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YBAXAEMbIE YYACTHUKMN,

[Toxxanyiicta HanuiuTe Baill Koa cTygeHTa B IIPEeOCTaBIEHHYIO TYEUKY.
3anuIimnTe CBOM OTBETHI C IOMOIIbIO Py4YKH B JIMcTe oTBeTa.
OueHuBaTHCS OyOeT TOJILKO OTBETH], BHECEHHHEIE B JIMCT OTBETOB.

Yacts B cocTout 13 50-u BOIIPOCOB:
e Q51-Q60: KneTtouHast O1MOJIOTHS

e Q61-Q68: AnaTomMusa 1 PU3UOIOTUS PACTEHUMN
Q69-Q80: AHaToMUs M GU3UOJIOTUS JKUBOTHBIX
Q81-Q83: OTonorusa

Q84-Q93: I'eHeTHKa U BOJIIOIIUSA

Q94-Q98: Okomnorusa

Q99-Q100: bBuocucremaTukKa

17151 KaXKI0Tro BOIPOCa C MHOXKECTBEHHEIM BEIOOpOM yKaxkuTe B JImcre OTBETOB,
SIBJISIETCSI JIM KaXKI0e U3 CIIeNYIOIINX YTBepXKaeHni BepHuiM vy HeBepHEIM.

II/1s1 BepHBIX M HeBEePHBIX YTBePKAeHUH B J/IMCTe 0TBETOB HCNOJIL3YHTEe
o0o3Hauenue "V" .

Ecny BaM HYXKHO U3MEHUTDH OTBET, BB JOJI2KHEI 3a4€PKHYTh BHECEHHBIA OIITHO0YHO
OTBET ¥ 3all¥CaTh HOBBIU.

[TogcyeT OYKOB 3a OOWH BOIPOC:
e Ecnu BCce 4eThIpe OTBeTa IIpaBUJIbHEIE, TO BHI IoyuuTe 1 Gasr.
e Ecnu TOJBKO TPU OTBETA IIpaBUIbHBEIE, TO BH noiyuuTte 0,6 Oasna.
e Eciu TOJBKO OBa OTBETa NpaBUJIbHLEIE, TO BH monyuuTe 0.2 Ganna.
e EcCu TOJBKO OOWH OTBET IIPaBUJIbHBIN, TO BBl HU4Yero He nonyuute (0).

Bbl MO2KeTe UCIIOJIb30BaTh ITPENOCTaBJIEeHHbIE TUHEUKY U KaJIbKYIsaTOD.
[IpekpaTuTe OTBEYATh U MOJOKUII PYYKY Cpaly, KaK TOJIBKO MIPO3BEHUT 3BOHOK,
yKa3bIBAIOIINY Ha 3aBepllleHne 3K3aMeHa. Brnoxure ceou JIMCT OTBETOB U OJIaHKH
3aJlaHHUM B IPEIOCTABIEHHLIH KOHBEPT.

Yoaumu!!!
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BUOJTIOIM N4 KITETKUA
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Q.51

YueHBI IPUTOTOBUII 3 TJIaBHBIX KOMIIOHEHTA [JI1 BEICOKOIIPOOYKTUBHOI'O CKPUHUHT A
MHTUOUTOPOB IIPOTEMHKNHA3. Ha mepBoM 3Tame ObIJIO IPOBEOEHO CIIMsSHNE TeHOB
pa3HBIX IPOTEMHKWHA3 C TTaBHBIM I'eHOM Karicupaa (rosoBku) ¢ara T7. [1pu
9KCIIpeCUU B OAKTEPUSIX CIUTHIE O€JIKY, KOOUPYEMbIE CITUTHIMU IeHaMU, BKII0YaIuCh
B Karcup (¢ara, mpuieM KMHa3bl HaXOOUINCh Ha BHENIHEN MOBepXHOCTU. Ha BTOpOM
aTarne aHanor AT®, KOTOPEIM MOXKeET CBA3BIBAThCA C AT®-CBA3BIBAIOLIUM Y4aCTKOM
KHHa3, ObIJT MPHUCOeOUHEH K MarHUTHHIM ITapuKaMm. Ha TpeTtbeM aTarie ObLI
IIPUTOTOBJIEH DAHK BeIeCTB, KOTOPhie TpeboBaJIOCh IPOTECTUPOBATh Ha UX
CIIOCOOHOCTh MHTMOMPOBATh MOTEMHKHWHA3HI.

5 % a TecTpyemoe BewecTso
MarHuTHble Wapuku ¢ aHanorom AT® l

? [ann3 q)aI'OB CBA3@HHbIX C MarHUTHbLIMU Wlapukamn

®arun T7 ¢ KuHazaMmu, CIMTLIMU C Kancuaom \ nofcyeT Gnswek Ha yawke ne’

s
%

PucyHok Q.51 CKpUHUHT NOTeHLMaNbHbIX MHIMOUTOPOB NPOTEUHKMHA3

I71s1 u3MepeHus CIIOCOOHOCTH TECTHUPYEMBIX COeMUHEHNM CBSI3bIBaTh KUHA3y, dar, Ha
IIOBEPXHOCTU KOTOPOI'0 HaXOOuIach Ollpeie/ieHHasl KuHa3a, CMeIIUuBaiu C
MarHUTHHIMU IIapHKaMU B HECKOJILKUX JTYHKaX MUKpOILIallleTa Ha 96 TyHOK. 3aTeM
TECTUPyeMOe COeqUHEHNE BHOCUJIN B OTHEJIbHLIE JIYHKU B PA3JIMYHBIX
KOHIIeHTpanusax. CMecu MHKyOUPOBaJId IPU OCTOPOKHOM IIepeMelInBaHuy Ha
MpoTsiKeHuu 1 yaca npu treMiepatype 25°C, mapukyu coOupanauchk Ha JHE 1mo[
BO3IEeMCTBUEM CHJIBHOTO MarHuUTa U BCe CBOOOMHBIE (HeCBsI3aHHbIe) KOMIIOHEHTHI
BBEIMBIBAJIMChH. B KOHIIE CBSAI3aHHBIE C IIapUKaMu (haru OTHOEeNSIIUCh OT IIIapPUKOB II0]]
BO3[eMCTBUEM U3OBITKA TOTO Ke caMoro aHanora AT®, KOTOPBIN OBIII CBSI3aH C
IIapuKaMU, ¥ IIOOCYUTHIBANIA KOJTMYECTBO JTUTUYECKUX OJISIIEK, KOTOPhLIE OHU
0o0pa3yioT Ha OaKTepuasibHOM ra3oHe B 4dalke [Tetpu (Puc.Q.51).

Ykaxute B JIncte OTBETOB, SABISETCS JIM KaXKO0€ U3 CIEAYIOLIUX YTBEPKAECHUN
BepHbiM unu HeBepHBIM.

A. Korpa npoiiecc cBsI3bIBaHME JOCTUTAeT PAaBHOBECH S, BCE MOJIEKYJIBI
IMOTEHIIMAIbHOTO0 UHTUOUTOpa OyOyT CBSI3aHbl C KUHA30MU.

B. TectupyeMmble coequHEHMUsI, KOTOPhIe TOKA3LIBAlOT BEICOKOE NHI'MOMPOBaHUE B
9TOM MeTone, CBA3BIBAIOTCA C AT®-CBA3LIBAIOIIINM CAUTOM KUHA3HI.

C. HeOGonbiime pa3nuyus B 3BOIIOIMOHHO KOHCEPBUPOBAHBIX CaliTaX CBSI3bIBAHUS
AT® B MoJnieKynax KWHa3 MO3BOJISIOT apeCHO HaNpaBIATh CIelupuiecKue
KWHa3kbl Ha UX CyOCTPATHI.

D. TIpoyHO CBSI3BIBAIOIIIEECS TECTUPYEMOE COeIUHEHNE AAaCT HeOObIIIOe KOTUYECTBO
Onsamiek Ha OaKTepuabHOM ra30HE..
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Q.52

Bbl onmpegenuiy red y OensSIInuXcs OPOXKIKel, TOMOJIOTUYHEIN CyObeuHuIle
TeJioMepa3bl IPOCTENIINX. 3aTEM BbI IPOBEIN HaAlleJIEHHYIO AEeJIEelNI0 OJHON KOIIUHU
3TOT'0 F'eHa y OUIIJIOUAHOTO LITaMMa 3TUX OPOXKIKEU U UHOYLIUPOBAJIU CIOPYIISLIUIO0
OJIs TIOJIyYEeHU s rarjIOugHBIX OPpraHnu3MoB. Bce 4 ciophl IpeKpacHO MIPOPOCIU U BHI
CMOTJIX BRIPAQCTUTh KOJIOHNWHU HA YalllKaxX C IIUTaTeJIbHLEIM arapoM. Yepes Kaxable TpHu
OHS BBl IEPEHOCUIN KOJIOHHUHY Ha HOBBIE YalllKu. [Iociie d4YeThIpexX TaKUX IIEPEHOCOB,
IIOTOMCTBO IBYX M3 YETBIPEX UCXOOHBIX CIIOP POCJIO IIJIOX0, eCJIX BOOOIIE Pocio. Bul
B35JI4 KJIETKHU C 3, 6, 1 9 JHEeBHHBIX 4allleK, Beigenunu u3 Hux [IHK u pa3pesanu
0o0pa31ibl B y4aCTKe XPOMOCOMEI IIPUMEPHO 3a 35 HYKJIEOTUOB OT Hadaa
TeJIOMEPHBIX ITOBTOPOB. BhI pasmenunu parMeHTHI IIPU IIOMOIIY I'efib-3JIeEKTpodopes3a
1 IIPOBEJIN UX TUOPUON3AIUIO CO CIEIIU(PUUHEIM [OJI TEJIOMEP Paarlo0aKTUBHEIM
30HOOM (TeMHBIe 10I0CH) (Puc.Q.52) CuuTanTe, 4TO BpeMs YOBOEHUS YMCJia KJIETOK
COCTaBJIsIeT 6 4acoB.

s1 S2 53 sS4
t|3 5 9|3 5 9‘3 5 9‘3 5 EIWT‘M{DD]

-
- 500

-
- = 500
- 400
300
200
100

PucyHok Q.52. AHanna Tenomep 13 NOTOMKOB NMEPBbIX YeTbIpex CNop Aensawmxca agpoxxen, (S1-S4) Ha pasnnyHbIx
OHAX (t).
WT — 370 HOpManbHbIe QUMNNOUIHbIE OPOX XM

YkaxwuTte B JIncte OTBETOB, SIBISETCS JIM KaXXKO0€ U3 CIEOYIOIIUX YTBEPKIECHUN
BepubiMm unu HeBepHEBIM.

A. CpenHss OnMHa TEIOMEDPH Y OeNAluxcsa Opoxken coctaBusaeT 300 HYKIeOoTUOOB.
B. Cnoops! 2 u 4, 10o-BUOUMOMY, HE UMEIOT TeJI0OMepa3Hl.

C. Tenomepsl gendamnuxcsa OPOoXKXKeu TepsaoT MeHblle 20 HYKJII€OTUOOB IIPU KaxXXaou
pennuKaluu.

D. [ensmyecs OPOXKIKYU, KOTOPHIE IOTEPSIJIA CBOU TEJIOMePH], OyOyT UMETh
HOPMaJIbHEIN pa3Mep KJIETOK.
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Q.53

PeokcureHanus nocie repuoga OTCYTCTBUS KUCJIOPOda BEI3bIBAET

IMOBpPeXIeHNne KapauoMuoInToB. OnHUM u3 Hauboee BaXKHBIX UHOINKATOPOB OIIEHKHN
PabOTHI KJIETOK CEPAeYHOM MBIIIIEI SIBISETCS IMOTEeHIINal Ha MeMOpaHe MUTOXOHOPUH,
KOTOPBIM MOZKHO IIOMETHUTH (CAeaTh BUOUMBIM) C IIOMOIIBIO IPOHUKAIOIIEr0 B KJIIETKHU
KpacuTens (3aps2KeH MOJIOXKUTEIbHO, CEPOT0 IIBeTa Ha PUCYHKe HUXKe U KPaCHOTO
IIBETa Ha IpujlaraeMoM K 3aJjaHUI0 PuCyHKe), KOTOPHIM OBLICTPO HaKallJIMBaAIOIIUMCS B
AKTHUBHBIX MUTOXOHOPUSAX M3-3a UX OTHOCUTEIBHO OTPHULIATEIBHOTO 3apsaaa.

PHCyHOK HUIKe UIITIOCTPUPYET MOIEJIb OOVMHOYHOTO MUOIIUTA, TOABEPTHYTOTO
runokcun/peokcurenanuu (HR) (1), c mo6aBnenueM unmu 6e3 modaBjieHUsT BellecTBa A
repen rurokcuen. MsobpaxkeHuss MuoluTa OB cOejlaHEl B MOMEHTHL BpeMeHH (a, b,
C).
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YkaxuTte B JIncre OTBETOB, SIB/ISETCSA JIU KaXO0€ U3 CIIeOYIOIIUX YTBEPXKOEeHUN
BepureiMm unu HeBepHEBEIM.

A.

B.
C.

Kak nmokazano Ha Puc.Q.53.(2)a, KapauOMUOILIUTEI - 3TO TUIIUYHEIE
[IOIIEPEYHOII0JIOCaThie MBIIIIEYHbIE KIIETKHU.

['Mmokcus BBI3LIBAET CHUXKeHNe PH B MaTpuKCe MUTOXOHOPUMN.

[TpenBapuTenbHasi 06ab00TKa BellleCTBOM A IT0jIe3Ha OJis KJIETOK , TaK KaK 9TO
IIpefoTBpaIlaeT IoTepio (Kojianc) MeMOPaHHOT 0 IIOTEeHIIMala MUTOXOHOPUM ITPHU
HR.

CHsATBIE N300paxkKeHus B IPYIIIe MPeOBapUTEeIbHOI0 IPUHATHAS JIEKapcTBa A
II0OKa3aHbl Ha PUCYHKe (2) U cHATHIe n3o0paxkeHus oo6padorku HR 6e3
IIPeOBapPUTEILHOTO IPUHSITUS JIEKAapCTBa A ITOKa3aHHBI Ha pUCYHKe (3).
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Q.54

AHTHUdpUu3HLIe rmuKonpoTenHbl (APITI) o6agaoT CII0COOHOCTHIO MHTMOMPOBATH
oOpa3oBaHUE JIbla U ITI09TOMY SIBISIIOTCSA OYE€Hb BaXKHBLIMU [1JI151 BEI2ZKUBAHUS MHOTHUX
BU[IOB HACTOSIIINX KOCTUCTHIX PhI0, KOTOPhIE OYE€HDb YaCTO CTAJIKMBAIOTCS C
TeMneprypamMu Huxe Hyd. Tunudaein AOI'TI COCTOUT U3 HOBTOPSAIOIIUXCS
TPUINIENTUOHBIX €JUHUL], a UMEHHO allaHuJI-TpeoHun-ananun (Ala-Thr-Ala), ,
CBSI3aHHOU C AHCaxapUuOoM TJIMKO3UOHOU CBSA3BIO0 Yepe3 TUAPOKCUIIBHYIO

TPYIIy OCTaTKa TpeOHUHa. [[Ji BhIICHEHUS TOr0, KaKue XUMUYEeCKUe TPYINIbl BIUSAIOT
Ha aHTU(PUPU3HYIO aKTUBHOCTh 3TOT0 ITMKONPOTENHA, YU€Hble CUHTE3UPOBaIu
MHorouucneHHble aHanoru AOI'TI nmyrem moguduKaluy Kak caxapa, Tak U IEeNTUAa,
3amecTuB Tpu rpynnel R; Ry R3 pasmuyHBIME XUMUYECKUMH I'PYIIIaMU, KaK
rnoka3aHo Ha Pucynke Q.54, u uaMepuiu aHTU(GPU3HYI0O aKTUBHOCTb.

CH,OH
H

10

R
@) @)
H H
N N
N
H
O n=8-15

PucyHok Q.54 CtpykTtypa TrnmyHoro APl

PeayanaTm I/ICCJ'IeJIOBaHI/Iﬁ IIpengCTaBIIEHEI B Ta6J'II/IL[e HHUXKeE.

R, Ry R3 AHTHPpPHU3HAsA aKTUBHOCTH
HO CHj; lamakTo3un HET

N-Auetun | CH3 'amakTo3umn €eCTb

N-Auetun | H l'anmakTo3un HeT

N-Auetun | CH3 H €CTbh

O-Anietun |CH3 H HET

N-Auetun | CHj I'anmakTo3un - 'aymakTo3uin HeT

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIIUX YTBEPKIECHUU
BepurbiMm unu HeBepHEIM.

A. [Ins anHTuUPU3HON aKTUBHOCTU TpeOyeTcs Halu4due Aucaxapuaa, CBI3aHHOIO C
OCTaTKOM TPEOHHUHaA.

B. MyTaHT, y KOTOPOTO OCTAaTOK TPEOHWHA 3aMeIlleH OCTaTKOM CepuHa, He o0jajmaeT
aHTU(PUPHU3HON aKTUBHOCTBIO.

C. N-auetunbHas rpynmna B nojioxeHuu C-2 HeoOxomuma Aj1s1 aHTUGPUIHOMU
aKTUBHOCTH.

D. Pa3HoOe 4uCJI0 HOBTOPSAIOIIUXCS IT0CIeqoBaTeIbHOCTEN B reHax A®ITl y
OIU3KOPOACTBEHHBIX BUAOB MOXKET OBITh CBSI3aHO C ommOKamMu B pabote JHK-
IIOJIMMEPa3Hl.
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Q.55

Cyoremunuiia F1 (mepudepudeckuit MeMOpaHHbIl 6e10K ) AT®-cuHTa3bI
KaTtanusupyet cuute3 AT®, UCI0JIb3ys HIPOTOH-ABUXKYILYIO CUJTYy, KOTOpas
obecrneynBaeT BpallleHue CyObeIuHUIE F( (MHTerpaabHbIM MeMOPAHHBINA OeIKOBBIN
KOMIIJIEKC) B OHOM HallpaBJIeHUHU. F1 COCTOUT U3 Tpex a U Tpex b cyObeauHMUII,
OpPraHM30BaHHBIX 10 IIPUHIINITY YepeaoBaHUsI BOKPYT LEeHTPaJIbHOTO CTEPKHS,
CyObeqUHUIIBI Y. .

1 ndydyenus BpauleHuss, Macakyke Homrna 1 ero rpymnna IpucoeguHUIIN
Me4YeHHHIN (QII00PECIIEHTHOM METKOM (ulaMeHT aKTHUHA K Y U Habmomany 3a ero
OBUXKEHUEM

\-kamepa

PucyHok Q.55A lNpucoeanHeHne MevyeHHOro punameHTta aktmHa K AT®-cuHTase.

IBuxynecs puIaMeHThl aKTHHa HaOJIIomanay IIpyu MOMOIITY MHBEPTUPOBAHHOT O
(dmoopeciieHTHOT0 MUKPOCKOIa 1mocie godasnenus 2 MM AT® B kamepy,
copepzKallyio MeudeHHBIN F1 KoMIlmekc, *MMOOUIN30BaHHBIM Ha IHE KaMephl, Kak
3epKajibHOe n3o00paxkeHue, CHATOe poToannapaTom. [I[poMeKyTOK BpeMEHU MEXKIY
CHUMKaMu cocTaBysan 220 mcek. Brina coenaHa cepus U3 12 CHUMKOB, KOTOpas
NoKa3aHa Ha Puc. Q.55B.

PI/ICVHOK Q.55B lNocnenoBaTenbHbIE CHAMKM Bpallarulerocs punameHTa aktmHa, npnucoegnHeHHoro K cy6beu|/|H|/|ue B
F1 komnnekce. HOMepa yKa3blBakOT Ha NopsAO0OK CHUMKOB
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YkaxuTe B JIncre OTBETOB, SIB/ISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEeHUN
BepureiMm unu HeBepHEBEIM.

A. Tunponus AT®, ocyiecTBisieMbii F{, TpuBOAUT K KOHQOPMaIIMOHHEIM
M3MeHEeHUsIM CyObeqUHUI] a U b.

B. W3 cepuu CHUMKOB BUOHO, YTO (DHJIaMEHT BpaAIllaJiCs MPOTHUB YaCOBOM CTPEJIKU
(Tpm pacCMOTPEHUM C IUTO30JIbHOU CTOPOHHI).

C. CxkopocTts Bpamniesus Huxke 0.3 000poTOB B CEKYHIY.

D. Bpamienue ¢punaMeHTa aKTHHA B IIPOTUBOIIOJIOKHOM HAIIPABIEHUU COMNPSIZKEHO C
cuHte3oM ATO.
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Q.56

OBoIly, ITOABEPTHYTHIE MOJIOYHOKMCJIOMY OPOKEHHIO, SIBJISIOTCS TPAAUIIMOHAIbHOU
MMUIEeN B KyXHe MHOTUX CTpaH A3uu. MUKPOOPraHu3Mbl, KOTOPhIe OOBLIYHO HAaXOOsT B
(bepMeHTaLIMOHHOU XKUOKOCTH, 9TO MOJIOYHOKHUCIbIe OAKTEPUH, APOXKIKU U HUTYATHIE

TPUOHL.

PHC.Q.56 HHU2Ke IIOKa3hbIBAE€T USMEHEHNE KOJIMYEeCTBaA 2KUBEIX KJIETOK (IOg

KonoHueoOpa3sylomux equHull (KOE)/MI) Tpex pa3nu4HBIX TPYIIIT MUKPOOPTAaHU3MOB U
3HayeHuU pH npu MomoyHOKUCIIOM OpoXKeHUHu KanycTel. ComepKaHue KUCIIOpoaa,
PacTBOPEHHOTO B (pepMEHTAILlMOHHOM XKUOKOCTHU, CHUKAJIOCh CO BpeEMEHEM [I0 €Tr0

WCYEe3HOBEHUS Ha 22 IeHb KYJIbTUBUPOBaAHUSA.

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

KonuuyecTBo )XXM3HecnocoObHbix knetok (log KOE/wm

PucyHok Q.56 /13meHeHns MMKPOG Nopbl BO BPEMS MONIOYHOKMCIONO BPOXEHNS KanycTbl.

YkaxuTte B JIncre OTBETOB, SIBISETCS JIU KaXKaoe U3 CIEeOYIOIINX YTBEPXKOEHUU

3 6 10 14 18 22 26 32 46

Bpemsa doepmeHTauum (aHM)

BepubiM v HeBepHBIM.

A. TTapgenue 3HaueHus pH ¢ 1-ro mo 3 mHU OBLIJIO BEI3BAHO

TOJIBKO OPTraHUYE€CKHMMHU KHUCJIOTaMH O6pa3OBaHHBIMI/I HCKIJIOYUTEJIBHO

MOJIOYHOKHCJIBIMHA 6aKTepI/I$IMI/I.

B. MonouyHas KHMCI0Ta, 00pa30oBaHHAS MOJIOYHOKUCIILIMU OAKTEePUSIMH,
nmoggep KuBajia POCT KJIEeTOK Apoxxkeu ¢ 10 gHs 1mo 26 OeHb.

C. [IpoxkzKeBble KJIIETKH IIePENIi OT OPOXKEeHUs K adpOoOHYI0 ObIXaHUIO ITocyie 22 OHS.

D. HekoTopble HUTYAThIE TPUOHI ITOKA3bIBAIOT TOJIEPAHTHOCTD
K HU3KUM 3HauyeHusM pH.
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Q.57

MuKpoOOpraHu3Mel, JKUBYIIIHE ITPU BEICOKOM KOHIeHTpanuu conu (Beimie 2M NaCl)
HaXOOSATCS B Cpefie C HU3KOM aKTUBHOCTBLIO BOAHI, TIO3TOMY OHU HOJIXKHBLI UMETh
MexXaHU3MBbI, IPENSATCTBYIOIINME IOTEPE BOOLI IyTEM OoCMOca. AHaIu3
BHYTPUKJIETOYHON KOHIIEHTPALU NOHOB y ['ato0aKkTepui, KUBYILIUX B COJIEHBIX
o3epax, MOKa3bIBaeT, YTO 3TU MUKPOOPTaHU3MHEI IOANEPKUBAIOT UCKITIOUUTEIHBHO
BbICOKME KOoHIleHTpauuu conu (KCl) BHyTpu cBOuX KiIeTOK. Hanuuue BEICOKOU
BHYTPUKJIETOYHON KOHIIEHTPAlLIMMU COJIA TpeOyeT CclielinabHBIX afanTalui 6eJIKOB U
OPYyTUX MaKpPOMOJIEKYJI KJII€TKHU.

Ykaxute B JIncte OTBETOB, SBISETCS JIU KaXXA0€ U3 CIEOYIOUUX YTBEPKIECHUU
BepureiMm unu HesBepHEIM.

A. BonbIIMHCTBO BHYTPUKIIETOUHBIX 0e71KOB ['amobakTepuu COOEepKUT OOJIbIION
“30BbITOK 3apsi2KEHHBIX aMUHOKHMCIIOT Ha UX BHEIITHEHN ITOBEPXHOCTH.

