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PO341T1

HEAHOEPTAJIEUDb
EX MACHINA

Oaniel nizHbol HOYl 1996 poKy MeHi NoA3BOHWIH. BaaBmu cry-
XAaBKY B HAITBCHI, 4 no4ys rosoc Marriaca Kpinrca — acnipanra
3 Mo€il 1abopaTopii B 30010rHHOMY THCTHTYTI MIOHXEHCBKOI'0
yHiBepcuTety. <Lle He yoanHa», — cKkasas Marriac.

«3apas oyay», — npobypMOoTiB A, 1oXanueM OAArHyBCA if 11oM-
4as y sabopaTopiio Ha IHNIMH KiHenb micra. Toro Bewopa MarTi-
ac 3anmyCTHUB Halll CCKBEHATOPH, 3roAyBaBIIH iM aMIutidikoBani
$parmenTn AHK, 106yTi 3 HEBOIMKOIO YIaMKa I/1€40BO1 KICTKH
HeAHJCPTVIbIA, AKa 30epiracTbCa B PATHCHBKOMY KPAaE3HABYOMY
my3el Micra BoHHa. POKM NepeBa¥KHO HEBTIIHMX pe3yibTaris
HABYWIM MEHe He pajiiTH 3asyacy. Jlyke HMOBIpHO, 110 31 3HaH-
AeHol 140 poKiB TOMY KICTKH HEaHAePTAIbLIA MH eKCTParyBaiv
Baxrepiaibay um moackKy JIHK, aka BcTHmia 3a ueit yac TyaM
norpanuT. Asie MaTTiacis rojoc y ¢iyxasiti 3pyqan 30y/uKeHO
1 pajicHo. Moxe, MaTTiac i cripasji 100yB HeaHACPTUILCHKHH
reHeTHYHHH MaTepian? AKoch He BipHioca.

Y naGoparopii, okpim Marriaca, 6ys me i Pansd Lming — mo-
JIOIMH apXeosior, AKHH JOMOMITr HaM i3 JI03BOJIOM Y3ATH HYaCTOUKY
[IEHOBOI KICTKH 3 My3eHHMX PelIToK Heanjaepraibi. Heramia-
YHCh OJL IACTA, XJIOII MOKA3UIH MEeHI JIAHILIOr HYKIeoTH B A, L1,
['i T, mo BUXOAMB 3 OAHOrO i3 cekBeHaTopis. HixTo 3 Hac Takoro
J10¢i He DaIMB.

