NCBI BLAST. Na stránce vyber

”
Protein BLAST“ a v nastaveńı algoritmu dole na stránce (Algorithm parameters) vyber
délku slova 2. To je nutné při vyhledáváńı proti takto malé sekvenci. Pokud se ti nedař́ı
naj́ıt 25 sekvenćı, zvyš v

”
Algorithm parameters“ parametr

”
max target sequences“ –

maximálńı počet nalezených sekvenćı. Označ kř́ıžkem (levý sloupec) 25 vyhledaných sek-
venćı se stejným/podobným názvem (sloupec Description) a klikni na tlač́ıtko

”
Multiple

Alignment“, které je hned nahoře nad seznamem nalezených sekvenćı. To provede mno-
honásobné sekvenčńı přiložeńı. Na porovnáńı těchto sekvenćı se ted’ zaměř́ıme. Pokud
přiložeńı nenalezne významná přiložeńı v některých skupinách sekvenćı (no significant
alignments found for cluster. . . ), je potřeba vybrat sekvence jiné, např́ıklad s jinou funkćı.
Sekvenci můžeš v přiložeńı snadno naj́ıt pomoćı poĺıčka

”
Find:“, které se dá použ́ıt po

pravém kliknut́ı na jednu ze sekvenćı a kliknut́ı na
”
Set X as anchor“. Shodné aminokyse-

liny s kotevńı
”
anchor“ sekvenćı se pak zobrazuj́ı jako tečky. Zobraźı se pozice začátku a

konce této sekvence. Na tuto oblast se dá v přiložeńı přibĺıžit kliknut́ım a potáhnut́ım od
začátku do konce, např́ıklad od pozice 100 do 150 na ose x přiložeńı. Po ukázáńı kurzorem
na aminokyselinu se zobraźı podrobné statistiky.

1. Udělej sńımek obrazovky přiložeńı a pošli ho v souboru řešeńı. Přiložeńı také stáhni
pomoćı Download → FASTA alignment, otevři v textovém editoru a zkoṕıruj na konec
řešeńı [2 b]

Celé přiložeńı lze stáhnout zde2.

2. Kolik sekvenćı bylo úspěšně přiložených
”
Matches“ pro každou z pěti aminokyselin? [2 b]

17, 13, 9, 5, a 6 (zálež́ı na přiložeńı)

3. V kolika př́ıpadech je v těchto ostatńıch sekvenćıch pro každou z pěti aminokyselin me-
zera? [2 b]

5, 5, 5, 7, 7 (zálež́ı na přiložeńı)

4. Vyber čtyři sekvence, ve kterých se od sebe okoĺı (v obou směrech) sekvence PRDEL co
nejv́ıce lǐśı [2 b]

WP 163996512.1, WP 338866145.1, EOM76360.1, KAF5659731.1 (zálež́ı na přiložeńı)

2https://ibis.sci.muni.cz/materialy/2024 04 04 prilozeni.aln
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5. Vysvětli jak je možné, že když přiložené sekvence obsahuj́ı sekvenci PRDEL, nejsou vždy
přiloženy tyto sekvence na sebe? [3 b]

Je to t́ım, že ostatńı sekvence se spolu shoduj́ı i v jiných oblastech než v sekvenci PRDEL
a to bud’ před, nebo za. Motiv PRDEL se poté přilož́ı jinam.

Na základě předchoźıho úkolu si již možná můžeme ř́ıct, kde všude se sekvence PRDEL
nacháźı, a že se sekvence shoduj́ı i v jej́ım okoĺı. Pojd’me se ale pod́ıvat na strukturu
takovýchto b́ılkovin, jak by asi vypadaly aminokyseliny této sekvence v těle živého or-
ganismu v trojrozměrném prostoru? Moderńı nástroje jako AlphaFold3 a daľśı, za které
byla minulý rok udělena Nobelova cena, nám toto umožňuj́ı. Pojd’me si je vyzkoušet!

Pokus se vymodelovat strukturu sekvence PRDEL a padesáti aminokyselin jak před, tak
za ńı, ve čtyřech vybraných sekvenćıch z úkolu 4. Můžeš k tomu použ́ıt AlphaFold3: al-
phafoldserver.com nebo mnohem rychleǰśı ESMFold, který nav́ıc nevyžaduje Google účet:
esmatlas.com/resources?action=fold. Protože tyto nástroje maj́ı limit délky vstupńı sek-
vence, doporučuji vybrat vždy zhruba 50–100 aminokyselin před a za motivem PRDEL,
tj. řádek nad a řádek po v sekvenci stažené ve formátu FASTA.