B. TI'anmobGaktepuu TpaTAT MHOTO AT® Omns mommepzKKHM OCMOTHUYECKOIO TaBJIEHUS.

C. BOonbIIMHCTBO BHYTPUKIIETOYHBIX (pepMeHTOB ['amobakTepuu TEPSIOT CBOIO
KaTaJIMTU4YeCKYyI0 aKTUBHOCTh B pacTBopax, cogepxkamux meHee 1 M NaCl.

D. YV I'anobakTepuy aMUHOKHUCIIOTH MOTYT IPOHUKATh B KJIETKY IIPU IIOMOIIHU
aHTunoptTepoB Nat/aMUHOKKMCIOTHI.
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Q.58

['erHOM Bupyca rpurtiia A COCTOUT U3 8 OTHEIbHBIX OOHOLIEIIOYeYHBIX MOJieKysl PHK,
KOOUPYIOIIUX B 00111eM cj1oKHOCTH 11 BUpPyCHBIX OeKOB. Bupychl rpurnima A
KJIaCCUPUIIMPYIOTCS Ha OCHOBE [BYX IIOBEPXHOCTHBIX aHTUTE€HOB, reMarjitoTuauHa (H),
y KOoTOoporo cyiecTByeT 18 pasnuunbix noarunos (H1-18); u Helipamuuupassl (N), y
kKoTopou cymecTtByeT 11 nogTunos (N1-11) (Puc.Q.58A). 2)Ku3HeHHBIN LIUKJI BUpPYyCa
rpumnma A noka3aH Ha Puc. Q.58B.

nI/II'II/I,D,Haﬂ oéonqua, npoucxoaswas n3 Knetkn xo3sganHa
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—— > —
— —
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CnuaHwe n
oceobox neHne oT ofonoukK

PucyHok Q.58 Bupyc rpunna A: (A) ctpoeHue supyca v (B) XU3HeHHbI LK BUpyca.

Ykaxute B JIucte OTBETOB, SIBISETCH JIU KaXXA0e U3 CIIEOYIOUUX YTBEPKIEHUNU
BepHbiM unu HeBepHBIM.

A. Bupycsl rpunna A 0eMOHCTPUPYIOT OBICTPYIO 3BOIMIOIMOHHYIO TUHAMUKY, TaK KakK
WX T€eHOM CEerMEeHTUPOBaH.
B. Teopetuuyecku cyulecTByeT 88 TUIIOB BUPYCOB rpunmna A

C. Bupycsl rpuriia A MeIOT BEICOKYIO0 CKOPOCTh MYTHPOBaHUS, ITOCKOJIbKY UX T€HOM
CcoCTOUT U3 onHolenoueuynou PHK.

D. BupuoH rpumnmna A MOXKeT 3apazaTh KJIETKH TOJIBKO B TOM CJIy4ae, eCjiu
npucytcTtByeT PHK-3aBucumas PHK-monumepasa.
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Q.59

dochopunupoBaHre - 3TO I'JlaBHAS IIOCT-TPAHCISIIMOHHASA MOoOUu(UKAIIMS, IITUPOKO
HMCIOJIb3yeMasi B PETYISIINYA MHOTHX KJIETOYHBIX IIPOIIECCOB. MeTomoM, IT03BOJISIOIINM
OIIPEeIeNnUTh YPOBEeHb hochopunnupoBanHmus OEJIKOB, IBISIETCS 31eKTpodope3 B
MOOU(PUIIMPOBAHHOM Tejie C XMMHUYECKUMH I'PyIIlaMM, CofepzKallliMU NOHBI MeTaJllia
(M), KoTOpBIE MOTYT 00paTUMO CBSA3BIBaTh pocdaThl M TaKUM 00pa30M BIIUSATH Ha
IMOOBUKHOCTH (OCHOPUIUPOBAHHBIX OEJTKOB.

(0]

rlOJ'IVIaKpVIJ'IaMI/IJJ,HbIVI rent

PucyHok Q.59.A lMonuaktunammiHbli renb ¢ pocaTHbIM Tarom

9TOoT MeTon OBINT UCITOJIb30BaH [JyIs ulydyeHus pochopunupoBanus 6enka p35. beinu
CO37IaHbl TPU MYyTaHTHBEIE (DOPMHBI 3TOTO OelKa: CEpUH 3aMeHEH aJlaHUuHOM B
nonoxkeHuu 8 (S8A); TpeOHUH 3aMeHeH ajlaHuHOM B nmojiokeHuu 138 (T138A) u
3aMeHeHbl 00€ aMUHOKUCIIOTH (2A). YUTUTE, YTO CEPUH U TPEOHUH MOTYT OBITH
dochopunrpoBaHbl, a aJaHUH HET. 3aTEM [Ba IIITaMMa OPOXKIKel C HopMaJlbHOU (Wt)
WUJIA HEeaKTUBHOMU IIMKINH-3aBUCcUMOM KuHa30# 5 (Cdk5) (kn) O6b11n
TpaHchOpPMUPOBaHEI MO0 reHoM p35 muKoro tuna (wt) mubo ogHOM U3 Tpex
MYTaHTHBIX (opM. JIM3aThl KJIETOK BOCHMHU IIOTYYEHHBIX IIITAMMOB OBITM HaHECEHHBI Ha
renb ¢ pochaTHEIM TaroM. benkuy U3 res ObINIM IIepeHeCeHbl Ha MeMOpaHy IIyTeM
BECTEPH-OJIOTTHUHTA, KOTOPYIO 0O0paboTanu aHTUTEIaMu IpoTuB p35 . Pe3ymbrart
IMOKa3aH HUXKeE.

Cdk5 kn wt
P35 & fﬁ‘#vaﬁqﬁ fﬁ‘é"?‘&"ﬁ#

M1
M2

L2 L1 B
PucyHok Q.59.B ViMmyHo6noT ¢ aHTUTenamu k p35. CTpenka ykasbiBaeT HanpasneHue AsuxeHuns. MNonocekl

p35 0603HaveHbl M1, M2, L1, L2, L3, n L4. MNonoca L4 cooTBeTCTBYET MOMHOCTLIO HEGOCHOPUNMPOBAHHOM
thbopme p35.
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YkaxuTte B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A. Benok p35 umeeT TONBKO ABa canTa (GpochopunupoBaHusi: CEpUH 8 U TPEOHUH
138.

B. Benok p35 mMoxkeT ObITh pochopunupoBaH NpoTenHKUHA30M, nHoM yeM Cdkb.

C. Y mramma Cdk5-wt p35-S8A ToIbKO HECKOJILKO MOJIEKYJI P35 ¢pochopunupoBaHbl
B nnojtoxxenuu T138.

D. ®ocdaTHbIEe TPYIIIILI, IPUCOEINHEHHBIE B TOMOXKeHUU S8, 60jiee MOCTYIIHBI OIS
B3aMMO[ENCTBUS C TPyINIiaMu, CBA3kIBaOmuMu docdat, Ha pocdo-Tar reje, 4em
docdaTHBIE TPYIIILI, IPUCOEAUHEHHBIE B TTOT0KeHUU T138.
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Q.60

[TonsaspHOCTH, 3apsAn ¥ MOJIEKYISIPHBEIM BeC MOJIEKYJI MOT'YT BIIUATh Ha

CKOPOCTbD UX ITacCuBHOU Auddy3uu yepe3s MmeMOpaHbl. AMUHOKHCIOTH 1 JIEKApPCTBa,
TaKye KaK aCIIUPHUH, pa3IudarTcs KakK 1m0 93pPeKTUBHOCTH, TaK U IO MECTY UX
abcopOuuu. Ha pucyHKe HUKe MOKa3aHbl XUMU4deckre GpopMynbl 1 3HaueHus pKa
aCIMpUHa U aprUHUHA.

2.18
o\\\c/o

+

9.04

|
HaN c|;— H

—NH, 12.48

AcnvpuH ApryHuH
PucyHok Q.60

YkaxuTte B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepurbiMm unu HeBepHEBEIM.

A. AcnupuH guddyHOUPYyeT dyepe3 MeMOpaHHI T'JIaBHBIM 00pa30M B XKelyaKe, Tak
Kak 00Jbllle MOJIeKyJlI ACIUpUHA HaXOOsATCS B HEIPOTOHMPOBAHHOM COCTOSTHUM
npu 3HadyeHuu pH okomno 1.6 B Xenynke.

B. OcHoBBIBasiCh Ha MOJIEKYISIPHOM Bece, AciupuH OynmeT ouddpyHOUPOBaTh Yepes
MeMOpaHy nerye yeM ApruHuH.

C. OntumanbHBIM Ouana3oH pH nmns abcopbiimu ApruHuHA IIyTEM IaCCUBHOMU
onddy3uu HaxoouTcsa mexay 2.18 u 9.04.

D. Owmenpa3soi, HHTHOUTOP IIPOTOHHOTO Hacoca, 6JIOKUPYET MOCTyIlJIeHre ACIUpuHa
B KPOBb B Ha4YaJIbHLIE HECKOJILKO MUHYT IIOCJIE ITpreMa TabJIeTKH.
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AHATOMUS U DU3NONOIrNA PACTEHUN

Q.61

g nlyyenus BnusHus KagMmus (Cd) Ha pa3BuTHE KOPHS OBIJIO IPOBEIEHO OBa
9KCIepUMEeHTa Ha MPOPOCTKaxX KYKyPy3hl C KOPHAMU OIUHON 6 cM. B mepBoM
9KCIIEPUMEHTE ITPOPOCTKH BhHIPAIIMBAIU Ha cpefe ¢ mobaBneHueM 5 pyM Cd (Cdb) unu
6e3 Cd (Cd0). Bo BTOpOM 3KCIIEPUMEHTE IIPOPOCTKY BBIPAIIIUBAIIA MEXOY OBYyMSI
cinossmu arapa 6e3 Cd (Cd0-CdO) unu npu Hanuuuu 100 pM Cd (Cd0-Cd100) Tonpko
C OOHOU CTOPOHHL. Yepe3 4 OHA NpoaHalIu3upoBaiu pocT KopHen (Puc. Q.61-

1), coenany Ux mMoIlepedyHble CPe3bl U OKPACHUIU WX [IJIS BHISIBIEHUS B S9HIOOOEPME
namMmeJs cybepuHa (o6o3HaueHuss cpe3oB A-I Ha Puc. Q.61-2 coOTBETCTBYIOT MeCTaM
ux npoBegeHus (A-1 ), nokazanubex Ha Puc. Q.61-1).

A B

ocrosanne CdO Cd5 __ ocHoean€d0-Cd0 CdO0-Cd100
¥ 100 —— 2100 T .,gam -D
. | |1 s 1 (N
T - = T - =
; 1 -=1 .|.R.B. - A unu :é 1
§ - cd100 ; 4
é 50 EE B (:g 50
4

= —+ - 4
o
) A cofees - C V 8 A1 cofees - F
S =
I T
x® -T- = -T-
o o
= -
s 0+ S 0—=

KOHYUK KOHYUK

PucyHok Q.61-1. PaccTosiHMe 0T KOHYMKA KOPHS A0 ero ocHoBaHus B akcrniepumeHTe 1 (A) n 2 (B). Obnactu 3penoti
SHOOAEPMbl B KOPHAX MOKa3aHbl CMAOWHON U MYHKTUPHON ANHUAMM.

PucyHok Q.61-2. lNonepeuyHble cpeabl, NPOBEAEHHbIE B MeCTax, yk3aHHbIx 6ykBamu A-l Ha Puc. Q.61-1. benble cTpenku
yKasblBatoT Ha namenbl cybepuHa B sHOoAEPME.
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YkaxuTte B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A. OoOpaboTka Cd npuBoguia K YMEHbBIIEHUIO 30HLI PaCTSIKEeHUSI KOPHS, 4TO
yMEeHbBIIIaJIO OJINHY KOPHSI.

B. DHpomepMarbHBIE KJIETKHU C JlaMeJlJlaMy cyOeprHa yKe IIPUCyTCTBOBaId Ha
y4acTKe, HaXOOsIIeMCsl Ha PAaCCTOSHUY ITpubmu3uTenbHo 0,5 cM 0T KOHYHKA
KOPHS, B TKaHIX, IIPUMBIKAIOIIUX K arapy, cogepzxkaiieMy Cd100. OgHako KJIEeTKH,
comepakailue cyoepuH, Oblin 0OHaApPyKeHbl Ha O0JIbIIIEM OTHAJIEeHUN OT KOHUYMUKA
Ha JPYyrou CTOPOHE.

C. B KOpHsX, IOOABEPTHYTHIX OOHOCTOPOHHEMN 06paboTke Cd (Cd0-Cd100),
ITPOMUCXOOUIIO YCKOPEHHOE U aCUMMETPUYHOE PA3BUTHE SHIOOEPMHI.

D. Ha cpenme c BricOKuM copepzxkanueM Cd rmamMersinbl cy0eprHa B KJIeTKax
SHOOOEPMBI OTCYTCTBOBAIU B O0jlee 3peNbIX YacTsaX KOPHS, BEPOSITHO, U3-3a
HapyIleHu#, BeI3BaHHLIX Cd B ero 00Jjiee MOJIOOBIX YaCTsX.
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Q.62

H3y4das peakuio TPaBIHUCTHIX PAaCTEHUU HA 3aCyLIJIUBLIE YCJIOBUS, YUEHBIE ITPOBEINA
HCClIleloBaHNe Ha Tpex Bumax Ranunculus B uX eCTECTBEHHBIX YCIIOBUSAX OOUTaHuA: R.
bulbosus - Ha cyxux nyrax, R. lanuginosus - Ha BJIaXXHBIX JIyraxX, U R. acris - B o6oux
MecTax. OHY U3MEPUIU BOOHBIM IOTEHIIMAJ JINCThEB U IPOBOAUMOCTE BOOHI B
3aBHCHUMOCTH OT ferugpartanuu (o6e3BoxkuBanus) (Puc. Q62). [I1s OlleHKH IIOTepHU
IIPOBOAUMOCTHU M3-3a 3aKyIMOPKHU COCYA0OB OBIJIO TPOBEAEHO OKpallluBaHUE

Kcunemsl R. acris u3 Cyxux JIyroB. BEIJIO MOKa3aHO, YTO IIPOBOAUMOCTE BOIHLI B
Kcusieme cHuxaetcda Ha 50% npu - 2 Mlla unu MeHblIlIe U3-3a 3aKYIIOPKU

cocynoB. PaHee mpoBeieHHBIE UCCIIEIOBAaHUSA 10 U3yYEHUIO BOOMHON YyBCTBUTEIBHOCTH
JINCTHEB IIOKa3ajid CHUXKeHHe B HuxX Ha 50% BoOgHOU mpoBOoguMOCTH OT - 1 mo - 1.8
MIla y MHOTOJIETHUX TPaBAHUCTEIX pacTeHuu u rnpu - 1,8 Mlla - y npeBeCHBEIX.

- R. bulbosus . R. langinosus R. acris (cyxoit) R. acris (BnaxHbliA)
© :
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BogHbiin noteHumnan (Mra)

PucyHok Q.62 BogHas nposogmmocTb nucta (Lhe) y Bmpos/nonynaumin Ranunculus B 0TBET Ha fervapaTtaumio.
CnnowHas n NyHKTUpHas BEPTUKaNbHbIE NMHUM NOKa3bIBAIOT AOCTUXEHME YPOoBHA 50% 1 88% -nageHns BOOHON
npoBOAMMOCTN NACTA, COOTBETCTBEHHO.

Ykaxute B JIucte OTBETOB, SIBISETCS JIU KaXO0e U3 CIIEOYIOUUX YTBEPKIEHUNU
BepHbiM unu HeBepHBIM.

A. Bce Buanl 04eHb YYBCTBUTENBHEI K BOOHOMY CcTpeccy. Cpenu BUOOB C Y3KOU
9KOJIOTUUYECKOM aMIIJINTYI0M, 3aCyXOUyBCTBUTENbHEIN BUf R. bulbosus ObL
MeHee UyBCTBUTEJILHBIM K 3acyxe, 4yeM oOuTalonui B 60Jiee BlIaXKHBIX
ycnoBusix R. lanuginosus.

B. Bupgbl TpaBIHUCTHIX paCTeHUU OoJjiee YyBCTBUTENbHBEI K BOOHOMY CTPECCY, YeM
OepeBbsl 1 MHOTOJIETHHE TPaBhl, HO TaKXKe 0051afailoT pa3IudyHbIMU
MEeXKBUAOBBIMU U BHYTPHUBUAOBLIMU IIPUCIIOCOOIEHUAMU K U3MEHEHHIO BOOHOTO
pexuMa, B 3aBUCUMOCTH OT HaJIU4UUS BOOBL B MeCTaxX UX OOUTaHUS.

C. TpaHCcHopT BOOBI B IMCTHSIX OCYIIIECTBIISIETCS OBYMS MyTSIMU, KaK 110 KCUJIEME,
TakK U BHE ee.

D. V paccmMaTpuBaeMBIX PAaCTEHHM 3acyXa ITPUBOOUT K ITageHUIO BOOHOMU
ITPOBOAMMOCTH JIMCTA IIPU CpegHeM BOOHOM IOTeHIInasie, BHI3BAHHOMY
CKOpee BHEKCUJIEMHBIM TPAHCIOPTOM BOOHI, YeM 3aKyIIOPKOM COCYHOB.
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Q.63

Benok MoXKeT BCTpauBaThCs B MeMOpPaHy IPU OMOIIY ITOJIUIETITUTHOMN
TIOCJIeIOBATEIbHOCTU UJIM IIPU IIOMOIIY JIMITUAHOTO «IKOopsi». [IprucoenuHeHue
9YKapUOTUYECKUX OEJIKOB K HapyKHOMY JIUIIMTHOMY CJI0I0

IJIa3MaTUYECKOM MeMOpPaHbl OCYIECTBIISIETCS TOJILKO IMPU IIOMOIIM SIKOpeH
rinuko3undocharugunuuaosutona (GPI). buocurTes romukonunuga GPI sto
MHOTOCTYII€EHYaThIM IIPOIIECC, B KOTOPOM IIPUHUMAIOT y4YacTue MHOTrue OeKHu,
Bkitouasi GPI Tpancamupna3gy. Y pacrtenuut Arabidopsis, ren AtGPI8 kogupyeTt
¢depmenT GPI Tpancamupgasy. [I1s u3ydeHus POJIM 3TOr0O reHa B Pa3BUTHUU PaCTEHUS
y4eHBIN co3[ajl MyTaHTHYIO JINHUIO pacTeHui (atgpi8-1). OH Habmogan GeHOTUNIH
KakK pacTeHuu gukoro tuna (WT), Tak ¥ MyTaHTHBIX paCTEeHUMN.

PucyHok Q.63.2 deHoTUMNbI pacTeHnin gukoro tuna n - atgpi8-1. (A) npopoctku, (B) cemanonu, (C) nepeble oea nucta
npopocTkoB. (D) - 30-oHeBHble 1 (E) - 60-oHeBHbIe pacTeHus. F- G: CouseTns.
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PucyHok Q.63.3 Mopgpometpudecknii aHann3 aukoro tmna (cepbie ctonbukm) v atgpi8-1 (6enbie cTonbukiu), npopocTkoB
M B3POC/bIX pacTeHmii. Bce 3HaYyeHnsi CTaTuCTMYECKy 3HaYMMBbI.
UamepeHusi D-H 6binn npoBeneHs! rpu MosiHOM co3peBaHuy Yepea 60 aHew Ansa aukoro tuna v 90 aHevd aas
MYTaHTHOr 0.

YkaxuTe B JIncre OTBETOB, SIBISETCA JIU KaXXO0€ U3 CIIeAYIOIUX YTBEPXKIEeHU
BepubiMm unu HesBepHEIM.

A. JlanHas MyTalys He BIWseT Ha PaHHUU POCT CEMSAAOJIEN ITOCIIe ITPOpacTaHus u
ob6pa3oBaHUeE MMEPBHIX ABYX JIUCTHEB, OOHAKO CHUIIbHO BIUSET Ha POCT
KOPHS, yOJIMHEHNEe 3apOAbIIIeBoro crebenbka u auddepeHuauio YCThUII.

B. [laHHBIE IOKa3BIBAIOT, YTO «3asgskopuBaHue» GPl ycunuBaeT poCT JIUCTHEB y
BereaTUBHBIX paCTEHUY, OJHAKO MHTUOUPYyeT oOpa30oBaHUe MMa3yUIHBEIX CTe0Ien.

C. Myrtauusa atgpi8-1 TpuBOOUT K YKOPaYMBaHUIO MEXKIOO0Y3JIUU U YOJIUHEHUIO
IBETOHOXKeK. OJHaKO IIPM 9TOM BBICOTA pacTeHuu atgpi8-1 CHUKaeTcs
YMEepEeHHO, TaK KaK BO3pacTaeT KOJIU4YeCTBO MEeXI0y3JIUN.

D. PesynbTaThl MOKa3bIBaAlOT, 4YTO reH AtGPI8 criocoOCTByeT paHHEMY IIEePEXony K
IIBETEHUIO, HO MHTUOUpPyeT 00pa30BaHUE CTPYUKOB.
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Q.64

@OTOCUHTE3 Yy IOTPYKEHHBIX B BOAY BOOHBIX PAaCTEHUU CUJIBHO 3aTPYOHSIETCS
MHOTUMHM (paKTOpaM¥ BHEILIHEU cpedbl. B MOPCKOM U IPECHOU BOEe MHTEHCUBHOCTD
CBeTa U ero CIIEKTP U3MEHSIOTCS C TTyOMHOM U TaKUM 00pa3oM BIUSIOT Ha
potocunTes. [IpyrumMu (pakTopaMu, OKa3bIBaWOIIUMU BINSHNUE Ha POTOCUHTES,
SIBISIIOTCS YPOBEHB yriekucioro rasa (COy) u kucnopoaa (0y).

BonoTHOe pacTeHue Meionectes brownie MOXKeT Ipou3pacTaTh B 3aTalJIMBaeMbIX
IIPECHOM BOAOM y4dacCcTKaX. bblI TOCTaB/IeH 3KCIEPUMEHT 10 U3Y4YeHUNI0 POTOCUHTE3a
BOIOHBIX PACTEHUM, BO BpeMsI KOTOPOTO ObIJIM U3MEPEHBI MHEBHBIE KOIeOaHus
OCBEIIleHUS IIOBEPXHOCTH, IMapluanbHoro naBsineHusa O, KoHueHTpauuu COy u
3HaueHue pH B BomoeMax c 0OMIBHEIM ITpou3pacTanueM Meionectes
brownie (Puc.Q.64).

A B
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PucyHok Q.64

Ykaxute B JIncTte OTBETOB, SABISETCS JIM KaXKO0€ U3 CIEOYIOLIUX YTBEPKACHUN
BepHbiM unu HeBepHBIM.

A. Tlopg Bomou B Ipyay OCBEIIEHHOCTh TUMUTUPYETCS B YTPEHHUE Yachl U Cpa3y
ocyie mociyie obenma Bmecte c CO2 .

B. CHuxeHue ypoBHsa O) B TOJIIEe BOOLI HOUBIO BEI3BIBAETCS AbIXxaHUEM Meionectes
brownie .

C. B Tomnie Boawl npyna MoneKynbl COy 06pa3yioTcs IpsMo IIpu
oeixaHuu Meionectes brownie n nnyteMm npeBpatnenus u3 HCO™3 npu
HEeUTpaJIbHBLIX 3HaYeHusaX PH, 4TO IPUBOOUT K MOBHIIIEHUIO YPOBHS CO5.

D. Kak nmoka3aHO Ha PHCYHKe, B IIpyaax OoraTeix Meionectes
brownie TemniepaTtypa Konebnetrcss oT 13 mo 20°C. He3HauuTenbHOe U3MeHEHUE
TeMIIepaTyphl 00yCIOBJIEHO, TJIaBHEIM 00pa30M, BLICOKOM MJIOTHOCTHIO 3TOTO BUIA
pacTeHUuu.
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Q.65

AccuMungImusa a3oTa UrpaeT BaxKHYIO POJIb B MeTa00/IM3Me paCTEeHUM U PA3BUTUU UX
KJIETOK . PacTuTenbHBIE KJIETKH MOTYT IOJIy4aTh HEOPraHU4YEeCKUU a30T B popMe
rnoHoB amMmmouust (NHy1) u Hutpata (NOs3'). [IpoHHKAsT B PaCTUTENILHYIO KJIETKY IIPHU
oMo MeMOpaHHOTrO nepeHocuuka HuTparta (NRT), nor NO3” MoxkeT
BOCCTaHABIMBAaThCS HUTpaTpenykra3oi (NR) mo NO, ™, a 3aTtem mo NH, ™ u
amMuHOKUCIOT (AA). Kpome Toro, NO,  MoxkeT mpeBpamiatbcsa B okcug a3oTta (NO), a
manee B peakumu c riayratuoHoM (GSH) B S-uutpo3ornytatuos (GSNO), u

Ha KOHEYHOM J3Talle IIpu y4acTuu pepMerHTa 1 S-HUTPO3OrIyTaTHOHA PeOyKTa3bl
(GSNOR1) - B okucnenus roytatnod (GSSG) u NH, ™ .

