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JOCJIIAKEHHA CTPYKTYPU JTHK B CUCTEMATHUII:
3ATAJBHI NOJOXEHHS TA MOJAEJBHUM MPOTOKO.JI

Beryn. 3HaueHHS MONEKYISIPHUX JOCITI/DKEHb y CydYacHId Haylli BaKKO IEpeoIiHNTH. BuBueHHs
300JIOTIYHUX 00’ €KTIB € HEOAMIHHOIO CKJIAJIOBOIO MOJICKYJISIPHOI OioJorii 11e 3 MOMEHTY 3apOPKeHHS L€l ramysi
Oiosorii. Bigroni momiOHI JOCTIIKEHHS JalOTh MOTYXHHUWA Marepiall s TaKuX HaykK, sSK 0l0XiMis, IMyHOJIOTis,
(hepMeHTaTHBHA KiHETHKA, TEHHA 1HXKCHEPIs TOMIO.

BonmHowac, BUKOpHCTaHHS MOJEKYISIPHO-0i0JIOTIYHIX JAHUX Y TAKUX TPAAHIIAHUX TaTy3sX 300JI0Ti9HOT
HayKH SIK CHCTEMAaTHKa Ta (UIOTeHis, € TOPIBHSIHO HEJABHIM HAIPSMKOM, MIPOTE TAKUM, YA PO3BUTOK € YH HE
HalCTpIMKIIIUM y cydacHiii 3oomorii (Quicke, 1993; Phylogenetic systematics ..., 2000).

Cnoci0d BUKJIaZeHHs. Y JaHid CTAaTTi 3ampoOINOHOBAHO TaKy CTPYKTYPYy: a) KOPOTKHH OIVISI
icTOpii BHMBUECHHS, METOAOJIOTIYHMX OCHOB OTPUMAaHHs Ta Trayy3ed BHKOpPHCTaHHS AaHux cTpykrypu JHK B
Cy4acHiid 300510rii; 0) 10JaTOK, B SIKOMY HaBOAMTHCS MOJEIBHHN IPOTOKOJ OTpUMaHHs AaHux crpykrypu JJHK
(CIKBEHCIHTY), 3 KOMEHTapsMH IOJ0 CYTHOCTI Ta METH KOXKHOTO eTamy. [IeBHI pO3MijiM TEKCTy MiICTUTHMYTh
6azoBy iH(opmanito. OnHaK aBTOp BBaXKa€ NOLUIBHMM ii HaBEIEHHS, OCKUJIBKHM JIaHWH OIVISI PO3paxOBaHHN
HacaMmIiepe]] Ha MIMPOKHN 3arajl 300JIOTiB-CHCTEMAaTHKIB, MOBCAKICHHA NpPaKTHKa SKUX HE TIIOB’s3aHa 3
MOJICKYJIIPHO-010JIOTIYHUME JOCTIKeHHsIMU. Po0OoTa Mae Ha MeTi O3HAWOMJICHHS 300JIOTIB 3 TOJOBHUMH
MOJIOKEHHSIMH MOJICKYJISIPHUX JOCHipkeHb (BuBUeHHA cTpykrypu JHHK, 30kpema), mo moTpidHO B pasi
HEOOX1THOCTI MpOBeIeHHS MONIOHNX POOIT CaMOCTIHHO (i AJIS1 CAMOCTIHOTO OITAHyBaHHS YOTO HE 3aBXKIH € Jac i
MOXIIMBOCTi). BomHOuUac, craHmapTHI MPOTOKONH, IO HABOAATHCS B OUTBIIOCTI IHCTPYKLIA Ta TMOCIOHHKIB,
MICTSITh KOHKPETHI BHMIpH, H03U Ta PO3paxyHKH, O3 KOMEHTapiB IOAO CYTHOCTI KokHOro eramy. IIpore, Ha
NpaKTHL, Mo-mepie, aas e(EeKTUBHOrO MPOBEIACHHS [OCHIAIB MOTPIOHO PO3YyMITH CYTHICTH pPOOIT, IO
BUKOHYIOTBCSI, @, MO-JIPyre, MOYaCcTH KOXKEH HMPOTOKOJI BUMAarae KOPEKTHB 3aJIEKHO BiJl 00’ €KTY JOCIIKEHb (SIKi,
BIJITIOBITHO, HEMOYJIMBO 3pOOHMTH, HE 3HAIOUU YUM 3YMOBJICHUH TOW UM IHIINH XiT).

Jlst 6a30BUX MOHSATH B POOOTI HABOMATHCS aHIIIHCHKI aHAJIOTH, 110 MA€E TOJICTIIUTH TOIIYK BiIOBITHIX
PO3IUTIB y MOCIOHUKAX, IHCTPYKINAX Ta y Mepexi Internet. 3 1i€r0 caMOIO METOI OAATOK HABOIUTHCS BOMA
MOBaMH (YKpaiHCBKOIO Ta aHITIHCHKOIO).

