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[loporne y4acTHUKM

e Bawm npegoctaesnsaetca 150 MUHYT 4na oTBETOB Ha 3agaHus Yactn B.

e Bonpocbl B Yactm B moryt umeTb 6Gone OAQHOro npaBuIibHOrO OTBETA.
BHecute cBon otBeThl B Jluct OTBeTOB aAns Yactn B. bannbl 3a oTBETHI B
YacTtn B 3aBucAT OT KonmyecTBa OTBETOB U CIIOXKHOCTU 3aaaHus. KonnyectBo
6annoB 3a NpaBWMbHbIA OTBET YKa3aHO B KaXXAOM BOMpPOCE.

e OTmevanTe cBOM OTBETHI YeTKO. N3berante ncnpasnerHui B Jliucte OTBETOB.

e 3AMEYAHWE: HekoTtopble BOMpoCbl MOryT ObiTb OTMeuYeHbl “Skipped” /
“Deleted”. HE YYUTBLIBANTE a1 Bonpockl. W Tak, NOMHOCTLIO npounTante
BOMPOC, npexae 4YeM npucTynuTb K HeMy, MOCKONbKy ¢OpMynnpoBKa
HEKOTOPbIX BOMNPOCOB MOXeT ObITb NPOAOIIKEHA HA CNeayHoLLEN CTpaHuLe.

e MakcumanbHO BO3MOXHoe yncno 6annos 120,5.

e Bawwu Jlnctel OTBETOB BYAYT COBpPaHbl MO OKOHYaHUKU TecTa.

Ypaum Bam!!

CtpaHa:

Nma:

OTtyecTBO:

damunus:

Kop ctyneHTa:
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BUONOInA KNETKU (26 6annos.)

1. (2+1+2=5 6annoB) baktepua cogepXut ogHYy KOMUIO KONbLEBOW FEHOMHOM
OHK paamepom 4x10° nap ocHoBaHuit (bp). Mcnonb3ayiiTe BenuuuHbl 3 Ans m,
6 x 10 ona uucna Asoragpo u 660 Ans monekynapHon maccel 1 napbl

ocHoBaHun AHK. OnuHa 10 nap ocHoBaHui B nuHenHon [QHK coctaBnset 3,4

v =2 R

HM. Popmyna obbema wapa 3 , roe R — pagnyc wapa.

a. Ecnn gnametp aton cdepuyeckon knetkn 1 um, To Kakon OyaeTt monsipHas

KOoHUeHTpauma [JHK B aTton kneTtke?

Otser: MOMb/NNTP

b. Ecnn  npegnonoxmtb, 410  KOHGopmauus [OHK  cootBetcTByeT
npeanoXxeHHon YoTtcoHoMm n Kpukom, To Kakon Byaet anuHa 6akrtepuanbHon

OHK, ecnn?

Otser: MeTp

c. Ckonbko GakTepmanbHbIX KNneTok Heobxogmmo ansa nonydenns 1 mr AHK?
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OTBer:

2. (3 6anna) Magkun aHgonnasmaTtudeckun petukynym (3MP) vawe Bcero
CBA3bIBAIOT CO CnefyowmMmmn pyHKUNSMN:
I. CwuHTE3 nunngos
II. [deTokcukaums nekapcTs
[ll. XpaHeHne Ca™
IV. mokoHeoreHes
BHecute ranouky (\/) B COOTBETCTBYHLLYIO KMNETKy Tabnuubl U yKaxuTe
dyHKuno/n 3P, ecnv OH NPUCYTCTBYET B 3HAYUTENbHOW CTEMNEHWU, BhIOUpas

u3 BapuantoB [ — V.

OlP He passut PyHKUMA/M
B 3HAQUMTENbHOM | (€ecnun XOpoLlo
CcTeneHn pasBuT)

OlNP xopoLwo

Opran/Knetka
passuT

a. | HagnoyeyHukun

b CanbHble
" | »xeneasbl

c KuweyHble
" | BOPCUHKU

d. | Mblwupl

e. | NeyeHb

f Mompxenyno4vHas
" | xenesa
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3. (2 6anna) CywecTBylOT pasfnnyHble MeXaHW3Mbl, NMYTEM KOTOPbIX KIEeTKM
MOryT OCYLLECTBMATb 3anNpOrpaMMUPOBaHHYIO KNETOYHYI0 CMEpPTb — SABEHME,
n3BecTtHoe kKak anonto3. OaMH M3 MexaHM3MOB MPUBOAUTCA B AeNCTBUE
XUMUYECKN aKTMBHbIMW hopmamm Kucrnopoga. B HopmanbHOM COCTOSHUM Ha
MOBEPXHOCTU BHeLWHe MeMbpaHbl MUTOXOHAPWUI npucyTcTeyeT 6enok Bel-2.
Opyron ©6enok Apaf-1 cBasbiBaeT Bcl-2. AKTMBHblE OPMbI  KMCAoOpoaa
npmBogAaT K Tomy, uto Bcl-2 ocBoboxaaet Apaf-1 n Tpetun 6enok, Bax,
Aenaer  MNpoOHMUAEMOW  HapYXHYD  MUTOXOHAPWanbHytd  mMeMbpaHy,
ocBoboxaas umtoxpom c. OcBoboxaaembln LMTOXPOM C 0BpasyeT KOMMNIeKe
c Apaf-1 u kacnasom 9. 3TOT KOMMMEKC MOCrefoBaTeNbHO akTuBupyeT
MHOrne npoTeasbl, KOTOpble NepeBapuBaloT KneTouyHble 6enku. B koHevyHOoM

UTOre KrneTka paspyluaeTcs nyTeMm gparoumTosa.

Kakon OypeTr cygbba KneTku, Ha KOTOPYK BO3AENCTBOBANM aKTUBHbIMU
dopmamn  Kucropoga, B criegylowmx  cutyauusx?  Beilbepute  u3

npegcrtaBii€HHbIX Ha cne,u,yrow,eﬁ CTpaHuue BapunaHTOB.

Cutyauums |: KneTtka nonyyaet curHan uHrmbmposaHus akcnpeccun benka Apaf-

1.

Cutyauums ll: Knetka akcnpeccupyeT Hu3koaduHHbIN 6enok Bel-2.
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Cutyauumsa lll: K knetke gobaBneH B n36bITkE KOHKYPEHTHbIA MO OTHOLLEHMWIO
cBA3biBaHuA Bcel-2 nHrmbuTtop 6enka Apaf-1.
Cutyauma IV: K «knetke pobaBneHO XuMuyeckoe BeLLECTBO, KOTopoe

3HaYUTENbHO CHMXaeT oTHoweHue Bax k Bcl-2.

a. KneTka npoTMBOCTOUT anonToasy.
b. KneTka 6yaeT yCKOPEHHO ABUraTbCs K anonToay.

c. HeBosmoxHo npeackasatb cyabby KneTku.
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4. (3 6anna) CtexnomeTtpus asapobHOro n aHasapobHOro pacLensieHns rrKo3bl

OpOoXoKaMu criegyrolas:

CeH1206 + 60, - 6CO; + 6H,0

CeH1206 > 2C2HsOH + 2CO;

B akcnepumeHTe nonHas ytunudauma 0,5 mMonsa rnoKo3bl YacTUYHO MpuU

a3pOBHLIX N YACTMYHO NpPX aHa3pPOOHbIX YCroBUAX NpuBena k obpasoBaHuto

1,8 monsa CO..

a. Onpepenute, Kakas 4yacTb rNIOKO3bl Obina yTunmMamMposaHa a3apobHo.

OTBerT: %

b. Onpepenute [bixatenbHbin  KoadpuumeHT, koTOpbIM npeacraBnseT

cobon monsipHoe oTHoweHue obpasoBaHHoro CO; k notpebneHHomy O,.

OTBer:
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5. (2,5 6anna) Ceexass neyeHb Oblna romMoreHM3nMpoBaHa B W30TOHUYECKOW

BydepHol cucteme C Lenbi U3YyYeHUs BRUSIHUSA FOPMOHAa Ha pacLienneHne

nonucaxapuga B ee  TKaHW. YacTb

3TOro romoreHata Oblna

OTUEHTpUdYrMpoBaHa Ansi NonyyYeHnst Ipo3payYyHoro cynepHaTaHTa 1 ocagka.

3aTtem 6binu npoeeaeHobl crieayroumne 3KCrnepmuMeHTbl.

PesynbTtar
SKcnepuMeHT PeakunoHHas cmecb
KonnyectBo | AKTUBHOCTb
depmeHTa depmeHTa
I lomoreHaT neyeHun ++++ t
Il [lomoreHaT neyeHn + ropMoH ++++ ++++
1 CynepHaTtaHT + ropMoH ++++ +
v Ocapok+ ropmoH + +
CynepHaTtaHT + HebonbLuoe
V KOJSIMYEeCTBO peakuMOHHOW CMecH ++++ ++++
n3 akcnepmnmeHTa IV
CynepHartaHT + HeGornbLuoe
VI KONM4eCTBO NMporpeToit bt i
peakunoHHOM cMecu 13
akcnepumeHTa IV
CynepHaTtaHT + HebornbLuoe
VI KONMYeCTBO NpOrpeToro ocagka + ++++ *
ropMOH
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[lononHute Ha cxeme nyTe nepegadn cCcurHana Aand pacwienneHund

nonucaxapvaa.

|_Monucaxapua | [ Wonocaxapun |

BapuaHTb!:

A. CBsi3aHHbIN C MeMbpaHon 6enok

w

TepmocTabunbHas Mmonekyna

HeakTuBHbIN (hepMeHT

O 0O

AKTUBHbLIN LMTONNasMaTU4eCcKun pepmeHT

m

"lopMOH

F. OpraHnyecknin UHrIMGUTOP

G. benok TemnepaTypHOro Lioka

Bblbepute u3 npegocTtaBneHHbIX BapuaHTOB M BHECUTE COOTBETCTBYHOLLUE

BykBbl B TAbnMLy.
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6. (4 Ganna) Caxapa W >XUPHble KUCNOTbl - 3TO BaXHble OGUOMORNEKynbl,
NoCTaBngaWME 3JHeprmio  ana  OOonblMHCTBA XMBbIX  cUCTEM. Huxe
NpeAcTaBneHHble ypaBHEHMS MOKasbiBalOT YTUAM3aUMlo NanbMUTUHOBON

KMCIOTbl U TTIOKO3bl B TEJ1€ YeroBeKa .

129 P; + 129 ADP 129 ATP

(A] CqisHzCOOH + 23 Qs k »16 COs + 16 H,O

38P;+38 ADP  38ATP

(Bj CgH1206 + 6 Oy 6 C0,+ 6 H,0

[anTte oTBeT Ha cneayroLime BoNpoCkI:

(ATomHble Beca: H=1,C =121 O = 16)
[. Bbixog AT® (B MOnsix) Ha MONeKyny Kucriopoaa B peakumm A :
[I. Bbixog AT® (B Monsix) Ha MONeKyny Kucropoga B peakunn B:

[ll. Boixog AT® (B MOnsix) Ha rpamMM MCTOYHUKA SHEPrnn B peakumm A:

IV. Bbixog AT® (B Morisix) Ha rpaMM UCTOYHUKA SHEPIrK B peakumm

B:

10
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V. (0,5x4=2 6anna) Ha ocHoBaHWM NpuBeOEeHHbIX Bbille peakuuu, onpegenuTte,

ABNAKTCA N cneayrvwine yTteBepXxXaeHnda BepHbIMU UM HEBEPHbLIMU, BHOCAH

ranouky (V) B COOTBETCTBYIOLLME KNETKN.

YTBEpXaeHUS:

a.

B ycnoBusix ymepeHHOW punandeckon Harpyskm un nsbbiTka Kucropoaa
ObixatenbHbii KoadhdmumneHT cTpemMmnTbes ObiTb MeHbLLE 1.
Mpu  HepocTaTke  KUCRoOpoda  BbICOKOMHTEHCUBHbIE  (hbusmyeckue
ynpaxHeHuss B MNepByl oyepedb obecrneymBaloTCa 3Heprnen 3a cuyer
XWpPOB.
Peakuma A npeacrtaBnsieT npouecc npuobpeTeHust 3HEpPrMM HepBHON
TKaHblo, TOrda Kak peakumss B 6Gonee pacnpocTpaHeHa B CKeneTHbIX
MbILLLIAX, MPUHUMAIOLLMX yHacTue B BbICTPbIX OBVKEHUSIX.
B ycnosuax runokcun casur metabonuama TKaHen C OKUCIEHUS XUPHbIX
KACNOT Ha OKUCNeHue rnoko3bl byaet npuBoauTb K ©Bonee BbICOKOMY

BbIxoay ATO®.

BepHo | HeBepHo

11
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7. (1+142=4 6anna) JleHa u3dy4aet 6uonormio. OHa ouvnwaeT ABa dparmeHTa
OHK anuHon 800 n 300 nap ocHoBaHMi. OHKM BbINK NOMNyYeHbl U3 NnasMuapl
nocne obpabotkn pepmenTom Hindlll. Kaxgbii n3 atux oparMeHToB HeceT
OAWH caunT y3HaBaHua EcoRI.

JleHa xo4eT 06beanHUTbL 3TK hparMeHTbl AN MONyYeHUs reHa BesrIMYNHOM
1,1 kb, kak nokaszaHo Ha PucyHke 7.1. OHa npeagnonaraet, 4YTO 3TOT reH

MMeeT YHUKarbHY nocrneaoBaTenbHOCTb KOAMPYHOLLYIO Genok.

Hindlll Hindlll Hindlll

«+ 200bp |« 200bp »
EcoRl EcoRl
PucyHok 7.1

[anee oHa cmewwuBaeT gsa dparmeHta OHK B nogxoaswem Oydepe npu
n3bbiTke OHK-nurassl n nHkybupyet cmecb. Yepes 30 MuHyT oOHa Oepert
HebonbLlOoe KONMMYEeCTBO pPeakLMOHHOM CMEecUM M NoMellaeT Ha arapo3Hbiii
renb Ons nposefeHus anektpodopesa. lNMocne aHanmsa pesynbTaToB OHa
OYeHb yauBIieHa Hanmynem B rene 605bLoro Yncrna nosioc OAHOBPEMEHHO C

oxuaaemon nonocon 1,1 kb (kak nokaszaHo Ha PucyHke 7.2)!

12
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1,9kb

1,1kb

0 8kb
0,6kb

( (O @ @c

0,3kb

PucyHok 7.2

I. Kakoe 13 yTBepxxaeHun MoxeT O6bACHUTb 3TOT pe3ynbTaT?

a. Wcnonb3oBaHHble ANA coegvHeHus dparMeHTbl He Obinv  JOCTaToOYHO
OYULLEHDI.

b. MHorouyncneHHble Nonockbl Ha rene ceBUAeTenbCTBYOT O Aerpagaumn OHK B
peaKkLMOHHOMN CMECH.

c. Habniogaembli xapakTtep pacnpegeneHuss nonoc sBnseTca pesynbTaTom
CoeANHeHUs cnyvYanHo BblibpaHHbIX (oparMeHTOoB.

d. OHK-nurasa He dyHKUMOHMpOBara u, NO3TOMY, 3TO MPUBENO K Cy4YyanHOMY

coeguHeHuto mornekyn AHK.

BHecuTe ranouyky (\/) B COOTBETCTBYIOLLYIO KINETKY.

13
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[I. Ecnn yepe3 8 yacoB B3siTb U3 PeaKUMOHHOW CMeCWU BTOPYK Mpoby, 4To u3
cnegyoLwero MoOXHo oxuaaTs?

a. bonee MHTEHCUBHO OKpalLeHHbIe MONOChl BLICOKOM MOJSIEKYNAPHON MacChl.

b. Bbonee MHTEHCMBHO OKpaLUeHHbIe NOJIOChl HU3KOW MOSEKYIISIPHOM MacChl.

c. bonbloe yncno monekyn pasnuYyHoOM ANUHLI NMPUBOAALLMX K CMa3biBaHUIO Ha
rene.

d. Xapaktep nosioc octaHeTca TeM Xe. BospacTteT TONbKO WMHTEHCUBHOCTb

nonoc.

BHecuTe ranouky (\/) B COOTBETCTBYIOIIYIO KIIETKY.

14
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[ll. lleHy wHTepecyeT dparmeHT BenuumHon 1,1 kb, koTopbIM nNokasaH Ha
PucyHke 7.1. [NoaTomMy OHa antovpyeT U3 rend, nokasaHHoro Ha PucyHke 7.2,
parmeHT BenuumHon 1,1 kb n noaeepraeT 4actb obpasua pacLienneHunto
npy nomowm Hindlll. OHa nonyyaeTt oxunaaemble ase nonockl anvHon 800 u
300 nap ocHoBaHuW. [Ona noaTBepXOEeHUA PeCcTPUKUMOHHOM KapTbl OHa
noaBepraeT ocTtaBwuica obpasel, MOMHOMY pacLLensieHnio Npu NOMOLLN

EcoRI. Kakoe pacnpegeneHve nonoc oHa nonyyuT?

2 Kb 2 Kb 2Kb| — 2 Kb
1Kb| = 1 Kb 1 Kb| — 1 Kb

09 09 | — 09 | 09

07 | — 07 | — 07 | — 07 | —
05 05 05 05

0,3 03 | — 03 | — 03 _
0,1 o 0,1 — 01 | — 0,1

a b c d

BHecuTe ranoyky (\/) B COOTBETCTBYIOLLYIO KINETKY.