( Xnoponnact \

—> NHgt> > AA

L-apruHuH 1
APpYyrue UCTOYHUKHMU

GSNOR1
NO2"— > NO+GSH —» GSNO — > GSSG + NHgt

o
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LuTOo30sb )
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Figure Q.65 Cxema KOHTPONS acCUMUNALMM a30Ta B PaCTEHUSX Yepes
NO curHanuHr.

Ykaxute B JIucte OTBETOB, SIBISETCS JIU KaXXA0e U3 CIIEOYIOUUX YTBEPKIEHUNU
BepubiM unu HeBepHEBIM.

A. B meTabonu3Me a30Ta B PpaCTUTEJIbHBIX Ki1eTKaxXx NO sIBIsieTCsI OOHUM U3
IIPOIYKTOB, OOQHAKO, UI'PAET POJIb B peryisiuu oopasoBanust NH4t u
accumunsanuu NOj'.

B. Vposens NH** B xytopomnnacTax pacTUTeNbHBIX KJIETOK PETryIupyeTcs
akTuBHOCTBHIO GSNO.

C. YMeHbIIEeHKe cofepxKaHusa noHoB NO?" HabmogaeTcs, IIaBHEIM 00pa3oM, B
IIUTO30JIE.

D. OtsetHasa peakuusa NO peryaupyeT aCCUMUJIALINIO HUTpPaTaTa U
perynupyeT ero OMOJOCTYIIHOCTh IYyTEM MOAY/IUPOBaAHUS CBOETO0 COOCTBEHHOT O
MeTabonu3Ma.
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Q.66

brino mpoBemeHO UccaenoBaHue BIUSHUA CBUHIIA (PDh), TOKCMYHOTIO TSXKEI0ro
MeTasjia, Ha POCT U (P)OTOCUHTE3 ABYX OOHOKJIETOUHBIX Bomopocieu Chlorella n
Scenedesmus. Ha pucyHKe cieBa ITIOKa3aH POCT 3TUX IITaMMOB, II0-Pa3HOMY
OTBEYAIOIINX Ha KOHIIEHTPAIINMIO CBUHIIA ITocie 4 gHel oO6pabotku. [1o KpuBOM pocTa
(Ke), Bpems yoBoeHus (G) ans KaXXgoro IITaMMa IIPpU KaXXA0¥ KOHIeHTpallud CBUHIA
MOXKHO OTIPeJeINuTh ITPU IToMouIu ypaBHeHuUsi: G= In2/Ke. B mpaBo# 4yacTu pPHCYHKa
Q.66 moka3aHO BIUSHUE CBUHIIA Ha (POTOCUHTE3 ITUX IIITAMMOB, BEIpaXKe€HHOE
cooTHoIenrneM Fv/Fm, 4yBCTBUTENBHBIM IMOKa3aTeleM, KOTOPBHIM CHUXKAETCS IIPHU
ocrmabnenun porocuHTe3a. KOHIIEHTPAIINIO CBUHIIA, IIPU KOTOPOM TOCTUTAETCS
TTOJIOBUHHBIN OTBET, IC50, MOXKHO OIPENEenuTh 10 rpaduKy, OTpaxKalollero
3aBHCHUMOCTh 3TUX IIPOIIECCOB OT KOHIIEHTPAIli CBUHIIA.

F./Fn, B Chiorella
O Scenedesmus

2.0

=

w
P
t

0.6

0.3 1

CkopocTb pocTa (B AEHD)
=
o
& nyopecueHUUst XNopogunna, oTH.e[.

0.0 0.0

00 05 10 15 20 00 05 1.0 15 20

Logio (Cpp+1) Logio (Cpp+1)
PucyHok Q.66

Ykaxwute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIIUX YTBEPKIECHUU
BepubiMm unu HeBepHEIM.

A. 3Hauenue ICs5( pocTa onss Scenedesmus Oblyla BeIIIe TaKOBOU Oiiss Chlorella.

B. CHuxeHue ypoBHs GOTOCUHTE3A ITOM BIusiHueM Pb BeposiTHO oTBedaso 3a
cHuxeHue pocrtay Chlorella, Ho He y Scenedesmus.

C. 3uauenue ICsy Bnusso Ha cooTHoineHue Fy/F,, Oosnblie , 4eM Ha PoOCT y
Scenedesmus.

D. Tlpu kKoHueHTpanuu cBuHIila Logqo([Pb]+1) paBrHoiut 0.5, Scenedesmus
pa3MHoOKascs OvicTpee, uem Chlorella.
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Q.67

YueHBIl co3man ABe TpaHCTeHHBIE JIMHUM PAaCTEHUU TOIIOJIA: HE CUHTE3UPYIOIIYI0

rubo6epennuH (GA) (GA-gedbuuTHas1) 1 He4yBCTBUTENbHYIO K GA (GA-

HEUYyBCTBUTEJIbHYI0). OH U3MePUJl KOHILIEHTPaLuilo (UTOTOPMOHOB, BKJII0OYas
rub6eperunabl GA1l u GA4, u aykcuH [AA, B TUCThIX U KOPHSIX TPAHCTEHHBIX
pacTteHu# 1 pacteHud gukoro tuna (Tadauma Q67). OH TakXKe M3MepPuI PoCcT
pacTeHuU B TENHUIle U B yCnoBusax in vitro (Puc. Q.67).

Tao6rana Q.67 KoHIjeHTpaIHsI QHTOTrOPMOHOB (HI/T CyXOro Beca) B JIHCThSIX H KOPHSIX PaCTeHHH JHKOIO
THIIA ¥ JBYX TPaHCreHHBIX THIIOB

Opran |Tunbl pacTeHHUH GA1l GA4 IAA

Jluct OuKUM TUI 58,1 £ 15,4 0,64 + 3,18 22,5+ 3,1
Jluct GA-mpebumuTHRIN 19,9 + 9,4 ** 5,53 + 2,33 % 21,1 £5,9
Jluct GA-He4YyBCTBUTEIbHBIU 139,6 £ 21,9 ** 12,2 + 3,6 ** 19,6 = 3,7
Kopens |[Jukui Tun 77,1 £ 29,3 2,24 £ 0,74 61,4 +4,1
Kopensb |GA-mepuIIUTHBIN 48,8 + 9,0 ** 1,15 £ 0,62 ** |72,9 £5,2%*
Kopenb |GA-HeuyBCTBUTENBHBIU |97,7 = 31,5 ** 3,93 +0,68* 69,1 +9,7*

* ¥ ** 1OCTOBEpHEIE Pa3J/IMUYUs 10 CPAaBHEHUIO C AUKUM TUIIOM IIPU 3HAUYEHUSAX
p=0.05 u p=0.01 oo T-tecty CThIOOEHTA.

GA - HeuyBCTBUTENbHbIN

* %

i |

il |

GA-nednunTHBINA GA - HeuyBCTBMTENbHbII GA-nednunTHbIN
A B E F
7o KX 7__ 1 1
* = * %
— 6__
_° * <08+ *x 0.8 +
£ 5+ 50 5
§ 44— ** 4+ 2 0.6 0.6 +—
@ =
$ 3+ 31 204+ 0.4 +
& 2 2T g
1L 14 02+ 0.2+
= 0 0
Kapnuk Moxoxee Ha WT Kapnuk WT
Monykapnuk Moxoxee Ha WT
p %, 3
= | — 20__
D Mo6eru KopHu *
o c 16 161
- | -
GA-nednUUTHBIN GA - He4yBCTBUTENbHbII 2 12 ** 121
C D ¢ .1
= 8+
: 20T 2 o
§ E 44+ m 4
= '
@ 0 0
‘g 1 * % 11
2 x o | J
5 91 9—
3
.y g ]
= =
o Kapnuk Moxoxee Ha WT Kapnuk WT < 6T 61
Monykapnuk WT Moxoxee Ha WT T
©
Kapnuk Moxoxee Ha WT
Monykapnnk WT

Kapnvk

WT
Moxoxee Ha WT

Puc. Q.67. A-D: KopHeBasi 1 HazemMHas buomacca npu BbipallMBaHumn B TeNINYHbIX ycnoBusix. duarpammel A n B
MOKasblBaT ChIPYIO HAL3EMHYIO U Noa3eMHyto 6uomaccy: (A) - GA-geduumnTHbIX 1 (B) - GA-
HEYYBCTBMTENbHbIX TPaHCreHHbIX oopM. duarpammbl C n D nokasbiBatoT COOTHOWEHNS Haa3eMHas/moa3eMHas
6uomacca y: (C) - GA-gecpuumntHbix 1 (D) - GA-HeYyBCTBMTENbHBLIX TPAHCIeHHbIX OOPM. * 1 ** NokasbiBaloT 3HAYMMbIE
oT/INYmnA.
E-J: Passutue kopHel y GA-geduuntHbix 1 GA-HE4yBCTBUTENbHBIX TPAHCTEHHbIX IMHUIA BblpaleHHbIX in vitro. LR -
6okoBble KOpHU, PR - rnaBHbIn KOPeHb, * 1 ** NoKasbiBatOT 3HAYMMbIE OT/IMYUSI MO CPaBHEHMIO ¢ AnkuM Tunom (WT).
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YkaxuTte B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A.

TennuuyHble KAPIUKOBBIE PacTeHUS 000MX TPaHCTE€HHBIX THUIIOB ITOKa3bIBAIOT
CylIeCTBEHHOEe YMeHbIlIeHe Ha3eMHOM 61MOMacCHl U YBeJIHYeHUe MOA3EMHOH |,
4TO NIPUBOOUT K 3HAYUTEJIBHOMY YMEHBIIIEHUIO COOTHOIIIEHUS Ha3eMHas
4aCTh/KOPEHb 10 CPaBHEHUIO C KOHTPOJIbHBIM 00pa31i0oM OUKOTO THUIIA.

BOKOBBIX KOpHEH O0JIbIlle M OHU OJIMHHEE YV CAMBIX MaJI€eHbKUX KapPJIUKOBHIX
pacTeHU 110 CPAaBHEHUIO C KOHTPOJIbHBIMHU PAaCTEHUSIMU OUKOTO THUIIA.

YpoBeHb KapIMKOBOCTU KaK y GA-He3aBUCUMEIX, TaK U Y GA-3aBUCUMBIX JIMHUU
TIOJIOKUTEILHO KOPPENIUPYET CO CTEIleHbI0 00pa30BaHus U YOJIMHEHUS I'JIaBHOTO
KOPHS 1 OOKOBBEIX KOPHE.

Y pacTtenui Tomosns rud0epenIuHbl OTPULIATEIHLHO BIUSIOT Ha 0Opa3oBaHUe
OOKOBEIX KOPHEM, U B 9TOM CJIy4yae MOXKET UMEeTh MECTO B3aUMOMIeMCTBUE MEXKIYy
rub0epeslIuHaMU ¥ ayKCUHOM, KOTOPBIN perynupyeTr o0pa3oBaHue OOKOBBIX
KOPHEMN.
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Q.68

Y4eHbIN BRIPAaCTUJI PAaCTEHUS OTYPIIOB IIPY PA3/IMYHBIX YCIOBUSAX MTUTAHUS OIS
IIOJIy4eHus Iu00 TUII CyIep-3aBsAa3u, MO0 TUI C HOPMaJIbHOU 3aBs3bi0. OH
MapKHUpPOBaJ IIBETKH, KOTIa OHU ITOSIBUJIMCDH, U HaOJII0asl 3a UX Pa3BUTUEM .
OcHOBBIBasICh Ha OKpacke U (hopMe, OH BBLIIEJIN/I B PAa3BUTHUH BEHYMNKA YEThIpe
II0CJIemoBaTeIbHEIE cTaguu: 3es1eHad nouka (G), 3emeHo-xkenrtas nmouka (GY), xxkenrasa
no4yka (Y), u useteHue (F). OH TakKe u3Mepusl KOHIIEHTPALUIO PETYIsATOpa pocTa
pacTeHuM Ha pal3/IUYHBIX CTaAuSIX Pa3BUTUS IIBETKaA.
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6Fig.Q.68 A-D: Mopdhonorundyeckas xapakTepucTika HopManbHo 3aBa3u 1 cynep-3asssu . E-J: KoHueHTpaums
untokuHuHoB (IPA, ZR, DHZR), ru66epennuHos (GA3, GA4) n aykcrHa (IAA) Ha pas3nuuHbIx CTaanax pasBuTms LBeTKa.
Y Trna cynep-3aesi3b Oblnv BKOYEHbI TAKXe [IBE MPOMEXYTOYHblE CTaAum. ** yKkasbliBaeT CTATUCTUYECKN 3HAYMMbIE
pasnnuns BHyTPU OOHONM CTaanuu passuTuS.

=
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Ykaxute B JIncte OTBETOB, SABISETCH JIU KaXA0€e U3 CIIEOYIOUIUX YTBEPKIEHUNU
BepubiMm unu HeBepHEBIM.

A. Pa3BuTHe BeHUYMKa MeXOy CTagusMU CUJIBHO OTCTaBaJIO y Cyllep-3aBsa3MU.

B. IIpu nBeTeHUU CyIliep 3aBsi3b ObljIa CYIIIeCTBEHHO IJIMHHEE, 10 CPAaBHEHUIO C
HOPMaJIbHOM, TOTAa KakK II0Cjie MapKUPOBKY AJIMHA UX IIJIOOOB He pa3naudanach.

C. Copepxanue rudb0epenTuHOB OBIJIO ITOBBIIIIEHHLIM Y CyIIepP-3aBsI3W Ha HadYaJIbHBIX
CTaOMsIX PAa3BUTUS BEHUYMUKA, UYTO COOTBETCTByeT OO0JIbIIeMy pa3Mepy BeHYHKa.

D. LIUTOKMHUHEI IBIAITCS I'JlaBHBIMU PeryiadaTopaMu OTPEIBaAHUSA IIBETKOB Y OI'YPIIOB,
TOT'oDa KdK aYKCHH, BEPOATHO, IPUHUMAET YU4dCTHE B PETryIIsAIIMKM Pa3MepPa
BEHYHUKa U IIJIo[a.
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AHATOMUSA N DU3NOJIOTNA )KUBOTHDbIX

Q.69

Ha Pucynke Q.69 noka3zaHa perynsanusa cekpenuu HCl oOknamodyHbIMU
(mapueTanbHBIMM) KJI€TKaAMM XKeJTyaKa.

obknapgoyHa
KneTtka

-
4

docgopunmposaHne 6enkos

)

vctammHa [actpuHa AueTtunxonuHa
peuenTop peuenTtop  peuenTop

PucyHok Q.69

YeTtripe nekapcTBa (JIekapcTBol - 4) mo-pa3HOMY UHTUOUPYIOT CEKPEIUI0 KUCIIOTHL B
JXKeJynKe in vivo 4yepes3 OOWH U3 YeThIPpeX MeXaHu3MoB: uHaktubamus HT/KtATPas3wi,
6JI0KMUpOBaHUE pellenTopa rucTaMuHa, 6JI0OKMpoBaHUe pellenTopa raCTpuHa U
OJI0OKUpOBaHUE pellenTopa alleTUJIXOIUHa.

II71s1 oTBeTa Ha BOIIPOC, II0 KAKOMY MeXaHU3My 3TU JiIeKapCTBa MHTUOUPYIOT CEKPELNIO
KHUCJIOTHI B 2KeJlyiKe, ObIJI IIPOBeNeH psif 9KcriepuMeHToB. OOKIamoyHble KIIeTKHA ObIITH
BBHIJIeJIEHEl U BEIPAIMBAJIMCh Ha pa3HEBIX cpenax. Kaxkpasa cpema comepzKaiia OOHO U3
yeThIpeXx JieKapcTB. K Kaxkaou cpene, cogepzKallell J1eKapCTBO, ObIJIO 00OaBI€HO OOHO
U3 Tpex COeqUuHEHUN (TMCTaMUH, TaCTPUH, alleTUIX0JIUH). B pa3HbBIX KyIbTypax
n3mepsnack cekpenuusi HCl 06knagoyHbBIMU KIeTKaMU. Pe3yibTaThl 9TUX OMBITOB
ImpencTaBieHbl B Tabnuie.

(-: et cekpernuu HCI; +: cexperma HCI; ?: He moka3aHO).

bes JlekapcTBO
P JlekapctBo 2|JIekapcTBo 3|JIekapcTBO 4
nekapcTtBa |1
be3 gobaBok - - - - -
ITobaBneH ? ? ’ > )
TUCTaMUH
IloGaBieH racTpun |? ? ? + ?
IlobaBneH " ) > 5 )
alle TUJIXOJIUH
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YkaxuTte B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A.

HCI cekpeTupoBanach 00KIafOYHBIMU KJIETKaMM B Cpefie, copepKallen
JlekapcTBO 1 1 ructaMuH.

JlekapcTBO 2 OJIOKMPOBAJIO PEIEeNTOPhl racTPUHA.
JlekapcTBO 3 OGJIOKMPOBAIO PELENTOPLI THCTaMUHaA.

B KynbType 0OKIamOYHBIX KJIETOK, BEIPAIIIEHHBIX B cpeme ¢ mo6aBKoi JlekapcTBa 4
U alleTUJIXO/IMHA, HabGmomascs 0ojiee HU3KUM YPOBEHb BHYTPUKIIeTOYHOro K+,
YeM B KJIeTKaX, BHIPAIIEHHBIX Ha Cpefie ¢ o0aBIeHreM TOJIBKO alleTUIIXOJINHA.
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Q.70

['mukomnpoTenH 4-1BB - 3T0 perentop, 3KCIPECCUPYEMBIN B OOJILIIIOM KOJIUYECTBE Ha
TTOBEPXHOCTU aKTUBHBIX T-KieTok. JIuraug 4-1BB (4-1BBL) npencraBnisieT coboit
MOJIEKYJIy, KOTOpas CBSA3bIBAE€TCA C peuentopoM 4-1BB u akTUBUPYET €ro.

9Ta MoeKyia 3KCIpeccupyeTcs B OOIBIINX KOTUYEeCTBaX Ha IOBEPXHOCTHU
QHTUTeHIIPEe3EeHTUPYIOIINX KJIeTOK. [IByHanpaBieHHbIU CUTHAJIUHT IIPU
B3aumopenicTeuu 4-1BB u 4-1BBL ycunmuBaeT aKTUBHOCTh 000OUX THUIIOB KJIETOK U
yBenuuyuBaeT oOpa30oBaHUe U CEKPEeIUNio IUTOKUHOB, TaKux Kak MCP-1, KoTophii
CTUMYUPYyeT MHPUIIbTPaIuIo JeukouToB (Pucynok Q.70). HemasHo B psife paboT
OblsIa TOKa3aHa B3aMMOCBSI3b MEXKAYy CUTHAJIbHBIM IIyTEM, BKJIIOYaIOIINM
B3amMopencTterue Mmexkay 4-1BB u 4-1BBL, u psagoMm 3aboneBaHUN Yel0OBEKa, BKIII0OYas
HapyuleHus1 Metabosn3Ma.

LnToKKnHbI
(hanpumep, MCP-1)

JPTTEY R X ey,
aHTureH o < L% L "o
npeseHTUpylowas < t  T-knetka
Kknetka -
4-1BBL 4-1BB

JByHanpaBneHHbll
CUrHANVHT

PucyHok Q.70

Ykaxwute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIIUX YTBEPKIECHUU
BepubiMm unu HeBepHEBEIM.

A. HMurubupoBaHue 3kcupeccuu 4-1BB TopMO3UT pa3BuUTHE aTEPOCKIEPO3a.

B. AxkTtuBanus 4-1BB orpaHuuymnBaeT OelCTBUE aBTOMMMYHHLIX 3a00I€BaHUM Ha
OPTaHU3M.

C. Bce Tpu Bupa KiIeTokK, MakKpodaru, feHOPUTHLIE KJIETKU U HaTypalbHbIE
KUJIIephl, B OONBIINX KOJIUYEeCTBaxX 3KcIpeccupyioT 4-1BBL .

D. brnokupoBaHue B3auMmopeunucTtsusga Mmexnay 4-1BB u 4-1BBL ycunuBaet
MIPUKUBAEMOCH TPAHCIIJIAaHTATOB IIPHU IepecagKe OpraHoB.
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Q.71

[ToTeHIIMAN OENUCTBUSA KJIETOK CEPOEYHOM MBIIIILI OTJIMYAEeTCsS OT TAaKOBOTO B APYTHUX
KJIETOK, TAKHUX KaK KJIETKU CKeJIETHBIX MBILIL U HeMPOHBI. PUCYyHOK Q.70 moka3nsiBaeT
pa3HbIe a3kl IOTEHIIMANA JeMCTBUS B KJIETKaX CEPOEYHOM MBIIIITHI.
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PucyHok Q.70

YkaxuTe B JIncre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeOYIOIUIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A. BemecTBo, KOTopoe UHTUOupyeT noriomeHne Ca?t capkomiasMaTuyecKuM
PETUKYIIYMOM, YBEeINYMBaAET UHTEPBaAJl BpEMEHU MeXAy TouyKaMu 3 U 4.

B. Koumnenrtpanus K* B capkomiasMe B TOYKe 2 BEHIIIE, YeM B TOUKE 3.

C. HBbpekuusa agpeHalnHa CHUXKaeT MHTEPBaJl BDEMEHU MeXOy TouKamMu 1 u 5.

D. BenuuyunHa MOTEHIHAA OeHCTBUSA (OT TOUKK 1 MO TOYKH 2) CHUXKAETCS, eCIIU
ypoBeHb Nat B capkomsasme BEHIIIIe HOPMaJIbHOI'O YPOBHSI.
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Q.72

[Tapatupounusiii ropMoH (PTH) urpaet BaKHYIO PO/Ib B PETYISLINY YPOBHEHN KaJIbIIUA
u ¢ocdaTa B nma3me KpoBu. PucyHok Q.72 nmoka3wiBaeT uaMeHeHus ypoBHeun PTH,
Ca’*, u pocdara (Pi) B ma3mMe KpoBU MEIIIeH, KOTOPHIM BBOJUIIU CIIeIUpUIeCKU
UHTUOUTOP cekperuu PTH.

© | a il A I
15 - 200

10 150

(mg/dL)
O

5 100

(Jw/6d)
SWeRlL 8 H| d 9aHa80d 4

YposeHb Ca2+ nnu Pi B nnaame

0 T T }50
5 15 20

Bpems (4ach!)

MoOMEHT nHBbeKUun

PucyHok Q.72

Ykaxute B JIncte OTBETOB, SABISAETCS JIM KaXKO0€ U3 CIEAYIOLIUX YTBEPKAEHUN
BepubiM v HeBepHBIM.

A. Ecnu Kpusas I nokassiBaeT ypoBeHb PTH, To KpuBas Il u Kpusas III, BeposaTHO,
IOKa3bLIBalOT ypoBHU Pi u Ca?* coOTBETCTBEHHO.

B. Muimu ¢ PTH-HOKayTOM OONXKHEI UMETh 00jiee BRICOKHI YPOBeHb Pi B Moue mo
CPaBHEHUIO C MBIIIIaMU JUKOTO TUIIA IIPU TOM XKe palliOHe ITUTaHUS.

C. [lueTa C TOBHIIIIEHHBIM COIEPKAHUEM KaJlbIIUs CHUXKaAEeT YPOBEHb BUTaMMUHa D
(axkTUBHOU (OPMEI) B I1JlTa3Me 3JOPOBHIX TIOHOEN.

D. Jlrogu c cymnmpeccuey KaabIlui-4yBCTBUTEILHOTO pellenTopa uMeloT 6ojee
BLICOKMII ypoBeHb Ca?™ B ma3Me 0 CpaBHEHUIO CO 3MOPOBBEIMU JIIOABMU IIPH TOM
JKe palioHe MUTaHUs.
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Q.73

Cneuyfomas{ T8.6J'II/II_I8. OIINCEIBAET CKOPOCTHh KPOBOTOKA B PAa3HEBIX HAaCTHAX TeJla,
BKJIIOYad CeEPOEeYHYIO MBIIIITY, MO3T', KOXY U KHNIII€YHUK B COCTOAHUU IIOKOA U IIPU
HWHTEHCHUBHBIX (1)I/I3I/I‘-IeCKI/IX YIIDaXKHEHHNAX.

CKopoCTb KpOBOTOKA (CM3/MVH)

Yactb Tena
B nokoe Bo Bpems ynpaxHeHwii

I 250 1200
I 500 500
" 500 1000
v 2500 90

Ykaxute B JIncte OTBETOB, IBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEIM.

A. B nokoe cunte3 AT® B KJIeTKax YacTu Teja I obecneduBaeTcs, TJIaBHBEIM 00a30M,
3a CYeT OKHUCJIEHUS XUPHBIX KUCJIIOT.

B. AKTUBHOCTB PeLIeNITOPOB MHCYJINHA B KJIeTKaxX YacTu Tejia Il Bo3pacraia
BO BpeMs ylIpaXXKHEHUU, 4TO YBEJINUYUBAJIO IOTJIOIeHEe UMM TJIFOKO3HL.

