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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, BNMcaHHbIe B JInct Bonpocos, oueHuBaTtbcst HE GyayT.

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

Hanpumep:

MPUMEYAHWNE: HekoTopble 13 BONPOCOB MOryT 6bITb OTMeYeHb! “[Mponyctuth” /

“Ypanén”. HE oTBevaniTe Ha aTh Bonpockl. Kpome Toro, npountamte BONpoc
NOMHOCTbIO, Nepes TeM Kak MPUCTYNUTb K OTBETY, TEKCT BONPOCOB MOXET BbITb
NPOAOIKEH Ha crneayloLwen cTpaHuue.

MakcumarnbHoe KonmyecTBo 6annos 3a aty paboty - 93,4 (.mMoxem uamMeHuUmsbCcs')
Korga npo3By4nTt 3BOHOK 06 okoH4YaHun Tecta, HEMEOJIEHHO npekpatute oTBevathb Ha
BOMPOCHI N OTMOXUTE PYYKY.

Mo okoH4YaHMM TecTa ByayT cobpaHbl kak Baww Jinctel OTBETOB, Tak 1 Bonpocskl

TeopeTtnyeckoro 3agaHus.

XXenaewm Bam ygaun! ©
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BUONOIMNA KNETKU

1.

B pasHbix MecTax BOKpYr LUKOSbl ObInn B3ATHl YeTbipe Npobbl, coaepkaline cMecb

MUKpOOopraHmMamoB. Kaxayto npolGy KynbTMBMPOBAnuM Ha nuTaTenbHOW cpeae, Coaepallen Bce

HeobxoauMble arieMeHTbI (B MOHHON chopMe) 3a UCKoYeHnem yrinepoga. BHavane cpega

Obina npo3payHom (T.e. He MyTHOW), 3aTemM NPOBbl NOMECTUNN Ha Kayanky ans

KynsTMBMPOBaHWS B TEMHOTE B TedeHue 24 yacos (Pasa |). 3atem KynstuBMpoBaHue 6bIno

NPOAOIMKEHO NPU SPKOM OCBeLLeHNN B TeveHne 24 yacos (Pasa ll), a 3atem cnegytowime 24

yaca B TemHoTe (Pa3za lll). B koHue kaxgon asbl nsmepsanacb MyTHOCTb NPO6 U JaHHbIE

3aHoCUNUChL B Tabnumuy.

KoHeu dasbl
Mpoba
I Il 1]
1 Mpo3payvHasg lNpospadvHasn lMNpospayvHas
2 MpospayHas Cnerka myTHas Cnerka myTHas
3 Cnerka myTHas Bonee myTHas OuyeHb MyTHas
4 Cnerka myTHas Cnerka myTHas Cnerka myTHas

Kakve n3 cnegytowmx opraHm3moB (a-d) BeposaTHO Haxogunucb B npobax ot 1 o 4? OTmeTtbre

B Jlucte OTBETOB 3HaKOM (V') Hanu4yme n 3HakoMm (x) otcytcteme. (3,2 6anna)

a. oToaBTOTPODHbLIE MUKPOOPraHM3MbI

b. xemoopraHOTPOpHbIE MUKPOOPraHN3MbI

C. MUKPOOPraHn3mMbl, HECyLLINEe BHYTPUKIETOYHbIE 3anacCHbI€ rpaHyrbl, TakKMe Kak TesrbLa

BKIMKOYEHUA

d. MUKpPOOpraHnimbl, MMelLWne B CBOUX KIeTKax TunakonaHble MeM6paHbI
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2. Knetka nanoykoobpasHon 6akTepmum HeceT MHOroYMCreHHbIE MUK, NOKPbIBaOLLME BCIO €e
MOBEPXHOCTb. ATU CTPYKTYPbl CNOCOOHbLI YANMHATLCA M YkopadnBaTbes. OTMeTbTE 3HaKOM (V)
npaBunbHyo(ble) PyHKUMIO(M) 3TUX CTPYKTYP (a — d), @ HenpaBurbHbIV(e) OTBET(bI) 3HAKOM (%).

(1 6ann)

a. pekombuHauusa (MoMnoBoKM NpoLecc)
b. npucoeanHeHne K NOBEPXHOCTU
C. aKTUMBHOE OBWXEHMEe B pacTBoOpe

d. Aanga 3awuTsl

3. bbin caenaH nonepeyHbin cpes AByXx BakTepuanbHbIX Knetok. Knetka 6aktepun A nokpbita
ofHoOM MembpaHou, Toraa kak 6aktepusa B nokpbiTa AByMsA meMOpaHaMu, pasaenéHHbIMN Y3KUM
NPOCTPaHCTBOM, codepXxalimm nentugornvkadsl. Onpegenute B Jlucte OTBeTOB, Kakas u3
OakTepui sIBNSieTCA COOTBETCTBEHHO [paM-NonoxuTenbHOW, a kakasi pam-otpuuartensHon (0,4

6anna)
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4. bBbino npoBeaeHoO nccnegoBaHMe HaNUUMs PerynsTopHOro aNeMeHTa, PacrnonoXeHHOro Bbllle
cTapTa TPaHCKpMNUUKN aykapuoTuyeckoro reHa. llNpeasaputenbHO MemodoM KOMIMbIOMepHO20
MoodesiuposaHusi, 6bINo OCYLLECTBNEHO BblpaBHUBaHWE NOCNEA0BATENbHOCTEN HYKIIEOTUAOB OT
-37 0o -26 gnst 900 pasHbIxX reHoB. [lonyveHHble JaHHbIE NO NPOLEHTY rOMOOrMM NOKa3aHbl B

Tabnuue Huxe.

(5°) (3")

A 21 16 | 4 | 91 0 95 | 67 | 97 | 52 | 41 | 16 24
HacTota | C 23 39 (10| O 0 0 0 0 0 9 | 35 37
OCHOBaHWM
(%) G 28 35| 3 0 0 0 0 3 |12 | 40 | 38 30
T

28 10 (83| 9 | 100 | 5 | 33| 0 (36| 10| N 9

4.1. OcHOBbIBasiCb Ha NOMYyYeHHbIN JAaHHbIX, NpeacKkaXuTe Hambonee BEPOATHYIO
nocrniefoBaTenbHOCTb HYKNEOTUAOB Ha yyacTke oT -35 A0 -29 BHYTpU KOHCEpBaTUBHOIO
pernoHa, KOTopbl ABNSIETCA CYLLECTBEHHBIM ANS BbINOMHEHUSA €ro perynaTopHom
dyHKumn. BHecute B cooTBeTcTBYOWME KneTku B Jlucte OTBeToB cumBonbl A, C, T n G.

(1,4 6anna)

4.2. Neneuns HyKNeoTnaoB B NONoXeHun oT -50 o -26 B HEKOTOPbIX reHax pe3ko CHMXaeT
cBasbiBaHMe PHK-nonumepasbl ¢ gaHHbiMn reHamun. Kakon(ne) tun(bl) anemeHToB
nocrneaoBaTerlbHOCTM MOTYT NPeacTaBnAaTb CO60ON HykneoTuabl oT - 50 go -267?
O603Ha4bTe NpaBUIbHbIN(bIE) OTBET(bI) 3HAKOM (¥'), @ HENPaBUIbHbIN(bIE) OTBET(bI)

3HakoMm (%) B Jlucte OTBeTOB. (1 6ann)
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6.

rOpMOHbI perynmpyrT d)I/I3I/IOJ'IOFI/I‘-IeCKVIe npoueccChbl B pa3yinvHbIX cneunanmn3npoBaHHbIX

knetkax. CooTHecuTe NepPEeYNCIEHHbIE HUKE TOPMOHbI (2 — €) ¢ Pr13Nonorniyeckumm

npoueccamu (I — VII), KOTopble OHW PerynupyoT. YUtuTe, YTO HEKOTOPbIe NPOoLeCcChl MOryT

perynupoBaTtbcs 6ornee YeM 0gHUM COOTBETCTBYIOLLMM ropMOHOM. (2,8 6anna)

FopMOH dunsnonornyecknin npoLecc
WHCYIUH I.  rniokoHeoreHes
KopTuaon Il.  rnukoreHes
rNoKaroH . rmukoreHonus
TUPOLHbIN FTOPMOH IV.  nunonus
agpeHanuH V. ninoreHes
VI.  katabonusm 6enkos
VII.  aHabonusm 6enkos

Yto un3 nepeYvyncrieHHoro nNno3BondeT KNeTo4HOM MeM6paHe COXPaHATb XNAKOoe COCTOAHUE MNMpn

HU3KUX TemnepaTtypax? YkaxuTe npaBUnbHbIn(e) oTBeT(bl) 3HaKOM (v'), @ HenpaBUIbHbIN(E)

oTBeT(bl) 3Hakom (x). (0,8 6anna)

a.

b.

ncnonb3oBaHWe akKTUBHOIO TpaHcnopTa

KOTPaHCMOPT FMHOKO3bl U NMPOTOHA

yBennyeHmne npoueHTa HeHacbllWeHHbIX d)OC(.'bOJ'II/II'IVILI,OB B MeM6paHe

CHXeHnem uncna rugpocdobHbix 6enkos B MembpaHe
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7. KneTtouyHble HapyLleHWst YacTo MOryT MPUBOAMTL K Pa3BUTUIO HapyLLEHW unu 3abonesannin B
Hawem opraHmname. CooTHecuTe Kaxgoe u3 CrieayroLmnx KNeTouHbIX nameHenunn (I — V) c

HapyLLeHNsIMN, KOTOpblE OHM BbI3blBalOT Hanbonee BepoATHO (a —e). (1,5 6anna)

KnetouHble HapyLLeHus:
. WM3MEHEHHbLIN KNETOYHbIN peLenTop
[I.  HeKkoHTpoOnMpyemoe OeneHue KrneTok
[ll.  W3MEHEHHbIN TPaHCMOPTHLIN MeMOpaHHbIA 6Genok
IV.  oTcyTcTBME hepMeHTa

V. oTcyTcTBME CTPYKTypHOro Genka

HapyweHus:

a. Y pebéHka xpoHudeckne MHMeKUnn apixaTenbHbIX NyTEN; BblAENEeHUs ero
NULLIEEBAPUTENBHOIO TPakTa U NErkMx ryctble U B ero nNoTy HabnogaeTcsl BbICOKUIN YPOBEHb
Na* u CI.

b. Y monopgoro 4Yenoseka 605b B rpygHON KNeTke n Guoncnsa yctaHoBmuna Hanmune
N3MEHEHHbIX HECMELNANU3NPOBaHHbLIX METacTa3HbIX KINETOK.

C. Y (peHOoTMNMYEeCKn HOpManbHOrO Marne4uka ObiT AMarHoCTUPOBaH CUHAPOM aHAPOreHHON
HEeYyBCTBUTESBLHOCTHN; ¥ HEro 46 xpomocom, XY.

d. Y ManeHbKoro manes4mka nporpeccupyrowias cnabocTtb 1 ncrowatoLlas atpogpus
MKPOHOXXHbIX MbILLL,

e. bonbHble AeTM NOCTENEHHO TEPAIOT HaBLIKA N 3peHUE, Y HUX HaKannmMealTCs
3HaYnUTENbHbIE KONMMYECTBA NMNUMAOB B MO3roBbiX KneTkax. CmepTb HacTynaeTt B paHHEM

Bo3pacTte. 3JTo 3aboneBaHNe HEN3NEYMMO.
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8.

9.

|_|OI'IyJ'I$IL|,I/IFI Oensumxcs KneTtok obina OKpalleHa Kpacurternem, KOTOprVI npum B3aMMOAENCTBUMN C

[OHK HaumHan donyopecumpoBaTtb. 3aTtemM Npy NOMOLLM NPOTOYHOIO KIETOYHOro copTepa

(FACS) no yposHto chnyopecueHunn 6bino onpegeneHo cogepxanune JHK B kaxaon kneTke,

Kak rnokasaHo Ha rpaduke HUxXe.

KonuuecTBO KNEToK

OTHoCMTENEHOE coaepxaHne [JHK Ha kneTky

Yy

-

2

a. Onpepgenute, ucxogsa ua rpaduka, kakas rpynna knetok (A — C) Haxogutca B pase S

knetoyHoro umkna? (0,9 6anna)

Kakast rpynna atux knetok (A — C) Haxogutca 8 CAMOW MPOOOMKUTENBHOW dase

knetoyHoro uukna? (0,9 6anna) OTmeTbTe noaxoaswuii(e) oteeT(bl) 3HakoM (v'), a

Henoaxogawnn(e) otBeT(bl) 3HAKOM ().

CDOCCbOJ'IVIFII/I}J,bI — 3TO Knacc nmMnmngoB, KOTopble ABNMAKTCA OCHOBHbIMU KOMIMOHEHTaMM BCeX

KNEeTOYHbIX MeM6paH, TaK Kak OHW CrOCOOHbI 06pa3OBbIBaTb OncnonHble CTPYKTYpblI.

9.1. OrtmeTbTe NpaBunbHoe(ble) yTBEPXXKAEHME(s1) 3HakoM (¥'), a HenpaBunbHoe(ble)

yTBEpXAeHus 3Hakom (x). (0,8 6anna)

a.

b.

C.

MapodobHbIE XBOCTLI OPUEHTUPOBAHLI BOBHYTPb KITETOYHON MeMOBpaHbI.

)KVIprIe KMCNOTbI, NPUCYTCTBYHOLLNE B MeM6paHe, He MMEeIT ABOWMHbIX CBA3EMN.

Mocne BKkNOYEHMS B cOCTaB MeMOBpaHbl, ocdonmnuabl OCTaTCA B HEN NOCTOAHHO.
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d. bBenkn pacnonoxeHsl B Gucrnoe criydyarnHbiM 06pasom.

9.2. [1ns nnasmatMyeckon MembpaHbl MIIEKONUTAIOLWNX XapaKTEPHO NPUCYTCTBUE Pa3fNYHbIX
Tunos docconunugos (SM, PC, PE, PS n Pl). Ha gnarpamme Huxe nokasaHo
NPOLUEeHTHOe pacnpefeneHne Kaxgoro Tmna gocdonunuaos B nna3maTnyeckomn

MeMObpaHe 3pUTPOLMUTOB YerioBeka No MOHOCOSIM.

