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1. BOBE]I

TepMHHOT MyTalMU NOTEKHYBa O JATHHCKHOT 300p Mutare-MeHyBame, a Toa c€ BCYLIHOCT
HACIIEJHUTE TMPOMEHW BO CTpyTypara Ha reHckuorT marepujan. (1) Ilpomena Ha pemocienor Ha
nykneoruaute Bo JJHK xom ce TpajHO 3ampkyBaaT U ce mpeHecyBaaT BO HapenHaTa TeHepandja Ha
Kemnu ce BUKaaT MyTalud. MyTalli ce OJBHBAaT BO CHTE OPTaHW3MHU M KIIETKH, KaKO HOPMaJTHO
(hyHKIIMOHUpAkEe Ha OPTaHU3MOT U BO HHTEPAKIIMja Ha OPTaHU3MOT CO KHBOTHaTa cpeauHa. (2)

MyTarnuu npeTcTaByBaaT OCHOBEH M3BOp Ha T€HETCKaTa BapHjaOMIIHOCT Ha IIOITyJIallHjaTa.
be3 MyTanmu mporiecute Ha eBoiynuja He Ou Omie MokHU. [IpomecnTe Ha MyTalluu ce O/BUBaaT Ha
Pa3IMYHO HMBO HA OpraHM3allMja Ha HACJICAHUOT MaTepHjail Ha opranu3Mor. (2) Toa e clokeH mporiec
Y YECTO UMa IITETHO Hero KOPHUCHO JiejcTBo. Ce MUCIH Jieka MMaaT BakKHa YJIOTa BO TPE/IN3BUKYBAbE
Ha MHOTY Oosiectr. ["osieM Opoj Ha Jiyfe HOCAT CKPUEHH MYTAllUW O] PEICCHUBEH KapakTep, KoM Kora
Ke Cce HajaaT BO XOMO3WUTOTHa COCTOj0a MMaaT JIeTaJHO WM INTETHO MIEjCTBO. YUYECTBOTO Ha
MyTallijaTa BO MOCEOHM TEHH € pa3lMyHA ¥ Kaj MOCEOHH YOBEUKM IeHH H3HecyBa 10~°, T.e. eiHa
myTanmja Ha 100 000 nenbu Ha kieTkH. (1)

Bo nornen Ha yecrorata Ha MyTHpamke Ha TEHUTE BaXKaT JIBE MTPaBHIA!

1. T'enure cOHTaHO Ce MEHYBaaT BO aJelHu (GOopMH co Op3uHA KOHCTaHTHA 3a CEKOj JIOKYC U Taa
MOJKe JIa € pa3iIrdHa O] €/IeH TeH JI0 IPYT.

2. MyTamuuTe 4ecTo ce peBep3admiHa A->a 1 a->A, a CTETIEHOT Ha MPOMEHIMBOCT BO JIBaTa
TIPaBIIN HAjIECTO € pazimycH. (3)

MyTtanuuTe MOXaT J1a ce KIacH(pHUIpaaT CIopea Pa3iuyHu KPUTEPUYyMH, HO THE Haj9ecTO
Jie JleNaT crope ToJIEeMHHATa Ha TEHETCKHOT MaTepHjall Koj € BKJIYYeH BO MPOMEHAaTa U Toa Ha JBe
rOJIEMH TPYIIH:

B TeHCKM MyTanuu (WM ,,ToYKacTu"; ,,MHTPAreHCKH")- pa3Iu4YH{ IPOMEHH BO COCTaBOT Ha
HYKJICOTUAUTE HA MTOCTUHEYHH TeHU, U

B XPOMO30MCKHM MyTaluH (WM ,,eKCTpareHcku"; ,,MakpoMyTalu'" )- IpOMEHH KOU BKJIy4dyBaaT
TeHCKH COCTaB, CUTE XPOMO30MH HJIM MTaK XPOMO30OMCKH FapHUTYpH. (2)

[IpuunHUTENN 32 MyTalUK MOXeE Jla OUJaT, Ha MIPUMEp, TPEIIKA BO TEKOT Ha peIUIMKallijaTa
Ha JIHK, ¢um3uuku 3acToj BO XpOMO30OMOT HMIIM XeMHCKa MOAH(UKAIMja ToJeM Wi Man Opoj Ha
mykieotunu Bo JJHK xow mpeams3BukyBaar pa3inyHU MYTareHUd arcHCH, WIA Pa3HU HENPaBUITHOCTH
KOH Ce CITydyBaaT BO TEKOT Ha MPOIECOT Ha CO3JaBamke Ha raMeTH. (2)



2. TEHCKU MYTALIUU

lenckn MyTanmu monapa3Oupaar MpoOMEHa BO caMaTra CTPYKTypa Ha T'eHOT, Toa ce HajuecTo
MPOMEHH Ha MOJICKYJIapHa OCHOBa, OWJIO Ja ce paboTH 3a U3MEHa Ha PaclopeloT Ha HyKJICOTHIOT WITH TTaK
3a MHCepIHja Ha cute pparmMent Bo yanenot Ha JIHK wuinu Bo BHecyBame Ha HOBUM CeKBeHIH. [IpomeHuTe
HE MOXKaT Jia ce BOOYaT HH BO €Ha JI0 cera M03HaTa TeXHWKa, a OOWYHO Joara /10 MpoMeHa BO ()eHOTHUIIOT.