Te, 110 HENOCBAYEHUM BHIAETLCA Xa0TUYHOIO MOCTIOBHICTIO
YOTHPBOX JITEP, — HACHPaB/l cXeMa XiMivHol crpykrypu AHK —
FeHETHYHOIO MaTepialy, AKMH 30epiracrbesa MaiKe B yCixX KIiTH-
HaX HAWoro opra”iamy. JIAHIIOKKH BiZIOMOI NOABIHHOI criipa
JAHK cknagaiorbes 3 pparMeHTiB, M0 MICTATL HYKJICOTHAM ajie-
HiH, IIHTO3MH, I'YaHIH | THMIH, — IX | NO3Ha4aTh JiTepamMu A, L,
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['i T. Came B MOWIAOBHOCTI IIMX HYKJICOTHJIB 1 3aKOIOBAHO BCIO
reHeTHYHY iH(opMaILio, noTpidHy 1A (GOPpMYBAHHA HAIIOTO Op-
ra’iaMy H mMATPUMKH ioro QpyHkuiin. CekBeHOBAaHUH (parMeHT
JHK 6yB yacruHolo MitoxouapiaibHoro resomy (MTAHK), axui
MEPEAAETHCA BCIM AITAM i3 MATEPHHCBKHUX AHLEKITHH. KUibKacoT
KO 1(bOro reHoMy 30epiraloThCss B MITOXOHAPIAX (KPHXITHHUX
KIITHHHMX eJIeMeHTAaX) i HecyTsb y cobl iHdopMaio, HeoOXijHy,
1100 1l caMi MiTOXOH/IPIl BUpoO/sUM eHeprilo. Y Beix Hac € MT/IHK
JIM11IE OZJHOTIO THITY, 1 BOHA CTAHOBUTHL AKMXOCH 0,0005 % JII0ACHKOro
reHoMy. OCKUIbKH B KOXKHIN KJIITHHI HAIIOIO OPraHi3My MiCTHTb-
ca H6araro Treay koniit MT/IHK, 11 H3BHYAIHO JIErKO BUBYATH —
Ha BiaMiny Bij perrry JIHK, mo 36epiraerbea B KITHHHHX A/ipax
JIMIIE Y IBOX MPMMIPHHMKAX: O/IMH MOXOAWTS Bijl 6aTbKa, IHIIMH —
Big Marepi. CranoM Ha 1996 piK NOWIAOBHOCTI HYKJICOTHAIB
y MT/IHK yyKe BUBYMIIM B THCAY JIIOJEH YCHOTo CBITY. 3a3BU4an
iX NMOPIBHIOIOTH 13 HANIIEPIUIOIO CEKBEHOBAHOIO JIOACHKOI0 MTHK
i CKIQZIAIOTH CITHCOK BIMIHHOCTEH Ha KOHKPeTHUX rosuuiax. Hac
BPaswio, 10 BiAMiHHOCTEH cekBeHoBaHO! MT/IHK 3 Heanaeprans-
CbKOI KICTKM He 6y710 Hi B KOT'0 31 3ra/laHuX THCAY Jiiofieit. /l He mir
MOBIPHTH CBOIM O4aM.

Mg HeHMOBIPHOIO YH HEOUYIKYBAHOIO Pe3yibTaTy MeHe,
AK 3aBXM, MOYATH IPU3TH CYMHIBH. fl IIyKas, Jie MOKe KPUTH-
¢ Kapepsa. Moke, XTOCh KOJIMCh IMJIPUXTYBAB Ti KICTKH KJIEEM
13 KOPOB'AY0I WKIPH, 1 MM IOHHO 3HAUILIK KOpoB auy MTHK?
Azne MH HeraiHo nepepipwin Kopos'auy MTJHK (aky Bxke qotu
CeKBEHYBUIM iHII) 1 noGaumim, o BOHa 30BCiM iHakma. Heba-
YeHa NMOCJIIJIOBHICTh HYKJICOTH/IIB TOYMHO HArajyBala JIOAChKY
MTJHK, osHak yce-taku TPoxu BiZipisHaAnaca. | 1 cnpasi noei-
pHB, O MK Briepuie Aoy H ceksenyBsauM ¢pparment JAHK Bu-
MEpJIOro JIOACHKOro pojnya.

Ha pagomax M1 BIAKOPKYBAIH IUIAIIKY IIAMITAHCHKOIO 3 X0~
JIOAWIBLHUKA J1aGopaTopHOI JiwibHi. KoXKeH po3yMiB: AKINO 1e
cnpasi Heanzepraibebka JIHK, nepes HaMH BiIKPHBAIOTHCA KO-
JIOCATBbHI MOAIHBOCTI. MoKe, KOJIMCh 3HAHAETHCA crocib nopis-
HATH BeCh FeHeTHYHH I HAOIp (uM Oy/ib-AKHI i3 KOHKPETHHX I'eHIB)
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HeAH/IePTAILIY 3 BINOBIIHUMH NeHAMH HAlHX CYYacHUKIB. Bep-
TAIOYUCHh JOAOMY IMIIIKH KPi3b TeMHY M THXY MIOHXCHCBKY HIY
(Ju1a KepMyBaHHSA B MeHI1 Oy/10 3a6araTo mMaMIaHCLKOro), s HifAK
HEe MIr YKJIACTH cobi B rojIoBy BChOIO, 110 CTAIOCH, A ITOTIM JIOBIO
KPYTHBCA B JIDKKY, 00 iyMaB Npo HEaHACPTVILLIB — 30KpeMa 1npo
Toro, umio MTIHK My, 3s1a€Tnca, 3HaiuuUIm.