CnoM, oBpalleHHbIA K NOBEPXHOCTU KNETKU

07 smw P PS PE Pl

o - —

% PacnpepgeneHus

30 — Cnoii, oBpalleHHbI BO BHYTPb KNETKA

OTmeTbTe NpaBunbHoe(ble) yTBepXxaeHue(s) 3Hakom (v'), a HenpasunbHoe(ble)
yTBepXxaeHve(s) 3HakoM (%). YkasaHHble BENUYMHbI ABNATCH OTHOCcUTENbHbIMK. (0,8

6anna)

a. MOoXHO 3aKnunTb, YTO Kak NpaBuino, MeMBbpaHbl aCUMMETPUYHBI.

b. 24% obwmx membpaHHbIx pocdonunuaos npuxogutcs Ha gonto SM n 4% Ha gonto
PI.

c. 80% cocchonunuaos BHyTPEHHEr0 MOHOCNOA MeMbpaHbl NpuxoamTes Ha gonto PE n

16% Ha ponto PC.
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d. bBonbwas yactb PC HaxoguTcs BO BHELLHEM MOHOCHOE MeMOpaHbl SpUTPOLINTOB,
Toraa kak 6onbluas Yacte PE n PS HaxoanTcsa BO BHyTpEHHEM MOHOCHoe MmeMOpaHbl

3pUTPOLIUTOB.

10. Mpu n3yyeHun puca 6bino obHapyxeHo, 4To rmbGeppenuHbl (GA) MOryT UrpaTb BaXkHYH posib B
pocTe npopocTkoB. benok-penpeccop GA, (GARP), KOHTpONMpyeT aKCAPECCUIO reHOB,
nHayumpyembix GA. OT0T 6enok cogepxut aea gomeHa: (i) perynstopHbin gomeH (DELLA) wn (ii)
penpeccopHbin gomeH (GRAS). GA cBA3bIBaeTcs CO CBOUM PELIENTOPOM, NPUKPENsieTcs K
nomeHy DELLA n cnocobeTByeT coeqmMHeHn0 penpeccopHoro gomeHa ¢ ‘SCF youkBuTmH-
NUrasHbiM KOMMeKkcoM’. JTO NPMBOAUT K TOMY, YTO PENPEeCCOPHbIN BEMNOK y3HaeTCs U
paspylliaeTca npoteocomamu. B cBo ovepeab 3TO NPMBOAMT K 9KCNPECCUN MHAYLMPYEMOTO
GA reHa un pocTy npopocTkoB. OCHOBbIBasiICb Ha 3TON MHAOPMaLUMK, OTMETLTE POCT NPOPOCTKOB
¢ MyTauuen notepu cpyHkumm gomeHa DELLA nnm gomeHa GRAS 3HakoM (v') B NpUCyTCTBUM

unm oTcyTcTBme rnbbeppenmHoB, 1 3HaKoM (X)oxngaemoe otcyTcTeme pocta_B Jlucte OTBeTOB

(1,2 6anna)
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11. Cnepytowume pepMeHTsl (1 — 6) KaTanuanpyroT obpasoBaHne XumMu4ecknx ceasen, ot | go VI.

depMeHT Tun cBAan

1. AHK-nurasa Ces3b yrnepog-kncrnopoa

2. Xenarasa mMarHus Ces3b yrnepog-cepa

3.Auetar-KoA-cuHTeTasa CBa3b yrnepoa-a3or

4. AMnHoaumn-TPHK-

IV.  Css3b yrnepoa-yrnepo
CUHTeTasa yrnepon-yrmepon
5. MNupysaTtkapbokcunasa V.  ®dochoadumpHas cBasb
6. myTaTnoH-cuHTeTasa VI.  Css3b a3oT-meTann

Peakuun, katanuanpyemble oepMmeHTamu, NPeacTaBneHbl HUXeE:

» FNYTATUOH

- npotonopdupul IX

0

AT® Afd
A Y- L-rnyTamun-L-uucTenH+rnnumH NS
Pueupr
~ NSer
s
B Q{;\. AT® AM¢+PP,,EO§\¥(_,)
( S + (Ser N
/ P
< <
AT® ABD, P, ...
C npotonopcmpun IX + Mg?* }] » Mg
H,0 -7 »2H*
N0
I T —TT}
E"(IY‘}"N.“P-C—R—A +l|||4 L 0

%)
H o

— [
1.1.1.1\;0"0\\?,04_14 u.:.g}o_'i,,o o
N\ -

0

AT®P A%
E auetat + CoA \{ > auetun-CoA
Heopr
AT A0
F nupyBart NS » OKcanoauetart
Co, S P

Heopr

|

W4 0=p=0=R=A + E=(lys)=NHs"
|
&

CooTHecuTe hepMeHTbI U COOTBETCTBYIOLLME UM (DEPMEHTATUBHbIE peakuum ¢

COOTBETCTBYHOLWMUMM TUNamn ceaszen. (2,4 6anna)
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AHATOMUA U ®U3NONOINA PACTEHUIA

12. KneTtouyHasi CTEHKA y paCTEHWUIA OrPaHUYMBAET PACTSDKEHNE KNETKU. PacTyuime knetovHble
CTEHKM BbICTpee pacTarmBaroTca B Kucnon cpege. KnioueByto porb B pacTsXKEHUW KNETOYHOM
CTEHKM BO BpeMmsi pocTa urpaeTt rpynna 6enkos, Ha3blBaeMbIX 3KCNaHCUHaMmn. B akcnepumeHTe
BblAENEHHbIE TMNOKOTMIM OrypLIOB OANHAKOBOW ANVHbI ObIN NOABEPKEHBI CNEAYOLNM
obpaboTtkam (1 — 4), a 3aTem NpUCoOeaMHEHbI K 9KCTeHCOMETPY (Mprnbopy Ans nsmepeHns

PacTsHXKAEHWS) C LieNblo N3MepPeHns pacTsiKeHUs! TMNOKOTUNS.

Xopa o6paboTkm

O6paboTka dy3nkounHOM (BeLLecTBOM, akTusmpyowmum H*-ATd-a3y B

nnasmartmdeckon membpaHe) v BblaepxusaHue B bydepe npu pH 7

O6paboTka dy3nkoLnHOM (BeLLecTBOM, akTusmpyowum H*-ATd-a3y B

nnasmarmyeckon membpaHe), HarpeBaHue n BbiaepXxnaHune B bydepe npu pH 4,5

3 HarpeBaHue n nocneayollee BoligepxnsaHue B bydepe npu pH 4,5

HarpeBaHue, 3atem BblaepxusaHue B 6ydepe npu pH 4,5 ¢ gpobasneHmnem

4 | romoreHaTta, 3KCTparMpoBaHHOIO U3 y4acTka, HaXoAsALErocs cpasy 3a TOYKOW

pocTa r’MnoKOTUIs ApYroro orypua

[nvHa runokoTuns moxeTt NnMbo Bo3pacTaTh, MO0 ocTaBaTbCa NOCTOAHHOW. [peacTtaBbre
pesynbrar cTpenkon () B criydae yBenumyeHns QnuvHbl unuv 3Hakom () B criyvae CoxpaHeHus

TOW e ANUHbI Npy pasnnyHbix obpaboTkax. (1,2 6anna)
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13. Mogenb ABC o6bsICHAET, Kaknum 0Bpa3oM Tpy roMeoTMYECKUX reHa perynumpyoT obpasoBaHune
yacTen uBeTKa:

AKTMBHOCTb OAHOro reHa A onpegensietr obpazoBaHue YallenMCcTUKOB
AKTMBHOCTb 060MX reHoB A n B Heobxoguma ans o6pasoBaHms ENecTKoB
AkTnBHOCTL reHoB B n C npnBoanTt k 06paszoBaHmio TbIYMHOK

AKTMBHOCTb ogHoro reHa C onpegensietr obpasoBaHue nNiogonMCTUKOB

eH A n reH C B3auMHO yrHeTaloT Apyr apyra

(=)

h—

YkaxuTe, kakve Yactu usetka (I — IV) pasBuBatotcsa y MyTaHTa ¢ noTepen akTMBHOCTU reHa B?
BHecute pesynetat B Jluct OTBeToB. (1,2 6anna)

a. yYawernucTuk

b. nenectok

C. TblYMHKa

d. nnogonucTuk

14. YkaxuTe TUN KNeTovHoro aenexHusi npu obpasoBaHMmn OpraHoB/KNETOK U NNOMAHOCTb 3TUX

knetok. O603Ha4bTe MUTO3 cumBonoMm I u menos cumsonom I1. (2 6anna)
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15. Delves c cotpyaHukamm (1986) nsyyan BnmsHue pasnuyHbIX OpraHoB Ha obpasoBaHune
knybeHbkoB. [1ns onpeneneHuns perynsaTopHoOn ponn ctebnsa nnmn KopHs B obpasoBaHun
kny6eHbKOB OHW NPUBUNN Ha pacTeHne dukoz2o muna (copT Bragg) ABa pacTeHusi-myTaHTa
(nts382 v nts1116). Mpueon obpaboTtanu Bradyrhizobium japonicum wtamm USDA110 n
cobpanu yepes 9 Hegenb. C Kaxgoro pacteHus 6biny cobpaHbl U NOACUHNTaHbI KNyBeHbKN 1

onpenenéH nx cyxom sec. PesynbtaTtbl 0606LeHbl B Tabnuuax 1-3.

Tabnuua 1. YcuneHHoe obpasoBaHue knybeHbkoB y copTa Bragg

Mpueowr Konu4ecteo knybeHe- Bec knybeHeKoB
(HapzemHan Jact/KopeHs) KOB Ha pacTeHue

mg dry wit nodule

7" dry wt plant
nts382/nts382 249+ 90 139 = 101
nts1116/nts382 71+ 18 110+ 5
Bragg/nts382 15 2+1
nts382/nts1 116 251 £ 46 182 £ 16
nisl116/nis1116 646 14+5
Bragg/ntsl 116 §+3 3+1
nts382/Bragg 182 + 35 56 + 28
ntsl116/Bragg 48+ 4 9+2
Bragg/Bragg 8+1 2+1

OTmMeTbTe NpaBunbHoe(ble) yTBepKAEHME(Us) 3HAaKOM (v') U HenpaBUIbHbIE 3HAKOM (%) B
INucre OTBeTOB. (1,8 6anna)

a. leHeTn4eckme dakTopsbl, 3KCNpeccupyoLmecs B ctebre, BNUSIOT Ha YNCIIO KNyOeHbLKOB,
MPUCYTCTBYIOLLMX B KOPHE.

b. MeHeTnyeckne akTopbl, IKCNPECCUMPYHOLLNECH B KOPHE, BINSIOT Ha 00LLyt0 Mmaccy
Kny6eHbKOB.

c. [prBOM KOMMNEHCUPYIOT yBENNYEHHOE YMCNO KNybeHbKoB Gonee HNM3KoW Maccon OOHOro

KnybeHbKa.
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16. Ha gnarpamme nokasaHbl KOHLUEHTpaUUW pasnnyHbIX SreMEHTOB B NUTaTernbHOM pacTteope ()
N B KNneTkax KopHsi (M) nocne 2 Hegenb pocTta pacteHusi. OCHOBbLIBAsACb Ha NPeACTaBIEHHOM
HWKe rpaduke, ykaxute B Jlucte OTBeTOB Nnoaxoasawmii(ne) oTBeT(bl) 3Hakom (¥'), a

Henoaxogswune 3Hakom (x). (2,4 6anna)

Log (KoHUeHTpauunu)

A

NO; K+ Mg  Fe*

17. BewecTBo Z, 06pasyioLleecs B NnpopacTalLlmx cemeHax sumeHs (Hordeum), yyactByeT B
CUHTE3e 0-amMunasbl Knetkamm anenpoHoBoro cnos. [ns 6onee To4HOro naydeHus ponu Z,
NpOMOTOp reHa a-ammnasbl 6bif CUT C reHOM B-rMioKypoHnaasbl (bepMeHTa, 00pasyroLLero ¢
onpenenéHHbiM cybCcTpaToM OKpalLeHHbIN B ronybor uBeT npoaykT). 3aTeM TpaHCreHHble
pacTeHns Obiny uccrnegoBaHbl NPU PasnUYHbIX YCNOBUAX Ha Hannyme ronyboro uBeTa B
KneTkax anenpoHOBOro cros npu gobaenenunn cybecrpata gnsa B-rnokypoHnaassl. Pesynbrathbl

npencTtaBreHbl B Ta6rw|u,e HWXe:

KneTkn anenpoHOBOro crosi

YcnoBua akcnepuMeHTa o N
c ronybon okpackomn

HopmanbHble cemeHa MpucyTcTaytoT
CemeHa ¢ yganéHHbIM 3apogbilem OTtcyTcTBYIOT
CemeHa 6e3 3apogplwa + Z MpucyTcTeytOT
N3onunpoBaHHble NpoToNnacTbl KNETOK anempoHOBOro

OTtcyTcTBYIOT
cnos
N3onmpoBaHHbIe NPOTONNAacTbl KNETOK anempoHOBOro

MpucyTcTaytOT

cnoga +Z
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YkaxuTte npasunbHoe(ble) yTBepKaeHne(s1) oTHoCUTENbHO BelllecTBa Z 3HakoM (v'), a
HenpaBunbHoe(ble) yTBepXaeHune(sa) 3Hakom (x). (1 6ann)

a. BelecTBo Z BEPOATHO ABNSETCA (PAKTOPOM TPAHCKPUMNLMN FreHa a-aMunasbl Y S4MeHS.
b. BewectBo Z obpasyeTcsa B anempoHOBOM Crioe.

c. BeuwecTtBo Z 06pasyeTca B 3apoabiLle.

d. BeuwecTtBo Z 06pa3syeTcsa B nepukapne

e. BGDOFITHO BeLLecTBO Z - 3TO 3TUNEH

Page 16 of 46



IBO2012 Singapore Theoretical Test Paper 2

AHATOMUA N PU3INONOIMNA XKUBOTHDLIX

18. Kpwuas HacbliweHus O, remornobrHa yenoseka B KpOBU MPY HOPMarbHOM (O13NOSTOTMYECKOM
cocTtoaHun npu pH 7,4 npeactaeneHa kpueor (2). pu pasnuyHbIX YCNOBUAX aTa KpuBas
MOXET cauraTbea K (1) nnu k (3). Ykaxmnte cooTBETCTBYIOLLYHO KpuByto (1 unu 3) npu

yCnoBusX, NnepeyncrieHHbix B Tabnuue B Jlucte OTBeTOB. (2 Ganna)

=
o
o

90
80
70
60
50
40
30
20
10

HacbiweHne remornobuHa [%]

0 N [N N N NN I N S
0 10 20 30 40 50 60 70 80 90 100

MapunancHoe gasneqne O2 [MMHQg]

19. Towm rHancs 3a noxututenem n HacTur ero Yyepes 80 meTpoB. Kakown ns criegyomx
BUOXMMMNYECKMX NPOLLECCOB B €0 MbILLLAX Urpan B 3TON NOroOHe OCHOBHYIO ponb? YKaxuTe

npaBUIbHbIA OTBET 3HAKOM (¥'), @ HenpaBuIlbHble OTBETLI 3HaKOM (¥). (1 6ann)

a. OKMUCIIEHME XMPHbIX KUCNOT
b. rnukonns

C. [MIOKOHeoreHes

d. rnukoreHonn3

e. npoTeonus
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20. PucyHok Hwxke npeactaBngaeT cbon cxemaTnyeckyto 3apmcoBKy NpoaofibHOro cpesa 3apogbia
UbINNéHKa, nsobparkaroLero OTPOCTOK akCoHa ABUraTernibHOro HeMpoHa nocne
aKcnepumMeHTanbHoro Bmewlartensctea. N o603HaqYaeT HePBHYHO TPYOKy, U3 KOTOPOM
BMOCNEACTBUN pa3BMBaETCS CMIMHHOM MO3r. CerMeHTMpOBaHHbIE CTPYKTYpbI, 0bpamnstowme
HEpPBHYH TPYOKy, 9TO COMUTbI, U3 KOTOPbIX Pa3BUBAOTCA MbiLULbl U NO3BOHKA. COMWUTBI COCTOAT
13 nepegHero (a) n 3agHero (p) CerMeHToB.

