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YBAXAEMbBIE YYACTHUKMWN,

[Toxxanyucrta 3anumuTe Ball Kog CTyaeHTa B JaHHOM IIOJIe.
3anuimuTe CBOU OTBETHI C IIOMOIIBIO Py4YKH B JIMCTe oTBeTa.
Bbynmer oueHHMBaTHLCA TOJIBKO OTBETHI, BHECEHHEIE B JIMCT OTBETOB .

Yactp A coctout 13 50 BOIIPOCOB:
e Q1-Q10: KnnetouHast 61oI0THUSA

e Q11-Q17: AHaToMus u pU3UOJIOTUS PACTEHUN
Q18-Q30: AraTomMusa 1 (PU3UOTIOTHUSA JKUBOTHBIX
Q31-Q32: 9Ttonorusa

Q33-Q42: 'eHeTUKa U 3BOJIIOIIUS

Q43-Q47: Okomnorus

Q48-Q50: buocucremaTtuka

I711 KaXXgoro BOIpoca C MHOXKECTBEHHBLIM BEIOOPOM, YKaxkKuTe YKaxkute B JIucre
OTBeTOB, SABJIsETCs JIU KaXagoe U3 CJIIeOyIIInuX YTBEePXKaeHu BepHbIM Uiu
HeBepHEIM.

17151 BepHBbIX H HEBEPHBIX YTBEePXKIeHHH B JINCTE OTBETOB HCIOIbL3yHTE
o0o3HaueHnmue "V".

Eciu BaM HYKHO M3MEHUTH CBOM OTBET, BHI MOJIXKHLI 3aYePKHYTh OIITHO0YHO
BHECEHHBIM OTBET U 3alllCcaTh HOBBIU.

[TogcuyeT OYKOB 3a OOUH BOIIPOC:
e Ecnu Bce YeTHIpE OTBETA NPaBUJIbHLIE, TO BHI mOomydyuTe 1 Gasi.

e Ecnu npaBuUJibHBEIE TOJILKO TPU OTBETA, TO BHI nonyuute 0,6 Oanna.
e Ecnu TONMBKO OBa OTBETA IIPaBUIIbHEBIE, TO BHI ImoyuuTe 0.2 Ganna.
e Ecnu TOMBKO OOUH OTBET NPaBUJIbHBIN, BbI HUYEro He monyuute (0).

Bbl MOzKeTe UCIoJIb30BaTh IIPEeNOCTaBII€HHbIE JINHENUKY U KaJIbKYJIATOP.
[IpekpaTuTe OTBEYaTh U IIOJIOKHUJI PYYKY Cpa3y, KOrga NPO3BEHUT 3BOHOK,
yKa3bIBalOIIMY Ha 3aBepllleHre 3K3aMeHa.

BnoxuTe cBou JIMCT OTBETOB U OJIAaHKH 3aJJaHHH B IIPEJOCTAaBIEeHHLIN KOHBEPT.

Yoaun!!!
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Q.1

AxkTtuBHOCTU KuHa3bl Weel u ¢pocdaTtasrel Cdc25 onpenensioT CTeNeHb
dochopunmpoBaHus ocTaTKa TUPO3UHA B ImonoxkeHun 15 B monekysne Cdkl -

KOMITOHEHTAa IUKINH-3aBUCUMOM KnHa3bkl M-Cdk. Ecnu Tupo3uH 15 ¢pochopunrponas,
M-Cdk He akTuBHa, ecnu TUPO3UH 15 He Pochopunupoald, M-Cdk akTuBHa (PUCyHOK

Q.1A). AktuBHocTu KnuHa3el Weel u pocdaTtassl Cdc25 TakKe KOHTPOTIUPYIOTCS

dbochopunupoBanuem.

Perynsuiio uxX akTUBHOCTU MOXKHO M3y4aTh B 9KCTPAKTaX OOIMTOB JISTYIIKU. B aTUxX
9KCTpakTax, KuHa3a Weel akTtuBHa, a pocdartasa Cdc25 HeakTuBHaA. B pe3dynbTaTe
aToro M-Cdk HeakTuBHa, ITOCKOJILKY TUPO3uH-15 B Cdkl dochopunuporan. M-Cdk B
9TUX 9KCTPaAKTaxX MOXKET ObITh OLICTPO aKTUBHPOBaHa moOaBIeHMEM OKagauKOBOU
KHUCJIOTHI, KOTOPAas SIBJISIETCS CUIbHBIM UHTUOUTOPOM CEPUHOBBIX U TPEOHUHOBBIX
docdaras. ITpu nomoiu aututen, cnenuduuHbix s Cdkl, kuna3et Weel u
docdaTassr Cdc25 , MOKHO OIpeNenuTh CTeneHb X (GocHopuIupoBaHUs 110
M3MEHEHUIO ITOABUKHOCTH IIPHU rejb-a7eKTpodopese (Pucynok Q.1B).
dochopunupoBaHHbie GOPMEI 3TUX OEJIKOB BCerja OBUXKYTCS IPU

aIeKTpodopelde MeajieHHee, 4eM X HedhochopunupoBaHHBIE (DOPMHIL.

M-Cdk
®

ATP
A /\ aKkTnBHa

Wee1 Weet
KNnHa3a KMnHa3a
He aKTuBHa akKTuBHa (FP
\\/ ADP M-Cdk
He aKTuBHa

B

CdC25
dhocparasa
aKTMBHa

NS

CdC25
doocparasa
He aKTuBHa

okajgavkoBas
Kucnota - 4+ - + -+
70 —] —
34 ] | —
Weel Cdk1l CdC25

Puc.Q.1. (A) Perynauns aktmeHoctn M-Cdk knHason Weel n pocgpatasoin Cde25 ; (B) BnusHne okapankooi
KMCNOTbI Ha ypoBeHb dhocchopunmposanns Cdkl, kuHassl Weel n chocdpatasbl Cde25.

Ykaxute B JInmcTte OTBETOB, SBISETCS JIU KaXKI0e u3 CIIeOYIOIITUX YTBep}KHeHHfI

BepHbiM unu HeBepHEBIM.

A. Kunaza Weel akTuBHa, ecnu oHa ¢pochopunmupoBaHa.
B. ®ocdara3ssl, perynupymoiiue gochopunupoBanre KuHa3bsl Weel u pocdaTasnl

Cdc25, cnenuduuHB K OCTaTKaM TUPO3HHA.

C. OxkapamkKoBas KHCJIOTa IIPSAMO BiauseT Ha aktuBamuio Cdkl.

D. Ecnu M-Cdk cnocob6ua ¢ochopunupoBaTtsk KuHaldy Weel u ¢pocdarasy Cdc25, To
He0oJIbIlIoe KOMU4YecTBO akKTuBHOM M-Cdk mpuBonusio 65 K OBICTPOM U IOJTHOMU

akTuBanuu M-Cdk.
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Q.2

CkopocTs TpaHcnsaiuu MPHK M0OKHO OIIeHUTH CIIOMOIIBIO Tejib-3JIeKTpodope3a B
MMOJTMaKPUIIaMUAOHOM TeJjie B IPUCYTCTBUU Aomenusncynbdarta HaTtpus (SDS-PAGE). B
maHHOM 3KcrepumenTe MPHK Bupyca tabauyHoi Mmo3auku (BTM), Kogupyoias 0e10K
BecoM 116 000 manbTOH, TPpaHCIMPOBAJIacCh B JIM3aTe PETUKYJIOLIMTOB KPOJIMKa B
IPUCYTCTBUH °°S-MeTHOHMHA. DTOT IU3aT cofeprKajl Bce He00X0AUMble KOMIOHEHTEH
PETUKYJIOIIMTOB KPOJIUKA I/Isi o0ecnedeHus: TpaHCasIuu. [Ipodsl oTOupanuchk

c uaTepBasnioM B 1 munyTy u nnogBepranuck SDS-PAGE. [IpogyKThEl TpaHCIALUU I10CTIE
pas3geneHus BU3yalnu3upoBaIuCh MeTOOOM aBTopaguorpaduu. Kak MoOXXKHO BUOETh U3
PUCYHKa HUXKe, pa3Mep caMOoro OOJIbIIIOTO MOMUNENTHAa YBETUUUBAETCS CO
BpeMeHeM, MOKa IMOJTHOPa3MepHBIN O0eJI0K He MOSIBUTCS IIPUMEPHO Yepe3 25 MUHYT.

116
7

56

(kDa)

31 S

Puc.Q.2. luHamnka cuHtesa benka BTM B nusate peTukynoumnToB Kponvka. 3aBMCUMOCTb
MonekynsipHoro Beca (k[la) oT BpeMeHu t (MAHYTbI).

Ykaxure B JIncre OTBETOB, ABJISAETCA JIU KaXI0€ U3 CIEOYIIIUX YTBEPKIEHUN
BepureiMm unu HeBepHEIM.

A. CxkopocTb cuHTe3a 0enka BTM skcnoHeHIIMalbHO 3aBUCUT OT BPEMEHU.

B. Ecnu npuHATE YCpeOHEHHYIO MOJIEKYJIIPHYI MacCy aMUHOKUCIIOTH 3a 110
OalbTOH, TO CPEeOHSS CKOPOCTh CUHTe3a 0eflKa CoCTaBaseT npuMepHo oT 35 mo 40
aMUHOKMCJIOT B MUHYTY.

C. JIuzaT peTUKyJIOLUTOB KpPOoluKa cogepxkut metTuoHun-TPHK cunTeTasy.

D. [Tauuas MPHK MmoxeT comepzkaTh 00jiee IBYX PEIKUX KOOJOHOB B CBOEU
IIOCJIeJdOBaTEIbHOCTH.
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Q.3

Y4yeHble BHIIEIUIN TPU PA3IUYHBIX IIITaMMa OakTepuit ProA”, ProB™, u ProC™ , gns
pocTa KOTOPHIX TpeboBaiica nponuH. OOQUH U3 MITaMMOB SBJISIETCS
XOJIOOOYYBCTBUTEJIbHBIM, APYTOU YYBCTBUTEJIEH K IIOBHIIIEHHOU TeMIIepaType, a y
TPEThEro OTCYTCTBYET ONpeNeIeHHBIN Ir'eH. BhlIvn IpOBedeHbl ONBITH 110 CHHTPOGUHN
(mepekpeCTHOMY MUTaHMNIO), B KOTOPBIX MITaMMbI HQHOCUJIUCH IITPUXOM Ha
MUHUMAJIbHYIO INTAaTEJIbHYIO CPeNy C arapoM, CogepzKallyi o4YeHb HeOOJIbIION
YPOBEHD IIPOIUHA. B ombiTax Mo CUHTPOYUY MeTaOONIUTHEI, BEIAEIIEMbIe OTHUM
IIITaMMOM, MOTYT OBITH MCIIOJTb30BaHHI [IJI51 IUTAaHUS COCEOHEro IlITaMMa. Pe3ynbTaThl
BHEIpAlllMBaHUA IIPU TpeX TeMIlepaTypax IoKa3aHbl Ha PucyHke Q.3.

22°C 30°C 42°C

Puc.Q.3. Pe3ynbTaThl 9KCNEPUMEHTOB MO CUHTPOMOUM C TPEMSI WITAMMaMU, HE CMIOCOBOHBIMY CUHTE3MPOBATL MPOJIVH.
TeMHble 061acTy NokasbiBatoT BbICOKYHO CKOPOCTb POCTa KNETokK; cepble 06nacTu NokasbiBaldT HU3KYK CKOPOCTb POCTa;
wit, OUKWIA TUM.

Ykaxute B JIncTte OTBETOB, SBJISIETCS JIU KaXXoe U3 CIeAYILIUX YTBEPKIEHUMN
BepureiMm unu HeBepHEIM.

A. TIpomexyTO4YHOE COeIVHEHNEe, HaKaliuBawlieecs y mraMmma ProC™
CUHTE3UPYETCS MOCJie CTaguu, OJTOKUPOBAHHOM B mITaMMe ProA™.

B. [IpoMexyTO4YHOE COeOIMHEHMNE, HaKallJInBalIlleecs y mraMmMma ProB”™
CUHTE3UPYETCS MOCJIe CTaguu, OJTOKUPOBAHHOM B mITaMMe ProA™.

C. CymecTByeT 10 MEHbIIIeH Mepe TPU Pa3HBIX I'eHa, KOTOPhIE BIUSIOT Ha OMOCHUHTE3
MIPOJIMHA.

D. Kak MUHMMYM B OOHUX YCJIOBUSX 00Pa3yIOUIUNCS TPOJIMH OBICTPO UCIIOIb3yEeTCs
O7isi cCuHTe3a OellKa, YTO IMpeaoTBpallaeT ero HaKOoIJIEHUE B
U30BITOYHOM KOJIMYECTBE.
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Q.4

Ecnu n3onupoBaHHBIE MUTOXOHAPUM CYCIIEeHOAUPOBaTh B Oydepe, cogepxkaineMm ADP,
Pi, u okucnsseMsii cyoCTpaT, TO IIPOUCXOMOST TPHU ITPOIlecca, KOTOPHIE JIETKO
IIOOAI0TCS U3MEPEHUIO: OKUCIIAEeTC cyOcTpaT; nmorjoiaercs O u

cunte3upyetrcs ATP. Lluanupg (CN°) siBinsieTcss MHTUOUTOPOM IIepeHoca 3JIEKTPOHOB Ha
O,. Onmuromunus nHruOuUpyet ATP-cuHTa3y ImyTeM B3aUMOAEUCTBUS C CyObe QUHUIIEU
Fo. 2,4-Iunutpodenon (DNP) MoxkeT JIerKo IPOHUKATh Yepe3 MeMOpaHbl
MUTOXOHAPHUM U CIIOCOOCTBOBATh IPOHUKHOBEHHIO ITPOTOHOB B MaTPUKC, CHUMasA
TaKuM 00pa3oM I'pafiieHT IPOTOHOB Ha MeMOpaHe.

MornoweHHbIn O2
"= === CUHTE3UPOBAHHLIN ATP

An AB

ADP + Pi

CykumnHart

- -

>
Bpewms Bpems

Puc.Q.4. MornoweHune kucnopoga n cuHtes ATP B MutoxoHapusax. CnnowHas nnMHMa nokasbiBaeT KOIMYECTBO
noTpebneHHOoro Kucnopoaa, a NyHKTUpHas NMHNS NoKasblBaeT KOMMYECTBO CMHTEe3npoBaHHoro ATP.

Ykaxute B JIncre OTBETOB, SIBJISAETCSA JIU KaXO0€ U3 CIEOYIIIUX YTBEPKIOEHUN
BepubiM unu HeBepHEBIM.

A. X - 9TO OKUCHISIEMBIN CyOCTpaT.
B. y-5T0 onuromuiuH unu CN.

C. z-3to DNP.
D. Ecnu 0wl z Ob171 cMechio onuromuiinHia 1 DNP, To cuaTe3 AT® He nmpeKpaTuics
OHI.
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Q.5

ITpencTaBbTe, YTO BRI UCCIeayeTe MeMOpPaHHEBIM 0eJI0K, IIOKAa3aHHBIM Ha AuarpaMMe
HUXKe. Bbl MPUTOTOBUIIM UCKYCCTBEHHBIE BE3UKYJIBI, COflepKalllie 3TOT OEJI0K TOJILKO B
MeMOpaHe. 3aTeM 3TU Be3UKYJIbl ObII 00paboTaHbl IPOTEea30!, pa3pe3aromnieil 6eI0K
065113K0 K MeMOpaHe (2) unu xKe Be3UKYIIH [ejlajlu IPOHUIaeMbIMU [OJIS IPOTeas3kl 10
o06paboTku npoTea3oi (3). [lonydyeHHBIe TENTUOBI 3aTEM Pa3esIsaiii IIPU ITOMOIIHN
SDS-PAGE (renb-anekTpodopesa B MOJIMaKPUIaMUOHOM I'ejie B IPUCYTCTBUH
mopenuscynbdaTta HaTPUS).

A

Puc.Q.5. MeMmbpaHHbIli 6enok (a, b, ¢, d, e: pomeHbl) 1 rens SDS-PAGE
(1. HeoBpaboTaHHbIN KOHTPONb, 2. NENTUAbI NOC/E paclenneHneM NpoTeasoi, 3. NenTuibl Nocne pacwenneHns
npoTeasoi NpoHuLaeMbix Be3nkyn. CTpenka ykasbiBaeT Harnpas/ieHe ABUXeHNs 6enkoB npu anekTpodoopese.).

Vkaxute B JIncTte OTBETOB, SBJISETCS JIU KaxXKoe U3 CIEeAYIOIIUX YTBEPKIEHUMN
BepHbiM unu HeBepHEBIM.

A. Bonpmine pparMeHTH Ha mojoce 3 ABJISIOTCSA TUAPOMUIbHBIMHU.

B. MeHbiue 1o pa3Mepy GparMeHTH Ha I10JI0Ce 2 ITPEeACTaBIsiiOT CO00M MOMEHEI
O0esnKa, BRICTYIIAIOIINE U3 MeMOpPaHHI.

C. JJomeH a 6oratT JIEUIIMHOM HJIA U30JICHITMHOM.
D. [ToMmeHH a, C 4 € BBEICTYIalOT B IIOJIOCTh BE3UKYII.
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Q.6

OTaHOJI UHTUOUPYyeT POCT MUKPOOOB. OIHAKO HEKOTOPHIE IIITaMMBI IPOXKIKEHN
Saccharomyces cerevisiae MOTYT afallTUPOBAThCA K BHICOKOM KOHII€HTpalluX 3TaHOIIa.
MHorue uccjiegoBaHUs ITOKa3aid U3MEHEHHUS B COCTaBe KJIETOYHBIX JIUITUIOB B OTBET
Ha JeiCTBUeE 3TaHoIa.

B maHHOM mMCCIeqOBaHUU MBI CHUCTEMATUYECKU U3MEHSJIM COCTaB JKUPHBIX KUCJIOT y S.
cerevisiae myTeM HOKayTa (oTKiodueHus1) reHa OLE1, kogupymolero nHTerpajabHbIA
0enok MeMOpaHHI JecaTypa3y, KOTopas OTBedaeT 3a 00pa3oBaHUe
MOHOHEHACHIIEHHEIX TanbMUTONnenHoBoM (A%-Cig.1) ¥ onenHOBOM KuCIOT (A9-C18:1).
3aTeM co IITaMMOM C HOKAyTOM reHa npopenanu ciaepytoiiee: (1) rer OLE1 Ovin
BOCCTaHOBJIeH TpaHchopMaumen mina3Munel YEpOLE; (2) TparcdhopMupoBan
nnasmunamu YEp-A2Hz, YEp-A2Tn, YEp-A''Hz unu YEp-AllTn, comepxamumu A° umu
Al —necaTypassl AByX YelIyeKpHIIEIX HAaCeKOMEIX (HOUHBIX 6abouek) Helicoverpa zea
(Hz) unu Trichoplusia ni (Tni). Beiny ucciengoBaHbl COCTAB XXKUPHBIX KUCJIOT U KPUBHIE
pocCTa KaXXIoro TpaHcgopMaHTa, pe3yabTaThl II0Ka3aHbl B IPUBEIEHHBIX HUXKE
Tabmnuile u pUCyHKe:

Tabruna Q.6. CocTaB OCHOBHEIX KHPHBIX KHCIIOT (%)) y TpaHC@OpMaHTOB S. cerevisiae B cepequHe JIor-
@a3rl.

Ci6:0 C18:0 Ci16:1 C18:1

HackernrerHpie | Hackirmersrsie | MoHoHeHAackhIIIeHHBIe | MoHOHEeHAaCHIIIIe HHEBIE
OLE1 45.5 + 2.2 4.7 + 2.4 34.9 + 0.8 14.9 + 1.0
AHz | 455+ 5.5 7.9+ 22 31.7 5.6 11.0 + 2.0
A°Tn 46.9 + 4.0 8.6 +39 12.8+ 1.9 31.7 + 5.8
AlHz| 456 + 3.6 11.9 + 2.8 42.6 + 6.3 0
AlTn| 49.7 + 4.8 12.5 + 0.1 41.8+11.8 11.2+ 1.5

25 A VA e

. A°Hz

g
/ g x OLE1
20t / l

_ z _ = A'Hz
S 1.5 / 1.5 o
2 X o ° A°Tn
© 10t / 3/ / o 10 f @ AYTn
/o / 8
i x g S 05 |
0.5 < B / 0.5
/ %D/o—o/o
0 U_D=D—/u=ﬁalngn_0’ 1 1 O 1 1 1
0 20 40 60 0 20 40 60
t (MUH) t (MUH)

Puc.Q6. Kpusble pocTa wTamMmoB S. cerevisiae , TpaHCOPMUPOBAHHBIX Mnasmuaamm, conepxaummn OLET (x), A%Hz
(@), A""Hz (), A°Tn (0) v A" Tn ([J) Ha cpene YPD (A) n Ha cpene YPD, conepxaiueii 5% staHona (B)
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Ykaxute B JIncre OTBETOB, SIBJISAETCA JIU KaXO0€ U3 CIEOYIIIUX YTBEPKIOEHUN
BepHbiM unu HeBepHEBIM.

A. Jlar-¢asa TpaHcdopMmaHTa OLE] Ha cpefe YPD kopoue, ueM TakoBas y 47Hz,
A9Tn, A" Hzu A1Tn , BcnepcTBue IpUCYTCTBUS OpPOXKIKEBOI JecaTypassl B
KJIeTKax.

B. JlecaTypa3bl OOUHAKOBO aKTHUBHEI y BCEX TPAaHC(HOPMAHTOB.

C. CopepxKaHue MOHO-HEHACHIIIEHHBIX JKUPHBIX KUCJIOT SIBISIETCS XOPOILINM
WHOMKaTOPOM TOJIEPaHTHOCTU (YCTOUYUBOCTHU) K 3TAHOIY y S. cerevisiae.

D. Bonee BrICOKOe cooTHomeHue A?-C;g.; k A%-Cy4.7 06ecniednBaeT 60Jiee BLICOKYIO
TOJIEPAHTHOCTH K 3TAHOIy y S. cerevisiae
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Q.7

ITomu(3-rugpokcudytupar) (ITI'B) - 3T0 3amacHoe coemuHeHne y OaKTepuil, KOTOpoe
OOBIYHO HAKAIIJIMBAETCS Y Pa3HBIX BUIOB OAKTEPUM, €CJIM UX BHIPAIIIUBATDL B YCIIOBUSIX
HeXBaTKU HEKOTOPHIX ITUTATEJIbHLIX BEIIIeCTB, TAKMX KaK KMCJIOpo[, a3oT, pocdar,
cepa WU MarHUM UJIM B IIPUCYTCTBUU U30BITKA yriepoaa. Puc. Q7 moka3rBaeT CXeMY
ouocunTe3a [1I'b u3 anetun-CoA y Ralstonia eutropha, KOTOPHIN PETYIUPYETCS TI0
TUIY OTPUIIATEJIbHOM 00paTHOM CBsA3U (MHruOuMpPoOBaHUe NpoayKTom). Kpome Toro,
anetun-CoA, MoXKeT BKJII0YAThCS B IIUKJI TPUKAapPOOHOBBIX KHUCIIOT.

AueToaueTun-

B-KetoTnonasa CoA-pepykTasa nre
AueTun- AueToaueTtun- D-B-rumpokcu- CuHTasa
Fniokosa > CoA CoA 6yTnpun-CoA
NADPH+H* NADP* Monu(3-ruppokcnbyTmpar)
nre
umKn * :uuTpat cuHTasa

TpukapBOHOBbIX
Kucnot

Puc. Q7. Cxema buocuHtesa INre

Vkaxute B JIncTte OTBETOB, SABJISETCS JIU KaxXKoe U3 CIEeAYIOIIUX YTBEPKIEHUMN
BepHbiM unu HeBepHBIM.