1856 pokKy, 3a TpH poKH 10 Buxoay Jlapsinosoro «[loxoxen-
HA BUAIB», PO3UHIAIOMH HeBEJIMKY Mevepy B OJHOMY 3 Kap'epis
AonuHu Heanaepraisb, po3TamoBaHol KUioMeTpis 3a 10 Ha oxijg
Bijt [lioccenpropda, pobiTHHKM BHUABWIM (DparMeHT vepena u Kic-
TKH, AKI BBOKUIM BEJAMEKHUMH. AJle BiKe yepes KUIbKa POKIB 10~
CIJIHUKY 3a8BWIH, 110 3HAH/EH] PeIITKH HAJIeKaTh NpejcTas-
HHUKOBI BUMEPJIOTO JIIOANHONOAIOHOTO BHAY — MOAIIHBO, OTHOMY
3 HALIMX eBOJIOLIMHUX poanYiB. SIK caMa 3HaxiKa, Tak i nep-
i 11 ONMMCH CHPHYMHMIM NEePeBOPOT Y TOAIIIHIX NPHPOAHUYHX
HayKax. MHHUIM POKHM, 1 JOCTIPKEHHA HeAHAEPTVILCHKHUX KICTOK
(1 THX HalmepmKX, i 3HANACHUX MisHime) Habupanu odepris. Yue-
Hi IIYKUTH BIMOBYLI HA 3anMTaHHA, AKUMH Oy/IH HeaHJepTaib-
i, AK BOHH KWIH, YOMY 3HUKIH Maibpke 30 THCAY POKIB TOMY,
AK HAL CYMaCHII NMPeAKH B3aEMOALUIM 3 HUMH BIIPOJIOBK TH-
CAYOJITL CIIBICHYBAHHA HA EBPONEHCHKUX TEPEHaX i XTO BOHH
B3arayi Taki — JApy3i YH BOPOrH, Hai NpadaTbKH YK MPOCTO JIaB-
HO BTpaveHi KyseHH (dus. 306p. 1.1). [IpyHaAHI 0O3HAKK 3HAHOMOI
HaM MOBEAIHKH (AOMIA] 3a NOPAHEHMMH, MOXOBAILHI 00pAan
M, MOXKe, HaBITh MY3MKYBAaHHA), BUABJIECH]I Ha MICLAX apxeo-
JIOTIMHUX PO3KONOK, CBIAYATH, IO B HEAHACPTUILIIB i3 HAMH
Oy/10 3HAYHO OUIbIIE CIUILHOIO, HIXK Y OY/Ib-AKHX HUHI JKUBHX
JIOANHONOAIOHMX MaBn. CKUIbKKM caMe? 3anuTaHHA, Y4 MOIJIH
BOHM I'OBOPHMTH, YH OYIIM TYITHKOBOIO TUIKOIKO €BOJIIONII T'OMiHI-
JUB 1 Y JIMIIWINCH ¥ HAC AKICH IXHI I'eHH, CTAIH HAPUKHUMH
KaMEeHAMM NUICOaHTPONOIOrii — akajeMivHol JAMCUMIUIIHH,
110 HAPOAWIACA CaMe 31 3HAMACHHX Y oI HeanaepTans Kic-