1)

Thr Pro Glu Glu beta® chain

...ACT CCT GAG G A G... beta® gene
Codon # 4 = [i] 7

...ACT CCT GTG GA G...betaS gene
Thr Pro val Glu beta chain

Bp3 ocHOBa Ha THTIOT HA IPOMEHATa KOja ja MPeIU3BUKYBa eCH ,,MyTarcHa ciiydka" IpelIkuTe
MOJKAT Ja ce KIacupuIMpaar Ha:
B CYICTHTYIMja-3aMeHa Ha eJleH HyKJIEOTH/I CO IPYT;
m jenenuja-ry0oeme Ha elieH Wik noseke Hykineotuaa on JJHK;
B UHCepIMja-10/aBamke Ha €ICH WK NoBeke HykieoTuaa Bo JJHK. (2)

3. CYIICTUTYLIMOHU MY TALIU

CynCTUTYIIMOHH MyTallMK MOXKaT JIa ce TI0/IeNaT Ha TPaH3UIMK 1 TpaHcBep3uu. A. TpaH3uuuu ce
CYICTUTYLIMja Ha e/IeH NPUMapeH HyKJIeOoTH co apyr npumaper Hykieotun (C->T wmu T->C), winn
€/IeH IyPUHCKH HYKJICOTH]] CO APYT mypuHcku HykieoTH (A->G mimu G->A). BakBara npomeHa, 1o
nerkanyjata Ha PHK, ke noBene 1o 3amena na Hykneotugauot nap G=C co mapot A=T, nnu
obpartHo. (2)

b. TpancBep3uu ce CYyNTUTYIIMU Ha €[CH MyPUHCKH HYKICOTHI co mupumuauacku (A->C, G->C, A-
>T wim G->T) win 06paTHO, THUPUMHUIUHCKH HYKIEOTH I co mypuHcku (C->A, T->A, C->G win T-
>G). Kako pe3ynraT Ha OBHE ITPOMEHH, 110 peruukanujaTa Ha JJHK mapor A=T e 3aMeHET CO mapoT
C=G, mapot T=A co mapotr A=T mwmu G=C, mapor G=C mwmu A=T, a mapot C=G co mapor A=T wiun
G=C. Bo monekymnara Ha JIHK moxar na HacTaHat 4yeTMpH BWJa Ha TPaH3MIUHK U OCYyM BHJa Ha
TpaHCBep3uu.(2)

4. CHHOHUMHHU 1 HECUHOHMMHU CYIICTUTYLIMU

3aMeHaTa Ha HYKJICOTHIOT KOja CE OJBHBA BO KOJUPAYKUTE PETHOHM HAa TEHHUTE MOXKaT Ja
NpeIU3BUKAAT pa3iuuyHu e(eKTH Ha MPOTCHHHUTE. 3a CYNCTUTYIMjaTa Ce BEJU JieKa € CHHOHMMHA HJIH
»,Tuxa" (enrn. silent) Oumejku He moara 0 MpOMEHa Ha AMHHOKHCEIMHUTE W HE MOXKArT ga Oujar
JICTeKTUpaHH 0€3 CeKBCHLMpame Ha T'eHOT. Bo cuTe ocTaHaTtu ciydad MpomeHara Ha HYKJICOTHIHUTE €
HECHHOHHUMHA. (2,3)

3

HecuHOHUMHY CYTICTHTYITHH, T.€. OHHME KOM TOBEAyBaaT J0 MPOMEHA Ha 3HAYCHHETO Ha KOJOHOT, MOXKAT Ja
ce TojiesiaT Ha aBe TpymnH. Toa ce CMHCIIeHN U OECMUCIICHN MY TaIliH



