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[loporue YyacTHUKK

[1ns oTBETa Ha BOMPOCHI 3TOM TeopeTnyeckon paboTbl BaM JaETCS B OOLLEN CNOXHOCTH
3 vyaca (180 MUHYT).

[ns oTBETOB Ha BCe BONpocChl ncnonb3ynte Jinct OTBETOB, KOTOPLIN NpUnaraeTcs
OTAESbHO.

OTBeTbl, BNMCaHHble B TekcT Bonpocos, oueHnBatbes HE 6yayT.

BrnncbiBanTe Bawm otBeThl pa3bopumso. UMenTe B BUAY, YTO BO3MOXHO bonee
OAHOro npaBusibHOro/HenpaBUIILHOrO OTBETa U BCE KNETKU AOSKHbI ObITb
3anosiHeHbl.

Hanpumep:

MPUMEYAHUE: HekoTopble 13 BONPOCOB MOryT 6bITb OTMeYeHbl “CHAT” / “YpaneH”. HE

oTBeYanTe Ha 3Tu Bornpockl. Kpome Toro, npoyntante BOMNpOC MOMHOCTLIO, Nepes TemM
KaK NpUCTYNUTb K OTBETY, TEKCT BONPOCOB MOXET ObITb NPOAOIMKEH Ha cregyoLen
cTpaHuLe.

MakcumarnbHoe KonmyecTBo 6annos 3a aty paborty - 93,8. (Obpamume sHumaHue, Ymo
3Mo MOXXem U3MeHUMbCS rocsie nepecmompa 3adaHuul)

Mocne 3BoHKa 06 okoH4YyaHun Tecta, HEMEOJIEHHO npekpatuTe oTBeYaTb Ha BOMPOCHI
N OTIIOXUTE PYYKY.

Mo okoH4YaHuKM TecTa ByayT cobpaHbl kak Baww Jlnctel OTBETOB, Tak 1 Bonpocskl

TeopeTuyeckoro 3agaHus.

Xenaem Bam ygaun! ©
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1.

BMONOIrnsA KNneTku

B Tabnuue Huwxe npeactaBneH reHeTUYECKNA KOA.

U |C A |G
U | Phe Ser Tyr Cys u
Phe Ser Tyr Cys c
Leu Ser STOP STOP A
Leu Ser STOP Tmp G
C|Leu Pro His Arg U
Leu Pro His Arg c
Leu Pro Gin Arg A
Leu Pro Gln Arg G
Allle Thr Asn Ser U
lle Thr Asn Ser c
lle Thr Lys Arg A
Met Thr Lys Arg G
G | val Ala Asp  Gly U
\al Ala Asp Gly c
Wal Ala Glu Gly A
Val Ala Glu Gly G

Y HEKOTOpbIX BUPYCOB (Hanp. Bupyca TadadHon mosankm, BTM) nmetotca nocnenoBateribHOCTH

PHK, koTopble cogepxaT Tak Ha3blBaeMbli «Cnabbiny (C HENOMHBIM NPOSBNEHNEM) CTOM-KOLOH.

Y BTM B 95% cny4aeB pnbocoma xo3sivHa 6yaeTt obpbiBaTb CUHTE3 NonunenTunaa Ha 3ToM

KOQOHE, HO B OCTallbHbIX CllydasdX OHa 6y,£|,eT nponyckatb ero.

Cnepyowme nocnegosartenbHOCTU NokasbiBaloT Yacte MPHK BTM. Ykaxute

nocnegoBaTenbHOCTL(K), kKoTopas(ble) MOryT NPUBOANTL K 06pa3oBaHMIO ABYX NONUNENTUAOB B

yKa3aHHOW paMke CUMTbIBaHUS 3HaKoM (¥'), a Te, KOTopble He NpuBeayT 3HakoMm (). (1,8 6anna)

a.

b.

5’ - AUG- UCU- UGU- CUU- UUC- ACC- CGG- GGG UAG- UAU- UAG- CAU- GAU- GAU- UAA- 3

5’ - AUG- ACC- CGG- GGG UUU- CUU- UUC- UAG- UAU- GAU- CAU- GAA- GGEU- UGU- UAA- 3

5’ - AUG- CUU- UUC- UCU- UAU- UAG- CAU- GAU- GGU- UGU- ACC- CGG- GEG- CCC- UAA- 3

5’ - AUG- CAU- GUU- CUU- UUC- UCU- UAU- UGU- GEU- UG ACC- CGEG- GGG UUC- UAA- 3

5’ - AUG- CAU- GAU- GGU- UGU- ACC- CGG- GGG UAG- CUU- UUC- UCU- UAU- UGC- UAA- 3’

5’ - AUG- UCU- UAU- UGG CAU- GAU- GEU- UGU- CUU- UUC- ACC- CGEG- GGG AAA- UAA- 3
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2. MwutoxoHapuu, rmaBHbIM 06pa3oM, BbINOMHAKT criegytoLime PyHKUmm:
a. TepMoreHes
b. anontos
c. obpasoBaHue ATD
d. MeTabonuam XUpPHbIX KNCNOT
YKaxuTe NpUCyTCTBUE XOPOLLO Pa3BUTbIX MUTOXOHAPUIA 3HaKoM (v'), cpeiHee coaepkaHue
MUTOXOHAPUA 3HAKOM (-), a OTCYTCTBUE MUTOXOHAPWUI - 3HaKOM (x). CooTHecuTe
KntoyeByto(ble) pyHKumMo(1) MuToXoHAPWI (a - d) B ykasaHHbIx B JIMCTE oTtBeta knetkax. (1,8

6anna)

3. Pacnonoxute monekynbl [JHK B 3aBCMMOCTH OT Ux Temnepatypbl nnasneHusa (Tm) ot camon
HU3KoM Ao Hanbonee Bbicokon. (0,9 6anna)
a. 5 - AAGTTCTCTGAA- 3’
3’ - TTCAAGAGACTT- 5’
b. 5' - AGTCGTCAATGCGG 3’
3’ - TCAGCAGTTACCCC- 5’
C. 5’ - GGACCTCTCAGG 3’
3’ - CCTGGAGAGICC- 5’
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4. CylwecTBYIOT pasnuyHble MexaHU3Mbl, NPUBOASLLME K NPOrpaMMnpyeMon rmbenm KneTok, T.e. K
“anonTtosy”. OauH M3 3TUX MEXaHM3MOB 3aMyCcKaeTCHa akTMBHbIMUK dhopMamu Kncriopoga. B
HOpMe BHELLHAA MembpaHa MUTOXOHAPUIN HECET Ha CBOEW nNoBepxHOCTM 6enok Bel-2. [dpyron
6enok, Apaf-1 ceasbiBaeT Bcl-2. AkTuBHbIe hopMbl KMcnopoda 3acTtasnsioT Bel-2
BbicBOOOXAaTb Apaf-1, a TpeTun 6enok Bax - npoHukaTtb Yepe3 MembpaHy MUTOXOHOPWUNA,
BbIBCBOOOXAasi LMTOXPOM C. Bbiweawnim ns MMTOXOHAPUI LUTOXPOM € 06pasyeT KOMMMEKC C
Apaf-1 1 kacnapason 9. 3atem 3TOT KOMMMEKC NOCIeA0BaTENBHO aKTUBUPYET MHOINE

npoteasbl, nepeBapmBarOLLnNe KNneTovHble oenku.

UTo Npon3onaéT c KreTKon, NoABEPKEHHOW BO3AENCTBUIO aKTUBHBLIX OpM Kucnopoaa, npu
cnegyoLwmx ycrnoBmsax?
I.  KneTka akcnpeccupyeT MyTaHTHYIO bopmy 6enka Apaf-1, koTopast NOCTOAHHO (Bcerga)
cBasbiBaeT Bcl-2.
.  KneTka coBcem He akcnpeccupyet Bcl-2.
lll.  KneTka cynepakcnpeccupyeT chopmy Bcl-2, koTopada Bcerga agpecyeTcs ToNbKO B
KNETOYHYO MeMOpaHy.

IV.  Kknetkam gobaeneH peakTuB, KOTOPLIN YBENMUMBAET Bpems Bcel-2.

ConocTaBbTe ganbHenwyto cyabby knetkm ¢ ycnosusimu (ot | go IV). (2 6anna)
a. KneTtka npoTuBOCTOUT anonToay.
b. Knetka 6yget 6biCTpo noaBepraTbCsl anonToay.

C. Cyﬂb6y KIETKM HEBO3MOXHO MNpeacKkasaTthb.
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5.

B Tabnuue npueeneHsl xumudeckue opmynel, pKi, pKz n pKgr HEKOTOPbIX aMUHOKUCHIOT.

pK; pK: PKr
AMUHOKMCROTa dopmyrna a-COOH a-NH, BOKOBO Lienu
5)
FmuumH (Gly) oH 2,35 9,78 o
NH,
0
HsC
AnanuH (Ala) OH 2,35 9,87 —
NH,
H OH
Ao
Cepu (Ser) H2N/(( 2,19 9.21 -
OH
0
o
AcnaparvnHoBas OH 1,99 9,9 3,9
kncnota (Asp) OH NH,
0 0
MmyTamuHoBas HOWOH 21 9,47 4,07
kucrnota (Glu) NH;
NH,
TNuant (Lys) KSYO 2,16 9,06 10,54
HoN
OH

5.1. Onpegenute NpenMyLLECTBEHHYO (OOPMY (MOHHAA NN HeWTpanbHas) renTanenTnaos oT A
oo CnpnpH1, pH 7 upH12. Onpegenute COOTBETCTBEHHO UX 3apsan (OKpyrnasa Ao

uenoro). (3,6 6anna)

5.2. Kakoe 3HauyeHune pH aBndaeTcs nydwmm gns pasgeneHuns atux Tpéx nenTuaos npy noMoLym
anektpodopesa?
OTmeTbTe Hanbonee noaxoasiiee 3HavyeHne pH 3Hakom (v'), a ocTanbHble 3HaYeHus pH

3HakoMm (x). (0,6 6anna)
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6. Kakasa(ne) nocrnegoBaTenbHOCTb(M) das KIeTo4yHOro umKna asngaeTcsa(loTcs)
XapaktepHon(HeiMKn) ans  aykapmot? (G — gap, S — cuHTes, M — wmuto3) OTmeTbTE
npaBunbHyO(ble) NocnenoBaTeNbHOCTH(TM) 3HaKoM (v'), @ HenpaBunbHble 3HakoMm (x). (0,5
banna)

a. G1_S_G2_Go_M
b. Gop_G1_S_Go_M
c. G1_Gg_G2_S_M
d G1_Gp_G1_G2_S_M

e. G1_Gp_G1_S _Go2_ M

7. OtHocuteneHo dasbl G2.

7.1. Kakoe(ne) ytBepxaeHue(s1) onuckiBaeT(toT) KneTky B pase G2? Ykaxute npasunbHoe(ble)
yTBEpPXXAEHME(s1) 3HaKkoM (¥), a HenpaBuIbHble - 3HakoM (%). (0,4 6anna)
a. [omonornyHble XpOMOCOMbI BbITSHYThI BAOSb 3KBaTOpPA.
b. TomonormyHble XpOMOCOMbI PacTAHYTbI K COOTBETCTBYHOLLUMM NOMACaAM HUTSMU
axpoMaTUHOBOIO BepeTeHa.
c. [omonornyHble XpOMOCOMbI eLle He YABOEHDI.

d. TomonoruyHble XPOMOCOMbI HaxogAaTcd B rarjiongaHomM Unm «n» COCTOAHUN.

7.2. CKONbKO XpOMaTUHOBBIX HATEN HaXoAMUTCS B COMaTMYECKMX KreTkax YyernoBeka B pase G2?

(0,5 6anna)
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8.

Hwxe nokasaH BHeLWHWIN BUA Tpex BuaoB baktepuin (oT A go C):

8.1.

8.2.

8.3.

O = (S

A (koK) B (bauunna, Hecywwan KryTuk) C (nanouka, NoKpeITaa Kancynoi)

B npupoge 6aktepmm 06bl4HO CBSA3aHbI C Kakom NMB0 NOBEPXHOCTLI0, 06pa3oBLIBasA Tak
Ha3blBaeMble “OuonneHkn”. Bo BpeMs cBs3biBaHNS C NOBEPXHOCTBIO M 4O MOMEHTA
OOCTWXKEHMS caMOl NOBEPXHOCTU A1 CBSA3bIBAHUSA 6akTepum CTanknBakTCsi C 30HON
OTTankuBaHus Npu MakcMmManbHOM NpubnmkeHnn Kk nosepxHoctn. Kakune baktepun,
Hanbonee BEPOATHO, MMEIOT NPEMMYLLIECTBA B NPEOAONEHMN TaKON 30HbI OTTANKNBAHUA?
YKkaxute npaBunbHbIN(ble) OTBET(bl) 3HAKOM (v'), @ HenpaBUNbHbIN(ble) OTBET(bl) - 3HAKOM
(%). (0,6 6anna)

a. baktepnsa A

b. bakrepna B

c. baktepua C

Mocne npeoaoneHns 30Hbl OTTaNKMBaHWUS U LOCTMKEHUSA MOBEPXHOCTM CUMa CBA3bIBAHUS C
NOBEPXHOCTbIO ¥ TPEX BUOOB GakTepuii pasnuyaetcd. Pacnonoxute B Jlucte OTtBeToB

Tpy GakTepum B NpaBUIIbHOM Nopsiake B 3aBUCMMOCTM OT CUMbl CBSA3bIBaHUs. (0,6 6anna)

M3HayanbHO BOAOEM CO CTOSIMEN BOAOW coaepKar 3HauuTeNbHbIe KONMyecTsa
OpraHM4ecKoro BeLLEeCTBa, HO 3aTEM KOHLEHTpaUWsl NUTaTenbHbIX BELECTB CHU3UIACh 13-
3a pasbaBneHns 4oXOeBOW BOAOW. ITO oKasasno BNUSIHME Ha BCce Tpu Buaa HGaktepun,
KOTOPbIM ANSA BbPKMBAHUA B 3TUX YCNOBUAX HE06X0aMMOo Bbino nprucnocobutbes K
N3MEHMBLLUMMCS YCIOBUAM Hamny4vwmum obpasom. OTmeTbTe npasuibHoe(ble)

yTBEPXKAEHME(s1) 3HaKoM (¥'), a HenpaBunbHoe(ble) - 3HakoMm (x). (0,6 6anna)
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a. Y Gaktepum A npoucxoaut OTHOCUTENBHO Haubornee obicTpast anddysns NMTaTenbHbIX
BELLECTB B KIETKY.

b. BakTtepusa B MOXeT yanuHuUTb XryTuK, 4ToObl CKaTb NUTaTENbHbIE BELEeCTBa Hag,
NOBEPXHOCTHIO BOAbI.

c. baktepusa C nmeert kancyny, koTopas MOXET akTUBHO abcopbuposaTb HGonbLue

nnTaTeribHbIX BELLUECTB.