6. Udělej sńımky obrazovky motivu PRDEL ve čtyřech r̊uzných vymodelovaných struk-
turách a zkoṕıruj je do řešeńı. [3 b]

7. Jaký sekundárně strukturńı element tvoř́ı motiv PRDEL ve čtyřech r̊uzných strukturách?
Šroubovici, list, nebo smyčku? [2 b]

Vždy smyčku.
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8. Porovnej okoĺı sekvence PRDEL co se struktury týče. Jak moc se měńı jeho struktura
v závislosti na změně sekvence? Je v́ıce či méně proměnlivá než sekvence v úkolu č. 1?

[2 b]

Samotná sekvence PRDEL se prakticky neměńı, tvoř́ı vždy smyčku. Struktura okoĺı je
mnohem méně proměnlivá než sekvence: zat́ımco aminokyseliny se měńı v́ıce, za sekvenćı
PRDEL je vždy šroubovice a měńı se geometrie smyčky, ale ne tak jej́ı rosah.

Zkus nakonec naj́ıt strukturu motivu naj́ıt v databázi experimentálně vyřešených struktur
RCSB PDB: rcsb.org. Vyber pokročilé vyhledáváńı

”
advanced search“ a zadej sekvenčńı

motiv
”
sequence motif“. Po nalezeńı struktur si je rozklikni a klikni vlevo nahoře na

”
structure“ a najdi motiv. Posledńı 2 body této úlohy je za fotografii motivu PRDEL
v pozorované, ne pouze předpovězené, struktuře b́ılkoviny, a posouzeńı, zdali se shoduje
sekundárně strukturńı motiv s těmi předpovězenými v úkolu č. 7.

9. Napǐs kód struktury (čtyřmı́stný identifikátor PDB ID) a zkoṕıruj sem sńımek obrazovky
motivu PRDEL v ńı. [1 b]

PDB ID: 2EP4

10. Shoduj́ı se typy sekundárńı strukturny motivu PRDEL v předpovězených strukturách a
ve struktuře z experimentu? [1 b]

Ano, motivy se shoduj́ı: v obou př́ıpadech jde o smyčku.

V této úloze jsme se ještě v́ıce do detailu pod́ıvali na sekvenci PRDEL a na jej́ı potenciálńı
roli. Zjistili jsme, že sice nehraje zásadńı roli funkčńı, za to ale zprostředkovává d̊uležitý
strukturńı motiv v mnoha proteinech. Co je ale nejd̊uležitěǰśı, zkusili jste si na tomto
př́ıkladu pracovat se dvěma bioinformatickými nástroji, což se Vám jako v předchoźı úloze
může hodit v analýze jiných sekvenćı. A jak vypadá motiv PRDEL na tom nejmenš́ım
měř́ıtku v životě, totiž na tom atomárńım, to Vám nepov́ım. Ti, kteř́ı úlohu udělali, to
v́ı, a těm, kteř́ı ještě ne, bych př́ılǐs napověděl. . .
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Anežka Kováčiková (e-mail: anezka.kovacikova42@gmail.com)

5. Ve dvou/třech/čtyřech se to lépe táhne. . . ? 20 bod̊u

V roce 1865 Johann Gregor Mendel poprvé představil své pokusy na hrachu. Následně
publikoval

”
Pokusy s rostlinnými hybridy“, č́ımž položil základy genetiky, jak ji dnes

známe. Na základě svých pokus̊u předpokládal, že se znaky děd́ı od obou rodič̊u a přenáš́ı
z jedné generace na druhou skrz nějaký neznámý faktor nacházej́ıćı se v buňkách.

Dnes v́ıme, že tyto
”
faktory“ jsou chromozomy – struktury nacházej́ıćı se v buněčném

jádře, které uchovávaj́ı a přenáš́ı genetickou informaci3. Samotný objev existence chro-
mozomů však k tomuto zjǐstěńı hned nevedl. Dát si dvě a dvě dohromady vědc̊um pár
deśıtek let trvalo.