A. Cmuciaenn myTamun (SHIJ1. SENse mutations) ro MeHyBaaT AaJeHHOT KOJIOH BO KOJOH KOj OJpe/aIyBa
pa3nuyHa aMUHOKHCENTMHA Off OHHE Npea HEro LITO € M3BPIICHa 3aMeHa Ha HYKICOTHIOT, Ha
npumep: GTC (Banun) ->TTC (bennnananun). (2)

b. Becmuciienn myTtamuu (eHr. NONsense mutations) MeHyBaaT oOApeNeH KOJOH BO €ICH O]l CTOM
KOJIOHATA, KOE IIITO HAYECTO JOBEAYBa J0 MPEKHUH BO MPOIECOT HA TpaHchaluja, Ha npuMep: AAG
(musun) ->TAG (cronm komoH). OBMe MyTalud JIECHO C€ OTKpHMBaaT OHMIEjKH ce co3aaBaar
HEIOTIIONHY JIAHIIA KOW HeMaaT OMOJIOoNTKa aKTHBHOCT. (2,1)

AKO BO CEKOj YEKOp c€ OCTBapH caMoO ¢JIHa 3aMEHa Ha HYyKJICOTHIOT, TOTalll CEKOj OJ] CMUCIICHHUTE
KOJIOHH MOXKE Ja MyTHpa BO AeBeT Apyru komoHu. Ha mpumep, CCU (mponmH) MoXe Ja MyTHpPa BO TPH
cunornmun mytanuu (CCC, CCA u CCG) u Bo mect necunonnmun: UCU (Ser), ACU (Thr), GCU (Ala),
CUU (Leu), CAG (His), mmu CGU (Arg). bunejku yHHBEp3aIHHOT T€HETCKH KO ce cocton o 61 x 9 =
594 MOXHU HYKJICOTWIHHW 3aMeHH. [1oJ] mpeTnocTaBka THE 3aMEHH Jia ce CIydyBaaT MO MPUHIMIIOT Ha
CIIy4ajHOCT M CUTE KOJAOHH €IHAKBO Ja OMaaT 3acTalieHH BO KOJMPAYKUTE PETHOHH HA TEHUTE, MOXKE JIa Ce
U3pavyyHaaT OYeKyBaHUTE MMPOIOPIMY HA Pa3IMYHK BHIOBH Ha HYKJICOTHUIHH CYICTHTYLHH BO TEHETCKHOT
kon. Ilopagu camaTta CTPyKTypa Ha T'€HETCKHOT KOJ, CHHOHHMHHTE MYTAallMd CE CllydyBaaT IJIaBHO Ha
Tperara TO3WIMja Ha KOAOHOT. IIpolleHKa Ha pETaTUBHO YYECTBO HAa pPAa3IUYHU BHIWBH Ha
CYNCTUTYIIMOHAIHA MYTalMK BO CJIYYajHO TCHEPAIM3UPAaHW JENOBHM HA TIEHUTE KOW TH KOJHpaar
npoTeMHuTe Mmokaxkane gaeka 70% oa cuTe MOXHHM HYKJICOTHIHHM 3aMEHH C€ Ha TpeTara MO3WIMja Ha
CMHOHMMHHU MyTanuu. Op Jpyra cTpaHa Tak, CUTe MYTalliM Ha Jpyra TO3WIHja Ha KOJIOH ce
HECHHOHMMHH, KaKo IIITO € OTpOMHHOT 0poj (oxoiy 90%) Ha HYKIIEOTHIHY 3aMEHHU Ha MpBa mo3uiirja. (2)

IToctojat romem Opoj Ha 3a00TyBama Kako XEMOTJIOOWHONATHH YHj MPUIMHHUTEN C€ TOUYKACTHUTE
MyTallid BO TEHHTE KOW TM KOAMpaaT d U B CHUHIUPHTE Ha TIIOOMHOT. [TTOOMHHTE ce MpPOTEWHCKH
KOMITOHEHTH Ha XeMOTJIOOMHOT, POTEHHU Ha KPBTa 4rja QYHKIHMja € TPAHCIOPT Ha KHCeNWHU. MoeKynoT
Ha XEMOTJIOOMHOT BO OPTaHM3MOT Ha BO3PACHHOT YOBEK CE€ COCTOM O] JiBa BHJA & W JBa B CHHUHPH Ha
IIIOOMHOT M MpOCTETHYHa Tpyna, XxeM. [ pymanujara Ha reHuTe 3a d-TIOOMH BO TEHOMOT Ha YOBEKOT Ce
HA0TAaT Ha KPaTKHOT KpaK Ha XpoMo3oMoT 16 u omdaka asa mceymorena (IpZ u ipal) u Tpm
(GyHkimonanHu renn: Z, Koj ce eKCIPUMUpa 3aMO BO TEKOT Ha MPBUTE OCYM HEJENH 0]l eMOPHOHAIHUOT
pa3BUTOK, 1 Al u 2 KOU ce CKCIPUMHUPAAT Kaj BO3PACHM JbYyIH U KOJUPAAT WJCHTHYHH CHHUHPHU Ha d-
ro6uHOT. ['pynanujaTa Ha TeHUTE 32 B-TJIOOMHOT Ce HAol'a Ha KPaTKHOT Kpak Ha XpoMo30MoT 11 u ondaka
neT akTHBHH reHu Bo eneH nceynoren (IPP1). Ox meT yHKIMOHANHN reHH KOM TH KOAMPAaT TTOOHHHTE
(GY, Ay, e, 0 u B) camo B-IJI0OMH eKCIIpUMHUpa Kaj Bo3paceH 4oBek. J[o cera ce omwimanu okoiy 600
TOYKACTH MYyTaIlMM BO T€HHTE 3a TJIOOMH M € pacjacHeTa MOJIEKYJICKaTa OCHOBA 3a IOTOJIEMHUOT Opoj Ha
xeMorjaoouHonaTud. (2)