9. Tlepen MukpockonupoBaHnem riadbopaHT obpaboTtan KneTkn Hen3BeCcTHON bakTepun
pasnuMyHbiMK Kpacutenamu. M3BecTHO, YTO MCMNOMb3yeMble KpacuTenu okpawwmeatoT (i)
nunononucaxapuael, (i) sagepHyto obonouky, (iii) AHK, (iv) untonnasmy u (v) pubocombl. Kakune
KpacuTenu mMoryT okpacuTb Bce Tunbl BakTepuii, Haxogsawmecs B npobe, He3aBUCMMO OT UX
TMna? Ykaxute 3HakoMm (v'), ecnu oHn OyaoyT OKpalLMBaTbCH, M 3HAKOM (%), ecrnv OHM He ByayT

okpawwmBaTbced. (1 6ann)
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AHATOMMUSA U DU3NONOINA PACTEHUN

10. PaccmoTpuTe nonepeyHbIn Ccpe3 KOPHSA Ha PUCYHKE HUXKE.

10.1. CooTtHecute o0bo3HayeHus (1 — 18), npeacraBneHHble B Tabnvue Huxe ¢

cooTBeTCTBYOLWMMU CTpyKTYypamu (A - H), 0603Ha4yeHHbIM Ha pucyHke Bbiwe. (1,6 6anna)

No. | O6o3Ha4yeHue No. | O6o3HayeHue
1 Mnogepmuc 10 | KneTtka cknepeHxumbl
2 OnutenmnanbHas kneTka 11 Mosicok Kacnapwm
3 MapeHxuma kcunembl 12 | UeHTpanbHasa Bakyorb
4 OnuaepmarnbHasga KneTka 13 | NapeHxuma pnosmbl
5 BonokHo kcunemsl 14 Mepuumkn
6 KopHeBOM BOMNOCOK 15 | Knetka-cnyTHuua
7 Ok3oaepmarnbHble KNeTkn 16 BonokHo pnoambl
8 Cocya kennembl 17 | SHoogepmanbHag kneTka
9 Knetka koptukasbHou 18 | KneTka konneHxumbl

napeHxMbl
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10.2. CyuwiecTBytoT cnegyoLime Tpu nyTn NOrroLeHUs NOHOB U BOAbI:
.  cumnnacTuyeckun nyTb
[I.  anonnactu4eckun nyTb

[ll.  TpaHcmeMmbpaHHbIN NyTb

Hapucyiite HenpepbIBHbBIMU ANHUAMU U 0603Ha4bTe (3Hakamu |, 1l u 1ll) 3TK nyTn cHapy»xu

o (H) Ha pucyHke B Jlucte OTBeToB. (3 6anna)

11. ConocraBbTte pactuternbHble cTpykTypbl (1 — 10) ¢ cooTBeTCTBYHOWMMU PyHKUMSMI (A — J).
(3 6anna)
PactutenbHas knetka /
dyHkumsa(v) / MpusHak(m)
TKaHeBble CTPYKTYpbl
1 MembpaHa Tunakovga CeTb MEXKINEeTOYHbIX coeguHEeHnn
5 . HakonneHwne Boabl, NULLEBAPUTENBHBLIX (PEPMEHTOB U
2 CocyaucTbii kKambun
APYIX OpraHNYecknx N HeopraHNMYecknx BeLecTs
3 LleHTpanbHas Bakyonb O6paszoBaHue HOBbIX pacTUTENbHbLIX TKaHen/opraHoB
4 Mnasmogecma M3meHEéHHble Be3baaepHble KNeTkM NapeHXmmMbl
HebonbLloe oTBEPCTME HA MOBEPXHOCTU CEMSAMOYKM,
5 AnvkanbHas mepuctema
yepes KOTOpOe NPOHUKAET MNbinbLueBas Tpybka
6 Mepugepm MexaHn4deckas nogaepxka
7 CwutoBumgHas Tpybka Hanunune 6enkoB-nepeHoOCHMKOB 3NIEKTPOHOB
8 Tpuxom (BONOCOK) O6pa3soBaHne BTOPUYHBIX COCYAUCTbIX TKaHEN
BropuyHas knetoyHas
9 BropuyHas 3awmTHas TkaHb
CTeHKa
10 | Mukponune 3awmTa 1 nornoLleHue
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12. PaccmoTpuTe npencraBrieHHbIN HUKe rpaduk 1 onpeaennTe, Kakue us yteepxxaeHun (ot a go
h) sBnatoTca npaBunbHbIMKM. OTMETbLTE NpaBuUnbHbIA(e) oTBET(bl) 3HaKoM (v'), @ HenpaBWIbHbIE

- 3HaKom (x). (1,4 6anna)

124

T T v T T
0 A 100 2000 B0 400 500 600

WnTeHcuBHOCTL ocBelwenns [Umol quanta m2 s1]

®otocuHTeTueckoe Bbiaenerne O, (WMol m2 s1)

a. OJrto kpuBasa doTocuHTETUYECKOrO Bblaenennsa O,.

b. Touka A — 3TO TOYKa CBETOBOrO HaChILLEHUS.

c. Touka B — 310 TOUYKa CBETOBOW KOMMEHCALUN.

d. B Touke C ckopocTb OTOCUHTE3A MaKCUMarbHasi.

e. PacteHnus nepectatoT pacTtu, ecrnv oOHM pacTyT Npu OCBELLEHNN, BENTMYMHA KOTOPOTO
npeBbILLAET YpoOBEHb B TOUKe B.

f.  CkopoCTb AblXaHWs BbllLe CKOPOCTN (POTOCUHTE3A, ECNIN PACTEHMS PACTyT NPU OCBELLEHMN
HWXe YPOBHS, MOKA3aHHOIO B TOYKe A.

g. Pactenus pacTtyT (HakannuBatoT Guomaccy), ecnm ycrioBusi UX OCBELLIEHUS BbILLE, YEM

NOTOK (POTOHOB, NOKa3aHHbIN B TOYKe A.
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13. Hwxe npeacTtaeneHbl kpuBble OTOCKMHTE3A B NMNCTbAX pacTeHun C, n C;. OTMeTbTE
npaBunbHoe(ble) yTBepxaeHne(s1) 3HakoMm (v'), a HenpaBunbHoe(ble) yTBEPXKAEHNE(ST) - 3HAKOM

(x). (1,2 6anna)

A B
N
3
0

g 35°C
>

.
g A
s o -
g E 35°C
35
3 g 10°C
v
E ~~
[
E 10°C
=
Q
(o]
: f {
S;

NnonHoe CoJIHEYHOE OCBELEHNE NnornHoe conHe4YyHoe oceelweHne

MHTEHCUBHOCTL OCBELLEHUSA

a. PwucyHok A oTpaxaeT cBoncTBa pacteHun Cy.

b. Tlpwn BbicOkOM Temnepatype W MNOMHOM COSIHEYHOM oOcBelleHun pacteHns C; unmeloT
KOHKYPEHTHOE NpenMyLLecTBO nepeq pacteHuamm C, 3a cHET YMeHbLUEeHUS POTOAbIXaHWS.

c. [lpn Hu3KOM TemnepaType M HU3KOM ocBelleHun pacTeHns C; UMEKT KOHKYpEeHTHoe

npenmyLwecTBso nepen pacteHnAaAMun C, 3a cueT Gornee BbICOKOrO KBAHTOBOIO BbIXo4a.

14. Hwxe npuBeaeHbl HEKOTOpbIE YTBEPXKAEHUSA O boTocuHTe3e. OTMETLTE NpaBuibHOE(bIE)
yTBepxaeHue(s) 3HakoM (v'), a HenpaBunbHoe(ble) - 3HakoMm (x). (1 6ann)
a. dotodpocchopunmpoBaHme BkIodaeT obpasoBaHne ATP Bo Bpemss cBeToBOM (hasbl
doToCHHTE3A.
b. OcHoBHas MHMUMMpYOLWAsa porb CBeTa B 3anycke peakuuin ceetoBon dasbl OTOCMHTE3A
3akrnoyaeTcsa B obpasoBaHumn cBobogHOro kucnopoaa.
c. B pactutenbHon knetke AT®-CMHTETasHbIN KOMMMEKC WMMEETCHA TOMbKO B TWUMAKOUOHOW

mMembpaHe.
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d. ®otocucrtema Il Heobxoamma onst uMkNM4Yeckoro oTodochopUNUPOBaHKSI.
e. Celyac cuntaetcs, 4to cneundudeckne depMeHTbl, Heobxoaumele Ans dukcauun CO, u

ero AanbHewLwero npeBpaLLeHusi B caxap, NoKanv3oBaHbl B CTPOME XJ10pOMnacToB.

15. Pacnonoxute pacteHunda A - C B 3BOMOLMOHHON NOCNEeA0BaTENBHOCTH, Ha4YMHaga oT Hambonee

NPUMUTMBHOIO NpeacTaBuTens K Hambonee coppemeHHomy. (1,5 6anna)

CocyancTble TKaHu

Page 14 of 51



IBO2012 Singapore

Theoretical Test Paper 1

16. CooTHecuTe onucaHusa unmn addekTsl (A — J) ¢ cooTBeTCTBYOWMMY coeanHeHuamm (1 — 10).

(1,8 6anna)
HaseaHwue Onucanne/agdekT
duanonormyeckas peakumsi opraHMamMa Ha OfIMHY OHS Unm
1 | OtuneH A
HOUM
2 | ®doTtonepunoamsm B | MiHrmbuposaHue pocta 60KOBbIX NoYek
AnunkanbHoe .
3 C | YonuHeHune cTebns y pacteHuni
OOMUHMPOBaHWe
MpogomkuTenbHoe BO34eNCTBNE HU3KUX TeMNepaTyp
4 | TurmoTponuam D
Bbl3bIBAET LBETEHNE
5 | IluctopacnonoxeHne E | OnageHuve nuctbeB 1 NNoaoB
6 | LUMTOKNHKMH F | N3rn6 pacTyLiero ctebnsi B CTOPOHY UCTOYHMKA CBETa
7 | T'mb6epennuH G | PacnonoxeHune nuctbeB Ha cTebne
8 | Craronut H | OTBeT pacTeHus Ha NPUKOCHOBEHME
9 | Aposusauus | 3ameaneHHoe ctapeHne
10 J | MpaBuTponmam (reotponunsm)
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AHATOMUA N PU3SNONTOTINA XXUBOTHDBIX

17. BONPOC YOANEH

18. Hwxe npepncrtaBneHbl YacToTa AblxaHus, YacToTa nynbca u TeMnepaTtypa Tena vYeTbipex

pasnuyHblx Mnekonutatowmux (A — D).

X YacTtoTa gbixaHus YacTtoTa nynbca Temnepartypa Tena
NBOTHbIE o
(B300OX/MUH) (ymap/muH) (°C)
A 160 500 36,5
B 15 40 37,2
C 28 190 38,2
D 8 28 35,9

18.1. PacnonoxuTte X1BOTHbIX A - D B HUCXOASLLEM NOpsSiAKE B 3aBUCUMOCTM OT COOTHOLLEHUS

nnowaam noBepxHoctn kK o6veémy Tena. (0,8 6anna)

18.2. PacnonoxuTte *unBOTHLIX A - D B HUCXOOSALWEM Nopsigke B 3aBUCUMOCTM OT 00LLero

o6béma kposu B Tene. (0,8 6anna)
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19. PaccmoTpuTe ABa Crneaywmx yTBepXaeHNs OTHOCUTENbHO npouecca AblXaHus y
3€MHOBO/[HbIX, MPECMbIKaIOLLMXCS, NTUL, U MIEKONUTAOLWUX. YKaxuTe npaBunbHoe(ble)
yTBepXaeHue(s) 3HakoM (v'), a HenpaBunbHoe(ble) - 3HakoMm (x). (1,6 6anna)

I. [Ona HarHeTaHusa BO3dyxa B NErkme Ucnonb3yeTcs oTpuuartensHoe AaBrneHne

[I. Jlerkue NONMHOCTHIO BEHTUNMPYIOTCS NPU KaXO0M AblXaTenbHOM LiMKIe

20. [a3006MeH y pasnMyHbIX TaKC XXUBOTHbIX MPOUCXOAUT NPU NOMOLLN Pas3nnyHbIX OPraHoB
AbixaHus (a — d) a Takke KpOBEHOCHOM CUCTEMbI (HE3aMKHYTOW UNN 3aMKHYTOMN). YKaxuTte ans
Ka)Kgoro XMBOTHOTO (B3pOCMOro) He3aMKHYTYH KPOBEHOCHYH(ble) cuctemy(bl) 3HakoM (v'), a
3aMKHYTYHO(bl€) KPOBEHOCHYO(blE) cuctemMy(bl) - 3HakoM (x). ConocTtaBbTe COOTBETCTBYHOLLME

opraHsbl (a — d) ¢ XnBOTHbIMM (B3pocnbimMK). (2,6 6anna)

a. nérkuve
b. >xabpbl
C. Koxa

d. Tpaxeu
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21. 06pasoBaHMe MO4M ABNAETCA pe3yribratoOM NOCTOSIHHOW CbI/IJ'IpraU,VIM nna3mbl NOYKaMW.

22.

OTmeTbTe npaBunbHoe(ble) yTBEPXKAEHUE(S1) O MOYKaxX MIEeKonuTaoLWmx 3Hakom (v'), a

HenpaswnbHoe(ble) yTBepXXaeHne(S) - 3Hakom (). (2 6anna)

[Mo4Ykn OKasbIBaOT NPSAMOE BNMSIHUE Ha KPOBAHOE AaBriEeHUe.

Moykn nomoraroT perynupoBaTb 06LLMIA 06bEM LIMPKYNUPYHOLLEN KPOBMU.

B netnax NeHne n3 kpoBuM yoanaioTcsa Boga, MOHbI U NUTaTENbHbIE BELLECTBa.

Y Takunx XMBOTHbIX, KaK NPOXMBAaKOLLME B NYCTbIHE KEHIYPOBbIE KPbIChbl, CNOCOBHbIE
BblAENATb MNEePOCMOTUYECKYIO MOYY, NeTNN eHne OTHOCUMTENBbHO KOPOTKME.
Mo4ykn BMeCTe C NErkMMM y4acTBYIOT B KOHTPONMPOBaHMKN 3HadYeHus pH B nnasme.
Mo4kn nomoratoT nogaepxmeatb pH KpoBK NyTéM BblaeneHns NPOTOHOB M peabcopbunm
OukapboHaTa B criyvyae HeoOXxoaMMOCTH.

Mo4kn BbIgENAT obpasyoLmecs npu metabonuame neTyyme KUCNoThbl.

Mpn aungose B npokcMMarnbHbIX TpyOUaTbiX KreTkax obpasyetcsa ammuak (NHs).
[aBneHne KpoBU BNNHAET Ha CKOPOCTb MMOMePYNApHON dunstpauuu.

Moukn obpasytot ALl (QHTUONYPETUYECKUIA FOPMOH).

Konn4yecTtBo CntoHbI, CereTMpyeMOVI MnexkonnTarwmmm, nponopumnoHaribHoO MHTEHCUBHOCTU

)XKeBaHus npu nornoweHun nuwm. CooTHecuTe CrieayoLnX XNBOTHbLIX (2 — €) C KONMYECTBOM

CEeKpeTUPYEMON CIOHbI, Kak npeactasneHo B Tabnuue B llucte OtBetoB. (0,8 6anna)

a.

b.

BOJIK
nowapgp
KPYMNHbIA poraTbIl CKOT

yerioBek
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23.

24.

Anneprus - 3To CBEPXYYBCTBUTENbHAS peakumst UMMYHHOM CUCTEMbI YernoBeka, Bbi3BaHHas
NOBTOPHbLIM BO3AEWCTBMEM aHTUreHa. 1o cpaBHEHUIO C HEl NpU Pas3BUTUMM NCEBAOANIEPTUN,

HEeCMOTpA Ha OAMHAKOBblE CUMNTOMbI, UMMYHOJOrM4eckne npouecCbl He NPONCXOOAT.

Jlexalmne B ocHoBe ncesgoanfneprum NaTonornyeckne NpoLecchl OnNncaHbl HUXE:
a. OO6wee cogepxaHune aHTuTen knacca IgE B cbiIBOpOTKE BO3pacTaeT.

b. B cbiBopoTke oGHapyxmBatoTcs cneundmyeckme aHtutena knacca IgE.

c. Bblgensetcsa rmaBHbIi MeaaTop BoCnanuTENbHOro npoLecca - rMcCTamMuH.

d. [Ons npoAaBneHna peakunm Heo6Xxo4MMO MUHMMATbHOE KONMYECTBO aHTUreHa.

OTtmeTbTe B Jlucte OTBETOB 3HAKOM (¥') ONMCcaHuWs, cnpaBeannBbie Anst anneprum u

nceegoarnnepriy, a 3Hakom () Te, KoTopble He cnpaeeanuesl. (0,8 6anna)

BospacTt nckonaembix XMBOTHBIX MOXHO ONPeaennTb N3MepeHneM cogepxaHnsi nsotona
yrnepoaa "“C B kocTax. Kak npovcxoguno HakonneHue “C B kocTax? OTmeTsTe
npaBunbHoe(ble) yTBEpXAeHME(S) 3HaKoM (v'), a HenpaBurbHoe(ble) YyTBEPXXAEHNE(ST) - 3HAKOM

(%). (0,6 6anna)

a. nytem I'IOTpe6J'IeHVIFI N aCCMMUNALNN B KOCTAX OpraHN4YecKkmnx coeguHeHuNn

b. nyTtem npespalueHmss CO; B KOCTAX B OpraHMYeckme CoOeanHeEHNs

C. nytem acCuMuUnaumm n HakonmeHm B KOCTAX OCTaTO4HOIo CO; npn AbliXaHUA
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25. EBponenckuin (MpeCHOBOOHbLIN) yropb 0ObIYHO NOMyYaeT KUCNopo4 Yepes xabpbl, HO cnocobeH

(oTHOCUTENbBHBbIE €AMHULbI)

Kouuentpauma O,

TaKKe NepeHoCUTb AnuTenbHble nepuoabl 6e3 BoAbl, OCYLLECTBIAS KOXXHOe AbixaHue. Ha

PUCYHKE HMXXEe NOKa3aH ypOBEHb HAaCbIWEHNA KDOBU KMCNOPOAOM U NOCTaBKa KUCIiopoda

pas3nnyHbiMK opraHamMmu, ecrn yrpsa BbiTallnTb U3 BOAbI (B YCINOBHbIX e[:l,I/IHVILl,aX)Z

12

10

\ T,

_/XI\\

A

|
4 6 8 10

12

Bpewms (oTHOCUTENbHbLIE eanHULbI)

*A, AB,mC, oD

CooTHecuTe kaxpgoe yteepxaeHue (I - IV) c cootBetcTBytowen kpuson (A — D) n3 nokasaHHbIX

Bblwe. (1,2 6anna)

O6Lee HacbILLEHME KPOBU KACNIOPOOOM
MocTynneHue kncnopoaa Yepes xabpbl
MocTynneHne Kncnopoaa Yepes Koxy

nOCTyI'IJ'IeHI/Ie KMcnopoda 4epes nnaeaTenbHbIN ny3blpb
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26. AHaToMM4YecKue NpU3HaKK XMBOTHBIX COOTBETCTBYIOT PasfnunyHbIM cnocobam ux nutaHusa (a —
d).
a. XUWHKKK
b. BcesigHble
C. HeXBadHble TpaBosioHbIE

d. xBayHble TpaBoAOHble

26.1. ConocTtaBbTe pasnnyHble cnocobbl NTaHua (a — d) ¢ COOTBETCTBYOLLMMM NPU3HaKaMm
3y6os (I —1V). (1,2 6anna)
[.  HeT BepxHWX pe3uoB, MmeeTcs 3ybHasi NracTUHKa, KOPeHHble 3yObl MOryT ABUraTbCA
TONbKO nateparibHO (U3 CTOPOHbLI B CTOPOHY)
[I.  KNbIKM XOPOLLO pa3BUTbl U CAyXaT AN paspbiBaHUS MULLN
lll. kOpeHHble 3yObl (MOMSPbI) UMEIT BYrpUCTYIO NOBEPXHOCTL 4S5 NepeTupaHns nuLm
IV. pesubl cnyxaTt Ang 3axsarta nNuLm, KopeHHble 3ybbl pacrnonoXeHbl crerka nog yriom,