A. VBenuueHne aKTUBHOCTU LIUTPAT-CUHTAa3bl IPpUBENET K CHUXKeHU cuHTe3a [II'b.

B. [Ipu BEICOKOU BHYTPUKIIETOYHOU KOHIIeHTpaluuu CoA ckopocTh cuHTe3a [1I'b
BO3pacTerT.

C. Ecnu ckopocts curTe3a [II'B Bo3pacTaeT, CKOPOCTh pocTa KJeToK Ralstonia
eutropha 6ygeT Takke BO3pacTaTh.

D. Cunres [II'B cTtuMynupyeTcss Hu3KuM cooTHoIinenneM (NADPH+H™)/NADP.
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Q.8

YdueHBIN U307IMPOBaJ ATk pa3HbIX nenTunos (1 - 5), comepzKalux I9Th aMUHOKUCIIOT
(o6o3HaueHHHBIX A, B, C, D, E). OH onpefesiia MacChl 1
[IOCJIeI0BaATEJIbHOCTH aMUHOKHUCIIOT KaxXaoro nentuga. [lonmydyeHHble UM JaHHBIE

IIOKa3aHbI B Tabnuiie HUXKE.

IMenTun ITocimemoBaTeJIbLHOCTH aMHUHOKHUCJIOT Macca ([1a)

1 BCDACCDEDCB 966

2 ABBCAEEDECB 1099

3 BACDAEAEECA 1357

4 CACADBACAEB 1279

5 EDDCABBCCEE 1014

Macchl oTaenbHBIX aMUHOKHCIIOT ITOKa3aHbl B Tabiuila HUXKe.
AMMWHOKHCJ/IOTHI Macca ([a) AMHWHOKHCJIOTBI Macca (Ia)

ArnaHuH 89 Jleuuu 131

ApruHuH 174 JIn3uH 146

Acriaparux 132 MeTuoHUH 149

AcniaparvHoBasi KUCJIOTa 133 deHUaIaHUH 165

Hucrenn 121 [IponuH 115

'myrTamMuHOBas KMUCJIOTa 147 Cepun 105

['mytamuu 146 Tpeonun 119

[ muimH 75 TpunTtodan 204

l'mctuouu 155 Tupo3uH 181

H3onenunun 131 Banun 117

[IpumeuaHue: Macca MOJIeKyJibl BOObsl cocTasisgeT 18 [a.

YkaxuTte B JIncTte OTBETOB, SBISE€TCS JIU KaXIoe u3 CIIEOYIOIITUX YTBep}KHeHI/If/i

BepubiMm unu HeBepHEIM.

A. AMuHOKUCJIOTa, 0003HaueHHass C SIBJISIETCS CEPUHOM
B. AMMHOKHKCIIOTa, 0003HaYeHHas A SIBJISETCS TUPO3UHOM
C. AMuHOKUCJIOTA, 0003HaYeHHas E ABIsieTcs IMIUCTEeNHOM
D. AMUHOKMHCIIOTA, 0003HaueHHAad B aBIsgeTcs rIUuIIMHOM
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Q.9

W3 nuIlieBapuUTEILHOTO TPaKTa KPEeBETKU ObIIM BhIAEJIEHBl YEeThHIPe pa3HbIX IITaMMa
0aKTepuii, y KOTOPBIX U3y4dasiuCh IPOONOTHYECKME CBOMCTBA 10 CHUIKEHUIO
natoreHHocTtu Vibrio harveyi, pacupoCcTpaHeHHOM OaKTepuu, BeI3bIBAIOIIEN NHPEKIIUIO
KYJIbTYPBI KPDEBETOK. B IIepBOM ONBITE YETHIPE BhIJEIeHHbIe 0aKTEePHUH OBIIN MITPUXOM
BBICESTHBI Ha YaAIlIK¥ COBMECTHO C YEeTHIPbMS OAPYTUMU OaKTepraIbHBIMU

IIITaMMaMH OJid HaOJIIofeH1sI 30Hbl UHTHOUPOBaHUS POCTa 3TUX ItaMMoB (Puc.9A).
Bo BTOpOM OmbITe OBIJIa UCCIel0OBaHa CMETPHOCTh KPEBETOK B IPUCYTCTBUM Vibrio
harveyi n Kaxxgoro 6akTepuaabHOT0 U30JIsiTa I0CIe 5 MHEBHOT0 MHKYOMPOBaHU

(Puc.9B).
I I Em B

U+V  U+V+P1 U+V+P2 U+V+P3 U+V+P4

Punc.Q.9 (A) K = KoHTponb (Hu kakme 6akTepuili He HAHOCUIUCh Ha Y4acTOK, HAPNCOBAHHbIV HE3aWTPUXOBAHHOW
nuHuei), P1-P4 = 6aktepun 1 - 4 ¢ npegnonaraeMbiMm NpobroTUYECKUMM CBOMCTBaMH, a = Streptococcus sp.
(rpamnonoxuTenbHble), b = Vibrio sp. (rpamoTpuuatensHble), ¢ = Bacillus sp. (rpamnonoxutensHbie)), d = Salmonella
Sp. (rpamoTpuLaTesbHble)

(B) U = Tonbko kynbTypa kpeseTok, U+V = KynbTypa KpeBeTok ¢ gobasneHuem Vibrio harveyi., U+V+P1-P4 = kynbTypa
kpeseTok ¢ nobasneHuem Vibrio harveyi. n kaxnoro n3 nsonsatos P1-P4, npennonoxutensHo obnanarowmx
NPO6MOTNYECKMMI CBOVCTBAMMU COOTBETCTBEHHO.

1.0

CMepTHOCTb
T

0.0—

Ykaxute B JIncre OTBETOB, SIBJISAETCA JIU KaXO0€ U3 CIEOYIIIUX YTBEPKIOEHUN
BepHbiM unu HeBepHEBIM.

A. W3zonsat No.1 (P1), npooyiupyeT aHTUMUKPOOHOE BEIIECTBO, KOTOPOE UHTUOUPYET
rpaMoTpHIlaTeIbHbBIE U TPAMIIOJIOXKUTEIbHEIE OaKTEPUH.

B. Hzomat No.2 (P2) 6s1 criocoO0eH CHUXKATh MaTOTeHHOCTh OakTepuit Vibrio sp.,
IIpU 3TOM He yOuUBas uX.

C. Hzonar No.3 (P3), npoayinupoBanl aHTUMUKPOOHOE BEIECTBO, HENUCTBYIOIIEE Ha
BHEIIIHIOI0O MeMOpaHYy.

D. Hzomnat No.4 (P4) oka3wsiBai OaronpusiTHEIM 9QPeKT Ha BEIXKHUBAEMOCTh KPEBETOK
myTeM UHTUOMPOBaHUSA rpaMOTPULIAaTEIbHEIX OaKTEPU.
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Q.10

BBl MOCTaBJIeH 9KCIEPUMEHT I10 HaOII0IeHHIO ITPOOOIXKUTEJIbHOCTA KJIIETOYHOT O
IIMKJIa y HITaMMa OPOXKKel. AKTUBUPOBAHHBIE KJIETKU OPOXKKEeHN ObITM BHECEHBI

B HOBYIO Cpefly C MCXOMHOM KoHIeHTpamuei 10° kmetok/mn. Yepes 40 4, KOMUYECTBO
KJIETOK B03pociio fo 4 x 108 knerox/min. YacTs KyNnbTypHl 6bliIa B35ITa AJIS OTHAEJILHOTO
9KCIIepuMeHTa. B 9ToM 9KClepuMeHTe KJIeTKM MHKYOUpOBaju B TedeHue 15 MUHYT Ha
cpene, comepIKallleld MeYeHbI TUMUOWH, ITI0COJIE Yero KJIETKH OTMBIBAIU U
IIEPEHOCUIU B HOBYIO IIUTATENbHYIO CPENy, COAepKallyio HeMe4YeHbIM TUMUOUH.
[Tepuogudyecku Opany OTpoOk! OIS U3MEPEHUS IIPOIIEHTa MUTOTUUYECKUX KIIETOK,
comepxXalux MedyeHbl TUMUANH. PUCYHOK Q.10 moka3bsiBaeT pe3ysbTaT 3TOTO
9KcrepumMeHTa. B Kaxmou npobe okono 1% Bcex KJIeTOK HaXOOUJIOCh B CTagUU
MHUTO3a.
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< 80
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I
o 20
(0]
=
X
0

0 2 4 6 8 10 12 14
Yacbl nocne I/IHKY63.LI,I/II/I B cpene C Me4eHHbIM TUMNIONHON

Puc.Q.10. CDpaKLI,I/IH PannoakTBHO MeYeHbIX MUTOTUYECKNX KNETOK B XO04E 3KCNepunMeHTa.

Vkaxute B JIncte OTBETOB, SBJISIETCS JIU KaXKoe U3 CIeAYIOIIUX YTBEPKIEHUMN
BepHbiM unu HeBepHEBIM.

A. CKOpOCTh CuHTe3a 0eJIKOB-TUCTOHOB CPaBHUTENBHO BHIIIIEe MexXAy 6 u 10 wacamu
[1I0CJie 9KCIIO3UIINU C Pafg¥0aKTUBHO MEYEHBIM TUMUOUHOM

B. S ¢aza K1eTOYHOro IIMK/Ia 3aHNMaeT IPUMEPHO 5 4acCoB.
C. M ¢asza kneToyHOro LiMKiIa 3aHuMaeT 6osee 1 gaca.

D. Bonbmias 4acTh MEYEHHOTO TUMHUAVHA aCCUMUIUPYETCS B a3e S KIIeTOYHOTO
[IUKJIA.
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AHATOMUSA U DU3NOJIOTNUS PACTEHUN

Q.11

KrneTouyHble CTEHKH 00ecIieYrBal0T roMeocTa3 00beMa PaCTUTETbHBIX KIIETOK,
HECMOTPS Ha TO, YTO IPOUCXOOAT BeCbMa 3HAaYUTEIbHbIE e3KeTHEBHbIE U3MEHEHUS
BOOHOI'O IOTEHIIMajla B pe3yJibTaTe NOTEPU BOOLI IPU TpaHCcOnupanuu, KieToyHbn
BOIOHBIA MMOTEeHUHAN (¥,,) PaCTUTEIbHOMN KJIIE€TKH COCTOUT U3 OCMOTUYECKOTO
IIoTeHIana (¥s) ¥ MoTeHIMana TYPropHoro gasineHus (¥,). OTHOCUTEIbHEIN 00bEM
KJIETKH KOPPEeJIMPYeT C €€ BOOHLIM ITOTEHIIMAJIOM, OCMOTUYECKHUM MOTEHIIMaJIOM 1
IIOTEHLIMAJIOM TYPrOPHOI'O JaBJIeHHUsI, KaK II0Ka3aHo Ha Puc. Q11.

(MPa

 BOOHbIA NnoTeHumnan
(@]

Vv =Y 4V
_2 W S P
> \
5 v
N
g —
c 1.0 0.95 0.9 0.85 0.8

OTHOCUTENbHbIN 0O BEM KNeTku
Puc.Q11

Vkaxute B JIncTte OTBETOB, SBJISETCS JIU KaXXoe U3 CIeAYIOLIUX YTBEPKIEHUMN
BepHbiM unu HeBepHEBIM.

A. V3aMeHeHHuS BOOHOTO IIOTEHIINaJla PAaCTUTEIbHBIX KJIETOK, KaK IIPaBHJIO,
COITPOBOXKIAIOTCS 3HAUYUTENbHLIMU U3MEHEHUSIMU TYPrOPHOTO HaBJIEHUS U
00BbEéMa KJIeTKH.

B. IloTeps TypropHOro maBlieHUs yKa3blBaeT Ha OKOHUYaHUeE IJIa3MOJIn3a KJIeTKU U
yMeHbIIIeHre e€ 00beMa Npubnau3nuTenbHo Ha 15%.

C. Ilpu ymeHbiieHuu 00bEMa KineTku Ha 10%, Haubosnbillee U3MeHeHUe BOOGHOTO
MOTeHIIMasa KJIeTKU BBI3bIBAETCS NMaJjeHUueM OCMOTUYECKOT O IIOTeHIhana
OOHOBPEMEHHO C HEOOJIBIINM N3MEHEeHNEM TYPrOPHOTO aBIeHUs.

D. Ilpu perumpaTtalluu yBeludeHHe KJIETOYHOr0 oObeMa IIpeKpalllaeTcs Toraa, Koraa

KJIeTOYHAsl CTeHKa OKa3hIBaeT [IaBJIeHNE, paBHOE TYPrOPHOMY U KJI€TOUHBIN
BOOHBIN ITOTEHIIMAN [OCTUTAeT HYJIS.
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Q.12

W3yyanu BIUsHUE HU3KOU TeMIlepaTyphl Ha pacTeHus copro (Sorghum bicolor) u cou
(Glycine max). PacTeHust BeIpallluBaau npu Temneparype 25°C B TeueHue HEeCKOIbKUX
HeJesb, a 3aTeM Tpu aHs rnpu 10°C, mpu NOoCTOSIHHOMN OJINHE CBETOBOTO OHS,
MHTEHCUBHOCTHU CBETA U KOHIIEHTPAIIUU YTJIEKHUCIIOTO ra3a Ha IIPOTSAXKEHUU BCETO
9KCIIEPUMEHTa, €CJIM He yKa3aHo uHoe. YUCThIM POTOCUHTE3 000UX BULOB PACTEHUU
npu 25°C nokasaH HuxKe Ha pucyHke Q12.

Ilor/romenne yriaeKHc/I0ro ra3a B pac4dére Ha Cyxyrlo Maccy jaucra (mr CO 2r1)

CkopocTb nornoweHns CO2

(umol m, s?)

Soybean

Sorghum

o

200 400

600

[CO2] B BO3OYXE

Puc.Q.12

800

1000

Hau o0 1 2 3 4-10
TeMmeparypa 25 ° C 10°C 10°C 10° C 25 °C
Copro 48,2 5.5 2.9 1.2 1.5
Cosn 23,2 5.2 3.1 1.6 6.4

Ykaxute B JIncTte OTBETOB, SBJISIETCS JIU KaXXoe U3 CJIeNYLIUX YTBEPKIEHUN
BepureiMm unu HeBepHEBIM

A. TIpu 35°C ckopocTh POTOCHHTE3a Y COu OyImeT CHUXKATHLCS, a y COPTo He
M3MEHUTCH.

B. TIpu HuU3KOU TeMImepaType 6MoMacca COPro yBeIuduBaeTcs OLICTpee, 4yeM

ouoMacca Ccou.

C. PacTeHus cou, BEpPOSITHO, C MeHbIllel 3p(HEeKTUBHOCTHIO UCIIOIL3YIOT BOAY ITPHU
doToCuHTE3E, YEM COPTO.

D. CHuxXeHUe IIOTJIOIIeHUsI YTIeKUCJIOTO ra3a ¥ COpro, riiaBHEIM 00pa30M, BEI3BAHO
CHHUXKEHHEeM aKTUBHOCTU (GEepPMEHTOB IIPU HU3KOM TeMIlepaType.
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Q.13

BakTtepus Bradyrhizobium japonicum MoXeT MHGUIIUPOBaTh KOPHU cou (Glycine max)

nu O6pa3OBbIBaTL KHYGGHBKI/I. B K.TIy'6eHBKaX IIPOUCXOOUT (1)I/IKC8.I_II/IH a30Ta,

KaTaJlu3upeyMasi HUTPOreHa30M, U aKTUBHOCTh HUTPOTreHa3kl IIPU 9TOM MOXKET OBITh
JIETKO U3MEepPEeHa M0 BOCCTAHOBJIEHUIO alleTHJIEHa BMECTO BOCCTAHOBJIEHUS a30Ta.
Y4eHEBIH CO3all MyTallnio, 3aTparuBampInyio gepment NAD' -3aBucuMyro Manar-
merugporeHasy (dme MyTaHT), KOTOPHIHM oO6pa3yeT nupyBaT u NADH, u unduimponan
KOPHU IPOPOCTKOB COM OAKTEPUSIMU OUKOTO THUMA U MyTAHTHLIMU OaKTEPUSIMHU.
[IpopocTKM BEIpAIIMBAJINCh Ha Cpelle, He comepKaillen a3ota. Yepes3 14 u 28 nHen
II0CJIE UHOKYIISIIIUU Y IIPOPOCTKOB PUKCUPOBaIM KOIUYECTBO U BeC KIIyOEHBbKOB, a
TaK’kKe aKTUBHOCTb BOCCTAHOBJIEHUS alleTUIIEHaA.

[or]
o

(2]

o

T
Now A o

n
o
T
—_

KonnuectBo knybeHbkoB

(Kny6eHbkm /pacteHue)
5
Cyxoii Bec knybeHbKoB
(Mr kny6eHbKoB)

o
o

14 28 14 28

IlHu nocne IHu nocne
MNHOKY nsiLmu VHOKY nsiLmn

AKTUBHOCTb BOCCTAHOBNIEHUS aLeTuneHa
(MkMnonb/yac Ha 1 1 cyxoro Beca kny6eHbkoB

40

30

20

10

14 28

IlHn nocne
NHOKYnaunn

AKTUBHOCTb BOCCTAHOBNIEHNS aueTuneHa

o o o
o RO
o o o

o

(MKMonb/yac Ha 1 knybeHek)

D
14 28
IlHn nocne

MHOKYNnaunn

Puc.Q13. KonunyectBo 1 cyxoli Bec KNyb6eHbKOB 1 akTMBHOCTb BOCCTAHOBNIEHMS aueTuneHa y cou. Ha pucyHkax:
KNy6eHbKM COUW, MHPULMPOBAHHbIE ANKMM TUMOM B. japonicum - 6enble CTONOWKMN, MyTaHTOM dme - TEMHbIE CTONOUKN.

Ykaxute B JIncre OTBETOB, ABJISETCA JIU KaXI0€e U3 CIEOYIILIUX YTBEPKIEHUN

BepureiMm unu HeBepHEIM.

A. AKTHUBHOCTHL UKCaIIUU a30Ta B OOUHAKOBO 00paboTaHHBIX KITyOeHbKaxX BHIIIE
yepes 28 gHelu mocie WHOKYJIAIUY, 4yeM dyepe3 14 gHeln.

B. Kak KOnu4ecTBO, TaK ¥ pa3Mep KJIyOeHbKOB BO3pacTaloT co BpeMeHeM oT 14 o
28 pmHeu mocre UHOKyNsaumuu B. japonicum.

C. CHuXeHHe aKTUBHOCTH a3OT(bI/IKCEiI_II/II/I B I/IH(bI/II_II/IpOBaHHBIX MYTaHTOM

KnyOeHbKax Ha 28 meHb I0oCcjie MHOKYJISINY II0 CPaBHEHMIO C TaKOBOM Ha 14 OeHb
BHI3BAHO CHUIKEHNEM HUTPOTEHa3HOW aKTUBHOCTU U 00pa30BaHMUs KIIyOEHBLKOB.

D. ®dukcanus a3oTa B MHOYLUPOBAHHEIX B. japonicum KiiyOeHbKax OTPULATEIbHO

perynupyercss NAD' - 3aBuCHMOM MajlaTOeruaporeHas3omn.
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Q.14

Caxapo3a o0pa3yeTcs B IMCThsIX U TPAHCIIOPTUPYETCS Ha OJIM3KUe U majlbHUe
PacCTOsTHUSA II0 COCyAaM K TaKUM He(OTOCHUHTE3UPYIOIIUM OpraHaM, Kak KOpHH,
cTebsu, BeTHl U nionabl. CymiecTByeT ABa I'JIaBHBIX IIyTH TPaAHCIIOPTa

caxapo3bl: CUMIIJIACT M aloIlIacT, 10 KOTOPBIM MOJIEKYJIBI CaXapO3bl IEPEHOCSATCS IO
¢droeme nuCTHEB, KaK MOoKa3aHo Ha Puc.Q14.

A CvMnnacTHbIA NyTb ONIOEMHOrO TPaHCNopTa caxaposbl
== g”’
4 N
<P noamHbI TpaHcnopT caxaposa
oy
) 2
<« [BrxeHune caxaposbl cll
I
g F AnonnacTHbIl NyTb OIOEMHOrO TpaHcnopTa caxaposbl
2
< caxaposa

BbIXOL4

Puc.Q14. Cxema npoBoasuei cucteMbl pacteHns. M - Mesodgounn, BS - Obknanka nposoasuwero nyyka, MS -
O6knanka MecToMmbl (cocynmcToro nyyka), N - MapeHxuma dpnoemsl, VP - Cocynmctas napeHxuma, CC - KneTka -
cnyTHuUUa, TST - TONCTOCTEHHbIN CUTOBUAHbIA 3neMeHT, ST - CUTOBUAHBIV SNEMEHT.

Ykaxure B JIncre OTBETOB, ABJIAETCA JIU KaXI0€ U3 CIEOYIIIUX YTBEPKIEHUN
BepubiMm unu HeBepHEIM.

A. Caxapo3a CHHTEe3UPYEeTCs B JINCThSIX UM TPAHCIIOPTUPYETCs 1o (piiosamMe Ha
0OJIbIIIE PACCTOSTHUS B OPraHbl, HaKAIJIMBAIOIIKE CaXapo3y, 0 TPAagueHTy
TUIPOCTAaTUUYECKOTO [aBJIEHUS.

B. TpaHCHOpT CaXaPpPO3HI II0 aIlIOIIJIaCTHOMY IIYTHU Tpe6yeT JHEPreTn4YeCKuX 3aTpaT Ha
HECKOJIBKUX CTaOusAX, IIOCKOJIbKY 3TO CBsA3adHO C IIEPEHOCOM CaXapPO3kI HEPE3
BTOPHUYHYIO KJIETOYHYIO CTEHKY 2KMBLIX KJIETOK.

C. B anomiacTHOM ITyTH MOJIEKYJIbI CaXapo3bl TACCUBHO TPAHCIIOPTUPYIOTCS Yepe3
IJTa3MOIECMHI.

D. IlocTymnieHue MOJIEKYJI CaXapO3bl B OPraHbl, HaKaIlJIMBAIOIUe €€, He TpeOyeT
3aTpaT 9HEePTUH, IIOCKOJILKY TPAHCIOPT IIPOUCXOOUT II0 TPAAUEHTy KOHIIeHTPAIIUU
caxapo3Hl.
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Q.15

Y4yeHble U3MEPUIU OJIUHY U BEICOTY PU30GOPOB (KOPHEBHIX MOAIIOPOK MIU XOOYTbHBIX
KOpPHEN) MaHTpPOBOTO pacTtenus (Rhizophora mangle, Pruc.Q.15A). OHu TakXke
M3TOTOBUJIM ITOIIEPEeYHbIE CPe3bl PU30(GOPOB U UCCIIeOOBaIu 10 HUM aHaTOMHYECKHUEe
Npu3HaKu. Pe3ynbTaThl ITOKa3aHbl Ha pucyHKax .Q.15B u Q.15C.

A

['naBHbIl CTBON pacTeHuns

c == Kopa — Kennema . Cepuesut
1009 I /1

- O 2.0 2.0 ® ||
Pun3odopbl 1-ro nopsigka © . m
] 3 2
2 & 3 5 80
s g 1.6 -16 ¢ 2
2 Pusoghopsl 2-ro nopsiaka s = [
° @ 3 = 60+
- g ¢ g 8
§_ Puzodopsl 3-ro nopsiaka ;i; 1.2+ 1.2 'g' 3
8 Puzodopsl 4-ro nopsiaka 2 8 404
8 @ !
3 Pun3odopbl 5-ro nopsigka ?é
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o = ;.
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o
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JnvHa pnsochopos 1-ro nopsigka Mopsinok pusocopos PaccTtosiHue ot rpaBHoro ctebnst (M) Mopsinok pn3ogpopos
Puc.Q15. Pusochopsbl pacTteHuit, Rhizophora mangle. A: \amepeHune BbICOTbI U ASIMHbI (PACCTOSIHWS OT rnaBHOro ctebns
[0 MecTa KOHTakTa C rpyHToM) pu3oopos. B. VIaMeHeHue BbICOTbI (He3akpaleHHble KBaapaTbl) U COOTHOWEHUS
LNVHa/BbICOTA (3aKpalleHHble KPYXX04KK) ¥ NATY NocnenoBaTeNbHbIX NopsiakoB pnaodopos. C:
OTHOCUTENbHBbIE MPOMOPLIMM KOPbI (BKKOYAS a9PEHXMMY), KCUEMbI U CEPLEBUHBI MO ANNHE KaX A0 OTAENbHOM
pU30hopbl NEPBOro Nopsaka (Nesbi), U B OCHOBaHUM pU30GOPOB Nocnenyowmx nopsakos (Npasbii).