15
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8. (2,5 6anna) ®yHkuUnA Genka MoXeT perynmpoBaTbCa Ha PasfMYHbIX YPOBHSX.
[MyTem paccMOTpeHus Huxe npeacTaBrieHHbIX rpadukoB onpeaenuTe, Kak
perynupyeTtcs Kaxgabln u3 atnx 6enkos (oT A go D). Bce oHu sBnswoTca
depmMeHTaMn, BOBMIEYEHHbIMWU B TOT Xe (PU3MONorMyecknn npouecc, ux
aKTMBHOCTb MHAYUUPYETCS OOHUM U TEM Xe BELLeCTBOM M UX aKTUBHOCTb B
obpasue mMoxeT ObiTb onpegeneHa cneundudeckum aHanusom. Ctpenkamm

yKkasaHo 06paboTkn Ans akTMBaumm oepmMeHTa.

16
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OTHOCUTENbHOE coaepX)aHue 6enka

(oT obuwero 6enka B obpasue

aKTMBHOCTb hepmeHTa/Mr 6enka

YpoBeHb MPHK

»
|

e e L)

v

BpEMs

A 'I -
[ ——c
I' -":. P D
I
] H /'
A A
I &
I IIIIIIIIIIII}“ /'
I "
=rmr=". "
| .
Ll

BpeMs

T

BpEMs

17

OTHOCUTENLHOE cofepXaHue benka

(oT obuwero 6enka B obpasue

aKTUBHOCTb pepMeHTa/Mr 6enka

T BpeMs

n00aBlIeHUE UHTHOUTOPA
cuHTe3a OesKa

BpeMs

£

m00aBIICHIE HHTHONUTOPA
TOPOTCHMHKHWHA3BI
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CooTtHecute 6enku ot A go D ¢ ux cnocobom/cnocobamu perynsuumm (ot | go

V), BHOCS rano4ky (\/) B COOTBETCTBYIOLLYIO KINETKY.

|. MocTTpaHcnsaunoHHas mogndukaumns, Ho He pocopunuposaHmne

Il. Perynsaumnsa npu TpaHckpunumm

Il. NMpoTeocoMHasa agerpagaumsa M ObICTPbIA TYpPHOBEP
(cuHTes n pacnapg 6enka)

V. docgopunmposaHme

Cnocob perynsauuu

Benok
I Il " v

| 0| o >

18
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BOTAHUKA (15 6annoB)
9. (4 6anna) PaccmoTpute pUCYHKM pacTUTENbHbIX TKAHEW/KNETOK, NOKa3aHHbIe

HUXXE W 3aMOoSHUTE MYCTYI0 KOMOHKY Tabnuubl COOTBETCTBYHOLLMMU BykBamu.

No. OTtBeT

I KneTtka/v B yHKUMOHANTbHOM COCTOSIHAN MEPTBLIE.

Mo>HO OBHapyXnTb NNasmoaecMbl,
accoLMMpPOBaHHbIE C 3TOW/3TUMK KneTkon/amu.

Korga Bbl KyLlaeTe KapTOLUKY, Bbl e4MTe TKaHb,
00pa3oBaHHY0 3TON/ATUMU KINETKOW/KNETKaMu.

KneTtka/kneTku, genatowime TBepabIMn KOXypy
opexa.

19
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10.(1,5 6anna) Ha ocHoBaHUM NPOJOMKUTENBHOCTN OCBELLEHUS, HeOBXOANMOro
AN UBETEHMUs, pacTeHns MoryT ObiTb OnMcaHbl Kak:
I. PacTeHunsa KopoTKOro gHs
[l. PacteHus gpnuHHOro gHA
lll. PacTeHus, He3aBUCUMbIE OT ONUHbI OHSA
Ha rpadmkax HWXe nokasaHo BfMSiHME U3MEHEeHUs CBETOBOro nepuoga Ha
UBeTEeHMe y 3TUX Tpex TUNoB pacTeHun. Ha atmx rpadukax TM, wunu
TPOPUYECKMA MUHUMYM, OBO3HAYaeT MMHMMAanbHbIN CBET, HeobGXOoAMMBbIV
ans  obpasoBaHUA OpraHUMYecKoro BellecTBa, HeobxoaMmoro And ux

meTabonumama, n CP o603Ha4aeT KpUTUYECKUi nepuog Ans UBeTeHus.

20
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A = B
% A z A
@ 5
un]
o =
=0 : o
] 1 =
=L 1 =
E : %
% ' =
o ! =
: | R e
|0 T ’ - |
I | 1 I >
! v 24
T CP 24 _
Hackl OCEEWEHHA B ———» (TM - CP]I
LEeHb Hackl OCERWEHHAE — 4
JEeHE
[
I C
N 1
I
Jun]
=
[}
o
ey
fek]
T
oL
[m ]
=
()
=
T . = R ——
. I >
™ CP 24
Hackl OCEEWBHHA B ———»
JEHE
Bbibepute TMn pactenus (I, Il wnm 1ll) gna kaxgoro u3 Tpex rpadoukos

BHECUTE B Ta6n|/|uy.

Npaduk | Twun pacteHus
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11. (2 6anna) (A) PacteHue-me3odunT nocagunu B MNOYBY C BbICOKOW
KOHUeHTpaumen conen n nonunu. OHo 3aBano. Onpegenute ypoBHN BOAHOMO
noteHuymana anga obnacrten, otMedeHHbIX P, Q, 1 R Ha cxemaTun4yeckom

n306paxeHnn 3TOro pacTeHus.

BbibepuTe 13 npeactaBneHHbIX HUXE BapMaHTOB M BNMWKTE B Tabnuuy:
-1 atm
-5 atm

-8 atm

Obnactb BogHbin noTeHumnan

P aTMm
Q at™m
R at™m

22
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(B) Kakaa n3 KOppeKTUBHbIX Mep MOSIHOCTbIO NpefoTBpaTUT yBSAaHUEe 3TOro

pacTenus? BHecuTe ranouky (V) B COOTBETCTBYIOLLYIO KNETKY

a. BospacTtaHue BnaxxHOCTK OKpyxatoLen cpeqbl.
b. lNMonue ¢ Lenbio BbIMbITb U3OLITOK CONN.
c. HaHeceHune Bocka Ha NOBEPXHOCTb JINCTLEB.

d. lNomelleHne pacTeHns B TEHb.

23
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12.(4 6anna) B Tabnuue nepedncneHsbi

ranoyky (\/)

HECKOJIbKO TMPWU3HAaKOB pPas3HbIX

opraHmamoB. [lomecTute HanpoTMB  COOTBETCTBYIOLLErO
opraHusma.
3enexble | ypnypHble
Chlamydo | LuaHo- ypnyp
CepHble CepHble
-monas | baktepum
Oaktepun | BakTepuu

dOoTOTPOPHBIN aBTOTPOM

doTtocuctema Il otcytcTByeT

[bixaTenbHble epMeHThI
pacnonoXxeHbl Ha
nnasmarmnyeckon membpaHe

Xrnopodunn a ssngaeTcs
rnaBHbIM POTOCUHTETU-
YECKUM NMUTMEHTOM

24
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13.(3,5 6anna) CymmapHoe pgabixaHve (R) monogoro pacTywero pacTeHus
ONMCbIBAETCA CNEOYHOLMM YPaBHEHNEM:
R=0,27P +0,015W,
roe P o6o3HavaeTt obuiee KonmyecTso obpasoBaHHOM 3a AeHb rMnoko3bl, a W

obo3Ha4vaeT CpeaHol Maccy pacTteHud.

HekoTopble 13 nepeyvncrieHHbIX HWXe MpoLEeCCOB OKa3sblBalOT BrUAHWE Ha
dakTop 0,27 B ypaBHEHMM BbILLE, B TO BPEMS KaK Apyrne Takoro BIIUSHUS He

OKa3bIBatoT.

1. [0BWXeHune BOAbl BHYTPU KINETOK

2. BoccraHoBneHue noHos Hutpata (NOs’) o noHos ammoHus (NH4")

3. lMornoweHne wnoHoB K* 4epesa nnasmaTtnyeckylo MembpaHy KrneTok
aHOo4epMbl

4. TMNornoweHne CO, kneTkamMmu nNannucagHon napeHxmmbl

5. OTkpblBaHWe 1 3aKpblBaHUE yCTbuL,

6. YanuHeHue nonunenTtuaHou uenu

7. Abcopbuus ceeTta xnopoduniom a
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OTmeTbTeE ranoykomn (\/) B Tabrimue HMxKe, Kakon 13 NPOLIECCOB BINSAET UNKN HE

BNnusieT Ha dpakTtop 0,27.

Mpouecc Brinser He Bninsier

1

2
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300I510ru4 (18,5 6annos)

14.(2 6anna) ObixaTtenbHbli o6beM — 370 ob6beM BO34yxa, NOCTynawLwero B
nerkMe npu Kaxgom BOOXe, KOTOPbIM MpUBNU3MTENbHO paBeH obbemy,
BblAbIXaEMOMY W3 FErkux npv MNOCneayloweM BbliAOXE NP HOPMarbHOM
CNoKoMHOM AbixaHnM. OBMeH ra3oB C KpOBbKO MPOUCXOOWUT B arbBeonax
nerkmx. B npoBoaswmx AbixaTtenbHbIX NyTsx (HanpyuMep, Tpaxesx), KoTopble
TaKke cogepxart onpefeneHHblin obbem BO3ayxa, OOMEH He NPOUCXOAUT.
O6beM BHYTPU 3TUX [ObIXaTenbHbIX MyTeA Ha3biBAeTCs MepPTBbIM
aHaToMuyeckuMm obbemom. Takmm ob6pasom, obbem cBexero BO3ayxa,
MOCTYNalLLEro K anbBeonam npu KaxaoM B3[0Xe, paBHAETCS AbIXxaTeNbHOMY
obbemy 3a BbluMTaHMEM obbema BO3gyXxa B MEPTBOM aHATOMUYECKOM
npoctpaHcTBe. OOWMn o0Bbem cBexero BO3dyxa, MOCTynawLwero K
anbBeonam B TEYEHWEe MUHYTbl, Ha3biBaeTCs arnbBEONIAPHON BEHTUNALMEN U
BblpaxxaeTcs B MN/MuH. Ero BenuumHa wn3MeHsieTcd B 3aBUCUMOCTM OT
4YacTOThbl ObIXaHUS.

PaccmoTtpute runoteTMHeCcKnn Xxapaktep AbixaHust Tpex nHamsuayymos A, B

ncC:
[bixaTenbHbIn YacToTta M
€pTBOE aHaTOMMYecKoe
WHanesuayym obbem AblXaHus

(Mn/Banox) (BanOXW/MMH) NPOCTPaHCTBO (MN/B340X)

A 800 12 600

500 16 350

C 600 12 200
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Uto 13 cnegywowero nogaepXkmBaeT nNpaBUNbHOCTb YTBepxXaeHuss 06
anbBEONAPHOM BEHTUNALNN Y 3TUX TPEX UHONBNOYYMOB?

a. B obnagaet 3HaunTenbHO 6onbLUEn anbBeONApHON BEHTUNALMEN, YeMm C.

b. A obnagaet 3HauMTENbHO BGOMbLUEN anbBEONSAPHOM BEHTUNAUMNEN, Yem C.

c. C obnagaet 3HauMTENBHO GONbLLUEN anNbBEONAPHOM BEHTUNALMNEN, YeM B.

d. A obnagaet 3HauMTENbHO HGOoNbLUEN anNbBEONSPHON

BEHTUNSALUMEN, YeMm B.

OTmeTbTe rano4vkon (\/) npaBunbHoe/ble yTBEPXKOEHNE/A B COOTBETCTBYIOLLEN

kneTke Tabnuupbl.
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15.(2 6anna) OTHoCUTENbHAA CKOPOCTb POCTA YETbIPEX OPraHOB YEerI0BEYECKOrO
Tena nokasaHa Ha cnefgyoLwmx rpagoukax.

= 2
100

100]

Y Macchly
E3POCNBIX
% Mmaccely
ESpOCNEX

l[J Eﬂl 1!3 Eﬂl
BospacT (roabl) BozpacT (rogs!)

o
=
5 X > 100 _________
T — o =
o 100 é g
=] % = o
= m s
| = 8 |
10 élﬁ ld 20
BozpacT (roakl) BozpacT (roasl)

BbiGepute cooTBeTCTBYlOWME rpadmkaMm opraHbl, BHOCS 3Hak (\/) B

COOTBETCTBYHOLLYIO KNEeTKy Tabnuupl.

NeyeHb

Moasr

BunouykoBaga
Kenesa

NonoBble xenesbl
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16.(2 6anna) Hwke npegcTaBneHbl HECKOMbKO YTBEPXOEHWA OTHOCUTESNbHO

npouecchbl AbiIXaHna 'y N0O3BOHOYHbIX:

a.

3eMHOBOAHbIE ncnonb3yrT OoTpuuUaTenbHOe AaBlieHne And HarHeTaHuA
BO34yXa B Jerkue.

npeCMbIKaI-OLLl,I/IeCFI, NTULbI 7 MIekonuTawwmne NCnosb3yloT
nonoXwuTenbHoOe gaBlieHne Ona HarHetaHuAa Bo3ayxa B Jerkme.

Jlerkne 3eMHOBOAHbLIX U MIIEKOMUTAKOLWLMX HE MOSTHOCTbLIO BEHTUITMPYIOTCA
BO BpeMSA KaXO0ro AbiXaTesrnbHOro Lukna.

Jlerkme nNTUL  NOMHOCTbLIO BEHTUINNPYIOTCA BO BpewmA KaXXgoro

AblXaTeribHOro uukna.

OTmeTbTe, SAIBNSIETCS NU Kaxagoe yTBEpXOAEeHNe BepHbIM WU HEBEPHbIM,

BHOCs1 ranouky (V) B COOTBETCTBYIOLLYIO KIETKY TaGmuLibl.

BepHo | HeBepHo
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17.(2

6anna) [pacduyeckoe un3obpaxeHne 3aBUCUMOCTU

HacCbILLEHNA

remornobuHa ot pO. nmeeT BMA cUrMoMaanbHOW KPpUBOW, KOTopasi YCrOBHO

OTHOCMUTCSl K KpMBOW Auccoumaumm kucrnopoga. MHorve napameTpbl, Takue

KaK

pH, pCO,;, Temnepatypa un wmeTabonuMyeckasd aKTUBHOCTb KIETKU

BO3,D,el7ICTByI-OT Ha KpuByrO guccouunauunn Kncnopoaa.

[Be Takux kpubix, | n I, n13obpaxeHbl Ha creayoLwwem rpacduke

% HACLILEHKMA
remornofuHa

piZz (mm pTyTHOro cTonGa)

YcTaHoBuTE, MOryT I KpuBble NpeacTaBfiATb Ha6op yCﬂOBMﬁ, OonncaHHbIX

Hxke. OTMeTbTe ranoykon (\/) COOTBETCTBYHIOLLYIO KNETKY B Tabnuue.

Habop Ycnosus BepHo | HeBepHO
A Kpusas |. pH kposu B Hopme n Kpusas Il. Aumaos
B Kpusas I. 40°C u Kpueas II. 30°C
Kpusas |. FemornobuH cnoHa u
C
Kpuas Il. FemornobuH Kowwku
Kpusas |. lemornobuH nnoga u
D
Kpuas Il. FemornobuH matepmn
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18.(2 6anna) Hwke npeacraBneHbl JaHHble MO YacToTe AbIXaHud, Nynbce u

TemnepaType Tena YeTblpex pasnuyHbIX XXMBOTHLIX A, B, C, n D.

YKUBOTHBIE LJac(TB(LT:Xﬂ:LIXSHMH (yﬂl’;)g;;cl:d " Temnep(e:TCy)pa Tena
A 160 500 36,5
B 15 40 37,2
C 28 190 38,2
D 8 28 35,9

PaccmoTpute 3T gaHHble M PacnonoOXWUTE 3TUX XKMBOTHBIX B HUCXOLALLEWN
nocrnenoBaTenbHOCTU B 3aBUCUMMOCTU OT Mfowagn MOBEPXHOCTM Ha eauHuLy
obbema 1 o1 obuwero o6bema KpOBM BHECEHMEM COOTBETCTBYHOLIMX BykB (0T A
80 D) B COOTBETCTBYOLLME KINETKU.