YernkCTU OCYLLUECTBNAKT KPYroBble OBUXEHUA (BepTI/IKaJ'IbHO n naTepaano)

26.2. CooTHOLLEHWe nnoLwaam NoBEPXHOCTU nuweBapuTenbHoro Tpakta (Gl) k nnowaaun
NMOBEPXHOCTU TeNa pasnmyaeTcs y TPaBoOsSAHbIX, BCEAOHbIX U XULLHMKOB. CooTHecute
pasnuyHble cnocobbl MnTaHus (a — d) ¢ COOTBETCTBYHOLLMMN 3HAYEHNSMM COOTHOLLEHUS
Gl k nnowaam noBepxHoOCTK Tena, npuseaéHHeiMK B Tabnuue B Jlucte OtBeToB. (1,2

6anna)
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27. ConocTaBbTe aganTtauum NULLEBapUTENBHOM CUCTEMBI (a8 — C) C COOTBETCTBYOLLMMM

aHaTommyeckumm onmcanmsmu. (0,9 6anna).
AHaTOMUYECKMEe OnMcaHus:

l. NPOCTOM XenyaoK, orpaHNYeHHast yTunm3auus pactuTenbHON Nuwm

Il. NPOCTOM XenyaoK, HECMOCOOHbIN K yTURM3auumn pacTUTeNbHON NULLM

. BbICOKOPA3BUTbLIN pasdeneHHbI Ha YacTu XenyaoK, CNOCOBHbLIN K MOMAHON U

3P PEKTUBHOM YTUNM3ALUN PACTUTENBHON NULLM

Mpucnocobnenns ans nepesapuBas NULLM:
a. nonHoe GpoXxeHne nocrne NepBUYHbIX YY4acTKOB NepeBapuBaHnga n abcopoumm
b. nonHoe BpoxeHne nepen NEPBUYHLIMU y4acTKaMm nepesapmBaHmemM 1 abcopoumm

C. HEeCcrnocoBHOCTb K NepeBapyBaHNO HEKOTOPbLIX BELLECTB B 3epHaXx, Nogax v oBoLLe

28. Pbibbl nmetoT cneumanbHble NPUcnocobneHuns K XXM3HU B BOAE Ha pasnunyHbIX rinybuHax (T.e. B
NMOBEPXHOCTHBIX CMOSAX, B CPEOHUX CIOSX, HA AHE) U K Pa3NnUYHbIM YCNOBUSIM 0bOUTaHus (T.e.
3apocrnax Bogopocnen, pudax/ckanax). CKopoCTb nnaBaHUA pblb Takke YaCTUYHO 3aBUCUT OT
mMopdonormm nx tena. Conoctaebte pbid (A — H, nsobpaxeHbl HE NPONOPLMOHANBHO UX
pas3Mepy) C COOTBETCTBYIOLLMMM YCNIOBUSAMU UX OOUTAHNS 1 YKaXKUTE OBYX CaMbIX ObICTPbIX

NMOBLUOB N OBYX CaMbIX MeANEHHbIX NIoBLOB. (2,4 6anna)

e s—m - ——————_d
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29. Bo Bcex knaccax no3BOHOYHbIX BCTpEe4arnTCA KaKk MUHUMYM HECKOJTIbKO BMOOB, CMNOCOBHbIX

WHOrda NOAHMMATLCS B BO3AYX (HAanpumep, «neTtarwmey pbibbl, NAryLWKA, Swepulbl u 6enkn).

OHM He cnocoOHbI no-HacToAlWeMY netatb, HO UCNONb3YHOT ANA 3aMearneHnd CHUXeHUA Takme

cnocoObl nepenBm>xeHns oes B3MaxuBaHuA, Kak nraHnpoBsaHne nnn napawroTmpoBaHue.

29.1.

29.2.

MnaHupyroLme XXMBOTHbBIE CHUXKAKT 4O MUHMMYMa TopMmoxkeHue (D) u ncnonbaytot
noavemHyto cuny (L) ans nonyyeHus 6onee 6naronpusiTHOro COOTHOLUEHNS MOALEMHOM
CUNbI K CONPOTUBIIEHMIO (COOTHOLWeEHMe L/D). B oTnuume oT 3Toro, napsimne XUBOTHbIE
MakcumarnbsHO yBenuumsatoT D, Tak kak 4alle BCero oHv He UMEeKT A0CTaTOYHON
NOBEPXHOCTU ANsi AOCTUXKEHUS HeobXxoauMon nogbeéMHONM cunbl L. Ecnn xuneoTHoe
A0CTUraeT yCTOMYMBOro NNaHNUPOBaHWs, Ha HEro AENCTBYIOT PasfinyHblie CUIbl
(paccmoTtpuTte pucyHok Huke). ConpoTtueneHune (R) pacnnacraHHOro Tena Bo3gyLHOMY
NOTOKY Bbi3blBaeT obpasoBaHue nogbEMHoON cunbl L. [pu aTOM urpatot porb
TopmoxeHue (D) B HanpaBneHmun, NpOTUBONOMNOXHOM HanpaBneHuIo ABVKEHWS, a Takke

Bec (mg). Hucxogswas Tpaektopusa obpasyet yron () ¢ 3eMnén.

(b)

y —8 “MNeTarowag" 6enka "NeTawowaga" narywka

YKaxuTe XMBOTHOE (a unu b) ¢ oxxmaaembliM COoTHOLLEHUEM L/D 1 3Ha4yeHnem B

Tabnuue B lucte OTBeTOB. (1 6ann)

Y «netalowmnx» AWepul, UMeeTcs natarumyMm, Unv netartenbHasa nepenoHka, T.e. ckragka
KOXW, HaTsHyTast Mexay nepeaHnmmn u 3agHuMn koHedHoctamun. Mccneposatenu Russell
n Dijkstra (2001) cpaBHUNM netaTernbHble NEPENOHKN U AOMNOMHUTENbHbIE
aspoanHamMmyeckue noBepxXHOCTH y ABYX BUAOB swepuu, Draco volans (‘netatowmin’

ApakoH) n Ptychozoon kuhli (‘netalowmin’ reKKoH).
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Draco volans; [—— Ptychozoon kuhli

YkaxuTte 3HakoM (v') npaBuUnbHbIN(ble) BbIBOA(bl), KOTOPbIE MOXHO cAenaTtb U3 3Toro

nccnenoBsaHnd no nosody MOpCbOJ'IOFVI‘-IeCKI/IX I'IpI/ICI'IOCO6J'IeHI/II7I y Aulepuu and

nepeaBwkeHnst Mo BO3AyXy, a HenpasBuibHbIN(bI€) BbIBOA(bl) - 3HAKOM (). (2 6anna)

a. Hecmotps Ha T0, uTO cpeaHuii Bec D. volans meHblue TakoBoro P. kuhli cooTHoLeHne

nnowaaun Tena K eguHuue MaccCbl y HUX NpakTn4eckmn ognHakoBoe.
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b. CpaBHeHne COOTHOLWEHUA nnowaan neTtatenbHON MNEepenoHKM K Macce Tena
nokasblBaeT, YTO neTaternbHasa nepenoHka y P. kuhli 6onblwe TtakoBon y D. volans y
ocoben aKBMBaNEHTHON Maccehbl.

c. [HononHutenbHble Npucnocobnenns BHOCAT Gonblivi Bknag B o6y AOCTYMHYHO
aspoavHamuyeckyto nnowaae y D. volans, yem y P. kuhli.

d. O6was nnowaap Tena y npegcrasutenen o6omx TaCoOHOB NOYTU paBHa.

e. OTtHocuTenbHas nnowagb, NPMBHOCUMAas neTaTernbHOM NEepPEnOHKOW, 3HAYMTENbHO
oonbwe y D. Volans, yem y P. kuhli, KOTOPbII KOMNEHCUMPYET 3TO HanNuunem 6onbLINX

AONOJTHNUTENbHbIX CKJ1agoOK Ha XBOCTE U J1lanax.

30. B runodmse u3 nponentuaa npo-onunomenaHokoptmHa (POMC) obpasyeTcsa HECKONbKO
perynatopHbix nentngos. POMC pacliennserca npoTeonutmyeckumm doepMmeHTamm ¢
obpasoBaHmnem pasnuyHbix NnpoaykToB (A — E). Y Bcex nentuaoB N-koHel nokasaH cnesa, a C-
KoHeL, cnpasa. O6paTuTe BHUMaHWe, YTO Kaxabli (OepMeHT pacLlennsaeT TONbKO «3pernbliiy»

nenTung-npeglecrBeHHUK.

| POMC |

|Y'MSH| | ACTH | | B-Nunotponux |

K K

|CI-MSH| |CLIP| |Y-J'IV|n0TponV|H| |B-3H,qop<bv||-| |

¥

30.1. YkaxkuTe MUHMMAarbHOe YMcno hepMEHTOB, HEOBXoAMMbIX KNeTke Ans obpasoBaHus B-

MSH n3 POMC (1 6ann)
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30.2. YKaxuTe MUHUManbHOE YnCro hepMEHTOB, HEOOXOAUMBIX KreTke anst obpasoBaHus a-

MSH n3 POMC (1 6ann)

Tonorus

31. Camubl MaHsiLero kpaba Ncnonb3yT CBOU YBENUYEHHbIE KNeLwwHN xenuneas! (6onbLuve
xenvneapl) 4na nogaym curHanos (T.e. 6opbObl 3a NpUCTaHuLLE, NPUBIEYEHNS CaMOK W.T.M.).
CTtypeHTKa uccnegosana B3anmogencTeme Mexay camuamm u caMmkamu, UCnonb3ys 3epkana
ANSA OTpaXeHust ABYX PasfnunyHbIX NO BENUYUHE N306paKeHn OQHOro U TOro e camua kpaba,
npuenekatowero camky. KombuHaumm 3epkan, ncnonb3yembix B aKCnepumeHTe, 6binm
cnegytowme: 10x : 3x (OnbIT I), 3x : 1x (OnbIT II) 1 10x : 1x (OnbiT III). B kaxgom onbiTe 20
camMkaMm BbInv nokasaHbl AecATb caMLUOB B TPEX NomnbITKax kaxagoro onbita. CTyaeHTKa
onpeaensana NnpoueHT caMok (rpaduk A) n Bpemsi, HeoBXoaANMOeE KaxXaon camke Ansi
NPUBAMXKEHNS K KaxkgoMy oTpaxkeHuto (rpacdumk B) B kaxkgom onbiTe, a Takke, ABASMACA Nn

cameuy, npaeLlon unu neswon (rpacuk C).
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I

OnbIT

Bornee kpynHoe oTpaxeHue;

¥

1T

II I

OnbIT

Bonee mernkoe otpaxeHve; il Cameu-npaswa; [_|Cameu-

iesuwia

O603HaubTe 3HakoMm (v') NpaBunbHbIA(e) BbIBOA(bI), KOTOPBIN(E€) MOXHO caenaTb OTHOCUTENBHO

B3aUMOOTHOLLUEHWI MEXAY camLaMu U caMkaMmu kpaba, HenpaBUIbHBIN(E) - 3HAKOM (%), u

HeJoCTaTOYHbIE NS NPUHATUA pelueHmns 3Hakom (-). (1,5 6anna)
a.

b.

Camkun maHswero kpaba, kak npaBusio, NpeanovmMTatoT 6onee KpynHbIX CamLoB.

npaBOpyKOCTb Mnn NeBopykoCTb CaMua ABNAETCA BaXXHbIM KpUtepuem npu Bbl60pe

napTHEpa Ans cnapuBaHus.

Camupbl, KOTOpblE 6bICTpee MaLWlyT KrnewHAMU, Kak NnpaBuiio, NpuBnekarnT Oornblle caMok.

CpegHee Bpems, Heobxogumoe camkaM ans Bblbopa, otnmnyaerca mexay onbitamu Il n lil.
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e. OueBugHas pasHuLa B BENMWMYMHE XENUMOA Y caMLia MOXET OblTb HE0OXOAUMbBIM YCIOBUEM

Ona CaMKu npun NpuHATUN peLleHnd.

32. bonblmne 6aknaHbl (Phalacrocorax carbo) nutatotca pbibon. OHW HbIPSAKOT B BOAY U

AOOroHAT pbl6y, nonaradacb Ha 3peHune, N03TOMY YNCTOTa BOAbl MMeeT OonbLUoe 3Ha4YeHune.

O6bI4HO GaknaHbl OXOTATCA B OOMHOYKY, HO eCnn Boga Henpo3payHas (MyTHas), OHU MOTyT

paspaboTaTb MeTo COBMECTHOM OXOTbl B rpynne. (1,2 6anna).

OaknaHsbl

B e e T SR
3alrOHAKT
pbIOYy
VU 7o

apyrue baknaHbi
NOBAT pbIOY

npo3apauvHasn
Bogda
1-15m

HenpospayHas
Bpogda
4m

OTmeTbTe 3HakoM (v') npouecc(bl), urpatoLumii(e) ponb B pasButum cTpaTermm COBMECTHOM

0XOTbl Y 6aknaHoB, a 3HakoM (*) - HenogxoasaLwwmin(e) npouecc(bl).

a. KOHKypeHuus
b. koHaUUMOHNPOBaHNE
C. NpuBbIKaHVe

d. coumanbHoe obyyeHune
€. UMNPUHTUHT

f. metog npob n owmnbok
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33. Ha pucyHke Huxe onucaHbl pesynbtaThl utmaHa ¢ coasTopamu (1999), nokasbiBatoLne
NnoBeLEHYECKNI OTBET 3pENion BbipalleHHON B cagkax pblobl kuxyd, Oncorhynchus kisutch, Ha
WUCKYCTBEHHYIO OTOYLLIKY, -peHunatmnoBbin cnmpT (PEA), KOTOpbIN NnomeLlany B OguH 13
pyKaBoOB B creunanbHOM cafke C 3anaxoBblM KOPUAOPOM C ABYMS pykaBamu. Vcnonb3dyemas B
aKcnepumeHTe pbiba nogesepranack Bo3gencTenio PEA npu BbipallmBaHMM B cagke Ha
pasnuyHbIX CTaauax passuTua (ctagum maneska (ctagus |), nectpatkm (ctagus Il) n cepebpsiHkn
(ctagus 111)) oo cospeBaHusa 1 NpoBeaeHNs nccriegoBaHus. KoHTponbHasa pbiba HMKorga He

noaeepranacb Bo3genctaento PEA.
0.6 1
0.5 A
0.4 A
0.3 A

0.2 A

KoHTponb Manek MNecTpAaTtka CepebpsHka

CooTHowweHWe, BbiBupalowmx pyKas ¢ anaxom

Bospencteue

[] PEA OTCYTCTBYET; B reEA npucyTcTeyeT

YkaxuTe 3Hakom (v') npaBunbHoe(ble) BbIBOA(bI), 3HAKOM (%) - HENPaBWUIbHbLIN(bIE) U

HedoCTaToYHbIN(e) ANS NPUHATUA peweHns 3Hakom (-). (1,2 Ganna)

a. Kwuxyu, Ha koToporo npeaBapuTenbHo Bo3gencteoBann PEA, ognHakoBo 4acTo BbiGupan
oba pykaBa 3anaxoBoro kopugopa.

b. Bospact knxy4a asnsetcsa Hanbornee BaxHbIM KpuTepuem Ans Bbibopa peku Ans
NKPOMETaHWS.