TOK, 3 AKMX HAM HHUHI, 3JA€TbCA, BAUIOCA A00YTH reHeTHYHY
iHdopmaio.
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Yci 1 3anuTanHA, 3BICHO, IIKaBl, Ta MeHI 3/lasaiocd, mo ¢gpar-
MEHT KICTKM Heanjepraibld obiuge HaM ime OGUILuy BHHAro-
poay. Heangeprayibii — HaUOGMMKYI BUMEPJIi POANY] CYHaCHHUX
Jojaen. Ak6u nam paatoca gocaiantr ixuio JIHK, mu 6 Touno
MOMITHIIM, 110 BOHA BKpa# nojaidbHa jo Hamoi. KiibKa pokis
TOMY MOA JOCIHHUIIBKA IPYITa CEKBEHYBUIA BEJIMKY KUIBKICTD
¢pparmenTis JIHK 3 renoMy mmMnanse i BUABWIA, 10 MaBIIAY1
HYKJICOTHM Maike Ha 99 % 36iralorhed 3 moACbKUMH. [To3a cym-
HIBOM, HEAHJIEPTVIbIL MAIOTH OYTH /IO HAC 3HAYHO GAMKIHMH.
AJte came cepejt HedaraTboxX BIAMIHHOCTEH, 1O PI3HATL HeaHaep-
TUILCHKHI FeHOM BiJl HAILIOIO, 3HAHYTLCA W Ti, AKI BHOKPEMHIN
HAC 13-NOMDK yCiX 1HIIMX JIOACHKHX NMOMNEpPeHHKIB, BIIPI3HUB-
M HEe JIMIIE BiJi HeaHACPTWILLUIB, a i BiZf TYPKaHCBLKOIO XJI01-
YUKA (AKHI KHUB npuGIN3Ho 1,6 MUIbHOHA POKiB TOMY), Bij JItoci
(AKa )xKuIa gech 3,2 MUIBHOHA POKIB TOMY) UM BiJi CHHAHTpOMNA
(AKHIT JKUB IMOHAJL IMiB MUIBHOHA POKIB TOMY) — 1 BU1 IbOI'O A OyB
y 3axBaTi. bo came BOHM 3akianu 6i0JIOrIMHI MIJABAUITHHM paju-
KaTbHO HOBOIO HANIPAMY PO3BHTKY CY4aCHOI JIIOAMHM, YMOXIH-
BHBIIM CTPIMKHH PO3BUTOK TEXHOJIOTTH, HAPOKEeHHA MUCTElL
TBA y TiH HOro (Gopmi, AKY MM HHHI 6€3MOMHWIBHO BH3HAEMO MHC-
TEITBOM, i, MOKe, HaBiTh TBOPEHHA MOBH Ta KYJIETYPH, 1110 AOHKH-
J1a 10 HAamMX AHIB. BuBuenHa Heanaepraibeskol JIHK npoxano
0 HaM nwAx A0 misHaHHA. ONOBUTHH MPIAMH (UM NaOCHUMH
UNO31AMM), A BPEITi 33ipiMas y NMepuiux NpoMeHAX COHLA.