Mnowanb NOBEPXHOCTU HA eanHULY o6bema Tena

> > >

O6wmn 06beM KpoBUM B Tene

> > >

32



IBO — 2008
INDIA
THEORETICAL TEST — PART B

19.(5 6anna) [na onpeaenexHns npupoabl akTopoB, NPUHUMALLNX yYacTue B
rymopanbHOM UMMyHUTETE, BbINM UMMYHU3NPOBaHbLI TPU FPYMMbl MbILEN Mo
cnegyoLien cxeme:

CxemMa MMMyHU3aumun

1. Mbiwm —>W3onnposaHa cbiBopoTKa (S1) nocne 2 Hegernb
2. Mbiun > BeegeH natoreH P> WM3onupoBaHa cbiBopoTka (S2) nocne 2 Hepgenb

3. Mbiun > BBepeH natoreH Q> M3onuposaHa cbiBopoTka (S3) nocne 2 Hegenb

[ns uccnegoBaHus OTBETa 3TUX CbIBOPOTOK Ha natoreHbl P unu Q 6binu
NpoBedeHbl crieaylolmne 3KCNepUMEHTbl C UCMONb30BAaHMEM CbIBOPOTOK u3

HpHBCI{CHHOﬁ BBIIIC CXEMbI UMMYHU3AIUN:

Homep OKcnepumeHT

CbiBopoTka S1 - [JobasneH natoreH P unn Q - Het nuanca

I
naTtoreHa P unmn Q

Il CbiBopoTka S2 > [obaeneH natoreH P - Jlnsuc natoreHa P

1] CbiBopoTka S3 - [obasneH natoreH Q - Jlnsnc natoreHa Q

v CbiBopoTka S2 > [obasneH natoreH Q > Het nusnca natoreHa Q

Vv CobiBopoTka S3 > [NobasneH natoreH P - Het nuauca natoreHa P

CbiBopoTka S2 -> Harpes npu 55°C B Teuenune 30 mvmH > [obaBneH

VI
natoreH P - HeT nu3nca natoreHa P

VI CobiBopoTka S3 - Harpes npu 55°C B TeueHune 30 mmH. > [JobaeneH
natoreH Q - Het nuauca natoreHa Q

VI CbiBopoTka S2 -> Harpes npu 55°C B Teuenune 30 mvH. > [dobaBneHa

cbiBopoTka S1 - [ob6aeneH natoreH P > Jluauc natoreHa P

CobiBopoTka S2 > Harpes npu 55°C B TeueHue 30 MuH. >
IX [obaeneHa cbiBopoTKka S1, Harpes npu 55°C B TeyeHne 30 MUH. >
[ob6asneH natoreH P - HeTt nu3nca natoreHa P

CobiBopoTka S2 > Harpes npu 55°C B TeueHue 30 MuH. >
X [o6aeneHa cbiBopoTka S3 > [obaeneH natoreH P > Jlnauc
natoreHa P
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[anTe oTBeT Ha cneayoLne BONPoChl:

(A)Ecnu cbiBopoTky S3 HarpeTb npu 55°C B TeuyeHne 30 MUH. U cMelwaTb C
CbIBOPOTKOM S1, Kakon U3 cnegyowmx natoreHoB oHa 6bl nvsmposana?

a. Tonbko P

b. Tonbko Q

c. ObanPunQ

d. HUPHuQ

OTmeTbTe ranoykom (&) COOTBETCTBYHOLLYIO KIETKY.

(B)Ecnu cbiBopoTky S2 HarpeTb npu 55°C B TeuyeHne 30 MUH. U cMellaTb C
CbIBOPOTKOM S3, TO KaKoM 13 criegyoLwwmx natoreHoB oHa 6bl nuanposana?

a. Tonbko P

b. Tonbko Q

c. ObanPnQ

d. Hu P Hu Q

OTmeTbTe ranoyvkon (&) COOTBETCTBYIOLLYIO KNETKY.

(C)Kakoe wu3 cnepywowmnx yTBepxaeHun 06 3TOM 3KCNepUMeEHTe HABMSETCH

MPABUITIbHBIM nnn HEMPABWUITbHbLIM?
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a. na nusnca natoreHoB TpebyeTca TONMbKO OAMH KOMMOHEHT, KOTOPbIf
ABNsieTCA TepmMonabunbHbIM.

b. [Ona nuanca natoreHoB TpebyeTcsa No KpanHen mepe Asa kKoMnoHeHTa. OanH
KOMMOHEHT MHOYLUMPYETCHA NaTOreHoM, Toraa kak BTOpPOW He MHAyuMbenbHbIn
N He crneunuyHbIA K naTtoreHy.

c. MHayumpyembiii naTOreHOM KOMMOHEHT ABNAETCA TepmoriabunbHbIM, Torga
Kak Hecneundu4eckmii KOMMNOHEHT ABNSETCS TePMOCTabUNbHbIM.

d. NHayumpyembliii naToreHoM KOMMOHEHT SIBNSETCA TepMO CTabunbHbIM, Torga
Kak Hecneundu4eckmi K natoreHy KOMMOHEHT ABNAETCA TepMonabunbHbIM.

e. [latoreH-cneundunyeckne KOMMOHEHTbI He MOryT (YHKUMOHUPOBaTL Mpu
OHOBPEMEHHOM MPUCYTCTBUM.

f. He cneumdunyHbin K naToreHy KOMMOHEHT AOSMKET MPOUCXOAUTb U3 TOW Xe
camMon MbiWwKn, B KOTOpon Obl wMHAyUMpOBasics naToreH-cneunguyeckmi

KOMIMOHEHT.

OTmeTbTe ranoykom (&) COOTBETCTBYHOLLYIO KINETKY.

BapuaHTbl | BepHo HesepHo

oo

o | o

o
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20.(3,5 6anna) Y XuBOTHbIX, AbllALLMX KNCIOPOAOM, MPUCYTCTBYHOLLNE B KPOBU
MoHbl GukapboHaTa wurpaloT BaxHyt OydepHyto ponb. PasnuyHbl BuAbl

paBHOBECUA, KOTOPbIE BCTPEYAIOTCA B JIETKUX U NMla3Me, NoKa3aHbl HWXe.

TLmazna Jlerkne

H +HCO; % H,CO;, «» C0, < CO,

(pacTBOpeHHbI) | (ra3oobpasHbIn)

YKkaxute sBReHnd, KOTopble nocnefosaTtenbHO ©OyayT npoucxoauTs B
pesynbTate cneaywwux AOENCTBUM, BHOCS B KMETKM COOTBETCTBYHOLLME
Homepa oT | go VI n3 npeanoxeHHbIX BapuaHTOB:

A. Yenosek rmnepBeHTUIIMpPOBaH N3-3a 6bICTpOFO OblXaHNA:

B. YenoBek BbINONHAET UHTEHCUBHbLIE C*)I/I3I/ILIeCKI/Ie ynpa>KHEHUA:

BapuvaHTbl:
I. CHwkeHue KOHLEeHTpauun ABYOKMUCK yrnepoaa B nnasve
[I. CHwkeHune ypoBHA BukapboHaTOB B KpOBU

. Aunpos
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IV. Bo3pactaHue ypoBHs GukapboHaTOB B KpOBU
V. BospacTtaHue BbigbIxaHUsA OBYOKWUCK yrriepoaa

VI. Ankanos
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FrEHETUKA N 3BOJIOLUA (20,5 6annos)
21.(2 6anna) 3aboneBaHne MyKOBMCUMOO3 - 3TO ayTOCOMHbIA pPeLEeCCUBHbIV
npu3sHak. Ecnu poautenu, kaxagbii U3 KOTOPbIX ABMSIETCA HOCUTENeM 3TOro
reHa, umetoT 3 AeTen, TO KakoBa BEPOSATHOCTb TOro, YTO ABOE U3 Hux ByayT

PEeHOTUMMYECKM HOPMATTbHLIMU, @ TPETUN - HET?

OTBeT:
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22.(2 6anna) Knetkn E. coli BblpalumBanu Ha cpefe, cogepXallen rrokosy u

nakto3y. MNMony4yeHHas KpuBasi pocTa NpeAcTaBneHa Ha PUCYHKE HUXKeE.

(KJ1IeTKHM HA MJI)

IInoTHOCTH GAKTEPHAIBLHON CyCIEeH3HI

| | | | |

0 2 4 6 8 10

Bpewst (B gacax)

OTmeTbTe rano4vkon (\/), Kakne 13 nepaymcrneHHbix cobbituin 6yayT npeobnagatb
BO BpeMs Tpex ¢pas pocTta (o1 1 go lll).

MMaponu3 NakTosbl B-ranakTo3naason

CHwmxeHne atmnHHOCTKM lac-penpeccopa
K lac-onepatopy

CBsasbiBaHne CAP-cAMP komnnekca ¢
lac-npomoTOpOM

MoTpebneHne rnoKo3bl
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23. (2 6anna) B HeGonbLOW NNEMEHHON NONyNALMM YacToTa ABYX annenen A u
a B onpeaeneHHom nokyce coctaesngana 0,3 n 0,7, cootBeTcTBEHHO. OAHaKo,
He BCce 0cobM C reHOTMNOM aa JOoXuBanu A0 penpoaykTUBHOrO Bo3pacta u
OTHOCUTENMbHAA MPUCNOCOBNEHHOCTL 3TOro reHotuna cocrtasnana  0,5.

OcTanbHble reHoTUNbl UMenu OTHOCUTEJIbHYIO I'IpI/ICI'IOCO6J'IeHHOCTb 1.

Kakmnm 6y/:|,eT oXungaembin NPOLUEHT retepo3nroT cpean HOBOPOXAEHHbIX B

cnegyowemM noKoneHnn?

OTBeT: %
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24. (2 6anna) KakoBa BepOSTHOCTb TOro, YTO 0COOb, 06O3HaYeHHass Ha Hwxe

npegocTaBneHHON POAOCITIOBHON ouUrypom <> ByneT npeapacnonoXeHHoW K

3aboneBaHuio:
O HopmanbHas xeHwmHa HopManbHbIN MyX4nHa
MpeapacnonoxeHHas K . MpeapacnonoXeHHbIN K
3a60neBaHu1I0 XeHLLMHA 3ab0neBaHNI0 MyX41Ha

OTBeT:
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25.(2 6anna) Kakoe MMHMMarnbHOEe YNCO MOTOMKOB AOSMKHO ObiTb B MOTOMCTBE
OT CKpeluMBaHus ABYX retepos3urot (Aa), 4Tobbl BEpPOSITHOCTb TOr0, YTO Kak

MWHUMYM Y OHOTrO NOTOMKAa OBHApPYXMTCH reHoTun aa, beina Boiwe 90%?

OTBeT:
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26.(2 6annoBs) WMsBecTHas nMYHOCTb BbICTynana OTBETYMKOM B cyaebHoM
pasbupatensctBe B gene o6 otuocTtBe. OTBETYMK (0BO3HAYEHHBLIN Ha
asTopaguorpamme D), maTb (0603HaveHHas M), n mnageHel (0603HayYeHHbIN
B) 6b1nu TnuanposaHel no Asym nokycam VNTR1 n VNTR2, kak nokasaHo Ha
aBToOpaguorpaMmmax Huxe.

Kaxgbim n3 atux VNTR nokycoB umeeT u4eTblpe annens. B obblyHOM
nonynsaumn ana VNTR1 yactota annenen 1, 2, 3, n 4 cocraenana 0,2; 04;
0,3 n 0,1, cootrBetctBeHHOo. Onsa VNTR2, yactotbl annenen 1, 2, 3, n 4

coctasnanu 0,1; 0,1; 0,2 n 0,6, cCOOTBETCTBEHHO.

VNTR 1 VNTR 2
D M B D M B
s
1 1 —
3 — — 3
] | r— g | — —

a. YkasblBaloT nn aBTopaguorpaMmmbl Ha TO, YTO D moxeT 6biITb OTUOM

mnageHua B? BHecute ranouky (\/) COOTBETCTBYHOLLYIO KIETKY.

Oa | Hert

b. KakoBa BEpPOATHOCTb TOro, YTO APYrov My>XYMHA B OObIYHOW NONynsauun mMor

Obl ObITb OTLOM MNageHua B?
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OTtBeT:

27.(2 6annoB) B HekoTOpbIX MNONYNAUMAX WHOPUAWHT MNPOUCXOOUT Mexay
ABOKOPOAHBIMU POACTBEHHMKAMN. NHOPUONHT NPUBOOUT K CHUDKEHWIO YaCTOThI
reTepos3uroT 1 M3MepseTcs Npu NoMoLLm KoadduumeHTa nHbpuanHra F, raoe

HabnoaaeMbIx _fO)KI/I,D,aeMbIX X(l- F)
reTepos3nroT — J retepoaurot

3Hak f 0bo3HayaeT YacToTy.

Ecrm F = 1 (NonHbIn MHOPMAMHI), NONynsaumsi COCTOWUT TMOJSTHOCTbIO U3
FOMO3MroT.

B nonynsauuun, coctoswen una 150 mHomBuaoyymoB, Habngaemoe 4ucro
reHoTunos rpynnsl Kposn MN 6b1n10: 60 MM, 36 MN, 54 NN.
a. Bblaucnute F.

OTBeT:

b. Ecnn B gpyron nonynauuMmM 3TOro Xe BuAa 4acToOTbl annenen ocrasaniucb
TEMU XXe, HO 3HavyeHne F cocTaBnano nNub NOSIOBUMHY OT BbIYUCIIEHHOMO B
3agaHun a, To kakomn byaet vacTtoTa reteposurot (MN), Habnogaemasi B 3ToM
rpynne?

OTBeT:
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28.(2 6anna) Ha cnegywowen poaoOCNOBHOW MNpPeACTaBrieH  Xapakrep
HacnegoBaHns 3aboneBaHWsi, BbI3BAHHOrO ayTOCOMHbIM AOMWHAHTHLIM
reHoM:

MNokoneHue

Il 6 (5

Kaxabim  uyneH cemMbu Obin TUNM3MPOBAH MO  MWUKPOCATENNIUTHOMY

nonumopunamy cemn annenen. OCHOBbIBaACb Ha reHoTunax B [lokoneHun
[ll, onpepenuTe 4acToTy pekoMbuHaumMm Mexay nokycamu 3aboneBaHus U

MUKpocaTennura?

OTBeT:
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29.(2 ©6anna) Ha npeactaBneHHOM HWXKE PUCYHKE MNOKasaH y4acTok

asyuenoyveyHon [OHK 6aktepuun, cogepxalimi MoOnMUMCTPOHHBLIN ONEPOH C
Tpems nHTepecywmnmm sac reHamm (your favorite genes) yfgA, yfgB v yfgC.
[MonoxeHne onpefeneHHbIX HYKNeoTUaAO0B OKOMO ornepoHa yfg no OTHOLLEHWIO
K TOYke A OTMEeYeHbl Ha PUCYHKE.

OnepoH yfg

TTGACA TATAAT

-35 peruoH -10 pervoH

CaAT TEPMHHALMH TPAHCEPUMNLHK

|
A B C O

vigh | wigB | wigC

| |
1 200 300 810 1230 1560 1730

Onuna OHK B napax ocHoBaHum (bp)

OTtBeTbTE Ha cnenywouine Bonpochl:

Kakune HaumeHblLee oOXugaemoe 4YUCno W AnuHa TpaHcKpunTa(oB) 3TOro
ornepoHa?

OAWH TpaHCKpUNT aAnuHoun 1260b

OAWH TpaHcKpunT anuHon 1450b

OQWH TpaHCKpUNT aAnuHon mexay 1451b n 1550b

Tpu TpaHckpunTa gnuHon 330b, 420b n 510b

BHecuTte ranoyky (%) COOTBETCTBYHIOLLYIO KITETKY.
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[I. Ha ocHOBaHMM pUCyHKa BBEpXy paccyuTanTe MaKCUMallbHYK OXUAAeMYyHo
maccy 6enka YfgA :

kDa

(CpenHsasa macca amuHokucrot: 110 Da)
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30.(2 6anna) PaccTosiHue mexay ABYMsi reHaMu Ha KapTe XpOMOCOMbl MOXHO
onpegenuTb No YacToTe KPOCCUHroBepa mexay Humu. B Tom cnydvae, ecnu
KPOCCUHroBep 3aTparveBaloT Tpu reHa, TO KpoccoBepHble (CO) knacchbl
MOTOMCTBA MOXHO KnaccndumumpoBaTb Kak pe3ynbTaThl
(i) EanHmnyHoro kpoccuHrosepa | (SCO 1),

(i) EanHnyHoro kpoccuHrosepa Il (SCO 1), n
(iii) OBomrHoro kpoccuHroesepa (DCO).
[BoriHon KpoccumHroBep TpebyeT OOHOBPEMEHHOrO MNPOXOXAEHUS [OBYX

kpoccuHrosepoB SCO | 1 SCO Il

Cpean notomcTBa aHanuaupyloLwero CKpeliuBaHUS YMCIO HEKPOCCOBEPOB
(NCO) aBnsaeTtca Hanbonee BbICOkMM, 3a HUM crieaytoT SCO | n Il. Hanbonee
peako BcTpevatotca DCO.

Mywka Drosophila, reTepo3urotHasi no annensm p, g, r npu cKpeLmBaHum ¢

FOMO3WIOTHOW peLeccBHON MyLLKOW Aana crneytollee noTOMCTBO:

(p+, g+, n r+ 0bo3HavaloT AVKMIA TUN annenen, Toraa Kak p, g v r obosHavatot

eHOTMN Yncno noTomkoBs
pqr 375
pqr 355
pqr 50
o g r 45
p qgr 75
pqr 85
pqr 8
p qr 7

Cymma = 1000
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PacnonoxeHHbI nocepeauHe reH n3MeHun ceoe noroxexHune B knacce DCO

Nno cpaBHeHMto ¢ TakoBbiM B knacce NCO.

(A)Kakon reH B OaHHOM CKpeLlMBaHWW pacronoxeH nocepenuHe? BHecute

ranouky (V) B COOTBETCTBYIOLLYIO KIETKY.

(B) MpuHumas 1% KpoccuHroBepa 3a OAHY eauHuuy KapTbl (mu),

onpeaenuTe paccTosiHue mexay p, q, U r.

PaccTtosiHne mexagy p v q mu
PacctogaHne mexagy p u r mu
PacctosiHue mexay g v r mu
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3KONOrus (16,5 6annos.)