C. XuMMYeCcKMe curHarbl UrpatoT BTOPOCTENEHHYIO POSib Y KKyYa B XOMUHre (NOMCKa peku,
rae pbiba Bbinynunace).

d Yy KMXy4ya CcyLiecTtByeT KpI/lTI/I‘-IeCKI/IIZ nepuog and 0BOOHATENBHOIO MMNOPUHTUHTA.
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FrEHETUKA U 3BONKOLUUA

34. BbatecoH u NaHHeTT (1908) nccnegoBanu OKpacky LBETOB 1 (hopMY MbINbLEBbLIX 3€PEH Y
aywmnctoro ropowka (Lathyrus odoratus, pogCTBEHHOIO ropoxy, Pisum sativum, KOTOpPbIN
nccnegosan Mengens). OHU CKpeCcTUnM FOMO3UroTHOE pacTeHue ¢ PMoneToBbIMU LiIBETKAMU U
OJIMHHBIMM NbIbLEBLIMU 3€pPHaMKN C TOMO3UIOTHBIM PACTEHNEM C KPaCHbIMU LIBETKAMN U

KpyrmbiMU NblNbUEBbIMU 3€PHaMN. B nokoneHunn F2 oHu nony4yunun cnepgytouimne pesynbrartbl:

deHoTun KonnuectBo
dunonetoBble LUBETKW, ONTMHHbIE MNbINbLEBLIE 3epHa 296
duroneToBble LBETKW, KPYrble NbifbLeBble 3epHa 19
KpacHble LUBeTKN, ONUHHbIE NbIfbLEBbIE 3epHa 27
KpacHble LBeTKN, Kpyrrble MblfbLeBble 3epHa 85
OO0LLee yncrno ocoben B NOTOMCTBE 427

34.1. Ecnun HacnegoBaHMe NpU3HaKoB NPOUCXOANT HE3ABUCKMMO, TO KAKOrO COOTHOLLEHUS!
(heHOTUMOB MOXHO OXUaaTb? BHecHTe oXnaaeMble 3HaYEHUS Osi COOTBETCTBYHOLLMX

heHOTMNOB M NPOTECTUPYNTE HE3ABUCHMMBIN XapakTep HacneaoBaHUSA NyTem

onpeneneHuns 3aHadeHuin 2. (4 6anna)

df 2

1 3,841
2 5,991
3 7,815
4 9,488
5 11,070

Tabnuua:. 3HadYeHua 2 ons ypoBHs 3HadMmocTtu p = 0.05

34.2. OTmeTbTe 3HakoMm (¥') nogxoasiiee oobsicHeHME, a HenoaxoasLmMe oGbsACHEHNS -

3Hakom (x). (0,8 banna)
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35. HegaBHo Obina yctaHoeneHa nocriegoBartensHocTb [HK reHoma cemru (Salmo salar),
cocTosLLero 13 28 nap aytocom 1 ogHon napbl nonosbix xpomocom (XY). Metogom
MuKpomHbekumn [HK yaanock ycnewHo nepeHecTn B aMOPUOHBLI CeMri Ha CTagaun 3uroThbl
TPaHCreHHY KOHCTPYKLMIO C reHOM ropMoHa pocTa. B pesynbraTte 6binm nony4veHsl 4
TpaHcreHHble ocobu, (Fo ocHoBaTenu), 2 camua n 2 caMmku. TpaHCreH ropMoHa pocTa
perynupyetcsa cneundunyecknm onsa nedeHn 3HXaHCEPOM M Y BCEX YETLIPEX POAUTENBCKNX
ocoben Habntogancs BbLICOKUI YPOBEHb rOPMOHA pocTa B niasme, YTo NPUBOANIIO K
yCUnNeHHoMy pocTy ocobel. bbino noaTBepXaeHo, YTO B MX FTEHOM BKIOYUNach
eOVHCTBEHHasi Konusa TpaHcreHa. yTem ckpelymBaHnst MOXHO BbIBECTU CTAOUIMbHYIO NMUHNUIO
CEMIU C yCUIEeHHbIM pocToM. [Ing nonyyeHus nokoneHus F, TpaHCreHHble camMKn 1 camubl-
ocHoBatenu (Fo) Obinn ckpeLLeHbl ¢ 0cobaMM NPOTUBOMNOMOXKHOIO Nona AMKOW (He

TPaHCreHHOn) cemru.
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35.1. Mpwu nony4yeHun nokoneHuns F, Bac nonpocunu npoBecT 6rmskopoaCcTBEHHOE
cKpeluMBaHue ANsi Nony4eHnst FOMO3UrOTHbIX TPaHCTeHHbIX 0CO6eN, HECYLLIMX TPaHCreH
ropmMoHa pocrta. Kakum Gyaer oxugaemoe COOTHOLLEHME reHOTUMNOB B NokoneHun F, B

%? (1,5 6anna)

35.2[MNpun npoBepke COOTHOLLEHUS MY>KCKUX W KEHCKUX 0coben B NokoneHun F, obHapyXmnoch,
YTO YMCNO XeHcknx ocoben (70%) Bcerga npeBbiaeT YUCNo Myxckux ocoben (30%),
HEe3aBMCUMO OT TOro, OTCYTCTBOBAS SN TPAHCreH ropMoHa pocTa BoobLle nnm
NPUCYTCTBOBAs B reTEPO3UTOTHOM MU FTOMO3UTOTHOM COCTOSIHMM Y 0COBen B MOKONEHNN
F,. . OTMeTbTe 13 HUXKE NpeaCcTaBneHHbIX BAPMaHTOB BEPOATHYO(blE) NPUYMHY(bl) 3TOrO

3Hakom (v'), a HenoaxoasLwyo(ne) npuumHy(bl ) 3Hakom (x). (0,8 6anna)

a. JnureHeTMyecKoe 3aMOsIKaHWe y HEKOTOPbIX CaMLIOB BbIKNIOYMITO TPAHCTEH ropMoHa
pocTa.

b. WHTerpaumsa TpaHcreHa ropMOHa pocTa okasanacb HeCTabunbHOMN.

c. Hapspgy c nonoBbiMu xpomocomamn XY pakTopbl OKpy>KatoLen cpefbl MOryT urpatb
BTOPWYHYIO POSb B onpeneneHuy nona.

d. TpaHcreH ropMoHa pocTa TpaHCoLMpPOBarcs B NonoBble XPOMOCOMbI, YTO NMPUBENO K

M3MEeHEHNIO NnoJa y HEKOTOPbIX CaMLIOB Ha ﬂpOTVIBOl'IOJ'IO)KHbIVI.
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36. Kyp C KOPOTKMMU KpbINbSMU U HOraMu HasbiBatoT “kKpunepbl”. [pu cKpeLLmBaHUM KpUnepos ¢
HOpMarnbHbIMU 0COBAMM B NOTOMCTBE C OOVUHAKOBOW YaCTOTON BCTPEYaTCA Kpunepbl 1
HopManbHble ocobu. lMNpu ckpewmBaHMn KpMnepoB Mexay cobon B noToMcTBe Habnogaerca
COOTHOLLEeHMe 2 Kpunepa k 1 HopManbHon ocobu. CkpelumBaHue HopMarnbHbIX 0coben

npmeBOoaOUT TOJNBKO K HOpMalribHOMY NOTOMCTBY.

36.1. Kakon reHoTmn obecneunBaeT PEeHOTUIM KPUNEPOB N HOPMAaITbHbIX Kyp B CAMOM NMPOCTOM
cnyyae? YkaxuTe npaBunbHbli(e) oTBET(bl) 3HaKOM (¥'), a HenpaBunbHbI(e) oTeeT(bl) -

3Hakom (x). (0,6 6anna)

36.2.0T™MeTbTE NpaBuIbHbIA EHOTUN KYpP, HECYLLMX ABa annens KOPOTKOHOrOCTM 3HaKoM (v'), a

HenpaBwWibHble eHOTUNLI - 3HaKoMm (x). (0,5 6anna)

37. YépHasa okpacka LepCcTu MOPCKMX CBUHOK onpeaensieTcss AOMUHAHTHBIM reHom B, a 6enas

oKpacka - ero peueccuBHbIM annenem b. MNpegnonoxum, 4to ocobu 111 n 114 He HecyT

peLeccuBHbIA annenb.

I .74.

II

I1I
1 2

37.1. KakoBa BepOATHOCTb TOro, 4To ocobb 113 aBnsieTcs reteposurotHon? (1 6ann)

37.2. KakoBa BEPOATHOCTb TOr0, YTO OAMH KOHKPETHbLIN NOTOMOK OT ckpelunBaHua 1111 m 1112

ByneT nmeTb Genyto okpacky wepctn? (1 6ann)
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38. HekoTtopble KOMBUHaLMK annenen MoryT NpMBOAUTL K ONpeaenieHHOMY NCUXUYECKOMY
3aboneBaHuio y yenoeeka. B Tabnuue npegctaBneHbl akTUBHOCTM ONpenenieHHoro hepmeHTa

014 pas3nmMyHbIX reHOTUNnoB (ﬂaHbI B npoueHTax oT HOpMaJ'IbHOI7I aKTI/IBHOCTVI)

Annensb 1

Annenb 2

R231X | P292L | R407W | IVS-12 | E290K | R158Q | R271Q | Y424C
R231X <1
P292L <1 <1
R407W <1 <1 <1
IVS-12 <1 <1 <1 <1
E290K ~2 <3
R158Q ~6.5 10
R271Q X ~20 30
Y424C Y 40 50

Bce ocobu, kak roMO3UroTHbIE, TaK U reTepo3uroTHble, No NobbiM KOMOMHaUMAM NepBbix 5
anneneu, NepevncrneHHbIX Bbille, MPOSIBASIOT Kraccu4eckne cuMmnToMel 3abonesanus. OgHako
WHAMBUAYYMbI, reTepo3nroTHble no Y424C n niobomMy 13 NepBbiX YeTbIPEX annenen uMeroT
YMEPEHHO Bblpa)KeHHble cuMnTombl. [omosurotsl R158Q/R158Q nokasbiBatoT Knaccuyeckmne
cMMmnToMbl 3aboneBaHust, Torga kak romo3nrotel R271Q/R271Q v reteposurotel R271Q/Y424C

NnoKasblBakOT YMEPEHHO BblpaXXeHHbI€ CUMMTOMbI.

38.1. KakoBa aKTUBHOCTb 3TOr0O cbepmeHTa Yy nHansnaaymoB C reHoTUnamm, 0003Ha4YeHHbIMK X

(R271Q/E290K) n Y (Y424C/ R158Q)? (2 6anna)

38.2. KakoB KpUTUYECKWIA YPOBEHb, pa3aensitoLLmMin MHOVBUAYYMOB C KNacCuyYecknmm

cumnTomMamMm n ocoben ¢ ymepeHHeiMyn cumntomamn? (1 6ann)
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39. Y Hekoro xnebHoro 3naka obpaszoBaHMe aHTOLMaHUHA pPerynmpyeTca HECKONbKMMM reHamn. B
OTCYTCTBME aHTOLMaHMHA NUCTbS NPOPOCTKa MMEIOT 0BYCNOBNEHHYIO XNOPOMUIIIOM 3eNEHYI0
OKpacky. B npucyTcTBMM aHTOLMaHMHA NPOPOCTKN MMEIOT (P1oneToBbIn LBeT. JIoKyC reHa,
HasBaHHoro becuysemHniti 1 (C1), o4eBUOHO, DYHKLUNOHUPYET KaK TPaHCaKTUBUPYIOLLMIA
WHOYKTOPHbIN NOKYC, MO KparHen Mepe, ans Asyx apyrmux nokycos (ChsA n ChsJ), koTopble
KOAMPYIOT ABa (hepMeHTa B MeTabonM4eCcKoM NMyTu CUHTE3a aHTOLUMaHNHA (CM. PUCYHOK HIKE).
Y pacTeHuin ¢ roMO3UrOTHBIMU PELLEeCCUBHBIMWU reHOoTUNaMn BUOCUMHTE3 aHTOLUMaHUHA
OnoknpoBaH, kak 3To nokasaHo anst ChsA Ha pucyHke. [pegnonoXum, 4To CyLLEeCTBYIOT
cnegytouime ycrnosus: (i) HesaBUCMMOE pacLuenneHne no BCeM TpeM nokycam; u (ii)
FOMO3UIrOTHOCTb MO PeLeCcCCMBHOMY annento Nroboro 13 Tpex NOoKyCcoB MPUBOAMUT K 3eNeHOMY

uBeTy NpopoCTKa.

OTmeTbTE 3HaKoM (v') oXXmaaemble PEHOTUNNYECKME COOTHOLLEHMS B MOTOMCTBE OT ABYX
CKpelumBaHuin, NokasaHHbIX B Tabnuue B Jlnucrte OTBeTOB, a Henoaxoasuee 3Hakom (x). (2,0

6anna)

C1

' 01\;

> (O VHayktop ChsA u  ChsJ

ChsJ

—_
’//" chsA
o
&)

Whtepveanar A ————— 3 Wntepveanar B —» —F — duoneTosbIit nurmeHT
HeT pepmeHTa ChsA depmeHTChsJ
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40. Cymuatble KpoThl (oTpsag Notoryctemorphia) HacenstoT obnacty necyaHHbIX NyCTbiHb KOXHON U
3anagHon Asctpanuu n CeepHbix Tepputopun. OHM POIOT XO4bl B NECKe, BbiTaslkMBasi Necok
nosagu cebs, cosaasas BneyatneHue “nnasaHma” no necky. [Masa cymyartoro kpota
MOMHOCTBIO MOKPLITbI KOXXEN, MMEHOT OKOMO 1 MM B AnamMeTpe N HE MMEKOT HU XpyCcTanuka, Hu
3pauyka. 3puTenbHbl HEPB 3HaUUTENbHO peagyumpoBaH. O6o3HaybTe NpaBubHOE(bIE)
yTBEpXaeHne(ns) (a — e) ansa onmcaHus rnas cymyaToro Kpota 3Hakom (v'), a

HenpaBuibHoe(ble) YTBEPXKAEHWS - 3HAKOM (x). (1 Gann)

a. OrcyTcTBMeE XpyCcTanuka siBNseTcsi roMONTIOMMYHbIM OTCYTCTBUIO CIIOXHbIX a3 y
neLepHbIX HACEKOMbIX.

b. 3HaunTenbHO peayuMpOBaHHbIM 3pUTErbHbBIM HEPB NpeacTaBnseT cobomn
pyaANMEHTapHbIN OpraH.

c. [nasa CyM4aTOoro KpoTa U rfnasa KeHrypy 4aBndA0TCA aHanorm4yHbiMmn opraHamu.

41. leH mexdoTopeLenTOpHOro peTuHanb-ces3biBatoLwero 6enka (IRBP) - 3o npeacTaBneHHbIn B
€OVHCTBEHHOW KOMNWUW reH, MPOAYKT KOTOPOro y4acTBYET B pereHepaunm pogorncuHa B
3pUTENbHOM LMKME Yy MeKonuTalowmx. ITOT reH 6bin CEKBEHMPOBAH U €ro
nocrnegoBaTenbHOCTL CPaBHUIM Y pasHbiX cymyaTbiX. OTpesok nocrnegoBaTenbHOCTH
kogupytowen Lenn IRBP nokasaH Huwxe. YJTuTe, YTO 3TO HE Hayaro reHa, U Ha PUCYHKe
yKasaHa npaBusibHasg pamka CYMTbIBaHUS.

5' 451 Reading frame 500 3

| ————————— |

I I 1 1
Echymipera TATGCTATTGCATGTCGACACAGTAT-ATGATCGACCATCAAACACTACT
Dromiciops TGTCCTGCTGCACGTAGACACAGTTT-ATGACCGGCCATCAAACACCACC
Vombatus TAATCTGCTGCATGTAGACACAGTTT-ATGACCGGCCATCAAACACCACC
Notoryctes TATCCTGCTACATGTAGACACCGTTTTATGACCGGCCATCAAACACCACC
41.1. HaunHas ¢ KOAOHa, O6pa3OBaBLLIeFOCFI B pesynbrate myTtauunm casura paMmkm CHNTbIBaHUA,
HanuwunTe Tpu nocnegoBaTtesibHble aMUHOKUCIIOThI, KOTOPble KOAUPYET 3TOT NeH y

Vombatus w Notoryctes.. Wcnonb3yiTte Tabnuuy reHeTu4eckoro koga us Bonpoca 1.

(1,8 6anna)
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41.2. OTmeTbTE BepHoe(ble) yTBepxaeHue(s) 3HakoM (v'), HeBepHoe(ble) yTBeEpXKAEHNE(S) -
3HaKOM (%), a HegocTaTovHoe(ble) AN NPUHATUSA peLleHns yTBepxaeHne(s) - 3Hakom (-).

(0,9 6anna)

Mo cpaBHeHuto ¢ TakoBbIM y Vombatus , 6enkosbii npoaykT reHa IRBP y Notoryctes
OynoerT:

a. cofepxaTb MHOXeCTBEHHble 3aMeHbl aMUHOKUCIIOT.

b. He BygeT TpaHCNMPOBATLCS, TaK KaK OH YTepsin CTapTOBbIA KOOOH.

c. OypeT ykopouyeH, Tak kak oH cogepxxut CTOI kogoH bnunxke K Tovke Havana

TpaHCnAUUn.
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3Konorud

42. 3oHanbHOe pacnpeaerneHne ynutok-nuTTopuH Ha nobepexbe CuHranypa ndy4anocb Ha KpyToM
06pbiBe 1 nonorom ckroHe. Ha kpyTom obpbiBe 6binv HanaeHbl ABe BUAA YNUTOK-NTIMTTOPUH
(PucyHok A), a Tpetuin BUa 6bin obHapyXeH Ha nonoromM ckroHe (PucyHok B).
PacnpocTtpaHeHne ynuTok permctpupoBarnock B utone, ceHTabpe n gekabpe 2002 roga, korga
cpeaHve TeMmnepartypbl Ha NOBEPXHOCTM KaMHen coctaenanu 42 °C, 34 °C n 27 °C

COOTBETCTBEHHO.

A *1(a) |EM LL (b) |EM LL (c) |EM LL

YpoBeHb npunuea (M)

0 300
[

KONMYecTBO/M?

B 28
< —— -
26

25

24

’E\ 23
R
© 22
S
c 21
3
= 20
2 4
@
o 18
o
> 17
16 0 60
[
15 KOonn4yecTtBo/m?
EM EV LL

Aunarpamma nokasblBaeT pacnpocTpaHeHWe BUAOB NMUTTOPUH Ha (A) KpyTom obpbiBe: (a) B

nione, (b) B ceHTabpe, (c) B Aekabpe 2002; (B) Ha nonorom ckrnoHe.
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EM: Echinolittorina malaccana; EV: E. vidua; LL: Littoraria sp.;— — CpegHsas BeNnM4YnHa ypoBHS

noaHATUsS Boabl BO Bpems npunmea (MHWS).