C. YBenuueHue KpoBOTOKa B yacTu Teja Il Bo BpeMsi ympaKHeHUM IToOMOoTaeT
perynaupoBaTh TEMIEpPATypPy Teja.

D. AopeHanuH CHUXKaeT KPOBOTOK B 4acTu Tejia [V, melcTBys Ha B-
ampeHOopeLenTOPHI.
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Q.74

MyxK4YKWHa IpU aBapyuy Ha MOTOLIMKIIE IOoTepsiyi npumMepHo 700 MJI KPOBU B
pe3yJbTaTe HOBPEXOEHUs KPYIIHOU apTepuu. [locie aBapuu gaBjieHHE KPOBU y HETO
on1510 90/50 MMH(g. B oTBeT Ha TaKylo KPOBOIIOTEPIO MOKHO OXKHUAATh OIIpeleeHHbIe
H3MeHEeHUsI (PU3MOJIOTUUYECKUX [TapaMeTpPOB.

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEBEIM.

A. CpopcTBo reMorioOnHa K KUCJIOPoay B mepudepudeCcKux TKaHSIX YBeIUYUBAETCS.
B. OOiee conpoTuBieHue nepudepudeckux CoOCyqoB YBEIUUUBAETCS.

C. B kmeTkax CHHOaTpPHUaIbHOIO y3/1a (BOOUTEJII PUTMa)
ITPOUCXOOUT TUIIEPIIOJISPU3alu.

D. B M03re 1 KOPOHAPHBIX apPTEPHUAX IMIPOUCXOOUT Ba30KOHCTPUKIUSA (CyKeHne
IIPOCBETa KPOBEHOCHBIX COCYIOB).
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Q.75

YMEHBIIIEeHNEe CKOPOCTH IIPOXO02KOEHKWA BO3OyXad II0O ObIXaTEJIbHBIM ITYTAM. HJ’IH

PECTPUKTUBHEIX 3a00JIeBaHUM XapaKTEePHO YMeHbIIeHne 00bEéMa JIETKUX.
Pucysnok Q.75 moka3sbsiBaeT (hOPMY KPUBHIX IIOTOK BO3OyXa-00bEM, U3MEPEHHBIX IIPU

OOBIYHO 3a00J1eBaHMs OPTaHOB OBIXaHUS IIOAPA3LENIsIiOT Ha OOCTPYKTUBHEIE U
PeCcTpUKTUBHLEIE 3a00sieBaHus. [[71s1 OOCTPYKTUBHBIX 3a001€eBaHUN XapaKTEPHO

¢dopcupoBanHOM BOOXe U (POPCUPOBAHHOM BBIAOXE, ¥ 3OPOBHIX TIOAEN U Y YEThIpEX
' Type 2

MMaIMeHTOB, UMEIOINUX 4 pa3HbIX THUIIA OOBIYHBLIX PECIHUPATOPHBIX 3a00JIeBaHUM.
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%,
,
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e
2
e
o, 8
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RN

opcnoBaHHaA XU3HeHHas
EeMKOCTb Nierknx
PucyHok Q.75

Ykaxwute B JIncte OTBETOB, SBJISETCS JIM KaXKO0e u3 CIIEOYIOIITHUX YTBep}KJIeHI/IfI

BepHbiM unu HeBepHBIM.

A. 3Hauenue pH kKpoBu y maimeHTa ¢ 3abosieBanreM Tuma I Brillle, 4eM y 3TOPOBBIX
B. [InuTenIbHOCTh YCUJIEHHOTO BOOXa y MallMeHTOB ¢ 3aboneBaHueM Tuma 2 Kopoue,

YeM y 3[0POBBIX TIOIEH.

JIIOfEn.
C. Y nmamueHTa c 3abosieBanreM Tumna 3 CKOPOCTh ObIXaHUS BRIIIIE, YEM Y 3TOPOBBIX
D. OcraTouHbIH 00BEM y IMallueHTa ¢ 3aboneBaHueM Tuima 4 BbIlIe, YeM Y 3[TOPOBHIX

JIIOOEeu.

JIIOOEeu.
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Q.76

Ha Pucynke (Q.76A 11oka3aH HeUpPOH X, IIOJIy4aloluil CUTHAJIbl IPSIMBIM IIyTEM OT
TPeX pa3HbIX HEPBHBLIX OKOHYaHUU b, ¢ u d. HeidpoH Y monmy4YaeT CUTHAJIBI OT
HEPBHOT'0 OKOHYaHU4A a.

Ha Pucysnke (Q.76B noka3aHbl pa3Hble IOCTCUHAIITUYECKNE TOTEHIIMAIIHI,
3alucaHHble Y HepoHa X MoCJie MOJIyYeHUsI UM CUTHAJIOB IIPSMBIM IIYTEM OT
OKOHYaHWU b, ¢, U d U HETIPSIMBIM IIyTEM OT OKOHYAHUS a.

Ha Pucysnke Q.76C noka3aH NOTeHIIMall OeMCTBUS, 3allMCaHHBIM Y HEUPOHA Y, IIOCJIe
[OJIy4YeHUS UM CUTHAJIOB OT IPECUHANITUYECKOT0 OKOHYaHUS a.

CkeneTHa Mblwua
u /\ [\ MoTeHumMan nokos / \QOTeHuman nokosi
-70 -
d a+c
¢ mnn
a+d

PucyHkun Q.76A, B u C.

B C

A

(=)

g

Mopor

w
o

Membrane potential (mV)

Mem6paHHbIi noTeHuman (MB)

~
o

Ykaxute B JIncTte OTBETOB, SABISAETCA JIM KaXKO0€ U3 CIEOYIOLIUX YTBEPKACHUN
BepHbiM unu HeBepHBIM.

A. TloTeHImanbl OENUCTBUS MOTYT BO3HUKATh ¥ HEMpPOHa X, eciii OBICTPO BO30YyKIOATh
HEpPBHOE OKOHYaHUE C.

B. Ecnu ogHOBpEMEHHO CTUMYJIMPOBAaTh TPU HEPBHBIX OKOHYAHUS 4, C U d, TO
IIOCTCUHAIITUYECKHE TIOTEHIINAIbI, 3allMCaHHble ¥ HeMpoHa X MeHbIIe, YeM
TaAKOBHIE IIPA OOJHOBPEMEHHOMN CTUMYJISLIMM HEPBHBIX OKOHYaHUU C U d.

C. HepBHOE OKOHYaHUE 4 BBIEIsI€T TOPMO3HOU HEMPOMEOUATOP U HEPBHOE
OKOHYaHUe b BhIIenseT BO30yKOaloIIUi HeMpoOMeauaTop.

D. B Tejie MIeKONUTAIONIUX CYIIEeCTBYET MHOTO HEMPOHOB, ITOOOOHBIX HEWPOHaM Z, Y,
X. Hetiponsl Z, Y, X SIBIISIOTCSI CEHCOPHBIMU HEMPOHAMM, UHTUOUTOPHBIMU
HelpoHaMU (KjIeTKaMu PeHINIoy) ¥ MOTOPHBIMM HEUPOHAMU COOTBETCTBEHHO.
Ecnu BBeOeHHOE B TEJIO BEIlleCTBO (HaAlTpuMep, CTPUXHUH) OJIOKUPYET PEENTOPRI
TINIIMHA, TO AuadparMma MoJIHOCThIO COKPATUTCS U OCTAHETCS B COKpallleHHOM
COCTOSIHUH.
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Q.77

BEINT TpoBeieH Psig 9KCIIEPUMEHTOB 10 U3YYEHUIO PETYIISIINN CeKPeluyu TOPMOHOB 1
BIUSTHUS PA3JIMYHEBIX JIEKAPCTB Ha aKTUBHOCTD XKeJjie3 BHYTPEHHEeH CeKpPeIuu y KPHIC.
KproIckl ObITM pa3desieHbl Ha pa3Hble TPYIIILl, KOTOPHIM BBOOUIIM Pa3HbIE TOPMOHBI HJTH
JieKkapcTBa. [Ipu 3TOM aHAIU3UPOBAIUCh HEKOTOPHIE (PU3NOJIOTUYECKUE TTapaMeTPHI.

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEBEIM.

A.

Y rpynmnsl KpeiC, KOTOPEIM BOAWJIN JIEKAPCTBO, CHUZKAIOIIlee YYBCTBUTEIbHOCTD
runorasjgaMyca K KopTu3oiny, HabmogaeTcs 0ojiee BEICOKME YPOBHU T'JIIOKO3BI U
WHCYJIWHA B IJTa3Me KPOBHU, 110 CPAaBHEHUIO C TPYIIION KPBHIC, KOTOPLIM BBOOUIIN
JIeKapCTBO, CHUKAaloIllee YyBCTBUTEIbHOCTh PELIEIITOPOB
aIpeHOKOPTUKOTPOIHOro ropMmona (AKTT).

Y rpynmsl KpeIC, KOTOPLIM BBOOUIIM JIEKAPCTBO, YBEJIMYMBAIOIIIEE
4YyBCTBUTEJILHOCTh THIIOTalaMyca K TUPOKCUHY, HaOntomaeTcss 0ojiee BHICOKas
CKOpOCTb MeTabonmu3Ma U 6ojiee BRICOKasl TeMIlepaTyphl Tela 10 CPaBHEHUIO

C TPYIIIION KPBIC, KOTOPLIM BBOOUIM JIEKAPCTBO, MOBHIIIAIOIIEE YYyBCTBUTEILHOCTD
KJIETOK-MUIIIEHEN K TUPeOonubepuHy (TUPEOTPONIUH PUIU3UHT TOPMOHY, TPI).

Y rpynnsl KpeIC, KOTOPLIM BBOOUIIN HMPOIIUITHOYPaLua (OJI0OKMPyeT CUHTE3
TUPOUOHOIO0 TOPMOHA) HabJoaeTcsl yMeHbIIIeHHe a3Mepa IIIUTOBUAHOMN JKeJle3bl
¥ Beca TeJla 10 CPaBHEHUIO C TPYIIION KPHIC, KOTOPHIM BBOOUIIH Ij1a1nebo.

Y rpynmnsl KpeIC, KOTOPLIM BBOOUIN TUPEOTPOIHLIM ropMoH (TTT'), HabmogaeTcs
yMeHbIIIeHHe pa3Mepa runoduia U yBeJIndeHre pa3Mepa HaOllOYedYHUKOB II0
CPaBHEHUIO C TPYIIION KPBIC, KOTOPBIM BBOOUIIU

KOPTUKONMUOEPUH (KOPTUKOTPOIIUH PUIU3UHT TOPpMOH, KPT').

38/61



Q.78

BrI7Io mOBemeHO MCClegoBaHe U3MEHEHUS YPOBHS KOHIIEHTPAIlu KOPTHU30Jia B CIIIOHE
1 KOHIeHTpanuu 2-Al’ (2-apaxuooHUNTIMIIEPHHA) B KPOBHY Yy ABYX Py TIOOEN,
TIOABEPKEHHBIX 1 He ITOABEePKEHHBIX MOPCKOM 60J1e3HU (yKauuBaHUIO), BO BpeMs
II0JIETOB 110 mapabonuueckou TpaekTopuu (IIIIT). Bo Bpems III1T ypoBHU KOPTHU30JIa U
KOHIIeHTpauuu 2-AG B KpoBU OBITM U3MEPEHBI B 00pa3iiax, B3ATHIX y2Ke BO BpeMSH
ToJjieTa HenocpencTBeHHO nepen HadanoM [IIIT (TO), mocne 10 mapa6on (T1), 20
rmapa6on (T2), u 30 mapa6on (T3), okonuanus ITIIT (T4) u yepes3 24 4 nmocne IIIIT
(T5). Pe3ynbraThl 1m0Ka3aHe Ha Pucynke Q.78.

25— - Het mopckoi 6oneaHm 4 —— HeT Mopckoit 60ne3Hu
—e— Mopckas 6onesHb = —o— Mopckas 60ne3Hb
20 T
Z 3
2 15- 2
g S 2+
(2 10 z
o
o T 2 4
5 5 1
° W——‘\
7
0—— | | | | | 0= | | | | |
TO T1 T2 T3 T4 T5 TO T1 T2 T3 T4 T5
PucyHok Q.78

Ykaxute B JIncte OTBETOB, SABISETCA JIM KaXKO0€ U3 CIEOYIOIIUX YTBEPKACHUN
BepHbiM unu HeBepHBIM.

A. [l neyeHUsT MOPCKOM 00JI€3HU MOXKHO IPUMEHSITh UHruobuTop 2-Al.

B. B rpynne nmogBep:KeHHBIX MOPCKOM 00JI€3HU YPOBEHD I'JTIOKO3bl B KPOBU B TOYKE
T4 ObL1 BuIllle, yeM B Touke T1.

C. B Ttouke T2 ypoBeHb aipeHOKOPTUKOTPOIHOTO ropMoHa (ACTH) B KpoBu OBINI
BLIIIIE B TPYIINE JIIOEN, He CTpaJalolliiX MOPCKOM 00JIe3HBIO, II0 CABHEHUIO C
TPYIIION NI0Hel, MOABEPKEHHBIX 3TOMY 3a00JIeBaHUIO

D. B rpynne 6071bHBIX MOPCKOM 00JIe3HBIO YPOBEHb KOopTHuKOonubepuHa (CRH) B
KPOBH B TouKe T5 ObLI HUKe, YyeM B Touke T2.
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Q.79

Ecnu 4yesoBeKa, pOOUBIIErOCS M BRIPOCIIETO Ha YPOBHE MOPSI, IEPEHECTH BEPTOIETOM
B MECTHOCTbD, Jiexkalyto Ha BeicoTe 3000 MeTpOB HaZl ypOBHEM MOPS, B €T0 OpraHu3Me
IIPOU30UAYT HEKOTOPhIE afjaliTalliOHHble U3MEHEHUS OJis KOMIIEHCAlluu CHUXKEHHOT O
OaBJIeHUs KHUCJIOPOAa Ha BEICOKOTOPheE.

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEBEIM.

A.

B.

B MoMeHT nmpuOLITHS YeJloBeKa Ha BEICOKOTOPhe KPUBAs OMUCCOIIHAITUU
OKCHUTeMOrI001MHa COBUTAETCS BJIEBO (YTO YKa3kIBaeT Ha O0jlee BHICOKOE CPOACTBO
reMorino0rHa K KHCJIOPOAY).

[Tocne HECKONbKUX AHEeMN MpeObIiBaHUS Ha BLICOKOTOPhE BI3KOCTh KPOBU Y
yeJIoBeKa CHUXKAaeTCs, T03BOJISA er0 KPOBU NOCTABIATH OOJIbIIe KHUCIIOPOHa K
TKaHIM.

ITocsie HECKOJILKUX Hefelb IpeObIBaHus Ha BEICOKOIOPhe B KJIETKAX JIETKUX 3TOr0
yeJioBeKa o0pa3yeTcsi Oosbirne okcuaa a3ota (NO).

MHorue nonu, OBICTPO MOOHSBIINECS Ha BEICOKOTOPhE, OIIYIIAIOT B
OIpeaeIeHHOM CTEeIIeHU CUMIITOMEI OCTPOY TOpPHOU 0071e3HU (T0JIOBHYIO OOIIb,
HeOOoMOTaHMe U TOLIHOTY). 9TO COCTOSSHUE MOKHO JIEYUTh C IIOMOIIIBIO JIEKapCTBa,
KOTOPOEe ITPUBOOUT K BhIIEeIeHUI0 OMKapOoHaTa C MOYOM.
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Q.80

Pucynoxk Q.80 noka3rlBaeT B3aUMOCBSA3b MeXQy KOHIIEHTpallel KUCJIoOponaa U
MmapUyaIbHBIM JaBleHueM Kucjaopona (Poy) B KpoBU ABYX BUAOB MO3BOHOYHBIX (BUOHI &
u b). Kaxnwiii o6pa3zer OblI TIOABEPTHYT ABYM YPOBHSIM AaBJI€HUS YTJI€KUCIIOrO ra3a
(Pcoy): kpuBas I mpeacTaBiisieT BEJIMUYKUHBL, U3MEPEHHbBIE IPU HOpMaJlbHOM Pcoj u
KpuBasd Il npencrasiisieT BEIMYUHE, U3MEPEHHEBIE IIPU ITOBHIIIIEHHOM Pcoy. KpoBs,
IpOXOoasIllas yepes JieTKue, Y ABYX BUAOB B HOpMe uMeeT Poy pasHoe 100 mmHg, a
OEOKCUTeHUPOBaHHAasA KPOBb, MOKUOawIlasa Tkauu, umeet Po, pasHoe 40 mMmHg.

Species a Bun b
3 220 = 220 -
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S 180 = 180 /”
o
8 160 S 160 /
< 140} HOPMansHoe ) HopManbHoe /
o PCO2 ()  ommme o 140 /
& 120 . o 120f  PCO2() ¢
= 100} \/ © \/
= > = 100 \/
I 80 / OBbIWEHHOE S 4
g ’/ = 80 /’ MOBbIWEHHOE
= oo y; PCO2 (II) S 60 S PCO2 (Il)
s 4aof T d
=0 / (] 40 ',
I / !
3 200 ¢ T 2}
0 20 40 60 80 100 120 2
0 20 40 60 80 100 120
PO2 (mm Hg) PO2 (mm Hg)

PucyHok Q.80

Vkaxute B JIncte OTBETOB, SABISETCS JIM KaXKa0€e U3 CIEAYIOIINX YTBEPKACHUN
BepubiM unu HeBepHEIM.
A. Ecnu cpaBHUTH KpUBYIO | Bufa a ¢ KpuBou I Buga b, MOXKHO IIPEANOIOXKUTh, YTO
KoHIleHTpauusa O, B KPOBU B JIETKUX BUOa a OydeT BhIIIe, YeM TaKoBasi Buma b.

B. Eciou 9KCIIOHNPOBATh JEOKCUTEHUPOBAHHYIO KPOBb OIBYX BUOOB IITPHX OOMHAKOBOM

ypoBHe Pco; 1 MOBHIIIIEHHOM YpoBHE Pojy, To mepBoii HackTuTCcsa Oy KPOBBL BUAA a.

C. Ecnu xkpusBsle I u Il npencraBinsiioT codbor Pcoy, OKCUTeHUPOBAaHHOM U
OEeOKCUTEeHUPOBAaHHOU KPOBU COOTBETCTBEHHO, TO ¥ BuAa b U3 NMUTpa KPOBU MIPHU
ee IIPOXOXKAEHUY Yyepe3 TKaHU BreigenuTcsa MmeHee 160 mi O,.

D. V Bupma a yBenuueHue Pco, B KpOBU YMEHbIIIaeT CPOACTBO reMOIrIo0uHa K

KHUCJIOPOMY, HO He OKa3hkIBaeT BIUSHUS Ha MaKCUMaJIbHYIO KMCJIOPOOHYIO EMKOCTD
KPOBH.
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STOJNIOINMnA

Q.81

B skcmepuMeHTaIbHOM HCCJieoBaHUU COpPOKU Pica Pica, npoBegeHHoM B llIBenuu,
Il'opan Hogstedt manumnynupoBan ¢ KCXOOHBIM pa3MepoOM KJIaOKu (IT0Ka3aH CIpaBa
Ha rpaduKe) 3KCIIePUMEHTAIbHBIX IITUIL OJIS TOTO, YTOOH! ITOJIYYUTh KJIaJKU Pa3HOTO
pa3Mepa y pa3HbIX I'PYIIII OTUI (B 3aBUCUMOCTH OT KUCXOOHOTIO pa3Mepa KJIafgKu), Kak
IIO0Ka3aHo Ha ocu X. KonmnuecTBo YCIEIIHO

OIIEPUBIIUXCA MOJIOOBIX IITUL] IIPU PA3JIMYHBIX YCIIOBUIAX [TOKa3aHO Ha Y-OCH.
[TuieBoe oOuIMe U Ka4eCTBO TEPPUTOPUHU, KaK I0JIaraloT, CBI3aHbl C pa3MepoM
BLIBOIKa. MHTEHCUBHOCTD ITOelaHle XUITHUKaMU HUXKe B cliydyae OOJILIIUX BEIBOJKOB.

§ 5r UcxopHbin pa3Mep Knagku
I
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C 4}

®
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3 3t
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g2
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31t °
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'KCI'IepI/IMeHTaﬂbeI " pa3Mep BbiBOAKA

I/I3y‘-II/IB IIpenCTaBJIEHHBIE MAaHHBIE, YKA2KHUTE B JINCTE OTBETOB, ABJIAETCA JIM KaXKJJ0€ U3
YTBep}KHeHI/Iﬁ BEPHBIM HWJIM HEBEPHEIM.

A. B 1iesom, OTeHIIEI JIy4Ili€ BBI2KMBAIOT B SKCIIEPHMMEHTA/IbHO CO3aHHBIX OOJIBIIINX
BBIBOIOKAaX.

B. VMHTEHCUBHOCTh PAa3MHOXKEHUS IITUI] OJIMKE BCETO K TOMY ITOKa3aTeli0, KOTOPHIHU
MaKCUMHU3UPYET UX UHOUBUOYATbHBINA YCIIEX PAa3MHOXKEHUSI.

C. YV nTul, oOuTaoIINX Ha TEPPUTOPUH BEICOKOTO KaYyeCTBa, KaK IIPABUJIO, BEIBOIKHU
OoJsbIle.

D. OKcnepuMeHTaJIbHO M3MEeHEeHHLIe BEIBOOKH OOJIbIIIe TOJI0AaIoT.
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Q.82

H3y4yeHO MMOBeieHre OBYX BUIOB KpaOoOB-CKpunaden (rpyra MaHsSIIuX

KpaboB) oaMHAKOBEIX pa3dmMepoB (Uca latimanus v U. musica), KOTOpPble XKUBYT
COBMECTHO B OOHOM M TOU Ke cpeme oObuTanus. CaMIlbl CTPOSIT HaBeChl HaJl CBOUMHU
HOpaMH [IJIs1 IPUBJIeYeHUsT CaMOK. [ToMCK mapTHepa SIBASIETCS OIacHOM’
aKTUBHOCTHBIO OJII CaMOK Kpaba-CKpHuIllada, TakK YTO 3TU CaMKU MOTYT OBITh
BBIHY2K[I€HBI CclieJjlaTh HEOIITUMAaJIbHLIU BEIOOP CaMIila pagu CBoel COOCTBEHHOU
0e3omacHOCTH, 0OCOOEHHO B TeX palioHaX, rme IJIOTHOCTh CaMIIOB UX Buaa 0ojee
Hu3Kasi. Ha pucynke Q.82 HMXKe ImoKa3aHO, KaK YaCTO CaMKM OBYX BUIOB
nmpubnIuXkKaauch K caMilaM, a TakKXKe K HOpKaM (C HaBecaMu 1 0e3 HaBECOB) CaMIIOB
CBOETo BHUfA.
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. latiman. . musi . latiman . musi
U. latimanus U. musica U. latimanus U. musica 6ea Haseca 6ea Haseca

Tons camUoB, K KOTOPbIM MPUGN3NIUCH CaMKN
Tons caMuoB, K KOTOPbLIM NPUBN3NIUCE CaMKI

O6uwee 4ncno ocenbix camLoB O6Lwee 4ncno ocenbix CaMLOB TOro Xe Buma

PucyHok Q82. (A) CpeaHss (x SE ctaHpgapTHas ownbka) aons ocenbix camuos Uca latimanus w U. musica . k
KOTOpbIM Npubnn3unmcek ctpaHcTeytowme camkn U. latimanus w U. musica . * P <0,05; *** P <0,0001.
(B) CpenHsia (+ SE ctaHmapTHas owmnbka) [ons oCenblx CamLOoB TOM0 Xe BMAa C HAaBecaMy HaL, Hopkamu n 6e3 Hux, K
KOTOpbIM Npubnn3nnnce cTpaHcTayowme camku U. latimanus v U. musica. * P <0,05.

Ykaxwute B JIncte OTBETOB, SIBISETCS JIM KaXXKA0€ U3 CIEOYIOIIUX YTBEPKIECHUU
BepubiMm unu HeBepHEIM.

A. Camku 000UX BUIOB dallle NpuOIUKaIUCh K CaMIlaM CBOEro BHAa, YeM K caMllaM
OpyTroro Bupa.

B. IIpuBrekaTenbHOCTh HaBECOB Hall HOPKaMU I caMOK U. musica He TaK CUJIbHA,
Kak y U. latimanus

C. Cawmiibl KpaboB rOTOBHL yXaXKMWBaTh 3a KaXKI0M caMKOM, He3aBUCUMO OT UX BUIIQ,
YTO MCIOJIb3YEeTCSA CaMKaMH, UIYIIUMU YKPBITUS U
cTpeMsnIuMuCs n3deraTb XUITHUKOB.

D. TIlepekpriBaHME UCIIOJIb3yEMBIX MECTOOOUTAHUM [AHHBIX ABYX BUOOB OIU3KUX 110
pa3Mepy KpaboB He OKa3hkIBaeT HUKAKOI'O BIUSHUS KaK Ha 0co0eli, momarounx
CUTHAJIBI, TaK U Ha 0co0el uX NPUHUMAIOIINX.
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Q.83

Tpu mopdul monmumopdHOTo Buma Mmonu Catocala pa3nuyaloTCs TOJILKO PUCYHKOM Ha
TMepeagHUuX KPhIIbSIX.