Vkaxurte B JIncte OTBETOB, SABJISETCS JIU KaxXKO0e U3 CIeAYyIOIIUX YTBEPKIEHUMN
BepubiM unu HeBepHBIM

A. HabGmiofmaeTcs TOCTOSSHHOE YMEHbBIIIeHWEe BBICOTHI 1 COOTHOIIIEHHUS OJIMHA/BLICOTA Y
pr30(OpOB B 3aBUCUMOCTH OT UX IMOPSOKA.

B. Y pu3odopoB nepBoro mopsigKa pa3Mep KCUJIEeMbI Ha IIOIIEPEYHBIX Cpe3ax TeM
Oombllle, 4yeM OJIMKe OHM HaXOOUTCS K OCHOBHOMY CTBOITY,
U yMeHbIIaeTcs C MpubInKeHneM K II04YBe, TOrfa KakK IIPOIeHTHOe
COOTHOIIIEHVE KOPHBI U CEPALIEBUHEl YBEJINUYMBAETCS.

C. Korpga mopsimok pu3odopoB MeHsieTcss ¢ 1 go 5, MPOIIeHTHOE COOTHOIIEHNE KOPHI U
CepaIleBUHBI YMEHBIIIAaeTCsI, TOrda KaK KCHJIeMEl -YBeJIUNYHNBaAETCS.

D. BeposiTHO nmommepzkuBamwinas ¢GyHKIUsS 0ojee BEIpaxkeHa Y pu30(opoB IepPBOTO
MMOPsIIKa C UX HU3KUM COOTHOIIIEHNEeM JJIMHEI K BBICOTE 1 BLICOKMM COOEepPKaHHueM
KCHUJIEMBI II0 CPABHEHUIO C KOPOU U CEePHLIEBUHOM.
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Q.16

CopmepzkaHue MHIIIbIKA (AS) B TOYBE BRI3BIBAET 03a004YEHHOCTH BO BCEM MHpPeE, TaK KakK
ero TPYZHO yOaJIATh U3 MOYBEL ¥ OH MOKET OTPHUILIATEIbHO BJIMATH Ha 300POBbE
yejioBeKa. XOPOIIo U3BECTHO, YTO MAallOPOTHUK Athyrium yokoscense HaKalluBaeT B
6omnpimmx KonudecTBax Cd, a TakXKe BhIAepKUBaeT 3HAUUTEJIbHBIe KOHIleHTpanuu Cu,
Pb 1 Zn. OgHakKo HEU3BECTHO, Crioco0eH nu A. yokoscense HaKannuBaTh AS, XOTS OH
4acTo ITpou3pacTaeT Ha I0o4YBaX, COAepKallluxX TAKeJlble MeTaslsibl U As. [[719 u3y4yeHus
HaKoIIeHus As y A. yokoscense , CTYyOeHT IPOBEJI 9KCIIEPUMEHT, B KOTOPOM MOJIOIbIE
pacTeHUs MalopoTHUKA, COOpaHHbBIE B palilOHEe TOPHLIX BHIPAOOTOK, BHIpAIllUBaIu B
TeIlJinule B TedyeHue 21 Hemenu Ha [Io4YBe

PHCOBOTO II0JISI, B KOTOPYIO ObINT moOaBieH As, UIU Ha MOYBe TOPHBIX BHIPAabOTOK . 10
repeHoca B TEIJIMIly 6MoMacca nanopoTHUKa coctasnsina 0.26 = 0.08 r cyxoro Beca
(DW)/pacTenue, a KOHIleHTpauuu As B MOJIOOBIX U CTaphIX Bausax cocTasiasanu 7.8 + 0.3
1 57.7 = 2.2 MT KT}, COOTBETCTBEHHO.

[ r O Baita B [0 KopeHb
3 , B KopeHe O Mo';op.ble Bain
[ _ [ 3pensie Baiin
'g 2400 {b [l Crapbie Baiin i
o —
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] E 1600 q
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g2 § 1200}
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g % 800
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g 2 400 4 .. b be
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3 0 ii -
50 100 500 5 10 50 I'IC . P Kowtpone 50 100 500 5 10 50 nNousa ropHo# BLIpa6oTkM
KOHTpOnb 5+ 3+ 0uBa ropHoil BLIPaGOTKM (7 mg As/kg) 5+ 3+ (814 mg As/kg)
(7 mg As/kg) (mgAs™ /ka) (mgAs™7/kg) (814 mg As/kg) (mgAs™"/kg) (mgAs™/kg)
Mousa, 3arpsisHeHHas As MouBa, 3arpsiaHeHHas As

Puc.Q16. A: Cyxas buomacca A. yokoscense riocne 21 Hegenu KynbTuBuposaHus B Tennvue . B: KoHueHtpaums As B
pasHbIx 4actax A. yokoscense , BblpalleHHbIX Ha oYBax ¢ BHECEHNEM AS 1 Ha 104Bax ropHow BoipaboTku. bbin
ncronb3oBaH kputepuvi Teroen (Tukey'’s test) MHOXXEeCTBEHHOr0 CpaBHEeHWS M METOL CTaTUCTUYECKOro aHainaa.
CraTtnctmyecky OCTOBEPHbIE Pa3nnynsa MeXy pasHbiMy Buaamm 06paboTkim nokasaHbl Ans Kax LOoro opraHa ¢

nomolubto 6ykB a - f Hag cTtonbukamm. OnmHakoBble 6yKBbl 03HAYAIOT, YTO AOCTOBEPHbLIX Pa3NuYuii ANs NaHHOro opraHa
HerT.

Ykaxute B JIncte OTBETOB, SIBJISAETCA JIU KaXA0€ U3 CIEOYIIIUX YTBEPKIOECHUN
BepubiMm unu HeBepHBIM

A. YMmepeHHBIE YPOBHU AS B ITIOYBE CIIOCOOCTBYIOT POCTY MAalOPOTHUKOB.

B. Kounentpanusa As B KOPHSX IAllOPOTHUKOB, BEIPAIlleHHEIX Ha [I0YBE C
nobGapreHneM apceHuTa (As3t) HuXKe, yeM B cilydae HoOaBIeHHUsS B IOYBY
apceHaTta (As®t), 4TO IPUBOOUT K YBeIUUEHUIO 00IIei 610MaCCHL.

C. KoHUeHTpalus MbIIIbsIKa BO3pacTaeT C YBeJIMUeHueM BOo3pacTa Balul u
MIOJIOKUTEJIBHO KOPPEeUpyeT C cogepxkaHueM As B IIOYBE.

D. IlepeHoc As OoT KOpHS K BauisiM Y A. yokoscense Ha TIO4YBe TOPHBIX BEIPAOOTOK OBIN
IIOX0K BO BpEeMEHHU Ha TaKOBOM B ITOYBE C MOOAaBKOM MBINIbSKA.
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Q.17

7151 u3y4yeHus BIUSHUS GUTOrOPMOHA Ha CO3peBaHNe MJIOI0B YEPEIIHU YUeHbIe
HCII0Ib30Bau abciu30Byi0 KUCIoTy (ABA) u aTedoH ans ux o6paboTKY , TIOCIIEe Yero
onpepensanu skcrnpeccuto rera PacNCED1, kogupyromiero nuokcuresasy 9-muc-
snokcukapotuHouna (NCED), kak knoueBol ¢pepMeHT OumocuHTe3a ABA. OHU TakXe
nccienosanu akcnpeccuro rea PacACO1, koTopell KogupyeT okcunpasy 1-
aMUHOIIMKJIOIIPOIIaH-1-KapO6oHoBo# KuciaoTh (ACC), KoTopasi IPUHUMAET y4acTHE B
ouocuHTe3e sTtuneHa. Tpanckpunt PacACT1 (ogun ¢pparmenT k[I1HK B-

aKTuHa, 0003HaueHHbIM PacACT1, ObIJI KJIOHUPOBAH ¥ HCIIOIb30BaH OJI
CTaHOapTU3alnM dKcIIpeccum Bcex pepmeHTOB (Puc. Q17-D).

o CopepixkaHue pacTBOPHUMOI O
YcTonuHuBOCTH AHTOIITHAHHUH
O6padoTka IUIOTHOT O BellleCTBa/THTpyeMas -1)
MSIKOTH (U.g
KHCJIOTHOCTH
KOHTPOJIb 20.3a 14.4a 13.4a
9TeOH 19.6a 15.3a 14.4a
ABA 11.9b 16.8b 23.8b
(a m b moKa3bIBalOT 3HAUEHHSI, KOTOPHLIE PA3/IMYAIOTCSI JOCTOBEPHO).
Hl KoHTtponb 1 9redooH [ ABA
(A) a(B) Q) (D)
7 g 2 g 12
= o o el
E 6 % X 16 § - 1.0 —I_
5 T Eox
K . © o 08
f\ 4 ,§ _DlZ ) o KoHTponb
T I I X 0.6 ATedoH
o3 50 8 T x ( f ABA
~ 2 (ll'_j o o o 0.4r [
p 58, 8 2ol I - cACOL
Q1 3 o 302
g = = am o |
0 c?_g 0 8 0 PacACT1
MSKOTb cemMs (@) MSAKOTb cemsd

Puc. Q17. BnusiHue npumeHeHns ABA n atedpoHa Ha conepxaHue ABA (A), HakonneHne PacNCED1 (B), obpasoBaHue
aTuneHa B npouecce cospesanns (C) u PacACO1(D). * n ** nokasbiBalOT LOCTOBEPHOE pas3nnyme rno CPaBHEHNUIO C
KOHTPOJEM.

Ykaxute B JIncre OTBETOB, SIBJISAETCA JIU KaXO0€ U3 CIEOYIIIUX YTBEPKIEHUNU
BepHbiM unu HeBepHBIM

A. Kak ABA, Tak u 3¢)€TOH CTUMYIUPYIOT 3KCIIpeccuto reHoB PacACO1 v PacANCED
Yy YEepEeLHHU.

B. IIpu obpaboTke ABA skcmpeccuss PacANCED1 u Hakomnnenue ABA B MSIKOTH
BRIIIIE, Y€M B CEMEeHaX .

C. ABA uHpOyuupyeT co3peBaHUe MJIOA0B YEPEIIHU IIyTEM CTUMYJIMPOBaHUS
oOpa30oBaHUs STUJIEHA.

D. 3Ttedon oka3wiBaeT HebOonbIoN 3QdPeKT Ha oOpa3oBaHKe aHTOIIMaHWHA U
oOpa3oBaHue 3HOOTreHHOU ABA, yeM 3TO menaeT 3k3oreHHas ABA.
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AHATOMUSA U DUSNONTOIMNA XUBOTHDIX

Q.18

MuHyTHBIA OOBEM Cceppalla Y MyKUYKUHBEL BO3pPaCcTOM 55 JIeT B COCTOSTHUH IOKOS
coctasnsgeT 7000 min/MuHYTY. Y Hero aprepuasnbHoe gaBinesHue 125/85 mmH(g, nynbc
100 ymapos/MUHYTY U HOpMaJibHas TeMiiepaTtypa Temna. PucyHok Q.18 noka3ssiBaeT
“3MeHeHUs IaBJIeHUs U 00bEéMa KPOBU B JIEBOM XKeJIyNOYKe B CEpAeYHOM IUKIIE.

2 1354 S

z

2

3

z 1007 A R
o0

°§ 504

3 x/»Q
@ P

60 100 130
O6bem KPpOBM B NNEBOM Xeyaouke (M)

PucyHok Q18.

Ykaxute B JIncte OTBETOB, SBJISIETCS JIU KaXXoe U3 CJIIeAYLIUX YTBEPKIEeHUN
BepureiMm unu HeBepHEIM.

A. B Touke Q JjieBBIY aTPUOBEHTPUKYIIIPHBIN (MUTPaAJIbHEIN) KilallaH OTKPHIT.
B. BriOpoc KpoBu U3 XKeJIygo4YKa 3aBepIllaeTcs B TOYKe S.

C. PaccrosiHue MexXkay ToO4YKaMu S U P DOJI2KHO yBeJIMUYUBATHCS IIPU CTEHO3€E
(cy>xeHuu) KjialiaHa aOpPTHI.

D. B nepuop R-S KpoBb He IOCTyIIaeT HU B IPEeACEPONs, HU B JKEJIyJOUYKHU.
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Q.19

MunyTHEIHN 00BbEéM cepaiia (CO) - 370 00beM KPOBH, BHIOpPAChIBAEMOM CEPAIIEM 3a OOHY
MUHYTY. MUHYTHBIM 00BEM 3aBUCUT OT CUCTOIUUYECKOTO (yoapHoro) oowséma (SV) u
4acCTOTHI cepaedHbIX cokpaleHul (HR). MuHyTHBIN 00BbEM MOXKHO U3MEPUTH
HEeIPSIMBIM crioco0oM 1o ypaBHeHHnio ®uka: CO = Q/(A-V), rme Q - 3TO CKOPOCTh
notpebeHusa Kucnopona (Mia/MuH), A-V - 3To pa3HHUIla MeXOy KOHIIeHTpalueu
KHCJIOPOJa B OKCUTEHUPOBAaHHOU (apTepuasnbHoil) (A) 1 IeOKCUTeHUPOBAaHHOM
(BeHozHo) KpoBu (V). [IpencraBrieHHble HUXKE OJaHHBIE OBIIM U3MEPEHBI Y 3[IOPOBOTO
YeJIOBEKa [0 U BO BpeMs (pU3ndeCKUX yIpaKHEeHUM.

IIapamMmeTpsl Mo Bo BpeMs1 yIpazKHeHHH
p p yIOpaxKHEeHHH p yup

CkopocTb nnotpebdnenus: kucaopona (Q) (250 mua/Muu 1500 mnn/MuH

5?3HHL[8. B COmepzKaHUU Kuciaopoaa (A- 50 M1/ KPOBH 150 MII/7T KpOBH

YacToTa ceproeuHnbix cokpamenuun (HR) (60 yoapos/MmuH 120 yomapos/MuH

Ykaxute B JInucre OTBETOB, SIBJISETCA JIU KaXI0€ U3 CIEOYIIIUX YTBEPKIECHUN
BepHbiM unu HeBepHBIM.

A. MuHyTHBHINA 00BEM BO3pacTaeT B IBa pPa3a BO BpeMs QU3NYEeCKUX YIIpaKHEeHUH.

B. Cucrtonuyeckuii 00beM BO BpeMsi pU3NUeCKUX yIIpaxkKHeHUM 00JIbllle, 4eM OO
yIIpaXKHEeHUN.

C. dusuyeckue YIIPpa2KHEHU A BBEISBIBAIOT CHU2KE€HHKE CBA3BIBAHNA KHMCIIOPOOa
reMorjI00MHOM B TKAHSX, YTO IMIPUBOOUT K TPEXKPATHOMY YBEJIMYEHUIO
KOJInN49eCTBa KHCJIOPOOa, IIOCTYIIAIOIIIEero B TKaHH.

D. [Ins moctaBku B TKaHu 3000 M KMCIOpOIa BO BpeMsl yIIpaxKHEeHUM HeoO0X0ouMO
240 cepOedyHBIX COKpPAIIEHUN .
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Q.20

Ha Pucyske Q.20 cxeMaTU4eCKU IPeOCTaBIEHbl YEThIPE TUIIA BPOXKIEHHEBIX IIOPOKOB
cepaia.

HopMa 1 2 3 4
PucyHok Q.20.

Ykaxure B JIncre OTBETOB, ABJIAETCA JIU KaXI0€ U3 CIEOYIOLIUX YTBEPKIEHUN
BepubiMm unu HeBepHEIM

A. TIpu mopoke tuna 1 06bEM KPOBH, ITOCTYHAOIINN B JIeTKME, MEHbIIIE YeM B
HOpME..
B. IIpu nmopoke Tuila 2 Bo3pacTaeT CUCTOJIMYECKUN 00BHEM JIEBOTO KelyaodKa.

C. Ilpu mopoke Tula 3, CUCTOJIMUYECKOe MaBlIeHre KPOBU B PYKax BEHIIIE, YEM B
HOpMe.

D. HpI/I IIOPOKeE THIIa 4 YBEJIINYHNUBaAETCA OAaBJIEHNE KPOBU B JIETKUX.
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Q.21

Pucynok Q.21 moka3bsiBaeT, KakK (pu3nUeCcKUe yIIpaXHeHUsI BIUSIOT Ha gbixaHue. [Ipu
BO3paCTaHUU UHTEHCUBHOCTHU yIIpaKHEHUUN OPraHu3M 4YejioBeKa pearupyeT Ha
IIOBLILIEHHYIO TOTPEOHOCTHL B ra3000MeHe ABYMS CiocoO0aMu: ydallleHueM ObIXaHUuSA U
yBeJIM4YeHNEeM [ObIXaTeIbHOT0 00bEMa. JKCIIepuMeHTalbHble JaHHbIE [JISI XOPOIIIOo
TPEHUPOBAHHOTO CIIOPTCMEHa Ha Oeryliel HOpoKKe MmoKa3aHbl Ha Pucynke Q.21

80 —2.8 ... Ob6umit 06bem
T T | 5  — YpOBEHb BEHTUNSILINM NETKY
=
Z 70 -
X 1 — 2.4 3
g B §
<60 - —22 3
(S - =
4 - s
@ — 2.0 £
= 50 B =
S — 1.8 3

1 \le)

= B [e]
S 40 — 1.6 S
T — =
[ -
3 1.4 8
I 30 B
g - 1.2
& -

20 I I I 1 I I 1 1 I 1 1 I I I 1 1.0

CkopocTb 6erosoii 4OPOXKU (KM/ Y)

PucyHok Q.21

Vkaxute B JIncte OTBETOB, SBJISETCS JIU KaXKOoe U3 CIEeAYIOLIUX YTBEPKIEHUMN
BepHbiM unu HeBepHBEIM

A. CKOpOCTh ObIXaHUS yBeJIM4YUBaeTCs ObICTPee, YeM ObIXaTeJIbHBEIM 00beM, Koraa
CKOPOCTB OeryIren JopoxKKU YBeIuduBaeTcs ¢ 9 KM/4 mo 12 xkm/d.

B. Tlpu UHTEHCUBHBIX QU3NYECKUX YIIPaKHEHUIX (CKOPOCTh Oerymie JOpoxKKu > 15
KM/4) yBeIHn4YeHUe MUHYTHOTO ObIXaTeJIbHOT0 00 beMa BEI3BaHO, TIaBHBIM
o06pa3oM, yBeIJIn4eHeM CKOPOCTH OBIXaHUS.

C. Ilpu ckopocTu Oeryied JOooKKM 15 KM/4 MUHYTHBIM OBIXaTeJIbHBIN 00beM
cocTaBJisieT nmpubau3uTenbHo 120 1.

D. ¥ B3pocnoro ueygoBeKa ObIxaTeNlbHBEIM 00beM B 0,2 11 1 4acToTa abixanus 30
BIOXOB B MUHYTY MOT'YT o0ecIieurnBaTh TaKylo ke 3(pPeKTUBHOCTb ra3000MeHa,
KaK U ObIXaTenbHbINM 00beM B 0,6 1 1 yacToTa gbixaHus 10 BMOXOB B MHUHYVTY.
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Q.22

B ogHOM 3KCHepuMeHTe YYeHBIM U30INPOBal HEUPOH U IIOMECTHUJI €T0 B CTAHOAPTHHIN
pacTtBop PuHrepa (M30TOHMYECKUU COJIeBOM pacTBOP). OH u3Mepuy NOoTEeHIUa II0KOS
aKCOHa, 3aTeM CTUMYJIMPOBAJI €ro U U3MePUJI IOTeHIMal OeUCcTBUSA (3anucs A,
Prucynok Q.22). 3aTeM OH ITIOBTOPHUJI ONBIT HECKOJILKO Pa3 C Pa3/InYHbIMUA

MonupuKauusaMu pactBopa Punrepa. PucyHok Q.22 rnoka3biBaeT HEKOTOPHIE U3
IIOJIY4YEeHHBIX pe3ynbTaToB (3amnucu B - E).

> 5

MembpaHHbI noTeHuman (mV)

1
~
[e)

A B C D E
PucyHok Q.22.

Ykaxute B JIncTte OTBETOB, SBJISIETCS JIU KaXXoe U3 CIIeAYLIUX YTBEPKIEeHUN
BepureiMm unu HeBepHEIM

A. Ecnu momuduIIMPOBaHHBIN PacTBOP PuHrepa comepzkan 60jiee HU3KYIO
KoHIleHTpauuoo Nat, ueM cTaHmapTHHIM pacTBOp PuHrepa, To MOTEHIIAA
OeucTBUS B HEM n300pakeH Ha 3amucu B.

B. Ecnu mopguduimpoBaHHBIM pacTBOp PuHTrepa comepzkan 6olee HU3KYIO
KOHIIeHTpauuio K+, yem ctaHgapTHEIM pacTBOp PuHrepa, To moTeHIIMAal
mercTBUS B HeM u3o0paxkeH Ha 3amucu C.

C. Ecnu momuduiupoBaHHLIM pacTBOP PuHTrepa comepzai BEeIleCTBO,

yBeIu4YMBalolllee MPOHUIIaeMoCTs MeMOpaHsl st K, To moreHIuan qeicTBus B
HeM u3obpaxeH Ha 3anucu D.

D. Ecnu momuduiimpoBaHHBEIM PacTBOP PuHrepa comepzka BeIleCcTBO,

yBeJIUYHBaloIlee IIPoHuIlaeMocTh MeMOpaHb! a1t Cl°, To moTeHIIMal OelCTBUS B
HeM n300paxkeH Ha 3anucu E.
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Q.23

['pynna ucciegoBaTesiel IpoBejia 9KCIIEPUMEHT I10 U3yUYeHHUI0 BIUAHUSA (IOopU3MHA Ha
HEKOTOphle pu3nomoruyeckue mokasaTesjau KPOBU U MOYM Y HOPMAJIbHBIX U OOJIbHBIX
nuabeToM Mblmiel. PIOPU3UH ABISETCS UHTMOUTOPOM CUMIIOPTEPa HAaTPUS U
rmoKo3sl SGLT2, KOoTophIt oOecrieunBaeT peabCcopOIInio I'JIIOKO3EI B ITOYKaAX.

Mpeimu ObINIM pa3feneHbl Ha 4 TPYIIIH:

['pynmna 1: HopmanbHBIE MBIIIM, KOTOPEIM BBOOUIYN (PJIOPHU3UH.

['pynma 2.:MpIli, KOTOPBIM BBOOUJIA CTPENTO30TOLUH [OJI UHAYKIUKA Pa3BUTHUSI
ouabeTa 2-ro THUIIA.

['pynna 3. MBIIHU CO CTPENTO30TOMH-UHAYIIUPOBAaHHBIM AUabeToM 2-TO THUIIa,
KOTOPHIM BBOOUJIN (DIIOPU3HUH.

['pyninia 4. HopManbHBIE MBIIIM (KOHTPOJIB).

Yepes 4 Hemenu sKCIIepuMeHTa ObLIU U3MepPEeHbl GU3noIoruiyecKre ImoKa3aTenu
KPOBUY M MOYHM, a TaKxke 3Kcrpeccuss SGLT2 B mo4YKax MEIIIEN.

Ykaxute B JIncTte OTBETOB, SBJISIETCS JIU KaXX0oe U3 CIEeAYOLIUX YTBEPKIEHUMN
BepureiMm unu HeBepHEBIM

A. JlaBneHue KpoBU y MblIIie ['pynnbl 3 ObIJIO HUXKE, YeM Y MbIIIed I'pymnns 2.

B. YoBenb skcnpeccu reHa SGLT2 B moukax Meltied I'pynnsl 2 ObIJT HUXKE, YeEM
TAKOBOU y Mblilieu ['pynnsl 4.

C. KonmmuecTtBo Mouu y Mbitied I'pymniisl 1 0110 O0JBIIE, UM TAKOBOE Y MEIIIEN
['pynme 4.

D. KomuuecTtBo Monekyn SGLT2 B MO3TOBOM CJI0€ ITOYeK OOJIbIlle, YEM UEM TAaKOBOE B
KOPKOBOM CJIO€ IIOYEK.
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Q.24

[TonmukucTo3 audHuKOB (PCOS) - 3TO 4acTo BCTpeyalolleecs y XKeHIMUH 3a00jieBaHue,
IOJIs1 KOTOPOTO XapaKTEPHEI IMOBHIIIIEHHBIN YPOBEHb TECTOCTEPOHA U XPOHUYECKHUE
HapyLIeHUus OBYIsALUHU. [Ipy BEICOKOM YPOBHE MHCYJIMHA B KPOBU SUYHUKU MOTYT
CTUMYJIUPOBATHCS U ITPOAYLHUPOBATH €mIe€ O00JIbille TECTOCTEPOHA .