Ha koHTponbHoM cTopoHe, 0603HaveHHou (C), HanpaBneHne COMUTOB MCXOQHOE, TOrda Kak Ha
3KCnepuMeHTanbHon cTopoHe, o6o3HadeHHon (E), HanpaBneHne HEKOTOPbIX COMUTOB ObINo
N3MEHEHO XMPYPrMYeckn Ha NpoTnBononoxHoe. Llenb akcnepumeHTa coctosna B

onpeanerieHnn, 3aBUCUT i XapaKkTep poCTa ABUraTesibHOro akCcoHa OoT opneHTtaunm COMUTOB.

OcCHOBbIBasACb Ha PUCYHKe, YKaXuTe npaBuibHbIn(e) BbiBoA(bl) 3HAKOM (¥'), @ HenpaBunbHble(e)

BblBOA(bl) 3HaKOM (x). (2 6anna)

a. AKCOHbI pacTyT U3 HEpBHOW TPYOKN HE3ABMCUMO OT OPUEHTaLMN COMUTOB.

b. AKCOHbI pacTyT NpenmyLLeCcTBEHHO Yepes nepegHUn CermeHT coMuTa.

C. AKCOHbI pacTyT NpenmyLLeCTBEHHO Yepes 3aHUIA CErMEHT coMUTa.

d. CermeHTUpOBaHHbLIA XapakTep pocTa akCoHa SIBNSETCA CBOMCTBOM CaMWX OBUraTeribHbIX
HENpPOHOB.

e. Xapaktep cermMeHTauuMmM coMuTa onpefenser xapakTep CerMeHTauuu OBuratenbHOro
HenpoHa.
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21. [op3arnbHble KOpHEBbIE raHrnn (CMHHbIE KOPHEBBIE Y3nbl) 06pa3yoTes NyTéM Murpaumm
KNETOK HEPBHOIO rpebHsI U3 HEPBHOWM TPYyOKM Npu pasBuTMM aMOpMOHA. KneTkn HepBHOroO
rpebHs, obpasytoime HepBHble Y3nbl, AU (EPEHLMPYIOTCA B CEHCOPHbIE HENPOHDI.

B akcneprmeHTe y ABYXOHEBHOIO 3apofbilla LbIMfAEHKa XMpypruiecknm nyTém 6oinun yoaneHsoi
nepegHue cermeHTbl AByX COMUTOB (YKa3aHo cTpernkamu). 3apoabill pa3suBasncs 4O MOMEHTa,
Korga Ha naTbIv AeHb Npomcxoamno oopMupoBaHme CrMHHbBIX KOpHEBLIX y3noB (d). Ha
n3obpakeHnn Hxe nNpaeas CTOpPOHa 3apobilla aBnsanach akcrepumeHTansHon (E), a nesas
cTopoHa koHTponbHon (C). ObpaTtute BHUMaHWE, YTO ‘y3nbl’ 6ecnopsaao4HO pacnonoXeHbl B

yacTtu E (B HenocpeacTBeHHOM GNM30CTU K CTpenkam).

P

f

OcHoBbIBasiCb Ha NpeACTaBNEHHOM BbiLLE M300paxXeHUN YKaXnte npaBunbHbl(€) BbiBog(bl)

3HakoM (v'), a HenpaBwnbHbIV(e) BbIBOA(bI) 3HAKOM (%). (1,6 6anna)

a. XapakTep CerMeHTauuu raHrnus sIBNsSieTcsl BTOPUYHBLIM MO OTHOLUEHWUIO K CermeHTauuu
COMWTOB.

b. CermeHTauus raHrnmMeB 3aBUCUT OT HaNMYUs NEpeaHero CerMeHTa coMmuTa.

C. OKTOMM4Yeckue raHrnmm BeposiTHO 06pasytoTcs U3-3a TOro, YTO NOTEPS COMUTaMM NEPEAHUX
CErMEeHTOB HapyLUaeT HopMarbHbIV NyTb MUrPaLUK KIETOK HEPBHOTO rpe6GHs.

d. Comuthl MOTYT pereHepupoBaTb nocrie XI/IpprI/NGCKOVI onepauun.
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22. ConocTtaBuB HabniogeHnsa 1 BoiBoabl n3 Bonpocos 20 1 21, cTaHOBUTLCA COBEPLLEHHO
O4YEBUAHO, YTO NEPEaHUN CErMEHT COMUTOB CMOCOBCTBYET POCTY ABUraTeNbHbIX HEMPOHOB U
MUrpaLnmn KNeTok HepBHOTO rpebHA. OTMeTbTe npaBuibHOE(bIE) YMO3aKNioYeHNe(s1) 3Hakom

(v'), a HenpaBunbHoe(ble) 3Hakom (x). (1,5 6anna)

a. MNepeoHue cermMeHTbl COMWUTOB BEPOSITHO BbIAENSAOT  MOMEKysnbl  BHEKNETOYHOro
MaTpuKca, KOTopble HanpaensitoT POCT akCOHOB U MUPaLMIO KIETOK HEPBHOTO rpeGHS.

b. Monekynbl, Bblgensiemble nepegHUMM CErMeHTamyM COMUTOB BEPOSITHO SIBMNSIHOTCA
aareamBHbIMK 6enkaMm KOHTAKTHOrO MHIMGMPOBaHUS.

c. 3agHMe cermMeHTbl COMWTOB MOrYT BblpabaTbiBaTb «OTTanKuMBalOLWME» MOSEKYIbI,

KOTopble n3beraoTca akCoOHaMu 1 KneTkaMu HEPBHOTO rpebHsi.

23. lNonepeyHblt cpes CMUHHOMO Mo3ra 6bln pacCMOTPEH NOA MUKPOCKOMOM Npu 60MbLLIOM
yBEINMYEHUN. YKaXNUTE, Kakon pucyHok (A nnu B: n3obpaxxeHne HenponopumoHanbHO pasmepy,

6e3 macwraba) cCOOTBETCTBYET CEPOMY, a Kakon 6enomy Bewlectsy. (0,6 6anna)

Page 20 of 46



IBO2012 Singapore Theoretical Test Paper 2

24. KoHueHTpauus rmoKo3bl B KPOBU PErynMpyeTcsi roMeocTa3oM. YKaxXuTe KOHLEeHTpaumu, npu
KOTOPbIX MPOUCXOONAT crieqytoLimne siBneHns. Micnonbaynte cumeonbl (v') 1 (%) ans o6o3HavyeHns

BbICOKOW M HU3KOW KOHLEHTPAaLUK rTOKO3bl B KPOBU COOTBETCTBEHHO. (1,2 Banna)

a. perncTpupyertcs a-krneTkamu ocTpoBKOB JlaHrepraHca

b. Bo3pacTaer BblaeneHne NHCynuHa

C. nNpeBpaLlaeT rMUKOreH B rTHOKO3Y

d. yBenuuMBaeT CKOPOCTb MOIMOLEHMS TTOKO3bl KNETKaMn 13 KpoBU
€. CTUMYNUPYET CUHTES XKMPOB

f. cTuMmynumpyert 06pa3OBaHVIe MHOKO3bl N3 aMUHOKUCTIOT

25. CootHecuTe nuwesapuTenbHble cuctemsl (I — Ill) ¢ cooTBeTCTBYIOWMMY NpUCNOCOBNEHUaIMHU y

XMBOTHbIX K NuTaHuto (a — ¢). (1,5 banna)

a. nnoToagHble C OrpaHMYEeHHOM NOCT-XeNyaouHON dhepMeHTaumen
b. TpaBosaHble C MHTEHCUBHOW MOCT-XXEeNyao4yHON hepMeHTaumnen

C. TpaBoOsigHble C UHTEHCMBHOW Npe-Xenyao4yHon pepmMmeHTaumnen
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26. Fpa(bMK BHM3Y MOKa3bIBAET pa3finyHblie peakunn MOPCKUX XXMBOTHbIX HA U3SMEHEHNE CONEHOCTHN.

KoHLeHTpaLmMA NOHOB B MEKKNETOYHON XUOKOCTK

ConeHocTb

OC0GEHHO CUNbHbIE U NPOAOIKUTENBHBIE AOXAM NPUBENW K NadeHU0 CONEHOCTU B peke ¢ 28
ppt 0o 8 ppt. 370 BbI3BaNO rMGenb MHOMMX MSAMKOTENbIX BOAHBLIX opraHnaMoB. Kakas rpynna

OpraHn3MoB BbIKMBET Nnyywle Bcero? [ante Baw oteeT B Jlucre OtrBeToB (1 Gann)

27. 3HayeHne Qqo YaCcTO MCMOMNb3yeTCsa A8 ONUCaHUS BAUSHUA TeMMepaTypbl HAa CKOPOCTb MHOIMMX
peakuun, NpMHUMaKLLNX yyacTne B buonornyecknx npoueccax. 3HavyeHue Qqo 310
COOTHOLLEHWNE KOHCTaHT ckopocTu Ky (npu t+ 10 °C).n ko (npn t °C) [k | k:].

27.1. Vcnonb3ys npeacTaBrieHHbIE HWKE AaHHble NOTpebrneHns kucnopoda Tpems
opraHvuamMamu, nogcyutante 3HadeHusa Qqo ANa TemnepatypHblx nHTepsanos (i) 10 — 20

°C, (ii) 15 — 25 °C, u (iii) 20 — 30 °C. (3,6 6anna)
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27.2. Knaccuduumpyrite opraHnamsbl (A — C) kak 3k30TepMHbIn(e) nnn aHgotepmHein(e). (0,9

6anna)
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28. Kpabbi-npusuaeHus (Ocypode ceratophthalmus) LUMPOKO pacnpocTpaHeHbl Ha TPONMUYECKNX

Yucno cepguebueHnii B MUHYTY

nobepexbsix. Bapocnble )XMBOTHbIE BeAYT HOYHOWM 06pa3 XM3HM, Npsiyacb AHEM B CBOUX HOpaXx.

Monoable 0cobU aKTUBHbLI B AOHEBHOE BpEMA CYTOK. B3pOCJ'IbIe Kp86bl, KakK npasuio,

BbIKanbIBalOT HOPbI Bbille No GeperoBoi NMHMK, YeM Monoable ocobu. YacTtoTta yoapos cepaua

y MorofpblX 1y B3pocrblx ocoben onpeaensnacb Npy pasnuyHbix TemnepaTypax.

210

190

170

150

130

110

90

28.1.

25 30 35 40 45
Temnepatypa (°C)

e Monoable kpabbl; © B3pocrble kpabbl

Ha rpacdmkax (A — D) H/XKe nokasaHbl TUNUYHbIE (OU3NONOTMYECKNE peakLmMm OPraHM3MoB
Ha N3MeHeHne TemnepaTypbl, BbIpaXXEHHbIE B U3MEHEHUN 3HadYeHn Q1o Bbibepute

npaBunbHbIE rpaduky Ans AByX CTaavmn passuTtuns kpaba. (1 6ann)

Q1o

N NS

Temperature
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28.2. XapakTtep cepguebuerus kpabos npu 30 °C B TeyeHMe 5 ¢ NokasaH Ha PUCYHKE HIXKeE.

lMpaBunbHO COMOCTaBbLTE XapakTep cepauebneHuns co ctaguen passutus kpaba. (1 6ann)

A B

Bpems Bpems
28.3. YkaxuTe npaBunbHoe(ble) yTBepxaeHne(s) 3Hakom(v'), a HenpasunbHoe(ble) 3HaKoM ().

(1,6 6anna)

a. [lockonbKy YacTtoTa cepauebuenns n ypoeeHb MeTabonmama TeCHO B3aMMOCBSI3aHhl,
3TO UccrneaoBaHMe AOKa3blBaEeT, UTO y 6onee Menkmx opraHM3aMoB BasarnbHbli
MeTabonmam 6onee BbICOKMIA HE3ABNUCMMO OT TeMMepaTypbl.

b. Bbonee yactoe cepauebreHune y monoapix KpaboB koMmneHcupyeTcsa 6onee
3HaAYUTENbLHOWM NOTEPEN Tensna m3-3a NPonopLMoHanbHO BoMnbLIEro COOTHOLLEHUS
NnoLiaan NoBEPXHOCTU K OOBEMY.

c. Bspocnble kpabbl BeayT HOUYHOM 06pas XKM3HU, Tak Kak OHU HE4OCTATOYHO
TONEepaHTHbI K TeMneparype, npegnoynTtasd gHEM NpATaTbCsl B HOpaXx.

d. ®du3Monornyeckun oTBeT Ha TeMNepPaTypPHbLIN CTPECC OCTAETCA NOCTOSAHHBIM NO Mepe

pocTa KpaboB-NpuBNOEHUNA.
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29. Twunbl gpobrieHus n bnactynel (1 — 6) 3apogbIen HEKOTOPbIX XXMBOTHbLIX NMOKa3aHbl HUXE:

paeHo-
paguank- [ e
Hoe
o Y
roncbnac-
THYECKOE HEpPABHO-
MEpPHOE
—
cnupank- a
Hoe

MepobnacTu-
YecKoe

R
B

29.1. CooTHecuTte xapakTtep apobneHusa n Tun nactynsl (1 — 6) C COOTBETCTBYOLLUMHN
XunBOTHbIMU. Ucnonb3aynTte P anga o6o3HayveHusa npotoctoma n D ansa gentepoctoma.