Hajuecto 3abonyBame 01 OBOj BHJ € CpIecTa aHeMHja Koja ja MPEAU3BHKYBa TOYKACTaTa
MyTallMja BO KPYrOT Ha IIETHOT KOJOH Ha TeHOT 3a B-rnoOuH. OBaa MyTanuja ro MeHyBa KojmoHOT GAA
win GAG 3a rinyramunckata kucenuHa (Glu) u xomon GUA wim GUG 3a Bamunor (Val). Bunejku
HaeJekTpusupanata amuHokucenuHa (Glu) e 3amenera co Hemomapuuot (Val), mpoaykt Ha oBakoB
MyTHpaH reH, xemornobun S (HDS), uma M3MeHeTo MOBPIIMHCKO HACIEKTPU3UPYBakhe U € CKIOH KOH
arperanyja Npd IITO EPUTPOLUTHTE MMaaT NMPOMEHET (CpPIecT) M3MJIeA W APACTUYHO CMaJIeH BEK Ha
xuBeeme. CpriecTa aHeMHja ce HaclielyBa Kako PEIleCHBHO 3a00yBamke M MPETCTaByBa KIACHYCH MPUMEP
3a MyTalMja Koja BO XOMO3UTOTHA cOcToj0a Mpeau3BHKYBa TeEIIKa HaclielHa OoJecT, J0jeKa BO
XEeTEepO3UroTHa 00e30e/yBa aJanTHBHA MPEIHOCT KOja €€ COCTOM BO OTIIOPHOCT HA MApa3suTH KOU ja
npeau3BUKyBaaT Manapujata. Exqna of (asuTe Ha )KMBOTHHOT IUKIYC Ha OBHE MApa3dUTH CE OJ[BUBA BO
eputponuTHTe. OTIIOPHOCTa HAa HOCHUTEIUTE Ha MyTanujaTta HDS Bp3 npeans3BuKyBaunTe Ha MajapHjarta ce
TEMEJH Ha TOa JIeKa OBHE MAapa3uTH HE MOXKAT Jia OTICTAHAT BO EPUTPOIIMTUTE KO COJPIKAT XeMOTJIO0HH S.
)

Jlpyra xemoryioOMHomaryja mo 3a4eCTeHOCT € T.H. OosecT Ha xemornoOuH C mpeau3BUKaHa O]
MyTallMja Ha UCTH KOJIOH B-TJIOOYJIMH KaKo U CpIiecTaTa aHeMHja, caMmo IITO BO OBOj ciiy4aj KoJoHOT GAA
w GAG 3a rimyramuHcka kucenuna (Glu) usmener Bo konon AAA mm AAG 3a musun (Lys). (2)

Toukactute MyTanuu kou ce ciayydyBaaT Ha STOP komonute MoxaT na ro cmenat STOP
KOJIOHOT BO KOJIOH 3a HEeKOja aMHHOKMcennHa. [locnenuiia ol TaKBUTE MyTallMK € YUTamke HA TeHEeTCKaTa
nopaka u mnocie STOP koIOHOT, MTO ¢ MPUYMHA 33 CHHTE3a 3a aOHOpMallHO Aoir monunentHna. Kora
MyTaldjaTa Ke TOTOJi KOJIOH 32 HeKOja aMUHOKHCEIHHA U TO MPOMeHH Taka na Toj ctane STOP kofoH,
MOCIIe/IMIATa € MPEPAaHOTO 3aBPIIyBamke Ha TPAaHCNAIMjaTa, CHHTE3a Ha MPEKPATKUOT U YECTO MOTIYHO
He()yHKIIMOHATICH MOTUIeHTHI. (2)