1. Kdo a kdy poprvé pozoroval chromozomy? Jak popsal to, co viděl? [0,5 b]

2. Jaký je p̊uvod slova chromozom a proč se jmenuje zrovna takto? Jakou souvislost to má
s jeho objevem? [0,5 b]

3. Devatenácté a dvacáté stolet́ı byly plné d̊uležitých genetických milńık̊u. Jmenuj ale-
spoň tři významné objevy, které vedly ke zjǐstěńı, že chromozomy hraj́ı roli
v dědičnosti. Kdo za nimi stál, kdy to bylo a jaký měly vliv na vývoj oboru genetiky?
Pohlavńı chromozomy zde neber v potaz, mluv́ıme o chromozomech obecně. [1,5 b]

Studiu chromozomů se věnuje podobor genetiky s názvem cytogenetika. Studuje jejich
počet, morfologii a poruchy v jejich počtu nebo struktuře. V této úloze si ujasńıme
základńı morfologickou stavbu chromozomů.

4. Načrtni jednoduchý obrázek znázorňuj́ıćı strukturu typického eukaryotńıho chromozomu
tak, jak jej vid́ıme pod mikroskopem. Popǐs jednotlivé části a stručně uved’ jejich funkci.

[3 b]

5. Načrtni a popǐs pět typ̊u chromozomů dle druhu centromery. Ano, pět. :) [1,5 b]

6. Do následuj́ıćıho textu doplň chyběj́ıćı pojmy:

Buňka ve svém životńım cyklu procháźı dvěma základńımi fázemi: , ve které
roste a vznikaj́ı některé struktury, a fáźı, kdy se děĺı. V se buňka
nacháźı po většinu svého života. V jej́ım pr̊uběhu jsou chromozomy v jádře .
Z tohoto d̊uvodu je pozorovat pod mikroskopem. Během se chromo-
zomy a źıskávaj́ı sv̊uj typický tvar. [1 b]

7. Možná jste někdy slyšeli př́ıměru, že chromozomy v neděĺıćım se jádře jsou jako rozmotané
klub́ıčko vlny. Na prvńı pohled se může doopravdy zdát, že v takovém jádře vládne chaos
čekaj́ıćı na to, až ho srovná do latě proces buněčného děleńı.

Existuje ale několik model̊u popisuj́ıćıch uspořádáńı chromozomů v jádře
buňky, která právě neprocháźı buněčným děleńım. Jmenuj a stručně popǐs
alespoň tři z nich. V čem spoč́ıvaj́ı a pro jaké druhy jsou platné? [3 b]

3Předpokládej, že v této úloze pracujeme pouze s typickými eukaryotńımi chromozomy.
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Jednotlivé druhy mohou být charakterizovány počtem chromozomů. Když popisujeme
počet chromozomů, setkáváme se s označeńım n pro počet chromozomů v haploidńıch
(= s jednou kompletńı sadou chromozomů) buňkách a 2n v diploidńıch (= se dvěma
kompletńımi sadami). V procesu děleńı buňky ovšem může doj́ıt k r̊uzným mutaćım a
změnám v těchto výchoźıch počtech – to pak označujeme 3n, 4n. . .

Pokud se jedinec lǐśı v počtu kopíı jednoho konkrétńıho chromozomu, ř́ıkáme tomu ane-
uploidie. To je př́ıčinou některých lidských onemocněńı jako třeba Down̊uv nebo Tur-
ner̊uv syndrom. Jiný př́ıpad je pak polyploidie, kdy docháźı ke zmnožeńı celých chro-
mozomových sad. Může k tomu doj́ıt spontánně, vlivem fyzikálńıch faktor̊u, záměrným
kř́ıžeńım nebo ćıleným p̊usobeńım kolchicinu, který ovlivňuje r̊ust mikrotubul̊u. Počkat,
ćıleným?

8. Polyploidie má značně odlǐsné dopady podle toho, o jakém organismu je řeč. Popǐs rozd́ıly
mezi projevy polyploidie u rostlin a živočich̊u. Jaký vliv má ploidńı úroveň na roz-
množovaćı schopnost organismu? U jakých druh̊u se polyploidie vyskytuje? Jaké jsou
jej́ı výhody a nevýhody? K čemu nám je ćıleně kř́ıžit organismy tak, aby byly poly-
ploidńı?