42.1. OTmeTbTe NpaBunbHbINA(ble) BbIBOA(bl) OTHOCUTENBHO XapakTepa pacnpocTpaHeHus
YNUTOK-NMUTTOPUH 3HAKOM (v'), HenpaBuIbHbIA(bI€) BbIBOA(bI) - 3HAKOM (%), a
He4oCTaTOYHbIEe ANS NPUHATUSA peLleHnst ONnnucaHns 3Hakom (-) . (2 6anna)

a. Bpewmsa cbopa He okasblBaeT BMUAHUSA Ha XapaKkTep pacnpocTpaHeHus ABYX BUAOB
NUTTOPWH Ha KPYyTOM ObpbiBe.

b. Echinolittorina vidua v Littoraria sp. UMelOT NOX0XUe 30HbI pacnpocTpaHeHUs.

c. BepxHasa rpaHuua 30HbI pacnpocTtpaHeHna Echinolittorina malaccana Ha KpyTom
0o6pbIBe OCTaBanacb NOCTOSAHHOW HE3aBMCMMO OT nepuoga cbopa.

d. TpegnoytutenbHasi 30Ha 3acenenus Echinolittorina malaccana Ha kpyTom 06pbiBe
MeHbLUEe, YeM TakoBada anga Littoraria sp. Ha NONOroM CKIoOHe

e. Echinolittorina vidua meHeee TonepaHTHa K Xape, 4YeM ee cumnaTtpuyeckun sug, E.

malaccana.

42.2. YAnTku BbInn cobpaHbl, 1 3KCTPaKTbl LWECTN 06pasLioB TKAHEN KaXA0ro U3 Tpex TakCOHOB
NHKYBMpoBanucb OTAENbHO MpU pasnuyHbIX Temnepatypax. B Hux 6bina onpegeneHa
aKTUBHOCTb rMyTamaT-okcanoauerat ammHoTpaHcdepasbl (GOT), n pesynbsraTtbl 9TOro
onpegeneHns npeacTaeneHbl Ha rpadumke HKe. YKaxuTe npaBuiibHbIN TakcoH (EM, EV
unu LL), KoTopbIi COOTBETCTBYET rpadukam, npeacraBneHHbIM B Tabnuue B Jlucre

OTtBeTOB (1,5 6anna).
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AKkTUBHOCTL GOT (umol NADM/min/g cblpoii Bec)

40

14

b 40 45

TemnepaTtypa {°C)

40

55

60
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43. 3konorusa rpynmbl XyKoB-HaBO3HUKOB U3yyanack B 3anagHon Adpuke rpynnon yuyeHblx noa
pykoBoacTteom Krell-Westerwalbesloh B 2004 rogy. Coo0wwocTb XyKoB Obina pasgeneHa Ha
yeTbIpe kaTeropuu: (i) «wapokaratenu», (i) «3emnekonbl», (i) KUCTUHHbIE HABO3HUKNY, U (iV)
obnvratHble knentonapasutbl. LLlapokatatenu 6bICTpO (MeHbLUE YeM 3a Yac) cKaTbiBaloT
LUAPWKM U3 HABO3a, 3aTEM OTKaTbIBAOT MX OT UCTOYHMKA NUTAHUA U XPAHAT UX Ha UIK B 3eMJe,
obecneunBasi TeM cCaMbiM UCKIHOYUTENBHOE NPaBO NOSIb30BAHUSA 9TUM HABO30OM. 3eMMeKonbl
POIOT rHe3ga NPsIMO NMoA, UCTOYHUKOM MUTaHWUS U TPAHCMOPTUPYIOT HABO3 B rHE3A0, rAe OHU
GopMUpYIOT (B TEYEHUE HECKOSTbKMX YacoB) HaBO3HbIE LWapuku. HaeosHuku (unu adonmm)
MUTaKTCH U Pa3MHOXaKTCA NPSIMO B HABO3HOW nenewke. KnentonapasuTbl UCNOMb3YyHOT
NOpLMM SKCKPEMEHTOB, MOHOMONM3NPYEMbIE APYIMMU Fpynnamu, T.e. NPOHNKAOT B HABO3HbIE
LUapWUKK, caenaHHble LWapokaTaTensamu, Unn B Nog3eMHble rHesga 3emnekonos. YnCcneHHoCcTb
(cm. Tabnuuy) 1 cnocoBHOCTL K NoneTy (CcM. rpaduk) 3TUX XXyKoB (0O0beanHeHHbIE AaHHbIe 15

06pa3Ll,OB) OblnNn nccnegoBaHbl B TEYEHME LLIECTU pa3nun4yHbIX NepnonoB B Te€4EeHNEe CYTOK.

1 2 3 4 5 6

Bewms cyTok

0200-0600 4 0600-1000 4 1000-1400 y 1400-1800 y 1800-2200 v 2200-0200 4

N % N % N % N % N % N %

HaBoaHuku 51 6.46 31 1.45 4 0.03 78 2,09 1795 27.91 172 4845
O6nuraTHble
KnenTtonapasu- 51 6.46 536 25.01 1351 10.87 1230 33.00 253 3.93 24  6.76
Thl
LLlapokaTaTtenu 34 4.30 997 46.52 8559 68.87 1243 33.35 22 0.34 45 12.68
3emnexonbl 654 82.78 579 27.02 2514 20.23 1176 3155 4362 67.82 114 32.11
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OTmeTbTe npaBunbHbIN(E) BbIBOA(bI), KOTOPLIV(E) MOXHO cAernaTb U3 3TOro uccrneaoBaHus

3HaKoM (v'), HenpaBunbHbI(e) BbIBOA(bI) - 3HAKOM (%), @ HEAOCTATOYHbIE AN NPUHATUS

pelleHnss nHdopmaumm 3Hakom (-). (1,8 6anna)

a. B coobliectBe HaBO3HbIX XYKOB CyuleCTByeT HaI'IpFI)KéHHaﬂ KOHKYypeHUus.

b. LlapokaTtatenu 4OMWHUPYIOT B COOBLLECTBE HABO3HbIX XYKOB.

C. qupre rpynnbl HABO3HbIX )XYKOB HE MOIYT COCYLLeCTBOBaTb, TaK Kak OHU UCMOJ1b3YyHOT

OZHU 1 Te e pecypchbl O4MHaKOBLIM 06pa3oMm.

d. O,D,Ha unu donee rpynn 6yp,yT B KOHEYHOM UTOre I'IO6e)K,D,eHbI KOHKYPEHTaMWN N UCHESHYT U3

coobLlecTBa.

e. Pe3yanaTb| 9TOro nccneanoBaHuA noareepXgarT MPUHLIMIA KOHKYPEHTHOIO UCKIMKOYEHUA

Fay3e N NpeanocCTaBnAT AOKa3aTenbCTBa pas3feneHnda pecypcosB.

f. ,PeanusoBaHHas HuwWa“ kaxxgow rpynnbl N0OgoOHa COOTBETCTBYIOLLEN €

~PyHOaMeHTanbHON HuLe®.
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44. 18 maga 1980 roga npoun3oLuno BHe3anHoe u3sepxeHune ByrnkaHa St. Helens Ha toro-3anage

wraTta BawwnHrtoH (CLUA). MNMocne naBepxeHnst octancs 6egHbIN NUTaTenbHbIMU BELLLECTBAMM

J'IaHﬂ,LLIaCbT, O4Y€EeHb 3acyUJJ'IVIBbIIZ M C YacTbiMK konebaHusaMu NOBEPXHOCTU MOYBbI. ,D,J'IFI

HabntoaeHns 3a npoueccomMm BOCCTaHOBIIEHUA NOCIe U3BEPXXEeHUA B HECKOJNbKNUX TOYKax HaQ

BEPXHEW NMHMEN Npon3pacTaHus N1ecoB BOKPYT KpaTepa Oblnn 3anoxeHbl MOCTOSIHHbIE

OMbITHbIE YHaCTKW. Ha PUCYHKE HMXe NMOoKa3aHbl YNCNO BMOOB U NPOLUEHT NOKPbITUA HA O4HOM

13 Takux yyqacTtkos ¢ 1981 no 1998 rog.

24

20

16

12

Konnuecteo Buaos

0
1980

Bugpl

MokpbiTre

% NOKPbITUA

1984 1988

(o)}

1992

0
1996 2000

YkaxunTte 3HakoM (v') npaBunbHbIn(e) BbiBoA(bl), KOTOPbIe MOXHO caenaTtb u3

BbILLENPUBEOEHHOIO PUCYHKA, a HenpaBwrbHbIV(e) BbIBOA(bl) - 3HakoM (x). (1,2 6anna)

a. W3sBepxxeHne norybuno BClO pacTUTENbHOCTL Hag BEPXHEN NTIMHMEN Npou3pacTaHus JIeCoB.

b. BTOpVI‘-IHaFI CyKLeCCHua nocrie u3Bep>XeHnsd nponcxoamT o4eHb 6bICTpO

C. Hwn npocTpaHCTBO, HM CBET HE ABNAIOTCA OrpaHnYMBaloLLMM (bakTopoM B 3TOWN cpee.

d. T[locne 1982 nosiBUNocb TONbKO HECKONbKO HOBbLIX BUOOB.

e. O6Lwwmn pacTuTenbHbIN NOKPOB Ha 3TOM TEPPUTOPUN BO3pacTan OTHOCUTENBHO MEANEHHO

13-3a CYpOBbIX YCMOBUIA BYIKAHUYECKUX OTIOXEHMIA.

f. Ha HabniogaemMom yyacTtke ObIf10 AOCTUTHYTO CTabuibHOE pacTUTeNbHOE COo0LEeCTBO U3

20 BMaoB, yKkasblBaloLLee Ha CTaauio KnnmMakca B npoLecce gaHHOM CyKLEeCCUN.
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45. Ha cxemaTM4eckom M306paKeHnn BHU3Y NokasaHo MOAeNMpoBaHne MOPCKOro coobLecTsa aAns

nccrnegoBaHnsa B3anMOOTHOLLEHWI Mexay ero nonynaunamu.

EcTtecTBEHHOE cocTosiHUE —_— YpaneHve Mopckux 3Besg

» Pesynbrar

CpepHsis nuTopanbHast
30Ha

HwxHas nutopanbHas
30Ha

Mopckas
3Be3fa

Mopckue
xenyam

Mopckue
VTOUKN

dykyc

Mopckas 3Be3ga — Asteroidea, Monntockn — Lammellibranchia, Mopckue xenyau — Cirripedia,

Mopckue ytoukn — Cirripedia, ®ykyc - Phaeophyta

OcHoBbIBasiCb Ha pPUCYHKe, OTMETLTE BepHOoe(ble) yTBepXaeHMe(s) 3Hakom (v'), a HeBepHoe(ble)

- 3Hakom (X). (1,8 6anna)

a. B cBOEM ecTecTBEHHOM COCTOSAHMM COOBLLECTBO BKOYAET YeTbipe Buaa LlapcTea

XuBoTHble.

b. Bce XMBOTHbIe 3TOro coobLIECTBa MMEIT TPY 3apOAbILLEBbLIX 060NOYKM 1 ABNSAOTCA

BTOPNYHOPOTbIMU XXUBOTHbLIMMW.

c. XuBoTHble oTHOCATCA K TUnam Vrnokoxue, Monntocku n YneHmctoHorume.

d. B cBoeli ecTecTBEHHOW Cpeae MOpPCKME 3BE3Abl ABMISKOTCS KNIOYEBLIM BUOOM.
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46.

e. B cBoelt ecTecTBEHHON cpeae NNOTHOCTb MOJITOCKOB OorblLUe B CpedHen NMToparbHOn
30He, YeM B HUXKHEN NUTOPanbHON, Tak Kak B HUXKHEN NUTOParbHOW 30HE XXMBYT MOPCKME
3Be3apl.

f. B KoHUe uccnenoBaHusi coOOLWECTBO BXOAUT B COCTOSIHME KOManca n TonbKo ogHa
nonynaums pacLunMpsieT CBOK 3KONMOMMYECKYHO HULLY.

g. bBbino nokazaHo KOHKYpEeHTHOE MCKITOYEHMEe APYrMX NONynaumMi MONMOCKaMu.

h. Monntocku 3acensoT oyHAaMEHTaNbHYIO HULLY, BKIMOYAIOLLYIO CPELHION N HUXKHIOK
NUTOPAanbHYHO 30HbI.

i. [NpupogHble ycnoBust BKNoYaoT BMOTUYECKNE B3aMMOAENCTBUSA, TaKNe Kak MeXBMAOBas

KOHKYpeHUNA N XUWWHN4eCTBO

CkopocTb pocTa 60NbLUNMHCTBA NTIMTOPanbHbIX OPraHN3MOB CHDKAETCH MO HanpaBneHUIO K
Gepery. Uccneposatenu Lim and Green (1991) nayyanu nonynaumio pacnpocTpaHEHHOro
ABycTBOpYaToro mosnntocka Macoma balthica Ha oByx ypoBHsix nobepexbsi 'ya3oHoBa 3anvea B
KaHage. Kak BMOHO M3 pUCYHKA HUXE, Ha NOBEPXHOCTU PaKOBUH MOJIIOCKOB ABYX
cybnonynsiymi XopoLlo BUAHbI rogosble Konbua. Monmockmn ns atnx gByx 30H HE OTNMYyanucb
reHeTnyeckn. OBbIMHO MOMMIOCK 3apbiBaeTcs B cybCcTpaTt u HEBUAMM ANS XULWHUKOB. OH
ABNAETCHA NPOMEXYTOUHBIM X03ANMHOM Tpematon. [JloyepHue cnopoumcTbl NapasuTta HaxoaaTcs
rmaBHbIM 06pa3omM B roHagax MOMMCKA, BbI3blBasi MX YaCTUYHOE UK MOSTHOE NCYE3HOBEHNE.
OCHOBHbBIM X035IMHOM TpeMaTtop ABMAKTCA PXXaHKWU, KOTopble B 60MbLLIOM KonnyecTse
NPUCYTCTBYIOT B BEPXHEWN YacTn 6eperoBon 3oHbI BO BpeMs oTnmneBa. bbino 3ameyeHo, 4To
monntocku Nya3oHoBa 3anvBa OCTaBNAT NO BpeMs 0TnvBa 0CobeHHbIe crieabl Ha necke.
Bbino nogcunTaHo YMcno MeTauepkapues (cnegyrowas ctagus B LMKNe pa3Butnga napasura),
WNHKancynMpoBaHHbIX HA BHYTPEHHEWN MOBEPXHOCTM PAKOBUHbI, Y MOM3atoLLMX 1 3apbiBalOLLNXCA

MOIJ1FOCKOB B ABYX 30HaX nuToparnu.

Page 45 of 51



IBO2012 Singapore Theoretical Test Paper 1

O6Lee uncno napasnTos

O6LLee Yncno napasnTos

40

10

10

MON3AKLWME 3APbLIBAKOLMECHAH
BepxHsst 30Ha npunuea
Medudta MeAnaHa
1 4545% \ 54.55% ] 52.48% \‘| ® 4752%
° L4 1 .
1 E | °
2121% | 15.84%
[ ] ° |
e q. ° : °
] ° e ] .
[ ] ° [ N ] oe
° q o : #&).. °
0..' .' ° = 'w i [ ]
0, [ ]
ples 7172% n ;. i e  7376%
QOWb o0 o.xf x’;O X 'oo
[ ] XX (]
[ ] [ ] X
. s v — 707% - Qﬁ)"x‘ﬁx B o;)bo -~ 10.40%

T T T — T

HwxHAsa 30Ha npunuea

MeanaHa MeaunaHa

24.44% \ 75.56% 1 56.32% \ ’ 43.68%

0% ‘ 0%

° ° 4222% 17.37%
- LX) °
) 'y & X
r 2 8 X 57.78% ®  OXXXKXXXX : . 8263%
0 5 10 15 20 0 5 10 15 20
OnuHa (Mm)

Konu4yecTtBo monntockoB 0603Ha4YeHo cumBonamu: o, 1; e, 2; x, = 3. BepTukanbHasa nuHus

pasaenaeT MOoJJ1HoCKOB, KOTOpPbIe Oblnn MeHbLle unn 6onblue, Yem nx cpegHAaa AnnHa Ha

COOTBETCTBYIOLLEM UX MeCTOOOMTaHUIO YPOBHIO nUTOpPanu.

OTmeTbTe 3HakoM (v') NpaBuUnbHbIN(ble) BbIBOA(bI) O NOBeAeHUN 1 BMONorMn Monnicka, a

HenpaBwibHbIVi(ble) BbIBOA(bI) - 3HAKOM (%). (2,8 6anna)

CkopocTb pocta Macoma balthica B 'ya3oHoBOM 3anvBe noaTBepxaaeT obLiee npaBunio
Ana 6onbLWMHCTBA NUTOParbHbIX OPraHM3MOoB, YTBEPXKAAtoLLEee, YTO OpraHn3Mbl B HUXKHEN
30He nNuTOopanu pacTyT GbICTpee, YEM OpraHU3Mbl B BEPXHEN 30HE MpUnuea.
OTHOCKTENbHO GoMblUasi YacTb MOMIOCKOB B BEPXHEN YacTn 6eperoson nuHum Gbina

nopaxeHa napasmvtamu.
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C.