(1,2 6anna)

29.2. OnpegenuTe rmaeHbIA akTop, BAUSAOLWMIA Ha gpobnerne. (1 6ann)
a. sAepHo-uMToNnna3mMaTMyYecKoe COOTHOLLEHWE anua
b. TonwmHa memGpaHbl anua
C. KOMM4YeCTBO XenTka

d. obwuin o6bEM 3nroThl
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aTonorusa

30. 3enénbie mapThiwku (Cercopithecus aethiops) npegynpexgaroT npuHagnexawmx obesbsH
CBOEW rpynnbl NpY NOMOLLM CneumMdUIecknx npeaynpexaarLmx CUrHanos, COOTBETCTBYOLLNX
TUNY XMLHKUKA, TAaKOro Kak opnbl, neonapabl unv ameun. B 3aBMCMMOCTM OT TMNa 3TUX CUrHanoB,
rpynna o6e3bsH n3bupaeTt noaxoasaLwmn metog cnaceHms. HoBopoxaeHHas 3eneHas
MapThILKa B COCTOSAHUM BOCMPOM3BOAMTL BCE 3TU CUrHAsbl, HO OHA HEe 3HAET, B KAKOM Cry4ae
HeobXoaUMO MCMOMb30BaTh Kakow curHarn. Ecnu geTéHbllw MapThbilK/M NogaéT
COOTBETCTBYIOLLMI Oprly CUrHan B TOT MOMEHT, KOrga Haj HUM npornetaeT Bopoben, B3pochnble
MapThILLKKN CMOTPAT Ha HEGO 1 3aTeM UrHOpUpYT curHan. OpHako ecnun opén AenCTBUTENbHO
napuT B HeGe, TO BCA rpynna NpucoeanHseTca K npeaynpexaeHunio. ViHoraa matepu-mapTbILLKm

HaKa3sbIBalOT CBOMX OETEHbILEN 3a OLWNMBOYHLIE CUrHarbl.

Kakon 13 cnegyowmx TMnoB oby4YeHns CBA3aH C pa3BUTUEM CUrHANOB NpeaynpexaeHns y
AeTeHbIWen mapTbiwek? YkaxuTte B Tabnuue, npegoctaeneHHon B Jlucte OTBeTOB,
npaBunbHbIN(e) oTBeT(bl) 3HakoM(Y'), a

HenpaBuibHoe(ble) 3Hakom (). (0,8 6anna)

a. WMMPUHTUHT
b. accoumnaTMBHoe oby4yeHue

C. pelleHne npobnem

d. couuanbHoe obyyeHue
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31. AsuaTtckas n4yena, Apis cerana, ABNAETCHA NepPBUYHbBIM OMNbINUTENEM Yy nopTynaka
KpynHougeTkoBoro (Portulaca grandiflora). Bbbino nccrnegoBaHo onbifieHNE NYEnammn LBETKOB
YeTbIpéx pasHoBuaHocTen P. grandiflora: ¢ 6enbiMu LBETKaMM (MPOCTLIMU U MaxXpOBbIMU) U C
dmoneToBbIMK LiIBETKAMM (NPOCTbIMU U MaxpoBbiMK). Bbinn 3apernctpnpoBaHbl BU3UTLI MYEN K
LBETKaM YeTbipéX pa3sHOBUOHOCTEN BO BpEMS LLECTU NepnoaoB HabnogeHus, Kaxabin
NPOAOIMKUTENBHOCTLIO Nonyaca B npomexytke mexay 9:30 n 12:30 yacamu. Takke ObIno
onpeaeneHo obpasoBaHune MNbifbLbl B pacyeTe Ha LBETOK ANS LIBETKOB YETbIPEX
pasHOBMAHOCTEN pacTeHni. yénam Oblnm NnpeanoXeHbl TPY yvacTka pasnmMyHOro pasmvepa ¢
uBeTkaMmu (ManeHbkume, cpegHmne n 6onblumne: ¢ 20, 40 n 80 uBeTKaMm COOTBETCTBEHHO),
pacnonoXeHHble Ha pacctosHum 1,5 M apyr oT gpyra.

350 -

300 -

250 -

200 -

150 -

100 A

50 -

CpenHee 4yucno BU3UTOB N4Yenbl

Mepuog HabnogeHUA

o— — [pocTbie Genblie;e- MpocTble duonetoBble, —— MaxpoBble Genvle, m MaxpoBble
duonertosble
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benkie duoneToesle  Benwle  (pHoNeTOBLIE

Pasmep yyacTka

PasHoobpasuve LBETKOB
MpocTwie MpocTteie
U bencie | (pHoneToBLIe

OTmeTbTe 3HakoM (v') NpaBuUnbHbIN(e) BbiBOA(bl) OTHOCUMTENBHO NOBEAEHMSI MeQOBOW NYenbl, a

3HaKOM (%) - HenpasunbHbIN(bIE). (2 6anna)

a. Apis cerana npegnoyuTatoT NpocTble uBeTkn Portulaca grandiflora He3zaBucumMo OT nepuoga
HabnogeHus.

b. TMuenbl Bceraa otgaBanu npeanodTeHne orMoneToBbiM LIBETKaM, Tak Kak OHW cogepxanm
©onbLue nbinbLeBbIX 3épeH Ans cbopa.

c. Okpacka LUBETKOB MOXET SIBNATbCA HEMPAMbIM YKa3aHWEM Ha BENUUYNHY «O00bI4n».

d. OnbinuTenn He pearnpyloT Ha yMEHbLUEHNE «400bI4MY, HO pasMep pacTUTENbHOro yyacTka
AOCTOBEPHO BNUSAET Ha xapakTep AobbiBaHWSA KopMa.

e. bonbwun pasmep pactutenbHOro yyactka obecnevmBaet 6onee npmenekaTenbHble

curHansl 1 obellaet 6onbLnii pasmep «4o0bI4n».
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32. lnogosLle MYLLKKN 06bI4YHO HaxoaAaT nuuly, cnenysa 3anaxy araHona, KOTOprIZ o6pa3y+0T nnoasbl.

Mnoabl Takke UrpatoT BaxkHYO Porb NPY PasMHOXEHUU, ABMSSICb MECTOM cnapuBaHus Mexay

camkoun n camuom. Ha rpacbvn(e HWXe NMOKa3aHO COOTHOLLEeHMe MexXay Kormm4ecTtBoM

NPUBMEYEHHBIX MYLLEK N KOHLEHTpaLmen aTaHona.

N w B
o o o
| 1 1

-
o
1

KonvnuecTBo npuBneYeHHbIX MyLUEK

507 —&— JKeHckue

- - My>kckue

0 T T T T T T T T T

1 2 3 4 5 6 7 8 9
KoHueHTpauus ataona (% nolog,)

OcHoBbIBasicb Ha rpaduke, oTMeTbTE 3HakoM (v') NnpaBunbHoe(ble) yTBepxaeHne(s), a

HenpasunbHoe(ble) - 3HakoMm (x). (1 6ann)

a.

CoOTHOLLEHNE CaMLibl/CaMKN Y MYLLIEK, CNETEBLUMXCS K UCTOMHUKY MULLN, U3MEHSIETCH B
3aBMCMMOCTW OT KOHLIEHTpaLMKn 3TaHona.

KonnyecTtBo cnapuBatoLmnxcs >XMBOTHbIX 6b110 6bl HAMMEHBLUMM NPY KOHLEHTPauun
ataHona 9.

KoHkypeHuus mexay camuamm 6bina 6bl Hanbornee cunbHOM NPy KOHLEHTpauum sTaHona
7.

Ymncno oTnoXeHHbIX auL, 66110 6bl MakcMManbHbIM NPY KOHLEHTpaLUumM aTaHona
NPUGNN3NTENBLHO OKOMNO 6 1 7.

KonnyecTtBo npuBneY€HHbIX MyLLeK Obinio Bbl MakcuMarbHbIM MPU KOHLEHTpauum

3TaHona 8.
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FEEHETUKA U 3BOJIOLIUA

33.

34.

[ByxcTyneHyatbIi MeTabonuyeckun nNyTb y AUMNIOUOHOIO OpraHM3ma COCTOUT U3 CriedyoLmx
komnoHeHToB: ['eH 1 (G1) kogupyeT hbepmeHT E1, npeBpaiyatowmii cyoctpat A B npogykT B.
Ero myTaHTHbIV annenb, g1, obpa3yeTt aedekTHbIN hepMeHT e1, nmeowmi nuwb 46%
aKTMBHOCTU HopManbHoro E1. MNogo6bHo atomy, reH 2 (G2) koampyeT pepmeHT E2,
npeBpaLlaoLL i NPOMEXyTOUHbIN NPoaykT B B npogykT C, Torga kak MyTaHTHbIA annens g2
o6pasyeT fedeKTHbIN (hepMeHT €2, MetoLw M Nnwwb 36% akTUBHOCTU HOpManbHoro E2. [na
oboux hepmMeHTOB Kaxaplv annenb BHocuT 50% B nyn 6enkoB B knetke n obe peakumm

npoTeKkaroT C OQMHaKOBOW CKOPOCTbIO B KI1ETKax AMNKOro tuna.

A - B - C
E1;50% e1;23%  E2;50% €2; 18%

[

G1 g1 G2 g2

B kakon yactu nokoneHus F, oT ckpewmBaHuns mexgy ocobsamm G1G1g2g2 n g1g1G2G2

OXMNOAETCH NOBbILIEHHbIN YPOBEHb NPOMEXYTOYHOrO npoaykta B? (2 6anna)

Mpn onpegenéHHOM ckpelumBaHmMm cobak, OTCYTCTBUE LLUEPCTM MPOSIBNSETCHA y ocoben ¢
reTepo3nroTHbIM reHoTUNoOM. HopmanbHble 0CobU 3TO peLecCUBHbIE TOMO3UTOThI. LLeHKN,
rOMO3UrOTHbIE NO annento H, 06bIYHO MEPTBOPOXAEHHbBIE C HAPYLUEHNAMWN NACTX U
OTCYTCTBMEM HapYXXHbIX YLUHbIX PaKOBWUH. Ecnu cpeaHuin pa3amep noMmeTa npu cryyke
6e3Bonocbix cobak paBeH 6, TO kKakuM BbINO Obl cpegHee oxmnaaemoe Yncno 6e3BoNoCkIX U
HOPMarbHbIX MOTOMKOB MPY OTITYYEHUM OT MaTepu (BbPKUBLLMX) MPU CINyYKe OBYX ©6€3BOMNOCHIX

cobak 1 6e3BonocbIX 1 HopmanbHbIx cobak? (1,8 6anna)
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35. CyuwecTByeT ABa Tvna LBETOBOW CNenoThl — AeTepaHonusa U NpoTaHonus, oeTepMmHupyemble
OBYMS CLENfEeHHbIMN NIOKycammn B X-xpomocoMe. bbinn nccnegosaHbl 18121 HopBeEXCKMX
aetert, 9049 manb4mMKoB, cpean KOTopbIX 725 cTpaganu UBeToBOW crienoTon, y 551 13 Hux
Obina gentepaHonusa u 'y 174 npotaHonud. W3 40 geBodek, CTpagaroLmnx LBETHOM CrenoTon, y

37 6bina gevtepaHonusa 1y 3 NpoTaHONUS.

df (cTenenun ceo6oaebl) 2
1 3,841
2 5,991
3 7,815
4 9,488
5 11,070

Tabnuua: 3HadyeHus 2 ons ypoBHs 3HauMmocTtun p = 0.05

OnpepgenuTe YacToTy annens ans gentepaHonuun (He3aBUCMMO OT MpOTaHONUK) Ans

Mane4nkoB. KMcnonb3ysi aTM AaHHble, onpeaenvTe, COOTBETCTBYET Ny pacnpeaeneHne
(beHOTMMNOB y AeBoYeK ypaBHeHMo Xapau-BaiHb6epra (HWE), npumeHus TecT 2.

OTtmeTbTe cootBeTcTBME ¢ HWE 3HakoMm (v'), a HeCcOoOTBETCTBME - 3HAKOM (%). (4,0 6anna)

36. Ha amnarpamme HWXe nokasaH xapakTep B3aUMOOTHOLLEHUA MeXay KraHaMU Y KOPEeHHbIX
xutenen Amepukn. Ha guarpamme nsobpaxkeHbl yCnoBust BCTYNNeHMs B 6pak 1 nyTb, Kakum
KnaH oTua onpeaenseT knaH agetei. MyHKTUPHbIMK NMHMAMKU 0603HaYeHa CBA3b KraHa oTua ¢
KnaHOM AeTel, a HenpepbIBHLIMU MUHUSIMW CBSI3b KiaHa My)a C KnaHOM NoTeHUMarnbHowm

XEHbl.
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XapakTep NnpuHagnexHoCTH K KnaHy ans yetblpex knaHoB A, B, C n D.

3aboneBaHue X, pacnpocTpaHEHHOE B 3TOM KITaHOBOM coobLLlecTBe, SIBMSETCAS JOMUHAHTHbLIM
CBS13aHHbIM C MOSIOM MPU3HAKOM, cLenneHHbIM ¢ Y-XpoMOoCcoMoW. [laiiTe OTBETbI Ha

crieaiytoLime BOMpocChl, Kacallmnecs nepeaady 3abonesaHns Mexay YeTblipbMsi KnaHamu.

36.1. Macka n3 knaHa D 6oneH 3aboneBaHnem X. Yepes aBa NOKONEHUS, B KaXXaoM n3
KOTOPbIX OblfN CbIHOBbLS, OTMETLTE NONy4YMBLLME 3a00MeBaHNE KIaHbl NPU YCIOBUN, YTO
Tonbko Macka umen a1o 3aboneBaHue, 3HaKoM (v'), a 340POBbIE KIaHbl 3HAKOM (%). (2

banna)
36.2. KakoBa BEpOATHOCTb TOTO, YTO Y cbiHa Tanbl (knaH A) u Moxato (knaH B),

npuHagnexailero K knany D, 6yaet sabonesanue X, ecnu otel, Monato nven

3aboneaHune X? (2 6anna)
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37. Y kpacHown xnebHon nnecenn Neurospora crassa MIMEeTCS MHOIO NULLIEBbIX MYTaHTOB, KOTOPbIE
OTBEYalOT Ha BHECEHWE ONpeaeneHHbIX 406aBOK B MUTATENbHYIO Cpeay POCToM (+) unu

OTCYTCTBMEM pPOCTa (0) B Ta6m/|u,e HXe NoKa3aHbl peakunn MyTaHTOB MO OTAEJ1IbHbIM reHaM.