Ykaxurte B JIncre OTBETOB, ABJIAETCA JIU KaXI0€ U3 CIEOYILIUX YTBEPKIEHUN
BepureiMm unu HeBepHBIM
A. BeposaTHOCTB yrpeBou Cchiil y nanueHToK ¢ PCOS Beillle, 4eM y 300POBBIX JIIOAEN.
B. YV nanuenTok ¢ PCOS ypoBeHb IIporectTepoHa B KPOBU BHILIE, YEM Y 30OPOBBIX
JIIOfEN.

C. VY cTpaparmiuux oxupeHueM xkKeHIUuH puck PCOS BrhIIIe, 4YeM y KEHILUH C
HOPMAaJIbHBIM BECOM.

D. ®onnuKyIO0CTUMYJIUPYIOIIUYA TOPMOH UJIX JIIOTEHU3UPYIOLINN TOPMOH MOT'YT
NIPUMEHATHCSA 171 MOBHIIIEHUS BEPOSATHOCTU 3aYaTusa y XKeHIuH ¢ PCOS.
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Q.25

B ka0pax IpeCHOBOOHBIX KOCTUCTHIX PHIO MIa3Ma KPOBH OTHeJIeHa OT IPEeCHOM BOIBI
TOJIbKO TOHKMM SIMUTEJINEM, TIO3TOMY TakKue MOHBI, Kak Na+ u Cl, cTpeMsaTCS BBIUTHU
13 IIJIa3Mbl B OKPY2KaloIyIo xKaObphl BOAY, a BoAa IIbITAaeTCSA NPOHUKHYTH B I1JIa3My
yepe3 kKabepHBIM anuTenui . UMerTcss TpPaHCIIOPTHRIE MEeXaHU3MEbI, TPU ITOMOIIA
KOTOPBIX HEOPTraHWYEeCKNe MOHBI U BOAa ITPOXOsT Yepe3 KaOepHbIN SMUTETUN U
KOTOpBIE IIOMOTal0T IIOAAEePXKMUBaTh pa3HUIly B COCTaBe MOHOB MeX/y I1JIa3MOU U
okpyzxXatoieu Bogou. Ha Pucyske Q.25 nmoka3aH TPaHCIOPT YeTHIPEX MOHOB Yepe3
AMUTENUH Kabp.

Oxkpyxatolwasa soga

H* HCO_

3

Xabpsl

AnuTenuin s
y

Na* Cr

KpoBb

PucyHok Q.25.

Ykaxute B JIncTte OTBETOB, SBJISIETCS JIU KaxXXoe U3 CJIeAYLIUX YTBEPKIEHUN
BepureiMm unu HeBepHEIM

A. HurubupoBanue TtpaHcnopTa Cl mpuBomuT K moBbiieHnio pH KpoBu.

B. VBenuuenue konuuectBa CO,, o06pa3syeMoro B mpoliecce KatabonmuaMa, IIPUBOOUT
K yBenuuenuio Tpancnopta Na® u Cl” uepes snuTenuanbHbBIe KIETKH.

C. BerecTBo, G/10KHpYIOIIee [elb IepeHoca 3JIeKTPOHOB, BEI3EIBAET CHUXKEHUNE
Bxoma Na', Ho He BiausieT Ha Beixon HCOs™ B smuTenuu xkabp

D. IIpu ankano3e anuTenuanbHble KJIIETKY YBEJIMYUBAIOT CUHTE3 KITI0UEBOT0 0OenkKa,
ob6ecneuuBarinero antTunopt CI/HCO3™
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Q.26

IlBe rpymnnbel CTYAEHTOB IIPOBEJIN 3KCIIEPUMEHT M0 U3y4eHU0 QyHKIUM mnmoyek. 3a 30
MUH [0 Hadajla 9KCIIepUMeHTa KaKIOblM CTyAeHT B OQHOU I'PYIIIle AOJI?KeH ObIJI BBIIIUTH
500 My BoAwI, TOTrOa Kak B OPyrOM I'pyniie KaxKObli CTyOeHT OOJ2KeH Obl1 BRIUTh 100
MJI BOofbl. B MoMeHT BpeMeHU t = 0 MUH KaKIObIM CTyOEHT B 00eux IpyIiax goIKeH
Ob171 BBEIOUTH 750 MJT BOOBL. 3aTeM KaKIOOT0 CTyAeHTa ITOMPOCUIN IOMOYUTHCS, TaK, KaK
OH WJIU OHa [e/Ial0T 9TO B HOPMAaJIbHBIX YCIOBUAX (0€3 IOMBITOK U3MEHUTD

CKOPOCTh MOYEHCITYCKaHUS KaKuM Jin60 06pa3oM) B pa3Hble MOMEHTHI BpEMEHHU, KakK
rmoka3aHo Pucynke Q.26. [Ins u3aMepeHuss CKOPOCTU MOYEUCHYCKAHUS OB
HCIIOIb30BaH 3JIEKTPOHHBIN ypodiyoMeTp. B Kaxmoi nmpobe MOYu U3MEPSIIN
KOHIleHTpauuio noHOB Cl . PucyHok Q.26 moka3blBaeT pe3yJIbTaThl 3TOTO
SKCIIEPUMEHTA.
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PucyHok Q.26.

Ykaxute B JIncre OTBETOB, SIBJIETCA JIU KaXO0€ U3 CIEeOYIIIUX YTBEPKIOECHUN
BepubiM unu HeBepHBIM

A. AOGcomtoTHast peabcopbuust Boabl HedhpoHaMu y cTyoeHToB ['pymmsl II ipu t = 60
MUH OblJla HUXKE, 4YeM y CTyIeHTOB ['pymnnsl I

B. KonneHTpalus anbaoCTePOHA B IIJla3Me KPOBU y CTymeHTOB [ pynnsl I Oblia caMoi
BBICOKOU 11pu t = 60 MuH.

C. CtygmenTtsl B I'pynre I Bemmunu mo 500 M1 Bogw! 3a 30 MUH. 10 Hayala
9KCIIEPHUMEHTA..

D. Crypents B ['pynne II Beigensanu okosio 140 M1 MO4YM 3a IEPUOT BpEMEHU MEXOY
t =40 muH u t = 60 MuH.
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Q.27

Prucynok Q.27 nmoka3bsiBaeT U3MEHEHUS B CKOPOCTH MeTaboJii3Ma B3POCJIILIX 0Co0el
TISITU BUOOB XKUBOTHBIX B 3aBUCUMOCTH OT U3MEHEHUSI TEMIEePATypPhl BHEIITHEN CPeIbl
(EM). Bec Tena KaxXmou ocoOM y ISATH BUOOB OB ITPHUOIU3UTENHHO OOMHAKOBEIM U
cocTaBnsin okosno 30 r. [laHHBIe OBIIU MOJTYYeHbl, KOTOa X KUBOTHHIE HAXOOUJIHCh B
COCTOSTHUH TIOKOS.

200
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Puc.Q.27

30

40

0

Ykaxure B JIncre OTBETOB, ABJISETCA JIU KaXI0€ U3 CIEOYIIIUX YTBEPKIEHUN

BepureiMm unu HeBepHEIM

A. Bupg IV - 3T0 3KTOTEpMHOE (XOJIOMHOKPOBHOE) KHMBOTHOE.

B.
C.

D.

CKopocCcTu MeTabonu3Ma.
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Bup Il mMeeT caMylo XOPOIIYIO0 TEPMOUIOJISLIUIO CPEeOU IISATU UCCIIeqyeMbIX BUIOB.

Bup III o6;apgaeT Hauboblnel 6a3albHONM CKOPOCTHI0 MeTab0I3Ma Cpeau MIsaTH
HUCCIIeqyeMbIX BUIOB.
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Q.28

Bemnok mo3ra BDNF aBnsieTCcsl KJIIOUEBBIM [J11 aKTUBHOCTU HEUPOHOB. BDNF
aKTUBUPYETCS BO BpeMsI aKTUBAIIMM HEMPOHOB IMMOUYECKOM CUCTEMEI. BaxkHast
¢dyukmus BDNF y MminekonuTtarommx moka3aHa Ha Pucyske Q.28. Cursar,
repengaBaeMbIl Uepe3 PelenTophl KaTeXomaMUHOB (0eTa-agpeHopelenTopHl, B-AR),
OKa3bIBaeT CHeluduuecKoe MMOJI0OXKUTENNbHOE BINSHNE Ha Ipolecc o0pa3oBaHUsI
Oyporo XKupa U Ha TepMOT€eHEe3..

BDNF 1 T = yBenuuyeHve

NS

HepBHas cuctema

KaTtexonamuH

Mpouecc obpasosaHmst
Oyporo xwupa

Bernble XVpoBble KNeTku Bypble XunpoBbie KNeTku

Puc. Q.28

Ykaxute B JIncte OTBETOB, SBJISIETCS JIU KaXXoe U3 CJIIeAYOLIUX YTBEPKIEHUN
BepureiMm unu HeBepHEIM

A. PerynspHoe oOydyeHUe W 3allIOMUHAHMNE IIPUBOAUT K YBEJIIMYEHUIO YHCJIa KJIETOK
Oyporo xkwupa.

B. HNuru6bupoBanue skcnpeccuu BDNF ymeHbi1aeT pa3dmep 6€s10# JKUPOBOM TKaHU.

C. Tlcuxonoruyeckasi TPEBOXKHOCTD (CTpPecC) yBeJIMYUBaeT KOJIN4YeCTBO B-AR B
IJIa3MaTU4YecKor MeMOpaHe.

D. Mgy, y KOTOPEIX yaaneH reH B-AR, OyaoyT 60jiee 4yBCTBUTENIBHBI K XOJIO4Y.
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Q.29

BosiokHa CKeleTHBIX MBIIIIIL] IOAPa3aeIAnTCsa Ha TPU TUIla:B 3aBUCUMOCTHU OT
CKOPOCTHU COKpAIlleHUsI U HNCTOYHUKA SHEPTHUU OJIS MBIIIEYHOTO COKpPAaIlleHU:

Tun I: MenneHHBIEe OKUCIIUTEIbHBIE MBIIIIEYHBIE BOJIOKHA.

Tum Ila: BeICTpEIE OKUCIIUTEJIBHBIE MBIIIIEYHELIE BOJIOKHA.

Tun IIb: BricTphle TIMKONMUTUYECKNE MBIIIIEYHBIE BOJTOKHA

Ha Pucynke Q.29 noka3aHa KOppessalnus YPOBHS 9KCIpeccuu reHoB Myh7, MyhZ2, n
Myhl, xapaKTepHBIX OJI51 MBIILIEYHBIX BOJIOKOH Tumna I, Ila, u IIb coOTBETCTBEHHO B

CKeJIETHBIX MHIIIIIAX HOT YeJI0BEeKa: YEeTHIPEXTIIaBOM, UKPOHOXKHOM 1 KaMOaTOBUIHOM
MBIIIIIAX.

3_
[ ] Yetbipexrnasas mblwua
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T [ VikpoHoxHas MbiwLa
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= Bl Kam6anosuaHas Mbiwla
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Myh7 Myh2 Myht

PucyHok Q.29.

Ykaxute B JIncte OTBETOB, SBJISIETCS JIU KaXXoe U3 CJIeNYLIUX YTBEPKIEeHUN
BepureiMm unu HeBepHEIM

A. TIpenmomaraeTcsi, 4YTO Y CHPUHTEPOB KaMOaJIOBUIHBIE MBIIIIEI O0JIee PA3BUTHI,
yeM y OeTryHOB Ha OJIMHHBLIE OUCTAHIIUU.

B. OTHoIIeHre KOJIN4YeCcTBa MI/ITOXOHJIpI/Iﬂ Ha eJUHHUIY MaCChI MBIIIIIEI Y
qupreXFHaBOfI MBIIIIIBEI MEHBIIIE, YEM Y HKpOHO}KHOfI MBIIIITBI.

C. KaM6aHOBI/IJIHaH MEIIIITa COOEP2XKUT MEHBIIIE CaPKOIIJIa3MIITUYECKOT' O
PETUuKYIIyMa, 4eéM MKPOHOXKHAas MHBIIIIIA.

D. PeFYJ'IHpHBIe TPEHUPOBKHU BEIHOCJIIMBOCTH B TE€UYE€HUE IIPOOOJIZKUTEJIBHOI'O IIepuruoga
BpeéMEHHU MOT'YT IIPUBECTHU K YBEJIMYEHHUIO YN CJIAd INIMKOJINTUNYECKUX MEIIIIEYHBIX
BOJIOKOH B I/IKpOHO}KHOI;I MBHIIIITEe
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Q.30

Ha Pucyuke Q.30A moka3aHa CeKpelus MHCYJIMHA U MeXaHU3M, 10 KOTOPOMY
IIPOUCXOOUT CTUMYJIIIIUSA UHCYIUHOM IIOTJIOIIEHU S TITI0OKO3bI KJIeTKaMu. DTOT
MexXaHHW3M BKJII0UaeT 4YeThIpe 3Talla, 0003HaueHHble Ha pUCyHKe nudppamu ot 1 go 4.
Y kaxporo u3 ueThipex nanueHToB (E, F, G u H) HaOnomaeTcst HapyllleHue OJHOT O U3
5TAIlOB OKAa3aHHOI'O BHIIIIE MexaHu3Ma. Y nanueHToB E, F, G HapymeHs sTansl 1, 2, 3
1 4, cooTBeTCTBeHHO. C maljMeHTaMu IIPOBEJIM [IBa TeCTa:

- Tect 1: Y KaxKpgoro nmanmueHTa ObIINM B3STHI MBIIIIEYHBIE KJIIETKH, IIOCJIEe Yero ObII
omnpefesieH INPOLEHT KJIETOK, CBA3LIBAIOIIUX UHCYJIUH, IPU Pa3HBIX KOHIIEHTPAIUIX
nHcynuHa (PucyHok Q.30B).

- TecT 2: KaxXgoMy malilieHTY BBOOUIIU ONpedeIeHHYI0 003y MHCYJ/InHa (B
COOTBETCTBHUU C BECOM ITallUEHTAa), IIOCJIEe Yero U3MEPSIIN KOHIIEHTPAaIlnio TJII0OKO3kI B
I1Jla3Me KPOBM Uepe3 pa3Hble IPOMEXKYTKHN BPEMEHU I10CJIe BBEIEeHUS NHCYJINHA
(Pucynok Q.30C).

A

CBsizblBaHve
A PeuenTol
WHeynnH A o p Mepepava curHana

‘ ' @_vmcynv:
CereuMﬂ@v vA c

. "niokosa
Q

@

MocTynneHve rnoko3et B kneTk)

@
@

KNeToK, CBA3bIBAOWME NHCY TNH

%

KoHueHTpauums rnoko3bl B nna3me Kposu n

KoHueHTpaums nHeynnHa Bpewms nocne

WHBEKUUU NHCY TNHA

PucyHok Q.30

Ykaxwute B JIncre OTBETOB, SBISIETCA JIU KaXXA0€ U3 CIEAYIIIUX YTBEPKIOEHUN
BepureiMm unu HeBepHEIM.

A. Kpusas 1 moka3sbsiBaeT pe3ysbTaThl Tecta 1 y manuueHnTa G.

B. Kpussie 2 1 3 nmoKa3kBalOT pe3yabTaThl TeCcTOB 1 1 2, COOTBETCTBEHHO Yy
nanueHTa F.

C. Kpuas 3 noka3sslBaeT pe3yJbTaThl TeCcTa y nanueHTa E.

D. Kpuseie 1 u 4 nmoka3eiBalOT pe3yibTaThl TeCcTOB 1 1 2, COOTBETCTBEHHO, Y
nauveHTa H.
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9TONNOINn4

Q.31

B0 U3y4eHO TEPPUTOPHUAIbHOE MOBEfIeHNEe Y KPAaCHOIIEKOT0 HaCTOSIIero 6101b01071s
(Pycnonotus jocosus) B IpeATrHEe300BOU IePUOM ¥ BO BpeMs caMOro rHe3noBaHuda. U3
OEeCSTH Pa3/INYHBIX MECT BOKPYT 3[aHUs PepMbl, TOe KUJIU ITOOOIILITHRIE ITUIIHI,
BOCIIPOM3BOAMIIU MECHU «IIOACAOHBIX YTOK». B pa3HBIX MecTaxX yYUTHEIBAJIOCh BpeMs,
CIIYCTSI KOTOPOE MECTHBIE CaMIIbl HAUMHAIU MPOSIBIISITh TEPPUTOPHAIbHOE ITOBEOEHUE
(BpeMs mo otBeTHOU peakium) (Tabnuia Q.31). Ocennble NTUIILI 3AIUIIAIOT
TEPPUTOPHIO arPECCUBHBIMU KPUKaMHM, JEMOHCTPUPYIOT YyTPO3y U IMBEITAIOTCS HAIlacTh
Ha «IIOACaOHBIX YTOK».

Taobnuma Q.31

Touyka (cTauus) C I K G H B F J D E
PacctosHue (m) 20 50 110 30 50 19 46 72 29 38
HanpasneHue N N N S S E E E W w
MpenrHespoBon

3awwuTa Tepputopum + + - + - + + - + -

BpeMFI 00 OTBETHOW peakuun 1 3 >10 5 >10 1 3 >10 4 >10

Me3poBaHue
3awwuTa Tepputopun + + - + - + + - + -

Bpemsi no otBeTHol peakummn(.2 1 >10 0.7 >10 03 25 >10 1 >10

Tabnuua Q.31. CpeaHee BpeMs [0 Hayana A4eMOHCTpauuy TeppUTopranbHOro NoBeneHnst (MUHYTh). (+) o3HavaeT
Hanmyve NoBeaeHNs 3alWmnTbl TEPPUTOPUK, Toraa Kak (-) - OTCyTCTBUE 3awmnThl Tepputopun. N=cesep, S=tor, E=BocTOK 1
W=3anagn.

OCHOBHIBasICh Ha IIPUBEIEHHON UH(POPMaLUH, O/I5 KaXXKI0T0 YTBEPKAEHUS YKaXKUTE B
JIucte OTBeTOB, ABJsieTCsa OHO BepHbIM unu HeBepHEIM

A. Pa3Mep TeppuUTOpUHU B IPEOTrHEe3[q0BOU Mepuoy ObII MEHbIIIEe, YeM B IIEePUO[
THEe3O0BaHUS.

B. YeTwhpexyronbHUK, OTpaHUYeHHBIN TOUuKamu G, D, I u F, mapkupyet pa3mep
TEPPUTOPUU Y IITULIBL.

C. Cawminl GBICTPEE pearupoBaIyd Ha «IIOACAAHYI0 YTKY» B Ipefaesiax uX TePPUTOPUU
BO BpeMsI Ileprofa rHe3I0BaHUS.

D. MHTEeHCUBHOCTH IIPOSBJIEHUS TEPPUTOPUAIIBHOTO ITOBEJEHUS 3aBUCUT OT
CEe30HHBIX KOJIeOaHUM YPOBHSI TOPMOHOB.
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Q.32

Camku JIeTy4dHuXx MbILHefI-BaMHHpOB 2KUBYT KOJIOHUAMH, COCTOAIITNMU U3
HEPOOCTBEHHEIX CaMOK M UX IIOTOMCTBA. OHU IUTAIOTCS UCKITIOYUTEIBHO KPOBEIO
PaCTUTEJIbHOAOHBIX 2KMBOTHBIX. [ToTHOCTBIO HACBHITUBIIINECS JleTy4dne MBI 9aCTO
OeJidTCd HEKOTOPEIM KOJIMYECTBOM KPOBH, KOTOPYIO OHHU C06paHI/I, C T'OJIOOAIIITN MK
MBIIITIaMMX X1 O9€Hb BEPOATHO, YTO OHH IIOJIYH9AaIOT KPOBb OT 3THUX OCO6€fI, Korga
I'oJIOgaloT CaMHu.

VKaxuTe, KaKoe U3 CIEeOYIONIUX YTBePKIOEeHUM OTHOCUTEIBHO TaKOT0 IIOBEIeHUS Y
JIETYYUX MBIIIEH SIBISIETCS BEPHBIM UIU HEBEPHBIM.

A. CemMeliHbIM OTOOP UTPAET BazKHYIO POJIb B 9BOIIOLIMU MUIIIEBOTO aJIbTPyU3Ma
y JIeTy4UX MEIIIEe-BaMIINPOB

B. BeposiTHO, JIeTy4Yue MBIIITH-BaAaMIUPHI KUBYT KOJIOHUSIMH TOJIBKO Ha MPOTSIXKEHUU
KOPOTKHUX IIEPUOI0B BPEMEHH.

C. JleTyune MBIIIHM, IEMOHCTPUPYIOIIHE ITOOO0OHOEe MOBEeIeHe, UMeIOT 0oJjiee
BBICOKYIO OTHOCHUTEJILHYIO IIPHCIIOCOOTIEHHOCTh, YeM ecJii Obl OHU He meslaiau
3TOTO.

D. Jletyune MBIIIU-BaMIIMPHI CIOCOOHBI Y3HABATDh 1 3allOMUHATDL APYTUX 0coOel
JIETY4YUX MBIIIEN.
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F’EHETUKA U 3BOJTIOLUUSA

Q.33

Y mucrtepa Jlonra ectb 10 mutamMMmoB Escherichia coli ¢ pa3MWYHBIMM MyTalusIMU B lac-
onepoHe. AHanu3upys ux [THK oH BBISICHUII, 4YTO KaXKAbIX U3 IIITAMMOB OTHOCUTCS K
OOHOMY M3 THUIIOB MYTaHTOB: lacZ’, lacY> lacl, laclS (penpeccop LaclS moxeT
CBSI3BIBAThHCS C OIEPaATOPOM, HO HE MOXKET CBA3LIBATHCS C

UHOYKTOpoM) lacOc (penpeccop He CBA3BIBAETCS C OIIepaTOpPOM M3-3a MyTalluu B
orepatope lacOc). JIOHT TaK¥Ke 3HaeT, 4To mraMM Ne6 sBnsieTcs lacZ MyTaHTOM.
Huxxe npuBegeHa cxeMa /ac-orepoHa.

lac-onepoH

.D. RS oo B lacZ I lacY

l PHK-nonnmepasa

MPHK - i s e

Benok % w B-ranakrosnnasa Mepmeasa TpaHcaueTnnasa

AnnonakTo3sa HeakTuBHbI penpeccop
(vHAaykTOP)

Muctep Jlour Buimenun [IHK, comepzxkaiiyio /ac-0ormepoH, U3 KaXKagoro IITaMMa
(moHOPEI) M TpaHCHOPMUPOBAJ €U APyTrue IMITaMMEl, IToIy4dasi TaKuM 00pa3om
MEPOOUIIJIONOHBLIE HITAMMEI (PeluIueHThI). [Tocie 3TOro ImraMMbI-PEeIUIINEeHTHI
KyJIbTUBAPOBAJIM Ha MUHUMAJIBHOU Cpefe, coaepKalller JJaKTO3y KaK eIUHCTBEHHBIN
HCTOYHHK yriepona. B Tabnuiie HUXKe 0OTMeYeH POCT COOTBETCTBYIOIIUX IIITAMMOB (+
O3HaYaeT, 4TO IIITaMM PacTeT, - UTO IIITaMM He PacTeT).
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UJTaMMbI-peLI,I/II'IVIeHTbI
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LLITaMMbI-80HOPbI

7151 KaXXOoro yTBepXKaeHus ykaxuTte B JIucte OTBETOB, ABJISAETCS JIU OHO BepHEIM
nnu HeBBepHBIM

A. IItamm Ne7 aBnsieTrcs lac Z- MyTaHTOM

B. IIItamMm Ne3 siBnisseTcs lac Y MyTHaHTOM

C. llltammsl 2 1 4 9BASAIOTCA MyTaHTaMU OJHOTO TUIIA
D

. Ecnu mrramMm 5 TparcopmupoBaTh ero cooctBerHHoM [THK, To mmonyyeHHbIE
KJIETKU He OyOyT pacTyd Ha JaHHOU cpefe.
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Q.34

MucTtep Jlors npoananusupoBan IHK 4neHOB Tpex cemen ucnonb3ysa 6 STR-mokycos
(STR = KOpOTKHE TaHOEMHBIE TTOBTOPHI), PACIIOJIO2KEHHBIX Ha IIIECTU Pa3HBIX
aytocoMax. Y Kaxmoro STR-1oKyca 0oOBIYHO MMeEeTCsI MHOXKECTBO aJljIefiel,

KOTOpHBIe 0003HAYaIOTCs YKCIaMu, HanpuMmep 3 U 5 1s jtokyca 1 mmst o6pa3sia XyoHT.
[lepBas ceMbs COCTOUT U3 OTLIa XyHTa, MaTepu XyOHT U UX CchlHa llyHra. Bropasa
cembd: oTell HxaH u nBa ceiHa TuH u Hrxua. TpeTbs cembs: oTel] Py u ero ceiH Kyi.
JIoHnr Takxke npoaHanu3uponall [ITHK gyenoBeka 1mo uMmeHnu [laT, KOTOPLIE HE ABIISETCS
POIOCTBEHHUKOM HU OOHOU 13 cemel. OOpa3Iibl OLIJIM B CIIYYallHOM IIOPSIIKE
IMOAIIMCaHbl IndpaMu, Ho MmucTep JIOHT 3a0bli, e Yell odpasell, 3a UCKITIOUeHueM
obpa3zia XyoHT.