TanaceMun ja counHyBaaT IpyraTa Ha XeMOJUTHYKHM 3a00JyBama Koja Ha MOJIEKYJIapHA OCHOBA
ce OAJIMKYBa CO HEypaMHOTE)KEHa CHHTEe3a Ha & U B CHHLMPHU Ha rNoOMHOT. Hekoj Bua Ha a-Tajmacemuja
HacTaHyBaaT MOpaJd CHHTE3a Ha NPEAOJITHTE JaHUU Ha A-TIOOMHOT KOM TM 3aMEHyBaaT HOPMAaJHHUTE
CHHIMpPH, a BO KJIETKHTE CE NMPHUCYTHH BO MHOTY Maia KoiuuuHa. CHHUMPOT Ha A-TIIOOMHOT HOPMAJHO
conpxu 141 amuaokucenuna. Ho, ako STOP komorn UAA Ha 142 mo3unija MyTHpa BO KOJIOH 32 TITyTaMUH
(CAA), muzun (AAA), rnyramuncka kucenuHa (GAA), win cepun (UCA), ke nmojae 1o cuHTe3a Ha
MPOJODKEHUOT A-TIOOYJIMHCKH CHHIUD, KOj coapku 172 aMHHOKHCEIMHH M € MOIJIOKEH Ha yOp3aHa
Jerpajnaiyja, a Heropata KOHIICHTpaIldja BO KJIeTKaTa € HucKa. (2)

becMucnenn MyTamum HCTO Taka MOXAaT Aa OMJAaT NMPUYMHHTENH 3a XeMmorioOmHomaTtnu. Ha
npumMep, MyTanuja Ha 145 koa0H Bo B-rioouncku rex, kogoH UAU wmun UAC 3a tTuposus (Tyr), Bo STOP
kogoH UAA mm UAG noBeayBa 70 CKpaTyBame Ha B-TJIOOMHOT 3a JIB€ aMHHOKHCEJIMHU (HOpMaJieH B-
rnobuH coxpxku 146 amuHOKucenHIHN). BakoB namener xemornobun (T.H. McKees Rocks xemorioOuH)
MOKa)XyBa 3roJieMeH aQMHUTET KOH KUC. U TELIKO I'o OTHyIITa. 3a Aa OM ce KOMIICH3Upall 0BOj HEJOCTATOK,
Kaj JyreTo KOM ja HOocaT OBaa MyTallMja CTHMYJHUpaHa € epuTporoes3ara (IPOM3BOJACTBOTO HA LIPBEHUTE
KPBHH KJIETKH) U 3rOJIEMEHO Jlaueh¢ Ha ePUTPOTIOETHHOT 0] 0yOperoT. (2)

Kako mocnenuna Ha GecMHCIEHH MyTallid HACTaHyBaaT M HEKOW 3a00iTyBama O] Ipyrnara Ha B-
tamacemuja. Kaj T.H. B°-Tamecemuja, CHHTe3aTa Ha B-TIIOOMHOT TMOTIIONIHO HW30CTaHyBa, I1a TOTAIl
CHHIMPHTE Ha A-TIIOOMHOT ce cOOMpaaT BO EPUTPOMIHU KJICTKH U IPajJaT MPELHUITUTATH KOH ja OIITETyBaaT
KJIETOYHATa MeMOpaHa JI0BEIyBajKH ja IO XeMOJIN3a U CTUMYJIalja Ha epuTporoe3ara. Exen o0nwk Ha B°-
TajaceMuja, 3acTaleH BO JyroMcTOYHA A3Hja, HacTaHyBa Mopaad OecCMHCICHH MyTaluud Ha 17 KOIOH BO
reHoT 3a B-rioouHoT. OBaa Myranuja ro Tpanchopmupa AAG kxomonor 3a jusu (Liz) Bo STOP komon
UAG. buzejku MyTtamjara ce Haora Ha caMHOT o4eToK Ha reHoT, MPHK ce Hecrabuinu, a cuHTe3aTa Ha
B-TJIOOMHOT TOTIIOTHO M30CTaHyBa. (2)

Bo nmpakTHuHM TepMUHH 3a0eNeKyBamETO Ha MOIIHE OrpaHWYeHa WIH OTCyTHa
muromiazmMarnaia MPHK moBp3aHo co OecMucneHnm MyTalud UMa BakHa MMILIMKAlWja 32 CKPUCHUTE
MyTarud. (4)

Heonamnua, 6ecmucnenn mytauuu Bo ¢aktop VI (xemopunuja A) u ¢pubpunua (Mapdanos
CHH/IPOM) Oea MOBP3aHU CO CKOKAMHETO Ha €r30H HaJ er30H IITO ja