31.(1,5 6anna) lNpegcraBbTe cebe nonynAuuId HaCeKOMbIX C r-cTpaTerven

pa3MHOXeEHUA B HadanbHoW pase ogHoro ces3oHa. Bbibepute n BcTaBbTe

COOTBETCTBYHOLIME OYyKBbl B Tabnuuy Hmke ONsS KPMBOW pocTa Ha ITow

cTagun, KPUBOW BbDKMBAEMOCTM W  UMEKWENCA Ha AaHHblIA  MOMEHT

BO3paCTHOM CTPYKTYpbl (U3 KaXXO0oW napbl rpadpuKoB), KOTOPbIE NpeacTaBnsoT

3Ty nonynauuio.

L
—

= B
Pz Q 3 =
3 = 2
2 2 g
: 5 z
2 o =y
s 2
o ™ s
5 5 B
—
O an Obwan Bpama
MPOAONKMT e NEHOCTE MPOA QKA TENEHOCTE
I HUIHM
5 T
un]
o
=
2
T
i
3
o | |
2 | |
=
T
Bpema
KpuBas KpuBas BospacTtHas
pocTa | BbPKMBAEMOCTM | CTPYKTypa
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32.(3 6anna) A30T Kak KOMMOHEHT MMWHepanbHOro nUTaHus, oOkKasblBaeT

Hanbonbwunn acpdekt Ha pocT pacTeHun. ATmocdepa cogepxmt okono 80%
razoobpasHoro asota (N2), HO, TEM HE MeHee, paCTEHUSIM A58 ONTUMaribHOro
pocTa Heobxoanmo [o6aBnsATb COMM aMMOHMS WU HUTPATbl B KadecTBe
yoobpeHun. Hekotopble asoTdukcupyowme OGaktepum  (KnyGeHbKOBble
6akTepun, unaHobakTepum 1 T.4.) MOryT NpeBpawaTb aTMOCHEPHbIA a30T B
aMmMmuak, UCMNonb3ys HUTPOreHasy, Npu NOMOLLM CrieayroLLen peakumn:
N.+8e+8H"+16 ATP —>»  2NH3;+H.+ 16 ADP + 16 P,

Takne 6akTepun MoryT 6bITb MCNOMNB30BaHbI B CENbCKOM XO3SMCTBE KavyecTBe
6uoynobperHuii. B nouse ammuak npoToHupyetcs Ao ammonus (NH4).
MocnegHun B cBo oyepenb npespawaetca B HuTpaT (NOy), a 3atem B ras
N2 npu BO34ENCTBUN HUTPUDULNPYIOLWMX U OeHUTpUnUnpyowmnx dakrepum
COOTBETCTBEHHO. PacTteHnsm as3oT Heobxoamm rnaBHbIM obpa3om B dopme
HATPATOB, KOTOPLIN TPAHCMNOPTUPYETCS OT KOPHEW K HaL3EMHbIM 4acTsawM,

npespawjaeTcd B aMMnak n acCcuMmuninpyeTcd B snae aMmMHOKUCIIOT.

(A) PacteHus camocTosATenbHO He UKeupyoT N2 NOTOMY YTO:

a.

b.

OH NEerko AOCTYMNeH U3 NoYBbl.
OHM YTEPSASIN HATPOreHasHbI (pepMEHTHbIN KOMMSEKC.

npouecc asoTdukcaumm Bbi3biBaeT o4eHb bonbwmne 3atpatbl AT Ha Mornb
domkcmpoBaHHoro Ny.

BOZOPOA, BOBIIEYEHHbIN B NPOLECC, BpeAHbIN NSl pacTeHUN.

BHecuTe ranouyky (\/) B COOTBETCTBYIOLLYIO KINETKY.
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(B) Mpouecchl, cBsi3aHHble C MNpeBpalleHnsiMM asoTa B MOYBE B pPasfinNyHble
XMMUYeckne OpMbl, OCYyLLEeCTBNsieMble a3oTduKeupyowmMn Gaktepusamu,
HUTPUULMPYOWMMK GakTepUaMU 1 AeHUTpudmumpyowmnmmn 6aktepusimu,

MOryT ObITb COOTBETCTBEHHO OMNUCAHbI Kak:

a. BOCCTaHOBJ1€HME, OKUCIIEHNE N OKUCIIEHNe.
b. BOCCTaHOBEHWE, OKUCIIEHNE N BOCCTAHOBIIEHME.
C. BOCCTaHOBJ1eHMEe, BOCCTaHOBI1EHNE N OKUCIIEHNE.

d. OKMcCrieHne, okmcrieHmne n BoCCTaHOBI1EHME.

BHecuTe ranouky (V) B COOTBETCTBYIOLLYIO KIETKY.

(C)OcHoBblBasicb Ha npencTaBNeHHOM WMHMOPMaUWUK, YCTaHOBUTE, KaKOW TuM

noYBeHHbIX 6akTepuin HE saBnseTcss nonesHbiM Ansa pacteHnin?

a. AsoTdukcupytowme dbakrepum
b. Hutpuduumpyrowme 6akrepun
c. [HdeHuTtpudumumpytowime 6akrepumn

BHecuTe ranouky (\/) B COOTBETCTBYHLLYIO KNETKY.
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33.(2 6anna) B3anmoOTHOLWEHUA Mexay npeacTaBUTENSMW pasHbiX BUOOB

0003HayalT Kak MEXBUOOBbLIE COOTHOLLEHMS. HeKOTOpre M3 ITUX

B3aMMOOTHOLLEHNN nepeyncrieHbl HNXxe.

Mxwu (A), pacTywime Ha cTBonax v

BeTKax AepesbeB (B).

2.

XKeHckas ocobb 6aboukm (A),
ABNAIOLAACA €QUHCTBEHHBIM OnbInuTenem, cagutcsa Ha uBeTok Qucca (B)
C KOMKOM Mbinbubl Qucca. OHa pasmellaeT 3Ty Nbifbly Ha pbinue u
3aTeM HayMHaeT OTKNaablBaTb ANLA B HEKOTOPbIE, HO He BCE CEMSINOYKM.
Pa3BuTre ee notomcTBa yomBaeT cemeHa, KOTOpbIMU OHO nNuTaeTcs. Ecnn
ybuto CnmMwKOM MHOrO ceMsiH, pacTteHue cbpacbiBaeT nnog, ybusas
pasBMBaoLLMEC NUYMHKN BaBOYKN.

Wolbachia, pwvkkeTcus-nogobHas
Gaktepus (A), 3apaxaeT HeKoTopbIx Hacekombix (B). NHduumpoBaHHbIe
camupbl Unm nornbatoT nnn pasBMBaOTCH Kak CaMKW, Bbi3blBast HApYyLLUEHMWS
YUCNEHHONO COOTHOLUEHMS TMOSIoB B Monynsuum  (NpeeBocxofsiuas
YUCNEHHOCTb XEHCKMX 0coben).

HekoTopeble pacTeHuns (A)
npuenekarT MypaBbeB (B) BHeUBETKOBbIMW  HEKTapHuUKaMmn  Anis

oTnyrmBaHuA TpaBoAAdHbIX XXUBOTHbIX.
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Ykaxute B Tabnuue, nonyyatoT nv Buabl (A u B), BoBNeYeHHble B Kaxagoe u3
B3aMMOAEWNCTBUN, NPeUMyLLecTBO (OTMeTbTe +), MM HaHocuTcs  yuwepb
(otmeTbTe — ) wnM OHM He nopasepralTcsa Bo3gencTBuio (oTmeTbTe 0).
Onpepenvte Takke TUN B3aMMOAENCTBUS, BbiOpaB M3 NpedoCTaBNEHHbIX HUKe
BapuaHToB oT | go VII.

BapuvaHTh!:
I. AmeHcanunam
[I. KommeHcanuam
[ll. CopeBHOBaHue
V. Mytyanuam
V. lMapasntunam

VI. XumuanuectBo

Homep A B Tun B3anmogencTaus

AW IDN
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34.(4 6annos) [Ana onucaHnst MHOTMX acneKkToB NOBEAEHUS XULLHMKA MOTYT ObiTb
NpUMeHeHbl MaTeMaTn4yeckne Moaenu.
B npocton matemartuyeckon mogenv NpUHUMaeTCs, YTO XWULLUHWK NUuTaeTcs
asyma Bugamu xeptB, XXeptBbl 1 u XXepTBbl 2, 1 OH NOBUT U CbefaeT
Kakaylo >kepTBy, nonagawowytcs emy. [Ong Takoro XulHuka Obiniu
ycTaHoBneHol cnegywowme nepemeHHole Ts, Ni, N2, Ei, Ez, Ty, 1 Th2
onpeaeneHus KOTopbIM AaHbl HUXE:
Ts: ObLlee Bpemsi, 3aTpayeHHOE Ha BbICNEXMBaHME 0601X BUAOB XepTB
N+: Hucno XKepTts 1, nonagatoweecs 3a eauHULY BpeMeEHU
N2: Yucno XKepTB 2, nonagatoweecs 3a eauHULY BpeMeHU
E+: QHeprus, nonyyaemas ot kaxgomn XXepTsbl 1
E.: QHeprusa, nonyyaemas ot kaxgoun XKepTtebl 2
Tui: Bpems obpaboTtkm gnga kaxgonm >Keptebl 1. 3TO Bpems BKAYaeT

3aTpaTtbl BpEMEHN Ha NOUMKY U CbeaHWNe XXepPTBbI.

Tho: Bpems ob6paboTkm ansa kaxgon XXepTsbl 2.

(A) Ecnu xepTBa norMMaHa, TO BbIrO4HOCTb (Karnopuu, noriydaemble 3a eguHuLy

BpeMeHI/I) KaXXOoro Buaa XeptB A51Aa XULHWKa BblpaXXaeTCcd COOTBETCTBEHHO:

E, E,
a. 144
T T
b E, E,
- Ty + T Ty + Ty,
E, E,
C.
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E, . E,
Ty + T, + T Ty + T, + T

d.

BHecuTe ranoyky (\/) B COOTBETCTBYIOLLYIO KINETKY.

(B) ObLuee Konu4ecTBO 3HEPrUN, MOMYHYEHHON XULLHUKOM, COCTaBUT:
a. E=(E +E,)T,

b. E=E,N, +E,N,

c. E =(E,N, + E,N,) T,
4 E=ENXEN,
. B

BHecuTe ranouky (V) B COOTBETCTBYIOLLYIO KIETKY.

(C) Obwee Bpems (T), 3aTpavyeHHOe Ha nonyyeHue obuien aHeprum E coctasuT:
a. T=T,+T.(NT,;+N,T,,,)

b. T=Tg +T,;+T,,

c. T=1+N,T,,+N,T,

d. T=Tg +NT,; +N,T,,

BHecuTe ranouky (\/) B COOTBETCTBYHLLYIO KNETKY.
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(D) B ogHoM cny4ae 6b1nm nonyYeHbl crneayowme aHHble:

Ts = 60 MUHYT
XKepTtea 1 XKepTtea 2
N1 = 2/MUH N2 = 5/MuH

Th1 =10 MUH Th2 =20 MUH

E. = 1000 kan E, = 700 kan

[onyckasd, 4TO BbILEU3NIOXEHHAA MaTemaTMyeckass MOAENb SABMseTca
NpaBUNbHOW, Kakasi W3 cregylwmx rmMnoted MOXeT MNoNb30BaTbCA
noaaepKkomn?

a. XuWHKUK ByaeT cneunanmampoBaTtbecs Ha XKepTBe 1, Tak Kak 9TO NpUBOAUT K
BonbLemMy Nony4YeHN0 SHEPTUN.

b. XuwHuk 6yaet cneumanuanpoBaTbca Ha XKepTBe 2, Tak Kak 3TO NPUMBOAUT K
GonbLemMy Nony4YeHnNo SHEPIUN.

C. XuUWHKUK He OygeT cneumanuaMpoBaTbCsl HA OLHOM OMpeaeneHHoOM Buae
XepTBbl, TaK kKak KomOuHauusa obounx Buaos XKepTsbl 6onee BbirogHa.

d. XuwHuk 6ygeT cneumnanmampoBaTtbCcsl Ha 060UX BUAAX XKEPTB, TaK KaK KaXkabln

N3 HUX, BEPOSITHO, MOXXET OTCYTCTBOBaTb B ByayLiem.

BHecuTe ranouky (\/) B COOTBETCTBYIOLLYYIO KNETKY.
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35.(6 GannoB) Camka NeCTPOKPbIIKM 30n0TapHuKoBon (Eurosta solidaginis)
0ObIYHO OTKNagblBaeT OO4HO SAWLO B MOYKY HEKOTOopbiX pacteHun. [locne
BbIYNfEHNs M3 Aiua nuuMHKa nporpbidaet cebe gopory B noyvke, obpasys
npy 3TOM onyxoneobpasHylo CTPYKTypy, HasbiBaemyt rannon. JInumHkm

BHYTPWU Takux rann ABnidarTCA anBneKaTeanon nuwen ona MHOrmx NTuu,.

(A)Mocne HabniogeHnMs 3a HEKOTOPbIMW rannamu CTyAeHTKa npeasnioxuna
rmnoTesy, CornacHo KOTOPOW NTULbI NPeanovYTUTENbHO BbibUpaloT 6onblune
ranfbl No CpaBHEHMIO C MeHblWMMK. C uenbio cbopa AaHHbIX ANs NPOBEPKU
9TOM MNOTEe3bl, OHa NpoBena uccnegoBaHWe Ha OOHOM M3 Y4acTKOB M
npoBena M3MepeHUs LUMPUHbI Kak paspyLUeHHbIX (Bble4eHHbIX NTULaMn) Tak n

He pa3pyLleHHbIX rans. PGSyJ’IbTaTbI npencrtaBlieHbl HNXKe:

PaspyLleHHble HepaspyLueHHble
rannol rannbl

Homep WurpuHa Homep | LWupuHa
rannsoi (Mm) rannbl (Mm)

1. 12 1. 18

2. 15 2. 15

3. 30 3. 22

4. 20 4. 12

5. 23 5. 20
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Bam HeobxoouMmo npoBepuTb NPaBWUiIbHOCTb 3TOW runoTesbl. (HekoTopble
ANs 3TOoro Heobxoaumble cTaTUCTUYECKMe POPMYIbl, @ TakKe KOIPPULNEHT
CTblogeHTa t 1 xu-kBagpaT (x°) npeactasneHbl B MpunoxeHUM B KoHLE
3agaHuninn Yactu B.)

|. YTo 13 cnepyoLlero ABNAETCA NPaBUITbHOW HYIIEBOW MMNOTE301?

a. lNTuupbl He BbIBUPAIOT ransibl MEHbLLErO pa3mepa.

b. Mtuubl He BbIGMpatoT rannel 6onbLiero pasmepa.

c. lNTuupbl He BLIGBUPAIOT rannbl N0 pasmepy.

d. ltvubl He npegnoyMTaloT rannbl MeHbLUEero pasmepa nepen TakoBbIMU

BonbLuero pasmepa.

BHecuTe ranouky (\/) B COOTBETCTBYHOLLYIO KIETKY.

[I. TecT, KOTOpPbLIN BaM HEO6XOANMO NPOBECTHN, ITO:
a. Tect CTblogeHTa

b. Tect Xun-kBagpat

c. O6a u tect CTblogeHTa n TecT Xu-kBagpat

d. Wnn tect CTblogeHTa nnu Tect Xu-ksagpart

BHecuTe ranouky (\/) B COOTBETCTBYIOLLYIO KNETKY.

[Il. CteneHb/v cBOOOALI cocTaBnaeT/ioT: OTBET:
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IV. BennunHa/bl CTaTUCTMKK (C TOYHOCTbLIO 4O COTbIX):

OTBer:

V. OTmeTbTe npaBunbHoOe 00bACHEHWE:

a. lNpu p < 0,05 HyneBasa rmnoTesa He MOXET ObITb OTKIIOHEHA.

b. Mpwn p < 0,05 HyneBas runoTe3a MoXeT ObITb OTKIIOHEHA.

BHecuTe ranouky (\/) B COOTBETCTBYHOLLYIO KIETKY.

(B)Mocne HabniogeHus OGonblUero KoNMyecTBa Yy4yacTKOB APYyronM CTyaeHT

npeanoxun rmnoTtesy, corfiacHo KOTOpOVI 30Hbl C BbICOKOW MAOTHOCTLIO rasnn

Gonee noaBepralTcs NoeaaHuio, YeM TakoBble C MEHbLLUEN NNOTHOCTbLIO. [Ans

NOLATBEPXKOAEHUS 3TOM TIUNOTe3bl OH onucan LwecTb 30H. PesynbTathl
npeacTaBfeHbl HUXe:

OnuncaHve rann 3oHa |l |3oHall |3oHa lll |3oHa IV | 3oHa V | 3oHa VI | Becero
[NMnoTHOCTb Bbicokas [Hu3kaa Bbicokas |Bbicokaa |Huskaa | Huskas
PaspyLieHHble 15 6 10 14 7 8 60
HepaspyLueHHble 5 3 7 8 7 9 39
Bcero 20 9 17 22 14 17 99

I. HyneBas runotesa byaet cneaytoLlen:
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a. lNTuupbl He BLIBUPAIOT ranfbl B apeanax ¢ HU3KOW MIOTHOCTLIO.

b. TNOTHOCTL rann He BaxHee, YeM pasmMep ransn.

c. BbiGop rann nTuuamu He 3aBUCUT OT NAOTHOCTW ransl Ha yyYacTke.

d. BbeiGop rann ntuuyamu 3aBUCUT HE OT pasmepa ranmn, a oT UX NAOTHOCTU Ha

yyacTke.