STR-nokycbl
INoxkyc 1| Nokyc 2 Jlokyc 3| Jlokyc 4| Jlokyc 5| Jlokyc 6

XyOHr 3/5 2/2 5/6 3/3 172 2/6

669 3/5 2/7 4/9 5/8 3/7 4/5

o 297 1/5 3/3 3/3 6/9 2/7 4/8
é 653 1/5 2/2 6/6 3/7 2/9 4/5
§ 735 5/7 2/4 5/5 3/4 2/2 1/2
\g' 130 5/7 717 5/9 3/8 2/7 4/5
860 1/6 2/3 3/5 6/7 1/7 2/8

938 3/7 4/5 5/6 4/4 2/3 1/2

264 3/7 717 1/4 5/9 7/9 3/4

7151 KaxkOgoro yTBepxKaeHus ykaxure B JIucte OTBETOB, ABISAETCS JIU OHO BepHEIM
unu HeBepHBIM.

O6pazen 735 - THK [ara.

O0pazern 669 - THK HxaHa.

Oo6pas3sern 938 - [IHK XyHra.

O6pa3zern 297 moxkeT ObITH 0Opa3noMm [THK Oy.

Sowr
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Q.35

Y HEKOTOPHIX TPUOOB MOKHO KapTHUPOBAaTh IIOJIOXKEHME LIEHTPOMEPHI UCIIOIb3Y 5
JIMHEeNHble TeTpanbl. Eciu Mexny reHoM E U eHTpoMepoy He IPOUCXOOUIT
KPOCCUHTOBep, 4 criopHl pacnosaraioTcsa B nopsake eeEE unu EEee (pucyHok Q.35A).
Ecnu mexny reHoM E U 11eHTpoMepolr MPOU30IIesl KPOCCUHTOBED, 4 CIIOPEL
pacnonaratTcs B nopsigke eEeE unu EeEe (pucysok Q.35B). IIpu 3TOM BO3MOXKEH
MHOT'¥ME TUIIBI KDOCCUHTOBEpa, Mexay 2, 3 ¥ 4 xpoMaThAaMM Kak II0Ka3aHo Ha
pucyuke Fig.Q.35C.

Meios | Meitos I C
A OBOVIHOW KPOCCUHIroBep Mo 2 xomatmaam
ABOVIHOW KpOCCUHroeep no 3 xomartmaau
[BOVIHOW KPOCCUHIroBep Mno 4 xomatmaam
[ NV Vi
e — A
—o-ech-fi-

PucyHok Q.35

[lItTamM ab ckpecTtunu co mitaMMoM a+b+ u paccmorpenu 100 MTUHENWHBIX TETPAS.
Boinu BeISIBJIEHBI 6 TEHOTUIINYECKUX KJIAaCCOB TETPa[ B CJIEOYIOIMINX COOTHOMIEHUSIX
(reHoTUIILI B TaOnMUIlE PACIIONIOXKEHBI B COOTBETCTBUU C MOJIOXKEHUEM CIIOP B
TeTpangax).

Knacc 1 Knacc 2 Knacc 3 Knacc 4 Knacc 5 Knacc 6
ab ab ab ab ab” ab
a'b ab” ab a’b’ a’b a’b’
ab" a'b a’b’ ab ab" ab”
a'b’ a'b’ a'b’ a'b’ a'b a'b
15 29 47 2 2 5

7151 KaXXOgoro yTBepXKaeHus ykaxuTte B JIucte OTBETOB, ABJISAETCS JIU OHO BepHEIM
unu HeBepHBIM.

A. JIokycsl a 1 b pacmonozkeHbl Ha OJHOM U TOM 2Ke Mjiede XPOMOCOMHBI.

B. Kmnacc 4 o6pa3oBajicsi B pe3yjabTaTe OIBOMHOTO KPOCCUHTOBEpPa MexXnay 4
XpoMaTHuOaMHU.

C. Kiacc 6 obpa3oBascs B pe3yIbTaTe IBOMHOTO KDOCCUHTOBEPa MeXAy 3
XpoOMaTHIOAMHM, OOUH KPOCCHUHTOBEP ITPOU30IIEII MEeXKIy T'€HOM a U IIEHTPOMEPOH,
U OBa - MeXOy IEeHTPOMEePOU U reHoM b.

D. Kmnacc 5 o6pa3oBajsicsi B pe3yiabTaTe OIBOMHOTO KPOCCUHTOBEPA MEXAY 2
XpoMaTugaMu.
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Q.36

HacnenyeMocTh B UpoKoM cMtuiciie (H?) mpencTaBiseT co60il OTHOIIIEHUE OUCIEPCUU
3HAYeHUs NpU3HaKa, 00ycJIoBIeHHOU reHetudecku (V(g), K o011el nucrnepcuu
3HayeHus npulHaka (Vp):

H? = Vg/Vp.

deHOTUIIMYECKAS OUCIIEPCHUS YacTO pa3fenseTcs Ha 3 KOMIOHEHTAa: TeHeTu4YecKas
oucnepcus (Vg), oucriepcusi, BEI3BaHHAas yCJIOBUSIMHU cpenhbl (Ve) u mucmepcus,
BbI3BaHHAas B3aMMOIENCTBUEM r'eHETUYECKUX U CpenoBeIxX (pakTopoB (Vi), Vp = Vg +
Ve + Vi. 'eHeTuyeckass OUCIIEpCUA pa3fegseTCsa Ha TPU KOMIIOHEHTA:

agoutuBHasA (Va, KYMMYJISITUBHBEIY 9P (HEKT OTOENbHBIX TOKYCOB), moMuHaHTHas (Vd) u
CBsI3aHHAs C TeHeTU4YeCKuMu B3aumopelcrteuamu (Vgi). Vg = Va + Vd + Vgi.
HacnenmyeMocCThb B y3KoM cMbicTie paBHa (h?) = Va/Vp.

II71s1 KazKgoro yTBEePKIOEeHU s O HaCJIeAyeMOCTHU yKaxXute B JIucte OTBETOB, SIBIISETCA
711 OHO BepHBIM unu HeBepHEBIM.

A. Huskoe 3Hauenue H? Oist KAKOr0-TO npHu3HakKa 00s13aTeIbHO 03HAYaeT, YTO 3TOT
NpU3HAK ONpenesiseTCsa B OCHOBHOM YCJIOBUSIMU CPEHIL.

B. I'eHeTuueckas OUCIIEPCUA MOZXKET 3aBUCHUTH OT YCHOBI/Ifl, C KOTOPBIMH
CTAJIKUBAETCHA IIOIIYJIAIIUA.

C. HckyccTBeHHBIN 0TOODP 00s13aTenbHO OyneT 6omee aPeKTUBHLEIM B OTHOIIIEHUN
IIPU3HAKOB Cc Gojlee BLICOKMM 3HadeHueM h? o cpaBHEHUIO C IPU3HaKaMHU C 6oJiee
HU3KUM 3HadeHueM h2.

D. Brinu cKpemieHH ABe YUCThIe TUHUM Pacosiu, oOpa3ymwllre ceMeHa pa3Hou
Mmaccel. Vp oy F1 u F2 coctaBunu coorBeTtcTBeHHO: F1 = 2.0 u F2 = 4.1. Eciu
UTHOPUPOBaTh 3P(EeKT B3auMOeiCTBUS TeHOTHIIa U cpefnl, To H? s Maccel
ceMmsH coctasnseT 0,51.
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Q.37

F.D. Enfield nmpoBogun oTO0p Ha yBenudeHHe pa3Mepa Tesna y XKyka Tribolium
castaneum. OH Ha4as C IOMYISIINU )KYKOB, B KOTOPOM CpeOHsIs Macca Tema
cocTaBnsna 2,4 T, a gucnepcus 4,0 2. B KaxXIoM [IOKOJIEHUU CeJIeKIMOHHBIH
nuddepennran (pasHulla MeXXay CpeOHUM 3HaYeHHeM IIpUu3HakKa cpenu ocobel,
OTOOpPaHHBIX OJIs1 JaIbHEMUIIIEero pa3MHOXKEHUS, ¥ CPEHUM I10 TOKOJIEHUIO, U3
KOTOPOT0 OHM OBLIM OTOOpaHhbl) (BeIuUMHa COBUra CpegHero 3HaueHus ITpu3HakKa)
coctasnsn 0,022. MicxonHoe 3HadeHKe h? (HaclefyeMoCThb B Y3KOM CMEICIIE, T.e.
OTHOIIIeHVE afOUuTUBHON reHeTUYEeCKON AUCIIEPCUU K 001Iel peHOTunudecKou
OVCIEePCHUH) pa3Mepa Tejla B UCXOOHOU momyaanuu coctasnsaino 0,3. B TedueHue mmepBhIX
50 mOKOJIEeHUN CpeqHUU BeC B UCCIIeAyeMOU MONYIALUY BO3pacTal JuHeuHo. CIoycT4
125 nmokonenuii orbopa cpemHui Bec goctur 5,8 r, (6osiee yeM B 2 pa3a OoJIbIlle
MCXOOHOTO0), U IIOCIEOYIOIINI 0TOOP He IPUBOOUII K JaJIbHEHUIIIeMY BO3PaCTaHUIO
pa3Mepa Tena. Camble JIETKHE 0COOM B KOHEYHOU IOIYISALINY ObINTY TAXKeJlee, YeM
caMble TszKeJlble B UCXOmHOoH nonynsanuu. Enfield onpemenun h? ois monymsiuu mocie
125 nokosneHu# oT6opa U 0OHAPYKUJII, YTO OHO OBLIIO JIUIIL HEMHOI'O HUXKE, YeM B
WCXOOHOU MOIYJISLUN.

15 KaXXOoro yTBepxKaeHusd yKaxuTte B JIucte OTBETOB, ABISETCA IU OHO BepHBIM
unu HeBepHBIM.

A. To, 4To mOMyJISALIMY epecTalia U3MEHSIThCS MO AelcTBHEeM 0TOopa 00BICHSIETCS
TeM, 4TO OBIJIO HCTOIIEHO ee TeHeTHYecKoe pa3HooOpa3ue.

B. TlonyuuThs monymsluio, CpeoHee 3HaUYeHNe B KOTOPOUM BEIXOOUT 3a ITPe[Iehbl
ouana30Ha 3HaYeHUS ITPU3HaKa B UCXOOHOU IIOITYJISIIIUHU, CTAJI0 BO3MOXKHBIM
IIOTOMY, YTO OTOOD Ha yBeIWYEHHEe Pa3MepOoB Tejla 071aronpusiTCTByeT
reTepo3UroTaM.

C. Cnyctsa 125 nokosieHu# oToopa NOCIeayIonui 0T00P CMOXKET IPUBECTH K
OaJbHEeNNIeMy YBEeJIUYEHUIO pa3Mepa Tejla, €CIU MBI YBEJINYUM CEJIEKIIMOHHBIN
oudbdeperHnuan (caemnaem ero donbiie, yem 0,022 r).

D. Ecnu npekpaTtuth oTOOP nocie 125-ro mOKOJIeHUs, TO CPeOHUM pa3Mep Tea
OymeT yMeHbIIIaThCH.
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Q.38

MyTaHTHBIN caMell MBIIIIM BHEIIIHE HOpMaJleH, HO 10 CPaBHEHUIO C HOPMaJIbHbIMU
caMllaMi UMeeT PEeIPOOYKTUBHBEIE aHOMAJIUU, IPOSIBISIIONINECS B CHUXKEHHOM
cpegHeM 4ucjie SMOPHOHOB, KaK IMoKa3aHo B Tabnuile Q.38. 3Ta aHOMAaNusa

IIPOsABIIAETCHA IIOCJIE OIIJIOOOTBOPEHUSI.

CpenHee 4HCc/I0 9MOPHOHOB

ITornommmue CMEepTHOCTE
HMMnnaHTUPOBaHHLIE
CkpelruBaHHue mocsie HopMaibHBbIE|9MOPHOHOB
B CTEHKY MAaTKH o
MMIUTaHTAIlHH (%)
MyTaHT & X 8.7 5.0 3.7 57.5
HOpMaJibHas @
HOpMaJibHbIM O X 95 0.6 3.9 6.5
HOpMaJibHada ?

715 KaXXOoro YyTBePXKAeHUs yKaxuTte B JIucte OTBETOB, IBASIETCS TU OHO BepHBIM

unu HeBepHEIM.

A. MYTaHTHBIﬁ CaMell MO2KeT UMETh OeJIElTNI0 Y4dCTKa XPOMOCOMEI.

B. MyTaHTHBIU caMel] MOXKET UMEeTh XPOMOCOMHYIO TPAHCJIOKALNIO B
reTepo3urOTHOM COCTOSITHUU.

C. MYTaHTHBIfI CaMell MOKEeT UMEeTh XPOMOCOMHYIO MHBEPCHUIO B reTEPO3UTOTHOM

COCTOSAHHUH.

D. T'eHeTU4YeCKyIO0 aHOMAJIMIO Y JAHHOTO0 MyTAHTHOT'O caMIla MOXKHO
OUarHOCTUPOBATh IyTEM ITUTOJIOTUYECKUX HaOMIOIeHUH 3a ero KJIeTKaMu Ha
CTaouu Meuno3a.
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Q.39

CxkopocTh BU000pa30BaHUs OTJIMYAETCS Y PAa3HBIX I'PYNIII OpraHu3MoB. OOHU TPYIIITEL
BKJIIOUAIOT MHOT'O BUAOB, APYTHe TOJIbKO HECKOJIBKO.

YkaxuTte B JIncte OTBETOB, ABJISAETCS JIU KaXA0€ U3 CIEeOYIOIINX YTBEPKIEHUN O
(hakTOpax, BIUSAIOIINX Ha CKOPOCTh BU00Opa3oBaHusi, BepHbsiM unu HeBepHBIM.

A.

B.

YeM OoJIbIIIEe YHCIIO BHOOB B HEKOTOPLBIX TaKCOHAX, TEM BEIIIIE€ BEPOATHOCTD
O6pa3OBaHI/I${ B HUX HOBEIX BHIOB.

CeMeliCTBa paCTeHHUH, ONBUIAEMBIX KUBOTHBIMHY, B CPeJHEM UMeIOT OOJIbIlle BUIOB,
4yeM OJIM3KOPOACTBEHHBIE CEMENCTBA, ONblISEMEIE BETPOM.

Y JXKUBOTHBIX CO CJIOXKHBIM PEIIPOAYKTUBHBLIM ITOBEAEHNEM, BEPOSTHO,
oOpa3oBaHKe HOBBIX BUIOB IIPOMCXOOUT MeJJIeHHee.

Komnebanus K1mmMaTa MOTYT YCKOPSITh BUAoOOpa3oBaHUe.
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Q.40

Okormno 50 net Hazapn Yapn3 AHOBCKUY M3ydall IIOCIeO0BaTEIbHOCTh TPUIITODAH-
cuHTeTa3wl y E. coli. Y 6enka gukoro tuma () B momoxeHuu 38 HaXOOUTCS TIUIIMH.
AHOBCKUU BBIAEINII OBa MyTaHTa C HEAKTUBHEIM [Ip: 21 3. Y MyTaHTa 2 B IIOJIOKEHUU
38 BmecTo Gly HaxoguTcs Arg , a y MyTaHTa 3 BionoxeHun 38 Haxooutcsa Glu.
MyTaHTH 21 3 OBLIU BHICESTHBHI Ha YalllKy C MUHUMalIbHOU cpenoi (6e3 TpunrodaHa).
[TossBUBLIMECS KOJIOHUU IIPENCTABISIOT COO0M CIIOHTAaHHBIX MYTaHTOB, ¥ KOTOPHIX ObIIa
BOCCTaHOBIIeHa QYHKIUS TPUIITOPaH-CUHTa3bl. AMUHOKHCIIOTA B IOI0KeHUU 38 Oblia
naeHTU(PUIIMPOBaHa, KakK MokKa3aHo Ha Pucynke A. [Ipeanonoxum, 4To Kaxagoe
3aMelleHre aMUHOKHUCIOTE IPOUCXOOUT NyTEeM OJHOHYKJIEOTUTHOU 3aMEHHI.

A B BTopoe ocHoBaHue
U C A G
uuu ucu UAU uGU U
Tyr Cys
, buc Phe | ec cor |UAC T luee e
Gly UuA— luca UAA Stop |UGA Stop |A
uuG UCG UAG Stop |UGG Trp |G
Lykuii Tvn P P
/ \ o | ccu CAU . |cGU U
F (TSR [(C P [o' C o |C Z
Arg Glu S | cua CCcA CAA o |CGA A3
MyTaHTbl [ 2] [ 3] % G CcG CAG (GG G %
// \\ /l\ ° ©
o |Auw ACU AU AU (U g
lle Thr Ser Gly Gly Ala Val @, |AUC lle |ACC L |AAC AGC (=
Peseptantsl | 4 | 5| 6 | 7] [ 8] 9 [10] G [AUA__|ACA ARA Lys AGA Arg A g
T [AUG Met|AcG AAG AGG C —
GUU GCu GAU o oaU U
GUC GCC GAC 6GC C
GAC Gl
G loua Y [gea ™ [can o |Gea Y |a
GUG GCG a6 Y |ace G

Ykaxute B JIncte OTBETOB, SBJIIETCS JIU KaXXa0e U3 CIeNYIOLIUX YTBepXKOeHUul o 38
KOJOHe TpurntodaH-CuHTe3bl BepHbIM unu HeBepHBIM.

A. MyTaHT 2 BO3HUK B pe3yJjbTaTe 3aMeHBEl OCHOBaHHUSI B IIEPBOM II0JIOZKEHUU KOLOHA
38.

B. BeposiTHO, miTaMMbI 7 1 8 UMEIOT Ty K€ IIOCIeO0BaTEIbHOCTD, YTO U IITaMM
OUKOTO TUIIA.

C. KopoH y mitamma 10 - 3to 5’GUA3’
D. KopoH y mmTaMMa 6 - 3T10 5’AGC3’.
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Q.41

YacToTa ajuiesneil rpynmnsl Kposu ABO denoBeKa B IMOMyIANUHU cocTasasieT p(H) =
40%, p(I?)=40%, p(1)=20%.

CuuTas, 4To MOMYISAIlMS HaXOOUTCS B paBHOBecuu Xapaou-BarinOepra, yKaxKuTe
B JIucTe OTBETOB, SIBJIIETCS IU KaXKO0e U3 CIeOyIIUX YTBEPKIEeHN BepHbIM unu
HeBepHEBIM.

A. B 3TOo# monmynsiiiuy YuCcJio ocobel ¢ rpynnamMu KpoBu A 1 B JOKHBI OBITh
OOVHAKOBBIM.

B. B aTol monynsiuu 4YuCiao ocobel ¢ rpymiaMu KpoBu A u AB monXKHBI OBITh
OOVHAKOBBIM.

C. B aTol momynsliuy 4acToTa 0co0el ¢ aHTuTenaMu aHTU-B coctaBrisieT 64%.

D. Jlokyc ABO HaxoguTCs Ha ayTOCOME, IIOCKOJIbKY YacCTOoTa I'PYIIIl KPOBU
OOVHAaKOBA [JI11 MYKUYWH U XKEHIINH (He 3aBUCUT OT I10J1a).
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Q.42

YacTOTHO-3aBUCUMBIM OTOOP - 3TO 3BOTIOLMOHHBIN MPOIlecc, TPU KOTOPOM
IIPHUCIIOCOOIEHHOCTh KaKoT0-T160 (heHOTHUIA 3aBUCUT OT YaCTOTHI €0 BCTPEYaEMOCTHU
110 OTHOIIIEHUIO K APYTruM (eHOTUIIaM B JAaHHOM ITOMynIsaiuu. B coydae
MOJIOKUTEJILHOI 0 YaCTOTHO-3aBUCUMOT'0 0TOOPa, IPUCIIOCOOIEHHOCTh (eHOoTUIa
BO3pacTaeT 10 Mepe TOTr0, KaK OH CTaHOBUTCS 00Jjiee pacnpocTpaHeHHbIM. [1pu
OTpHUIIaTEILHOM YaCTOTHO-3aBUCUMOM O0TOOpEe MPUCIOCOOIEHHOCTh eHOTHUIa
CHUXKaeTCs 110 Mepe TOro, KakK OH CTaHOBUTCS 00Jjiee pacCIIpoOCTPaHEHHBIM.

Ykaxure B JIncre OTBETOB, ABJIAETCA JIU KaXI0€ U3 CIEOYILIUX YTBEPKIEHUN
BepubiMm unu HeBepHEIM.

A. Annenu caMOHECOBMECTHMOCTHU Y PAaCTEHUU SBJISIOTCSA IpUMepaMu
OTPHUIIATEJILHOTO YaCTOTHO-3aBUCHUMOT0 OTOOpa.

B. PacnpocTpaHeHue HOBOTO MOSIBUBIIETOCSI BUPyCa B MOMYJIALNU JIIOOEN
perynupyeTrcs OTpullaTeJIbHBIM 4aCTOTHO-3aBUCUMBIM OTOOPOM.

C. IIpeobnamanue Papilio memnon, CaMK1d KOTOPOT'O HAITOMHUHAIOT HECHEIOOHOT 0
Papilio coon, 1BRIsieTCS TPUMEPOM MOJIOKUTEIBHOT0 YaCTOTHO-3aBUCUMOT O
otbopa.

D. PacmpocTpaHeHKe IeHOB, OTBETCTBEHHEBIX 3a IIPeOyIIPekIalollyi0 OKPACKy y
TOKCHUYHBIX UJIM HEeCheNOOHBIX OPraHU3MOB B IOIYJISIINN, PETyINPYEeTCs
TIOJIOZKUTEILHLEIM YaCTOTHO-3aBUCHUMEIM OTOOPOM.
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Q.43

[IpoBeneH 3KCIIEPUMEHT CO CTpeKo3aMu (Leucorrhinia intacta). Ilonynsanys TUYUHOK
CTPeKo3 Onljla pa3gesieHa Ha ABe rpymnnbl. O0e rpymnnbl IIOMECTUIU B KIIETKHU C
HeOTpaHUYEHHBIM KOJIMYEeCTBOM IUILM. [lepBas rpynna nmogBepraeTcss BO3[EeUCTBUIO
XUIITHOM PBIOLI, KOTOPas MOXKET IIJlaBaTh CBOOOOHO, HO HE MOKET II0IIaCTh B KJIETKY.
BTopas rpy1ria npencTaBiisieT co00M KOHTPOJb 0€3 XUITHUKA. [10J1 BhIXKUBIIINX
JIMYUHOK U [OJISI XKUBBIX JINYMHOK, HECIIOCOOHBIX K MeTaMopP(d0o3y, B ABYX

rpyImmnax nokKa3aHbl HUXKE:
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PucyHok Q.43

7151 KaxXOoro yTBepxKaeHus ykaxuTte B JIucrte OTBETOB, ABJII€TCA JIU OHO BepHBIM
unu HeBepHBIM.

A. OmgHOU U3 IPUYUH HapyIlleHus MeTamopdo3a y JIMYNHOK B IPUCYTCTBUU
XUIITHUKA, He BHI3BIBAIOILIETO CMEPTD, SIBJIAETCS KaHHUOATN3M.