Y naboparopiio Mu 3 MarTiacoM npuixanu misuo. lle pa3s ne-
PeBipHBIIYM BHOpamHI cekpeHoBaHy JHK, mod ynesuurucs,
110 Hijle He MOMWIWIHCA, MM IMOYAIH CKIAAATH IVIAaHW Ha ManodyT-
HE. AJpKe CeKBeHYBAaTH KPHMXITHHH, Xai HaBiTh LiKaBe3Hui par-
MeHT MT/IHK 3 TKaHMHM HeaHAepTaIbLg — [1e O/IHE, a NepeKoHa-
TH CaMHX cebe (He KaKy4H BXKe PO pemTy CBiTy) B TOMY, 110 1e
MTJHK icrory, AKa )Kwia (y HamoMy BHITIKY) Maitke 40 THCAY
POKIB TOMY, — 30BCIM iHIue, JBaHAAUATHPIMHHAN A0CBIL poOOTH
MIIKA3aB MEHI Halll HACTYIHUI Kpok. [To-nepire, HaM BapTo 1os-
TOPHUTH EKCIEPUMEHT (i TO He JIMIIe OCTAaHHIN eTall, a BCi Horo
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CTaIil BiJL CAMOTO NMOYATKY, 3 HOBUM (PparMeHTOM KiCTKH, 1o6m
MPOAEMOHCTPYBATH, IO MOWIIIOBHICTD HYKJICOTH/IB, OTPUMAHA
1epuioro pasy, He OGysna CIOprnpH3oM 3i CIOTBOPEHOI Ta MOAHMI-
KoBaHol cyqacHol MT/IHK, AKa BUNaKOBO ONMMHMIACKH ¥ KICTL
Heangepranbua). lMopyre, Ham Tpeba BHAOBKHTH CEKBEHOBA-
Hui pparmenT MT/IHK 3aBaKku HOBUM (pparMeHTaMm, AKi 3 HUM
nepekpuBanThca. TaK MM 3MOKEMO PEKOHCTPYIOBATH JIOBINY
NOCIIZOBHICTE HYKJICOTHIB 1 BXKe 3 11 IONOMOroI0 MIYKaTH Bijl-
MOBi/Ib HA MUTAHHA, HACKUILKH HeanjaepTaibcbka MTAHK Bij-
PI3HAIAcA B MOACHKOL. Hy 1 no-Tpere, AK A caM He pa3 MoBTo-
PIOBAB, I'Y4YHi 3asABH Npo cekpeHyBanuA JIHK 3 BUKONHMX KICTOK
noTpedyloTh MiLIHOI JIOKa30B01 6a3M, AKOI0 CTAHYTH AHUIOTIYHI
pe3ynsTaTH B IHIIIN JJaGopaTopil (He3BMYHHIT KPOK V1A 3a3BH-
4ai CIIOBHEHOI'0 KOHKYPEeHIiil HayKoBoro cBity). Hama sasasa npo
OTPUMAaHHA HeaHaepTaibebKol JIHK — GeacymuisHo ryuna. o6
BHIJTIOYHTH JUKEPEIa MOAUIMBHX MOMMIOK Y CBOIi JlabGopaTopii,
HaM Il MTOAUINTHCA JOPOrOIIHHMM KICTKOBHM MaTepiajiom
13 HYKO0I0, HE3WICKHOIO, 1 CIIOAIBATHUCA, 1110 TAMTEIIHIM YYeHUM
YAACTHCA AOCATTH AHAJOTTYHHUX pe3yabraTis. OGropopMBIIH L€
Bce 3 MarriacoMm i Panbdom, MM pO3IUIAaHYBUIM CBOIO pobBOTyY
Ta NPHCATHYJIM TPUMATH 11 B TAEMHMIL BIZ IHINHX AOCTIIHHIb-
KHX rpyn. HaM He XoTU10CA 3aiBOI yBary, JIOKH He 6yJ10 MeBHOCTI
B pe3y/bTari.