BHecuTe ranouky (\/) B COOTBETCTBYHOLLYIO KIETKY.

[I. Ons npoBepku aTON rmnoTesbl byaeT HeobxoamMm crnenyowmnn TecT:
a. Tect CTblogeHTa

b. Tect Xu-kBagpart

c. O6a u Ttect CtblogeHTa n Xu-ksagpat

d. Unu tect CtblogeHTa unmn Xu-kBagpat

BHecuTe ranouky (\/) B COOTBETCTBYHLLYIO KNETKY.

[ll. CteneHb/n cBOOOABI:

IV. 3Ha4yeHue/a cTaTUCTUKK (C TOYHOCTBLIO 4O COThIX):
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V. Ha ocHOBaHuMM MOMy4YeHHOW BaMu BEMWYMHbI, NPaBWilbHbIM O6bSACHEHMEM
ABMSETCA crieqgyloLlee:
a. lNpu p < 0,05 HyneBasa rmnoTesa He MOXET ObITb OTKIIOHEHA.

b. Mpwn p < 0,05 HyneBas runoTe3a MoOXeT ObITb OTKIIOHEHA.

BHecuTe ranouky (\/) B COOTBETCTBYHOLLYIO KIETKY.
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ATONOINA (11 6annos)

36.(2 6anna) B nonynaumu >XMBOTHbLIX >XepTB OOMNbLUIMHCTBO WHAWBMAYYMOB
OOMHOKN W AepaTca oTAaenbHO Apyr oT apyra. HO BO3HWMKalT HeKoTopble
TUNbl MYTaHTOB, KOTOPblE Pa3bICKMBAIOT Apyrne ocobu, UCNOoNb3yT UX B
KayecTBe LWnUTa MNPOTUB XULIHUMKOB W OTHUMAKT Y OAMHOKUX TUMOB WX
npevMyLlecTBa, genas ux 0Gonee 3aMeTHbIMM AN XWUWHMKOB. [lpumem
BbIMrpbill B pUTHECe AN OAMHOKOrOo MHAUBUAYANbHOIO MPOXUBAHUA B
nonynsiunn, COCTosILLEeN TONbKO N3 OANHOKMX TUMOB, 3a P. Ho ecnn ognHokui
WHOMBUOYYM HageH W  UCMNOoNb30BaH couuaribHbIM — TUMNOM, OLMHOKUMN
opraHu3Mm TepsieT 4YacTb (puTHeca (B) B nonb3y coumanbHOro tuvna. Takum
obpa3om, y couunanbHOro Tuna UMEKTCHa OOoNofHuTeNbHble 3atpatbl C B
nepeBoge Ha BpeMms, Heobxoaumoe ANA OOBHapyXeHus OAMHOKOro
MHOMBUAYYMA U YKpbIBaHWE 3a HUM, U NpoucxodsiimMe OT Bo3pacTaHusa ero
3aMeTHOCTM B pesynbTate 3TOoro And XuwHukoB. [onyctum, 4To npwu
B3aMMOAENCTBUM [OBYX CoOUManbHbIX TUMOB KaXAbld U3 HUX UMeeT
O[VHAKOBbI€ LLAHCbl CNpATaTbCA 3a ApYrMM MNpu HanageHuu XullHuKa.

[narpamma TeopuuM WUrp CyMMUPYET 3TV B3aMMOAEWNCTBUS CrieayroLmm

obpasowm:
B npucyTtcteum
Bbiroga ans
OaunHokoro CoumanbHoro
OauHokoro P P-B
CoumanbHoro | P+ B -C P+B/i2-B2-C=P-C
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(A) Ecnun B 6onblue 4yem C, kakon noBegeH4yeckuin Tmn dyget npeobnagatb B
nonynsuumn co BpemeHem?
a. OguHokunn

b. CoumanbHbIn

BHecuTe ranoyky (\/) B COOTBETCTBYIOLLYIO KNETKY.

(B) CpefHss Bbiroga outHeca ans XepTBbl
(i) ecnu oHa BCTYNUT B MOMyNSiLMIO, MOMHOCTLIO COCTOALLYH U3 OOMHOKMUX
TUMOB, U
(ii) ecnn oHa BCTYNUT B NOMNynsiLMIO, MOMTHOCTBK COCTOSALLYI U3 CouManbHbIX

TUNOB, 6y,u,eT COOTBETCTBEHHO!

a. P-B2-C/2,P+B/2-C/2
b. P-B2,P+B/2-C
c. P+B/2-C/2,P-B/2-C/2
d P+B/2,P-B/2-C

BHecuTe ranouky (\/) B COOTBETCTBYHLLYIO KNETKY.
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37.(3 6anna) Mogenu Teopun urp MoryT 6bITb NO3aMMCTBOBaHbI Y SKOHOMUCTOB
M BO MHOMMX CfnyyasX MPUMEHEeHbl B SKOMOrMW noBefeHuss C  LUernblo
BbISICHEHUSA CTpaTernn, KOTOpble >XWMBOTHblE WCNONb3ylT B 6opbbe 3a
pecypcbl apyr npotmeB agpyra. Hanpumep, B urpe Actpeb-lonybb, B koTOpOWN
CyLlecTBOBano ABa BuAa COpeBHylLMnxcsa ocoben, Actpebbl n Monybu, c
pasfiMyHbIMK cTpaTeraMmmn nosegeHus, [bkoH ManHapg CMuT npeanonoxun

cnepyrowme ycnoBu4:

Mo6egutens +50
Y6bITOK -100
Mo6exaeHHbIN 0
[leMOoHCTpaums arpeccMBHOCTH -10

(A) Bypem cuutatb, 4TO

(a) HActpebbl Bcerga BoinrpeiBatoT y [lonyben,

(b) AcTpebbl BbIMrpbIBAlOT B MOMOBMHE CriyvaeB, KOrga BCTpe4varTcs C
apyrmmmn - Actpebamu, HO TepnaT YObITOK B OCTanbHOW MOSIOBUHE
cny4vaes,

(c) Tonybn Bcerga  OEMOHCTPUPYIOT  arpecCUBHOCTb, KOrga  OHWU
BCTpeyalTca ¢ apyrumm ronybamu, Ho nobexaatoT TONbKO B NOSIOBUHE
Takux criyyaes,

(d) Tonybwu HuKorga He AEeMOHCTPUPYIOT arpeccMBHOCTU neped Actpebamn.

KakoBa Obina Obl cpegHas BenuuMHa BbIMPbILA ANSA  aTakylowero B

pa3nnyHbIX bosix, YKa3aHHbIX B cnep,yrou.telh ManI/lLl,e?
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OnNnoHeHT
Actp | Tony
eb Ob

ATakylo eb
17 Mony

(B) OBontoumoHHO cTabunbHaa crtpaterna (ESS) - ato Takas cTpaterus,
koTopasi Bcerga nobexpaeT nobyto Opyrylo cTpaTerMio U HuWKakast gpyras
cTpaTerMs  HuKorga He MOXeT ObiTb YyCrnewHow B npegernax AaHHOM
nonynauuun. Onpegenute, ABNSIOTCA NX criegyowmne yTBepXaeHUsi BEPHbIMU
NN HEBEPHbIMM B OTHOLLUEHUW BbIUrpbila Ans crpaterun Actpeb-Ionyos,

ONMMcaHHOW BbiLLE.

a. fctpeb sansetca ESS, korga Bce ocobu B nonynauumn npuaepXkuBaroTcs
aton ctpaternn. MNpuHaTtrne Actpebom ctpaTterumn onybs Hukoraa He Gyaer
yCMeLHbIM.

b. onybb siBnsieTcs ESS, ecnn Bce ocobu B nonynsaumm NnpuaepxmBaroTcsa 3Tomn
ctpaterun. [lpuHatue [onybem crtpatermn HActpeba Hukorga He Oyaet

yCcnelwHbIM.

BHecuTe ranouky (\/) B COOTBETCTBYIOLLYIO KNETKY.

YT1BepxaeHue | BepHo | HeBepHo

a.

b.
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38.(2 ©Ganna) benoronoBas BOpoObMHAA OBCsHKA, MpoOXuBawwaa B
KMMMaTU4eCKMX YCIOBUAX YMEPEHHbIX obnacten, MMeeT CIOXHbIA rogoBOM

LUKIT NoBeaeHus.

Suma

=11Y BecHa

MWrpagKra Ha ceeep
EozpoclWwud ypoBeHs

MUTEHKA

YCTAHOBNEHME MpaHuL
TEPPUTORHK

Memo

32aboTa 0 NoToMCTES

ConoctaBbTe duamonorndeckne msameHenmss (ot | go V) atmx Nty cC
COOTBETCTBYHOLMMM TOYKamMK nosBegeH4eckoro uukna (ot A go D). Beibepute
N3 NpeaocTaBfieHHbIX BapuMaHTOB M BHECUTE COOTBETCTBYKOLME UNpPbl B
Tabnuuy Huxe:
BapuaHThl:

I. JluHbKka

[I. Perpeccus nonoBbix xenes (TkaHen)

[ll. Pa3BuTre nonosbix xenes (TkaHewn)

IV. HakonneHwne xupa

V. 3umoBka
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Toyku B
dusnonorudyeckne
noBeaeH4YeCcKoOM
U3MEHEHUS

LMKNekK

A

B

C

D
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39.(4 6anna) JlecHas 3aBupywka — NTMLA, LUPOKO pacnpocTpaHeHHasi Ha
BputaHcknx ocTtpoBax. Camku 3TOro BuAa YyCTaHasrMBaKlOT TeppuTopuu,
NpeAcTaBrneHHble Ha PUCYHKE HWXKE CITOWHBLIMA JIMHUAMM, KOTOpPbIe MOTyT
3awmwaTtbCcd OAHMM unNu AByMsA (0 U [B) He POACTBEHHbIMM camuamMu
(MYHKTUPHBbIE NUHUK). YuMcna Ha PUCYHKE OTHOCATCA K CpefHeMy KOnn4ecTBy
MOTOMCTBA, BbIBEOEHHOrO0 3a Ce30H caMuaMy U camMKamu B pPasrivyHbIX
koMBuHauusax cnapuBaHusa. CTpernku ykasbiBatoT HanpasfeHusi, B KOTOPbIX

noeegeHne camMuoB W CaMOK noagepxumBaetr WU3MEHEHUA B CUCTEMe

cnapuBaHus.
Cameu: 5,0

y __ A

MoHoramua Camka: 5,0 l

| I

I I

| / I I \\v
Cameu: 7,6 a-Cameu: 3,7, B-Camey: 3,0
T TTTTT T mTE e m T I
______________________ ]
| . N I adaduind=ntetnlnetetaladely I
. | Camka: 3,8 Camka: 38 || ! Camxa: 6,7 N
: : : el L L L L L = 1
""""""""""" ! |
MHOroOXeHCTED

MHoromy»cue
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(A)IOnpegenute 0COBEHHBLIX WHOMBMAOYYMOB, KOTOpble OyayT nbiTaTbCcA
N3MEHUTb CUCTEMY CNapuBaHWs B HanpaBrieHUSAX, NOKa3aHHbIX CTpenkamu.

a. |: Cameu, Il: Camka, lll: Camka, IV: B- CameL

b. I: Camka, II: Cameuw, lll: B- Camew, IV: a- CameL

c. |: Cawmka, Il: Cameu, Ill: Camka, IV: a- Camel,

o

I: Cameu, Il: Camka, llI: a- Cameu, IV: - Camey,

BHecuTe ranouyky (\/) B COOTBETCTBYIOLLYIO KNETKY.

(B) Kakne n3 cnegyowimx yTBepXaeHum npasurbHbie?

[. lMpeumyllecTBO MHOrOXEHCTBaA [Afs  MYXCKMX ocoben coctout B
BO3pacTaHMM KOnM4yecTBa MULLN, NPUHOCMMON NTEHUaM OBYMS CaMKamu
Nno cpaBHEHMUIO OL4HOWN.

[l. HepocTtaTkoM MHOro)XeHcTBa ANA XXEHCKUX ocoben aBnseTca AefieHue
MeXOy HMMKM yxoda, KOTOpbIA OKa3blBaeT MyXckass 0cobb, BBMAY
3HAUMMOCTK BKNaga MYXCKOW 0cobu B KOPMIIEHME U ,TEM CaMbiM,
BbKMBaHME NTEHLIOB.

[ll. HegocTaTtok MHOrOMY>XXUKsi ANS XXEHCKOM 0COBU COCTOUT B arpeCCUBHOCTH,
KOTOpas BO3HWKAET MeXay ABYMSA MY>XCKMMKU 0COBAMM, cCnapuBaroLMMNCS

C HeNn.
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IV. N3gepxka MHOrOMYXmst Onsi MYXCKMX ocoben COCToUT B pasgeneHum

OTLIOBCTBA.
a. Inll
b. 1lwnll
c. Inlv
d lnlVv

OTmeTbTE ranoykom (\/ ) COOTBETCTBYHOLLYHO KITETKY.

a. b. C. d.
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BUOCUCTEMATUKA (13 6annos)

40.(2 6anna) CxemaTtnyeckoe M3o0pakeHne BHWU3Y NoKasbiBaeT COOTHOLLUEHWE

rpynna-s-rpynne. TakcoH T3, npencrtaBneHHblin HavbonbLIMM  KPYrom,

BKNOYaeT Tpu TakcoHa T2. Kaxabln nx aTtux Tpex TakCoHOB T2 BKIo4vaeT

OAWH TakcoH T4, NpeacTaBfieHHbIN Kpyramu, 3arnojfiHeHHbIMU TOYKaMWn; TOYKU

n3obpaxxatoT ocoben.

Onpepgenute AOns Kaxgoro Kpyra npaBuiibHble TakKCOHbl M3 BapWaHTOB,
NpeacTaBreHHbIX HWXE, COOTBETCTBEHHO BbILE MPEACTaBMEHHOW CXEMe,
[ante oTBeT, BNUCbIBasi COOTBETCTBYKOLNMA HOMep B Tabnuuy. Bonpoc
OyameTr oueHuBaTbCA NUWWb B TOM crny4ae, ecnu Tabnuua Oypert

MOJTHOCTbLIO NPaBUINIbHO 3anoJiHeHa.
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BapuvaHTh!:
l. Annelida
Il. Lepidoptera
[1. Polychaeta
IV.  Mollusca
V. Orthoptera
VI. Insecta
VIl.  Arthropoda
VIIl.  Crustacea
IX. Gastropoda
X. Arachnida
XI. Lumbricus (noxneBon YyepBb)
XIl. Hirudo (nusiBka)
Xl Gryllus (cBep4oK)
XIV.  Unio (npeCHOBOOHbIN MOSITHOCK)
XV.  Euscorpias (CKOpnuoH)

XVI.  Daphnia (dagbHusi)

TakcoH BapuaHTt
T3
T2a
T1a
T2b
T1b
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T2c

T1c
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41. (2 6anna) MN3BecTHa nocnegoBaTenbHOCTb cermeHToB [HK, copepxaiymx

NSATb HyKNeoTnaos, YeTblpex Bugos P, Q, R n S.

NocrnepoBaTenbHOCTbL canTa

Bug
1 2 3 4 5
P A G T T C
Q C G A T C
R C G T A T
S A G A A T

Haunbonee npaBunbHOM dunoreHeTu4eckon knaccudukaumen 3TMx BUOOB

Oblna Obl:

) |='—||_’_R P31 13R
T BT Qi|||‘f_f‘

13 3 145
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BHecuTe ranouky (\/) B COOTBETCTBYHIOLLYIO KIETKY.
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42.(5 6annoB) Cxema knaccudukaumm, OCHOBaHHasi Ha HEKOTOPbIX 4YepTax
6ecno3BOHOYHbIX, MpeacTaBneHa HUXe:

wabpbl

FaMKHYyTaR
CHUCTemMa

HeT ¥abp
CUCTEMA LMPKYNALMK 2

KWOKOCTHU Tena TEno CEFMEH"?

TMPOBAHO
Hg3aMKHYTaR
cuc’remam GunarepaneHan
CUMMETRHNA 4
Teno He cer-
MEHTUPOBAHO | Het
GHnaTepansHoi 5
GecnozBoHOMHEIE - —
CMMMETPHMN
aHyc 6
por
BOOHEIE HeTaHyca 7
HeT cMcTeMbI ULMPKYNA- HEeT p1a
LIMH KWOKOCTH Tena aHyc
TakKe U
HazemHele | - aHyca 10

BHecuTe coOOTBETCTBYIOLIME HOMEPA M3 CXEMbl KnaccudukauMu HanpoTuB

COOTBETCTBYHOLWMX rpynn B Tabnuue Huxe:
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Npynna

Homep Mpynna

Homep

Konb4yaTtble yepBu
(ooxaoesble yepBwn)

Monntocku (cyxonyTHble
YIUTKN)

YneHucToHorve (naHrycrbl)

Monntocku (kanbmapbl)

CtpekaTtenbHble (Meny3bl)

HemaToabl (Kpyrnble yepsu)

Mrnokoxue (Mopckune 3Be3abl)

[nockue YyepBuU (FTEHTOYHBbIE
yepswn)

Monntocku (gBycTBOpYaThIe
MOJISHOCKN)

'y6kn (rybkm)
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43.(4 6Ganna) [eHeTudeckoe pacCcTosHME Mexay YeTbipbMsA  Bugamu
NpeAcTaBneHo B MaTpuue Hwke. Yucna npeacTaBndalT pasHuLy Mexay

KaXKdon napon BUOOB B NPOLEHTaXx.