MNoBeaeHne, CBA3aHHOE C 3apblBaHMEM MOJIITHOCKOB, MOXET NOBbILWATb BEPOSTHOCTb
3aBepLUeHns UMKNa pasBuTua napasura.

Monntockn, KOTopble 3apblBalOTCA B NECOK, Kak NpaBuo HecyT GonbLue LUUCT ¢
MeTauepKkapusiMm, He3aBMCMMO OT MecTa 0buTaHusA B NUTOPanbHON 30HE.

YBenuyeHne JOCTYNHOCTU MOMSIHOCKOB 41151 PXXaHOK, OCHOBHOIO X03sIMHA TpemaTos, B
BEpPXHEN Yactn 6eperoBov NMMHUK, MOXET, BEPOSATHO, OOBACHUTL pasHULY B KONMYecTBe
napasuTtoB Mexay AByMs cybnonynauuamu.

Bblcokas 3apa€HHOCTb NapasnTamMm yCUnuBaeT COMaTUYECKMIA POCT, Tak Kak 3aTpaTbl Ha
BOCMpPOU3BEaEHNE CHUXKAKOTCA U3-3a «KacTpaLMm» MOSITIOCKOB TpeMaToaamu.

dakTopbl OKpyXatoLwen cpeabl BEPOATHO UrpatoT bornee BaxHy0 porib B onpeaeneHun

CKOpPOCTH pOCTa cy6nonyn;|u,v||7|, 4YeM HacneacTtBeHHOCTb.
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BUOCUCTEMATUKA

47. ConocTaBbTe XapaKTepHble NPU3HAKM C COOTBETCTBYHOLMMN opraHuamamu. (1,2 6anna)

MpusHaku:

KHWXXHbIEe Nnerkne, KOroTKM paHee COCTOSNM U3 Tpex YacTel, HO cernvac yMeHbLUEHbI TOMNBKO
[0 ABYX, MblLLIeYHas rnotka

PenyumpoBaHHble pebpa, BO BpeMsi OHTOreHe3a npoucxoaut MeTamopdos

3agHne KOHEYHOCTU MOKPbIThI YeLlyéit, AblXaTeNbHbI OpraH C UCMoNb3oBaHMEM
BEHTUNUPYEMbIX BO3AYLLHbIX MELLKOB, NOABWXHAA BEPXHAS YEMOCTb (MaKCcUmnna) u HMKHAS

4yentcTb (MaHanbyna)

IV. ToHkme TpyGKoOBpa3Hble opraHbl BblAENEHNS, 3aKaHYMBaOLWMECH MEXAY CPEAHEN U
3aHEeN KMLLKOW, TENO COCTOMT M3 TPEX YacTen (Tarm), napa aHTeHH

V. CneunanuanpoBaHHbIe anMTeNnanbHble MbllLeYHbIe KNETKN, CTPeKaTenbHbIE KIeTKN,
pagunanbHas cuMMeTpust Tena

VI. Wcnonbk3yeT cocyapl JIopeHUuuHN Ana BOCNPUATUS ANEKTPUYECKUX NOMEn U pasHuL,
TemnepaTtypbl, XPSILLEBOW CKeNeT, xxabepHble Lwenu (CMpakyrnom)

OpraHuambi:

a. 6Genas akyna (Carcharodon carcharias)

b. myxa komHaTHasa (Musca domestica)

C. nTuua, obbikHOBEHHasi ropnxsocTka (Phoenicurus phoenicurus)

d. kopannbl-mo3srosuku (Faviidae)

€. €eBpOonenckuin nayk-kpectoBuk (Araneus diadematus)

f.  TpaBdaHas ndarywka (Rana temporaria)
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48. OpgHa 13 U3BECTHbIX MMNOTE3 BO3HUKHOBEHNSA U 3BOMOLMM NNacTua nokasaHa Ha PUCYHKE HUXe

Ame0bo030u OMNUCTOKOHTHI PacTteHunsa

MeTasoa 3eneHble pacTeHus a

EBrneHosble BoJopocnun b

KuHeTonnactuapl

CropoBuKi (o3

Linnnodopa d

KpacHble Bogopocnu e

Mpoueccol, cnocobCTByOLLME 3BONIOLMM, NpeacTaBneHbl nog Homepamu (1-4) Ha guarpamme
Bblwe: (1) nepBMYHBLIN 3HAOCMMOKMO3, (2) NoTeps NepBuYHBbIX Nractua, (3) v (4) BTOPUYHbLIN
SHAOCMMOBKNO3. T NpoLECChl NPUBENN K NPUCYTCTBUIO UM OTCYTCTBUIO OMpeaenéHHbIX

nnacTtng 'y pas3nmyHbiX TAKCOHOMUYECKUX rpynnm.

CooTtHecuTe TakCcoHbI (a — d) ¢ cooTBeTCTBYOWMUMKU TUNamu nnactug B Jlucte OTBeToB. (1,2

banna)
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49. Y4éHble, 3aHMMaloLLNECS KNAOUCTUYECKON CUCTEMATUKON, MPUMEHSIIOT CPaBHEHNE MeXaY
rpynnamu ans audepeHLMpoBKN NPOU3BOAHBLIX NPU3HAKOB M OOLLNX UCXOOHbIX NPU3HAKOB.
[Mpy 3TOM OHU UCMOMb3YIOT BHELLHIOK rpynmny, TECTO CBA3AHHYIO C OAHOM U3 U3yYaeMblX.

Mpun aTOM JOMKHO cobniogaTtbCs crieqyloLlee yCroBme: BHELLHAS rpynna AormkHa 6blTb MeHee
POACTBEHHOW KaXXAOMY YrieHy nccrieqyemMon rpynmnbl, YEM YreHbl 3TOM rpynnbl Mexay coboi.
vnoTtesa: MicxoaHble Npu3Haku, NpealecTByoLne AnBepreHLmm obomx rpynn aBnstoTcs
rOMOnornamu.

YuuTbiBas 3T TeopeTndeckme npennochbIfki, HEKOTOpbIE UccregoBaTenu N3yumnm rpynny u

NONyYeHHYH MHpopMaLMio NPeacTaBUnmn B criedytoLlen Tabnuue.

YKnBoTHblEe 0603Ha4YeHbI KOAOM, COCTOSILLMM U3
AOBYX 3HaKoB

MpusHaku A1 A2 A3 A4 A5 A6

a. lepctb 0 0 0 0 1 0

b. AMHMOTMYeckoe AnLo c
JOMNONHUTENBHBIMA 0 1 0 0 1 0
3apofblLleBbIMY MeMOpaHaMmm

c. YeTtblpe Horm ons

nepeaBwKeHns 0 1 0 0 1 1
d. CoeauHeHHble YentcTu 0 1 1 0 1 1
e. [103BOHOYHWUK 0 1 1 1 1 1
f. Hotoxopga 1 1 1 1 1 1

O6o03HauveHus: 0 -: npr3HaK OTCyTCTBYET; 1 - MPM3HaK NPUCYTCTBYET

49.1. MNMpoaHanuanpynTe NPeACTaBNEeHHYIO Bbille MHpopMaLMIo 1 onpeaenuTe BHELLHIOW

rpynny. (0,2 6anna)

49.2. OnpegennTe npusHaku (a — f), apngatowmecs obLMMM aNs BHELLHEN U BHYTPEHHEN rpynn.

(0,2 6anna)
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49.3. Onpegennre UCXOOHbIN NPU3HAaK, UMEIOLLIMACS Y BCEX NpeacTaBuTeNnen Tonbko

BHyTpeHHewn rpynnsl. (0,2 6anna)

49.4. OnpepgenuTe NocrneaHUn NyHKT AUBEPreHUMn 3TON KnagorpaMmbl, NpueeaeHHol B Jlucte

OT1BeTOB, bMCNONb3ys Hanbonee nogxoaswmn npusHak. (0,2 6anna)

49.5. 3anonHuTte B Jlucte OTBETOB KNagorpammy, Hamnyywmm obpasom otobpasus
B3aMMooTHoLeHnsa mexay A1 n A6, npoaHanuanposas NpuUBEAEHHYHO MHGopMaumo. (1,8

6anna)

KOHEL YACTW 1
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Dear Participants

e You have a total of 3 hours (180 minutes) for answering this theory paper.

e Use the Answer Sheet, which is provided separately, to answer all the questions.

e The answers written in the Question Paper will NOT be evaluated.
e Write your answers legibly. Note that there may be more than one correct/incorrect
answer and every cell should be filled.

For example:

e NOTE: Some of the questions may be marked “Skipped” / “Deleted”. DO NOT attempt
these questions. Also, read the question completely before attempting it as some
guestions may continue from one page to the next.

e The maximum number of points for this paper is 89.3.

e Stop answering and put down your pen IMMEDIATELY when the bell rings.

e Your Answer Sheets as well as the Theoretical Test question paper will be collected at

the end of the test period.

Good Luck! ©
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CELL BIOLOGY

1.

The Table below shows the genetic codes of amino acids.

U |C | A |G
U | Phe Ser Tyr Cys U
Phe Ser Tyr Cys c
Leu Ser STOP STOP | A
Leu Ser STOP Trp G
C|Leu Pro His Arg U
Leu Pro His Arg c
Leu Pro Gin Arg A
Leu Pro Gin Arg G
Allle Thr Asn Ser U
lle Thr Asn Ser c
lle Thr Lys Arg A
Met Thr Lys Arg G
G | Val Ala Asp  Gly U
Val Ala Asp Gly c
Wal Ala Glu Gly A
Val Ala Glu Gly G

Some viruses (e.g. tobacco mosaic virus (TMV)) have RNA sequences that contain a "leaky"

stop codon. In TMV 95% of the time the host ribosome will terminate the synthesis of the

polypeptide at this codon but the rest of the time it continues past it.

The following sequences show part of a mRNA from TMV. Indicate the sequence(s) that may

result in two polypeptides in the indicated frame with a tick (v') and those that will not with a

cross (x). (1.8 points)

a.

5" -AUG-UCU-UGU-CUU-UUC-ACC-CGG-GGG-UAG-UAU-UAC-CAU-GAU-GGU-UAA-3'

5" -AUG-ACC-CGG-GGG-UUU-CUU-UUC-UAG-UAU-GAU-CAU-GAA-GGU-UGU-UAA-3'

5" -AUG-CUU-UUC-UCU-UAU-UAG-CAU-GAU-GGU-UGU-ACC-CGG-GGG-CCC-UAA-3'

5" -AUG-CAU-GUU-CUU-UUC-UCU-UAU-UGU-GGU-UGU-ACC-CGG-GGG-UUC-UAA-3'

5" -AUG-CAU-GAU-GGU-UGU-ACC-CGG-GGG-UAG-CUU-UUC-UCU-UAU-UGC-UAA-3'

5" -AUG-UCU-UAU-UGG-CAU-GAU-GGU-UGU-CUU-UUC-ACC-CGG-GGG-AAA-UAA-3'
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2. Mitochondria are mainly concerned with the following functions:
a. thermogenesis
b. apoptosis
C. production of ATP
d. fatty acid metabolism
Indicate the extensive presence of mitochondria with a tick (v'), intermediate presence (-) and
absence of mitochondria with a cross (x). Match the key function(s) of mitochondria (a to d)

suited to the respective cells. (1.8 points)

3. Arrange the order of the DNA molecules from lowest to highest in terms of their melting
temperature (Tm). (0.9 points)
a. 5’-AAGTTCTCTGAA-3’

3" -TTCAAGAGACTT-5'

b. 5’-AGTCGTCAATGCGG-3’

3’ -TCAGCAGTTACGCC-5"

C. 5’'-GGACCTCTCAGG-3’

37 -CCTGGAGAGTCC-5"

Page 4 of 49



IBO2012 Singapore Theoretical Test Paper 1

4. There are various mechanisms by which a cell can commit suicide — a phenomenon known as
“apoptosis”. One of the mechanisms is triggered by reactive oxygen species. The outer
membrane of mitochondria normally expresses a protein Bcl-2 on its surface. Another protein
Apaf-1 binds Bcl-2. Reactive oxygen species cause Bcl-2 to release Apaf-1 and a third protein
Bax to penetrate the mitochondrial membrane, releasing cytochrome c. The released
cytochrome c forms a complex with Apaf-1 and caspase 9. This complex sequentially activates

many proteases that digest cellular proteins.

What will be the fate of a cell exposed to reactive oxygen species in the following conditions?
I.  The cell has expressed a mutant form of Apaf-1 that constitutively (always) bind Bcl-2.
IIl.  The cell does not express Bcl-2 at all.
lll.  The cell overexpresses a form of Bcl-2 that is targeted to cell membrane only.

V. A chemical which extends the half life of Bcl-2 is added to the cell.

Match the following fates of the cell with the conditions (I to 1V). (2 points)
a. The cell resists apoptosis.
b. The cell is forced towards apoptosis.

c. The fate of the cell cannot be predicted.
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5. The Table below shows the chemical structure, pK;, pK, and pKr of some amino acids.

; i PKy pKa PKr
Amino acid Structural formula o-COOH a-NH, side chain
0
Glycine (Gly) OH 2.35 9.78
NH;
0
Alanine (Ala) Hsc%OH 2.35 9.87
NH,
H OH
Serine (Ser) HZN/"({O 2.19 9.21
OH
o
Aspartic acid (Asp) ONOH 1.99 9.9 3.9
OH NH,
0 0
Glutamic acid (Glu) HO)J\/YLOH 2.1 9.47 4.07
NH,
NH;
Lysine (Lys) Hj\f 2.16 9.06 10.54
H,N 0
OH

5.1. Determine the predominant form (ionic or neutral) for heptapeptides, Ato C, atpH 1, pH 7

and pH 12. Calculate their corresponding net charges (with an integer approximation).

(3.6 points)

5.2. What is the best pH for the electrophoretic separation of these three peptides from each

other?

Indicate the best pH with a tick (v') and the other pH values with a cross (x). (0.6 points)
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Which of the following sequence(s) of cell-cycle phases is/are characteristic of eukaryotes [G:

gap; S: synthesis; M: mitosis]? Indicate correct sequence(s) with a tick (v) and incorrect ones

with a cross (x). (0.5 points)

6.
a.
b.
C.
d.
e.
7.

G1-S-G2-Go-M
Gp-G1-S-G2-M
G1-Gpo-G2-S-M
G1-G0-G1-G2-S-M

G1-Gp-G1-S-G2-M

About the G2 phase

7.1. Which of the statement(s) describe(s) a cell in the G2 phase? Indicate correct statement(s)

with a tick (v) and incorrect ones with a cross (x). (0.4 points)

a. The homologous chromosomes are lined up on the equator.

b. The homologous chromosomes have been pulled to their respective poles by the
spindle apparatus.

c. The homologous chromosomes have not been replicated yet.

d. The homologous chromosomes are now in the haploid or n condition.

7.2. How many chromatin threads are there in a human somatic cell in the G2 phase? (0.5

points)
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8. The morphology of three species of bacteria (A to C) are shown below:

Q@ o> (o

A (coccus) B (flagellated bacillus) C (capsulated filament)

8.1. Bacteria in nature prefer to attach to surfaces and exist in a form known as “biofilms”.
During the attachment stage, before reaching the surface for attachment, bacteria will
encounter a zone of repulsive force as they come very close to the surface. Which bacteria
are likely to have an advantage to overcome this repulsive zone? Indicate the correct
answer(s) with a tick (v') and incorrect answer(s) with a cross (x). (0.6 points)

a. Bacterium A
b. Bacterium B

c. Bacterium C

8.2. After overcoming the repulsive zone and reaching the surface, the strength of attachment
on the surface of the three bacteria is likely to be different. Arrange the correct order of

attachment strength of the three bacteria in the Answer Sheet. (0.6 points)
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8.3. A stagnant pool of water was originally rich in organic content, but the nutrient
concentration soon became diluted with rainwater. All three bacteria were affected and
would attempt to survive the best way they could under this condition. Indicate true

statement(s) with a tick (v) and incorrect statement(s) with a cross (x). (0.6 points)

a. Bacterium A allows the fastest relative diffusion of nutrients into the interior of its cell.
b. Bacterium B can extend its flagellum to reach nutrients above the water level.

c. Bacterium C has a capsule which can actively absorb more nutrients.

9. A laboratory technician stained unknown bacterial cells with different dyes before observing
them. The dyes (stains) used are known to target (i) lipopolysaccharide, (ii) nuclear envelope,
(iif) DNA, (iv) cytoplasm and (v) ribosomes. Which dyes are likely to stain positive no matter
what type of bacteria there may be in the sample? Indicate with a tick (v) if they will be stained

and with a cross (x) if they will not be stained. (1 point)
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PLANT ANATOMY AND PHYSIOLOGY

10. Study the transverse section of a root in the figure below.

10.1. Match the codes (1 — 18) given in the table below with the labeled parts (A to H) in the

above figure. (1.6 points)

No. | Part No. | Part
1 Hypodermis 10 | Sclerenchyma cell
2 Epithelial cell 11 | Casparian strip
3 Xylem parenchyma 12 | Central vacuole
4 Epidermal cell 13 | Phloem parenchyma
5 Xylem fiber 14 | Pericycle
6 Root hair 15 Companion cell
7 Exodermal cells 16 | Phloem fiber
8 Xylem vessel 17 | Endodermal cell
9 Cortical parenchyma cell 18 | Collenchyma cell
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10.2.