[o6aBkn, BHECEHHbIE B MMHMMArbHYIO NUTATENbHYIO cpeay
Lramm Monyansgerng
9 MmyTammnHoBas
Untpynnuu rNyTaMMHOBOM AprvHnH | OpHUTUH
Kucrnora
KUCIOTbI
A + 0 + 0 0
B + + + + 0
C + 0 + + 0
D 0 0 + 0 0

37.1. YkaxuTe B Jlucte OTBeTOB nocnegoBatenbHocTb (1 — 5) natn metabonmToB 3TOro

meTtabonuyeckoro nytu. (1,5 6anna)

37.2. Ykaxute B Jllucte OTBETOB LUTaMMbl, Y KOTOPbIX 3aBNOKMPOBaHbI KaXbli U3 YeTbIpeX

aTtanoB MmeTtabonuyeckoro nytn. (1,2 6anna)

38. [aHbl crneaytowme yenosus: A'A' = netanbHasa gopma, A'A? = cepble, A?A? = yepHble, B'B' =
ANVHHbIE Bonockl, B'B? = kopoTkre Bonockl, B2B? = ouyeHb KOPOTKME BOMOCHI (KypyaBhble),

poauTtenu umetot reHotun A'A’B'B2,

38.1. Kakas 4acTb B3pocribix 0cober ceporo LBeTa ¢ KypyaBbiM/ BOSTOCAMU OXUOAAETCS B

notomcte? (1 6ann)

38.2. B Tom cny4ae, ecnv Kyp4yaBbli (OEHOTUN TaKKe ABMSETCS NeTanbHbIM, Kakasi 4acTb
B3POCINbIX 0COBEN YEPHOro LiBETA C KOPOTKMMM BOIOCaMm oxungaercsa B notomcree? (1

6ann)
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39. Bbl nonyuunu crneaytoLiee COOTHOLLEHME B NMOKONEHUN MyLuek Fi.

40.

Camubl | Camkm | OOLuee yucno
OVKUA TUMN 80 60 140
MYyTaHT 30 30 60

Ecnn myTauus HacnegyeTtcs NyTEM NPOCTOro PeLLeCCMBHOMO ayTOCOMHOIO HacnegoBaHusl, TO

Kakum Hanbonee BeposiTHbIM ByaeT reHoTun poguTtenen? OTMeTbTe NpaBuIbHbIN(bIE) OTBET(bI)

3HakoM (v'), a HenpaBWrbHbI(e)oTBET(bl) - 3HaKkoM (x). (1 6ann)

a.ww X ww
b. ww X w'w
c. ww X ww
d ww X w'w'
e.ww X ww

Xpomocoma oTua Hec€T annenu L, M n n, a matepuHckas xpomocoma Hecet annenum |, m n N.

Kakue u3 crnegyoLmx XxpoMocoM MoryT o6pa3oBbiBaTbCSA B pe3yrbraTe OAMHOYHOO

KpoccuHroBepa? Ykaxute npaBunbHbI(e) oTBeT(bl) 3HakoM (v'), @ HenpaBunbHbI(e) OTBET(bI)

3HaKoM ().
. LMN
[I. LMn
1. LmN
V. Lmn
V. Imn

(1 6ann)
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41. LWunpoko pacnpocTpaHEHO MHEHUE, YTO BRVXKaNLLIMM XUBYLLMM POACTBEHHMKOM YeroBeka
(Homo sapiens) siBnsatotca obbl4HbIN WmMmnaH3ae (Pan troglodytes) n KapnMkoBbI LWMMIAH3e
(Pan paniscus). BmecTte ¢ opaHrytaHamu (Pongo pygmaeus v P. abelii) n ropyunnamu (Gorilla
gorilla v G. beringei) oHn obpasytoT noacemenctso Homininae. Wx aBontoLMoHHas

B3aMMOCBSA3b MOXET ObITb npeacraBrieHa Kak Ha pUCyHKe HMXe.

4-6 MUNNMOHOB

¢ NEeT Ha3an

6-8 munnmoHos
neT Hasan

12-16 MUNNWOHOB
neT Hasaj

41.1. dunoreHeTn4eckoe ApeBo, AeMOHCTpupyrLuliee 3BOJTILUNOHHYH B3aMOCBA3b BbICLUUX
npuMaTtoB, NOCTPOEHO C ncnonb3oBaHMem MOJ'IeKyJ'IFIpHO-6VIOJ'IOFVI‘-IeCKI/IX AaHHbIX N

CHnTaeTcda AOCTOBEPHbLIM, NOTOMY YTO!:

a. wmytauyun OHK n nonumopdmambl MOryT ObiTb NErko naeHTMnLmnpoBaHbl 1
noaBeprHyTbl aHanunay

b. nocnepoBatensHocTy AHK moryT ObiTb NpeBpaLleHbl B 6ernkoBble
nocrneaoBaTenbHOCTU AN CPaBHUTENBHOrO aHanmaa.

C. OOCTYNHOCTb BOMbLLOro KONMYeCcTBa MOMNEKYNSPHO-6MONOrMYEeCKUX AaHHbIX

obecneunBaeT nposeageHmne CTpororo BblHUCIINTESIbHOIO aHarnumaa.
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d. dwmsundeckn HenoBpexaeHHasl U HedparMeHTpoBaHHasa reHomHasa [HK moxeT ObiTb

BOCCTaAHOBIIEHA AaXe Yepe3 MUITTTUOHDbI NeT.

OTmeTbTe NpaBunbHoe(ble) yTBEpKAEHME(A) 3HaKkoM (v'), a HenpaBunbHoe(ble)

yTBepxaeHue(s) - 3Hakom (). (0,8 6anna)

41.2. BOnbLUMHCTBO CaMbIX APEBHUX UCKOMAEMbIX, MPUHAANeXalUmx K noaceMencTay
Homininae, 6binn obHapyxeHbl Ha adPUKAHCKOM KOHTUHEHTE. OTO COOTBETCTBYET
pacnpocTpaHeH IO CyLLEeCTBYHOLMX B HACTOsILLEee BPEMS BUOOB, 3a UCKIHOYEHNEM
OpaHryTaHoB, NpPeACTaBNSAOLWNX €OMHCTBEHHbIN BN, HE 0OHapyXeHHbIN B Adpuke.

Ha6mop,aeM0e pacnpeneneHne nckonaemMbiX OCTaHKOB NoaTBepPXOaeT:

a. AdpuKaHCKyo rmnoTesy NPOUCXOXAEHNS, COrflacHO KOTOPOW YEeroBEK BO3HMK B
Adpuke 1 oTTyaa pacnpocTpaHUica No ApyruM KOHTUHEHTaM.

b. Asmartckylo rmnoTesy NPoNCXOXAEHUs!, TaK Kak ApeBHENLINIA XNBYLLNIA BUA,
opaHryTaHbl, 06HapyXeH TOMbKO B KXXKHO-BOCTOYHOWN A3nK.

c. [vnoTesy "MynsTMperMoHanbHOro" NPOUCXOXAEHWS.

OTmeTbTe NpaBunbHoe(ble) yTBepXXAeHMEe(s1) 3HakoM (v'), a HenpaBUIbHbIE 3HAKOM (X).

(0,6 6anna)

41.3. BOMNPOC CHAT
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JKonorusa

42. Wccneposatenu Borges n Brown (1999) uzyyanu Bugosoe pasHoobpasme YneHUCTOHOrMX Ha

Tpéx ocTpoBax Asopckoro apxunenara (Pico, Santa Maria n Terceira). Ha pucyHke Huxe

NoKa3aHOo pacnoJioXeHne OoCTpOoBOB MO OTHOLUEHUIO K raBHbIM MaTepukamMm, ACprIKe n EBpone

(Ha BocToke) n CeBepHon AMepuke (Ha 3anage).

I I I I [
\%JS 50 40 30 20 10
North
America @
AZORES
i Europe
uég 40
MADEIRA &°
BERMUDAS & 30
o CANARY ISL. { <, ,
<07 CAPE VERDE ISL.
K §:2_{' @ 3y, = s 20
J\f/z,\q_\ E } e
T | |
CORVO
R 30 28 26 N 40
FI.J%R‘.ES AZORES %
GRACIOSA
TERCEIRA 39 —
S. JORGE Q
FA[ALQ]
PICO
: S.MIGUEL S8 |
STA. MARIA

B Ta6n1/|u,e HWXe npueeneHbl HEKOTOPble APpYyrne XapakTepUCcTtukm oCTpoBOB.

OcTtpoB BbicoTa Hag ypoBHEM leonornyeckun Bo3pact PaccTtosHue oT matepuka
mMops (M) (MnH. ner) (km)

Muko 2351 0,037 - 0,300 1866

Canta Mapus 587 8,12 1585

Tepuenpa 1023 0,300 -2 1770
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42.1. ConocTaBbTe crneaytoLlme ocu X ¢ npasunbHbiM rpadukom (ot | go VI). (2,4 6anna)
a. [JecaTuyHbiin norapudm (nnoiaam B KM?)
b. [OecatuyHbl norapnm (BbICOTbI HaL, YPOBHEM MOPS B M)
c. [ecaATnyHbIn norapudm (PaccTosHMSA OT MaTepuka B KM)

d. [HdecatnyHbin norapndm (reonorm4eckoro Bo3pacta B rogax)

I It
D 28 23— &
5 o
S O
== =
3 @ g1 ® 2.1 ™
= o
o 5
5 5 . .
@ o 19+ 1.9
=2 a
s &
5 ¥ 35 | | | 1.7 E_ % B
E_ 26 28 30 82 a4 1.8 20 22 94 2§ 28
=
2
11 \%
E 2.2 - 2.2
m
e Jes, | ]
g[ 5 20 L 2.0
5 8 o o
m
5 o 1.8 1.8
E 'JI-J 1.6 = 1.6 i
=
14 | | | 1.4 | | | |
50 55 60 65 7.0 118 320322 8921 %396 998

42.2. Onpegenute n3 rpadhmkoB YNCIO SHOEMUYECKUX BUAOB (C OKPYrIieHNeM K Grivkanemy

uenomy) Ha Tpéx octpoBax. (1,2 6anna)
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42.3. Vicxoas s npefcraBneHHbIX AaHHbIX, OTMEeTbTe NpaBunbHbI(ble) BbIBOA(bI), KOTOpbIE
MOXHO caenaTtb 13 3TOro nccrenoBaHus, 3Hakom (v'), a HenpaBuIbHbIN(e) BbIBOA(bI)
3HakoMm (x). (1,5 6anna)

a. Bwupgosoe pasHoobpasne 6bino 6onee BbICOKMM HA OCTPOBE C HaMMEHbLUEN BbICOTOM
Ha ypOBHEM MOPS U CHUXKANOCh MO Mepe e€ yBenuyeHus.

b. Pesynbratbl 3TOro MccneaoBaHust NOATBEPXKAAKOT rMNoTe3y BuA-apean

c. OpHou nsonaumen Hemnb3sa 06bLACHWUTL XapakTep BUAOBOIO pa3Hoobpasus,
OGHapY>XEHHbIN Y YNEHUCTOHOMMX Ha 3TUX TPEX OCTPOBaX.

d. Xapaktep BMOoBOro pasHoobpasns Ha 3aTUX OCTPOBAX HAXOAUTCS NoA BIIMSIHUEM Kak
9KOSOrMYECKnX, Tak 1 3BOMOLMNOHHBLIX (DAKTOPOB.

e. Teopusa octpoBHon Buoreorpacdmm MakapTypa-YunncoHa nosiHoCTbHo

noarBepXagaeTca pe3ynbrataMn 3TOro nccriegoBaHusA
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43. [OaHnanb NpoKMNATUM B XMMUYECKOM CTakaHe BOAY C CEHOM M OCTaBWIT CMECb HE3aKPbITOM Ha
HEeCKONbKO AHEN. B TeyeHme 3TOro BpeMeHu B cTakaHe Oblnn 0OHapy»XeHbl TONBbKO
reTepoTpodpHble 6akTepmun. 3atem oH Jo06aBUN HECKOMBKO Kanesnb BOAbl U3 APEHAXHOro CTOKa
M HENMOTHO 3aKpbin cocyad. Boaa ns ctoka cogepkana TonbKo reTepoTpodHbIe
OOHOKIMNETOYHbIE OpraHn3mMbl (H1 BakTepun, H1 rpuboBs). [aHnanb perynspHo B TeYeHune
onpeaenéHHOro BpeMeH N3Mepsn YMCNEHHOCTb NONYNALUA pasnmyHbiX BUA0B (p — u),

NPUCYTCTBYIOLLMX B CTaKaHe.

165000+

'ﬁ>

25001

N

20001

15001

10001

5001

X = Bpewms (gHn); Y = 4yncno ocobein B M Ha NOBEPXHOCTU BOAbI

PaccmoTpeB aTu pesynbTaThl, HEKOTOPbIE YYeHUKM [aHnans yTBepXKaanu, YTo B CTakaHe:
|.  BEPOATHO NPOMCXOAUT KOHKYPEHLIMS

II.  n“meeT MecTO cyKueccus

lll. obwas 6nomacca sospacrtaeT B nepmog mexay 40 n 50 gHamum

HekoTophble y4eHUkN aaxe npeackasbiBanu, YTo:

IV.  4umcno kneTok gensawmxcs 6aktepuii ynagéT ao Hyns

V. 4ucno Apyrux genswmuxcs retepoTpodHbIX OQHOKMETOYHbIX OPraHM3MOoB ynaaéT oo Hyns
VI. pa3oBbETCA CTaaus KNMmakca, BKrovatowasi 6aktepum n gpyrme retepoTpodHbie

OOHOKNEeTO4YHblEe OpPraHn3mbl, HaxogdLllnecd B COCTOAHUA CcTabunbHOro ecCTeCTBEHHOIO

paBHOBECUS
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44.

OTmMeTbTe NpaBunbHoe(ble) yTBEPXKAEHME(S) 3HAKOM (v'), @ HenpaBunbHoOe(ble) 3HAKOM (X).

(1,2 6anna)

BospacTatoLwas KoHUEHTpauus yrnekucnoro rasa B atMmocdepe (napHMKoBbIA 3hdeKT) cBaA3aHa
C rmobanbHbIM U3MEHEHEM KnuMmaTta. Yrmnekucnbln ra3 MoXeT 6biTb yaanéH ns atmocdepb! 1
NMOMELLEH B pe3epByap C LeNnblo YMEHbLUUTb UK 3aMegnuTb rnobansHoe notennieHne n
BOCMpPensTCTBOBaTb ONacHbIM U3MEHeHNsAM knumara. [lpouecc yaaneHus yrrnekucnoro rasa 3
aTtMocepbl OCYLLECTBIISIETCH coaepKaLMMmn Xnopoduns pacteHmsiMn nyTém oTOCUHTE3a.
OTmeTbTe NpaBunbHoe(ble) yTBEPXXOEHNE(S), KacaloLmMecs KonMyecTea yrnepona
“aKKyMynMpOBaHHOIO” Ha eanHWLY NAoWanmn B pasfnyHbIX 3KOCUCTEMAX, 3HaKoMm (v'), a

HenpaswunbHoe(ble) yTBepXaeHne(a) 3Hakom (x). (1 6ann)

a. unctasa nepeuyHasa npoayktneHocTb (NPP) (Mnn ynctas ckopocTb nornowenuns yrnepona)
XBOWVIHbIX NIECOB > ECOB YMEPEHHbIX LWMPOT > TPOMUYECKUX NecoB

b. 3anacbl yrnepoga (KonM4ecTBO 3anacéHHOro yrrepona) XBOMHbIX JIECOB > f1ecoB
YMEpPEHHbIX LLUMPOT > TPOMUYECKUX NEeCOB

C. uyuctas nepsuyHas npoaykTMBHOCTb (NPP) cTenen yMepeHHbIX WMPOT > caBaHH (CTeneHb
C OTAEeNbHbIMY AepeBbAMU) > TyHAP

d. uucTas nepuyHasi npoaykTBHOCTbL (NPP) BTOPUYHbIX 1ECOB > IECOB B COCTOSIHUN
Knumakca (3pesnbix) UM ctapbiX pacTyLmX NecoB

€. MO0 CPaBHEHMIO C APYrMMM 3KOCUCTEMAMM, KOPAnoBble pUdbl UMEKOT OYEHb BbICOKYHO
YUCTYIO NEPBUYHYIO MPOAYKTUBHOCTb M AenarT 60nbLIon BKnag B rnobanbHyo NpoayKumo

ovomacchl
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45.