B skcriepuMenTe 11ecTh ronyonx coek (Cyanocita cristata) nckamnu moOLIYy Ha 9KpaHe
KOMIIbIOTEPA B CEPUU MUCIBITAHUU.

No translation found

B KaXX[a0M HCIIBITAHUU KUCIIOIB3yeTCS 9KpaH, Ha KOTOPOM IIOKa3hIBaJlOCh HaJIn4ue Ujn
OTCyTCTBHE 0abo4yek Tpex pa3nuyHbix Mopd. Ecnu ntuila HaxoguT 6ab00UKYy,

OHa BO3HarpaxpgaeTrcs nuilel. B tedenue 50 gHeu 01 KaXKOOU IITULLI TpoBenu 36
HUCIIBITAaHUM C DoObIYel u 84 ucnbiTaHuu 0e3 goOsYu. BrIy MpoBegeHbl TPU
IIOBTOPHOCTH, TIPUYEM BTOPAasi IIOBTOPHOCTDH BKJII0YaeT OOIBIIYIO JOII0 MOP(DEI 2 U
TPEThS MIOBTOPHOCTh HAUMHAETCS C OOJIBIIMM OTHOCUTEIbHBEIM 00uImeM MOPQHL 3.
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OHn
A, YncneHHoCTb nonynsumin Tpex Mmopa.
B, BbisiBnsieMocTb A00bIUN.

YkaxuTte B JIncre OTBETOB, SIBISETCA JIU KaXXO0€ U3 CIIeOYIOIIUX YTBEPXKOEHUN
BepureiMm unu HesBepHEIM.

A. Mopda 1 okazanack HauboIee KpUINTUYECKON (He3aMeTHOM)

B. OTHocuTenbHOE KOJIMYeCTBO "ocobeii", KoTopbie n3bexkanu
oOHapyKeHUs, olrpenenseT o0usre Kaxaoro Tuila JOObIYH.

C. U3 maHHBIX MOXXHO CHeIaTh BHIBO, YTO IIPEUMYIIEeCTBEHHOE IToefaHue roayooiu
COMKOM mpeobnanaloiieir Mopdrl 6abouek, MaKCUMU3UPYET yCIIEX COEK B
OOOBIBAaHUM KOpPMa.

D. TTonumopdusM noagepKUBaeTCsa B HONYISIINKU Oarogaps 4aCTOTHO-
3aBUCUMOMY OTOOPY XUITHUKaMMU.
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F’EHETUKA U 3BOJNTIOUUA

Q.84

Y opranmu3mMma umeetcs 4 reHa, A, B, C u D, y Kaxkagoro u3 KOTopuix 2 anjnens. OcoOs,
reTepo3uroTHas 110 BCeEM 3TUM reHaM Obljla CKpellleHa C pelleCCUBHOM rOMO3UTOTOMN
110 BCeM 3TUM reHaM. B pe3ynbTaTe Ob110 mTonydeHOo 3288 mOTOMKOB, PeHOTHUNIHI
KOTOPBIX ITPUBEAEHHl B TaOIHIle HUXKeE.

®eHOTHUIIH Yucio ocoden
ABCD 675
ABCd 83
ABcD 1
ABcd 74
AbCD 73
AbCd 1
AbcD 84
Abcd 670
aBCD 655
aBCd 86
aBcD 1
aBcd 73
abCD 71
abCd 1
abcD 87
abcd 653

s KaXkKAoro yTBepxkKAaeHus yKaxxute B JIucte OTBETOB, SIBISETCSA OHO BepHBEIM Unu
HeBepHbBIM

Bce 4 n1okyca CIemnIeHHl.
Paccrosinue mexnay resamu B u D cocraBnseTr 9 cM.
Paccrosinue mexpay resamu C u D coctasnsier 10,5 cM.

. Uutepdepenuus mensbiie, uem 0,25. UuTepdepennus = 1 - (Habnogaemas
YacToTa OBOMHBIX KPOCCHUHIOBEPOB/0OXKHMOaeMasi 4aCcTOTa JBOUHBIX
KPOCCHUHTOBEPOB).

Sowp
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Q.85

B HOpMe pacTeHue UMeeT KpacHble IBETKU. CeleKIMOHEePHl BEIBENTH TPU MyTaHTHBIE
JTUHUU OeJIOIBETKOBHLIX pacTeHui (0003HaYeHH a, b 1 ¢). 3aTeM OHU IPOBEHU
CKpelIuBaHus U HabJiomanu cienyrolnue GeHOTUIIL B ITIOTOMCTBE.

CkpemuBanue [Pogutenu I[ToToMKHu

1 JIMHUSA a X JIUHUS b F, Bce Oenrnie

2 JINHUSA a X JIMHUS C F1 Bce KpacHbIE

3 JIMHUS b X TUHUS C F1 Bce Oenbie

4 KpacHble Fq oT cKpemuBaHus 2 X MUHUS a |1/4 KpacHBIX: 3/4 6enbIxX
5 KpacHble F1 oT ckpemuBaHus 2 x nuHusA b |1/8 kpacHbix : 7/8 Genbix
6 KpacHble Fq OoT ckpemuBanus 2 X MTUHUSA ¢ |1/2 KpacHBIX: 1/2 6emnbix

Ykaxute B JIncTte OTBETOB, SABISETCS JIM KaXKO0€ U3 CIEAYIOIIUX YTBEPKACHUN
BepHbiM unu HeBepHBIM.

A. JIuHUS a TOMO3UTOTHA II0 MyTallUU TOJILKO B OIHOM TI'€He.

B. JluHHUsS b roMO3UTOTHA II0 OBYM MYTallUsIM, UMEIOIINMCS TaK¥XKe Y TUHUU C.
C. JIuHus c TOMO3UTOTHA 110 MyTallluX, UMEIOIIeCcs TakKKe yV TUHUM a.

D. JIuHUS b roMO3UTOTHA 110 MyTallUsIM B TPeX reHax.
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Q.86

Ykaxute B JIncte OTBETOB, IBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEBEIM.

A.

Ecnu peniecCUBHBIN aljIeflb ABISETCS JIeTallbHBIM B TOMO3UTOTHOM COCTOSIHUH, a
COOTBETCTBYIOIIUY JOMUHAHTHLIN ajljyiIe/Ib MyTUPYET B PELIECCUBHBIM C YaCTOTOU
105, To wacToTa eTanbHOTO ajiess B COCTOSHUY PABHOBECHUS MEXIY
MYTallMOHHBIM ITPOIIECCOM U 0TOOPOM cocTaBuT mpumepHo 0,001.

Ecnu yacToTa pelecCuBHOIO JIeTaJIbHOTO annessda coctaBnseT 0,2 u ocTaeTcs
HEM3MEHHOU Ha IIPOTSIXKEHUU ITOKOJIEHUM N3-3a CETEKTUBHOTO IIPEUMYIIIECTBA
reTepo3uroT, To KoadpuiimeHT oTO0Pa IPOTUB JOMUHAHTHBIX TOMO3UTOT [IOJI2KEH
paBHATHCA 0,025.

OTO60p B IOIb3Yy PELieCCUBHEIX ajinesielr MeHee 3pheKTUBEeH, yeM 0TOOP IIPOTUB
PEeLleCCUBHEIX aljIielen.

B OOJIBIITON MOMYISIIUN CO CIIYyYalHBIM CKpelIuBaHUEeM YacToTa

ayTOCOMHOTI'0 PeLIECCUBHOIO JIeTallbHOT 0 ajuiensd coctasnsaeT 0,2. Ero yacrtora B
cnenyoiieM rmokojieHuu coctaButT 0,07, ecmu roMO3UTOTH ITOTU0AIOT OO
Pa3MHOXKEHUS.
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Q.87

Ykaxute B JIncte OTBETOB, IBISETCS JIM KaXKA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepureiMm unu HeBepHEBEIM.

A. HekoTopsble THUIIHI paKa TOJICTOM KUIITKH MOTYT BBI3BIBATHCS PEII€CCUBHBIMU
MYyTalUsIMH, XOTSI XapaKTep HaclaeaoBaHUs 3a00eBaHus OyIOeT IMTOX0XKUM Ha
HaceJoBaHWE MOMUHAHTHOTO IIPU3HaKa.

B. Y ogHOro namueHTa HOpMaJibHbIE KJIETKU UMEIOT OOUH MYTaHTHBIU ajlJIelib
reHa p53, TOrga Kak pakOBbIEe KJIETKU UMEIOT ABa OOVHAKOBEIX MyTaHTHBIX
amtens p53. B 9ToM ciy4ae BTOPOM MYTaHTHBIU ajljIeJIb MOT BO3SHUKHYTH B
pe3yibTaTe KOHBEPCUU I'€HOB.

C. HekoTtophle TUITEI paka 3¢ (PEeKTUBHO JIeYaTCs IpelapaTaMi, KOTOPbIe BHI3EIBAIOT
OeMeTUIMpoBaHue. MOXKHO MTPeAON0XUTh, YTO TeHbl, MyTAaIlUH B
KOTOPBIX BBI3LIBAIOT 3TH TUIILI paKa, CKOpee BCETo, SIBISIIOTCS OHKOIeHaMH, a He
OHKOCYIIPEeCCOpPaMH.

D. XpOMOCOMHbIe WHBEPCHUHU MOTYT IIPUBOOUTE K ITOABJIIECHHWIO OHKOT'€HOB.
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Q.88

OMOPUMOHBI MBIIIH, SIBJISIOIINMECS TPUCOMUKAMMU I10 ogHOM u3 20 xpomocoMm (Bcero 20
Pa3HBIX TUIIOB MHEINIEN) HaOMIOOaIuCh BO BpeMsi SMOpPUOHANIbHOTO pa3BuTtus. Ha
pucyHke Q.88. mokasaHa 3aBUCUMOCTH YPOBHS MX BEIZKUBAE€MOCTHU OT pa3Mepa
XPOMOCOMEI, IPEeNCTaBJIEHHON TpeMs KOIUSIMHU.

.
Ul
1

N

1 Chr 1s

=
w

=

Paamep xpomocombi (10° bp)

Chr 19=

0.5+

11 12 13 14 15 16 17 18 19 20
LeHb rnbenn ambpuroHa

Hcxonsa n3 maHHoU mHPopMalmu, yKkaxuTte B JImcre OTBETOB, SABISETCS TN KaxkKaoe
W3 CJIeQyIOIIUX yTBepKAeHUY BepHbIM nnu HeBepHBIM.

A.

B.

XpomocoMa 19, ckopee Bcero, KOoUpyeT MeHbIIle BCero TPaHCKPUIITOB I10
CpaBHEHUIO C APYTUMHU XPOMOCOMaMH, IIPpUBEeNeHHBIMU Ha rpaduke

TsxxecTb geeKTOoB, BLI3BAHHBIX HapyIIeHUEM YUCJia XPOMOCOM, OIIPEeHensieTcs
TOJILKO OOIIMM KOJIMYEeCTBOM I'eHeTHYeCKOIro MaTepuraa
(IIHK) Ha DOmMOMHUTEIBHOM XPOMOCOME.

CuwuTas, 4To Pob reHoB xpoMocoMm 1 1 10 B aMOpPHOHAIBHOM Pa3BUTUUN
OOMHAKOBA, MOXKHO ITPEAIIONI0XKUTD, YTO IIJIOTHOCTH PACHOJIOKEHNS T'€HOB Ha
xpoMocoMe 1 MeHbIle, yeM Ha Xxpomocome 10.

['eHBI, pacmoIOXKeHHEIe Ha XpoMocoMe 12, ckopee Bcero, 60jiee BaXKHHBI s
9MOPUOHATBPHOTO PA3BUTUS, YEM I'eHBI Ha XpoMocome 13.
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Q.89

MPHK 3ykapuoT 4acTo 3aMBIKAIOTCS B IIETJIXA B LUTOIIa3Me. YKaxuTe B JIncre
OTBeTOB, SABJISETCS JIU KaX0e U3 CIEOYIINX YTBEPKAEHUNU O TAKUX 3aMKHYTHIX
netnsax BepusiM unu HeBepHEIM.

A. 3aMBIKaHME IIPOUCXOIUT 3a cueT oOpa3oBaHus GocdonusahupHOM CBI3U MexKOy 5’
u 3' koHnnamu MPHK.

B. 3aMrbikaHue HOBHIIIIaeT cTabuirHOCT, MPHK.
C. 3amMBIKaHHE YBeJIMYMBAET CKOPOCTh mepemenieHuss pudocomsr mo MmPHK.

D. KOHTpOJIb 3aMBIKAHUA ABJIIAE€TCA OOHUM M3 MEXaHM3MOB HOCT-TpaHCKpHHHHOHHOﬂ
Peryiaiannun 3KCIIPeCCHUU I'eHOB.
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Q.90

Ha pomocnoBHBIX 1-4 ITOKa3aHO HacJielOBaHUE YeThIPpeX Pa3HbIX PeIKHX
3aboneBanui. M3BecTHO, 4TO 3ab0IeBaHUE Ha POOOCIIOBHOM 4 sABIsieTcs X-
CIIEeTIJIEHHLIM PEIeCCHUBHBIM.

(1) )

PucyHok Q.90

HN3yuyuTe ponociioBHEIE U YKaxuTe B JIucre OTBETOB, SIBJIIETCS JIU KaXXgoe U3
CIIeOyIOIINX YTBepXKOeHU BepHbiM unu HeBepHBIM.

A.

3aboneBaHre B POOOCIOBHOM 1, CKOpee BCET0, BEI3BIBAETCS PEIleCCUBHBIM
asjiesieM.

WupuBunyymel 1112 u 1117 B pogocioBHOU 2 UMEKOT OOWH U TOT XK€ T'€HOTUII

B popocnoBHOU 3 MOKa3aHO HacjiegoBaHMe 3a00ieBaHUsI, KOTOPOEe MOXKET OBITh
BBI3BAHO PELIECCUBHEIM ajljiejieM Ha X-XpOMOCOMe.

Ecnu y 007TbHOTO MY2KYUHEI M €TI0 3[I0POBOM KEHEI U3 POIOCIIOBHOM 4 POOUTCS
CBIH, TO BEPOSATHOCTH TOTO, UTO 3TOT CHIH OydeT OomneH, paBHa 0,125
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Q.91

[Tonumopdubie ydacTku [THK mIimpoKo UCIIONb3YIOTCA OJII UAeHTU(PUKAIINY JINYHOCTH.
KopoTkue TangeMHble ITOBTOPH (STR) COCTOAT U3 MHOXKECTBa MOBTOPSIOIINXCSA
eOUHUL] OJIMHOU OT 2 1o 8 HyKeoTunoB. STR-I0KyCH (p1aHKUPOBaHHI
KOHCEPBATUBHLIMU NociiemoBaTenbHOCTIMU. Kaxanwiii STR-110Kyc uMeeT 6ojiee OByxX
ameneri. ODHOHYKJIEOTUOHBIE TTOTUMOPGU3MBI (SNP) - 3TO OMHOHYKJIEOTUIHEIE
IMO3UIIMU, B KOTOPBIX HAOJIIOAAI0TCS pPa3Iuinsa MexXay UHOuBuayyMamMu. OObIYHO
Kaxneiii SNP umeeT nBa amesns. CeMb MHOUBUOYYMOB ObLIM IIPOT€HOTUIIMPOBAHEI 11O
OBYM ayTOCOMHBIM M ABYM MuTOXOHApHanabHBIM (MEDNA) SNP, a TakKe o OByM
ayTOCOMHEIM U OBYM clienneieHHBIM ¢ Y-xpoMmocomol (NRY) STR (Taoauma Q.91).

AyTOCOMBI NRY mtDNA
Individuals SNP1 | SNP2 | STR1 | STR2 | STR1 | STR2 | SNP1 | SNP2
Ind_1 A/A | A/A |13/15]18/20| 13 12 C A
Ind_2 A/C | A/G |12/14 |18/21| 13 15 T A
Ind_3 C/C | A/G |14/15]18/21| 13 15 C G
Ind_4 A/C | G/G |13/15|19/19| 11 14 T G
Ind_5 C/C | A/G |14/15 | 18/19 - - C G
Ind_6 A/C | G/G |14/14|18/19 - - T G
Ind_7 C/C | G/G |14/16 | 19/21 - - C A

Ta6bnuua Q.91

Ykaxute B JIncTte OTBETOB, ABISETCA JIM KaXKO0€ U3 CIEAYOLIUX YTBEPKOEHUN
BepubiMm unu HeBepHEIM.

A. Ecnu ucnons3oBats opguHakoBoe 4ynciio SNP unu STR, SNP nyumie nogxonat miis
TOT0, YTOOBI OT/INYATh UHOAUBUAYYMOB APYT OT Oopyra, yeMm STR.

B. Ind 6 c 6omnbinel BeposATHOCTD, YeM Ind 3, ssBnseTcsa pebeHKoM mnapsl Ind 2 u
Ind 5.

C. Ind 4 BeposTHO saBnseTcs 6paTtoMm Ind 6.
D. Ind 7 moxeTt ObITH BHYy4YKOM napel Ind 1 u Ind 6.
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Q.92

Camka Drosophila gukoro tuma Obljia CKpelieHa ¢ caMIloOM JUKOI'0 THIIa, KOTOPOT o
IIpeaBapuTENbHO 00MyYnnu peHTreHoM. OgHa u3 camMok u3 F1 Onlyia cKpellleHa C
caMIIOM, UMEBIIINM PeleCCUBHBIN (PEHOTHUII, BRI3BAHHLIM PEIIeCCUBHLIM ajlJIeJIEM a.
I[ToOTOMCTBO BTOPOT'O CKpeIIuBaHus ObIJI0 HEOOBIYHLIM B [IBYX OTHOIIEHUSIX. BO-TIEPBHIX,
caMOK OBIJIO B IBa pa3a O0JibIlle, YeM caMIlOB. BO-BTOPHIX, XOTSI BCE CaMIIbl OBIIIN
OUKOTO THula, 1/2 caMoK ObIIM OUKOTO THUIIA, @ BTOPas MOJIOBUHA MMeJla PelleCCUBHBIN
¢benoTun a.

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXKA0€ U3 CIEOYIOIIUX YTBEPKIECHUU
BepubiMm unu HeBepHEBEIM.

A. OO6mydyeHue ITPUBEJIO K TOMY, YTO JOMUHAHTHBIN aJlIelib A, PacIIOJIOKEeHHBIN Ha X
XPOMOCOME U KOOWPYIOILIUY OUKUUN TUIL, IIPEBPATUJICA B PELIECCUBHLIU aJlJIelib a.

B. OG6nydyeHue IPUBEIO K BOSHUKHOBEHUIO XPOMOCOMHOM TPAHCIIOKAITUU

C. Ha opmHol U3 nmap XpoMOCOM BO BpeMs IIpoda3sl Meio3a 1 MoxkeT
HabOmomaThCsA NeTnss y caMKu F1, B3siTOM B CKpellliBaHUeE

D. Ecnu caMKy U3 IOTOMCTBa OT BTOPOT'O CKpeLIuBaHUA C
pereccCuBHBIM (DEHOTHUIIOM (a) CKPECTUTH C CAMIIOM OUKOTO THUIIA, TO CPeOgu UxX
IIOTOMCTBa COOTHOIIIEHNEe MeXKy caMKaMU U caMmiiaMu Oymet 2:1.
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Q.93

MucTtep TpyHr KIOHMPOBaJ KOOUPYIOIIYIO mociaegoBaTenbHOCTE (CDS) reHa B BEKTOD
1 Ha3BaJl IojIydyeHHyio miaa3muny pVN2016. [laraas CDS Orvina BcTaBjieHa B BEKTOP

10 PECTPUKLMOHHOMY cauTy oida Sacll, pacronoxeHHOMY B nonunuHkepe (MCS)
BHYTpHU reHa /acZ (pucyHok Fig.Q.93A). BctaBka uMeeT peCTPUKLIMOHHBINA CaUT
nnst Pstl, pacnonozkeHHBIN Ha 0,8 T.I1.H. BHIIIIE CTON-KogoHa maHHo# CDS. YToOk!
OIpenenuTh pa3Mep U OpueHTaluio BcTaBneHHOU CDS mucTtep TpyHT pa3pe3an
IJIa3MHUOY Pa3HBIMU peCTpuKTalaMu. Pe3ynbTaTel MOKa3aHbl Ha pucyHke Q.93B.

A

Amp© BekTop

Hcxops u3 nipeacraBieHHON nHpopManmuu, yKkaxute B JIncte OTBETOB, SBISIETCS JIU
KaXX[oe U3 CJIeOylluX YyTBepXKaeHuu BepHelM ninu HeBepHBIM.

A.

3.0 kb MCS

lacZ

ori

17

Apal
Aatl |
Sphl
BstZ |
Ncol
BstZ |
Notl
EcoR |
Sacll
Spel
EcoR |
Notl
BstzZ |
Pstl
Sall
Ndel
Sacl
BstX |
Nsil

} spe

M

BIyCTovl NIMHENHbIN (pa3pesaHHblii) BEKTOP

pVN2016

EcoRI

Spel

Pstl

10.0 kb—
8.0 kb—

6.0 kb—
5.0 kb—

4.0 kb—
3.5 kb—
3.0 kb—

2.0 kb—

0.5 kb—

A) CxemaTtumyeckas kapTa BeKTopa, Yicnamm o6o3HaueHbl NooXeHUs canToB pecTpukumm; B) CxemaTnyeckoe
n3obpaxeHwe anekTpodpopesa pparmeHToB JHK, nonyyYeHHbIX B pedynbTate pecTpukLmmn pa3HbiMu hepMeHTamu

CDS umeeT gnuHy 2,6 T.II.H. U cOOepKUT cauT Ojiss EcoRI Ha paccTossHUU

npuMepHo 0,5 T.II.H OT OOHOI'O U3 €€ KOHIIOB
Spel MOXXHO UCIOIb30BaTh AJIs OnpeneeHus opueHTanuu CDS

CDS opueHTHpPOBaHa B TOM Ke HAITPaBIEHUU, YTO U I'eH lacZ.

Ecnu nnmazmuny pVN2016 omHOoBpeMeHHO pa3pe3aTh Spel u EcoRI 6ydepe Tango
(B aToM Oydepe EcoRI uSpel pa3pesatoT ¢ apdekTuBHOCTHIO 100% 1 20%
COOTBETCTBEHHO), Ha rejie 1mocie 3j1ekTpodope3a MOKHO OyaeT yBUOETh NSITh

¢dparmenTos pasmepom: 0,5; 0,8; 1,3; 2,1 u 3,0 T.11.H. (CuuTtaiute, 4TO0 PparMeHTHl
Kopode 50 m.H. Ha rejie He BUOHBI).
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9KOJ10INn4

Q.94

Yd4yeHbIEe TOCTPOUIA MOIENHU OIS YeThIpeX HaXOOAILIUXCS IO YTPO30U BUOOB JEPEBLEB
B CyOTPOIMMMYECKUX JiecaX BO BbeTHaMe, ¥ UCIIOIb30BAJId 3TU MOJEIU IJIsl OLIeHKH!
BO3pacToB gepeBbeB (puc Q.94). Bo3pacT gepeBa HU3MEPSETCS 10 KOJIUYECTBY
KOJIeIl M JuaMeTpPy CTBoJIa Ha BeicoTe rpynu (DBH). Temmbl pocTa ObLIN
KJIaCCU(PUIIMPOBAHLI B 3aBUCUMOCTHU OT u3MeHeHuss DBH Ha ompeneneHHOe YUCIIO
kateropuu (ot 10 go 1000). Mogens ¢ 1000 kaTeropuit COOTBETCTBYET U3MEPEHUIO
IIPUPOCTa CTBOJIa C HAUMEHBIIIUM IIaroM.

BoapacTt aepesa [roabl]

400 Annamocarya sinensis

300

Calocedrus macrolepis -

200f

100

O_ b

Dacrydium elatum

 Pinus kwangtungensis
1000

o
00

@]
o
02

! ! ! ! L Ef! ! ! ! [ i
0O 20 40 60 80 1000 20 40 60 80 1000

HwnameTp cTBONA [CM]

T 1 1 1 L
20 40 60 80 1000

! ! ! ! !
20 40 60 80 100

PucyHok Q 94. OueHouHble (nMHWK) 1 Habnoaaemble (KPY>XKKU) Bospacta ans kateropuin DBH yeTbipex Buoos

LepEeBbEB.

Ykaxute B JIncte OTBETOB, SABISETCS JIM KaXKO0€ U3 CIEAYIOLIUX YTBEPKAECHUN
BepHbiM v HeBepHBIM.

A. Hcnonbp30BaHKe HaMMEHbBIIIET0 YHCjla KaTeropuil maeT Hanbojiee TOUHYIO

B.

C.

nH(popMalLrIo 0 Bo3pacTe gepeBa P. kwangtungenesis.

O1reHUBaeMEIH BO3pacT s D. elatum ocoOeHHO Pe3K0 BO3pacTaeT MPH IIepexoe

oT mopmenu co 100 kateropuamu K mogenu ¢ 10 kateropusamu.