A - - - -
B | 5 - - -
C| 13 | 14 - -
D|15 |16 | 6 -

(A)Kakas n3 HumKe npencTtaBneHHbIX CTPYKTYpP ApeBa Haunyydwum obpasom
oTpakaeT [faHHble MaTtpukca? (Ha pucyHkax Buabl NpencTaBreHbl

KBagpaTtaMu, a NIMHUW NpeacTaBnsoT B3aMMOOTHOLLEHUS MeXAy Buaamu.)

) A

[MocTaBbTe rano4vky (\/) B COOTBETCTBYIOLLYIO KINETKY.
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(B) OcHoBblBasicb Ha oTBeTe, BblbpaHHOM B npegblayllemM Bonpoce, WU
Mcnonb3ys [AaHHble, NpefoCTaBrieHHble B MaTtpuue, Hapucymnte [Apeso,
KOTOpOEe NpaBWUMbHO OTpaXaeT reHeTU4eckoe POACTBO MeXAy YeTbipbMs
BMAAMK, C ornpedeneHueMm CTeneHu poAacTBa ANA KaXAOro OTBETBIIEHUS,
ncnonb3ysa npyeBedeHHble B NyHKTE A 0603HayYeHuns, a Takke BykBbl U LMAPBbI,
npuBefeHHble B MaTpuue. Lndpbl 0OKONO JNIMHUW  OOSMKHBbI  NPUMEPHO

COOTBETCTBOBATb reHETUYECKOMY pPpaCCTOAHUIO MeXay BUaamMmu.
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NMPUNOXEHUE

t Tect CTblOOeHTa

t cTaTucTUKa:

)?1')?2
=
1. SE

roe X, - cpedHee B obpasue 1, X, - cpeaHee B obpasue 2 u SE — cpeaHss
KBagpartmnyeckas owumbka.

2. SE = Cpepmsist kBagpaTudeckasi owmbka: & =8t /m+s3/n,

roe s — ctaHgapTHOE OTKIMOHEHUE N N — KONMYecTBO HabnoaeHWUi.

Xu-kBagpar ( )(2) TecT

(O-EY
E

7-3

roe O = Habnogaemas yactota, E = oxugaemas yactoTa



\DOO\IO\UI-RQJNHE;

NN NN NNDNNNDN = oem em em em em md md  d
O 0 NN A WN M= OO AN A WN=OO

30

0.995 0.99
0.000 0.000
0.010 0.020
0.072 0.115
0.207 0.297
0.412 0.554
0.676 0.872
0.989 1.239
1.344 1.646
1.735 2.088
2.156 2.558
2.603 3.053
3.074 3.571
3.565 4.107
4.075 4.660
4.601 5.229
5.142 5812
5.697 6.408
6.265 7.015
6.844 7.633
7.434  8.260
8.034 8.897
8.643 9.542
9.260 10.196
9.886 10.856
10.520 11.524
11.160 12.198
11.808 12.879
12.461 13.565
13.121 14.256
13.787 14.953

0.975
0.001
0.051
0.216
0.484
0.831
1.237
1.690
2.180
2.700
3.247
3.816
4.404
5.009
5.629
6.262
6.908
7.564
8.231
8.907
9.591
10.283
10.982
11.689
12.401
13.120
13.844
14.573
15.308
16.047
16.791

XH-KBaApaT BEPOATHOCTH

0.95
0.004
0.103
0.352
0.711
1.145
1.635
2.167
2.733
3.325
3.940
4.575
5.226
5.892
6.571
7.261
7.962
8.672
9.390

10.117
10.851
11.591
12.338
13.091
13.848
14.611
15.379
16.151
16.928
17.708
18.493

0.90
0.016
0.211
0.584
1.064
1.610
2.204
2.833
3.490
4.168
4.865
5.578
6.304
7.042
7.790
8.547
9.312

10.085
10.865
11.651
12.443
13.240
14.041
14.848
15.659
16.473
17.292
18.114
18.939
19.768
20.599

40 20.707 22.164 24.433 26.509 29.051
50 27.991 29.707 32.357 34.764 37.689
60 35.534 37.485 40.482 43.188 46.459
70 43.275 45.442 48.758 51.739 55.329
80 51.172 53.540 57.153 60.391 64.278
90 59.196 61.754 65.647 69.126 73.291 107.565 113.145 118.136 124.116 128.299
100 67.328 70.065 74.222 77.929 82.358 118.498 124.342 129.561 135.807 140.169

0.10
2.706
4.605
6.251
7.779
9.236

10.645
12.017
13.362
14.684
15.987
17.275
18.549
19.812
21.064
22.307
23.542
24.769
25.989
27.204
28.412
29.615
30.813
32.007
33.196
34.382
35.563
36.741
37.916
39.087
40.256
51.805
63.167
74.397
85.527

0.05
3.841
5.991
7.815
9.488

11.070
12.592
14.067
15.507
16.919
18.307
19.675
21.026
22.362
23.685
24.996
26.296
27.587
28.869
30.144
31.410
32.671
33.924
35.172
36.415
37.652
38.885
40.113
41.337
42.557
43.773
55.758
67.505
79.082
90.531

0.025

5.024

7.378

9.348
11.143
12.833
14.449
16.013
17.535
19.023
20.483
21.920
23.337
24.736
26.119
27.488
28.845
30.191
31.526
32.852
34.170
35.479
36.781
38.076
39.364
40.646
41.923
43.195
44.461
45.722
46.979
59.342
71.420
83.298

0.01
6.635
9.210

11.345
13.277
15.086
16.812
18.475
20.090
21.666
23.209
24.725
26.217
27.688
29.141
30.578
32.000
33.409
34.805
36.191
37.566
38.932
40.289
41.638
42.980
44314
45.642
46.963
48.278
49.588
50.892
63.691
76.154
88.379

0.005

7.879
10.597
12.838
14.860
16.750
18.548
20.278
21.955
23.589
25.188
26.757
28.300
29.819
31.319
32.801
34.267
35.718
37.156
38.582
39.997
41.401
42.796
44.181
45.559
46.928
48.290
49.645
50.993
52.336
53.672
66.766
79.490
91.952

95.023 100.425 104.215
96.578 101.879 106.629 112.329 116.321



BeposaTHoCTb t-Tecta CTtbrogeHTa

a: One Tail: | 0.250 | 0.100 | 0.050 | 0.025 | 0.010 | 0.005

«: Two Tails: | 0.500 | 0.200 | 0.100 | 0.050 | 0.020 | 0.010
df:
1 1.000| 3.078) 6.314] 12.706| 31.821] 63.657
2 0.816| 1.886| 2.920f 4.303] 6.965| 9.925
3 0765| 1638 2.353] 3.182] 4541 5841
4 0741 1533] 2.132] 2776 3.747] 4.604
5 0727 1476 2.015| 2.571]  3.365|  4.032
6 0718 1.440] 1.943] 2447 3.143] 3.707
7 0711 1415 1.895] 2365 2.998]  3.499
8 0.706| 1397 1.860] 2306] 2.896]  3.355
9 0703| 1383 1.833) 2262 2.821f 3.250
10 0700 1.372] 1.812] 2.228| 2.764]  3.169
11 0.697| 1363 1.796] 2201 2.718] 3.106
12 0.695| 1.356| 1.782] 2179 2.681]  3.055
13 0.694| 1350 1.771f 2160 2.650] 3.012
14 0692 1.345] 1.761] 2.145| 2.624] 2.977
15 0691 1341 1.753] 2.131] 2.602] 2.947
16 0.690| 1.337] 1.746] 2.120] 2.583] 2.921
17 0.689| 1333 1.740] 2110 2.567| 2.898
18 0.688| 1330 1.734f 2101 2.552| 2.878
19 0.688| 1328/ 1.729] 2.093] 2539 2.861
20 0.687| 1.325| 1.725| 2.086] 2.528) 2.845
21 0.686| 1323 1.721] 2080 2518 2.831
22 0.686| 1.321] 1.717] 2074 2.508] 2.819
23 0.685| 1319 1.714] 2069 2.500]  2.807
24 0.685| 1.318] 1.711] 2.064| 2.492] 2797
25 0.684| 1316/ 1.708) 2.060| 2.485|  2.787
26 0.684| 1315 1.706] 2.056| 2.479]  2.779
27 0.684| 1314 1.703] 2052 2473 2771
28 0.683| 1.313] 1.701f 2048 2467 2763
29 0.683| 1.311] 1.699] 2.045] 2.462] 2.756
30 0683 1310 1.697| 2.042] 2.457] 2.750
40 0681 1303 1.684] 2021 2423 2.704
50 0.679| 1.299| 1.676] 2.009] 2.403[ 2.678
60 0.679| 1296 1.671f 2.000] 2.390[  2.660
70 0678 1.204] 1.667| 1.004] 2.381] 2.648




80 0.678 1.292 1.664 1.990 2.374 2.639
90 0.677 1.291 1.662 1.987 2.368 2.632
100 0.677 1.290 1.660 1.984 2.364 2.626
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CELL BIOLOGY (26 points)
In the following questions use a value of 3 for «, 6 x 10?* for Avogadro’s
number and 660 for the molecular weight of 1 bp of DNA. The volume of a
sphere of radius r is 4/31r®. 10.5bp of linear DNA has a length of 3.4nm.

All calculations should be done on the question booklet.
1. (2+1+1=5 points) A bacterium has a single copy of a 4 x10° bp circular

genomic DNA.

a. If the diameter of this spherical cell is 1 um, what would be the molar

concentration of DNA in this cell?

Use g
- @@WQ%
Answer: Qi I /7@ Molar
&Y

b. If the DNA assumed a conformation as proposed by Watson and Crick, what

would be the linear length of the bacterial DNA?

Use g

Answer: &7 W@ ) metre
e Sﬁ[?

c. How many bacterial cells one should take to get 1 mg of DNA?

Use g
nswer: @§“ /2 i ,
A @/’5/7
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2. (3 points) Smooth endoplasmic reticulum (SER) is mainly concerned with the
following functions:
|. Lipid synthesis
Il. Drug detoxification
lll. Ca™ storage
IV. Gluconeogenesis

Fill in the following table with a tick mark (\/) wherever appropriate and

indicate the function/s of SER wherever it is extensively present, by choosing

from options | — IV above.

Organ/Cell SER SER not Function/s (if
extensively | extensively | extensively

present present present)

a. | Adrenal gland

b. | Sebaceous glands @
/&

c. | Intestinal villi

d. | Muscles

f. | Pancreas
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3. (2 points) 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.

Finally, the cell is phagocytosed.

What will be the fate of a cell exposed to reactive oxygen species in the

following situations? (Choose from options on the next page)

Situation I: The cell receives a signal for inhibition of expression of Apaf-1

orotein, IS8 ENSWEF ST

Situation II: The cell expresses low-affinity Bcl-2 proteins. USe answer @[mﬁ

Situation IlI: A competitive inhibitor of Apaf-1 for Bcl-2 binding is added to the

cell in excess quantity. USERANSWEN @Hﬂ@@ﬁ

Situation IV: A chemical which significantly lowers the ratio of Bax to Bcl-2 is

added to the cell. WW@W @[mﬁ
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Choose from the following options:

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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4. (3 points) The stoichiometry of aerobic and anaerobic degradation

of glucose by yeast are as follows:

CsH1206 + 605, > 6CO, + 6H,0

CsH1206 =2 2CoHsOH + 2CO,

In an experiment, the complete utilization of 0.5 mol of glucose, partly under

aerobic and partly under anaerobic conditions, yielded 1.8 mol of CO».

a. Calculate the fraction of glucose that is utilized aerobically.

Usg

5
Answer: /’SM/@ ,3 %
é

b. Calculate the Respiratory Quotient, which is defined as the molar ratio of the

CO;, produced to the O, utilized.

Answer: @@%@ﬁ%
Gy
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5. (2.5 points) In order to study the effect of a hormone on the breakdown of a
polysaccharide in liver tissue, fresh liver was homogenized in an isotonic
buffer system. Part of this homogenate was centrifuged to obtain a clear

supernatant and a pellet.

The following experiments were then conducted.

Experiment Reaction mixture Result
Quantity of | Activity of
enzyme enzyme

I Liver homogenate ++++ +

Il Liver homogenate + hormone | ++++ ++++

11 Supernatant + hormone ++++ *

\Y, Pellet + hormone + +

Vv Supernatant + small quantity ++++ ++++

of reaction mixture from
Experiment IV
Vi Supernatant + small quantity ++++ ++++
of heated reaction mixture from
Experiment IV

Vil Supernatant + small quantity ++++ +

of heated pellet + hormone
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Complete the signal transduction pathway for the breakdown of the

polysaccharide in the following schematic.

<« -«

|_Polysaccharide | | Monosaccharide |

Options:

A. Membrane-bound protein

w

Heat-stable molecule

Inactive enzyme

o 0

Active cytosolic enzyme

m

Hormone
F. Organic inhibitor
G. Heat shock protein

Fill in the appropriate letters in the table from the options given.

1 2 3 4 5

USe answer sheet
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6. (4 points) Sugars and fatty acids are important biomolecules that provide
energy to the majority of living systems. The estimated utilization of palmitic

acid and glucose in the human body is shown in the equation below:

129 P; + 129 ADP 129 ATP

(A) CisH3:COOH + 23 O, k »16 CO, + 16 H,0

38 P, +38 ADP 38 ATP

(B)  CeH1,06 + 6 O, K »6 CO, + 6 H,0

Answer the following questions:

(Atomic weights of H: 1, C: 12 and O: 16)

. ATP yield (in moles) per mole of oxygen in Reaction A : [[[§@ ZNSWET @[}ﬂﬁ
[I. ATP yield (in moles) per mole of oxygen in Reaction B: Uﬂ@@ @Uﬂ@W@W @[}ﬂﬁ

lll. ATP yield (in moles) per gram of fuel in Reaction A: USE GRSWEr @[}ﬂﬁ

IV. ATP yield (in moles) per gram of fuel in Reaction B: USE cnSWET @[}ﬂﬁ

V. Based on the above reactions, state whether the following statements are

true or false by putting tick marks (\/) in the appropriate boxes.

10
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Statements:

a. Under conditions of mild-intensity exercise and abundance of oxygen, the
Respiratory Quotient tends to be < 1.

b. High-intensity exercise is primarily fuelled by fat when oxygen
concentration is limiting.

c. Reaction A represents the energy-acquiring process of nervous tissue
while Reaction B is more common in skeletal muscles involved in rapid
movement.

d. Under conditions of hypoxia, the shift of tissue metabolism from fatty acid

oxidation to glucose oxidation will yield more ATP.

True | False

11
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7. (1+1+2 = 4 points) Leena is a molecular biology student. She purifies two
fragments of DNA, 800 and 300 base pairs long. These were obtained from a
plasmid after digesting it with HindlIl. Each of these fragments has a single
EcoRlI recognition site.

Leena wants to join these two fragments to get a 1.1kb gene as shown in
Figure 7.1. She suspects that this gene has a unique protein-coding

sequence.

Hindlll Hindlll Hindlll
l<— 300bp >« 800bp—>

< 200bp ->T<- 200bp 4 |¢—— 700bp ——»
EcoRl EcoRl

Figure 7.1

She, therefore, mixes the two fragments in the presence of excess DNA
ligase in an appropriate buffer and incubates the mixture. She removes an
aliquot (a small part of the reaction mixture) after 30 minutes and loads it on
an agarose gel to check the results. She is surprised to find many bands
along with the expected 1.1kb band (as shown in the figure 7.2, next page) in

the gel.

12
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1.9kb

1.1kb

0.8kb
0.6kb

( (C C @c

0.3kb

Figure 7.2

I.  Which one of the following statements can explain this result?

a. The two fragments used for ligation were not sufficiently purified.

b. The multiple bands on the gel are due to the degradation of DNA in the
reaction mixture.

c. The observed band pattern is a result of ligation of randomly-selected
fragments.

d. DNA ligase did not function, and hence, it led to the random catenation of the

DNA molecules.

Put a tick mark (\/) in the appropriate box.

USE NSWEF Shaat

13
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Il. If another aliquot of the reaction mixture is removed after 8 hours, which one
of the following would be expected?

a. Prominent bands of high molecular weight.

b. Prominent bands of low molecular weight.

c. Large number of molecules of varying lengths leading to a smearing on the
gel.

d. The gel pattern would remain the same. Only the intensity of bands would

increase.

Put a tick mark (\/) in the appropriate box.

US@ ansSwer Sheet

14
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lll. Leena is interested in the 1.1kb fragment shown in Figure 7.1. Hence, she

elutes the 1.1kb fragment from the gel shown in Figure 7.2 and subjects part

of this sample to Hindlll digestion. She obtains the expected pattern with two

bands, 800 and 300 base pairs long. To confirm its restriction map, she

subjects the remaining sample to complete EcoRI digestion. Which pattern of

bands would she obtain?

2 kb 2 kb 2kb| —
1kb| = 1 kb 1kb| =

0.9 0.9 — 0.9
0.7 — 0.7 — 0.7 | —

0.5 0.5 0.5
0.3 0.3 - 0.3 -
0.1 0.1 — 0.1 —
a b c

Put a tick mark (\/) in the appropriate box.
a. b. c d.