Bpemsa Ha y4acTke (ceK)

CopepxaHue xnopodunna a (MKrir)

Camupl MaHsLWMX KpaboB UMEIOT OAHY YBENUYEHHYHO KNELHIO (TNaBHYH KNELWHI0) Ang
NpuMBMEYEHNsa cCaMokK 1 3awnTbl TeppuTopun. OgHaKo 3Ta yBenMYeHHas KnewHsi 6ecnonesHa
npv 4obbiBaHMA KOpMa, NO3TOMY Y CaMLOB OCTarncst TONIbKO OAWMH UCMOMNb3yeMbl ANs NUTaHUA
NPUAATOK — MeHbLUAs KMNeLWHs. Y4YeHbiMU ObiNo NpeafioXkeHo MHOMO rmnoTes, 06bACHALWMX,
Kakum o6pa3om camubl Kpaba KOMMNEHCUPYIOT 3TOT BUANMbIA HegocTaTok. [ns npoBepku
HEKOTOpPbIX M3 HUX CTyAeHTKa nposena uccnegosarHve. OHa caenana Buaeo3anunch
A06bIBaHMS NULLK caMuaMn U camMmKaMy Ha MSATU y4acTKax JOHHbIX 0CadKoB, NEPBbIMU
nosiBNALWMXCS Npu otnmee. [locne Toro Kak kpabbl MOKMHYNN 3TW YHACTKN, Ha HUX Oblnn
cobpaHbl Npobbl 0CagKoB, B KOTOPbIX 3aTeM ObINO onpegeneHo cogepXxaHune xnopodunna a.
Bbinu Takke npoBegeHO CpaBHEHUE pa3MepoB (4NVHA, LWMPUHA) Xenunea, NCNomnb3yeMblX
camuamu n camkamm gns nutanus. Y3 engeosanncu 6uio ycTaHOBNEHO CpegHee Yncno
3a4yepnbiBaHUN B CEKYHAY ANSA Kaxgoro nona. [Ans camok oHo coctaensano 2,39 + 0,08
aBwxkeHun; ans camuos 1,60 + 0,06 gBMKEHUNA.
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+— Camku; o — — Camubl
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OTMmeTbTe NpaBuIbHBIN(E) BbIBOA(bI), KOTOPLIV(E) MOXHO caernaTb U3 NPOBEAEHHOIO CTYAEHTKON

nccnenoBaHus 3Hakom (v'), a HenpaBuIbHbI(e) BbiBoA(bl) 3HakoM (x). (2,4 6anna)

a. Camubl MaHsiLLero Kpaba He KOMMEHCUPYHOT HE4OCTATOK, BbI3BAHHbLIN HANMYMEM MNLLb
OOHOW KNeLHW, Ucnonb3yeMon ans Aobblum nutaHus, 6onbLluen CKOPOCTbIO 3a4epnbiBaHNS
Mo CPaBHEHUIO C CamMKaMW.

b. [na maneHbkux KnewHen HabnogaeTcs NoNoBo ANMOPEU3M.

c. Kak npaBuno, camubl MaHsiLLero kpaba KOMMNEHCUMPYOT HEAOCTATOK, BbI3BaHHbIV HanMyYnem
NYWb OOHOW KNeLWHW, ncnornb3dyemon ansa Aobblun nutaHus, 6onee NpoaormKUTENbHBIM
npebbiBaHMEM Ha hypaKMpHOM yyacTKe.

d. Camubl MaHsLero kpaba, kak npaBuno, NOKNAaT PypaknpHbIA y4acTok npu donee
BbICOKOM YPOBHE COAepXaHusa xropodunna a, Yem caMku.

e. Camubl MaHsLLero kpaba KOMNEHCUPYIOT HEQOCTATOK, BbI3BaHHLIN HANMYMEM MnLLb OQHOW
KnewwHun, ncnonbdyemon ansa Aobblun nutaHus, 3axsatomM BonbLUero konunyectea
OTNOXEHUN NPU KaXKAOM 3ayepnbiBatoleM ABMKEHUN KMNeLLHMU.

f.  Pesynbratbl 3TOro uccnegoBaHnsa He NOAAEPKUBAIOT MPUHLMIMLI TEOPUN ONTUMAITbHOMO

dypaxmpoBaHus.
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BUOCUCTEMATUKA
46. Hekne mopdonorudeckne npmusHakm (1 — 6), sensawowmecs oowmmn ons asyx unu donee

OpraHnM3mos, " nx O6LLI,VII7I npeaokK nokasaHbl Ha KnagorpamMmme Hmxe.

2 Dragonfly g
L — W
Beetle -}
4 -
= Crab
2 ) ra -
1 I — Mantis shrimp <
I
1 6 [~ Centipede
t ) §
e HOTSEShOC CPab
' z

Spider

Velvet worm

46.1. Kakue ns mopdornormyeckux npmsHakos (1-6) asnaiotca cuHanoMopdHbIMU ANs

TaKCOHOMUYECKUNX rpynmn, ykaszaHHbIX B Jlucte OTBetoB. (1,2 6annos)

46.2. Onpegenute npuHagnexHocTb opraHmamoB (W — Z) k onpegenéHHon TakCOHOMMYECKON

rpynne n3 tabnuubl B Jlucte OrBetoB. (1,2 6anna)

46.3. OCHOBbIBasiCb Ha BalUMX 3HaHUAX 06 3TUX opraHu3max 1 rpynnax, ConocraBbTe
mMopdponorudeckme NnpusHakm, nepedncrieHHole Hmke (I — VI) ¢ mopdonornyecknmm
npusHakamu, o6o3HavyeHHbIMK OT 1 go 6. (1,2 6anna)

|.  Teno cocTouT 13 ronosbl U YANMHEHHOTO CErMEHTUPOBAHHOIO TYNOBULLA;
MHoOrouuncreHHole napbl (> 12 nap) Hor
II. Teno coctouT 13 ronoBbl, rpyau 1 OptoLlKa; Tpu napbl HOT (Ha rpyau)

[ll. yneHucTble/cermeHTUPOBaHHbLIE NPUOATKA

Page 45 of 46



IBO2012 Singapore Theoretical Test Paper 2

IV. aHTeHHbl (0gHa nnn 6onee nap); MaHaubynbl (KyloLLME POTOBbIE YacTH)
V. [Be napbl aHTEHH; NPUAATKN COCTOAT U3 BYX CErMEHTOB (OBYBETBUCTbLIE)

VI. HET aHTEeHH; HET MaHaNby”n

46.4. Npoeegute B Jlucte OTBeTOB Knaccudukauuo rpynn (I - IV) B COOTBETCTBUM C UX

dunoreHeTn4eCKUM npomcxoxgeHnem. (1,2 6anna)

a. WuX
b. XnY
c. YuZz
d W, X Yuz

KOHEL, TECTA
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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 91.8.

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. Four mixtures of microorganisms were collected from different sites around a school and each
microbial mixture was inoculated into a medium that contained all essential elements (in the
form of ionic compounds) except carbon. The medium was at first clear (i.e., not turbid), and
this was left to be cultured with agitation in the dark for 24 h (Stage ). The culture was
subsequently continued in bright light for 24 h (Stage 1l) and then a further 24 h in the dark
(Stage IlI). The turbidity of the four samples was monitored at the end of each stage and the

following results were obtained.

End of Stage

Sample
I I 1l
1 Clear Clear Clear
2 Clear Slightly turbid Slightly turbid
3 Slightly turbid More turbid Very turbid
4 Slightly turbid Slightly turbid Slightly turbid

Which of the following organisms (a-d) are likely to be present in samples 1 to 4? Use a tick (v)

to indicate presence and a cross (%) to indicate absence in the Answer sheet. (3.2 points)

a. photoautotrophic microorganisms
b. chemo-organotrophic microorganisms
c. microorganisms that carry cellular storage granules such as inclusion bodies

d. microorganisms that carry thylakoid membranes in their cells
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2. Arod-shaped bacterial cell is observed to have numerous pili and fimbriae growing all over its
surface. These structures appear to be able to lengthen and shorten. Indicate the correct
function(s) (a — d) of these structures with a tick (v') and incorrect answer(s) with a cross (x). (1

point)

a. recombination
b. attachment to surfaces
c. active motility in solution

d. for defence

3. Two bacterial cells were cross sectioned, and Bacterium A showed a single membrane
covering its cell, while Bacterium B is covered by two membranes which are separated by a
narrow space containing peptidoglycan material. Identify which bacterium is Gram positive and

Gram negative respectively in the Answer sheet. (0.4 points)
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Research was conducted to examine the presence of regulator element in the upstream of

transcription start site from eukaryotic gene. As a preliminary study, a researcher performed in

silico analysis by multiple alignment of nucleotide -37 to -26 from 900 different genes. The

resulting homology percentage data are shown in the table below.

37 -26
(5’) (3)
A | 2116 4 [91| O 95 | 67 | 97 | 52 | 41 | 16 | 24
Base C | 23|39 |10| O 0 0 0 0 0 9 | 35 | 37
frequency
(%) G |28 |3 | 3 0 0 0 0 3 |12 | 40 | 38 | 30
T |28|,10|83| 9 |100f 5 |33 | 0 |36 |10 | 11| 9

4.1. Based on the given data, predict the most likely nucleotide sequence -35 to -29 within the

conserved area which is essential for its regulator function. In the Answer Sheet, fill the

boxes with A, C, T, and G, at the appropriate positions. (1.4 points)

4.2. Deletion of nucleotides -50 to -26 of several genes resulted in dramatically decreased RNA

polymerase binding within the gene. Which type(s) of sequence element may be

represented by nucleotides -50 to -267? Indicate appropriate answer(s) with a tick (v') and

inappropriate answer(s) with a cross () in the Answer Sheet. (1.0 point)
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Hormones regulate physiological processes in various specialised cells. Match the hormones

listed below (a — e) with the physiological processes (I — VII) that they regulate. Note: some

processes can be regulated by more than one corresponding hormone. (2.8 points)

Hormone Physiological process
insulin I.  gluconeogenesis
cortisol II.  glycogenesis
glucagon lll.  glycogenolysis
thyroid hormone IV. lipolysis
epinephrine V. lipogenesis

VI.  protein catabolism
VII.  protein anabolism

6. Which of the following allow(s) cell membranes to remain fluid under cold temperatures?

Indicate correct answer(s) with a tick (v') and incorrect answer(s) with a cross (x). (0.8 point)

a.

b.

o

by using active transport

by co-transport of glucose and proton

by increasing the percentage of unsaturated phospholipids in the membrane

by decreasing the number of hydrophobic proteins in the membrane
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7. Cellular abnormality can often lead to manifestation of disease or disorders in our body. Match
the following cellular abnormalities (I — V) each with their most likely disorder (a—¢€). (1.5

points)

Cellular abnormalities:
I. altered cellular receptor
II.  uncontrollable cell division
lll.  abnormal membrane transport protein
IV.  enzyme absence

V. absence of structural protein

Disorders:

a. A child has chronic respiratory infections; secretions of the gut and lung are thick in this
child, and his sweat is altered, with high Na" and CI levels.

b. A young man has pain in his chest and biopsy test demonstrates presence of abnormal,
unspecialized, metastatic cells.

c. A phenotypically normal boy is diagnosed as having androgen insensitivity; his
chromosomes are 46, XY.

d. A young boy has progressive weakness and muscle wasting atrophy of calf muscles.

e. Affected children gradually lose skills and sight; have massive accumulation of lipid in brain

cells. Death occurs at young age. There is no treatment.
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8. Arreplicating cell population was stained with a dye that became fluorescent when bound to
DNA. The DNA content of its individual cells was then determined by fluorescence-activated

cell sorting (FACS) which is shown in the graph below.

-

-« ()

number of cells

AA)

1 2
relative amount of DNA per cell

a. From the graph, which group of cells (A — C) are in the S phase of the cell cycle? (0.9 point)
b. Which group of these cells (A — C) are in the LONGEST phase of the cell cycle? (0.9 point)

Indicate appropriate answer(s) with a tick (v') and inappropriate answer(s) with a cross (x).
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9. Phospholipids are a class of lipids that are a major component of all cell membranes as they

can form lipid bilayers.

9.1.

9.2.

Indicate true statement(s) with a tick (v') and false statement(s) with a cross (x). (0.8 point)

a.

b.

The hydrophobic tails are oriented towards the interior of the cell membrane.
The fatty acids present in the membrane do not have double bonds.
Once phospholipids are incorporated they remain in the cell membrane permanently.

The bilayers are randomly interspersed with proteins.

Mammalian plasma membranes are characterized by the presence of different types of

phospholipids (SM, PC, PE, PS and PI). The graph below shows the percentage

distribution of each phospholipid across the plasma membrane of human erythrocytes.

% distribution

cell surface layer

30

SM PC PS PE Pl
30 - layer facing cell interior
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Indicate the correct statement(s) with a tick (v') and incorrect statement(s) with a cross (x).

The numbers indicated are approximate figures. (0.8 point)

a. Membranes, in general, can be concluded to be asymmetric.

b. 24% of the total membrane phospholipids contain SM and 4% contain PI.

c. 80% of the inner total membrane phospholipids contain PE and 16% contain PC.

d. Most PC is confined to the outer surface of the erythrocytes while most of the PE and

PS are confined to the inner surface of the erythrocytes.

10. In a study of a rice plant, it is found that gibberellins (GA) play an important role in the growth of
seedlings. The GA repressor protein (GARP) controls the expression of GA induced genes.
This protein contains two domains: (i) regulatory domain (DELLA) and (ii) the repressor domain
(GRAS). GA bound to its receptor, attaches to DELLA domain and facilitates association of
repressor domain with ‘SCF ubiquitin ligase complex’. It results in GARP getting targeted and
degraded by proteasome. This leads to GA induced gene expression and seedling growth.
Based on this information, indicate growth of the seedlings with a loss of function mutation in the
DELLA domain or the GRAS domain with a tick (v') under the presence or absence of

gibberellins, and use a cross (%) if no growth is predicted in the Answer Sheet. (1.2 points)
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11. The following enzymes(1 — 6) catalyse the formation of the chemical bonds, I to VI.