Mopens ¢ 10 kateropusimu DBH gaeT Hanubonee 3aHUXKEHHYIO
OLIEHKY HaOJ1toJjaeMbIM BO3pacTaM AJisd TPeX BUOOB.

IOnsa D. elatum, mopenu Kak co 100, Tak u ¢ 100 kaTeropuui facT TOYHYIO OL[€HKY
BO3pacTa [epeBa, B TO BpeMs Kak IJisg OlleHKU Bo3pacTa C. macrolepis, TOIbKO

Mmopenb co 100 kaTeropusiMu gaeT HafeXKHYIO OLIEHKY.
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Q.95

st Toro, 4TOOB! IOHATH BIUSHUE HECKOIbKUX (haKTOPOB Ha pacTeHus (Agrimonia
rostellataw Trillium erectum) B T€CHBIX 3KOCUCTEMaX, CTyOEeHTH

IepecaxkKuBally CesTHIIBl Ha SKCIIepUMeHTaIbHbIEe YYaCTKU U

HaOJIr00anyu JOJII0 BEIKUBIINX CaKEHIEB, PACTYIIUX C a0OPUTEHHOU U
HeaOOpPUTeHHOU PaCTUTENIbPHOCTHIO, B IPUCYTCTBUY CIIU3HEN U 0e3 HUX, a TaKXkKe C

HU3KOU M BBICOKOU IIJIOTHOCTHIO MONYIISIIIUU JH0XKAEBOTO 4YepBsi. Pe3ynbTaThl MOKa3aHb
Ha PUCYHKe HUXKeE.

074 0.7 4 @ Cnin3Hm OTCyTCTBYIOT
: O CnnsHW NpucyTCTBYIOT

0.6 1 « 0.6 1 §
051 . : 0.5

S 0.4 i ' 0.4
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X 1 I 1 I
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g C D
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= 0.51 ) 0.5 1
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0.3 1 0.31 .
0.2 0.2

1 I 1 I
He abopurenHas AbopurenHas Huskas Bbicokas

PacCTUTEeNbHOCTb MNOTHOCTb OOXOEeBOro 4epss

PucyHok Q.95 [ong yueneswux Bcxonos Agrimonia rostellata (A, B) v Trillium erectum (C, D)

Ykaxute B JIucte OTBETOB, SIBISETCH JIU KaXXA0€e U3 CIIEOYIOUUX YTBEPKIEHUNU
BepubiMm unu HeBepHEIM.

A. HckinrouyeHue CIU3HEU U3 ONBITHOTO yYaCTKa OKa3bIBaeT II0JIOKUTEJIbHOE

BJIUSTHVIE Ha BBIXKUBAEMOCTb Agrimonia rostellata w Trillium erectum c BEICOKOU
IUIOTHOCTBIO IOXKEeBOI'0 YepPBA.

B. BnusiHue ciu3HeM 3aBUCUT OT OAPYTrux (GakKTOpPoOB CTpecca, 0COOEHHO
OT B3aUMOIENCTBUS C HeaOOPUTEHHON PACTUTEILHOCTHIO U TOXKIEBBIMU YEPBSIMHU.

C. JoxxpeBble OKa3bIBAET IOJIOXKHUTEJIbHOE BIUSHUE Ha Agrimonia rostellata n
Trillium erectum.

D. Hea60pHreHHHe PaCTeHud U CIIM3HU CUMHEPIru4iHO YMEHBIIIAIOT BEI2ZKMMBAE€MOCTbD
BCXOOOB 34 CHET YCUJIEHHA KOHKYPDEHIIUN U ITIOeOaHUA.
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Q.96

CTymeHT KyIbTUBHPOBAJI pacTeHHUsI, BKI0o4as 4 BUga OOHOOOIbHEIX TpaB (A.
capillaris, A. odoratum, F. rubra, and H. lanatus) u 4 Bufga OBYOONbHEIX Tpas (C. jacea,
L. vulgare, P. lanceolata, and R. acetosa), 6e3 6000BbIX, B pa3HBLIX KaJKaxX. B pa3HbIX
KaJiKaxX BhIpallliBajlaCh MOHOKYJIbTypa UJIN CMECHU ABYX, YETHIPEX UJIM BCEX BOCBMU
BUIOB. 3aTeM ObLIM U3MEPEHHl pa3IuYHbIe ITapaMeTphl, B 3aBUCUMOCTH OT O0oraTCcTBa
BU[IOB PAaCTeHUM, KaK IT0Ka3aHO Ha PUCYHKe HuxXKe. Ha Bcex rpadukax och y
IIpuBefeHa B norapudmmuyeckoM Maciiurabde (logy )
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Ykaxute B JIncte OTBETOB, SIBJISETCS JIU KaXKOo0e u3 CIIEOYIOIITNUX YTBep}KJIeHI/Iﬂ

BepubiMm unu HeBepHEIM.

A. Buomacca Hafi3eMHBIX YaCTe¥ pacTeHUM Bo3pacTaeT, HO o0Iasi OmoMacca
CHMZKAETCs IIPU IMOBHIIIIEHUN BUIOBOT0 OOraTCTBA

B. BugoBoe 60raTCcTBO pacTeHMUM CI1oCcOOCTBYeT 3arnacanuio C B IOYBe I'IaBHLIM
006pa30M 3a CUeT IOBHIIIIEHUS MHTEHCUBHOCTU Pa3MHOXKEHHUSI paCTEeHUH,
HECMOTPS Ha YCKOPEeHUE Pa3/I0KEHUS OPraHUKU B IIOYBE

C. Bonpiue 3amnackl N B mo4Be npu 00jiee BLICOKOM 00raTCTBe BUOOB B OOJIBIIIEH
Mepe 00BbSICHSIEeTCS ITOBLIIIIEHNEM yaepxKaHus N, BEI3BAHHOM ITOBBIIIIEHIEM
ITPOOYKTHUBHOCTHY PAaCTEHUM, a He MOBLIIIEHNUEM OCTYIIIeHus N B ITIOYBY,

D. Bornbillee BUA0BOe pa3HOOOpa3ne MOXKET MIOBHIATE TIOTEHIIMAl 3KOCUCTEM

HakarmjausaTth C
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Q.97

Ha ckamucTthix 6eperax 4acTto OLIBAET MHOXKECTBO MEIKHX BOOOEMOB B YIITYOJIEHUSIX
CKaJl, B KOTOPBLIX JOMHUHUPYIOT MAaKPOCKOTIUYECKNEe BOTOPOCIIN M PACTUTEJIbHOSITHEIE
OpPIOXOHOTHME MOJIJIIOCKH, B OCHOBHOM IIpefcTaBiieHHble Patella

ulyssiponensis (P), Littorina littorea (L) u Gibbula umbilicalis (G). bvin mocTaBneHn
9KCIIEPUMEHT [OJII U3YYEHUS B3aUMOOENCTBUS MEeXKy PaCTUTENbHOSIOHEIMU BUOAMU, a
TaKXKe BIIUSHUS ITUTATeIbHEIX BEIIECTB. DKCIePUMEeHTAaIbHBIe BOJOEMEl COmepKaln
OOWH WJIX BCe TPHU BUOA PACTUTEIPHOSIOHBEIX MOJIIFOCKOB

(Patella, Littorina and Gibbula, ipy 3TOM IIJIOTHOCTH WX IIOMYJISIIINN COOTBETCTBOBAJIMN
IIPUPOIHLIM), THO0 BOBCE HE coOepsKaau 3TUX BUAOB. OMHOBPEMEHHO C 3TUM B eIlle
OOHOM TaKOM Ke Habope IPyaoB KOHIIEHTPAIUN ITUTATEIbHLIX BEIIeCTB

OBIIM MCKYCCTBEHHO MOBBIIIIEHBI, YTOOB CPABHUTH 9(PPEKT OT HATUYUUS ITUX
MOJIJTIOCKOB IIPH €CTECTBEHHBIX 1 ITOBHIIIEHHLIX KOHIIEHTPAIIUIX ITUTATEIbHBIX
BellleCcTB. belIn onpenesieHbl BajloBast IpoayKuus akocucteMsbl (GEP), uncio TakCOHOB
BOIOpPOCIeH u ux obirnast 6momMacca (cyxass Macca).

A B C
' 30 . < 107 .
EctectBeHHast i [loBblweHHas = EctecTBeHHast .« [loBblweHHas > EctectBeHHast . [loBblweHHas
_ 307 : g : 5 ;
'Q ] (3} ] o 81 ]
B= [ o [ 8— [
& : g207 : = :
a o 20+ ' S ' g 67 '
w g : @ : @ '
O «~ 1 [\ 1 [e] 4+ 1
© . 8 10+ ' ;‘: 1
210 ' g ' @ '
8 : S : 2 27 :
1 LD 1 = 1
0- : 0- : T ol ' |
P L GPLG P L G PLG P L GPLG P L G PLG P L GPLG P L G PLG
MaHNRy NS C KOHCYMEHTaMu MaHNRyNAUMmM C KOHCYMEHTaMu MaHNRynAUMmM ¢ KOHCYMEeHTaMu

Bovcyrcteyer [ Preyteteyer
PucyHok Q.97

Ykaxute B JIncte OTBETOB, SIBISETCS JIM KaXXA0€ U3 CIEOYIOIUX YTBEPKIECHUU
BepurbiMm unu HesBepHEIM.

A. BanoBasi IPOOYKIMS 3KOCHUCTEMBI IOBBIIIIAETCS ITPY IIOBLIINIEHUN KOHIIEHTPAITUH
MM TATeJIbHLIX BEIIeCTB, U BHIIIE B IIPyOaX, I'me ecTh Littorina

B. BnusiHMe MCUYE€3HOBEHUS BUOOB PACTUTEIbHOSOHLIX MOJIJTIOCKOB Ha 01OMaccCy
BOOOPOCJIEH 3aBUCUT OT KOHIIEHTPAIIMKU MUTATEIbHBIX BEIIeCTB, BULOBOTO COCTaBa
1 00IIIero pa3HooOpa3usi OCTABIINXCS BUIOB

C. BnusiHue MC4e3HOBEHUS PaCTUTEJIBHOAOHBIX BUOOB Ha (I)YHKHI/IOHI/IpOBaHI/Ie
9KOCHCTEMEI 3aBUCHUT KaK OT 00IIIero pa3Hoo6pa3I/I${, TaK M1 BUOOBOI'O COCTaBa
OCTaBIINXCSA BHUOOB

D. Hanuuune Bcex TPABOSIIHBLIX BUMOB IIPUBOOUT K CHUXKEHUIO pa3Hoo0pa3us
BOJIOpPOCJIeN 1 X OMOMAacCh IPU 00enX KOHIIEHTPAIIUIX MUTATeJIbHBIX BEIIeCTB
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Q.98

'annoBeie Tnu (Pemphigus betae) X)XUBYT Ha TOMONSX. Bapocnbie caMKu 00pa3yioT
raJjijibl Ha JIMCThSAX TOmONsi. HeKOTOphie U3 3TUX rajllIoB BCKPHIBAIOTCS U TJIN
OOCTUTAIOT B3POCJIOTO COCTOsAHUSA. CaMKU TJieU 3aBepIlIaloT CBOU JKU3HEHHBIU [TUKIT
I0CJie OTKJIaJbIBaHUS SUIL] HA JTUCTHA TOMNOJIsI. BCce MOTOMCTBO OOHOU CaMKU TJIU
comepKUTCS B OgHOM rae. CTygeHT 3anucaj HaOmiogeHus 3a HECKOJIbKUMU
MMONyJIAUSIMU TiIeu (cM Tabnuily HuxKe). Bce ycnoBusi cpenbl OyoeT CYUTaTh
IIOCTOSITHHBIMHU.

TR T — Koi-Bo BHI};(;;;;X CooTHOIIEeHUEe CaMOK U CaMIIOB
ynian IOTUOIINX IajIjIOB CAIOR Ha B3POCJION CTaguu
L 35 70 1/1
2 25 75 1/2
3 21 63 He u3BECTHO
4 16 32 11

Huxe npuBegeHo ypaBHeHHNe, OTpazXKalollee YMCJIO0 CaMOK TJIM B t-OM ITIOKOJIEHUU:

Nt=[fxrx (1-m)]t X No
rae:

N; - 41CJ10 B3POCJBIX CaAaMOK T/IM B t-OM IIOKOJIEHUU

N, - YMCI0 B3POCIBIX CAMOK TJIM B UCXOOHOM ITIOKOJI€HUU
m - CMETPHOCTH MOJIOOBIX TJIeH (BhIpakKeHHas B JOJISAX)

f - 41MCI0 TOTOMKOB Ha OOHY CAaMKYy TJIX

I - OOJISI CAaMOK CPeau BCeX B3POCIBIX TIEH
TEOPEeTUYECKU MOXKHO CUMUTATh f, m ¥ r KOHCTaHTaMU

YkaxuTte B JInucre OTBETOB, SIBISETCSA JIU KaXXO0€ U3 CIIeNYIOIIUX YTBEPXKOEHUN
BepubiMm unu HeBepHEBEIM.

A. B nmonymnsaiusa 1 4uCiio B3POCIBIX CAaMOK OyOeT IIOCTOSHHBIM B PSIAY ITOKOJIEHUH,
ecJii KaxKJas caMKa OyneT maBaTh 4 MOTOMKa.

B. Ecnu KaxXpasa caMKa B MONYJIALUMYA 2 OaeT 3 IOTOMKa, TO YUCIJIO B3POCIIBIX CaMOK
13 ITOKOJIEHUS B 3TOU MOMYISALUMN OyOeT TOCTOSHHBIM B POy MOKOJIEHUH.

C. Ecnu B momynsiiiuu 3 YMCJIO B3POCIIBEIX CAMOK HEe U3MEHSIEeTCS U3 ITIOKOJIEHUS U
Kaxk[asi caMKa JaeT 4 moTOMKa, COOTHOIIIeHWEe MEeXIYy caMKaMt U caMIlaM#
cpenu B3POCIIBIX 0cober cocTaBuT 1/2.

D. Ecnu KaXxpaas caMKa B IIOnyasanuu 4 naeT 6 IOTOMKOB, U €CJIM CUUTATh
IIOTOMKOB B IIONYJIALUYN 4 IEPBLIM IIOKOJIEHUEM, YUCJIO B3POCIIBIX CaMOK B
TPeThbeM MOKOJIEHUU COCTaBUT 384.

59/61



BUOCUCTEMATUKA

Q.99

HWubopMaliyiss 00 3BOJTIOIMOHHBIX CBI3SIX MEXK/Y OpraHu3MaMU SIBJISETCS II0JIE3HOHU
IIPY U3YYEHUU PaA3JINYHBIX OMOJIOTMYECKUX BOIIPOCOB. YKaxuTte B JIncrte OTBETOB,
SIBIISIETCS JIM KaXKA0e U3 CIEeOYIIIUX YTBEPXKIOeHU BepHbIM unu HeBepHBIM.

A.

B.

QunoreHeTU4YeCKue OJepeBbsa MOZKHO HCIIOJIB30BaATh OJIA TOTO, YTOOBI OIIPENEIINTD,
KaK MHOT'O pa3 B XO0[0€ 3BOJIIOITNHN HE3aBHUCHUMO BO3HHKAII OHpeHeHeHHBIﬁ IIPHU3HaAK

QujIoreHeTU4YECKUe OepeBbi ITO3BOJIAIOT IIPEAIIOIOZKHNUTE, KaKO€ COCTOSAHUE
KOHKPETHOTI'O ITPHU3HaKa ABJIAETCA ITPEOJKOBBIM

QujIoreHeTU4YECKue OepeBbsa MOT'YT MCIIOJIB30BATHCA OJIA OIIPpeneJyiIeHUusA
BpeMsa OUBEPreHIIrn 3BOTIOITNOHHBIX JINHUU

dunoreHeTU4YeCKHUeE OePEBbS MOTYT OBITH UCIIOJIb30BAHEI [JI1 YCTAHOBJIEHU S
ITPOUCXOKIOEHUS KaKOoro-In00 BUpycCa B MOMYISAIUAX JIIOOeN
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Q.100

Ananus nocnenoBaTesbHOCTeM [ITHK 1 6eTK0OB B HacToslIlee BpeMs IIMPOKO
KCIIONIb3YyeTCs OJI1 IOCTPOEeHUs PUIOreHeTUYeCKUX AepeBbeB. YKaxuTe B JInucre

OTBeTOB, ABIAETCS TN KaXOoe U3 CIeOyIOLIUX YTBEpXKIOeHu BepHbIM Uiu
HeBepHEBIM.

A. Ywucio pa3nmuuuil Mexay II0CIeqoBaTeIbHOCTSIMHY OBYX BHUIOB YBEIUUYUBAETCS 110
Mepe YBeIUYeHUsI BpeMeHHU, IPOIIEeAIero C MOMeHTa UX JUBEPreHIIUY C O0IIuM
ITPEOKOM.

B. Ecnu mocnenoBaTelbHOCTU OOHOTO M TOTO XKe 0ejika Y ABYX POACTBEHHBIX BUIOB
pa3nuyarTCs TOJIBKO 10 OOHOM aMUHOKHKUCIOTHOM ITO3ULIMH, TO C MOMEHTa
OUBEPreHIInNn 3TUX BHUOOB MOI'JIO HpOHSOﬁTH HECKOJIBKO aMWHOKHWCJIOTHBEIX 3aM€EH.

C. CpaBaenue nocnenoBaTtenbHOoCcTed pPHK M0XHO 3 HeKTUBHO MCIOIb30BaTh OJIA
BBISICHEHUS (PUJIOTEeHEeTUYEeCKUX CBsI3el BHYTPU PoJa.

D. TlceBmoreHbl MOTYT OBITH MUCIIOJIb30BaHHKI [JI IOCTPOEHUS (PUIIOTEeHETUYECKUX
IEPEBLEB.

Konen TeopeTruuyeckoro rypa B

61/61



International Biology Olympiad e.V.

All IBO examination questions are published under the following Creative Commons license:

o0Ee

CC BY-NC-SA (Attribution-NonCommercial-ShareAlike) -
https://creativecommons.org/licenses/by-nc-sa/4.0/

The exam papers can be used freely for educational purposes as long as IBO is credited and
new creations are licensed under identical terms. No commercial use is allowed.



27th International Biology Olympiad

July 17-23, 2016
Hanoi, Vietham

ntery.,.
113000

)

%

(—)

= SN

D

S

&
W

27"I1B@

Hanoi - Vietham 2016

Theoretical Test
PART B

Total points: 50
Duration: 3 hours

1/57



2/57



DEAR PARTICIPANTS,

Please write your student code in the given box.
Write down your answers using a pen in the Answer Sheet. Only answers given in
the Answer Sheet will be evaluated.

Part B consists of 50 questions:
e Q51-Q60: Cell Biology

e Q61-Q68: Plant Anatomy and Physiology

e Q69-Q80: Animal Anatomy and Physiology
e Q81-Q83: Ethology

e Q84-Q93: Genetics and Evolution

e Q94-Q98: Ecology

e Q99-Q100: Biosystematics

For each True/False multiple choice question, indicate in the Answer Sheet if each of
the four statements is True or False. Mark “v” for True and False statements in
the Answer Sheet. If you need to change an answer, you should strikethrough the
wrong answer and write in the new one.

Scoring for one question:
If all four answers are correct, you will receive 1 point.

If only three answers are correct, you will receive 0.6 point.
If only two answers are correct, you will receive 0.2 point.
If only one answer is correct, you will not receive any points (0).

You can use the ruler and the calculator provided.

Stop answering and put down your pen immediately when the bell rings at the end of

the exam. Enclose the Answer Sheet and Question Paper in the provided envelope.
Good luck!!!
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CELL BIOLOGY

Q.51

A scientist prepared 3 essential components for high-throughput screens of protein
kinase inhibitors. First, individual protein kinase genes are fused to the major capsid
(head) gene of T7 phage. When expressed in bacteria, the fusion proteins are
assembled into the phage capsid, with the kinases displayed on the outer surface.
Second, an analog of ATP, which can bind to the ATP-binding pocket of the kinases, is
attached to magnetic beads. Third, a bank of test compounds is prepared.

5 % d test compound
magnetic beads with ATP analog l

assay phage bound to beads
A e —

@ o g g%

T7 phage with capsid kinase fusion K plaque assay

Figure Q.51 Screening potential inhibitors of protein kinases

To measure the ability of a test compound to bind a kinase, phage displaying a
specific kinase is mixed with the magnetic beads in several wells of a 96-well plate.
Then the test compound is added to individual wells over a range of different
concentrations. The mixtures are incubated with gentle shaking for 1 hour at 25°C,
the beads are pulled to the bottom with a strong magnet, and all the free (unbound)
components are washed away. Finally, the remaining, attached phage are dissociated
from the beads using an excess of the same ATP analog that is attached to the beads,
and counted by measuring the number of plaques they form on a bacterial lawn on a
Petri dish (Fig.Q.51).

Indicate in the Answer Sheet if each of the following statements is True or False.

A. When the binding process reaches equilibrium, all potential inhibitor molecules
will be bound to the kinase.

B. Test compounds that show high inhibition in this assay must bind the ATP-
binding cleft of the kinase.

C. Small differences in evolutionary conserved ATP binding sites on kinases allow
targeting specific kinases.

D. A strongly binding test compound will yield a low count in the plaque assay.
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Q.52

You identified a gene in fission yeast, homologous to a telomerase subunit from a
protozoan. You then make a targeted deletion of one copy of the gene in a diploid
strain of the yeast and then induce sporulation to produce haploid organisms. All four
spores germinate perfectly, and you are able to grow colonies on nutrient agar plates.
Every 3 days, you re-streak colonies onto fresh plates. After four such serial transfers,
the descendants of two of the original four spores grow poorly, if at all. You take cells
from the 3-, 6-, and 9-day master plates, prepare DNA from them, and cleave the
samples at a chromosomal site about 35 nucleotides away from the start of the
telomere repeats. You separate the fragments by gel electrophoresis, and hybridize
them to a radioactive telomere-specific probe (dark bands) (Fig.Q.52). Assume that
generation time is 6 hours.

51 S2 53 sS4
t|3 & EI|3 5 9‘3 5 9‘3 & EIWT‘MIDD]

-
- 500

-
- = 500
- 400
300
200
100

Figure Q.52 Analysis of telomeres from descendants of four fission-yeast spores (S1-S4) at different days (1).
WT is the normal diploid yeast

Indicate in the Answer Sheet if each of the following statements is True or False
The average length of telomeres in fission yeast is 300 nucleotides.

Spores 2 and 4 appear to lack telomerase.

Fission yeast telomeres lose less than 20 nucleotides per replication.

The fission yeasts that lose their telomeres will have normal cell size.

SoOwp
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Q.53

Reoxygenation after a period of lack of oxygen causes cardiomyocyte damage. One of
the most important indices evaluating myocardial functions is mitochondrial
membrane potential, which is labelled by a cell permeant dye (positively-charged,
grey color in the figure below and red color in the attached figure) readily
accumulating in active mitochondria due to their relative negative charge.

The figure below illustrates hypoxia/reoxygenation (HR)-treated single myocyte
model (1) with or without pre-hypoxic treatment of drug A. Myocyte images were

captured at time points (a, b, c).

(I
C ] [ Drug A
100+ B Low 02

>3 [—] Normal O2
@ c
3 g —— HR
GEJ 8 50' ......... Drug A
2 pretreatment

a b C

A b

0 5 10 15 20 25
Time (min)

Indicate in the Answer Sheet if each of the following statements is True or False.
A. As seen in Fig.Q.53.(2)a, cardiomyocytes are a type of striated muscle cells.

B. Hypoxia leads to a drop in pH in the matrix.

C. Drug A pretreatment is good for cell because it prevents the collapse of
mitochondrial membrane potential in HR.

D. Captured images in drug A pretreatment group are presented in (2) and captured
images in HR treatment without pretreatment of drug A are presented in (3).
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Q.54

Antifreeze glycoproteins (AFGPs) possess the ability to inhibit the formation of ice
and are therefore essential to the survival of many marine teleost fishes that routinely
encounter sub-zero temperatures. A typical AFGP consists of repeating tripeptide
units, the alanyl-threonyl-alanyl (Ala-Thr-Ala), unit connected to a disaccharide
through a glycosidic bond at the second hydroxyl group of the threonine residue. To
identify chemical groups which affect antifreeze activities of this glycoprotein,
scientists synthesized numerous AFGP analogues by modifying both the structure of
the sugar moieties and the peptide by replacing three groups R; R, R3 as shown in
Fig.Q.54 with different chemical groups and recorded the antifreeze activity.

CH,OH
H

n=8-15

Figure Q.54 The structure of a typical AFGP

The results of the study are shown in the following table.

R, R, Rj3 Antifreeze activity

HO CHj; Galactosyl No
N-Acetyl CHj; Galactosyl Yes
N-Acetyl H Galactosyl No
N-Acetyl CHj; H Yes
O-Acetyl CHj; H No
N-Acetyl CHj; Galactosyl-Galactosyl No

Indicate in the Answer Sheet if each of the following statements is True or False.

A.
B.

C.

A disaccharide bound to the threonine residue is required for antifreeze activity.

A mutant that has threonine residues replaced with serine residues reduces
antifeeze activities.