USE

answer sheet
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8. (2.5 points) Protein function can be regulated at many levels. By interpreting
the graphs below, find out how each of these proteins (A to D) is regulated.
They are all enzymes involved in the same physiological process, their
activity is induced by the same treatment and their respective activities in a
sample can be measured with specific assays. The arrows indicate the

beginning of the activating treatment. See options on next page.

»

!
»
»

(of total protein in sample)
(of total protein in sample)

protein abundance
protein abundance

T T time
addition of protein
synthesis inhibitor

g =
2 1 T C B3] » "
9] I o S T — C
a8 I * =9 ] \\ .......
= l' ¥ -D en ,' \S T - D
E ' f £ .
£ l' / 2 il
= ! / " 5 AR A
S ] Q 1 A
5 & 3 [ &N
g ................. ,,l P, § ’l j |\

S e .
g ——— ) [ / L \\
5] - 5 |=———= N ‘B

T time T T time
addition of protein
kinase inhibitor

»
»

mRNA level
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Match the proteins A to D with their mode(s) of regulation (I to IV) by putting
tick marks (\/) in the appropriate boxes.

I. Post-translational modification, but not phosphorylation

[I. Transcriptional regulation

lll. Proteasomal degradation and rapid turnover

IV. Phosphorylation

Protein Mode of regulation
I I 11 v

B,
° Z%%
e

D %«4

17
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PLANT SCIENCES (15 points)
9. (4 points) Study the schematics of the plant tissues/cells shown below and fill

in the blank column with appropriate letter/s.

No. Answer

| | Cell/s that is/are not alive when

functional.

Il | Plasmodesmata can be found

associated with this/these cell/s. @y

[l | When you eat potato, you eat ﬂ
the tissue formed of this/these /ojﬁ%

cell/s.

IV | Cell/s that harden/s the nut skin.

18
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10.(1.5 points) On the basis of the photoperiod required for flowering, plants can
be described as:
I. Short-day plants
ll. Long-day plants
lll. Day-length indifferent plants
The effect of varying light periods on flowering in these three types of plants is
depicted in the graphs below, where TM, trophic minimum, is the minimum
light that is required to produce the organic matter indispensable to its

metabolism and CP is the critical period for flowering.

% A 2 B

(_% A % A

® ©

O p—

:

2 - 0

g ; g

S - 5

g ' T S

E o N E ] | >
T » >

= TM CcP 24 2 v 24

Hours of light/day— (TM =CP)

Hours of light/day———

Number of days before flowering

»
»

|
24
Hours of light/day—>
19
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Choose the plant type (I, Il or Ill) for each of the three graphs and fill in the

table.

Graph | Plant type

B %%%
C 4%

20
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11. (2 points) (A) A mesophyte was planted in soil with high salt concentration
and watered. It showed wilting. Assign the appropriate values of water
potentials to the regions marked P, Q, and R in the schematic representation

of this plant.

Q\?ff_/ R

Choose from the options given below and fill in the table:

e -1atm
e -5atm
e -8atm
Region | Water potential
P & atm
D
£
Q %’ atm
@
q
@»
R = atm
B
—=>
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(B) Which of the following remedial measures will completely reverse wilting in

this plant? Put a tick mark (\/) in the appropriate box.

a. Increasing environmental humidity.
b. Irrigation to flush out the excess salts.
c. Applying wax on the surface of leaves.

d. Placing the plant in shade.

a. b. C. d.

UsE answier sieet

22
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12.(4 points) A few characteristics of some organisms are listed in the table. Put

a tick mark (\/) against the appropriate organisms.

Chlamydomonas | Cyano- | Green- | Purple-
bacteria | sulphur | sulphur
bacteria | bacteria
Phototrophic autotrophs
Photosystem Il absent %)
O
Respiratory enzymes located on %
plasma membrane
A

Chlorophyll a as the major

photosynthetic pigment

7
5

23
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13.(3.5 points) The total respiration (R) of a young growing plant is described by
the following expression:
R=0.27P +0.015W,
where P is the total amount of glucose produced per day and W is the

average mass of the plant.

Of the processes listed below, some influence the factor 0.27 of the above

equation whereas the others do not.

1. Movement of water within the cells

2. Reduction of nitrate (NO3") ions to ammonium (NH,4") ions

3. Uptake of K™ ions through the plasma membrane of endodermal cells
4. Uptake of CO; in cells of palisade parenchyma

5. Opening and closing of stomata

6. Lengthening of a polypeptide chain

7. Absorption of light by chlorophyll a

24
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Indicate with a tick mark (\/) in the appropriate column in the table below,

which of these processes do or do not affect the factor 0.27.

Process Does Does not
affect affect
1
2
3
4
%
6 £
! %ﬁ S

Yiagy

25
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ANIMAL SCIENCES (18 points)

14.(2 points) The tidal volume is defined as the volume of air entering the lungs
in a single inspiration (inhalation), which is approximately equal to the volume
exhaled during subsequent expiration (exhalation) on normal quiet breathing.
Exchange of gases with the blood occurs in the alveoli of lungs. In the
conducting airways (e.g. trachea), which also contain a volume of air, no
exchange takes place. The space within these airways is called the anatomic
dead space. Thus the volume of fresh air entering the alveoli during each
inspiration equals the tidal volume minus the volume of air in the anatomic
dead space. The total volume of fresh air entering the alveoli per minute is
called the alveolar ventilation and is expressed in ml/min; it varies directly with

the respiration rate.

Consider the hypothetical breathing patterns of three individuals A, B and C:

Individual Tidal volume Frequency Anatomic dead space
(ml/breath) (breaths/min) (ml/breath)
A 800 12 600
B 500 16 350
C 600 12 200

Which of the following holds true about the alveolar ventilation of these three

individuals? See options on next page.

26
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a. B has considerably greater alveolar ventilation than C.
b. A has considerably greater alveolar ventilation than C.
c. C has considerably greater alveolar ventilation than B.

d. A has considerably greater alveolar ventilation than B.

Put a tick mark (\/) for the correct statement(s) in the appropriate box of the

table.

a. b. C. d.

USE answer sheek
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15.(2 points) The relative growth rates of four organs of the human body are

shown in the following graphs.

= Q
e 100 f=
3 L @ £100
c > T S
ER ER
o o
2 8
I
10| 20 1'0 20|
Age (years) Age (years)
£ S
0 0 £
% % ")) ﬁlog ____________
ER 100 < S
o © LU £ T
S) - ®
§ (@)
X
o 2 10 20
Age (years) Age (years)

Match the graphs with the organs by putting a tick mark (\/) in the appropriate

box of the table.

Liver

@ T

Brain

Thymus @5

Gonads %7
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16.(2 points) A few statements regarding the respiratory processes in vertebrates
are given below:
a. Amphibians use negative pressure to force air into the lungs.
b. Reptiles, birds, and mammals use positive pressure to force air into the
lungs.
c. Lungs of amphibians and mammals are incompletely ventilated during
each breathing cycle.

d. Lungs of birds are completely ventilated during each breathing cycle.

Mark whether each statement is true or false by putting a tick mark (\/) in the

appropriate box of the table.

True | False
a.
G,
b.| &
ol &
d
S

29
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17.(2 points) The oxygen saturation of hemoglobin when plotted versus pO. is
sigmoid and this is conventionally referred to as the oxygen dissociation
curve. Many parameters such as pH, pCO,, temperature, and metabolic
activity of the cell affect the oxygen dissociation curve.

Two such curves, | and Il, are depicted in the following graph

% saturation of
hemoglobin

pO, (mm of HQ)

Determine whether the curves could represent the sets of conditions given

below. Put a tick mark (\/) in the appropriate boxes in the table.

Set Condition True | False

A | Curve I. Normal blood pH and Curve Il. Acidosis

B | Curve I. 40°C and Curve II. 30°C ‘5\’%
&%,
C | Curve I. Elephant hemoglobin and Curve II. Cat hemoglobin °@
<Y
D | Curve I. Fetal hemoglobin and Curve II. Maternal hemoglobin

30
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18. (2 points) Given below are the data on breathing rate, heart rate and body

temperature of four different mammals A, B, C, and D.

Animals _Breath_ing rate Heart rate 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

Study the data and rank these animals in descending order of surface area per

unit volume as well as the total volume of blood by filling in the boxes with

appropriate letters (A to D).

Surface area per unit volume of the body

>

> @;
Total volume of blood in the body %

B
> />

31
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19.(5 points) In order to determine the nature of factors involved in humoral

immunity, three groups of mice were immunized according to the scheme

below:
Immunization scheme
1. Mice > Isolate serum (S1) after 2 weeks
2. Mice >  Immunized with pathogen P > Isolate serum (S2) after 2 weeks
3. Mice >  Immunized with pathogen Q > Isolate serum (S3) after 2 weeks

Using sera from the above immunization schemes, the following experiments

were conducted to test the response of these sera towards pathogens P or Q:

Number Experiment
I Serum S1 - Add pathogen P or Q - No lysis of pathogen P or Q
I Serum S2 - Add pathogen P - Lysis of pathogen P
[l Serum S3 - Add pathogen Q - Lysis of pathogen Q
\Y Serum S2 - Add pathogen Q - No lysis of pathogen Q
Vv Serum S3 - Add pathogen P - No lysis of pathogen P
Vi Serum S2 - Heat at 55°C for 30 min - Add pathogen P = No lysis of
pathogen P
Vil Serum S3 - Heat at 55°C for 30 min > Add pathogen Q - No lysis of
pathogen Q
VI Serum S2 - Heat at 55°C for 30 min - Add serum S1 - Add pathogen
P - Lysis of pathogen P
IX Serum S2 - Heat at 55°C for 30 min - Add serum S1 heated at 55°C
for 30 min > Add pathogen P = No lysis of pathogen P
X Serum S2 - Heat at 55°C for 30 min - Add serum S3 - Add pathogen

P - Lysis of pathogen P

32
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Answer the following questions:

(A) If serum S3 is heated at 55°C for 30 min, and mixed with serum S1, which of
the following pathogen would it lyse?

a. Only P

b. Only Q

c. P and Q both

d. Neither P nor Q

Put a tick mark (\/) in the appropriate box.

a. b. C d.

USE emswer @

(B) If serum S2 is heated at 55°C for 30 min, and mixed with serum S3, which of

the following pathogen would it lyse?
a. Only P
b. Only Q
c. P and Q both

d. Neither P nor Q

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USE amnswer sheel
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(C)Which of the following statements are TRUE or FALSE for the above
experiment?

a. The lysis of pathogen requires only one component, which is heat-labile.

b. The lysis of pathogens requires at least two components. One component is
induced by the pathogen, while the other is non-inducible and is pathogen
non-specific.

c. The pathogen-induced component is heat-labile whereas the non-specific
component is heat-stable.

d. The pathogen-induced component is heat-stable whereas the non-specific
component is heat-labile.

e. The pathogen-specific components cannot function if present together.

f. The non-specific component has to be derived from the same mice in which

the pathogen-specific component would be induced.

Put a tick mark (\/) in the appropriate boxes.

Options | True False

a.

=~
T
%,

34
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20.(3.5 points) In air-breathing animals, bicarbonate ions present in the blood
play an important role of buffering. Various equilibria that occur in lungs and

plasma are shown below.

Plasma Lungs

H++HC03- <+ H,CO4 <+ CO, <+ CO,

(dissolved) (gaseous)

Indicate the events that will occur in sequence as a result of following
activities by filling in the boxes with the appropriate numbers | to VI of the

options given on the next page:

A. A person is hyperventilating as a result of rapid breathing.

— O otef sl

B. A person continues vigorous exercise:

@éj“@
~¥rad,

<Y/

35
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Options:
|. Decrease in plasma carbon dioxide concentration
Il. Decrease in blood bicarbonates
lll. Acidosis
IV. Increase in blood bicarbonates
V. Increase in exhalation of carbon dioxide

VI. Alkalosis

36
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GENETICS AND EVOLUTION (20.5 points)
21.(2 points) Cystic fibrosis is an autosomal recessive trait. If parents who are
both carriers for this gene have 3 children, what is the probability that exactly

two will be phenotypically normal?

answer-USE ZNSWER Shaet
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22.(2 points) E. coli cells were grown in a medium containing glucose and

lactose, and a growth curve was obtained which is shown below.

II

Bacterial density (cells/mL)

0 2 4 6 8 10
Time (h)

Fill in the table using tick marks (\/) to indicate which of the listed events

would predominate during the three phases of growth (I to I11).

Lactose hydrolysis by B-galactosidase

Reduction of lac repressor’s affinity for the lac operator @

7
Binding of the CAP-cAMP complex to the lac promoter %5

Utilization of glucose /

38




IBO — 2008
INDIA
THEORETICAL TEST — PART B

23. (2 points) In a small tribal population, the frequencies of two alleles A and a
at a particular locus were 0.3 and 0.7, respectively. However, not all the
individuals with genotype aa could live up to the reproductive age and the
relative fitness of this genotype was found to be 0.5. The remaining

genotypes had a relative fitness of 1.

What is the expected percentage of heterozygotes among newborns in the

next generation?

Use P

Answer: @ék(q ,S | %
@@
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24. (2 points) In the following pedigree, the probability that the individual marked

as <> will be affected is:

O Normal female

Normal male

‘ ’ Affected female
. Affected male

answer: US@ GNSWET SRt
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25.(2 points) If two heterozygotes (Aa) mate, what is the minimum number of
offspring they should have such that the probability of at least one offspring

having genotype aa is greater than 90%?

USe answer sheet

Answer:
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26. (2 points) A celebrity has been named in a paternity suit. The defendant

(labeled D in the autoradiogram), the mother (labeled M), and the baby

(labeled B) have each been typed for two loci VNTR1 and VNTR2, as shown

in the autoradiograms below. Each of these VNTR loci has four alleles. For

VNTR1, the frequencies of the alleles 1, 2, 3, and 4 in the general population

are 0.2, 0.4, 0.3, and 0.1, respectively. For VNTR2, the frequencies of alleles

1,2,3,and 4 are 0.1, 0.1, 0.2, and 0.6, respectively.

VNTR 1
D M B
1 —
2 — —
3 — —

VNTR 2

2 — —
3
4 — —

a. Do the autoradiograms indicate that D could be the father of the baby B?

Put a tick mark (\/) in the appropriate box.

Yes | No

US@ QnSWer sheet

b. What is the probability that another male in the general population could be

the father of the baby B?

Answer. 1SE ENSWET et
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27.(2 points) In some populations, inbreeding takes place amongst first cousins.
Inbreeding leads to a reduction in the frequency of heterozygotes and is

measured as the inbreeding co-efficient, F, where

heterozygotes __ ¢ heterozygotes (_ )
1:obser\/ed _ 1cexpected x(1-F

The symbol f denotes frequency.

If F = 1 (complete inbreeding), the population consists entirely of

homozygotes.

In a population of 150 individuals, the observed numbers of MN blood group

genotypes are: 60 MM, 36 MN, 54 NN.

a. Calculate F.

Answer:_IS@ ENSWET SHEET

b. If, for another population of the same species, the allelic frequencies remain
the same but the value of F is half of that calculated in a, what will be the

frequency of the heterozygotes (MN) observed in this group?

answer: US@ ENSWET ST
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28.(2 points) The transmission pattern of a disease caused by an autosomal

dominant gene is shown in the following pedigree:

Generation

| r
14 | 6,7
I

B Yol ToT T Yof Yale

12 13 721373 7,312 721,213

Each family member has been typed for a seven-allele microsatellite
polymorphism. Based on the genotypes in Generation lll, calculate the

recombination frequency between the disease and microsatellite loci.

USe answer sheet

Answer:
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29.(2 points) The figure given below depicts a region of double stranded DNA, in
a bacterium, containing a polycistronic operon with three of your favorite
genes yfgA, yfgB and yfgC, as shown. The positions of certain bases in the
nucleotide sequence around yfg operon, with respect to position A are

marked in the figure.

The yfg operon

TTGACA TATAAT

-35region  -10 region

Transcription termination site

yfgA | yfgB | yfgC

1 200 300 810 1230 1560 1750

Length of DNA in base pairs

Answer the following questions:

I. What is the expected minimum number and length of the transcript(s) from
this operon?

a. A single transcript of 1260b

b. A single transcript of 1450b

c. A single transcript greater than 1451b but less than 1550b

d. Three transcripts of 330b, 420b and 510b
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Put a tick mark (\/) in the appropriate box.

ANSWEr See!

Il. From the above figure, calculate the maximal expected mass of the YfgA
protein .

kDa

(assume the mass of an amino acid to be 110 Da)
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30.(2.5 points) The map distance between two genes on a chromosome can be
calculated using the frequency of crossing over between them. In case of a
genetic cross involving three genes, the crossover (CO) classes of progeny
can be categorized as
(i) Single crossover | (SCO 1),

(i) Single crossover Il (SCO Il), and
(i) Double crossover (DCO).

DCO requires the simultaneous occurrence of the two SCOs.

Among the progeny of a test cross, the number of non-crossovers (NCO) is

the highest followed by SCO | and Il. The DCO is the least frequent.

A Drosophila fly, heterozygous for alleles p, g and r, when crossed with a
homozygous recessive fly, had the following progeny:
(p*, g%, and r" indicate wild-type alleles whereas p, g, and r indicate the

mutant alleles.)

Genotype Number of progeny

pqg'r 375

pgqr 355

pqr 50
p g r 45
p qr 75

pgr’ 85
pqg'r 8

p qr 7

Total = 1000
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The middle gene is the one that has altered position in the DCO classes

compared to that in the NCO classes.