B. Bricokass CMEPTHOCTDL TMYUHOK B II€PBOY I'PYIIIE ABISETCS Pe3yIbTaTOM CTpPecca,
BO3HUKIIIETO U3-3a IPUCYTCTBUS XUIIHUKA.

C. B ombITe Cc IpUCYTCTBHUEM XUIIIHUKA, IIPOIEHT 0CcO0el, KOTOPhie IePekKnBaAIOT
CTaOuIo JINYMHKY C IePeX040M BO B3POCJIOE€ COCTOSTHHE, HUXKE, YeM IIPOLIEHT
TaKOBBIX IIPU OTCYTCTBUM XMUIITHUKA.

D. BrpKuBaHME CTPEKO3 A0 MeTaMopdo3a 3aBUCUT OT IIPUCYTCTBUS XUIITHUKA, B TO
BpeMsi KaK BBIDKUBaHHE BO BpeMs MeTaMop(do03a OT 3TOr0 He 3aBUCHT.
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Q. 44

B ma®opaTOpPHEIX YCIOBUSIX OLIIO MPOBEOEHO MCCIeI0BaHUe 110 N3YYEHUIO BITUSHUS
TeMIepaTyphl Ha MEeXKBUOOBYI0O KOHKYPEHIIUIO MEXKAYy OBYyMS BUOAMU PEYHBIX
JIOCOCEBHIX PBIO Salvelinus malma n S. leucomaenis, Oisi KOTOPBIX B IIPUPOJE B
OCHOBHOM XapaKTEPHO aJlJIoONaTPHYEeCKOe pacIpoCTpaHeHNe Ha PAa3HbBIX BEICOTax (T.e.
apenbl AByX BUAOB OOBIYHO He MepPeKPLIBAOTCS). BhlIn MCIONIb30BaHbl TPU
KOMOMHAIINY ITOIYJISIUY 39TUX BUIOOB, BKIIOUAIOIINE aJlJIoONIaTPUYeCKUe TMOMYyIsaiumy S.
malman S. leucomaenis, © CUMIIaTPpUYECKUe IOMYyJIANUN 3TUX OBYX BUOOB. OTU

IOy JIAIUY OBIIM TOBEPKEHHI BIUSHUI0 HU3K0oM (6°C) u BricOKOM (12°C) TeMiiepaTyp,
IIPY KOTOPBIX OOBIYHO MPOLBETAIOT ajlyIonaTpudYeckue nonynsamauu S. malma (6°C) u S.
leucomaenis (12°C).

Hunskasa Temnepatypa Bbicokas Temnepartypa
Cumnatpus Annonatpusi Cumnatpus Annonatpus
e I e SN 7
. o
s 3
3
] ..
s | e
§ 0.5+ 0.5+ 0.5+
- T (. S
®
S —— S. malma
i N [— S. leucomaenis
0- 0- 0-
I I 1 I I 1 I I 1 I I 1
0 100 200 0 100 200 0 100 200 0 100 200
JHun OHn OHn DOHn

PucyHok Q.44

Ykaxute B JIncte OTBETOB, KaKO€e U3 CIIEAYIOLIUX YTBEPKIOEHUN SIBJISE€TCS BEPHBIM
UJI1 HEBEPHBIM.

A. BepOﬂTHO, KOHKYPEHIUSA MEeXKOY 3TUMHU OBYMS BUOAMU HAXOOUTCHA IIOO BIIMAHHUEM
TeMIIePaTYPHEL U BEICOTHI.

B. S. malma MoxXeT paclipoCTPaHATHCSA Ha OOBIINX BEICOTAaX, 4YeM S. leucomaenis.

C. BeposiTHO, S. leucomaenis 60ree yCTOUYUB K CTPECCY OT BO3[EUCTBUST HUIKUX
TeMneparyp, S. malma.

D. S. malma nmeert Gonee y3Ky0 GyHOaMeHTaIbHYIO HUITY, YeM S. leucomaenis.
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Q. 45

Y camuos rynnu (Poecilia reticulata) cyieCTByeT CIOXKHBIA TOTUMOP(PHU3M PACIBETOK,
KOTOPBIY U3MEHSIEeTCS B 3aBUCUMOCTH OT KOJIMYEeCTBa XUIIHUKOB, OTpaxas OajaHC
MexXKay 0TOOPOM, OCYIIECTBISIEMBIM XUITHUKOM (IIPUBOAUT K IIPOSIBIEHUIO
KPUIITUYECKOH (3allIUTHOM) OKPACKH) U IIOJIOBBIM OTOOPOM (IIPUBOAUT K IIPOSBIIEHUIO
SIPKOM, 3aMEeTHOU OKpacKu). [IJId uccjiegoBaHUs 3TOT0 SABJIEHUS OBbIJIM MCIIOIb30BaHbI
TPU 3KCIIEPUMEHTAJIbHEIX IIPYda, B KOTOPHIX CUMYJIMPOBAIUCh PeajibHbIEe YCIIOBUSI
€CTeCTBEHHOI'0 MeCTOOOUTaHUSA I'YIIIU U UX XUITHUKOB, Rivulus hartiinv Crenicichla
alta. OguH npyQn ObIJT KOHTPOIBHBEIM, TOTHA KaK B KaXKIbIM U3 IBYX OCTAJIbHBIX IIPYIOB
OnlI moOaByIeH OOuH U3 XUIIHUKOB. C. alta sBisieTcst 0ojiee onacHBIM, ueM R. hartii

—_
w
L

©
i

[e¢]

0 10 2|0 Mecsiubl

CpenHee 41cno NsTeH Ha 0aHy pbiby

r T 1
F S | || MomeHTbl noace

PucyHok Q 45. VI3ameHeHre cpefHero Yicna nateH y pold B TedeHue onbita. Jlinnus ‘K’ npencrasnsiet npyn 6e3
xvwHuka, ‘R’ ona npyna c R. hartii, v ‘C’ pns npyna ¢ C. alta. o ocu X, ‘F’ o603Ha4vaeT Bpemsi, koraa
6b1nv 0bpasoBaHbl nonynsuun, ‘S’ 06o3HavaeT BpeMsl, Korga BHOCUMAN X1WwHUKa, a ‘I’ n ‘Il 06o3Ha4aloT MOMEHTbI
nocneaywmnx noac4eTos.

Ykaxute B JIucre OTBETOB, SIBISAETCA JIU KaXO0€e U3 CIeOVIOIINX YTBePKAECHUN
BEPHBIM UJIM HEBEPHEBIM.

A. Slpkasi oKpacka Bcerga CHUXKaeT IPUCIIoco0IeHHOCTh P. reticulata.

B. Ilo mpepncraBjieHHBIM Ha rpaduKe JaHHBIM HEJb3s COEeIaTh BEIBOMI O ITOJIOBOM
oTOope o NMpu3HaKy oKpacku y P. reticulata.

C. Okpacka P. reticulata MoXXeT maBaTh IIPEUMYIIECTBO IIPU CllaceHuu oT R. hartii.

D. B03M0XKHO, XUITHUKU UCIIOJIL3YIOT IBa Pa3/InYHbIe MeXaHNu3Ma oOHapyxeHUus P.
reticulata.
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Q.46

Poa n Stipa - 3T0 nBa MHOT'OJIETHUX TPaABAHUCTHIX PAaCTEHU CTeneu. [floMmaliaue u
OUKVEe PaCTUTEJIbHOSIAHBIE OTAAIOT IPEAIOoYTeHUEe IIEPBOMY U3 ABYX BUAOB, TOTda Kak
BTOPOU OTHOCHUTEJILHO HEIIPUATHBLIA Ha BKYC. YUY€eHbBIe BeIpallliBaiu pacTeHus Poa Ha
pa3/IMYHBIX PACCTOSHUSX OT pacTeHuu Stipa, Ipu HaJIUYUU U OTCYTCTBUU OapbepoB
IJIs1 KOPHEU U IIPY Pa3/InYHOM UHTEHCUBHOCTHU BhINIaca, U 3aTEM PEruCTPUPOBaId POCT
pactenuu Poa.

- Bbe3 Bbinaca YMepeHHbIn BbINac WHTEeHCHBHbBbIW Bbinac

:

= 4r C1-B 4r 1-B 4r 1-B
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PucyHok Q 46-1. BnimsiHue paccTosiHiS (psiooM 1 Ha oTaaneHun), 6apbepa (6e3 Hapbepa (-B) 1 ¢ 6apbepom (+B))
ONS KOHKYPEHLUMN MeX LY KOPHAMU XEHCKUX PacTeHun Poa (BEPXHSAS HaCTb) U MYXCKUX PACTEHUA (HUXHSAS YacTb)
Ha obuyto BriomMaccy npu pasHoOM NHTEHCMBHOCTH BbiNaca,

B OPYI'OM I3KCIIEPpHMEHTE N3y4daJiu IIJIOTHOCTb MY2KCKHUX 1 2KEHCKUX paCTeHI/IfI Poa IIpu
Pa3/IMYHBIX YPOBHAX BEIIIACA.

61 [ 1 XeHckve pacteHus

B Myxckue pacterns

18 A

Bes Bbinaca  YmepeHHbln VIHTEHCKBHBIN
Bbinac Bbinac

MNOTHOCTb (pacTeHuit/m?)

Puc.Q.46-2
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Ykaxute B JIUCTE OTBETOB, KaXI0€ U3 CIEOYyIIUX YTBEPKIECHUHU SABJISAETCSI BEPHBIM
UJI HEBEPHBIM.

A. PaccTosiHUE IO MeHee IMIpUBJIEKaTEJIbHBIX Ha BKYC cocefieid Stipa BIUsieT Ha
OromMaccy )KeHCKHUX M MYKCKUX pacTeHuu Poa Ha ydacTKe 0e3 BhIIIaca.

B. Ha yyacTke c yMepeHHBIM BHIIIAaCOM HEe3aBUCHUMO OT II0Jla pacTeHuud Poa pacTyTt
JIydllle psigoM C my4dyKaMu Stipa , 4eM Ha PaCCTOSHUU OT HUX, IOKa3blBas
MIOJIOKUTENbHEIN 3deKT pacTeHuM Stipa Ha obOa mosa.

C. CymecTByeT CulbHasa NOoA3eMHasi KOHKYPEHIINA MeXOy JKEeHCKUMU PacCTEeHUSIMU
Poa n cocempHuMU pacTeHUsIMHU Stipa Ha y4acTKe 0e3 BhITIaca.

D. Ha coBur cOOTHOIIIEHUS I10JIOB B I[IOIIYJIAINHU BIINA€T HHTEHCHUBHOCTE BEIIIACaA
OJOMaIITHUX 2KMBOTHBIX.
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Q.47

Ko3bI IuTarTCa 3€eJIEHBIMU YacCTSAMMU JIIOLIEPHBI U KYKYypPYy3Hl . B MoMeHT BpeMeHU 0,
UX TaK>Ke HaKOPMUJIU ceMeHaMu Mimosa. Hannuyne XXuU3HeCIoCOOHBIX CeMSH
Mimosa B K03buX (heKanusix ObIJI0 3aperuCTPUPOBAHO B

SKCIIEpPUMEHTE I10 ITPOPAIVBAHUI0 CEMSH, IIPOLIEAINNX Yepe3 NUIleBapUTEIIbHBIU
TPaKT, a TaKXKe KOHTPOJIbHBIX CEMSIH.

A B
1.04
14 < _!_'_“'1_
[ 1
g 12 § 0.94 L
1

S 10+ g 08{ L.
x o 1
E 2 ’
T 8- T 0.7 L
[0) - ':
X 5 5 L.
E ,:E 0.6 R
g 4 - g Cem———— LI
8 8 0.5-
R 24 M

. 0.4

0 T T T T T T T T T T T T T
8 16 24 32 40 48 56 64 72 80 0 5 10 15 20 25
Bpewms nocne noepanus (h) Bpewms (aHwn)

PucyHok Q 47. A: lNpoLeHT CEMSAH MUMO3bl, HAMAEHHbIX B KO3bUX (DEKaNNaX B 3aBUCUMOCTN OT BPEMEHW,
npoweawero nocne ux noeaaHus. Kosou doekanum cobupany kaxasle 8 4yacos B TedyeHne 80 4acos nocre noefaHus
kopma. B: BepoaTHocTb TOro, 4to cemeHa Mimosa, npowealme yepes nueBapuTenbHbll TPaKT (MYHKTUPHAS MUHNS), 1
KOHTPOJIbHblE CEMEHA (CMoWHas NMMHNS), He B3OMAYT.

Ykaxute B JIMCTE OTBETOB [JI KaXXO0r0 U3 CJIeOymux YTBep}KHeHI/IfI, SABIIAETCA
OHO BEPHBIMHU HJIN HEBEPHBIM.

A. CemeHa Mimosa MOTYT BBIZKUTb 00 3 -X JHEU B IIUIlleBapUTEJIbHOU CUCTEME KO3HI.

B. HpOXO}K,E[eHI/Ie qyepe3 MUIMIEBAPUTEJIbHYIO CUCTEMY KO3bl YMEHBIIIAET BCX02KECThb
CEMJsIH.

C. HaubGonbiree KOIU4ECTBO CEMSIH, BRIIENsIeTCA 4Yepe3 24 yaca IIocjie IIpueMa
MUY,

D. Ko3bI MOT'YyT pacCMaTpUBaThCSA KaK €CTECTBEHHBIE PACIPOCTPAHUTENIU CEMSIH
Mimosa B mpupofe.
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BUOCUCTEMATUKA

Q.48

HN3yunTe NpPUBEOEHHYIO HUXKE KIagorpaMMy U OJI KaXKOOT0 YTBEPXKAEHUS
oTMeThTe BepHo oHO unu HesepHoO.

a b c d e

7151 KaxXOoro yTBepxKaeHus ykaxuTe B JIucrte OTBETOB, SBJIIETCA JIU OHO BepHBIM
unu HeBepHBIM.

A. Kmnanma, Bkmoudatonias (d) u (e) SsBAsIeTCS CEeCTPUHCKOM I'PYNION IO OTHOIIEHUIO K
TaKCOHY, cocTosieMy u3 (a), (b) u (c).

B. Ilocnemuuit obmui npenok (b) u (c) mpou3oiliiesn OT mOocaegHero oomuero
npenka (c) u (d).
C. TakcoH (b) dunorenerudecku 61uKe K TaKCOHY (a) 4YeM K TaKCOHY (€e)

D. OBomonMOHHAsA TUHUS, Bedyllasd K TaKCOHY (a) IepBOU B XOA € 9BOJIIOLIUHU
oTHOenunachk (AuBeprupoBasa) OT OCTAJIbHBIX 9BOJIIOLUOHHBIX JIMHUUA
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Q.49

BONBIIMHCTBO COBPEMEHHBIX CUCTEMATUKOB CUHUTAIOT, UYTO OMOJIOTHYEeCKas
KitaccuduKkamus JoIKHA OTPaxKaTh 9BOJIIOIIMOHHLIE CBI3U MEXKIY OpraHu3MaMu, 1
YTO TAKCOHBI [JOJI?KHBI OBITH MOHODUIETUYECKUMHU. TeM He MeHee, UCIT0Ib3yeMas
cemyac Knaccudukamus BKII0YAaeT MHOTO ITONMuPUIEeTUYECKUX U MapaduieTuyecKux
TaKCOHOB.

II71s1 Kaxkgoro yTBepKaeHus yKaxuTe B JIncrte OTBETOB, BIIETCS IU OHO BEepHBIM
unu HeBepHEBIM.

A. HOJ’II/I(l)I/IJII/ITI/I‘-IeCKI/Ie TAKCOHBI MOT'YT BO3HHUKATL B PE3YyJIbTATE€ TOI'O, 9TO
HEPOOCTBEHHBIE TAKCOHBI MMEIOT CXOOHBIE€ ITPHM3HAKHKW M3-3d KOHBEPI€HITNHN.

B. Ilapadunetnyeckue TaKCOHBI MOTYT BOSHHUKATh B pe3yJibTaTe KilacCu(puKaluu,
OCHOBaAHHOU Ha (PEHOTUIIUYECKOM CXOICTBE,

C. HekoTopble TaKCOHEI, BXOOsIME B MapaduireTnyecKre Ipynibl, OTINYAI0TCS I10
CKOPOCTH (peHOTUITMYECKOM 3BOJIIOIHHN OT OJIM3KOPOIOCTBEHHLIX TAKCOHOB, HE
BKJIIOUEHHBIX B IAHHYIO TPYIIITY.

D. Bce umerninuecs MOJIEKYJIAPDHEBEIE JaHHBIE BMECTE B34AThI€ IIOOTBEP2KOAIOT, YTO
T'OJIOCEMEHHBIE SABJIAIOTCSA MOHO(I)I/IJIeTI/I‘-IeCKI/IM TaKCOHOM.
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Q.50

CpaBHeHue nocnenoBaTenbHocTel [THK umu 6eKOB [O1si onpeneeHue
(bunorenHeTuUEeCKUX CBSI3€¥ UMEET CBOU IIPEUMYIIIECTBA U HeJmOCTaTKU. OIIMO0UYHBIN
BLIOOP ITOCJIEIOBATEIbHOCTEM [JISI CPAaBHEHHUSI MOKET IIPUBECTH K IIOCTPOEHUIO JepeBa,
KOTOPO€E HEeITPaBUJIbHO OTPazKaeT peasibHbIe (QUIOTreHeTuYecKue CBa3u. [loaToMy 3TOT
MMOOXOMN HY2KHO MCIIOJIb30BaTh C OCTOPOXKHOCTHIO.

II71s1 Kaxkgoro yTBepKaeHus yKaxuTe B JIncrte OTBETOB, BIIETCS IU OHO BEepHBIM
unu HeBepHEBIM.

A. AMMHOKHMCIIOTHAas I10CJIeOOBaTEIbHOCTD OUTOXPOMaA € OYEHb XOPOIIIO ITOOXOOUT
IJISI BBISICHEHHU S 9BOJIIOIIMOHHBIX CBSI3€M MeXOy 6J'II/13KOpOJICTBeHHBIMI/I BHUOaMHU.

B. CpaBHeHHe YaCTHUYHHIX II0CJIeN0BATEIbHOCTEH MHOTHX T'€HOB JIy4Ille, 4YeM
CpaBHEHMeE TIOJIHLIX IIOC/IeN0BATEIbHOCTEH HEeOOJIBIIIOr0 YiCjla TeHOB U3y4YaeMhbIX
OpPraHu3MOB.

C. YacToTa HyKJIEOTUOHBIX 3aM€eH (pacCuMTaHHAas Ha €OUHUIy BDEMEHU) BHIIIE Y
OpPraHU3MOB C KOPOTKUM BpPEeMEHEM XKU3HU 110 CPABHEHUIO C OPraHUu3MaMU C
OJIMHHBIM BpEMEHEM KHU3HMU.

D. HeuiTpanbHas Teopus MOJIEKYJISPHOU 3BOJIIOLMNU (TEOPUS HEUTPAJIbHBIX MyTalllii)
npenmnosyiaraeT, 4YTO BCe aMUHOKHUCIIOTHRIE UJTN
HYKJIEOTUIHEIE [10CJIEef0BaTEJILHOCTU 3BOJIIOLNOHUPYIOT C OOUHAKOBOU CKOPOCTBHIO.

Konen TeopeTH4eCckoro rypa A
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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 A consists of 50 questions:
e Q1-Q10: Cell Biology

e Q11-Q17: Plant Anatomy and Physiology

e Q18-Q30: Animal Anatomy and Physiology
e Q31-Q32: Ethology

e Q33-Q42: Genetics and Evolution

e Q43-Q47: Ecology

e Q48-Q50: 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.1

The activities of Weel kinase and Cdc25 phosphatase determine the state of
phosphorylation of tyrosine 15 in the Cdkl component of M-Cdk. When tyrosine 15 is
phosphorylated, M-Cdk is inactive; when tyrosine 15 is not phosphorylated, M-Cdk is
active (Figure Q.1A). The activities of Weel kinase and Cdc25 phosphatase are also
controlled by phosphorylation.

The regulation of these activities can be studied in extracts of frog oocytes. In such
extracts, Weel kinase is active and Cdc25 phosphatase is inactive. As a result, M-Cdk
is inactive because its Cdkl component is phosphorylated on tyrosine 15. M-Cdk in
these extracts can be rapidly activated by addition of okadaic acid, which is a potent
inhibitor of serine/threonine protein phosphatases. Using antibodies specific for Cdkl1,
Weel kinase, and Cdc25 phosphatase, it is possible to examine their phosphorylation
states by changes in mobility upon gel electrophoresis (Figure Q.1B).
Phosphorylated forms of these proteins generally migrate more slowly than their
nonphosphorylated counterparts.

M-Cdk
A /\ ATP active ®
Weel Wee1 CdC25 CdC25
kinase kinase phosphatase  phosphatase
inactive active (;) active inactive

\\/ ADP " M-Cdk \\/

inactive

kadai
e -4 -+ -+
[ S A B S e

70 — —
34 ] — —
Weel Cdk1l CdC25

Fig.Q.1. (A) Control of M-Cdk activity by Wee1 kinase and Cdc25 phosphatase; (B) Effects of okadaic acid on the
phosphorylation states of Cdk1,Wee1 kinase, and Cdc25 phosphatase

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

A. Weel kinase is active if it is phosphorylated.

B. The phosphatases that control the phosphorylation of Weel kinase and Cdc25
phosphatase are specific for tyrosine side chains.

C. Okadaic acid directly affects the activation of Cdkl.

D. If M-Cdk is able to phosphorylate Weel kinase and Cdc25 phosphatase, a small
amount of active M-Cdk would lead to its rapid and complete activation.

4/56



Q.2

Translational rate of a mRNA can be estimated from sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). In this experiment, a tobacco mosaic
virus (TMV) mRNA, which encodes a 116,000-dalton protein, was translated in a
rabbit reticulocyte lysate in the in the presence of 3°S-methionine. The lysate
contained all components of rabbit reticulocite translational machinery. Samples
were removed at 1-minute intervals and subjected to SDS- PAGE. The separated
translation products were visualized by autoradiography. As can be seen in the figure
below, the largest detectable polypeptides get larger with time, until the full-length
protein appears at about 25 minutes.

L

116 o

7

(kDa)

Fig.Q.2. Time course of synthesis of a TMV protein in a rabbit-reticulocyte lysate. Molecular weight (kDa) as a function of
time t (min).

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

A. The rate of TMV protein synthesis is exponentially proportional to time.

B. With an average molecular mass of an amino acid of 110 daltons, the average
rate of protein synthesis is approximately 35 to 40 amino acids per minute.

C. The rabbit reticulocyte lysate contains methionyl-tRNA synthetase
D. The mRNA may contain more than two rare codons in its sequence.
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Q.3

Scientists have isolated three different strains of bacteria ProA™, ProB~, and ProC"~
that require added proline for growth. One is cold-sensitive, one is heat-sensitive, and
one has a gene deleted. Cross-feeding experiments were carried out by streaking the
strains out on agar plates containing minimal medium supplemented with a very low
level of proline. In cross-feeding experiments, metabolites leaking from one strain can
feed a neighbouring strain. After growth at three temperatures, the results were
shown in Figure Q.3.

22°C 30°C 42°C

Fig.Q.3. Results of cross-feeding experiments with three strains defective in proline biosynthesis. Dark areas show high
cell growth rate; grey areas show low cell growth rate; wt, wild type

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

A. The intermediate that accumulates in the ProC™ strain comes after the block in
the ProA™ strain.

B. The intermediate that accumulates in the ProB™ strain comes after the block in
the ProA™ strain

C. There are at least three different genes that affect proline biosynthesis.

D. Under at least one condition, the proline that is produced is rapidly used for
protein synthesis and is prevented from being synthesized in excess of needs.
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Q.4

When isolated mitochondria are suspended in a buffer containing ADP, Pi, and an
oxidizable substrate, three easily measured processes occur: the substrate is
oxidized; O, is consumed; and ATP is synthesized. Cyanide (CN) is an inhibitor of the
passage of electrons to O,. Oligomycin inhibits ATP synthase by interacting with
subunit Fj. 2,4-dinitrophenol (DNP) can diffuse readily across mitochondrial
membranes and release a proton into the matrix, thus dissipating the proton gradient.