Enzyme

Chemical bond

1. DNA ligase

I.  Carbon-oxygen bond

2. magnesium chelatase

Il. Carbon-sulfur bond

3. acetate-CoA synthase

Carbon-nitrogen bond

4. amino acid-tRNA

IV.  Carbon-carbon bond
synthase
5. pyruvate carboxylase V.  Phosphoric ester bond
6. glutathione synthase VI.  Nitrogen-metal bond

Reactions that the enzymes catalyse are listed below:

A

¥-L-glutamyl-L-cysteine + glycine

v \< ", glutathione

P,

Ser

B l\g\, ~ ATP  AMP + PPi ‘)\X;Y\L ~
+ [Ser (/‘(:
/ ? </
. 2+ ATP~_ » ADPP, ) .
C protoporphyrin IX + Mg <o Mg-protoporphyrin IX
' !
| T Tt TTITIT g T, e =(lys}=NHa*
D E=(iys) HI-' T hA+LLL'l\}0H\\/\P"' — bouo\}_u+ﬂ+00:|=-oun+ilw NHy
H o / \0_ 0"
ATP ADP
E acetate + CoA \{ - acetyl-CoA
ATP ADP
ruvate NS . oxaloacetate
F Py Co, AN P,

Match the enzyme and corresponding enzymatic reactions with the respective bond types. (2.4

points)
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PLANT ANATOMY AND PHYSIOLOGY

12. The cell wall in plants limits cell expansion. Growing cell walls extend faster in acidic conditions
and a group of proteins called expansins are key regulators of wall extension during growth. In
an experiment, excised cucumber hypocotyls of the same length were subjected to the
following treatments (1 — 4) before being attached to an extensometer and the extension of the

hypocotyl measured.

Treatment protocol

Treated with fusicoccin (a drug which activates H*-ATPase in the plasma

membrane) and placed into a buffer at pH 7

Treated with fusicoccin (a drug which activates H*-ATPase in the plasma
membrane), heated, and placed into a buffer at pH 4.5

3 Heated, then placed in a buffer at pH 4.5

Heated, then placed in a buffer pH at 4.5 with the addition of an homogenate

extracted from a region just behind the growing tip of another cucumber hypocotyl

The length of the hypocotyl can either increase or remain the same. Indicate the outcomes with
an arrow (1) for an increase in length and an equal sign (=) for the same length for the different

treatments. (1.2 points)
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13. The ABC model explains how three homeotic genes control floral organ identity:

e activity of gene A alone specifies sepals

e activity of both gene A and B is required for the formation of petals
e activity of genes B and C results in the formation of stamens

e activity of gene C alone specifies carpels

e gene A and gene C mutually repress each other

(&)

Indicate what the floral parts (I — IV) develop into in a mutant with a loss of activity of its B gene?

Write the resultant outcome in the Answer Sheet. (1.2 points)

a. sepal
b. petal

c. stamen
d. carpel

14. Indicate the type of cell division involved in the organ/cell formation and the ploidy of the cells.

Use | for mitosis and Il for meiosis. (2 points)
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15. Delves et al. (1986) studied the influence of different organs on nodulation phenotype. To
analyze whether shoot or root factors have a regulatory role in the nodule formation, they
grafted wildtype plant (Bragg cultivar) with two plant mutants (nts382 and nts1116). The grafts
were inoculated with Bradyrhizobium japonicum strain USDA110 and harvested 9 weeks later.
Nodules were picked and counted from each plant and dry weights obtained. The results are

summarized in Table 1.

Table 1. Supernodulation control by Bragg cultivar

Graft Nodule No.

(Shoot/Root) per Plant Nodule Mass
mg dry wi nodule
£~" dry wt plant

nts382/nts382 249 + 90 139 = 101
nts1116/nts382 71+ 18 110+ 5
Bragg/nts382 115 2+ 1
nts382/nts1116 251+ 46 182 + 16
ntsl116/nts1116 64+ 6 14+£5
Bragg/ntsi 116 83 31
nts382/Bragg 182 + 35 56 + 28
ntsl116/Bragg 48 + 4 9+2
Bragg/Bragg §8x1 2x1

Indicate correct deduction(s) with a tick (v') and incorrect deduction(s) with a cross (x). (1.8
points)
a. Genetic factors expressed in the shoot are affecting the number of nodules present in
the root.
b. Genetic factors expressed in the root are affecting total nodule mass.

c. Grafts are compensating an increased number of nodules with a lower mass per nodule.
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16. The bar chart shows the concentrations of various minerals in the nutrient solution (CJ) and in

the root cells (W) after 2 weeks of plant growth. Based on the graph given below, indicate

appropriate answer(s) with a tick (v') and inappropriate ones with a cross (x) in the Answer

Sheet. (2.4 points)

Log [concentration]

A

NO, K*

Mg? Fe3*

17. Chemical Z, produced in germinating barley (Hordeum) seeds plays a role in the a-amylase

synthesis by the aleurone layer cells. To investigate the role of Z more closely, the promoter of

the a-amylase gene was fused with the gene for B-glucuronidase (enzyme producing blue

product with certain substrate). The transgenic plants were then tested under various

conditions for the presence of blue color in the aleurone layer cells, upon addition of the [3-

glucuronidase substrate. The results are shown in the table below:

. . Aleurone layer cells
Experimental condition :
with blue colour
Normal seed Present
Seed with embryo removed Absent
Seed without embryo + Z Present
Isolated protoplasts of aleurone layer cells Absent
Isolated protoplasts of aleurone layer cells + Z Present
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Indicate correct deduction(s) about Z with a tick (v) and incorrect deduction(s) with a cross (%).
(1.0 point)

a. ltis likely to be a transcription factor for the a-amylase gene in barley.

b. Itis produced in the aleurone layer.

c. Itis produced in the embryo.

d. Itis produced in the pericarp.

e. ltis likely to be ethylene.
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ANIMAL ANATOMY AND PHYSIOLOGY

18. The O,-affinity curve for human haemoglobin at the physiological blood-pH of 7.4 is represented

by (2). Under various conditions, the curve would shift towards (1) or (3). Indicate the

appropriate curve (1 or 3) under the conditions listed in the table in the Answer Sheet.

(2 points)

fun
o
o

90
80
70
60
50
40
30
20
10

0 |

hemoglobin saturation [%]

0 10 20 30 4
Oz partial pressure [mmHg]

19. Tom ran after a snatch thief and caught him after a 80m chase. Which of the following

biochemical pathways was important in his muscles during the chase? Indicate the correct

answer with a tick (v') and incorrect answers with a cross (x). (1 point)

a. fatty acid oxidation
b. glycolysis

c. gluconeogenesis
d. glycogenolysis

e. proteolysis
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20. The schematic drawing below was traced from the horizontal section of a chick embryo showing
the axon outgrowth pattern of the motorneurones after an experimental manipulation. N is the
neural tube which will normally develop into the spinal cord. The segmented structures flanking
the neural tube are the somites which will contribute to the muscles and vertebrae development.
Somites are subdivided into anterior (a) and posterior (p) segments.

The control side (C) has somites in the original orientation whereas the experimental side (E)
has some somites surgically rotated. The objective of the experiment was to determine if the

outgrowth pattern of the motor axons is dependent on the orientation of the somites.

&

Based on the above figure, indicate correct deduction(s) with a tick (v') and incorrect

deduction(s) with a cross (x). (2 points)

a. The axons grow out of the neural tube regardless of the orientation of the somites.
b. The axons preferentially grow through the anterior segment of the somite.

c. The axons preferentially grow through the posterior segment of the somite.

d. The segmented axon outgrowth pattern is an intrinsic property of the motor neurons.

e. The somite segmentation pattern determines the motor axon segmentation pattern.
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21. Dorsal root ganglia are formed by neural crest cells migrating away from the neural tube during
embryo development. The crest cells forming the ganglia differentiate into sensory neurones.
In an experiment, a two-day old chick embryo had the anterior part of two somites surgically
removed (arrowed) and allowed to develop until the dorsal root ganglia (d) had formed in day 5.
In the image below, the right side of the embryo was the experimental side (E) and the control

side (C) is to the left. Note the ‘ganglia’ scattered on the E side of the embryo (next to the

arrows).

Based on the image above, indicate correct deduction(s) with a tick (v') and incorrect

deduction(s) with a cross (x). (1.6 points)

a. The ganglia segmentation pattern is secondary to the somites segmentation.

b. The ganglia segmentation is dependent on the presence of the anterior part of the somite.

c. Ectopic ganglia formed possibly because of somites lacking the anterior segments
disrupted the normal crest cell migration pathway.

d. The somites can regenerate after surgical interference.
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22. Combining the observations and deductions derived from Questions 20 and 21, it is quite
obvious that the anterior segment of the somites are conducive for the outgrowth of
motorneurones and the migration of neural crest cells. Indicate valid inference(s) with a tick (v')

and invalid inference(s) with a cross (%). (1.5 points)

a. The anterior segments of the somites are likely to express extracellular matrix molecules
that guide the axons and the crest cells.

b. The molecules expressed in the anterior segments of the somites are likely to be
adhesive proteins for contact inhibition.

c. The posterior segments of the somites may produce repulsive molecules that axons and

crest cells avoid.

23. A transverse section through the spinal cord is examined under high magnification of the
microscope. Indicate which figure (A or B: not drawn to scale) corresponds to grey and white

matter respectively. (0.6 points)

Page 20 of 46



IBO2012 Singapore Theoretical Test Paper 2

24. Blood glucose concentration is regulated by homeostasis. Indicate the concentrations at which
the following responses are elicited. Use tick (v)) and a cross (%) for high and low blood

glucose concentrations respectively. (1.2 points)

a. detected by a-cells in islets of Langerhans

b. increase in insulin secretion

c. convert glycogen to glucose

d. speeds up rate of glucose uptake by cells from blood
e. promotes fat synthesis

f.  stimulates formation of glucose from amino acids

25. Match the digestive systems (I — Ill) with the corresponding animal feeding adaptation (a — c).

(1.5 points)

a. carnivore with limited post-gastric fermentation
b. herbivore with extensive post-gastric fermentation

c. herbivore with extensive pre-gastric fermentation
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26. The graph below shows the different responses of marine animals to salinity changes.

lon concentration of body fluid

Salinity
An extremely heavy and sustained week-long rainfall resulted in the salinity at a river mouth to
fall from 28 ppt to 8 ppt. This caused many soft-bodied intertidal organisms to die. Which group

of organism survived best? Write your answer in the Answer Sheet. (1 point)
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27. Qo values are often used to describe the effects of temperature on the rate of many reactions
involved in biological processes. The Qi value is the ratio of the velocity constants k; (at t +
10 °C) and k; (at t °C), [ki/ks].
27.1. Using the data on the oxygen consumption of the three organisms below, calculate the
Q10 values for temperature intervals of (i) 10 — 20 °C, (ii) 15 — 25 °C, and (iii) 20 — 30 °C.

(3.6 points)

0.8 -
0.7 X
0.6

0.5

0.4

raa sl sl ol

0.3

0.2

O, consumption (ml g-! h')

0.1

ra a1 sl aay

20 25 30 35

o
&)}
-
o
-
&)}

Note: A: --- X---  B:— O — C:----- foemen

27.2. Classify the organisms (A — C) as ectotherm(s) or endotherm(s). (0.9 point)
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28. Ghost crabs (Ocypode ceratophthalmus) are common on tropical shores, with the adults being
nocturnal (staying in their burrows in the day) and the juveniles, diurnal in activity behaviour.
Adult crabs generally excavate burrows higher up the shore than juveniles. Heart beat rates of
juvenile and adult ghost crabs were measured at various temperatures.

210 1
190 1
170 1
150 1
130 1

110 A

Number of heartbeats per min

90 . . . . .
25 30 35 40 45

Temperature (°C)

juvenile crabs; o adult crabs

28.1. Graphs (A — D) below represent the trend of typical physiological response of organisms
to temperature change as measured by Qo values. ldentify the correct graph for the two

stages of crab development. (1 point)

Qqo

T —

Temperature
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28.2. The heart beat patterns of the crabs at 30 °C over a period of 5 s are shown in the figure

below. Match the patterns with the correct stage of crab development. (1 point)
A B :

time time

amplitude
amplitude

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

(1.6 points)

a. As heart rate and metabolic rate are strongly correlated, this study provides evidence
that smaller organisms have higher basal metabolisms regardless of temperature.

b. The higher heart rates of juvenile crabs are compensated by more heat lost via the
proportionately larger surface area to volume ratio.

c. Adult crabs show endogenous nocturnal activity as they are not so heat tolerant,
preferring to stay in their burrows during the day.

d. Physiological responses to thermal stress remain constant as ghost crabs mature.
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29. The types of cleavage pattern and blastulas (1 — 6) for some animal embryos are shown below:

equal

Meroblastic

v__.a\-...___,_u.-..-'-“ﬁ&
& b
%‘mr&-‘_ﬂ:‘&-"'

29.1. Match the cleavage patterns and blastulas (1 — 6) with the corresponding animals.

Indicate P for protostome and D for deuterostome. (1.2 points)

29.2. Identify the main factor that influences the cleavage. (1 point)
a. the ratio of the egg cytoplasm to nucleus
b. the thickness of the egg membrane
c. the amount of the yolk content

d. the overall volume of the zygote
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ETHOLOGY

30. Vervet monkeys (Cercopithecus aethiops) warn fellow monkeys by producing unique warning
signals according to the type of predators such as eagles, leopards and snakes. Depending on
the type of signals, monkeys in the group choose the appropriate method to escape. A
newborn Vervet monkey is capable of producing all of these signals but it does not know which
signal should be used in each case. If a baby monkey produces the signal for eagles when a
sparrow is flying over, adult monkeys look up at the sky and then ignore the signal. However, if
an eagle is indeed hovering, the entire group joins in the warning. Sometimes, baby monkeys

are punished by their mothers for producing wrong signals.

Which of the following learning types are associated with the warning signal development in
baby monkeys? Indicate the correct answer(s) with a tick (v') and incorrect answer(s) with a

cross (%) in the table provided in the Answer

Sheet. (0.8 point)

a. imprinting
b. associative learning

c. problem solving

d. social learning
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31.