(A) Which is the middle gene in the given cross? Put a tick mark (\/) in the

appropriate box.

JRRIIS JBIMSR 51

(B) Assuming 1% crossover as one map unit (mu), calculate the distance

between p, q, and r.

Distance between p and g

UE @Tﬁﬁn
3

Distance between p and r

©&
2

Distance between g and r

q}feaug@ ]
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ECOLOGY (16.5 points)

31.(1.5 points) Consider a population of r-selected insects in the early part of its

growth season. Choose the appropriate growth curve at this stage,

survivorship curve and current age structure (from each pair of graphs) that

represent this population and put the corresponding letter in the boxes below.

Log (number surviving)

Total

Log (number surviving)

life span Total life span

Number of organisms

Time

Number of organisms

Time

Growth Curve

Survivorship Curve

Age structure

USe answWer Sheet
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32.(3 points) Nitrogen, as a mineral nutrient, has the greatest effect on plant
growth. The atmosphere contains nearly 80% nitrogen gas (N,), yet plants
have to be provided with ammonium salts or nitrates as fertilizers for optimum
growth and yield. Certain nitrogen-fixing bacteria (rhizobia, cyanobacteria,
etc.) can convert atmospheric N into ammonia using nitrogenase by the

following reaction:

No+8e +8H +16 ATP —» 2 NHsz + Ho + 16 ADP + 16 P;

Such bacteria can be used as biofertilizers in agriculture. In soil, ammonia is
protonated to ammonium (NH4"). This, in turn, is converted to nitrate (NO3")
and then to N, gas by the action of nitrifying and denitrifying bacteria,
respectively. Plants require nitrogen mainly in the form of nitrate, which is
exported from roots to shoots, reconverted to ammonium and assimilated as

amino acids.

(A) Plants do not themselves fix N, because:

a. itis easily available from the soil.
b. they lack the nitrogenase enzyme complex.
c. the process has a very high requirement of ATP per mole of N fixed.

d. hydrogen evolved in the process is deleterious to plants.
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Put a tick mark (\/) in the appropriate box.

a. b. C. d.

UseYansiedshees

(B) Processes related to nitrogen conversion to different chemical forms in the
soil, carried out by the nitrogen-fixing bacteria, nitrifying bacteria and

denitrifying bacteria can be, respectively, described as:

a. reduction, oxidation and oxidation.
b. reduction, oxidation and reduction.
c. reduction, reduction and oxidation.

d. oxidation, oxidation and reduction.

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

D

USE answjer Sheet

(C)Based on the given information, which type of soil bacteria will NOT be

beneficial for plants?

a. Nitrogen-fixing bacteria
b. Nitrifying bacteria

c. Denitrifying bacteria
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Put a tick mark (\/) in the appropriate box.

a. b. C.

SR aRSWEr Sheat
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33.(2 points) The relationship between members of different species is termed as

interspecific relationships. Some such relationships are listed below. -

1. Mosses (A) grow on the trunks and branches of trees (B).

2. A female moth (A), the only pollinator, arrives at a Yucca flower (B) with a
ball of Yucca pollen. She places her pollen ball on the stigma and then
lays eggs in some, but not all, of the ovules. Offspring development kills
the seeds on which they feed. If too many seeds are killed, the fruit is

aborted by the plant, killing the developing moth larva.

3. Wolbachia, a rickettsia-like bacterium (A) infects some insects (B). The
infected males are either killed or develop as females, leading to distorted

sex ratios (female bias) in the population.

4. Certain plants (A) attract ants (B) through extra-floral nectaries to deter

herbivores.

Indicate in the table given below whether the species (A and B) involved in
each of these are benefited (indicate by +), harmed (indicate by —) or not
affected (indicate by 0). Identify also the type of interaction by choosing from

the options | to VI given below.
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Options:

V.

V.

VI.

Amensalism

Commensalism

Competition
Mutualism
Parasitism

Predation

Number | A B Type of
interaction

1. %%

2. <°“@

’ %,
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34.(4 points) Mathematical models can be applied to many aspects of predator
behavior.
In a simple mathematical model, it is assumed that a predator can feed on
two prey species, Preyl and Prey2 and that it captures and consumes every
prey it encounters. For this predator, the variables Ts, N1, N2, Ej, E», Tw1, and
T2 are defined as follows:
Ts: Total time spent searching for the prey species
N1: Number of Preyl encountered per unit time
N2: Number of Prey2 encountered per unit time
Ei: Energy gained from a single Preyl
E,: Energy gained from a single Prey2
Th1: Handling time needed for each Preyl. This includes time required for

capturing and consuming the prey.

Tho: Handling time needed for each Prey2

(A) Once a prey has been captured, the profitability (calories gained per unit time)

of each prey species for the predator is, respectively:

E E
a. ——and —*
H1 TH2
E E
b 1 ___and 2
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El E2
and
Ty +T,+Ts T+ T, + 15

Put a tick mark (\/) in the appropriate box

a. b. C. d.

D

1SE answer Sheal

(B) The total energy gain E for the predator will be:
a. E=(E,+E,)T,

b. E=E,N,+E,N,

c. E=(EN,+E,N,)T,

_ E;N;xE,N,
Ts

d. E

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USE answer sheek

(C) The total time (T) spent to gain the total energy E will be:

a. T=T,+T,(N, T, +N,T,,)
b, T=Tg+T,;+T,
c. T=1+NT,,+N,T,

d. T:Ts + NlTHl + NZTHZ
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Put a tick mark (\/) in the appropriate box.

a. b.

C. d.

useransesheel

(D) In one situation, the following data were obtained:

Ts = 60 minutes

Preyl Prey2

N; = 2/min N2 = 5/min
Th1 =210 min Thz =20 min
E1 = 1000 cal E, =700 cal

Which of the following hypotheses does the above mathematical model

support?

a. The predator should specialize on Preyl as it leads to a better rate of energy

gain.

b. The predator should specialize on Prey2 as it leads to a better rate of energy

gain.

both prey species is more beneficial

be likely to be unavailable in future.
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Put a tick mark (\/) in the appropriate box.

58
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35.(6 points) A female gall fly (Eurosta solidaginis) typically lays a single egg in
the bud of some plants. After the egg hatches, the larva burrows its way
through the bud and produces a tumor-like structure called a gall. Larvae

inside these galls present a very nutritious food source for many birds.

(A) After observing some galls, a student proposed a hypothesis that birds
choose larger galls in preference to smaller ones. In order to gather the data
to test this hypothesis, she conducted a survey of one such site and
measured the widths of disturbed (fed on by the birds) as well as undisturbed

galls. The results are as follows:

Disturbed galls Undisturbed galls
Gall number | Width (mm) | Gall number | Width (mm)
1. 12 1. 18
2. 15 2. 15
3. 30 3. 22
4. 20 4. 12
5. 23 5. 20

You need to put this hypothesis to test. (Some of the required statistical
formulae as well as the Student-t and Chi-square probabilities are provided in

the Appendix at the end of Part B-Question Paper.)
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I.  Which of the following is the correct null hypothesis?
a. The birds do not choose galls of smaller size.

b. The birds do not choose galls of larger size.

c. The birds do not choose galls based on size.

d. The birds do not choose galls of smaller size in preference to larger size.

Put a tick mark (\/) in the appropriate box.

a. b. C. d

U8 Emser siesl

Il. The test that you will require to do is:

a. Student’s t test

b. Chi-square test

c. Both Student’s t test and chi-square test

d. Either Student’s t test or chi-square test

Put a tick mark (\/) in the appropriate box

a. b. C. d.

USe GMSHIEr Sieet

lll. The degree/s of freedom is/are: Answer: Uﬂ@@ @UB@W@W @[}ﬂﬁ

IV. The value/s of the statistic/s (up to two decimal points):

USe answer sheet

Answer:
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V. Mark the correct interpretation:

a. Atp <0.05, the null hypothesis cannot be rejected.

b. Atp <0.05, the null hypothesis is rejected.

Put a tick mark (\/) in the appropriate box

(B) After observing more sites, another student came up with a hypothesis that

a.

W

)
?

b.

©

A

patches with high density of galls are foraged more than those with low

density. To test this hypothesis, he surveyed six patches. The results are as

follows:
Gall Site | Site | Site Site Site | Site Total
description I Il [l IV Vv Vi
Density High | Low | High |High |Low |Low
Foraged 15 6 10 14 7 8 60
Undisturbed 5 3 7 8 7 9 39
Total 20 9 17 22 14 17 99

I.  The null hypothesis will be:

a. The birds do not choose galls in less dense areas.

b. Density of galls is not more important than the size of the gall.
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c. Choosing of galls by birds is independent of the gall density in the patch.
d. Choosing of galls by birds is not dependent on the size of galls but on the

density of the patch.

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USE BNSWer Shee!

Il. To test the hypothesis, the test that will be required is:
a. Student’s t test

b. Chi-square test

c. Both Student’s t test and chi-square test

d. Either Student’s t test or chi-square test

Put a tick mark (\/) in the appropriate box.

USERANSEHSHEE
[ll. The degree/s of freedom is/are: Uﬂ§@ @W§W@W @[h]ﬁ

I\V. The value/s of the statistic/s (up to two decimal points):

USe answer sheet
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V. Based on the value you obtain, the correct interpretation is:
a. Atp <0.05, the null hypothesis cannot be rejected.

b. At p <0.05, the null hypothesis can be rejected.

Put a tick mark (\/) in the appropriate box.
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ETHOLOGY (11 points)

36.(2 points) In a population of prey animals, most individuals are solitary and
stay well apart from others. But some mutant types arise that search out
others, use them as shields against predators and take away fitness from the
solitary types by making them more conspicuous to their predators. Let the
fitness payoff for a solitary individual living in a population consisting of only
solitary types be P. But when a solitary individual is found and used by a
social type, the solitary animal loses some fitness (B) to the social type. There
is also an additional cost C to being social in terms of the time required to find
a solitary individual to hide behind and that arising from the resulting
increased conspicuousness to predators. When two social types interact,
assume that they each have an equal chance of hiding behind the other when
the predator attacks. A game theory diagram summarizes these interactions

as follows:

Payoff for In presence of

Solitary Social

Solitary P P-B

Social P+B-C|P+B/2-B/2-C=P-C
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(A) If B is greater than C, what behavioral type will predominate in the
population over time?
a. Solitary

b. Social

Put a tick mark (\/) in the appropriate box.

S
e

(i) when it enters a population composed entirely of solitary types and

(B) The average fitness payoff of a prey

(i) when it enters a population composed entirely of social types

would, respectively, be:

a. P-B/2-C/2,P+B/2-C/2
b. P-B/2,P+B/2-C
c. P+B/l2-C/2,P-B/2-C/2

d P+B/2,P-B/2-C

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USE AnsSwWer sheal
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37.(3 points) Game theory models have been borrowed from economics and
often applied to behavioral ecology in order to understand the strategies that
animals use against each other while competing for resources. In a Hawk-
Dove game, for example, in which there were two kinds of competing
individuals, Hawks and Doves, with different behavioral strategies, John

Maynard Smith suggested the following pay-offs:

Winner +50
Injury  -100
Loser 0
Display -10

(A) Assuming that (a) Hawks always win against Doves, (b) Hawks win on half
the occasions when they meet other Hawks but suffer injury during the other
half, (c) Doves always display when they meet other Doves, but win on only
half of these occasions, and (d) Doves never display to hawks. What would
be the average pay-off to the attacker in different fights as listed in the

following matrix?
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Opponent

Hawk

Dove

Attacker

Hawk 4’%%)

Dove

®
O

(B) An Evolutionary Stable Strategy (ESS) is one that will always win against any

other strategy and no other strategy can be successful within the population.

Evaluate whether the following statements are true or false given the pay-offs

for the Hawk and Dove strategies listed above.

mutation to Dove can never be successful.

mutation to Hawk can never be successful.

Put a tick mark (\/) in the appropriate box.

Hawk is an ESS and when all individuals in a population play this strategy, a

Dove is an ESS and when all individuals in a population play this strategy, A

Statement | True False

ey,

b.
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38.(2 points) White crown sparrows that live in temperate regions show a

complex annual cycle of behavior.

Winter

Autumn

Increased rate of feedingf

Territory establishment
Su%mer

Care of young

Match the physiological changes (I to V) in these birds with the appropriate
points in the behavioral cycle (A to D). Choose from the following options and

fill in the table given below with the appropriate numbers:

Options:

Moulting (molting)

. Gonadal regression (Shrinking of reproductive tissue)
. Gonadal development (Development of the reproductive tissue)

. Fat deposition

Hibernation
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Points in the Physiological

behavioral cycle @ changes

2\

A 2
Y

B

:
%

D
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39. (4 points) The dunnock is a common bird of the British Islands. The females
of this species establish territories represented by solid lines in the figure
below, which may be defended by one or two (a and ) unrelated males
(dashed lines). The numbers in the figure refer to the average number of
young raised per season by males and females in the different mating
combinations. The arrows indicate the directions in which the behaviour of the

males and females encourage changes in the mating system.

Male: 5.0

: :
Monogamy | Female: 5.0 I
| |
| |

e o o o e o e o e e e e e = e = -

Male: 7.6
- - TTTTTsTET s T s T T T T 1

______________________ ! :
: : T s |
1| Female: 3.8 || Female: 3.8 | bl Female: 6.7 NN
1 L e e e e e e e e e e -
! : ! :
______________________ .

Pol n

yayny Polyandry
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(A) Identify the specific individuals, which would attempt to change the mating
system in the directions shown by the arrows.

a. |: Male, Il: Female, lll: Female, IV: 3-Male

b. I: Female, II: Male, IlI: B-Male, IV: a-Male

c. |: Female, II: Male, Ill: Female, IV: a-Male

d. I: Male, Il: Female, Ill: a-Male, IV: 3-Male

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USE answer sieet

(B) Which of the following statements are true?

|.  The benefit of polygyny to males is the increased amount of food brought
for the chicks by two females instead of one.

II. The cost of polygyny to females is shared male care because the
contribution of the male’s feeding efforts is essential for the survival of the
chicks.

lll. The cost of polyandry to females is the aggression that often results
between the two males who have mated with her.

IV. The cost of polyandry to males is shared paternity.
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a. landll

b. Iland Il
c. land IV
d. lland IV

Put a tick mark (\/) in the appropriate box.

a. b. C. d.

USeRansNeshieet
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BIOSYSTEMATICS (13)

40.(2 points) The schematic diagram below represents group-in-group

relationships. The T3 taxon, represented by the largest circle, includes three

T2 taxa. Each of these three T taxa has one T1 taxon, represented by

circles filled with dots; the dots represent individuals.

According to the above scheme, assign the correct taxa from the options
given below to each of the circles. Fill in your answers by writing the
appropriate number in the table. Points will only be awarded if the entire

table is correctly filled.
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Options:
l. Annelida
Il. Lepidoptera
Il Polychaeta
V. Mollusca
V. Orthoptera
VI. Insecta
VII.  Arthropoda
VIIl.  Crustacea
IX. Gastropoda
X. Arachnida
XI. Lumbricus (earthworm)
XIl.  Hirudo (leech)
XII.  Gryllus (cricket)
XIV. Unio (freshwater mussel)
XV. Euscorpias (scorpion)
XVI. Daphnia (water flea)

Taxon Option

T3

T2a

Tla

s

T2b

I
RS

sy

T2c

Tlc
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41. (2 points) The sequence of a pentanucleotide DNA segment of four species

P, Q, R and S are given.

Species | Sequence site
1,2(3|4]|5
P AIG|T|T|C
Q CIG|A|T|C
R CIG|T|A|T
S AIG|IAIA|T

The most parsimonious phylogenetic classification of these species would be:

4 5 145

75
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Put a tick mark (\/) in the appropriate box.

a. b. C. d.

UseRnsEegsheet
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42.(5 points) A classification chart based on certain characteristics of

invertebrates is shown below:

ills
2 1
closed
system
no gills 2
circulatory system
for body fluid body 3
segmented
op:n bilateral 4
system v
body not SDRETY
invertebrates segmented no bilateral
symmetry
anus 6
mouth
aquatic no anus 7
no circulatory system no mouth 8
for body fluid
anus 9
also
on land no anus 10

Fill in the appropriate numbers from the classification chart against the

respective groups in the table below:
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Group Number Group Number
Annelida (Earthworms) Mollusca (Land snails)
(=
| = | =
Arthropoda (Crayfishes) @ | Mollusca (Squids) D)
) )
= =3
Cnidaria (Jellyfishes) % Nematoda (Roundworms) %D
D) D)
Echi : :
chinodermata (Starfishes) @% Platyhelminthes (Tapeworms) %
& 2
Mollusca (Bivalvia) = Porifera (Sponges) =
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43.(4 points) The genetic distances between four species are provided in a
matrix below. The numbers represent the percentage differences between

each pair of species.

(A) Which of the following tree structures represent the matrix data most
appropriately? (Squares in the generalized figure represent species, and the

lines represent the relationship between them).

a. b. F F ? ?

Put a tick mark (\/) in the appropriate box.
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UseRnsEegsheet

(B) Based on the answer selected in the previous question and using the data
given in the matrix, construct the tree that correctly shows the genetic
relatedness of the four species where the numbers on the lines should

approximate the genetic distance between them.

Q)
@%ﬁ@
%,

*hkkkhkhkkkhkhkhkkhhkhkkihkhkiik END OF PART B *hkkkkhkkkhkhkkkhkhkkkihkhkkiikk
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