The following are three pathways of ion and water absorption:
I. asymplastic pathway
[I. an apoplastic pathway

lll. atransmembrane pathway

Draw continuous lines and label (with I, 1l and IIl) the three different pathways from the

outside to H in the figure provided in the Answer Sheet. (3 points)

11. Match plant structures (1 — 10) with the corresponding function (A — J). (3 points)

Plant cell / Tissue structure Function(s) / Feature(s)
1 | Thylakoid membranes A | An intercellular communication network
_ Storage of water, digestive enzymes and other
2 | Vascular cambium B |. _ _
inorganic and organic substances
3 | Central vacuole C | Production of new plant tissues/organs
4 | Plasmodesmata D | Modified parenchyma cell without nucleus
_ ) Small opening in the surface of an ovule,
5 | Apical meristem E .
through which the pollen tube penetrates.
6 | Periderm F Mechanical support
7 | Sieve tube G | Presence of electron transport proteins
8 | Trichome H Production of secondary vascular tissues
9 | Secondary cell wall [ Secondary protective tissue
10 Micropyle J Protection and absorption
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12. Study the graph below and determine which of the statements (a to h) are correct.

Indicate correct answer(s) with a tick (v) and incorrect ones with a cross (x). (1.4 points)
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a. lItis a photosynthetic O, response curve.

b. Point A is light saturation point.

c. Point B is light compensation point.

d. Cisthe maximal photosynthetic rate.

e. Plants stop growth when they grow under the irradiance greater than the value shown at
point B.

f.  Respiration rate is greater than photosynthetic rate when plants are grown under the light
below the value shown at point A.

g. Plants grow (accumulate biomass) when their growth light environments are higher than

the photon flux shown at point A.
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13. Study the light response curves for leaf photosynthesis of C, and C; plants shown below.

Indicate correct statement(s) with a tick (v') and incorrect statement(s) with a cross (x). (1.2

points)
A B
S
'.% 35°C
E
7 35°C
@®
o) 10°C
@)
D 10°C
- ! f
full sunlight full sunlight
Photon flux

a. Figure A demonstrates the characteristics of C, plants.

b. C; plants have a competitive advantage over C,4 plants at high temperature and under full
sunlight because of a reduction in photorespiration.

c. Cj; plants have a competitive advantage over C, plants at low temperature and under low

light because of the higher quantum vyield.
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14. Some statements about photosynthesis are given below. Indicate true statement(s) with a tick
(v) and false statement(s) with a cross (x). (1.0 points)
a. Photophosphorylation involves ATP formation during the light reaction of photosynthesis.
b. The essential initial role of light in initiating the light reaction of photosynthesis is to produce
free oxygen.
c. Inaplant cell, the ATP synthase complexes are only located in the thylakoid membrane.
d. Photosystem Il is required for cyclic photophosphorylation.
e. It is currently believed that the specific enzymes necessary for the fixation of CO, into

sugar are located in the chloroplast stroma.

15. Arrange the following plants A to C in evolutionary order starting with the most primitive

specimen to the most modern. (1.5 points)

B

Vascular Tissues
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16. Match the description or effect (A — J) with their corresponding terms (1 — 10). (1.8 points)

Term

Description / effect

1 | Ethylene

Physiological reaction of organisms to the length of day or

night

2 | Photoperiodism

Inhibition of the growth of lateral buds

3 | Apical dominance

Stem elongation in intact plants

4 | Thigmotropism

Prolonged exposure to cold temperatures promotes

flowering

5 | Phyllotaxy Leaf and fruit abscission

6 | Cytokinin Bending of growing stems toward light sources
7 | Gibberellin The arrangement of leaves on a stem

8 | Statolith The response of plants to touch

9 | Vernalization

Delayed senescence

Gravitropism
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ANIMAL ANATOMY AND PHYSIOLOGY

| . e e of Ca?* e it oplasmic reticul
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18. Given below are data on the breathing rate, heart rate and body temperature of four different

mammals, A to D.

Animals .Breath.ing rat_e Heart rafce Body temperature
(inhalations/min) (beats/min) (°C)
A 160 500 36.5
B 15 40 37.2
C 28 190 38.2
D 8 28 35.9

18.1. Rank Animals A to D in descending order for surface area per unit volume of the body.

(0.8 points)

18.2. Rank Animals A to D in descending order for total volume of blood in the body. (0.8

points)
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19. Evaluate the following two statements regarding the respiratory processes of amphibians,
reptiles, birds and mammals. Indicate true statement(s) with a tick (v') and false statement(s)
with a cross (x). (1.6 point)

I. Negative pressure used to force air into lungs

II. Lungs are completely ventilated during each breathing cycle

20. Gas exchange in animal taxa involves various respiratory organs (a — d), as well as, the
circulatory system (open and closed). For each animal, indicate open circulatory system(s) with
a tick (v) and closed circulatory system(s) with a cross (x). Match the appropriate organs (a —

d) with the animals (adult). (2.6 points)

a. lungs
b. qills

c. skin

d. trachea
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21.

22.

Urine production is the result of continuous filtration of plasma through the kidneys. Indicate
true statement(s) about the mammalian kidney with a tick (v') and false statement(s) with a

cross (x). (2 points)

a. The kidneys have a direct effect on blood pressure.

b. The kidneys help regulate total blood volume in circulation.

c. The loops of Henle remove water, ions and nutrients from the blood.

d. Those able to excrete the most hyperosmotic urine, such as the kangaroo rats living in the
desert, have relatively short loops of Henle.

e. The kidneys partner the lungs in controlling the pH in plasma.

f.  The kidneys help maintain blood pH by excreting hydrogen ions and reabsorbing
bicarbonate ions as needed.

g. The kidneys dispose of volatile acids produced in metabolism.

h.  Ammonia (NHs) is produced in proximal tubule cells during acidosis.

i.  The glomerular filtration rate is affected by blood pressure.

j-  The kidneys produce ADH (antidiuretic hormone).

The amount of saliva secreted by a mammal is related to how much chewing is required on
feeding. Match the following animals (a — e) to the quantity of saliva secreted as given in the

table in the Answer Sheet. (0.8 points)

a. wolf
b. horse
c. cattle
d. human
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23. Allergy is a hypersensitive human immune system reaction which is a result of repeated antigen
exposure. In comparison, although pseudoallergy is identical to allergy in clinical terms, there is

no immunological stage in its development.

The underlying pathological processes are listed below as observations:
a. General level of IgE class antibodies in the serum is raised.
b. Specific IgE class antibodies in the serum is detected.
c. Histamine — the main mediator of inflammation is released.
d. A minimal amount of the antigen is needed to demonstrate the reaction.
Indicate for allergy, as well as pseudoallergy, the observation(s) that apply with a tick (v') and the

observation(s) that do not with a cross (%) in the Answer Sheet.(0.8 points)

24. The age of animal fossils can be determined by measuring the content of carbon isotope **C in
the bones. How is **C accumulated in the bones? Indicate correct statement(s) with a tick (v)

and incorrect statement(s) with a cross (x). (0.6 points)

a. through consumption and assimilation of organic compounds in the bones

b. through converting CO, into organic compounds in the bones

c. through accumulation of residual CO, during respiration deposited in the bones
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25. European (freshwater) eel usually obtains oxygen by gills but can spend long periods of time
out of water using dermal respiration. The graph below shows the level of blood saturation by
oxygen and oxygen supply through different organs when the eel was removed from the water

(in arbitrary units):
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*A, AB,mC, oD

Match the following statements (I to 1V) to the corresponding lines (A — D) shown above. (1.2

points)

I.  Total blood saturation by oxygen
[I.  Oxygen supply through gills
[ll. Oxygen supply through skin

IV. Oxygen supply from air bladder
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26. Anatomical characteristics of animals are adapted for their different modes of feeding (a — d).
a. carnivores
b. omnivores
c. non-ruminant herbivores

d. ruminant herbivores

26.1. Match the different modes of feeding (a — d) with the corresponding dental features (I —
V). (1.2 points)
I.  no upper incisors, have dental pad, molars allow only lateral movements
II. canine teeth highly developed and used for tearing
lll. grinding teeth patterns on posterior teeth (molars)

IV. incisors for nipping, molars slightly angled, jaws move circularly (vertical and lateral)

26.2. The gastrointestinal (Gl) tract surface area to the body surface area ratio differs between
herbivores, omnivores and carnivores. Match the different modes of feeding (a — d) with
the corresponding Gl tract surface/body surface area ratio as listed in the table in the

Answer Sheet. (1.2 points)
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27. Match the adaptations of the digestive systems (a — c) with the corresponding anatomical
descriptions. (0.9 points).
Anatomical descriptions:
l. simple stomach, limited utilization of foliage-based diets
Il. simple stomach incapable of utilization of foliage-based diets
[l highly developed sacculated stomach capable of extensive and effective utilization of
foliage-based diets
Digestive adaptations:
a. extensive fermentation after primary sites of digestion and absorption
b. extensive fermentation before primary sites of digestion and absorption

c. unable to digest some of the substances in grains, fruits and vegetables

28. Fishes are specially adapted for aquatic life in different parts (e.g., surface, middle, bottom) of
the water column and various special habitats (e.g., sea grass beds, rock crevices). Their
swimming speeds are also partly dependent on their body morphology. Match the fishes (A — H,
not drawn to scale) with their respective habitats and indicate the two fastest swimmers and the

two slowest swimmers. (2.4 points)
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29. In all classes of vertebrates, there are at least a few species that may occasionally take to the

air (e.g., flying’ fish, frog, lizard, and squirrel). They are not capable of true flight but make use

of non-flapping locomotion such as gliding and parachuting to slow their descent.

29.1. Animals that glide minimize drag (D) and use lift (L) to produce a more favourable lift-to-

29.2.

drag ratio (L/D ratio). In contrast, animals that parachute maximize D as they often have
no significant surface area to produce enough L. When an animal has a steady glide,
several forces act upon it (see figure below). Resistance (R) of the outstretched body
against the airstream produces L. Drag (D) in the direction opposite to travel is also

present, and weight (mg) acts as well. The descending path makes an angle (6) with the

ground.
R
//A\\\
\\;
v L.. ‘Flying’ squirrel ‘Flying’ frog
mg

Match the correct animal, (a or b), with the expected values of L/D and 6 in the table in

the Answer Sheet. (1 point)

In flying’ lizards, the patagium is a fold of skin connecting the forelimbs and hind limbs.
Russell and Dijkstra (2001) compared the patagia and accessory aerodynamic surfaces
between two species of lizards, Draco volans (‘flying’ dragon) and Ptychozoon kuhli

(‘flying’ gecko).

‘Flying’ dragon
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Indicate correct conclusion(s) that can be drawn from the study about the morphological

adaptations of the lizards for aerial locomotion with a tick (v'), and incorrect conclusion(s)

with a cross (x). (2 points)

a. Although the mean weight of D. volans is smaller than that of P. kuhli, their body area
per unit mass is very similar.

b. Comparison of the patagial area to mass indicates that the patagia of P. kuhli are
larger than those of D. volans of equivalent mass.

c. The accessory structures contribute more significantly to total available aerodynamic
area in D. volans than they do in P. kuhli.

d. The total body area of the two taxa is very similar.

e. The proportional area that is contributed by the patagium is much larger in D. volans
than in P. kuhli, which compensates by the addition of extensive accessory flaps and

folds.
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30. In the hypophysis, several regulatory peptides are built from the propeptide, Pro-
opiomelanocortin (POMC). POMC is cleaved proteolytically (A — E) into various products.
Every polypeptide below is represented with N- terminal on the left and C- terminal on the right.

Note that each enzyme digests only “matured” precursor peptide.

| POMC |

X

[y-MSH| [ ACTH || B-Lipotropin |

X X

[a-MSH| [cLIP] [y-Lipotropin| [B-endorphin|

?

30.1. Write down the minimum number of enzymes needed by a cell to produce 3 -MSH from

POMC. (1 point)

30.2. Write down the minimum number of enzymes needed by a cell to produce a-MSH from

POMC. (1 point)
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ETHOLOGY

31. Male fiddler crabs use their enlarged claws chelipeds (major chelipeds) for signalling (e.g.,
fighting for burrows, waving at females, etc.). A student studied male-female interactions by
using mirrors to reflect two different-sized images of the same waving male crab to females.

Mirror combinations used in the experiment were: 10x : 3x (Treatment I), 3x : 1x (Treatment Il)
and 10x : 1x (Treatment Ill). Ten waving males were presented to 20 females in three trials for

each treatment. She recorded the percentage of females (Graph A) and time taken by each
female to approach each reflection (Graph B) for each treatment as well as whether the male

was right or left-handed (Graph C).
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Indicate correct conclusion(s) that can be drawn about the interactions between male and
female crabs with a tick (v'), incorrect conclusion(s) with a cross (%) and the statement(s) that

cannot be concluded with a dash (-). (1.5 points)

a. Female fiddler crabs generally prefer larger males.

b. In mate-choice selection, male handedness is an important criterion.

c. Males that wave faster generally attracted more females.

d. The mean time taken for females to make a choice differed between Treatments Il and III.
e. An obvious difference in cheliped size of males may be necessary before females become

more decisive.
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32. Cormorants (Phalacrocorax carbo) feed on fish. They dive in the water and chase fish by sight,
so water clarity is important. Normally cormorants fish individually, but if the water is murky

they may develop a cooperative hunting method in a group. (1.2 points).

cormorants | | other
chase fish \ \' cormorants
upwards ] ~| catch fish

Indicate the process(es) that play(s) a role in developing the collaborative hunting strategy of

the cormorants with a tick (v) and use a cross (%) for inappropriate process(es).

a. competition
b. conditioning
c. habituation
d. social learning
e. imprinting

f. trial and error
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33. The figure below from Dittman et al. (1999) shows the behavioural response of mature

hatchery-reared Coho salmon, Oncorhynchus kisutch to an artificial odorant, 3-phenylethyl

alcohol (PEA) placed in one arm of a two-arm arena. These salmon were exposed to PEA at

different specific developmental stages: alevin (Stage 1), parr (Stage Il) and smolt (Stage Ill) in

the hatchery before maturity and experimentation. Control fish had never been exposed to PEA.
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L] PEA absent; W PEA present

Indicate correct conclusion(s) with a tick (v'), incorrect conclusion(s) with a cross (x) and the

statement(s) that cannot be concluded with a dash (-). (1.2 points)

a.

Salmon that had previous exposure to PEA had equal preference for both arms of the
arena.

Age of salmon is the most important criterion for navigation to natal stream.

Chemical cues play a secondary role in salmon homing behaviour.

There is a critical period for olfactory imprinting in the Coho salmon.
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GENETICS AND EVOLUTION

34. Bateson and Punnett (1908) studied the flower colour and pollen grain shape in the sweet pea
(Lathyrus odoratus, which is related to the garden pea, Pisum sativum, which Mendel studied).
They crossed a true-breeding purple-flowered plant that had long pollen grains with a true-

breeding red-flowered plant that had round pollen grains, and tabulated the following results for

the F2 progeny:

Phenotype Observed
Purple flowers, long pollen grains 296
Purple flowers, round pollen grains 19
Red flowers, long pollen grains 27
Red flowers, round pollen grains 85
Total number of progenies 427

34.1. If the genetic traits are assorted independently, what phenotype ratio would you expect

to see? Fill in the expected values for the respective phenotype and test for independent

assortment by calculating the XZ value. (4 points)

df XZ

1 3.841
2 5.991
3 7.815
4 9.488
5 11.070

Table: ¥ values for o (p value) = 0.05

34.2. Indicate the likely explanation with a tick (v') and inappropriate explanations with a cross

(%) for the above observation. (0.8 points)
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35. The DNA sequence of the Atlantic salmon (Salmo salar) genome, which contains 28 pairs of
autosomal chromosomes and a pair of sex chromosomes (XY), has been recently completed.
DNA microinjection technique was used to successfully transfer a growth hormone transgene
construct into the zygotic stage of salmon fish embryos. Subsequently, 4 transgenic individuals
(Fo founders), 2 males and 2 females, were obtained. The growth hormone transgene is under
the regulation of a liver-specific enhancer and all 4 transgenic founders have high plasma
growth hormone levels leading to accelerated growth. It was confirmed that the transgene is
inserted as a single copy within their genomes. Stable lines of transgenic salmon with
accelerated growth will be established through crossing. For the establishment of the F;
generation, both the male and female transgenic founders (F,) are outcrossed to the respective

gender of wild-type (hon-transgenic) salmon
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35.1. For the establishment of the F, generation you have been asked to carry out a sibling-pair

35.2.

cross in order to recover homozygous transgenic individuals carrying the growth hormone

transgene. What would be the expected genotype ratio expressed as a %? (1.5 points)

When you check the ratio of males versus females of the F, generation you found that

there are always more females (70%) than males (30%) regardless of whether the growth

hormone transgene is present as null, heterozygous or homozygous within the individuals

of the F, generation. Indicate the appropriate reason(s) with a tick (v) and the

inappropriate one(s) with a cross (%) from the list below. (0.8 points)

a.

Epigenetic silencing in some male individuals has shut down the growth hormone
transgene.