Patient Mutation Result

482 A 117
" CGeC T
¥
CAC His-117
1604
B CAG GIn-493
TAHG STOP
Ingertion of 2 .
c nuclectides Frameshift
(AT) ak 2566
D Deletion of ane Frameshi ft
Caf 3659
Deletion of 3 Dieletion of
E nuclectides at Phe-508
165%4-165%6

5. CTAIIKA HA HYKJIEUIHU CYTIICTUTYLUU

CTHIOKITII NA HyKiomuouu cyncmumyyuu ce neuHupa Kako Opoj Ha 3aMeHA Ha OIpeIeHO
MecTO 10 roanHa. Tme MOXaT Ja ce M3padyHaaT co Jelermhe Ha OpojoT Ha HYKJICOTHIHUTE 3aMEHH Ha
OJIpe/ICHO MECTO ToMely JBE XOMOJIOTHH peia Ha HyKJICOTHH CO JIBOjHO BpeMe Ha JMBEPTreHIINja Ha HU3H
kou ce penat. CrankaTa Ha HyKJICOTHAHU 3aMCHH MOXKAT J1a CE MPOICHU Ha Pa3lIMYHU Fe€HU WU ITOMEry
pa3MYHU PETHOHHM Ha UCTHOT reH. [lopaan oBa e 3Ha4ajHO Jla ce KOPHCTAT MCTH MapOBH HA HHU3H HAKO
MHOT'Y YE€CTO IIOCTOM HECUTYPHOCT OKOJY OJIpe/lyBal-€ Ha CTApOCTa Ha MHOTY OJ] HU3UTE. AKO KOpUCTUME
MCTHU TIApOBU Ha HU3H, TOj MPOOIIeM Ke ce HaaMuHe. (2)



Kaj nyfeto e yTBpAeHO Jeka ckopo cute 0é NOVO MyTalMud Ha TE€HH KOU MPEIU3BUKYBaaT
pasnuiHE (HacleaHu) 3abomyBama (Ha mpumMep: Apertov cuuapoM, MyJITHITHA eHiomIasuja Tan B u ap.)
HaCcTaHaJe WCKIydUBO BO TEKOT Ha raMeToreHesara kaj TarkoBuute. [la mopaam oBa m3riena jaexa HEKOH
BUJIOBH Ha MYyTallMW CE€ CIIydyBaaT caMoO Kaj MAalIKHOT TMOJ M MUCTO Taka € MOCTaBEHO IMPAIIamkeTo 30IITO
CTaIlkaTa Ha MyTalliH € TIoroJieMa Kaj MallKuTe Hero Kaj skeHure? (2)

OxaroBopoT Ha OBaa Mpallamke JIKH BO (PAKTOT JIeKa BO MalllkaTa TepMHHATHBHA JIMHU]jA TOCTOU
3HAYHUTEIHO TIOrOJIeM Opoj JenOW Ha KJIETKH HEero BO JKeHcKaTa. Jlembara Ha KIIETKHTE BO JKEHCKATa
repMHHATHBHA JIMHUja C€ MPEKWHYBa OKOJIy METHOT Mecell o OpeMeHoCTa M Mejo3ara ce HaJoBp3yBa CO
oYeToKoT Ha myOepreToT. Kaj MamkuTe, nendéurte Ha KJIETKM ce KOHTHHYHMPAaHU U 3a J1a ce M0jaBaT 3peiu
CIepMaTo30uan Tpeda Aa ce ciIyvaT MHOTY Jen0u. AKO HEKOM BHIOBH Ha MyTallMU ce TIOBp3aHu co jaenda
Ha KJIETKa, T.e. co perumkanuja Ha JJHK, kako mto e cirydaj co HEeKoM HYKIIEOTHIHH 3aMEHH, TOTall He Ce
HEOUYEKyBaHH HAOJUTE JIeKa HUBHATA CTalKa € MorojieMa Kaj MallkKuTe Hero Kaj xkeHure. (2)

Jlo neHecka ce OTKpHMEHHW ToJieM Opoj Ha HacieqHH 3a0oiyBamba Kaj KOM € YTBPJCHO JeKa
CTalmKaTa Ha MyTallMd 3aBHCH OJ CTapocTa Ha TAaTKOTO (HAXXaJoCT, Taa BpCKa HE € JHHeapHa TYKY
excrioneHnyjamaa). Toa ce: acrodystostosis, achondroplasia, Anrepos cummpowm, cleidocranial dystosis,
Kpysonos cunapom, fibrodysplasia ossificans progresiva, MapdaHoB cHHIPOM, OKYJIOAEHTOAWTHTAIEH
cuaapowm, I1dajeepoB cuHapoM, iporepHja U BapaenOypros cuaapom. (2)