MarTiac oapa3sy B3ABCA 10 poboTH. BUTPATHBINN MalKe TPH
POKH Ha nepeBakHo 6e3rutigui cnpobu godyrn IHK ernnercbkux
MYMIii, BIH 3apa3 akK ¢AAB O nepcnexkTusu ycmixy. Paisda, ana-
EThCA, FHITWIA 1oTpeda Bepraruca B BOHH 1 CHIITH TaM, CKIaBIIH
PYKH, HEPBOBO YeKAaIOMH HAIIMX 3BICTOK. A A1 HAMaraeca 30cepe-
JIUTHUCA HA IHIIMX MTPOEKTAX, A1 He MII He JIyMaTH mpo Te, 1o po-
ouTs MarTiac.

..........................................................

3apaanua MaTriacoBi BUNIO He 3 JIEKUX. Y HAIIMX pyKax Ornu-
HWIACA 30BCIM He 1iia i HeropkaHa JHK, aky moxHa 106yt
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3i 3pas3ka Kposi ;xusoi yoauHu. JAHK, mo Micturses B aapax i mi-
TOXOHAPIAX HAIMX KIITHH, 30BCIM He HaraJlye Kpacusy NOABIHHY
CHIPIL i3 MIAPYYHUKIB, Jie nonapHo 3'eaHani Hyxieotwam A, T, I’
1 L1 (aieHiH — 13 THMIHOM, a I'YaHiH — 13 LMTO3HHOM) TPHMAIOTHCA
Ha cnapeHomy caxapuaHo-pocdarnomy kapkaci. Hacnipasai IHK
BAKKO HA3BATH CTATHYHOKIO XIMIYHOIO CTPYKTYPOIO, AJDKe BOHA
MOCTIHHO 3a3HAE XIMIMHMX PYHHYBAaHb, AKI HAIll OPIaHi3M BHAB-
JISIE TA YCYBAE 3a JIONOMOT0I0 CKIAIHUX BHYTPIIIHIX MEXaHI3MiB.
Jlo Toro x ii MoneKkynu aosxkesnesHi. Koxkna 3 23 nap XpoMocoM
y AAP1 YTBOPIOETHCH 3 OAHIET BesieTeHCbKol mostekymn JIHK. 3a-
rUIbHA JIOBKHHA Habopy 3 23 XpoMOCOM — npHOIM3HO 3,2 Mi-
JBAPJA HYKACOTHAHUX nap. OCKUILKM B APl MICTHTBCA ABI KOTIii
reHOMY (KOYKHA 3 HMX 30epiraerbca B Habopi 3 23 XpoMOCOM; OJIMH
TaKUi Hab1p MM YCIIQJIKOBYEMO BiJI MaTepi, Apyruit — Bij 6aTbKa),
CyMapHa IXHA JIOBKHHA CTAHOBUTHL MaiKe 6,4 MUILAPAAQ HYKJICO-
THAHKX nap. Mitoxonapiaibia JIHK Ha usomy il BHAAETHCA
KPHXITKOIO, QJKe CKIAMAETLCA JIHIe 3 16,5 THCAY HYKICOTHIHMX
nap, — aie OCKUIbKM B Hammx pykax Oyna Mt/IHK BukonHoro
BWILY, CCKBEHYBATH 11 BUABWIOCA HAI3BMYAIHO CKJIATHO.
Haityacritmit 361, 110 CMOHTAHHO BUHMKAE B AICPHUX 1 Mi-
ToxoHApivibHMX JIHK, — BTpaTa oHOro XiMmivHOro KOMIOHEHTa
(oAHIE]l aMiIHOrPYNIH) HYKZICOTHAY IHTO3HRY (L), AKa neperso-
p1o€ foro Ha ypaumi (¥Y) — HyKIeoTH/l, 10 He MOXKe BHHHKHY-
™ B JIHK npupoaaum nuraxom. Y KIITHHAX € crielfiaibHi cucre-
M# epMeHTIB, AKI Mo30yBalOTLCA YPALMIIY M 3aMIHIOIOTH HOTO
NPaBWJIBHUM UMTO3MHOM. HenorpibHui ypauwia nepexoauTb
y KaTeropiio KITHHHHUX BIAXOAIB. AHAII3 MOIIKO/UKEHUX HYKIe-
OTHAIB, BUABJICHUX Y HAIIII cevi, MoKasye, 1o Maike 10 Tucay
pasiB Ha JIeHb IMTO3MH Y KIITHHI NEePeTBOPIOETLCA HA YPaIlWI,
BHBOAMUTLCA M 3HOBY 3aMIHIOETLCA HA MPABWILHHH ILIMTO3HMH.
[ e simure oAMH 13 KUILKOX BapiaHTiB XIMIMHOI HapyrH, BiJl AKOl
CTPAaXJIAE Ha reHOM. CKaXKiMO, HacoM HYKJICOTHAM IryOIaThes,
1 Yepe3 BUHUKI Ha IXHbOMY MICIl IIPOTra/IMHM B JIAHILIOKKAX MO-
Jnexyn IHK BuHMKa0Th po3puBH. CrienivibHi (pepMeHTH Hama-
raloThCA 3aAMOBHHTH 111 IPOTAIMHM, MEpIl HiXK BUHUKHE PO3PUB.
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