02 consumed
_____ ATP synthesized

Aa AB

ADP + Pi

Succinate

———'

Time Time

Fig.Q.4. Oxygen consumption and ATP synthesis in mitochondria. The solid lines indicate the amount of oxygen
consumed and the dash lines indicate the amount of ATP synthesized

Indicate in the Answer Sheet if each of the following statements is True or False.
A. xis the oxidizable substrate.

B. y is either oligomycin or CN".

C. zis DNP.

D. If z is a mixture of oligomycin and DNP, the ATP synthesis will not level off.
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Q.5

Imagine you are studying a membrane protein represented in the diagram below. You
prepared artificial vesicles containing this protein only in the membrane. The
vesicles were then treated with a protease cleaving close to the membrane (2) or
permeabilised before protease treatment (3). Resulting peptides were subsequently
separated using SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis).

A

Fig.Q.5. Membrane protein (a, b, ¢, d, e: domains) and the SDS-PAGE gel
(1. untreated control, 2. peptides after protease cleavage, 3. peptides after permeabilisation and protease cleavage. The
arrow indicates the direction of migration).

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

A. The bigger fragments in lane 3 are hydrophilic.

B. The smaller fragments in lane 2 represent protein domains protruding outside the
membrane.

C. Domain a is rich in leucine or isoleucine.
D. Domains a, ¢ and e protrude into the lumen of vesicles.
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Q.6

Ethanol inhibits microbial growth. Nevertheless, some strains of the yeast
Saccharomyces cerevisiae can adapt to high concentrations of ethanol. Many studies
have documented the alteration of cellular lipid composition in response to ethanol
exposure.

In this investigation, we systematically altered the fatty acid composition in S.
cerevisiae by knocking out OLE1 gene coding for integral membrane desaturase,
responsible for the formation of monosaturated palmitoleic acid (A%-Ci4.1) and oleic
acid (A%-C1g.1). The knockout strain was then: (1) reconstituted with OLE1 gene by
transformation with YEpOLE1 plasmid; (2) transformed with YEp-A°Hz YEp-A°Th,
YEp-A'' Hz or YEp-Al! Tn plasmid containing A2 or A!! desaturases of two lepidopteran
insect (moths) Helicoverpa zea (Hz)or Trichoplusia ni (Tni). Fatty acid component
and growth curves of each transformant were investigated and shown in table and
figure below:

Table Q.6. Composition of major fatty acids in % of S. cerevisiae transformants at mid-log phase.

Transformant C] 6:0 C]8,0 C] 6-1 C] 8:1
Saturated | Saturated | Monounsaturated Monounsaturated

OLE1 45.5+2.2| 4.7+ 24 34.9 + 0.8 14.9 + 1.0
A°Hz 455+ 55| 7.9+ 2.2 31.7+ 56 11.0 = 2.0
A9Tn 46.9+4.0| 86+ 3.9 128+ 1.9 31.7 + 5.8
Al Hz 456 + 3.6 | 11.9 + 2.8 42.6 + 6.3 0

ATy 49.7 +4.8 | 12.5 + 0.1 41.8+ 11.8 11.2 + 1.5

/X I:I’l/\E" 000

251 A X

./ o’Cg
20 / |

x OLE1
e A°Hz
_ z _ = A'Hz
= 1.5 / / 1.5 no
2 X o A°Tn
© 10t / 3/ / o 10 f @ AYTn
/o / 8
i x g S el
0.5 S/ 0.5
/ %D/o—o/
0 U_D=D—/u=ﬁalngn_0’ 1 1 O 1 1 1
0 20 40 60 0 20 40 60
t(min) t(min)

Fig.Q6. Growth curves of S. cerevisiae strains transformed with plasmid containing OLET (x), A°Hz (@), A"'Hz (), A° Tn
(0) and A" Tn ([3) in YPD medium (A) and in YPD medium containing 5% ethanol (B)
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Indicate in the Answer Sheet if each of the following statements is True or False.

A. The lag phase of transformant OLE in YPD medium is shorter than those of
AP Hz, A°Tn, A"'Hzand A1 Tn due to the presence of native desaturase in yeast
cells.

B. Desaturases are equally active in all transformants.

C. The content of mono-unsaturated fatty acids is a good indicator of the ethanol
tolerance in S. cerevisiae.

D. Higher ratio of A%-Cyg.1 to A%-Cy4.1 causes higher ethanol tolerance in S.
cerevisiae.
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Q.7

Poly(3-hydroxybutyrate) (PHB) is a bacterial storage material which is accumulated by
various bacteria, usually when grown under limitation of a nutrient such as oxygen,
nitrogen, phosphate, sulphur, or magnesium and in the presence of excess carbon.
Fig. Q7 shows the PHB synthesis pathway of Ralstonia eutropha from acetyl-CoA,
which is regulated by feedback inhibition. In addition, acetyl-CoA can enter the citric
acid cycle.

Acetoacetyl-
B-Ketothiolase CoA-reductase PHB
Acetoacetyl- D-B-hydroxy- synthase
Glucose > CoA butyryl-CoA
NADPH+H* NADP* Poly(3-hydroxybutyrate)
PHB
citric * : citrate synthase

acid
cycle

Fig. Q7. PHB synthesis pathway

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

A. The increase in activity of citrate synthase will reduce the production of PHB.

B. When the intracellular concentration of HSCoA is high, the rate of PHB synthesis
will increase.

C. When the rate of PHB synthesis increases, the growth rate of Ralstonia eutropha
cells will also increase.

D. PHB synthesis is stimulated by low ratios of (NADPH+H*)/NADP.
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Q.8

A scientist has isolated five different peptides (1 to 5) containing five amino acids
(named A, B, C, D, E). He determined the mass and the sequence of each peptide. The
data which he obtained is shown on the table below

Peptide Amino Acids Sequence Mass (Da)
1 BCDACCDEDCB 966
2 ABBCAEEDECB 1099
3 BACDAEAEECA 1357
4 CACADBACAEB 1279
5 EDDCABBCCEE 1014
The mass of individual amino acids are shown in the table below

Amino acids Mass (Da) Amino acids Mass (Da)
Alanine 89 Leucine 131
Arginine 174 Lysine 146
Asparagine 132 Methionine 149
Aspartic Acid 133 Phenylalanine 165
Cysteine 121 Proline 115
Glutamic Acid 147 Serine 105
Glutamine 146 Threonine 119
Glycine 75 Tryptophan 204
Histidine 155 Tyrosine 181
Isoleucine 131 Valine 117

Note: The mass of a water molecule is 18 Da.

Indicate if each of the following statements is True or False.
Amino acid named C is serine

Amino acid named A is tyrosine

Amino acid named E is cysteine

. Amino acid named B is glycine

Sowp
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Q.9

Four different bacterial strains were isolated from the gut of a shrimp to study their
probiotic potency through the decrease of their pathogenicity of Vibrio harveyi, a
common bacteria infecting shrimp culture. In the first experiment, the four isolated
bacteria were inoculated in cross-streak plates to observe inhibition zones against 4
bacterial strains (Fig.9A). In the second experiment, the shrimp survival rate in
presence of Vibrio harveyi and each bacterial isolate after 5 days of incubation was

measured (Fig.9B).

1.0—
>
=
-og 0.5—
O
=
u+v  U+V+P1 U+V+P2 U+V+P3 U+V+P4

Fig.Q.9. (A) K = Control (no bacteria streaked on the dash box), P1-P4 = Probiotic candidates 1-4, a = Streptococcus sp.
(Gram-positive), b = Vibrio sp. (Gram-negative), ¢ = Bacillus sp. (Gram-positive), d = Salmonella sp. (Gram-negative).
(B) U = shrimp culture alone, U+V = shrimp culture with addition of Vibrio harveyi, U+V+P1-4 = shrimp culture with
addition of Vibrio harveyi and a specific probiotic candidate P1-4, respectively.

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

A. Candidate No.1 (P1) produced an antimicrobial compound that inhibited Gram
negative and Gram positive bacteria.

B. Candidate No.2 (P2) was able to decrease Vibrio sp. pathogenicity without killing
them.

C. Candidate No.3 (P3) produced an antimicrobial compound targeting the outer
membrane.

D. Candidate No.4 (P4) had good effect on the shrimp survival by inhibiting Gram-
negative bacteria.
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Q.10

An experiment was set up to observe cell cycle length of a strain of yeast. Activated
yeast cells were subcultured into a new medium with an initial concentration of 10°
cells/mL. After 40 h, the number of cells increased to 4 x 106 cells/mL. A portion of the
culture was taken for a separate experiment. In this experiment, cells were incubated
for 15 min into a media containing radioactive thymidine before washing and re-
grown on a new media containing non-radioactive thymidine. Cell samples were then
taken periodically to measure the percentage of mitotic cells containing radioactive
thymidine. Fig.Q.10 shows the result obtained from the experiment. At each
sampling, about 1% of the total cells sampled were undergoing mitosis.
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Fig.Q.10. Fraction of mitotic cells that were labeled radioactively during the cell culture experiment.

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

A. The synthesis rate of histone proteins is relatively high between 6 and 10 hours
after radioactive labeled thymidine exposure.

B. S phase of the cell cycle takes about 5 hours.
C. M phase of the cell cycle takes longer than 1 hour.
D. Most of the radioactive thymidine is assimilated in the S phase of the cell cycle.
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PLANT ANATOMY AND PHYSIOLOGY

Q.11

Cell walls provide plant cells with a substantial degree of volume homeostasis relative
to the large changes in water potential that they experience as the everyday
consequence of the transpirational water loss. Cell water potential (w,,) of a plant cell
is composed of solute potential (¥s) and turgor pressure potential (). Relative cell
volume is correlated with cell water potential and its components as described in

the Fig.Q11.
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Fig.Q11

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

A. Alterations of plant cell water potential are generally accompanied by a large
change in turgor pressure and in cell volume.

B. Disappearance of turgor pressure indicates the ending point of cell plasmolysis
with reduction of approximately by 15% cell volume.

C. As the cell volume decreases by 10%, most of the change in cell water potential is
caused by the drop in cell solute potential together with little change in turgor
pressure.

D. During cell rehydration, cell volume expansion stops when cell wall generates
pressure equivalent to turgor pressure and the cell water potential reaches zero.
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Q.12

An experiment was carried out on sorghum (Sorghum bicolor) and soybean (Glycine
max) plants in response to low temperature. Plants were grown at 25°C for several
weeks and then at 10°C for three days, while day length and light intensity and
ambient carbon dioxide concentration were kept constant throughout the experiment
unless stated otherwise. The net photosynthesis of both plant species at 25°C are
shown in Fig.Q12 below.
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Fig.Q.12
Carbon dioxide uptake per leaf dry mass (mg CO 2g1)
Days before 1 2 3 4-10
Temperature 25°C 10°C 10°C 10°C 25°C
Sorghum 48.2 5.5 2.9 1.2 1.5
Soybean 23.2 5.2 3.1 1.6 6.4

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

A. If put at 35°C, photosynthesis rate of soybean would decrease and that of
sorghum would not change.
B. In cool condition, the biomass of sorghum increases faster than that of soybean.

C. Soybean plants are likely to have smaller photosynthetic water use efficiency

than sorghum.

D. The reduction of the carbon dioxide uptake in sorghum is mainly due to the
decrease of enzyme activity in low temperature.
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Q.13

The bacterium Bradyrhizobium japonicum can infect soybean (Glycine max) roots and
form nodules. The nitrogen fixation catalyzed by nitrogenase occurs in the nodules
and the nitrogenase activity can be measured easily by acetylene reduction instead of
nitrogen reduction. Scientists generated a defective mutation of NAD*-dependent
malic enzyme (dme mutant), the enzyme that generates pyruvate and NADH, and
infected soybean seedling roots with wildtype and mutant bacteria. The seedlings
were grown in nitrogen-free media. After 14 and 28 days of inoculation, the number
and weight of nodules in the seedlings and acetylene reduction activity were
recorded.
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Fig.Q13. Nodule number and dry weight and acetylene reduction acitivity of soybean. Soybean nodules infected with wild-
type B. japonicum (open bars) and the dme mutant (solid bars) are presented.

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

A. Nitrogen fixation activity in nodules of the same treament at 28 days after
inoculation is higher than that at 14 days after inoculation.

B. Both number and size of nodules increase with time from 14 to 28 days after
inoculation with B. japonicum.

C. The reduction in nitrogen-fixing activity of nodules infected by the mutant at 28
days after inoculation compared to those at 14 days after inoculation is due to
the reduction of nitrogenase activity and nodule formation.

D. Nitrogen fixation in B. japonicum -induced nodule is down-regulated by NAD™-
dependent malic enzyme.
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Q.14

Sucrose is produced in leaves and translocated short and long distance through veins
to non-photosynthetic organs such as roots, stems, flowers and fruits. Two principal
pathways include symplast and apoplast by which sucrose molecules are transported
in phloems of leaves as shown in Fig.Q14.
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Fig.Q14. Diagram of the whole plant phloem network. M - Mesophyll, BS - Bundle sheath, MS - Mestome sheath, PP -
Phloem parenchyma, VP - Vascular parenchyma, CC - Companion cell, TST - Thick walled sieve element, ST - Sieve

element.

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

A.

B.

Sucrose is synthesized in leaves and transported long distance through phloem to
sinks under hydrostatic pressure gradient.

Loading sucrose in apoplastic pathway requires energy in several steps due to
the movement across secondary wall of living cells.

In the symplastic pathway, sucrose molecules are passively loaded through
plasmodemata.

Unloading sucrose molecules at the sinks requires no energy release because of
movement down a gradient concentration of sucrose.
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Q.15

Scientists measured length and height of rhizophores of mangrove plant (Rhizophora
mangle, Fig.Q15A). They also made cross sections of rhizophores and observed their
anatomical characteristics. The results are shown in Q15B and Q15C.
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Fig.Q15. Rhizophores of Rhizophora mangle plants. A: Rhizophore height and length measurement. B: Change in height

(empty square) and in length/height proportion (full circle) in five sequential orders of rhizophores. C: Relative proportions

of bark (including aerenchyma), xylem and pith along the length of individual first-order rhizophores (left), and at the base
of rhizophores of sequential orders (right).

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

A. There are monotonic decreases in rhizophore height and the length/height
proportion in the rhizophores as a function of the rhizophore order.

B. Within first-order rhizophores, the xylem proportion in the cross-section is larger
when closer to the main stem, and decreases progressively as the rhizophore
approached the ground while increasing the proportion of bark and pith.

C. When rhizophore order changes from 1 to 5, bark and pith proportion decreases,
while xylem propotion increases.

D. The supportive function is likely enhanced in the first-order rhizophores, with

lower length/height proportion, and higher proportion of xylem compared with
bark and pith.
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Q.16

Arsenic (As) in the soil has become an environmental concern worldwide because it is
difficult to remediate and can adversely impact human health. The fern, Athyrium
yokoscense is well known as a Cd hyperaccumulator as well as a Cu, Pb and Zn
tolerant plant. However, no information is available on As accumulation

by A. yokoscense, although it often grows in soils containing high levels of several
heavy metals and As. To understand As accumulation in A. yokoscense, a student
conducted an experiment in which young ferns collected from a mining area were
grown in media containing As-spiked paddy soils or mine soil in a greenhouse for
21 weeks. Before transplanting fern biomass was 0.26 = 0.08 g plant~! DW and As
concentrations of young and old fronds were 7.8 + 0.3 and 57.7 + 2.2 mg kg~ !,
respectively.
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Fig.Q16. A: Dry biomass of A. yokoscense after 21 weeks of cultivation in a greenhouse. B: Arsenic concentration in
different parts of A. yokoscense cultivated in As- spiked soils and mine soils.
Tukey’s test, a multiple comparison procedure and statistical test was used. The statistical significance of the difference
between treatments for a given organ, are shown using the letter a — f above the bar. The same letter means there is no
statistical difference for that organ.

Indicate in the Answer sheet if each of the following statements is True or False.
A. Moderate As levels in soils promote the growth of ferns.

B. Concentration of As in root grown in arsenite-spiked media (As3*) is lower than
those in arsenate treatment (As°*), resulting in the increase of total biomass.

C. Arsenic concentration increases from young to old fronds and is positively
correlated to As levels in the soil

D. The transfer of As from root to frond of A. yokoscense in mine soil over time is
similar to that in arsenate-spiked soil.
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Q.17

To study the effect of phytohormone on fruit maturation, researchers used abscisic
acid (ABA) and ethephon to treat of sweet cherry fruits and afterward to evaluate the
expression of PacNCED1 gene which encodes 9-cis-epoxycarotenoid dioxygenase, a
key enzyme in ABA biosynthesis. They also checked the expression of PacACO1 gene
encoding 1-aminocyclopropane-1-carboxylic acid oxidase enzyme that involves in
ethylene biosynthesis. The transcript of PacACT1 (one b-actin cDNA fragment was
cloned and designated as PacACT1) was used to standardize for all expression
(Fig.Q17-D).

Firmness of | Soluble solids content/ titratable |[Anthocyanin(U.g"
Treatment . e 1
pulp acidity )
Control 20.3a 14.4a 13.4a
Ethephon 19.6a 15.3a 14.4a
ABA 11.9b 16.8b 23.8b

(a and b show values that are significantly different).
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Fig. Q17. Effects of ABA and ethephon application on ABA content (A), accumulation of PacNCED1 (B), ethylene
production during ripening (C) and PacACO1(D). * and ** indicate significant differences compared to control.

Indicate in the Answer sheet if each of the following statements is True or False.
A. Both ABA and Ethephon stimulate the expression of PacACO1 and PacNCED1
genes in sweet cherry fruit.

B. The expression of PacNCED1 and ABA accumulation in pulp are higher than in
the seed in the treatments of ABA

C. ABA induces the maturation of sweet cherry fruit via stimulation of ethylene
production.

D. Ethephon shows lower effect on anthocyanin and endogenous ABA production
than exogenous ABA does.
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ANIMAL ANATOMY AND PHYSIOLOGY

Q.18

A 55-year-old man has a resting cardiac output of 7000 mL/minute. His arterial
pressure is 125/85 mmHg. His heart rate is 100 beats/min and his body temperature
is normal. Figure Q.18 represents the changes in left ventricular pressure and blood
volume during a cardiac cycle.

1354 S
100+ (_\‘ R

50+

Intraventricular pressure (mmHg)

60 100 130

Left ventricular blood volume (mL)
Figure Q.18.

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

A. At Q, the left atrioventricular valve is opened.
B. Ventricular ejection ends at S.

C. The distance from S to P should be longer if there is a narrowing of the aortic
valve.

D. In period R-S, blood does not flow into both atria and ventricles.
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Q.19

Cardiac output (CO) is the volume of blood pumped by the heart in one minute.
Cardiac output is affected by the stroke volume (SV) and the heart rate (HR). Cardiac
output can be measured indirectly using the Fick’s equation: CO = Q/(A-V), where Q is
the rate of oxygen consumption (mL/min), A-V is the difference between oxygen
concentration in the oxygenated blood (A) and in the deoxygenated blood (V). The
data below were measured from a healthy person before and during physical exercise.

Parameters Before Exercise During Exercise
Rate of oxygen consumption (Q) 250 mL/min 1500 mL/min
Oxygen difference (A-V) 50 mL/L blood 150 mL/L blood
Heart rate (HR) 60 beats/min 120 beats/min

Indicate in the Answer sheet if each of the following statements is True or False.
A. Cardiac output increased by two-fold during exercise.
B. Stroke volume during exercise was higher than that before exercise.

C. Physical exercise caused a reduction in hemoglobin’s binding for oxygen in

tissues, resulting in a three-fold increase in the amount of oxygen released to
tissues.

D. The number of heart beats required to supply a tissue with 3000 mL of oxygen
during exercise is 240.
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Q.20

Figure Q.20 shows the models of four types of common human congenital heart
defects.

normal 1 2 3 4
Figure Q.20.
Indicate in the Answer sheet if each of the following statements is True or False.
A. In type 1, the blood volume going to the lungs is lower than normal.

B. In type 2, the stroke volume of the left ventricle is increased.

C. In type 3, the systolic blood pressure at the arms is higher than that in the normal
type.
D. In type 4, the pulmonary blood pressure is increased.
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Q.21

Figure Q.21 shows how lung ventilation is affected by physical activity. As the
intensity of exercise increases, humans respond to the increased need for gas
exchange in two ways: increase in ventilation rate and increase in tidal volume. The
experimental data for a well-trained runner on a treadmill are shown in Figure Q.21.
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Figure Q.21

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

A. The increase in ventilation rate is faster than the increase in tidal volume when
the treadmill speed increases from 9 km/h to 12 km/h.

B. In intense physical exercise (> 15 km/h treadmill speed), the increase in the
ventilatory minute volume is mainly caused by increased ventilation rate.

C. At the treadmill speed of 15 km/h, the ventilatory volume per minute is
approximately 120 L.

D. In an adult human, a tidal volume of 0.2 L and ventilation rate of 30 breaths
per minute can provide equally effective gas exchange as a tidal volume of 0.6
L and a ventilation rate of 10 breaths per minute.
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Q.22

In an experiment, a researcher isolated a neuron and placed it in the standard Ringer
solution (isotonic physiological solution). He measured the resting membrane
potential of the axon, then stimulated the axon and measured its action potential
(Record A, Figure Q.22). Subsequently, he repeated the experiment several times,

each with a different modified Ringer solution. Figure Q.22 shows some of the results
(Records B to E).

Membrane potential (mV)

A B C D E
Figure Q.22.

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

A. If the modified Ringer solution contained a lower concentration of Na* than the
standard Ringer solution, the action potential is Record B.

B. If the modified Ringer solution contained a lower concentration of K* than the
standard Ringer solution, the action potential is Record C.

C. If the modified Ringer solution contained a substance that increased membrane
permeability to K*, the action potential is Record D.

D. If the modified Ringer solution contained a substance that increased membrane
permeability to CI, the action potential is Record E.
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Q.23

A group of researchers conducted an experiment to study the effects of phlorizin on
some physiological indices in blood and urine of normal mice and diabetic mice.
Phlorizin is an inhibitor of SGLT2 which is the channel of glucose reabsorption in the
kidney. Assume expression of SGLT2 gene is positively correlated with urine glucose
level and blood glucose also correlates positively with blood pressure.

Mice were divided into four groups:

Group 1: Normal mice were injected with phlorizin

Group 2: Mice with severe type 2 diabetes induced by streptozotocin injection
Group 3: Streptozotocin induced-type 2 diabetic mice were injected with phlorizin
Group 4: Normal mice as controls

After the four-week experiment, physiological indicators of blood, urine and renal
SGLT?2 expression of the mice were measured.

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

A. The blood pressure of Group 3 mice was lower than that of Group 2 mice.

B. The SGLT2 gene expression levels in the kidneys of Group 2 mice were lower
than those of Group 4 mice.

C. The volume of urine of Group 1 mice was higher than that of Group 4 mice.

D. The quantity of SGLT2 molecules in the kidney medulla is higher than that in the
kidney cortex.
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Q.24

Polycystic ovarian syndrome (PCOS) is a common disorder of women characterized by
increased levels of testosterone and by chronic failure in ovulation. The ovary can be
stimulated to produce more testosterone when insulin levels in the blood are high.

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

PCOS patients are more likely to have acne than healthy people.
PCOS patients have progesterone level higher than healthy people.
Obese women have a higher risk of PCOS than normal-weight women.

Follicle-stimulating hormone (FSH) and Luteinizing hormone (LH) can be used to
increase the probability of PCOS women to conceive.

SOoOwp
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Q.25

In the gills of freshwater teleost fishes, the blood plasma is separated from the
freshwater by a thin epithelium so that the blood plasma tends to lose ions such as
Na* and CI to the ambient water across the gill epithelium and H,O tends to enter
the plasma from the ambient water across the gill epithelium. There are transport
mechanisms by which inorganic ions and water cross the gill epithelium and they help
to maintain the difference in the ion composition between the plasma and the ambient
water. Figure Q.25 shows the transportation of four ions across the gill epithelium.