Integration of the growth hormone transgene is no longer stable.

Besides the XY sex chromosomes, environmental factors might have a secondary
role in sex determination.

The growth hormone transgene has translocated onto the sex chromosomes leading

to sex reversal of some males.
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36.

37.

Chicken with short wings and legs are called “creepers”. When creepers are mated with normal
birds they produce creepers and normal chickens with equal frequency. When creepers are
mated with creepers they produce two creepers to one normal. Crossing between normal birds

produce only normal progeny.

36.1. What is the simplest genetic basis for creepers and normal chicken? Indicate the correct

answer(s) with a tick (v') and incorrect answer(s) with a cross (x). (0.6 points)

36.2. Indicate the correct phenotype of chickens carrying two creeper alleles with a tick (v') and

incorrect phenotypes with a cross (x). (0.5 points)

The black hair of guinea pigs is produced by a dominant gene B and white by its recessive

allele b. Assume that |11 and 114 do not carry the recessive allele.

o .74.

IT

I1I

37.1. What is the probability of 113 being heterozygous? (1 point)

37.2. What is the probability that one particular offspring of 1111 x 1112 will have white hair? (1

point)
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38. Some allele combinations can result in a particular mental disorder in humans. The Table

shows the enzyme activities of different genotypes (reported as percentage of the normal

activity).
Allele 1

Allele 2

R231X | P292L | R407W | IVS-12 | E290K | R158Q | R271Q | Y424C
R231X <1
P292L <1 <1
R407W <1 <1 <1
IVS-12 <1 <1 <1 <1
E290K ~2 <3
R158Q ~6.5 10
R271Q X ~20 30
Y424C Y 40 50

All individuals homozygous or heterozygous for any combination of the first 5 alleles listed
above exhibit the classical symptoms of the disease. Individuals heterozygous between Y424C
and any of the first four alleles however have mild symptoms. R158Q/R158Q homozygous
show classical symptoms of the disease, while R271Q/R271Q homozygous and R271Q/Y424C

heterozygous have mild symptoms.
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38.1. What is the enzyme activity in individuals for genotype combinations marked by X

(R271Q/E290K) and Y (Y424C/ R158Q)? (2 points)

38.2. What is the critical range defining those with classical symptoms from those with mild

symptoms? (1 point)

39. In a particular crop plant, several genes govern the production of anthocyanin. In the
absence of anthocyanin, the seedling leaves show only green chlorophyll pigmentation.
In the presence of anthocyanin, the seedlings have a purple cast on top of the green
coloration. A gene locus called Colourless 1 (C1) appears to function as a transacting
inducer locus for at least two other loci (ChsA and ChsJ) that encode two enzymes in the
pathway for anthocyanin synthesis (see figure below). The pathway for anthocyanin is
blocked in homozygous recessive genotypes as shown for chsA in the figure. Assume
the following conditions exist: (i) independent assortment applies to all three loci; and (i)

homozygosity for the recessive alleles at any of the three loci causes green seedlings.

Indicate the expected phenotypic progeny ratios for the two crosses listed in the table in

the Answer Sheet with a tick (v') and inappropriate ones with a cross (x). (2.0 points)

(O inducer of ChsA and ChsJ

2
3
chsA ChsJ
: o 7 c;h]sA I
1 ;7

Intermediate A —— > Intermediate B —» —>» —> Purple pigment
no enzyme ChsA enzyme ChsJ
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40. The marsupial moles (order Notoryctemorphia) inhabit the sandy desert regions of South
Australia, Western Australia and the Northern territory. They tunnel through the sand, filling in
the tunnel behind them and giving the appearance of “swimming” through the sand. The eyes
of the marsupial mole are completely covered by skin, measure about 1 mm in diameter and
lack a lens or pupil. The optic nerve is greatly reduced. Indicate the correct statement(s) (a — c)

with a tick (v) and incorrect statement(s) with a cross (x). (0.6 points)

a. The lack of a lens is homologous to the lack of ommatidia in cave flies.

b. The greatly reduced optic nerve is a vestigial (rudimentary) structure.

c. The eyes of the marsupial mole are analogous to the eyes of kangaroos.
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41. Interphotoreceptor retinoid binding protein (IRBP) is a single-copy gene, the product of which
plays a role in the regeneration of rhodopsin in the visual cycle in mammals. This gene was
sequenced in several marsupials and the resulting sequences were aligned for comparison. A
portion of the sequence of the coding strand of IRBP is shown below. Note that this is not the
beginning of the gene and that the correct reading frame has been indicated.

5' 451 Reading frame 500 3

| r’-_-'r'-_-'r'-_-'l |
Echymipera TATGCTATTGCATGTCGACACAGTAT-ATGATCGACCATCAAACACTACT
Dromiciops TGTCCTGCTGCACGTAGACACAGTTT-ATGACCGGCCATCAAACACCACC
Vombatus TAATCTGCTGCATGTAGACACAGTTT-ATGACCGGCCATCAAACACCACC
Notoryctes TATCCTGCTACATGTAGACACCGTTTTATGACCGGCCATCAAACACCACC
41.1. Starting with the codon involving the frameshift mutation, write down three consecutive
amino acids coded for by this gene for Vombatus and Notoryctes. Use the genetic code

table provided in Question 1. (1.8 points)

41.2. Indicate true statement(s) with a tick (v'), false statement(s) with a cross (%) and

inconclusive statement(s) that cannot be concluded with a dash (). (0.9 point)

Compared with that of Vombatus, the protein product of the IRBP gene in Notoryctes will:
a. contain multiple amino acid substitutions.
b. not begin to be translated as it lacks a START codon.

c. be truncated as it contains a STOP codon at an earlier point.
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ECOLOGY

42. The zonation patterns of littorinid snails on the rocky shores in Singapore were studied at a
vertical cliff and a sloping rock. Two taxa of littorinids were found on the vertical cliff (see A)
and an additional third species was found on the sloping rock (see B). The snail distribution
was recorded in July, September and December 2002 when the mean temperatures of the rock
surfaces were 42 °C, 34 °C and 27 °C respectively.

A 37
36
35

EM EM LL

(@)

3.4
33
3.2
3.1
3.0
29

28
27

TIDE LEVEL (m)

26
25
24
23
22
21
2.0
1.9

0 300
e

Number/m®

TIDE LEVEL(m)

16 0 60
|

15 Number/m’

EM EV LL

Kite diagram showing the distributions of littorinid species on (A) a vertical cliff: (a) July, (b)
September, (c) December 2002; (B) a sloping rock.
EM: Echinolittorina malaccana; EV: E. vidua; LL: Littoraria sp.;- - - -Mean High Water Spring

(MHWS) tide level.
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42.1. Indicate correct conclusion(s) about the distribution patterns of the littorinids with a tick
(v), incorrect conclusion(s) with a cross (%) and inconclusive statement(s) that cannot be
concluded with a dash (-). (2 points)

a. Sampling period has no influence on distribution pattern of the two littorinid taxa at
the vertical cliff.

b. Echinolittorina vidua and Littoraria sp. have similar zones of distribution.

c. The upper limits of the Echinolittorina malaccana zone at the vertical cliff were
constant regardless of sampling period.

d. The preferred zone of occupation of Echinolittorina malaccana is smaller than that of
Littoraria sp. at the sloping rock.

e. Echinaolittorina vidua is less heat-tolerant than its sympatric species, E. malaccana.

42.2. Snails were collected from the field and extracts of six tissue samples of each of the three
littorinid taxa were incubated separately at different temperatures. Glutamate
oxaloacetate transaminase (GOT) activity was determined and the results of the enzyme
assays are presented in the graph below. Indicate the correct taxon (EM, EV or LL) that

corresponds to the graph shown in the table in the Answer Sheet. (1 point)

20

GOT ACTIVITY (umol NADH/minig wet weight)

20 o5 ag 35 40 a5 50 55 &n

TEMPERATURE (°C)
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43. The ecology of a group of dung beetles was studied in West Africa by Krell-Westerwalbesloh et
al. (2004). The beetle community was divided into four categories: (i) rollers, (ii) tunnellers, (iii)
dwellers, and (iv) obligatory kleptoparasites. The rollers rapidly form balls from the faeces (in <
1 hour), roll them away from the food source, and deposit them in or on the soil to ensure
exclusive use of the dung. The tunnellers make nests directly under the food source and
transport dung into the nest where they form dung balls (= a few hours). Dwellers feed and
reproduce directly in the dung pat. Kleptoparasites use faeces portions monopolised by other
groups, e.g., by penetrating dung balls made by the rollers or the dung mass in the
subterranean nests of the tunnellers. The abundance (see Table) and flight activity (see Figure)

of these beetles (pooled data of 15 samples) at six different periods of the day were recorded.

1 2 3 4 5 6

Period

0200-0600 h 0600-1000 h 1000-1400 h 1400-1800 h 1800-2200 h 2200-0200 h

N % N % N % N % N % N %

Dwellers 51 6.46 31 1.45 4 0.03 78 209 1795 27.91 172 48.45
Obligatory
Kleptoparasites 51 6.46 536 25.01 1351 10.87 1230 33.00 253 3.93 24 6.76
Rollers 34 4.30 997 46.52 8559 68.87 1243 33.35 22 0.34 45 12.68
Tunnellers 654  82.78 579 27.02 2514 20.23 1176 3155 4362 67.82 114 32.11

14000
12000 S
10000

8000

6000

Individuals

4000

oL

1 2 3

a

Period

B Rollers; L Tunnellers; l Dwellers; Kleptoparasites
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Indicate correct conclusion(s) that can be drawn from the study with a tick (v'), incorrect

conclusion(s) with a cross (%) and inconclusive statement(s) that cannot concluded with a dash

(-). (1.8 points)

a. There is intense competition in the dung beetle community.

b. Rollers dominate the community of dung beetles.

c. The four groups of dung beetles cannot co-exist as they all exploit the same resource in
similar ways.

d. One or more of the groups will eventually be out-competed and eliminated in the
community.

e. The results of this study support the principle of competitive exclusion and provide
evidence for resource partitioning.

f.  The ‘realized niche’ of each group is similar to their respective ‘fundamental niche’.
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44. Mount St Helens in southwest Washington state (USA) erupted catastrophically on May 18,

1980. The eruption produced a landscape with low nutrient availability, intense drought and

frequent surface movements. Permanent plots were established at several sites above the

treeline around the crater to monitor recovery after the eruption. The figure below shows the

number of species and percentage cover at one of the sites from 1981 to 1998.

24

- N
(o] o

No. of species
)

Species -

Cover =

1 | 1 |

0
1980

0
1984 1988 1992 1996 2000

Year

24

20

Indicate the correct conclusion(s) that can be drawn from the figure above with a tick (v') and

incorrect conclusion(s) with a cross (x). (1.2 points)

a. The eruption killed all of the vegetation above the treeline.

b. Secondary succession occurred rapidly after the eruption.

c. Neither space nor light are limiting resources for plants in this environment.

d. Only a few additional species invaded after 1982.

e. Total plant cover in this area has increased relatively slowly due to harsh conditions on the

volcanic deposits.

f. A stable plant community of 20 species has been reached at the study site indicating the

climax stage in the succession process.
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45. The schematic figure below shows a simulation of a marine community done with the objective

to study the relationships between its populations.

Result

Natural state Starfish removed

0,
o g

LXK
o

Y @ a0 | M !ﬁ,
Key w

starfish mussels barnacles | gooseneck | rockweed
| barnacles |

Starfish — Asteroidea; Mussels — Lamellibranchia; Barnacles — Cirripedia;
Gooseneck barnacles — Cirripedia; Rockweed — Phaeophyta.
Based on the above figure, indicate correct statement(s) with a tick (v') and incorrect

statement(s) with a cross (x). (1.8 points)

a. The community, in its natural state, includes four species of the Kingdom Animalia.

b. All the animals of this community have three germ layers and are deuterostomates.

c. Phyla of animals represented here are Echinodermata, Mollusca and Arthropoda.

d. Intheir natural environment, starfish is a keystone species

e. Intheir natural environment, mussel density is larger in the middle intertidal zone than in
the lower intertidal zone because starfish live in the lower intertidal zone.

f.  Atthe end of the study, the community collapses and only one population increases its
ecological niche.

g. The competitive exclusion of the other populations by the mussels was demonstrated.

h. Mussels occupy the fundamental niche including both the middle intertidal zone and lower
intertidal zone.

i.  Natural conditions include biotic interactions like inter-specific competition and predation.
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46. Growth rate of most intertidal organisms generally declines in an upshore direction. Lim and

Green (1991) studied a population of the Baltic clam, Macoma balthica (a common bivalve),

from two levels of the shore at Hudson Bay, Canada. Annual shell growth rings are distinct in

the two sub-populations (see figure below) and the clams from the two zones do not differ

genetically. The Baltic clam normally buries itself and is generally hidden from predators. It is

the intermediate host to trematodes; the daughter sporocysts of the parasites are found mainly

in the gonads of the clam, causing partial or total disappearance of the gonads. Shorebirds, the

definitive host of these trematodes, are present in large numbers at the upper shore during ebb

tide. The clams in Hudson Bay have been observed to make conspicuous tracks on the sand

flats at ebb tide. The number of metacercariae (the next stage in the parasite’s life cycle)

encysted on the inner shell surface of crawling and burrowing clams from the two shore regions

were counted.

40
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Symbols represent number of clams: o, 1; e, 2; x, 2 3. The vertical line divides clams that were

smaller and larger than their median length at their respective tidal level.
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Indicate valid conclusion(s) about the behaviour and biology of the Baltic clam with a tick (v')

and invalid conclusion(s) with a cross (). (2.8 points)

a. The growth rate of Macoma balthica in Hudson Bay conforms to the general rule observed
for most intertidal organisms that lower intertidal organisms grow faster than those at the
upper shore.

b. A relatively higher proportion of clams was parasitized higher up the shore.

c. Crawling behaviour of the clams could enhance the completion of the parasite’s life cycle.

d. Clams that are buried in the sand generally have more metacercaria cysts regardless of
shore level.

e. Increased exposure of the clams at the upper shore to shorebirds, the final host of the
trematodes, could probably account for the difference in parasite load between the two
sub-populations.

f.  High parasite load promotes increased somatic growth as reproductive output is reduced
due to host castration by the trematodes.

g. Environmental factors probably played a greater role in determining clam growth rate of the

sub-populations than heredity.

Page 45 of 49



IBO2012 Singapore Theoretical Test Paper 1

BIOSYSTEMATICS
47. Match the following characteristic features with the correct organisms. (1.2 points)
Features:
I. book lung, claws formerly made of three parts, but now reduced to only two, gizzard
Il. reduced ribs, undergoes a metamorphosis during ontogenesis
lll. hind extremities covered with scales, respiration organ using ventillating air bags, movable
upper jaw (maxilla) and lower jaw (mandibula)
IV. thin, tube-like excretion organs ending between mid- and hind-gut, body made of three
parts (tagmata), a pair of antennae
V. specialized epithelic muscle cells, nettle cells, radial symmetric body
VI. uses ampullae of Lorenzini to sense electric fields and temperature differences, cartilage

skeleton, spiraculum

Organisms:

o

white shark (Carcharodon carcharias)

i

house fly (Musca domestica)

c. bird, common redstart (Phoenicurus phoenicurus)
d. brain corals (Faviidae)

e. european garden spider (Araneus diadematus)

f.  common frog (Rana temporaria)
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48. One of the known hypothesis of the origin and evolution of plastids is shown in the Figure below.

Metazoa

Green plants a

Euglenophyceae b

Kinetoplastida

Heterolobosea

Diatoms/
Bacillariophyta

Red algae/ d
Rhodophyta

The processes that facilitated evolution are represented by the numbers (1 to 4) in the diagram
above: (1) for primary endosymbiosis, (2) for loss of primary plastids, (3) and (4) for secondary
endosymbiosis. These processes resulted in the presence or absence of certain plastids in

various taxa.

Match the taxa (a — d) with the corresponding type of plastids in the Answer Sheet. (1.2 points)
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49. Cladistic systematic researchers apply comparisons among groups in order to differentiate

derivative characters and shared primitive characters. In doing this, they use an external group,

closely related with the one they are studying.

Condition: The external group is less related to any member of the studied group than the

members of the last one are between themselves.

Supposition: The primitive characters that precede the divergence of both groups are

homologies.

Taking into account these theoretical concepts, some researchers studied a group and the

information they obtained is presented in the following table.

Animals represented by double digit codes
Characters Al A2 A3 A4 A5 A6
a. Hair 0 0 0 0 1 0
- ammitosssubets Lo |1l o o | 1| o
c. Four legs for locomotion 0 1 0 0 1 1
d. Jointed jaws 0 1 1 0 1 1
e. Vertebral spine 0 1 1 1 1 1
f. Notocord 1 1 1 1 1 1

Note: 0: absence of character; 1: presence of character

49.1. After analyzing the information above, identify the external group

. (0.2 points)

49.2. Identify the characters (a — f) that are shared between the external and internal groups.

(0.2 points)
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49.3. Identify the primitive character present in all members of the internal group alone.

(0.2 points)

49.4. ldentify the last point of divergence of the cladogram given in the Answer Sheet

using the most appropriate character. (0.2 points)

49.5. Fill in the cladogram which best represents the relationships between Al to A6

using the information analyzed in the Answer Sheet. (1.8 points)

END OF PAPER
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