[2 b]

9. Popǐs, jakou roli sehrála polyploidie v evolučńım vývoji vyšš́ıch rostlin. Proč je pro jejich
evolučńı vývoj o tolik d̊uležitěǰśı než pro živočichy? [2 b]

10. To nejlepš́ı na konec, kř́ıžovka! V té si objasńıme nějaké daľśı pojmy a na jej́ım konci
tě čeká super tajná zpráva. Stač́ı seřadit ṕısmenka v zelených poĺıčkách v následuj́ıćım
pořad́ı: 6 9 7 3 8 10 2. [5 b]

1. Polyploidńı organismus, jehož chromozomy pocházej́ı z r̊uzných druh̊u.

2. Historický model nenáhodné orientace chromozomů v interfázńım jádře:
konfigurace.

3. Jakou ploidńı úroveň má bezsemenné ovoce?

4. Rod obojživelńık̊u, u kterého se objevuj́ı stabilńı polyploidńı linie. Uved’ odborný
název.

5. Označeńı pro v současnosti diploidńı druhy, které ve své evolučńı historii někdy
prošly procesem polyploidizace.

6. Schematické grafické zobrazeńı souboru chromozomů daného organismu.

7. U jakého řádu bezobratlých je v dospělosti př́ıtomna pouze jedna sada chromozomů?
Uved’ odborný název.

8. Chyba při děleńı buněk, kdy se chromozomy správně neodděĺı, což vede k změnám
v jejich počtu.

9. Polyploidńı organismus, který má v́ıce sad chromozomů pocházej́ıćıch z jednoho
druhu.

10. Jak se nazývaj́ı chromozomy, které nemaj́ı centromeru?
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Gratuluji, jsi na konci úlohy! Doufám, že Ti jej́ı řešeńı přineslo do mozku nějaké nové
informace a moc děkuji za jej́ı řešeńı :)
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Dorota Vı́chová (e-mail: dorota.vichova@seznam.cz)

6. On the brink of extinction 20 points

A friendly reminder:
Your solution of this task is expected to be written in English.

Figure 1: Iberian lynx, animal used often
as an example specie saved from the death
pinterest.com/pin/37858453110296124

Introduction

1. Fill out the blank spaces in the text. [1 pt]

Nowadays it is quite common to come across some
news in media about one or another specie going
extinct or being on the brink of extinction. Human
society is pressuring wildlife by its expansion, ex-
ploitation and selfishness. In the last century people
realized the seriousness of the situation and foun-
ded new multidisciplinary field of biology – con-
servation biology. This field founded by and

in . focuses on preserving endan-
gered species with many tools. It uses knowledge
and methods from various other fields, for example

. One of the subfields is con-
servation genetics, which will by our focus in this
task.

There is lot of phenomena to discuss and lot of species, that were tried to be saved with
help of genetics. In this task we will discuss some of the case studied and issues, that
conservation genetics brings.

When we want to protect something, we need to establish conservation units – to know,
what exactly we are conserving. Are we focusing on specie, or genus, or higher taxa? And
what about the phylogenetic past of the specie. . . There are different types and levels of
conservations units. We will focus on two of them, abbreviated ESU and MU.

2. What are differences between them? To which issues are they applicable? [1 pt]

Small populations and their issues

You may notice that populations with high number of individuals rarely genetically stru-
ggle. More endangered are species that have small populations. For thriving population
genetic variability is essential. And when you apply common sense, the bigger population
the bigger variability.

3. How would you asses genetic diversity, when studying, let’s say population of lynx in
Beskydy mountains? At which parameters would you look? [1 pt]
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When populations get too small, it is very easy to get pulled down into the so-called
extinction vortex. That is model of causes and consequences that are leading to potential
extinction of the specie. We will now look at different factors and what role they play.

4. But for starters find out what are the factors playing role in the vortex and what are its
consequences. Create by hand scheme of such vortex. [2 pt]

One of the issues that such extinction vortex brings is inbreeding and inbreeding depres-
sion. Behind this term is situation, when closely relative individuals mate and produce
offsprings with lower fitness. In small or isolated populations, it happens more often,
simply because there are not enough mating possibilities outside the “family”.

5. What are genetic consequences of mating close relative individuals? How does it influence
genotype and fitness of such inbred individual? [1 pt]

Nice. Now we know, what can happen when the population gets too small. Now let’s dive
into some of those deleterious effects more.

Case studies

Figure 2: pbs.org/newshour/show/how-
the-black-footed-ferret-is-making-a-
comeback-from-the-brink-of-extinction

What happens when most of the ferrets die?

We will begin in North America with our stories.
Black footed ferrets were once living on vast terri-
tory and thriving. Their population relied on their
prey, prairie dogs. Numbers of prairie dogs were
lowered because of agricultural use of land and hun-
ting. That had such an impact on ferrets’ popu-
lations, that they were considered extinct through
seventies. In 1986 there was small population dis-
covered in Wyoming. But for then another blow of
fate came down on them and the population ex-
perienced epidemy od distemper and plague. The
population suffered significant decrease in individuals.