6. UHCEPLIMJA U JIEJIELIUJA

MyTanuu HacTaHATH CO MHCEPIIMja U JIeNirja Kora ke ¢e JI0Aajie WK OJ3eMe ecH 0a3eH map BO
JHK, ce MeHyBa cocTaBOT 1 OpOjOT Ha HYKICOTHIUTE, IITO TOBEAYBa 70 M3MeHa Bo coctaBoT Ha MPHK, a
O MECTOTO KaJe C€ BKIYYHJ IIOTPEUICH KOJOH CHUTe OCTaHAaTH KOJOHM Ke JajarT IOTPeIIHU
AMUHOKHCEJIVHH BO MENTUIHUOT CHHIIUD, TaKa J]a K3MCHETUOT T'eH HeMa OMOJIONIKa akTUBHOCT. (1)

Wuceprvja ¥ jAeiendja HajuecTo ce O3Ha4yyBaaT Kako ,,pasHuHu" (eHri. gaps). Bpojor Ha
HYKJICOTHJIUTE KOj ce r'yOu 1iin I0OMBa MOXeE J1a OJIU O] €JICH, UM HEKOJIKY, 10 HEKOJIKY WJIjaJIu.

A. Hcepuyja mpercraByBa 3rojeMyBamke Ha OpOjOT Ha HYKIICOTHIUTE BO TeHOT. | JTaBeH M3BOp Ha
WCEPIUH Ce T.H. MOOMITHUTE TEHETHYKH €JIEMEHTH- PEIOBH Ha HYKJICOTHIU KOU MOXAT Ja TOo
MEHYBaaT MECTOTO Ha XpOMO30MOT. Mako mopeTko, MHCEPIIMUTE MOXAT Ja HACTaHAT U KaKO
MOCTIeINIA HA TPEIIKH BO TEKOT Ha TeHETCKaTa PeKOMOMHAIIM]a, a MOHEeKOorall U BO TEKOT Ha
JHK permmkanujata. XeMHCKUTe MyTareHH BO TOTOJIeM Opoj Ha Ciydaw HE TPHIOHECYBaT
Ha 3a4ecCTeHOCTa Ha WHcepuuuTe. MCKIydok ce akpuanHCKHTE OOM KaKo areHCH KO ce
uHTepKanupaar momery Oasute Bo JIHK. MHceprmumrte decTo moBemyBaaT M0 IMOTIOIHO
ryoeme Ha (QyHKIMjaTa Ha reHoT. Kako mocieamiia Ha MHCENMja, BO TEKOT Ha HapeaHara
permnkanyja Ha JIHK wnm reHeTndkn pekoMOMHAIIMM MOXKE Jia J0jAe N0 JeNeluja Ha Jiel
WIM TeNd BHECEHH CCKBEHIM, a ITOHEKOrall W JIO0 Jelelyja Ha COCEIHH pPEllOBH Ha
Hykineotuu. (3,2)

b. leneunja npercraByBa rybeme Ha HYKI€OTHAHN BO TeHOT. Co HUB ce HapylIyBa pelocieoT Ha

Oasure, Taka ITO TpaHcKkpuOupanata WPHK ke mMa NOMHAaKBM KOZOHH O MECTOTO Ha
Jenenyja WIM WHCEepIHja BO OJHOC HAa HWHTEPAKTHUTE TeHH,a CO TOoa M JeNoT Ha
HOJIMHYKJICOTHTHATA BEPUTa K COAPKHU COCeMa pa3InuHi aMUHOKUCEIHHH. (3)
MHory BHIOBH Ha BeKe CIIOMHATH 3a00JyBama, a-TajJaceMuja, HaCTaHyBaaT KakKo IMOCIeInIa
Ha JIeJienja Kou I'u omndakaat a-rinoduHckuTe reHn. Ha cexoj xpomo3oMm 16 BO reHOMOT Ha
YOBEKOT C€ HaoraaT MO J[Ba TeHa 3a a-TJIOOWH, IITO 3HAYM JeKa BO EPUTPOIUTHUTE Ce
IPUCYTHU YETUPU aKTUBHH a-TJIOOMHCKH TeHu. [lenmenuja Ha /1Ba, TpU WIM HA CUTE YETHPHU
TeHa MMa TOCIeINIa BO CE CMAJCHO M3pa3yBame Ha KOHICHTpAIMja Ha a-TIIOOMHCKHOT
CHHIIUD BO KIIETKHTE, IITO € IPATeHO CO MOO30MIHN KIMHUYKYA CHMTOMH Ha Oosiecta. (2)