Ambient water

H* HCO3'

epithelium

\Z \

Na*

Gill ,s

Blood

Figure Q.25.

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

A. Inhibition of the CI" pump leads to an increase in blood pH.

B. An increase in CO; produced by catabolism leads to an increase in Na*t and CI
transports across the epithelium cell.

C. A substance blocking the electron transport chain causes a decrease of Na™
influx, but does not affect HCO3™ outflux at the gill epitellium.

D. During alkalosis, the epithelial cell increases the synthesis of a key CI/HCO35"
countertransport protein.
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Q.26

Two groups of students separately performed an experiment on kidney function.
Thirty minutes before the experiment, each student in one group was instructed to
drink 500 mL of water, while each student in the other group was instructed to drink
100 mL of water. At t = 0 minute, each student in both groups was instructed to drink
750 mL of water. Each student was then asked to urinate as he or she would normally
do without attempting to manipulate the speed or flow in any way at the different time
points shown in Figure Q.26. An electronic uroflowmeter was used to measure the
urine flow rate. The CI" concentration in each urine sample was measured. Figure
Q.26 shows the data of the experiment.
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Figure Q.26.

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

A. The absolute reabsorption of water by nephrons of the students in Group Il at t =
60 min was lower than that of the students in Group I.

B. The plasma aldosterone concentration of the students in Group I was the highest
at t = 60 min.

C. The students in Group I drank 500 mL of water 30 minutes before the
experiment.

D. The students in Group II produced about 140 mL of urine during the period
between t = 40 min and t = 60 min.
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Q.27

Figure Q.27 shows the changes in metabolic rates of adult individuals of five animal
species in response to temperature changes of the external environment (EM). The
individual body weights of the five species were similar (about 30 grams). The data
were measured from the animals when they were staying at rest.
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Fig. Q.27

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

A.
B.
C.
D.

Species IV was an ectothermic animal.

Species II had the highest thermo-insulating ability among the five species.
Species III possessed the highest basal metabolic rate among the five species.
Increase in body temperature in species V was mainly dependent on metabolism.
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Q.28

BDNF, a brain protein, is crucial for neuron activities. BDNF is activated during the
activation of neurons of the limbic system. An important function of BDNF in
mammals is shown in Figure Q.28. The signal via the catecholamine receptor (B-AR)
has a specific positive effect on the browning process and thermogenesis.

BDNF 1 T = increase
i Nervous system
Catecholamine
\O \
O o O OO O
Browning
process
White adipocytes Brown adipocytes
Fig. Q.28

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

A. Regularly learning and memorizing activities help to increase the number of
brown fat cells.

B. Inhibition of BDNF expression reduces the size of white adipose tissue.
Psychological anxiety increases the manifestation of the p-AR.
D. B-AR gene-deleted mice will show higher sensitivity to cold

A
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Q.29

The skeletal muscle fibers are divided into three types depending on the speed and
energy sources of muscle contraction:

Type I: Slow twitch, oxidative muscle fibers.

Type Ila: Fast twitch, oxidative muscle fibers.

Type IIb: Fast twitch, glycolytic muscle fibers.

Figure Q.29 shows the correlation of mRNA expression levels of the genes Myh?7,
MyhZ2, and Myhl specific for muscle fiber types I, IIa, and IIb, respectively, in human
skeletal muscles of legs: quadriceps, gastrocnemius, and soleus muscles.
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Figure Q.29.

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

A. The soleus muscles of the sprinter athletes are prone to be more developed than
those in the marathon athletes.

B. The ratio of mitochondria number per muscle mass in the quadriceps muscle is
less than that in the gastrocnemius muscle.

C. The soleus muscle contains less sarcoplasmic reticulum than the gastrocnemius
muscle does.

D. Regularly doing the endurance exercise for a long period of time can increase the
number of glycolytic muscle fibers in the gastrocnemius muscles.
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Q.30

Figure Q.30A shows an insulin secretion and the mechanism by which insulin
stimulates glucose absorption into cell. The mechanism includes four steps depicted
by the four circled digits 1 to 4.

Four patients (E, F, G and H) had a defect each in a single step of the above
mechanism. Patients E, F, G and H had defect in steps 1, 2, 3 and 4, respectively.
These patients were given two tests:

- Test 1: Muscle cells from each patient were isolated and the percentage of insulin
binding cells at different concentrations of insulin was determined (Figure Q.30B).
- Test 2: Each patient was injected with same insulin quantity related to their body
mass and their plasma glucose concentrations were then measured at various times
after injection (Figure Q.30C).
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Figure Q.30

Indicate in the Answer sheet if each of the following statements is True or False.
A. The result of Test 1 of Patient G could be shown in Line 1.

B. Lines 2 and 3 show the results of Tests 1 and 2, respectively, of Patient F.
C. Line 3 shows the tested result of Patient E.

D. Lines 1 and 4 show the results of Tests 1 and 2, respectively, of Patient H.
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ETHOLOGY

Q.31

The territorial behavior of the red-whiskered bulbul (Pycnonotus jocosus) was studied
during pre-nesting and nesting periods. Songs of decoys were played from ten
different locations around a farmhouse, where the test birds lived, and the time taken
to start displaying territorial behavior by the resident male measured at the different
locations (Table Q.31). The resident bird defended the territory with aggressive calls,
threat display and tried to attack the decoy.

Table Q.31
Station C I K G H B F J D E
Distance (m) 20 50 110 30 50 19 46 72 29 38
Direction N N N S S E E E \%% \%"%
Pre-nesting
Territory defense + + - + - + + - + -
Response time 1 3 >10 5 >10 1 3 >10 4 >10
Nesting
Territory defense + + - + - + + - + -
Response time 02 1 >10 0.7 >10 03 25 >10 1 >10

Table Q.31.Mean response time = time taken to start displaying territorial behavior (minute). (+) signifies territory defense
whereas (-) stands for “no territory defense”. N= north, S= south, E= east and W = west.

Based on this information, indicate in the answer sheet if each of the following
statements about the behavior of the birds is true or false.

A. The territory size during the pre-nesting period was smaller than that during the
nesting period.

B. The quadrangle made by stations G, D, I and F marks the territory size of the
bird.

C. The male responded more rapidly to the decoy within its territory during the
nesting period.

D. The intensity of territorial behavior displayed is a dependent on seasonal
fluctuation of hormones.

35/56



Q.32

Female vampire bats live in colonies made up of unrelated females and their
offsprings, and they feed exclusively on blood of herbivores. The fully-fed bats often
share some of the blood that they collected with bats that are starving, and are more
likely to receive blood from these individuals when they themselves starve.

Indicate in the answer sheet if each of the following statements about this behavior of
bats is mostly true or false.

A.

B.
C.

Kin selection plays an important role in evolution of the sharing behavior in
vampire bats.

Vampire bats are likely to live in colonies only for short periods of time.

The bats showing this behavior have higher indirect fitness than if they would not
do so.

Vampire bats are able to recognize and remember other individual bats.
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GENETICS AND EVOLUTION

Q.33

Mr. Long had ten strains of Escherichia coli with different mutations in their /ac
operon. Analyzing their DNA, he found that each strain is one of five mutation types:
lacZ, lacY, lacl’ lacl® (the repressor LacI® can bind to the operator but cannot bind to
the inducer), or /acO° (the mutated operator /acO¢ cannot be bound by the

repressor). Mr. Long also knew that strain number 6 is a /lacZ” mutant. Operon /ac is
shown below.

lac operon

DNA BT lacZ I lacY

l RNA polymerase

mRNA / 5 —_|/

Protein % w B-galactosidase Permease Transacetylase

Allolactose Inactive repressor
(inducer)

Mr. Long isolated DNA containing the /ac operon from each strain (donor) and
transformed it into other strains, thus making the strain merodiploid (recipient).
Thereafter recipient strains were cultured on minimal medium that contained lactose
as the only carbon source. Growth of the strains was recorded in the table below (+
means that the strain is growing, - means that the strain is not growing).
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Indicate in the answer sheet if each of the following statements is true or false.

Strain number 7 is a /lac Z° mutant.
Strain number 3 is a /ac Y mutant.
Strains number 2 and 4 are of the same mutation type.

If strain number 5 receives DNA from itself, the transformed bacteria cannot
grow.

SOoOwPp
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Q.34

Mr. Long analyzed DNA samples from three families using six loci of short tandem
repeat (STR) on six different autosomal chromosomes. Each STR locus usually has
many different alleles that are labeled by numbers, e.g. 3 and 5 for locus 1 of Huong
sample, in the table. In the first family, the father is Hung, the mother is Huong and
their son is Dung. In the second family, the father is Nhan and his two sons are Tin
and Nghia. In the third family the father is Phu, and his son is Quy. Mr. Long also
included a DNA sample from Dat who is unrelated to any of the three families.
Samples were randomly encoded with numbers but the key was lost except for

Huong’s sample.

STR loci
Locus 1| Locus 2| Locus 3| Locus 4| Locus 5| Locus 6

Huong| 3/5 2/2 5/6 3/3 1/2 2/6

669 3/5 2/7 4/9 5/8 3/7 4/5

297 1/5 3/3 3/3 6/9 2/7 4/8

% 653 1/5 2/2 6/6 3/7 2/9 4/5
% 735 5/7 2/4 5/5 3/4 2/2 1/2
%: 130 5/7 7/7 5/9 3/8 2/7 4/5
860 1/6 2/3 3/5 6/7 1/7 2/8

938 3/7 4/5 5/6 4/4 2/3 1/2

264 3/7 717 1/4 5/9 7/9 3/4

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

A. Sample 735 is Dat’s DNA.
B. Sample 669 is Nhan’s DNA.

C. Sample 938 is Hung’s DNA.

D. Sample 297 can be Phu’s DNA.
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Q.35

Centromere position can be mapped using linear tetrads in some fungi. If there is no
cross-over between gene E and the centromere, four spores are arranged in sequence
of eeEE or EEee (Fig.Q.35A). If there is a cross-over between gene E and the
centromere, four spores are arranged in sequence of eEeE or EeEe (Fig.Q.35B). There
are many types of crossovers involving 2, 3 and 4 strands of chromatids as illustrated
in Fig.Q.35C.

Meiosis | Meiosis Il (o]
A 2-strand double crossover
3-strand double crossover
B
4-strand double crossover
[ NV Vi
e g oo K
i

Figure Q.35

Strain ab was crossed to strain a+ b+ and 100 linear tetrads were isolated. Those
tetrads were divided into six classes as shown in the following table:

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
ab ab ab ab ab” ab
a'b ab” ab a'’b’ a'b a’b’
ab" a'b a’b’ ab ab" ab”
a'’b’ a'’b’ a'’b’ a'’b’ a'b a'b
15 29 47 2 2 5

Indicate in the answer sheet if each of the following statements is true or false.
A. Locus a and b are located on the same arm of chromosome.
B. Class 4 involves a 4-strand double crossover.

C. Class 6 involves a 3-strand double crossover, with one between gene a and the
centromere and between the centromere and gene b.

D. Class 5 involves a 2-strand double crossover.
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Q.36

Heritability in broad sense (H?) is the ratio of total genetic variance (Vg) to total
phenotypic variance (Vp): H? = Vg4/Vp. The phenotypic variance is often divided into
three components: the genetic variance (Vy), environmental variance (Ve) and the
interaction variance (V;), V, = Vg + Ve + V;. The genetic variance is divided into three
components: the additive genetic variance (V,, cumulative effects of individual loci),
the dominant genetic variance (Vy), and the genetic interaction variance (Vgi), Vg =
Va + Vg + Vgi. Heritability in narrow sense (h?) = V,/V,,

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

A. Alow H? value of a trait always indicates that the trait is determined mainly by
the environment.

B. Genetic variance depends on the environment to which the population is exposed.

C. The artificial selection for a trait with higher h? is more successful than that for a
trait with lower h2.

D. Two pure strains of bean that produce seeds with different weights were crossed.
The variances of seeds (Vy) from F; and F; plants are 2.0 and 4.1, respectively. If
we ignore interaction effects, H? of seeds is 0.51.
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Q.37

F.D. Enfield selected for increased body size in the flour beetle Tribolium castaneum.
He started with a population of beetles that had a mean weight of 2.4 g and variance
of 4.0 g2. For each generation, the selection differential (the difference between the
mean of a generation subset selected for further breeding and the overall mean of
that generation) was 0.022g. The initial value of h? (heritability in narrow sense- h? is
the ratio of the additive variance to the total phenotypic variance) for body size in the
original population was 0.3. For the first 50 generations, the mean weight of the
selected population increased steadily. After 125 generations of selection, the mean
weight had increased to 5.8g, more than twice the original mean, and additional
selection did not result in a further increase in size. The lightest individuals in the
selected population were heavier than the heaviest individuals in the original
population. Enfield determined h? for the selected population after 125 generations
and discovered that it was only slightly less than for the original population.

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

A. The failure of the population to respond to further selection was because the
population genetic variation is exhausted.

B. The reason why the mean of the population could be shifted to a value outside
the original range of the population is that the selection for the increased the
body size is a selection favoring heterozygotes.

C. After 125 generations of selection, additional selection can result in a further
increase in size if we increase the selection differential (higher than 0.022g).

D. If selection was stopped after 125 generations of selection then the body size
would decrease.
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Q.38

A mutated male mouse that is phenotypically normal shows reproductive anomalies
when compared with a normal male in terms of mean number of embryos as shown in
Table Q.38. The anomaly manifests itself after fertilization.

Mean number of embryos

. Implanted in Degeneration after Degeneration
Mating uterine wall implantation Normal (%)
mutated & X g 5.0 3.7 |[575
normal @
normal & X g 5 0.6 89  [6.5
normal @

Study carefully data given in the table and indicate in the answer sheet if each of the
following statements is true or false.

The mutated male mouse can have a chromosome deletion.
The mutated male mouse can be a chromosomal translocation heterozygote.
The mutated male mouse can be a chromosomal inversion heterozygote.

. The genetic defect in mutated male could be verified by cytological observation of
meiotic cells in the mouse.

Sowp
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Q.39

Speciation rates are variable in different lineages of organisms. Some lineages have
many species; others have only a few.

Indicate in the answer sheet if each of the following statements about the factors
influencing speciation rates is true or false.

A. The larger the number of species in some lineages, the larger number of
opportunities for new species to form.

B. Animal-pollinated plant families have, on average, more species than closely
related families pollinated by wind.

C. Animals with complex mating behavior are likely to form new species at a low
rate.

D. Oscillations of climates may increase the speciation rate.
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Q.40

About 50 years ago, Charles Yanofsky studied the sequence of the tryptophan
synthetase of E. coli. The wild type protein (7) has a glycine in position 38. Yanofsky
isolated two inactive trp mutants: 2 and 3. Mutant 2 had Arg instead of Gly at position
38, and mutant 3 had Glu at position 38. Mutants 2 and 3 were plated on minimal
medium (without tryptophan). Colonies appearing correspond to spontaneous
mutations that restored tryptophan synthetase function. The amino acid at position 38
was identified as described in figure A. Assume that each amino acid replacement
results from a single base-pair change.

A B Second base
U C A G
uuu ucu UAU UGU U
Tyr Cys
, [buc Phe 1 uce cor |UAC T luee e
Gl DA luch UAA Stop |UGA Stop |A
, y uuG &Y uce UAG Stop |UGG Trp |G
Wild type [1]
/ \ cuu ccu U L |cou U
we | fcc e G g |C
Arg Glu ol e 0 fan Tl a9
Mutants [ 2] [ 3] e CCG CAG (GG « 8
a— ©
NN N B olaw s A, A, (U S
lle Thr Ser Gly Gly Ala val Y, |AUC lle fACC AAC AGC ¢~
Al aua aca ™ | AAa AGA A
Revertants [ 4 [ 5 [ 6 | 7] [ 8 9 [10] AUG Met | ACG me Y |ace A 6
GUU GCU GAU o [GGU U
Guc GCC GAC GGC C
al
Cloua Y [Gea ™ [can o |ca Y |a
GUG GCG (YA (dd G

Indicate in the answer sheet if each of following statements about codon 38 of
tryptophan synthetase is true or false.

A. Mutant 2 results from a base substitution at the first position of the codon.
Strains 7 and 8 likely have the same sequence as the wild type strain.

. The codon in strain 710is 5’GUA3’

. The codon in strain 6is 5’AGC3’.

g 0w
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Q.41

Frequencies of the human ABO blood group alleles in a population are p(#) = 40%,
p(%)=40% and p()=20%.

Assuming that the population is in Hardy-Weinberg equilibrium, indicate in the
answer sheet if each of the following statements is true or false.

A. In this population, the number of persons with the blood groups A and B should
be equal.

B. In this population, the number of persons with the blood groups A and AB should
be equal.

C. In this population the frequency of persons with anti-B antibodies is 64%.

D. Locus ABO is localized on an autosomal chromosome because the blood group
frequencies are the same for men and women.
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Q.42

Frequency-dependent selection is an evolutionary process where the fitness of a
phenotype depends on its frequency relative to other phenotypes in a given
population. In positive frequency-dependent selection, the fitness of a phenotype
increases as it becomes more common. And in negative frequency-dependent
selection, the fitness of a phenotype decreases as it becomes more common.

Indicate in the answer sheet if each of following statements is true or false.
A. Plant self-incompatibility alleles are an example of negative frequency-dependent
selection.

B. Spreading of a newly emerged virus in a human population is controlled by
negative frequency-dependent selection.

C. Prevalence of Papilio memnon whose females resemble distasteful Papilio coon is
an example of positive frequency-dependent selection.

D. Spread of genes responsible for warning coloration in toxic organisms in
population is controlled by positive frequency-dependent selection.
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ECOLOGY

Q.43

A population of dragonfly larvae (Leucorrhinia intacta) is separated into two groups.
In both groups, larvae populations are put inside a cage with no food limitation. The
first group is exposed to a fish predator that can swim freely, but cannot enter the
cage. The second group is a control with no fish. The proportion of larvae surviving
and the proportion of live larvae failing to metamorphose in the two groups are shown
below:
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Figure Q.43

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

A. One of the causes of high failure rate of metamorphosis of the larvae upon
exposure to a non-lethal predator is cannibalism.

B. The high mortality of larvae in the first group is due to predator-induced stress.

C. In the predator treatment, the percentage of individuals that survived the larval
stage completed emergence to the adult stage is lower than the percentage of
those in the fishless treatment.

D. The survival of dragonfly before metamorphosis is dependent on the predator
while those during metamorphosis is not.
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Q.44

Laboratory experiments were conducted to examine the effects of temperature on
interspecific competition between two stream salmonid fishes, Salvelinus

malma and S. leucomaenis, with largely allopatric altitudinal distribution. Three
combinations of species population, including allopatric populations of S.

malma and S. leucomaenis, and sympatric populations of both species, were treated
with low temperature (6°C) and high temperature (12°C), in which thriving allopatric
populations of S. malma (6°C) and S. leucomaenis (12°C) are commonly found.
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Figure Q.44

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

A. Competition of these two species is likely to have been affected by temperature
and altitude

B. S. malma may be distributed at higher altitudinal ranges than is S. leucomaenis

C. S. leucomaenisis likely to be more low-temperature stress-resistant than S.
malma

D. S. malma has a narrower fundamental niche than does S. leucomaenis
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Q.45

Male guppies (Poecilia reticulata) show a complex color pattern polymorphism that
varies with predation pressure, reflecting a balance between selection for crypsis by
predators and selection for conspicuousness by sexual selection. Three experimental
ponds were used to study this phenomenon, mimicking the real condition on the
native habitat of the guppies and its predators, Rivulus hartii and Crenicichla alta.
One pond has the control group while the other two ponds were added with one of the
two predators. In the field, C. alta was observed to be more dangerous than R. hartii

Spots per fish
S

0 10 S I2|0 Months

|'= 's |' |'| Census
Figure Q.45. Changes in the number of spots per fish during the course of the experiment. Line ‘K’ stands for pond
without predator, ‘R’ for pond with R. hartii, and ‘C’ for pond with C. alta. In the X-axis, ‘F’ stands for the time when the

foundation population was started, ‘S’ stands for the time when the predators were added, then ‘I’ and ‘II' stands for the
numbering of the following censuses.

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

A. The color pattern is responsible for the reduced fitness of P. reticulata.

B. Sexual selection for color pattern of the P. reticulata cannot be inferred from the
data.

C. The color pattern of the P. reticulata may be advantagous in escaping R. hartii.
D. The two predators possibly use two different mechanisms to detect P. reticulata.
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Q.46

The dioecious perennial Poa grass coexists with Stipa grass in the steppes. The
former is highly preferred by domestic and wild herbivores, while the latter is
relatively unpalatable. Scientists grew Poa plants in different distances to Stipa
plants, with or without root barrier, in different grazing levels, and then recorded the
growth of Poa plants.
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Figure Q.46-1. Effects of distance (close and far) and barrier (without barrier (-B) and with the barrier present (+B)) to root
competition manipulations on Poa female (top panels) and male plants (bottom panels) total biomass, at each grazing
intensity level.

In another experiment, they recorded the density of Poa male and female plants under
differenet grazing levels.
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Indicate in the Answer sheet if each of the following statements is True or False.

A. Distance to the less palatable Stipa neighbours affects the Poa biomass of
females and males at the ungrazed site.

B. Plants at the moderate grazing site, whether male or female, generally perform
better near Stipa tussocks than far from them, demonstrating a positive effect of
Stipa canopies on both genders.

C. There is a strong below-ground competition between Poa females and Stipa
neighbours at the ungrazed site.

D. Population sex ratio drift between female and male bias is influenced by domestic
grazing intensity.
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Q.47

Goats are fed with alfalfa and corn stubble. At time 0, they were also fed with Mimosa
seeds. The presence of viable Mimosa seeds in goat faeces was recorded with a
germination experiment with egested and control seeds.
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Figure Q.47 A: Percent of Mimosa seeds found in goat faeces as a function of time after ingestion. Goat pellets were
collected every 8 hours over a period of 80 hours after ingestion. B: Probability of non germinating of egested (stippled
line) and control (solid line) Mimosa seeds.

Indicate in the Answer sheet if each of the following statements is True or False.
A. Mimosa seed can survive up to 3 days in the goat digestive system.

B. The passage through the goat digestive system decreases seed germination.
C. Number of seeds egested after ingestion is highest after 24 hours.

D. Goats could act as legitimate disperser of Mimosa seeds.
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BIOSYSTEMATICS

Q.48

Study the cladogram given below and indicate if each of the following statements is
true or false.

a b c d e

Indicate in the Answer sheet if each of the following statements is True or False.
A. The clade containing (d) and (e) is a sister group to the taxon consisting of (a), (b)
and (c).
B. The last common ancestor of (b) and (c) descended from the last common
ancestor of (c) and (d).

C. Taxon (b) is more closely related to taxon (a) than to taxon (e).
D. The lineage leading to taxon (a) was the first to diverge from the other lineages.
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Q.49

Most taxonomists today believe that biological classification systems should reflect
the evolutionary relationships of organisms and taxonomic groups should be
monophyletic. However, the classification used today still contains many polyphyletic
and paraphyletic taxonomic groups.

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

A. Polyphyletic taxa can arise when taxa that are not directly related share similar
character states due to convergence

B. If a classification is based on phenotypic similarity, paraphyletic taxonomic
groups may result

C. Some taxa in a paraphyletic taxonomic group have phenotypically evolved at
different rates compared to closely related taxa that are not included in the

group.
D. All molecular data support gymnosperms as a monophyletic taxon.
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Q.50

Using sequence differences to establish phylogenies has some advantages and
possible dangers. An inappropriate choice of molecule could result in molecular trees
that greatly distort true phylogenetic relationships. Hence, care must be taken in
using this approach.

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

A. Polypeptide sequences of cytochrome c are very useful for establishing
evolutionary relationships between closely related species.

B. For phylogenetic analysis, comparing partial sequences from many different
genes is better than comparing full-length sequences of several genes.

C. Rates of nucleotide substitution per unit of time are faster in organisms with
short generation times than in organisms with long generation times.

D. The Neutral Theory requires that all polypeptide and DNA sequences evolve at
the same rate.

END OF THEORY PART A
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