6. How is this phenomenon, characterised as sudden reduction of population called? [0.5 pt]

7. What are consequences of such phenomena? What can be observed in genomes of sampled
and genetically studied population? [0.5 pt]

8. But this is quite common phenomena. It happened to many more species. Name one more
case and describe what happened there. [1 pt]

Back to the ferrets. Fortunately, population was saved by conservationists and now it has
been established back into the American wildlife through reintroduction. About proble-
matics of reintroductions, we will talk more later in this task. Now let’s move on another
story.
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Figure 3:
floridawildlifefederation.org/florida-
panther/

The inbred florida panther

Now we come to the previously discussed inbree-
ding. I bet, that you have already heard a lot about
incestuous relationships in European nobility fami-
lies and its phenotypical consequences. And as you
found out in previous question, those consequences
are scarcely good.

The inbreeding is measured using the inbreeding co-
efficient. For two totally unrelated individuals F=0
and for completely inbred F=1.

9. Find out the formula for inbreeding coefficient. Use
the approach that is based on pedigrees. In this case
you know, who is how related to each other. Write
it down here and calculate the coefficient for these
incestuous matings. [2 pt]

∙ brother–sister

∙ mother–son

∙ half–siblings

∙ first cousins

Causes of inbreeding depression are multiple. Usually, population suffers under some kind
of pressure. That can be caused by ecological disturbation, hunting or restricted habitat.
Animals then breed within small number of individuals without consideration (well, they
are animals) and create inbred individuals. Textbook example of this is what happened
to florida panther (Puma concolor coryi) in last century.

10. Describe, what was the reason for shrinking of the florida panther population. [1 pt]

11. What diseases or defects were result of this situation? Name four and describe them.
[1 pt]

Now you know, how deleterious inbreeding can be. Fortunately, there are ways how to
improve the situation. Of course, you can try to “dilute” the population with “infusion”
of individuals, that are not related to the inbred population.

12. How can be this kind of artificial dilution carried out? Where do you get the animals?
And what do you have to regulate and pick carefully? [3 pt]

There is also one natural defense against the inbreeding. It is genetical phenomena called
purging.

13. What does it mean and how does it work? [0.5 pt]
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Figure 4: kockadivoka.cz/kocka-divoka/

Genetically swamped wildcat

Another genetic issue with quite severe impacts is
hybridisation. That is defined as cross breeding of
individuals from genetically distinct populations,
usually from different species. This happens some-
times naturally, for example in case of frogs of ge-
nus Pelophylax. But very common it is in between
domesticated and wild form of animal. As example
we can use dog (Canis domesticus) and wolf (Canis
lupus) or pig (Sus scrofa domesticus) and wild boar (Sus scrofa). Such introgression in-
troduces new alleles into the wild genotype with traits, that may or may not be beneficial
for the specie. In Europe there are wildcats (Felis silvestris) hybridizing with domestic
cats (Felis catus). In this case it is more complicated. Domestic cat comes from specie
Felis lybica that originates in Africa. Between these two species of wildcat reproduction
barrier was never made, so now they can happily hybridize and produce fertile offsprings.
And as a bonus, you have practically now other reliable way to determine the hybrids
other than DNA analysis.

In our country the hybridization is not such pressing issue for wildcats. But for example,
in Scottland the situation is quite severe. In context of the Scottish wildcat is often used
term “genetically swamped”.

14. What does it mean? [1 pt]

How do we know that the species are mixing. Usually there is used genotype analysis
based on microsatellite or SNPs markers.

15. For 0,5 pts write down, what are those. [0.5 pt]

When you have genotypes from many individuals from both species, you can proceed with
the analysis of introgression using quite advanced statistics, which then assign genotypes
of the individuals to either domestic or wildcat. And for example, when the percentage
of number of domestic cat alleles in wildcat genotype is higher than around 20%, than
you have a hybrid.

16. How it can be beneficial to the wildcat to carry some traits of domestic cat? And how
negative? [1 pt]

17. What does creation of such hybridized individuals mean for conservation from legislative
point of view? Try to come up with possible solutions how to prevent hybridization.
Support your solutions by published studies and cite them here. [2 pt]

Hope and future

In this task we got to peek into the issues of conservation genetics. We have unravelled
couple of captivating stories about extinction and salvation. There is of course more
issues and a lot of to study in this field. Unfortunately, it is nowadays more research and
effort to uncover problems in wildlife populations and hopefully help them recover from
anthropogenic pressure.
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