N-acetyl group at the C-2 position is required for antifreeze activity.

. Different numbers of repetitive motifs in AFGP genes amongst closely related
species might have been caused by DNA polymerase inaccuracy.
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Q.55

F1 subunit (a peripheral membrane protein) of the ATP synthase catalyses ATP
synthesis using proton motive force responsible for the rotation of Fy subunit
(integral membrane protein complex) in one direction. F; is composed of three alpha
and three beta subunits arranged in alternating manner around a central shaft, the

gamma subunit.
To study the rotation, Masasuke Yoshida and his team attached a fluorescently
labelled actin filament to gamma and watched its movement.

__—fluorophore
\actin filament

/

|/ N

\l-chamber
Figure Q.55A Attachment of labelled actin filament to ATP synthase.

Rotating actin filaments were observed by an inverted fluorescence microscope after
addition of 2 mM ATP into a chamber containing actin-tagged F; complex
immobilized on the bottom side as a mirror image formed on a camera. The time
interval between images was 220 ms. A series of 12 images were taken and is shown

in Fig. Q.55.
7 8 9 10 11 12

Figure Q.55B Sequential images of a rotating actin filament attached to the subunit in the F1 complex. The numbers
indicate the shot images.

Indicate in the Answer Sheet if each of the following statements is True or False.

A. Hydrolysis of ATP by F; leads to the conformational change of a and b subunits.

B. From the set of figures, the filament rotated anticlockwise (looking from the
cytosolic side).

C. Rotary rate is below 0.3 rounds per second.

D. Rotating the actin filament in the opposite direction is coupled with ATP
synthesis.
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Q.56

Lactic fermented vegetables are traditional food in many Asian cuisines.
Microorganisms commonly found in the fermentation broth are lactic acid bacteria,
yeast and filamentous fungi.

Fig.Q.56 below shows the flowchart of viable cell counts (log CFU/mL) of three
different microbial groups and the pH value during the lactic fermentation course of
cabbage. Oxygen dissolved in fermentation broth decreased with time and was
completely consumed after the 22™9 day.

pH
- 9.0 6.0
£ 8.0 /" """"""""""""""""""""""""""""
; / Lactic acid bacteria e 5.5
& 7.0
o
o 6.0 5.0
()]
+# 50
£ 45
S 40
g 30 4.0
)
S 20
.'>E 3.5

1.0
3.0

3 6 10 14 18 22 26 32 46

Fermentation time (days)

Figure Q.56 Changes in microflora during lactic acid fermentation of cabbage.

Indicate in the Answer Sheet if each of the following statements is True or False.

A. The drop in pH value from day 1 to day 3 was caused by only organic acids
produced exclusively by lactic acid bacteria.

B. Lactic acid produced by lactic acid bacteria favours the growth of yeast cells
from day 10 till day 26.

C. Yeast cells shifted from fermentation to aerobic respiration after day 22.
D. Some filamentous fungi showed tolerance to low pH.
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Q.57

Microorganisms that live at high salt concentration (above 2M of NaCl) are exposed
to media with low water activity, and must have mechanisms to avoid water loss by
osmosis. Analyses of intracellular ionic concentration of Halobacteriales living in salt
lakes show that these microorganisms maintain extremely high salt (KCl)
concentration inside their cells. The presence of high intracellular salt concentration
requires special adaptations of the proteins and other macromolecules of the cells.

Indicate in the Answer Sheet if each of the following statements is True or False

A.

B.
C.

Most intracellular proteins of Halobacteriales contain a large excess of charged
amino acids on their outer surface.

Halobacteriales spend a lot of ATPs to maintain osmotic pressure.

Most intracellular enzymes of Halobacteriales lose their catalytic activity when
suspended in solutions containing less than 1 M NaCl.

In Halobacteriales, amino acids can be imported through Na*/amino acids
antiporters.
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Q.58

Influenza A genome consists of 8 separate single stranded RNA molecules, which
encode a total of 11 viral proteins. Influenza A viruses are categorized by their two
surface antigens, the hemagglutinin (H), of which there are 18 different subtypes
(H1-18); and neuraminidase (N), of which there are 11 different subtypes (N1-11)
(Fig.Q.58A). The influenza A virus life cycle is presented in Fig. Q.58B.
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Figure Q.58 Influenza A virus: (A) virus structure and (B) virus life cycle.

Indicate in the Answer Sheet if each of the following statements is True or False.

A. Influenza A viruses exhibit rapid evolutionary dynamics because the genome is
segmented.

B. In theory, there are 88 types of influenza A viruses.

C. Influenza A viruses exhibit high mutation rates because the genome is single
strand RNA.

D. Influenza A virion can infect the cells only if RNA-dependent RNA polymerase is
present.
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Q.59

Phosphorylation is a major post-translational modification widely used in the
regulation of many cellular processes. A method to determine the phosphorylation
status of proteins is to run an electrophoresis in a modified gel with a chemical group
containing metal ions (M) that can reversibly bind phosphates and thus affects
migration of phosphorylated proteins.

Polyacrylamide gel

Figure Q.59.A Phospho-tag polyacrylamide gel

This technique was used to study the phosphorylation of protein p35. Three mutant
forms of this protein were generated: a serine to alanine substitution in position 8
(S8A); a threonine to alanine substitution in position 138 (T138A) and both amino
acid substitutions (2A). Note that serine and threonine can be phosphorylated while
alanine cannot. Then two yeast strains with normal (wt) or inactive cyclin-dependent
kinase 5 (Cdk5) (kn) were transformed with either the wild type version of p35 gene
(wt) or one of the three mutant forms. Cell lysate of the eight resulting strains was
loaded on a Phospho-tag gel. The proteins from the gel were transferred by western-
blot to a membrane that was treated with anti-p35 antibodies. The result is shown

below.

Cdk5 kn wi

p35 q?‘rs"?—aﬁqﬁ d.?‘é‘n“ﬁ

Figure Q.59.B Immunoblotting with anti-p35. The arrow indicates the direction of migration p35 bands are named M1, M2,
L1, L2, L3, and L4. L4 band corresponds to the completely non-phosphorylated form of p35

Indicate in the Answer Sheet if each of following statements is True or False
A. Protein p35 has only two phosphorylation sites: serine 8 and threonine 138.
B. Protein p35 can be phosphorylated by a protein kinase different from Cdkb5.

C. In strain Cdk5-wt p35-S8A only a few p35 molecules are phosphorylated at
T138.

D. Phosphate groups attached to S8 are more accessible to phosphate binding
groups of the Phospho-tag gel than phosphate groups attached to T138.
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Q.60

Polarity, charge and molecular weight of molecules can affect their rate of passive
diffusion through membranes. Amino acids and drugs like aspirin differ in both
efficiency and location of absorption. In the figure below the chemical structure the
pKa values of aspirin and arginine are represented.
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Figure Q.60

Indicate in the Answer Sheet if each of following statements is True or False.

A. Aspirin diffuses through membranes mainly in the stomach because more aspirin
molecules are in deprotonated form at pH of about 1.6 in the stomach.

B. Based on molecular weight, one would expect Aspirin to diffuse more easily
through membrane than Arginine

C. Optimal pH range for Arginine absorption by passive diffusion is between 2.18
and 9.04.

D. Omeprazole, a proton pump inhibitor, blocks the entry of Aspirin into the blood
in the initial few minutes after oral administration.
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PLANT ANATOMY AND PHYSIOLOGY

Q.61

To study the effects of cadmium (Cd) on root development, two experiments on maize
seedlings with 6-cm-long root were conducted. First, seedlings were grown either in
media supplemented with 5 pM Cd (Cd5) or without Cd (CdO0). Second, seedlings
were grown either in two layers of agar without Cd (Cd0-CdO0) or unilaterally to 100
uM Cd (Cd0-Cd100). Four days later, root growth was recorded (Figure Q.61-1) and
cross-sections of roots were stained to visualize suberin lamellae in endodermis
(Figure Q.61-2, sections correspond to cut sites from Figure Q.61-1).
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Figure Q.61-1. Distance from root apex to root base as obtained from experiments 1 (A) and 2 (B). The regions of
mature endodermis in the roots are shown as solid and dashed lines.

Figure Q.61-2. Cross sections at position marked in Figure Q.61-1. White arrows indicate suberin lamellae in the
endodermis.
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Indicate in the Answer sheet if each of the following statements is True or False.

A. The treatment of Cd resulted in the reduction of elongation zone of the root,

B.

leading to decreased root length.

Endodermal cells with suberin lamellae were already present at a distance of
approximately 0.5 cm from the root apex in tissues adjacent to agar containing
Cd100, however, suberinized cells were found much further from the apex on the
other side.

. In roots exposed unilaterally to Cd (Cd0-Cd100), the development of the

endodermis was accelerated and asymmetrical.

In high Cd containing media, suberin lamellae in endodermal cells were not
present in older parts of the root likely due to the restriction of Cd in younger
part.
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Q.62

To understand the effect of desiccation on herbaceous plants and their responses,
scientists conducted a study on three Ranunculus species in their natural habitats,
including R. bulbosusin dry meadow, R. lanuginosusin humid meadow, and R. acris
in both habitats. They measured leaf water potential and hydraulic conductance of
these species in response to dehydration (Fig.Q62). Xylem staining experiment on R.
acris in dry habitat was used to estimate loss of conductivity due to embolism. An
estimated 50% loss of xylem hydraulic conductivity occurred at -2MPa or less owing
to embolism. Previously, leaf hydraulic vulnerability studies found 50% reduction in
leaf hydraulic conductance between - 1 and - 1.8 MPa in pernnial grasses and at -
1.8 MPa in woody plant species.
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Figure Q.62 Leaf hydaulic conductance (Lhc) of Ranunculus species/populations in response to dehydration. Solid and
dashed vertical lines indicate, respectively, fitted 50% and 88% leaf hydraulic conductance losses.

Indicate in the Answer sheet if each of the following statements is True or False.

A. All species were very vulnerable to water stress. In species with narrow
ecological amplitude, the drought-exposed R. bulbosus was less vulnerable to
desiccation than the humid habitat R. lanuginosus.

B. Herbaceous species would be more vulnerable to water stress than woody
species and perennial grasses, but also would show interspecific and
intraspecific adjustments in hydraulic vulnerability based on the water
availability of their respective habitats.

C. The leaf hydraulics method employs hydraulic conductance including both xylary
and extraxylary pathways.

D. The effect of drought in these plant species is found to be a loss of leaf hydraulic
conductance at moderate water potential based on extraxylary pathways rather
than embolism formation.
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Q.63

A protein can be integrated into a membrane through a polypeptide sequence or via a
lipid anchor. The attachment of eukaryotic proteins to the outer leaflet of the plasma
membrane occurs only via Glycosylphosphatidylinositol (GPI) anchors. The
biosynthesis of GPI glycolipid is a multistep process relies on many proteins,
including GPI transamidase. In Arabidopsis plants, AtGPI8 gene encodes the enzyme
GPI transamidase. To study the role of this gene in plant development, scientists
constructed a mutant (atgpi8-1) plant line. They observed phenotypes of both wild
type (WT) and mutant plants.

B w a
pepey @

Figure Q.63.2 Growth phenotypes of wild type and atgpi8-1 plants. (A) Seedlings, (B) cotyledons and (C) first two leaves
of seedlings. (D) 30-day-old and (E) 60-day-old plants. F- G: Inflorescences.
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Figure Q.63.3 Morphometric analysis of wildtype (gray bars) and atgpi8-1 (white bars) seedlings and mature plants. All

differences are statistically significant.
Measurements for D-H were carried out at full maturation at 60 days for wildtype and 90 days for mutants.

Indicate in the Answer sheet if each of the following statements is True or False.

A. The early post germination growth of cotyledons and first two leaves are not

affected by the mutation. However, root growth, hypocotyl elongation and
stomata differentiation are strongly affected by the mutation.

. The data suggest that GPI anchoring promotes the growth of leaves in vegetative

plants; however, it inhibits axillary shoot formation.

. The atgpi8-1 mutation leads to reduced internode and pedicel elongation.

D.

However, the height of atgpi8-1 plants is only moderately reduced likely because
the number of internodes is increased.

The results indicate that AtGPI8 gene promotes early transition to flowering, but
inhibits fruit production.
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Q.64

Photosynthesis of submerged aquatic plants is severely impeded by many
environment factors. In seawater and freshwater, light density and its spectrum is
changed with depth in the water column and thus influence photosynthesis. Other
factors affecting photosynthesis include level of carbon dioxide (CO3) and oxygen
(O2).

Swamp Raspwort (Meionectes brownie) is a wetland plant species but can grow as a
submerged aquatic plant in freshwater. An experiment was conducted to study the
photosynthesis of the aquatic vegetation. Diurnal fluctuations in surface irradiance,
partial pressure of Oy, CO, concentration and pH of the water in Swamp Raspwort-

rich ponds are shown in Figure Q.64.
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Figure Q.64

Indicate in the Answer sheet if each of the following statements is True or False.

A. In the underwater of ponds, light limitation appears early in the morning and co-
limitation of both light and CO, takes place early in the afternoon.

B. The decrease in level of Oy in water column during the night is caused by the
Swamp Raspwort respiration.

C. In water column of ponds, CO; molecules are directly produced by respiration of
Swamp Raspwort and by conversion from HCO™3 at pH neutral results in
increasing CO; level.

D. As indicated in the figure, temperature variation in ponds rich Swamp Raspwort
is from 13 to 20°C. The alteration in temperature is mainly maintained by high
density of this plant species.
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Q.65

Nitrogen assimilation plays an important role in plant metabolism as well as in plant
cell development. Plant cells can acquire inorganic nitrogen in the form of ammonium
(NH4%) and nitrate (NO3"). When entering the plant cells through membrane-bound
nitrate transporter (NRT), NO3™ can be reduced to NO,™ by nitrate reductase (NR) and
subsequently to NH4* and amino acids (AA). In addition, NO,™ can be converted into
nitric oxide (NO), then forming S-nitrosoglutathione (GSNO) by reaction with
glutathione (GSH), and finally into oxidized glutathione (GSSG) and NH4" under
catalysis of S-nitrosoglutathione reductase 1 (GSNOR1)

—> NH4+—>—>AA

Chloroplast ] \

L-arginine and
other sources
GSNOR1

N02 — > NO+GSH —» GSNO — > GSSG + NHg™t

NR ....................................
N03
) ] Cytosol j
g a
& £
= = —— inhibiting
NO;™ NO;
N03 N03
0y  Nos NO;

Figure Q.65 A schematic model for the control of nitrogen assimilation in plants through NO signalling

Indicate in the Answer sheet if each of the following statements is True or False.

A. In the nitrogen metabolism process of the plant cells, NO is one of the products
but plays a role signaling regulation of NH,* formation and NO3™ assimilation.

B. NH** level in chloroplasts of plant cells is controlled by activity of GSNO.
Reduction of NO?  ions mainly occur in cytosol

D. NO feedback regulates flux through nitrate assimilation pathway and controls its
bioavailability by modulating its own metabolism.

0
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Q.66

A study on the effects of lead (Pb), a toxic heavy metal, on growth and photosynthesis
of two microalgae, Chlorella and Scenedesmus was conducted. The figure on the left
below shows the growth of these strains responded differently to lead concentration
after 4 day treatment. From growth rate (Ke), generation time (G) of each strain at
each concentration of lead can be calculated as equation: G= (In2)/Ke. The right hand
Figure Q.66 is result of the effect of lead on photosynthesis of these strains,
indicated by Fv/Fm, a sensitive parameter that decreases when photosynthesis is
impaired. The concentration of lead that gives half-maximal response, the ICsg, can
be estimated based on response versus lead concentration plots.
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Figure Q.66

Indicate in the Answer sheet if each of the following statements is True or False.
A. Estimated IC5( of growth for the Scenedesmus was higher than that for the
Chlorella.
B. Photosynthetic impairment by Pb was likely responsible for the growth decrease
in the Chlorella but this was not the scenario in the Scenedesmus
C. The estimated ICs( for effects on Fy/F,, was higher than that for growth in
Scenedesmus

D. At lead concentration that Logo([Pb]+1) is 0.5, the Scenedesmus reproduced
faster than the Chlorella did.
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Q.67

Scientists constructed gibberellic acid (GA)-deficient and GA-insensitive transgenic
lines of poplar plants. They measured concentration of phytohormones, including
GA1l and GA4 and IAA, in the leaves and roots of transgenic and wildtype plants
(Table Q.67). They also measured the growth of plants in greenhouse and in vitro
conditions (Figure Q.67).
Table Q.67 Phytohormone concentrations (ng/g dry weight) in leaves and roots of the wild type and the
two transgenic types

Organ |Plant types GAl GA4 TIAA

Leaf Wild-type 58.1 £ 154 6.64 = 3.18 22.5 = 3.1
Leaf GA-deficient 19.9 + 9.4** 5.53 + 2.33* 21.1 £5.9
Leaf GA-insensitive 139.6 £ 21.9*%* 12.2 = 3.6** 19.6 = 3.7
Root Wild-type 77.1 £29.3 2.24 = 0.74 61.4+4.1
Root GA-deficient 48.8 = 9.6** 1.15 = 0.62%* 72.9 + 5.2%
Root GA-insensitive 97.7 = 31.5%* 3.93 = 0.68** 69.1 = 9.7%

* and ** indicate significant differences compared to wild-type at 0.05 and 0.01 levels
by Student T-test.
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Fig.Q.67 A-D: Root and shoot biomass under greenhouse conditions. Top panel shows the fresh biomass of shoots and
roots in GA-deficient (A) and GA-insensitive (B) transgenics. Bottom is the shoot/root ratio in GA-deficient (C) and GA-
insensitive (D) transgenics. * and ** indicate significant differences.

E-J: Root development in GA-deficient and GA-insensitive transgenic lines grown in vitro. LR - Lateral root; PR - Primary
root. * and ** indicate significant differences compared to wild-type plants (WT).
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Indicate in the Answer sheet if each of the following statements is True or False.

A. Greenhouse-grown dwarf plants of both transgenic types display a significant
reduction in aerial biomass and an increase in belowground biomass, leading to a
significant reduction in the shoot-to-root ratio relative to the wild-type control.

B. The most severely dwarfed plants have more, as well as longer, lateral roots than
the wild-type control.

C. The degree of dwarfism in both GA-insensitive and GA-deficient lines is positively
correlated with the extent of primary and lateral root formation and elongation.

D. In poplar plants, gibberellins negatively affect lateral root formation, and there
may be an interaction between gibberellins and auxin that regulates lateral root
formation.
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Q.68

Scientists grew cucumber plants in different nutrient conditions to obtain either
super ovary or normal ovary types. They labelled flowers when they emerged and
observed the development of flowers. Based on the color and shape, corolla
development was divided into four consecutive stages: green bud (G), green-yellow
bud (GY), yellow bud (Y), and flowering (F). They also measured plant growth
regulator concentrations in different flower developmental stages.
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Fig.Q.68 A-D: Morphological characterization of the normal ovary and super ovary types. E-J: Concentration of cytokinins
(IPA, ZR, DHZR), gibberellins (GA3, GA4) and auxin (IAA) in different flower developmental stages. In super ovary type,
two sub-stages were included. ** indicates statistically significant differences within one developmental stage.

Indicate in the Answer sheet if each of the following statements is True or False.

A. The corolla progression between stages was much delayed in the super ovary

B. The ovary at anthesis was on average much longer in the super ovary than the
normal ovary, while at the same time courses after labelling, fruit length was not
different between two types.

C. Gibberellins were increased in the super ovary during the early stages of corolla
development, which corresponds to the enlarged corolla size.

D. Cytokinins appear to be the primary regulator for the time of flower opening in
cucumber, whereas auxin is probably involved in the size control of corolla and
fruit.

24/57



ANIMAL ANATOMY AND PHYSIOLOGY

Q.69

Figure Q.69 shows the regulation of HCI secretion in the parietal cell of the stomach.
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Figure Q.69

Drugs 1, 2, 3, and 4 inhibit gastric acid secretion differently in vivo via one of the four
pathways: inactivating the H*/K*ATPase, blocking the Histamine 2 receptor, blocking
Gastrin receptor, and blocking Acetylcholine (Ach) receptor.

A set of experiments were conducted to determine in which pathway these drugs
inhibit gastric acid secretion. Parietal cells were isolated and cultured in different
media. Each medium contained one of the four drugs. Each drug-containing medium
was added with one of three compounds (Histamine, Gastrin, Ach). The HCI secretion
of parietal cells in the cultures was determined. The following table shows the results
of the experiments.

(-: No HCI secretion; +: HCI secretion; ?: not shown).

No drug Drug 1 Drug 2 Drug 3 Drug 4

No addition -
Histamine added ?
Gastrin added ?
Ach added +

? —
+ ?
)

SIS

BN BN

Indicate in the Answer sheet if each of the following statements is True or False.
A. HCI was secreted by the parietal cells cultured in the medium containing Drug 1
and Histamine.
B. Drug 2 blocked Gastrin receptors.
Drug 3 blocked Histamine 2 receptors.

D. The parietal cells cultured in the medium containing Drug 4 and Ach had lower
levels of intracellular K* than the cells cultured in the medium containing only
Ach.

a
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Q.70

The glycoprotein 4-1BB is a receptor that is highly expressed on the surface of active
T-cells. The 4-1BB ligand (4-1BBL) is a molecule that binds to and activates 4-1BB. It
is found strongly expressed on antigen-presenting cells. Bidirectional signals of 4-1BB
and 4-1BBL interaction increase the activity of white blood cells and increase the
production and secretion of cytokines, such as MCP-1 which promotes the infiltration
of leukocytes (Figure Q.70). Currently, many studies have shown a relationship
between the signaling pathways via 4-1BB/4-1BBL interaction and several human
diseases, including those related to metabolism.
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Figure Q.70

Indicate in the Answer sheet if each of the following statements is True or False.
A. Inhibition of 4-1BB expression diminishes the development of atherosclerosis.
B. Activation of 4-1BB limits the effect of autoimmune diseases on the body.

C. All three kinds of cells, macrophages, dendritic cells and natural killer cells
strongly express 4-1BBL.

D. Blocking the 4-1BB and 4-1BBL interaction increases graft tolerance.

26/57



Q.71

The action potential of cardiac muscle cells differs from that of other cells such as

skeletal muscle cells and neurons. Figure Q.71 displays the different phases of
action potential in cardiac muscle cells.
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Figure Q.71

Indicate in the Answer sheet if each of the following statements is True or False.

A. A substance that inhibits the reuptake of Ca2* into the sarcoplasmic reticulum
increases the time interval from 3 to 4.

B. The concentration of K* in the sarcoplasm at position 2 is higher than that at
position 3.

C. Injection of adrenaline decreases the time interval from 1 to 5.

D. The height of action potential (from 1 to 2) is decreased when the sarcoplasmic
level of Na™ is higher than the normal level.

27/57



Q.72

Parathyroid hormone (PTH) plays an important role in the regulation of plasma
calcium and phosphate levels. Figure Q.72 shows the changes in levels of PTH, Ca?",
and phosphate (Pi) in plasma of mice injected with a specific inhibitor of PTH
secretion.
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Figure Q.72

Indicate in the Answer sheet if each of the following statements is True or False.

A.

B.

If Line I shows the level of PTH, then Line II and Line III would likely be showing
the levels of Pi and Ca?™, respectively.

PTH knock-out mice would have higher Pi levels in their urine compared with the
wild type mice on the same diet.

. Eating a calcium-rich diet decreases the plasma level of vitamin D (active form)

in healthy people.

. People with calcium-sensing receptor suppression have higher levels of plasma

Ca?* compared with healthy people on the same diet.
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Q.73

The following table describes the rate of blood flow to different parts of the body
including brain, skin, intestines, and cardiac muscle at rest and during strenuous
exercise.

Rate of blood flow/cm3/min

Part of the body
At rest During exercise
I 250 1200
I 500 500
Il 500 1000
v 2500 90

Indicate in the Answer sheet if each of the following statements is True or False.

A. Atrest, ATP of the cells of part I comes mainly from oxidation of fatty acid.

B. The activity of insulin receptors in the cells of part II is increased during
exercise, enhancing glucose uptake.

C. The increase in blood flow to part III during exercise helps to regulate the body
temperature.

D. Epinephrine decreases blood flow to part IV via B-receptor.
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Q.74

A man had lost approximately 700 mL of blood in a severe injury of a major artery in
a motorcycle accident. At the time of accident, his blood pressure was 90/50 mmHg.
Several physiological changes should be expected in response to hemorrhage.

Indicate in the Answer sheet if each of the following statements is True or False.
Oxygen affinity of hemoglobin in peripheral tissues was increased.

Total peripheral resistance was increased.

Hyperpolarization occurred in the cells of the sinoatrial node.
Vasoconstriction occurred in the brain and in the coronary arteries.

Sow»
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Q.75

In a simple way, respiratory disorders can be classified as obstructive or restrictive
disorders. Obstructive disorders are characterized by a reduction in the airflow rate
in the respiratory tracts. Restrictive disorders are characterized by a reduction of
lung volume.