WHcepipja 1 Aeselrrja Ha eeH HyKJICOTH ] BHATPE BO KOJIMPAYKHOT PETHOH HA TCHUTE JI0BEyBa
JI0 IPOMEHA BO PaMKHTE Ha YHTamhe Ha FEHETCKaTa Mmopaka 0]l MECTOTO Ha MyTallfja ra Hatamy. Pesynrar
o1 BakBa Mytauuja (enrn. frameshift mutation) e monumentux Bo Koj 01 MECTOTO Ha MyTalujara, ma Jo
KpajoT Ha CHHIIUPOT, PEIOJCIOT Ha aMHHOKHCEIMHUTE € TOTIOIHO M3MEHeT. BakoB TWn Ha Myranuja e
cuHTe3a Ha T.H. Wayne xemornoOuH, KOj HacTaHyBa MOpPaau JeNelHja Ha TPETHOT HYKJICOTHJ BO 138
konoH (UCU) a-rnoduncku ren. Kako mocneauiia Ha oBaa Jejelija ce MCHyBa paMKaTa Ha YHTame Ha
TEHETCKU TOpaKM M HACTaHyBa a-TJIOOWH CO U3MEHET pelocie Ha aMHHOKHCennHH on 138 mosunuja ma



HAaTaMy, HO U MPOJOJDKEH CHHUMD, ounejku HopManHuoT STOP kozoH Ha 142 mosunmja (UAA) niopaau
MPOMEHH BO PAMKHTE Ha YHTame ce MeHyBa Bo KomoH (AAG), a HoB STOP xomon (UAG) ce jaByBa Ha 147
MecTo. (2)

7. 3AKJIVUOK

Vma MHOTY MyTareHcH KOM BEIITauKO I'o 3r0JIeMyBaaT MPOLEHTOT Ha MyTAIlMUTE BO OPTaHU3MOT.
@DaKkTOpH KOU TH 3roJIeMyBaaT F'€HETCKUTE MyTalluH BO OPTaHU3MOT Ce:
> UneHoBH Ha BUIIOBH BO ojipejicHa eorpadcka o0IaCcT WM €THUYKH TPYITH Ce TIOBEKE CKIIOHU KOH
MyTalluH,
> Bucoku 1031 Ha X-3padyer-e WK yITpa-BHOJIETOBO 3pauckhe MOXKE Jia ja 3roJieMH MyTalujara,
> PaaMoakTHUBHU CYINCTaHIM TO 3rojieMyBaaT MpPOLEHTOT Ha MyTallM MONPETCTaBUTENHO.

(6)

Watson u Crick mokaxane feka MypUHCKUTE M MHPUMHUIMHCKUTE 0a3M MOXKAT Ja MOCTOjaT BO
aNTepHATUBHU TapTOMEepHHU (OpMH. AJCHUHOT M IIMTO3MHOT HopManHo umaat NH2 rpyma, omHOCHO ce
Haoraar BO aMHHO-(hopMa, T0JeKa TBAHMHOT U TUMHHOT mMaat kKero-rpymna CO-kero-dpopma. Oue hopmu
ce IUPOKO PaclpoCTPaHeTH BO mpupojara. MeryToa, o] HEMO3HATH MPUYHUHU, PETKO, aTOMOT Ha BOJOPOJ
MOXeE J1a ja IIPOMEHH CBOjaTa IMoJI0Xk0a. COo IMITO ce M3pa3yBa HECTAOMIIHOCT Ha OBOj aToM, aMHHO-(popMaTa
na noMuHe Bo amuHO-popma NH2 -> NH. Crnuano Ha Toa, keto-hopMara MOKe Jla ce IIPOMEHH BO PETKa
eHonmHa-COH-popma. Kora ke ce jaBu mmuHO Wi eHoiHa (opma Ha 0Oa3uTe, NMPH pEIUTUKAIMja Ha
mostekynoT Ha JIHK ke mojae 10 morpentHo cmapyBame, Kako M BO CIIy4ajoT Kora 0a3uTe ce€ MPOMEHETH
1OJ AEjCTBO HA XEMUCKH MyTareHW, OJHOCHO Ha aJeHUHOT BO MMHHO (opmMa My € KOMILIEeMEHTHpaH
LUTO3UHOT, @ Ha TAMUHOT BO €HOJIHA JopMa My oArosapa reannHoT. Criopes Toa, IpoMeHarta Ha 0a3uTe of
c€Ha Q)opMa BO ApyTra A0Be€AyBa, UCTO TakKa, 1O MyTalluu OJ TUIIOT Ha CYIICTaHLA, IITO € O3HAYCHO KaKO
CTIOHTAHU MYyTalluu OWJCjKH HE € MO3HaTO Koj (hakTop J0BemyBa 0 OBHe MpoMeHH. MHaky oBaa mojaBa
PETKO ce ciydyBa BO npupoaara. (4)
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