The Asian honey-bee, Apis cerana is the primary pollinator of Portulaca grandiflora. Bees’
pollination of four flower varieties of P. grandiflora: white flowers (single and double-petalled)
and pink flowers (single and double-petalled), was studied. Bees’ visitations to the four flower
varieties at six observation periods of half hour duration from 0930 h to 1230 h were recorded.
Pollen production per flower in the four flower varieties was determined. Three different floral
patch sizes (small, medium, and large: 20, 40, and 80 flowers respectively) placed at a distance
of 1.5 m apart from each other, were presented to the bees.

350 1
300 A
250 A
200 A
150 -

100 +

Mean number of bee visits

50 A

0 _ S ——

o---- Single white, #—— Single pink, —— Double white, s Double pink

20000 1 500

450
400
15000
350
300
10000 250

200

150

Number of pollen grains
Mean number of bee visits

5000 A
100

50

0 . ... S . .
Single White  Single Pink  Double White Double Pink Small Medium Large

Flower variety Patch size

O Single white, m Single pink
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Indicate correct conclusion(s) about the honey bees’ behaviour with a tick (v') and incorrect

conclusion(s) with a cross (x). (2 points)

a. Apis cerana preferred the single-petalled Portulaca grandiflora flowers regardless of
observation period.

b. Pink flowers were always preferred over white flowers as they had more pollen grains for
the bees to harvest.

c. Flower colour provide an indirect cue to reward size.

d. Pollinators did not respond to diminishing rewards but floral patch size influenced their
foraging patterns significantly.

e. Larger floral patch size provided stronger advertising signals and the promise of larger

rewards.
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32. Fruit flies usually find food by following the odour of ethanol produced from fruits. The fruit also
serves as the place for male and female flies to mate and reproduce. The graph below shows

the relationship between the number of allured flies and the concentration of ethanol.

507 —&- Female
--Male

N w B
o o o
1 1 1

No. of allured flies

-
o
1

0 T T T T T T T T T

1 2 3 4 5 6 7 8 9
Ethanol concentration (% of Log,)

Based on the graph, indicate the correct statement(s) with a tick (v) and incorrect statement(s)

with a cross (x). (1 point)

a. The male/female ratio in the number of flies occupying the food source varies depending
on the ethanol concentration.

b. The number of mating animals would be the lowest when ethanol concentration is 9.

c. The competition between males would be most severe when ethanol concentration is 7.

d. The number of laid eggs would be the highest when ethanol concentration is around 6

and 7.

e. The number of attracted flies would be the-highest when ethanol concentration is 8.
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GENETICS AND EVOLUTION

33. A two-step metabolic pathway in a diploid organism has the following components:
Gene 1 (G1) encodes enzyme E1 that converts substrate A to product B. Its mutant allele g1
produces a defective el that has 46% activity of normal E1. Similarly, gene 2 (G2) encodes the
enzyme E2 that converts the metabolic intermediate B to the product C, while its mutant allele
g2 produces a defective enzyme e2 with 36% activity of normal E2. For both enzymes, each
allele contributes 50% towards the protein pool in the cell and both reactions have the same

rate in a wild-type cell.

A B C
E1;50% e1;23%  E2;50% €2;18%

I .

G1 g1 G2 g2

In the F, progeny of a cross between G1G1g2g2 and g1g1G2G2 individuals, what fraction is

expected to show an elevated level of the metabolic intermediate B? (2 points)

34. In a particular breed of dogs, the hairless condition is produced by the heterozygous genotype.
Normal dogs are homozygous recessive. Puppies homozygous for the H allele are usually born
dead with abnormalities of the mouth and absence of external ears. If the average litter size at
weaning is 6 in matings between hairless dogs, what would be the average expected number of
hairless and normal offspring at weaning for matings between hairless dogs and between

hairless and normal dogs? (1.8 points)
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35. There are two types of red-green colour blindness — deuteranopia and protanopia, governed by

two linked loci on the X chromosome. Among 18,121 Norwegian children examined in a study,

9049 were males, of which, 725 were males with colour blindness, 551 had deuteranopia and

174 had protanopia. Of the 40 females with colour blindness, 37 had deuteranopia and 3 had

protanopia.
df Xz
1 3.841
2 5.991
3 7.815
4 9.488
5 11.070

Table: (* values for a. = 0.05

Estimate the allele frequencies for deuteranopia (independent of protanopia)-from the data on

males. Use these values to test the phenotypic distribution in females for compatibility with the

Hardy Weinberg equilibrium (HWE) using the Xz test.

Indicate compatibility with HWE with a tick (v') and incompatibility with a cross (x). (4.0 points)
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36. The diagram below presents the patterns of clan membership for a kinship group of Native
Americans. The diagram shows the conditions of marriage and the way the clan of the father
determines the clan of the children. The broken lines point from the father’s clan to the clan of

his children and the solid lines point from a man’s clan to the clan of a potential wife.

The pattern of clan membership between the four clans A, B, C and D.

A disease X, that is prevalent in this clan community, is a dominant sex linked trait and is
carried on the Y chromosome. Answer the following questions relevant to disease transmission

between the four clans.

36.1. Maska of clan D has disease X.—After two generations both including sons, indicate the

clans that will be affected if only Maska carried the disease, with a tick (v') and non-

affected clans with a cross (x). (2 points)

36.2. What is the probability of Tala (clan A) and Yonato (clan B) having a son with disease X in

clan D if Yonato’s father had disease X? (2 points)
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37. A number of nutritional mutant strains were isolated from wild-type red bread mold Neurospora
crassa that responded to the addition of certain supplements in the culture medium by growth

(+) or no growth (0). Given in the Table below are the responses for single-gene mutants.

Supplements added to minimal culture medium
Strain Glutamic
Citrulline semialdehyde Arginine | Ornithine | Glutamic acid
A + 0 + 0 0
B + + + + 0
C + 0 + + 0
D 0 0 + 0 0

37.1. Indicate the sequence (1 — 5) of the five metabolites within the metabolic pathway in the

Answer Sheet. (1.5 points)

37.2. Indicate the strain that is blocked at each of the four steps in the metabolic pathway in

the Answer Sheet. (1.2 points)

38. Given that A'A! = lethal, A'A? = gray, A’A? = black, B'B* = long hair, B'B? = short hair, B’B* =

very short hair (fuzzy), and parents that are A'A’B'B?.

38.1. What is the fraction of adult offspring that is expected to be gray and fuzzy? (1 point)

38.2. In the case when fuzzy is also a lethal trait, what is the fraction of adult progeny expected

to be black and short? (1 point)
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39. You are given the following number of F; flies.

Male Female Total
wild type 80 60 140
mutant 30 30 60

If the mutation was inherited via a simple autosomal recessive mode, what is the most likely

parental genotype? Indicate the correct answer(s) with a tick (v') and incorrect answer(s) with a

cross (%). (1 point)

a. ww X
b. ww X
c. ww X
d ww X
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40. If a paternal chromosome has alleles L, M, and n and the maternal chromosome has |, m, and
N. Which of the following chromosomes could possibly be produced as a result of a single
crossing over? Indicate the correct answer(s) with a tick (v') and incorrect answer(s) with a

cross (x). (1 point)

. LMN
. LMn
. LmN
IV. Lmn
V. Imn

41. The closest living relative of human (Homo sapiens) is widely considered to be the chimpanzee
(Pan troglodytes) and bonobo (Pan paniscus). Together with the orangutans (Pongo pygmaeus
and P. abelii) and gorilla (Gorilla gorilla and G. beringei) they form the subfamily Homininae.

This evolutionary relationship can be presented as shown below.

<«— 4-6 million

years ago

<«— 6-8 million

years ago

<«— 12-16 million
years ago
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41.1.

41.2.

The phylogenetic tree demonstrating the evolutionary relationship of the higher primates

is constructed using molecular data and is considered to be reliable because:

a. DNA mutations and polymorphisms can be readily identified and analyzed.

b. DNA sequences can be converted into protein sequences for comparative analysis.

c. the availability of large amount of molecular data permits rigorous computational
analyses to be conducted.

d. physically intact and unfragmented genomic DNA can be recovered after millions of

years.

Indicate true statement(s) with a tick (v) and false statement(s) with a cross (x). (0.8 point)

Most of the oldest fossils belonging to the subfamily Homininae are found in the African
continent. This is similarly reflected by the living species, with orang utans being the only

species not found in Africa. This observation of fossil distribution supports the:

a. "Out of Africa" hypothesis whereby the first human beings-evolved in Africa and
subsequently migrated to other continents.

b. "Out of Asia" hypothesis as the oldest living species, the orang utans, are found only
in South-East Asia.

c. "multi-centric origin" hypothesis.

Indicate true statement(s) with a tick (v') and false statement(s) with a cross (x). (0.6

point)
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ECOLOGY
42. Borges and Brown (1999) studied the arthropod species richness in three islands (Pico, Santa
Maria and Terceira), in the Azorean archipelago. The figure below shows the location of the

islands with respect to major land masses, Africa and Europe (in the east) and North America

(in the west).
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Some other characteristics of the islands are given in the table below.

Island Altitude (m) Geological age (Myr) Distance from mainland (km)
Pico 2351 0.037 — 0.300 1866
Santa Maria 587 8.12 1585
Terceira 1023 0.300-2 1770
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42.1. Match the following x axes with the correct graphs (I to IV). (2.4 points)

a. Log(areain km?

b. Logo (altitude in m)
c. Logjp (distance from mainland in km)
d. Logjo (geological age in years)
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42.2. Estimate from the graphs, the number of endemic species (to the nearest whole number)

in the three islands. (1.2 points)
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42.3. From the data indicate correct conclusion(s) that can be drawn from the study with a tick

(v') and incorrect conclusion(s) with a cross (x). (1.5 points)

a. Diversity was greater on the island with the lowest maximum altitude and decreased
with increasing altitude.

b. Results of this study support the species-area hypothesis.

c. lIsolation alone cannot be used to explain the species richness patterns found in the
arthropod assemblage in the three islands.

d. Species richness patterns in these islands are influenced by both ecological and
evolutionary factors.

e. MacArthur and Wilson’s theory of island biogeography is fully supported by the

results of this study.
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43. Daniel boiled water and hay in a beaker for some time, and left it uncovered for some days.
During that period only heterotrophic bacteria were found in the beaker. He then added a few
drops of ditch water and covered it loosely. The water from the ditch only contained
heterotrophic unicellular organisms (no bacteria or fungi). Daniel regularly determined the size

of the populations of the different species (p — u) present in the beaker over a period of time.

150001 ﬂ/p
Y 9

25001

T

20001

15001

10001

5001

X = Time (days); Y = number of individuals per ml at water surface

Looking at the results, some of Daniel’'s students claimed that in the beaker:
I. competition is likely to occur
Il.  succession is taking place

lll. total biomass is increasing in the period between Day 40 to Day 50

Some other students even went on to predict that:

IV. the number of dividing bacteria will decrease to zero

V. the number of the other dividing heterotrophic unicellular organism will decrease to zero
VI. aclimax stage will develop, comprising bacteria and other heterotrophic unicellular

organisms, in a stable natural equilibrium

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

points)
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44. Increasing concentration of carbon dioxide (a greenhouse gas) has been linked to global
climate change. Carbon dioxide can be removed from the atmosphere and deposited in a
reservoir in order to either mitigate or defer global warming and avoid dangerous climate
change. The removal process includes carbon dioxide uptake from the atmosphere by all
chlorophyllous plants, through photosynthesis. Indicate correct statement(s) concerning the
amount of carbon “stored” per unit area in different ecosystems with a tick (v) and incorrect

statement(s) with a cross (x). (1 point)

a. net primary productivity (NPP) (or net carbon absorption rate) of coniferous forests >
temperate forests > tropical forests
b. carbon stocks (the amount of carbon stored) of coniferous forests > temperate forests >

tropical forests

c. net primary productivity (NPP) of temperate grasslands > savannas (grasslands with
scattered trees) > tundra
d. net primary productivity (NPP) of secondary forests > climax forests or old growth forests

e. as compared to other ecosystems, coral reefs have very high net primary productivity, and

their contribution to global production of biomass is large
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45. Male fiddler crabs have an enlarged cheliped (the major cheliped) to attract mates and defend
territories. However, the major cheliped is useless for foraging; hence males are left with only
one feeding appendage — the minor cheliped. Many strategies have been proposed by
researchers to explain how male fiddler crabs compensate for this apparent disadvantage. A
student conducted a study to investigate some of these strategies. She videotaped the foraging
bouts of males and females on the first five patches of sediment upon first emergence at low
tide. Sediment samples from these five patches were collected after the crabs have vacated
the patch and chlorophyll a content in these samples was determined. Various dimensions of
the feeding cheliped in males and females were also compared. The mean number of scoops
per second for the two sexes was determined from the videotapes: females, 2.39 + 0.08 scoops;

males, 1.60 + 0.06 scoops.
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Indicate correct conclusion(s) that can be drawn from the student’s study with a tick (v') and

incorrect conclusion(s) with a cross (x). (2.4 points)

a. Male fiddler crabs do not compensate for the one-feeding-cheliped-handicap by feeding at
a faster rate than females.

b. There is sexual dimorphism in the minor cheliped.

c. Ingeneral, male fiddler crabs compensate for the one-feeding-cheliped-handicap by
staying for a longer period of time in a foraging patch.

d. Male fiddler crabs generally leave a foraging patch at a higher threshold of chlorophyll a
content than females.

e. Males compensate for the one-feeding-cheliped-handicap by having larger scoops of
sediment per lift of the cheliped.

f.  Results of this study do not support the principles of the optimal foraging theory.
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BIOSYSTEMATICS
46. Morphological characters (1 — 6) shared by two or more organisms and their recent common

ancestor are shown in the cladogram below.

9 Dragonfly
3 w
| Beetle
4 [ Crab
2 } X
1 I b Mlantis shrimp
1 6 [~ Centipede
i Y
| Millipede
3
‘ Horseshoe crab }
' z
|
Spider
Velvet worm

46.1. Which of the morphological characters (1-6) are the synapomorphies for the

corresponding taxonomic groups indicated in the Answer Sheet. (1.2 points)

46.2. ldentify the taxonomic groups (W — Z) in the table provided in the Answer Sheet. (1.2

points)
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46.3. Based on your knowledge of these organisms and groups, match the morphological
characters listed below (I — VI) among the labelled morphological characters from 1 to 6.
(1.2 points)
I. body organised into head, and elongated (and segmented) trunk; numerous pairs (>
12 pairs) of legs
Il. body organised into head, thorax, and abdomen; three pairs of legs (from thorax)
lll. jointed/segmented appendages
IV. antennae (one or more pairs); mandibles (chewing mouthparts)
V. two pairs of antennae; biramous (two branches) appendages

VI. no antennae; no mandibles

46.4. Classify the groups listed below (I — IV) according to their respective phylogenetic origins

in the Answer Sheet. (1.2 points)

I. Wand X
II. XandY
. YandZ

IV. W, X,Y,and Z

END OF PAPER
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