Figure Q.75 shows the shapes of the flow-volume loops measured during forced
inspiration and forced expiration in healthy people with normal respiratory function
and in four patients suffering from four common types of respiratory disorders.
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Figure Q.75

Indicate in the Answer sheet if each of the following statements is True or False.

A.
B.

C.

The blood pH of a patient with Type 1 is higher than that of healthy people.

The time of the forced inhalation of patient with Type 2 is shorter than that of
healthy people.

A patient with Type 3 displays a higher breathing rate than healthy people.
Residual volume in a patient with Type 4 is higher than that of healthy people.
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Q.76

Figure Q.76A shows neuron X receives signals directly from three separate nerve
terminals b, ¢ and d. Neuron Y receives signals from nerve terminal a.

Figure Q.76B shows the various postsynaptic potentials recorded in neuron X after
receiving input signals directly from terminals b, ¢, and d and indirectly from terminal
a

Figure Q.76C shows the action potential recorded in neuron Y after receiving input
signals from the presynaptic terminal a.
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Figures Q.76A, B, and C

Indicate in the Answer sheet if each of the following statements is True or False.

A. Action potentials could be generated in neuron X if nerve terminal c is stimulated
rapidly.

B. When three nerve terminals a, ¢ and d are stimulated simultaneously, the
postsynaptic potentials recorded in neuron X are smaller than those when the
nerve terminals ¢ and d are stimulated simultaneously.

C. Nerve terminal a releases inhibitory neurotransmitter and nerve terminal b
releases excitatory neurotransmitter.

D. In the mammalian body, there are many neurons like neurons Z, Y, X. Neurons Z,
Y, X are sensory neurons, Renshaw cells (inhibitory neurons) and motor neurons,

respectively. If a substance (e.g., Strychnine) injected in the body blocks glycine
receptors, diaphragm contracts fully and remains contracted.
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Q.77

A set of experiments on the regulation of hormone secretion and effects of various
drugs on the activities of endocrine glands were conducted on rats. Rats were divided
to different groups and each group was injected with a hormone or a drug. Some
physiological parameters were collected and analysed.

Indicate in the Answer sheet if each of the following statements is True or False.

A. The group of rats injected with the drug that reduces the sensitivity of
hypothalamus to cortisol resulted in higher plasma levels of both glucose and
insulin than those in the group of rats injected with the drug that reduces the
sensitivity of adrenocorticotropic hormone (ACTH) receptors.

B. The group of rats injected with the drug that increases the sensitivity of
hypothalamus to thyroxine resulted in higher metabolic rate and body
temperature than those in the group of rats injected with the drug that increases
the sensitivity of target cells to thyrotropin-releasing hormone (TRH).

C. The group of rats injected with propylthiouracil (which blocks thyroid hormone
synthesis) resulted in smaller thyroid gland and body weight than those in the
group of rats injected with placebo.

D. The group of rats injected with thyroid stimulating hormone (TSH) had smaller
pituitary gland and bigger adrenal glands compared with the group of rats
injected with corticotrophin-releasing hormone (CRH).
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Q.78

Some researchers studied the changes in the level of saliva cortisol and 2-AG (2-
arachidonoylglycerol) concentration in blood in two groups of people with motion
sickness and without motion sickness (no sickness) during parabolic flight maneuvers
(PFs). During PFs, the saliva cortisol levels and 2-AG blood concentrations were
measured from samples taken in-flight before start of the parabolic maneuvers (TO0),
after 10 parabolas (T1), 20 parabolas (T2), and 30 parabolas (T3), termination of PFs
(T4) and 24 h later (T5). The results are shown in Figure Q.78.

25—  -a No sickness 4| —& No sickness
—o— Motion sickness . —o— Motion sickness

20— 3

B 3
- =
£ 15— g
(@) 2

= 10 8 %7
2 . s

(qV] o —]

00— I l I l l 0—— I I I I T
TO T1 T2 T3 T4 T5 TO T1 T2 T3 T4 T5

Figure Q.78

Indicate in the Answer sheet if each of the following statements is True or False.
A. A 2-AG inhibitor can be used to reduce motion sickness.
B. In motion sickness group, the blood glucose level at T4 was higher than at T1.

C. At T2, the blood ACTH (adrenocorticotropic hormone) level in the no sickness
group was higher than that in the motion sickness group.

D. In motion sickness group, the blood CRH (corticotropin-releasing hormone) level
at T5 was lower than that at T2.
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Q.79

When a person born and brought-up at sea level and then moves to a village at an
altitude of 3000 metres above sea level by helicopter, some adaptations of their body
occur to compensate for the decreased oxygen pressure at high altitude.

Indicate in the Answer sheet if each of the following statements is True or False.

A. The moment the person arrives at the high altitude, oxyhemoglobin dissociation
curve shifts to the left (indicating greater affinity of hemoglobin for oxygen).

B. After several days living at the high altitude, the person's blood viscosity is
decreased, enabling his blood to deliver more oxygen to his tissues.

C. After several weeks living at the high altitude, the person's lung cells of this
person produce more nitric oxide (NO).

D. Many people who ascend rapidly to high altitude experience some degree of
acute mountain sickness (e.g., headache, malaise, and nausea). Which may be
treated with a drug that causes bicarbonate to be excreted in the urine.
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Q.80

Figure Q.80 demonstrates the relationship between oxygen concentration and
oxygen partial pressure (Po;) in blood of two species of vertebrates (species a and b).
Each sample was subjected to two levels of carbon dioxide pressure (Pcoj): curve I
represents the values measured at normal Pco; and curve II represents the values
measured at elevated Pco,. The blood having passed through the lungs of the two
species normally has a Poy of 100 mm Hg and the deoxygenated blood leaving the
tissues has a Po, of 40 mm Hg.
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Figure Q.80

Indicate in the Answer sheet if each of the following statements is True or False.

A. While comparing curve I of species a with curve I of species b, you can predict
that the O, concentration of the blood in the lungs of species a will be higher
than that of species b.

B. If you expose deoxygenated blood of the two species at the same level of Pco, to
increasing Poy, the first blood to become saturated with O, would be that of
species a.

C. In species b, if curves I and II represent the Pco, of oxygenated and
deoxygenated blood, respectively, there will be less than 160 mL of O, released
from a litre of blood as it passes through the tissues.

D. In species a, an increase in Pco; in the blood reduces the affinity of hemoglobin

for oxygen but has no effect on the maximum oxygen-carrying capacity in the
blood.
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ETHOLOGY

Q.81

In an experimental study on magpies Pica pica, conducted in Sweden, Goran
Hogstedt manipulated the original clutch size (shown on the right of the graph) of
experimental birds to generate a number of different clutch sizes for each category of
bird, as shown in the X-axis. The number of young fledged successfully by the birds
under these different conditions is indicated by the Y-axis. Food abundance and
quality of territory are thought to be associated with clutch size. Predation is lower in
large clutches.
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Analyse the following statements, with reference to the data provided and indicate in
the answer sheet if each of the statements is true or false.

A. The birds, in general, did better with experimentally manipulated, larger broods.

B. The reproductive rate of birds is closest to that which maximises individual
breeding success.

C. Birds in high quality territory tend to have larger clutches.
D. Experimentally-manipulated clutches experience higher starvation.
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Q.82

The behaviour of two similar-sized species of fiddler crabs (Uca latimanus and U.
musica) that intermingle in the same habitat was studied. Males build hoods over
their burrows for mate attraction. Mate searching is a dangerous activity for fiddler
crab females, so these females may be forced to make suboptimal choices for their
own safety, especially in areas where their conspecifics are in lower densities. The
figures Fig.Q.82 below show the approaches made by females of the two species to
male crabs as well as to burrows (with and without hoods) of conspecific males.

A B
1.0 1.0
U. latimanus Q@ U. musica @ U. latimanus @ U. musica @
g 0.8 g 0.8
= * *kokk = * P =0.063
8 3
$ 0.6 T S 0.6
2 2 [
S 0.4 S 0.4 [
© ©
o <]
g g
< 0.2 < 0.2
0~ ~ with hood ith hood
; ; ; ; with hoo with hoo
U. latimanus U. musica U. latimanus U. musica without hood without hood
Resident male encountered Conspecific resident male encoutered

Fig. Q.82: (A) Mean (+SE) proportion of resident Uca latimanus and U. musica males approached by wandering U.
latimanus females and U. musica females. * p < 0.05; *** p < 0.0001.
(B) Mean (£SE) proportion of resident conspecific males with and without hoods approached by wandering U. latimanus
females and U. musica females. * p < 0.05.

Indicate in the answer sheet if each of the following statements is true or false.
A. Females of both species approached a greater proportion of the conspecific
males than the heterospecific males they encountered.

B. Attraction of U. musica females to hoods is not as strong as that of U. latimanus
females.

C. A male fiddler crab’s willingness to court all females, regardless of species, is
made used of by females of both species for shelter-seeking and avoidance of
predators.

D. An overlap in habitat use between these two similar-sized fiddler crabs has no
impact on both signalers and receivers.
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Q.83

Three morphs of a polymorphic species of Catocala moths differ only in the patterns
on the forewings. Six experienced blue jays (Cyanocitta cristata) searched for prey on
a computer screen in a series of trials.

Each trial involved a screen showing the presence or absence of a moth from three
distinct morphs of a moth population. If the bird found the moth, it was rewarded
with food. Each bird had 36 prey and 84 no-prey trials and lasted for 50 days. Three
replicates were carried out, with the second having a larger population of morph 2
and third replicate starting off with a larger relative abundance of morph 3.

A

2005
1601
1204

— Morph1
== Morph2

(o)
<
’

Population
4

Ay .
[y s . .
\’ [y -A A / \‘ N, 7 oS
B

AY . y -
Txest N \"—\" "~_-~—--\-1¢‘-'

I
e
/

0 " L | DL DL DL DL B | | L D DL DL B |
B 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
1.25

1.1 i . '\

"N
S O
A Y " '

-

Detectability

0.7'I'I'I'I'II'I'I'I'I'I L L L L L
0O 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Generation number
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Indicate in the answer sheet if each of the following statements is true or false.
A. Morph 1 was the most cryptic morph.

B. Relative numbers that escaped detection determine the abundance of each prey
type.

C. Preferential feeding behavior of the blue-jays of the most prevalent morph
maximizes their foraging success.

D. Polymorphisms are maintained in the population through frequency-dependent
selection by predators.
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GENETICS AND EVOLUTION

Q.84

An organism has four genes, A, B, C and D with two alleles each. An individual
heterozygous for these genes was bred with one that is homozygous recessive. The
cross produced 3288 offspring with phenotypes shown in the table below:

Phenotypes Number of individuals
ABCD 675
ABCd 83
ABcD 1
ABcd 74
AbCD 73
AbCd 1
AbcD 84
Abcd 670
aBCD 655
aBCd 86
aBcD 1
aBcd 73
abCD 71
abCd 1
abcD 87
abcd 653

Indicate in the answer sheet if each of the following statements is true or false.
The four loci are genetically linked.

The distance between gene B and gene D is 9 cM.

The distance between gene D and gene C is 10.5 cM.

. Interference happened with a value less than 0.25. Interference = 1-(observed
frequency of double crossover/expected frequency of double crossover).

Sowp
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Q.85

A plant is normally red-flowered. Plant breeders obtained three genetically different
pure mutated lines of white-flowered plants (designated as a, b and c). They
performed crosses and observed progeny phenotypes as follows:

Cross Parent Progeny

1 line a xline b F, all white

2 line a x line ¢ Fq all red

3 line b x line ¢ F, all white

4 red F; from cross 2 x line a 1/4 red : 3/4 white
5 red F; from cross 2 x line b 1/8 red : 7/8 white
6 red F; from cross 2 x line ¢ 1/2 red : 1/2 white

Indicate in the answer sheet if each of the following statements is true or false.
Line (a) has only one homozygous mutated gene.

Line (b) shares two homozygous mutated genes with line c.

Line (c) shares one homozygous mutated gene with line a.

Line (b) has three homozygous mutated genes.

Sowp
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Q.86

Indicate in the answer sheet if each of the following statements is true or false.

A. A completely recessive allele is lethal when homozygous. If the dominant allele
mutates to the recessive allele at a rate of 10, then the frequency of the lethal
allele when the population reaches mutation-selection equilibrium is 0.001.

B. If the frequency of a completely recessive lethal allele is 0.2 and it remains
unchanged from generation to generation due to the superior fitness of
heterozygotes, then the intensity of selection against the dominant homozygotes
should be 0.025.

C. Selection for recessive alleles is less effective than selection against recessive
alleles.

D. In a large, randomly mating population, the frequency of an autosomal recessive
lethal allele is 0.2. The frequency of this allele in the next generation will be 0.07
if the lethality takes place before reproduction.
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Q.87

Indicate in the answer sheet if each of the following statements about cancers is true
or false.

A. A particular type of colon cancer can be caused by recessive alleles even though
its inheritable pattern appears similar to that of a dominant trait.

B. In one patient, normal cells have only one mutated p53 allele but cancer cells
have two identical mutated p53 alleles. Then it can be concluded that the second
mutated p53 allele is formed by gene conversion.

C. Some cancers have been effectively treated with drugs that cause demethylation.
Then it can be concluded that genes causing those cancers are more likely to be
oncogenes.

D. Chromosome inversions can produce novel oncogenes.

44/57



Q.88

Mouse embryos that were trisomic for each of the 20 different chromosomes were
monitored during embryonic development. Their survival time was plotted against
the size of trisomic chromosome in Fig.Q.88.
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Based on this information, indicate in the answer sheet if each of the following
statements is true or false.

A. Chromosome 19 likely encodes fewer transcripts than other chromosomes shown
in the graph.

B. The total amount of genetic material of the additional chromosome solely
determines the severity of the defects associated with the chromosome
imbalance.

C. Assuming that genes on chromosome 1 and 10 have similar contribution to
embryo development, gene density on chromosome 1 is probably lower than that
on chromosome 10.

D. Genes on chromosomes 12 are probably more important for embryo development
than those on chromosome 13.
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Q.89

mRNAs in the cytoplasm of eukaryote cells frequently form closed loops by
circularization. Indicate in the answer sheet if each of the following statements
concerning closed loops is true or false.

A.

B.
C.

Circularization is due to a phosphodiester bond between the 5’end and the 3’end
of mRNA.

Circularization increases stability of mRNAs.
Circularization enhances translocation speed of the ribosomes.
Controlling circularization is a mechanism of post-transcriptional regulation.
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Q.90

Pedigrees 1-4 show the inheritance of four different rare disorders. It is known that
the disease in pedigree 4 is X-linked recessive.

(1 ()

@

(4)

Figure Q.90

Studying the pedigrees and indicate in the answer sheet if each of the following
statements is true or false.

A. The disorder in pedigree 1 is most likely caused by a recessive allele.
B. Person III; and III; in pedigree 2 have the same genotype.

C. Pedigree 3 shows the inheritance of the disorder can be caused by a recessive
allele on X-chromosome.

D. If the affected man and his unaffected wife in pedigree 4 have a son then the
probability of this son be affected is 0.125.
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Q.91

Polymorphic DNA sequences are widely used for molecular identification. Short
tandem repeat (STR) is composed of multiple repeats of 2-8 nucleotides flanked by
two conserved sequences. Each STR locus normally has more than two alleles. Single
nucleotide polymorphism (SNP) is a variation at a single position in a DNA sequence
among individuals. Each SNP usually has only two alleles. Seven individuals were
genotyped for two autosomal and two mitochondrial (mtDNA) SNPs, two autosomal

and two Y-linked (NRY) STRs (Table Q.91).

Indicate in the answer sheet if each of the following statements is true or false.

A. If the same number of SNPs or STRs are used, SNPs are better than STRs
for distinguishing individuals.

Autosomes NRY mtDNA
Individuals SNP1 | SNP2 | STR1 | STR2 | STR1 | STR2 | SNP1 | SNP2
Ind_1 A/A | A/A |13/15|18/20| 13 12 C A
Ind_2 A/C | A/G |12/14|18/21| 13 15 T A
Ind_3 C/C | A/G |14/15]18/21| 13 15 C G
Ind_4 A/C | G/G | 13/15|19/19| 11 14 T G
Ind_5 C/C | A/G |14/15 | 18/19 - - C G
Ind_6 A/C | G/G |14/14 | 18/19 - - T G
Ind_7 C/C | G/G |14/16 | 19/21 - - C A
Table Q.91

B. Ind 6 is more likely a child of Ind 2 and Ind 5 than Ind 3 is.

O

Ind 4 is possibly a brother of Ind 6.

D. It is possible that Ind 7 is a granddaughter of Ind 1 and Ind 6.
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Q.92

A wildtype female Drosophila was mated with a wildtype male that had been X-ray
irradiated. One of the F1 females was mated with a male that had recessive
phenotype (caused by recessive allele a). Progenies of the second mating were
unusual in two aspects. Firstly, there were twice as many females as males. Secondly,
while all the males were wild type, 2 of the females were wild type, and the other %2
exhibited the recessive phenotype a.

Indicate in the answer sheet if each of the following statements is true or false.

A. X-rays converted a dominant allele (A) on the chromosome X, coding for wild
type, to a recessive allele (a).

B. X-rays produced a chromosomal translocation.

C. A loop might be seen on one pair of chromosomes during prophase of meiosis 1
in the mated F; female.

D. If a female from the second mating exhibiting recessive phenotype (a) was

crossed to a wild type male then her progenies compose of females and males at
the ratio of 2 females to 1 male.
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Q.93

Mr. Trung cloned a coding sequence (CDS) of a gene into a vector and named the
resulted plasmid as pVN2016. The CDS was inserted at the Sacll recognition site
which is located in the multi cloning site (MCS) region within the /acZ gene of the
vector (Fig.Q.93A). The inserted CDS has a Ps# restriction site located 0.8 kb
upstream of its stop codon. To identify the size and direction of the inserted CDS, Mr.
Trung digested this plasmid with different restriction enzymes, and the results of the
digestions are shown in Fig.Q.93B.
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(A) A schematic map of the vector, numbers indicate positions of restriction enzyme recognition sites located in the vector
(B) A schematic electrophoresis of digestive products using different restriction enzymes, M: 1 kb DNA ladder.

Based on above data, indicate in the answer sheet if each of the following statements
is true or false.

A. The CDS is 2.6 kb in length and has an EcoRI recognition site at about 0.5 kb
from one of its ends.

B. Spel can be used to determine the orientation of the CDS.
C. The CDS is oriented in the same direction as /acZ.

D. If plasmid pVN2016 is digested by both enzymes Spel and EcoRI in Tango buffer
(EcoRI and Spel cut at 100% and 20% efficiency, respectively), five fragments of
0.5, 0.8, 1.3, 2.1 and 3.0 kb could be detected by gel electrophoresis assuming
that fragments smaller than 50 bp are not visible.
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ECOLOGY

Q.94

Scientists constructed models for four threatened tree species in sub-tropical forests
in Vietnam, and used these models to estimate tree ages (figure Q.94). Tree age is
measured by ring count and trunk diameter at breast height (DBH). Rates of growth
were categorised using changes in DBH from 10 to 1000, with 1000 at the finest-
grain measure of change.

400 Annamocarya sinensis + Calocedrus macrolepis  Dacrydium elatum - Pinus kwangtungensis
1000

.”100
1000

Tree age [years]

B | i | Ci |
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Figure Q.94. Estimated (lines) and observed (circles) ages for DBH categories of four tree species.

Indicate in the Answer sheet if each of the following statements is True or False.
A. Using the smallest category gives the most accurate information of tree age of P.
kwangtungenesis.

B. Age estimates increase particularly strongly from 100 to 10-category model in D.
elatum.

C. Model with just 10 DBH categories underestimate the observed ages for three
species.

D. For D.elatum, measuring DBH using either 100 or 1000 will give an accurate
estimate of tree age, whereas to estimate the age of C. macrolepis, only 100
gives a reliable estimate.
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Q.95

To understand the effects of several factors on plants (Agrimonia rostellata and
Trillium erectum) in forest ecosystems, students transplanted seedlings into
experimental sites and observed the proportion of surviving seedlings growing with
native or non-native vegetation, with or without slugs, and with low or high
earthworm density. The results are shown in the figure below.
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Figure Q.95 Proportion of surviving seedlings. Agrimonia rostellata (A, B) and Trillium erectum (C, D)

Indicate in the Answer sheet if each of the following statements is True or False.

A. Slug exclusion has a positive effect on the survival of Agrimonia rostellata and
Trillium erectum in high earthworm density.

B. Slug effects are dependent on other stressors, especially on interactions with
non-native plants and earthworms.

C. Earthworms have positive effects on Agrimonia rostellata and Trillium erectum.

D. Non-native plants and slugs synergistically decrease seedling survival through
increased competition and consumption.
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Q.96

Students cultured plants, including four grass species (A. capillaris, A. odoratum, F.
rubra, and H. lanatus) and four herbs (C. jacea, L. vulgare, P. lanceolata, and R.
acetosa) without legumes, in different blocks with treatments of monoculture and
mixtures of two, four or all eight species. They then measured different parameters
as functions of plant species richness, as shown in the figure below. Values are
shown in log; scale.
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Figure Q.96

Indicate in the Answer sheet if each of the following statements is True or False.

A. Above ground biomass increases but root biomass decreases with the increase of
species richness.

B. Plant species richness promotes soil C stocks mainly through enhanced plant
productivity, despite accelerated soil organic C decomposition.

C. Greater soil N stocks at higher species richness is mainly attributed to increased
N retention, rather than N input, with enhanced plant productivity.

D. More diverse ecosystems can increase the potential for C sequestration in
terrestrial ecosystems.
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Q.97

A rocky shore contains many shallow rock pools dominated by macroalgae and
grazing gastropods, comprising primarily Patella ulyssiponensis (P), Littorina
littorea (L) and Gibbula umbilicalis (G). The experiment is designed to test the
interaction between grazer species and the additive interaction with nutrient
enrichment. Pools contained either none, one, two or all three of grazer species at
realistic densities (Patella, Littorina and Gibbula). Another complete set of all the
manipulation grazer treatments was also established concurrently where nutrient
concentrations were enhanced to compare the simultaneous effects of grazer
treatments at ambient and enriched nutrient conditions. Gross ecosystem
productivity (GEP), number of algal taxa, and the biomass (dry weight) of all algal
species were measured.
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Figure Q.97

Indicate in the Answer sheet if each of the following statements is True or False.

A. Gross ecosystem productivity is enhanced by nutrient enrichment and is greater
in pools where Littorina is present.

B. The effects of grazer species loss on accumulated algal biomass are regulated by
nutrient conditions, grazer identity and grazer diversity.

C. The effects of loss of grazer species on ecosystem functioning depend upon both
the diversity and identity of the species present.

D. The presence of all grazers results in lower algal diversity and biomass in both
nutrient conditions.
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Q.98

Gall aphids (Pemphigus betae) live in poplar plants. Adult females produce galls on
poplar leaves. Some fraction of these galls will emerge and survive to adulthood.
Female aphids complete their life cycle after laying eggs in the leaves. All the
progeny of a single female aphid are contained in one gall. A student recorded
observation on several aphid populations, shown in the table below. All environmental
parameters are assumed constant.

Number of Number of Female/Male ratio in
Population aborted galls successful galls adult stage
1 35 70 1/1
2 25 75 1/2
3 21 63 Not given
4 16 32 1/1

An equation representing number of female aphids in t'! generation is established as
below:
Ni=[fxrx(1-m] x N,
Whereas:
N - number of adult female aphids in the t'! generation
N, - number of adult female aphids in the initial generation
m - fraction mortality of the young aphids
f - number of progeny per female aphid
r - ratio of female aphids to total adult aphids.
Theoretically f, m and r are constant.

Indicate in the Answer sheet if each of the following statements is True or False.

A. Population 1 has a constant number of adult females across generations when
each female produces 4 progeny.

B. When every female in population 2 produces 3 progeny, this population will have
a constant number of adult females across generations.

C. When population 3 has a constant number of adult females across generations
and each female aphid produces 4 progeny, the female/male ratio of the
population in adult stage is 1/2.

D. Given that each female in population 4 produces 6 aphids and taking the
offspring of population 4 to be in the first generation, the number of adult
females in the third generation will be 384.
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Q.99

Information about the relationships among organisms is a useful source of data for
scientists investigating a wide variety of biological questions. Indicate in the answer
sheet if each of the following statements about using the phylogenetic trees is true or
false.

A.

B.
C.

Phylogenetic trees can be used to determine how many times a particular trait
independently evolved.

Phylogenetic trees can suggest whether a particular trait is the ancestral one.
Phylogenetic trees can be used to determine the timing of evolutionary
lineage splits.

Phylogenetic trees can be used to determine the virus’s origins in human
populations.
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Q.100

The analysis of DNA and protein sequences nowadays is widely used in constructing
phylogenetic trees. Indicate if in the answer sheet each of the following statements is
true or false.

A. The number of differences in a nucleotide sequence of two species increases with
time that has passed since the species split from a common ancestor.

B. If the same protein of two related species are different at only one amino acid,
then multiple substitutions might have occurred since the two species split.

C. rRNA sequence analysis is useful for phylogenetic relationship among species
within a genus.
D. Pseudogenes can be used for constructing phylogenetic trees.

END OF THEORY PART B
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