Ictopiss, miaArpyuTsa Ta cyTHicTh MeToay. Binkpurrs x. Yorconom ta @. Kpikom y
1953 poui cyTHOCTI HOCIiB reHeTH4HOi iH(popMalii BiIKpHUIO HOBY epy B OioyoriuHiil Hayli, 3al04aTKyBaBIIN
TaKA{ HANPsAMOK SK MOJIEKYISIpHA T€HETHKA. 3arajlbHOBIIOMHM CTaB TOH (akT, MO HYKIICIHOBI KHCIOTH, HOCIT
TIEPBUHHOI TEHETWYHOI iH(poOpMaIii, CKIANalOThCS 3 a30THCTUX CIIONYK — IYPHHOBHX (2VaHiH, adeHiH) Ta
MIPUMITUHOBUX (mimin, yumo3sin) ocHOB (HykieotunaiB). 1li cronykyd BH3HaualUCs KiNbKICHUMHU Ta SKICHUMH
METOJIaMH, TIPOTE€ BCTAHOBIEHHS MOCHITOBHOCTI ITMX OCHOB Ha meBHMX miunsHkax JIHK (toOto ii mepBuHHOT
CcTpykTypu) Oyno mpoOneMaTHdHUM. [OJOBHOIO NPHUYMHOK 1BOTO Oyina He3HayHa KUIbKICTh HYKJIETHOBOI
KUCIIOTH, 1110 il MOXKHa Oysio BUoOyTH 3 OiojyoridHoro 06’exry. Ille ¥ moHuMHI TexHi4YHI 3acO0M HE JI03BOJISIOTH
BU3HAYUTH CTPYKTYpPY HYKJIETHOBOT KHCIIOTH 32 BUXIJIHOIO KUIBKICTIO Marepiaiy.

ITo mipi 3pocTanHs OTPEOH Yy BU3HAYEHHI IIUX MMOCIIIOBHOCTEH BIiBCS MOIIYK MOXIIHUBOCTEH 301IbIIICHHS
kinekocti JIHK-marepiany, Hacammepen NUISIXOM HITYYHOTO CHHTE3y. 3arajbHOBIJIOMO, II0 MaTpPUIIEIO JUIs
cunresy gouipaporo snaniora JJHK e inmwmii nmanmror JJHK. Ockinekn monekymu JITHK e pBomaniroropumu y
TBapHWH Ta POCIIMH, 1 JIAHIIOTY MalOTh OyTH pO3JiJIeH], 11100 KOXKEH 3 HUX CTaB MaTpULEr0. Y MPUPOTHUX YMOBAX
el mporec BiAOyBaeThCS 3aBOSKM IisUTBHOCTI (PEPMEHTIB PECTPUKTA3, HyKIea3 Ta TPAHCKPUNTA3, MPUIOMY
CHUHTe3 BinOyBaeThcs Maike BOmHO4Yac 3 po3nuteHHsM JaHmiorie BuximHoi JHK. Ilpm mpomy Takox
CHHTE3YETHCS TIOBHA KOMITIMEHTApHA KOsl HA KO)KHOMY MaTpHYHOMY JIAHIIOTOBI. BiqTBOpEeHHS 11bOTO Ipouecy
B IITyYHHX YMOBax € JI0BO cKimagauM. KpiMm Toro, B pasi 1abopaTopHOTO BiITBOPEHHS Oyne KOMIIIOBAaTHCS YCs
JHK B minomy, Tofi sk Uit KOHKPETHUX AOCIIKeHb MOTPiOHA TiNbKK NeBHa 11 ainsHka. O1ike, npodieMa Oyna B
eKCIIepUMeHTalIbHOMY po3aini  aponanmtoropoi JIHK, mryuHomy oOmexenni neBHux auisHok JIHK Tta
MOAAIBLIOMY CHHTE31 TX YMCIICHHHX, IOCTATHIX JUIsl pO3ITi3HABaHHS, KOMii. BupimanbHUM KPOKOM y MPOCYBaHHI
JI0 BUPILICHHS [IUX Tpo0ieM OYIIN BIAKPUTTS npatimepis Ta IaHy020601 peakyii nonimepasu.
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Jlanitorosa peaxiiist nonimepasu (the polymerase chain reaction, PCR) — ue TexHomnoris amutigikanii
(bararopa3oBoro 30ULTbLICHHS KiIbKOCTI) in vitro meBHoi munsaku JIHK, mo 3HaXOAMTHCS MK IBOMA 6dce
sioomumu nocaigoHocTsimu JTHK.

[paiiMmepu (primers) — 1e KOpPOTKi (34eOiIBIIOT0 Ha JEKUIbKA JCCSITKIB a30TUCTHX OCHOB),
OJIHOJIAHIIOTOBI OJIITOHYKJICOTHH, 110 € KOMILTIMEHTapHUMHM KiHIIEBUM AUISIHKAM 3rajlyBaHHX (BKE BiIOMHX)
ninsHok JTHK.

[Tpn narpiBanui n0 94 °C Tta Bume nonsiinui nanmor JJHK posnanaerscst Ha Ba OKpeMi JIAHIIOTH.
SAxmo no wuiei AHK nmomaru posumn mpaiimepiB i 3HmM3uTH Temneparypy no 48-60 °C, To mnpaiimepu
MPUKPITUIATECS 10 KOMIUTIMEHTApHUX IM IUISHOK, IO 3aBa)Ka€ 3BOPOTHOMY IPHUKPIIIJICHHIO JIAHITIOTIB BHX1THOT
JHK. B pa3i, xomu moTpiOHO BUBYUTH CTPYKTYpPY IEBHOTO TE€HY y NEBHOTO BHIY, LIEH TeH «OOMEXYIOTH»
npaiimepamu.

[paiimepn MOXyTb OyTH yHigepcanvoHumu (MIOXOAATH JUIA OIIBIIOCTI OPraHi3MiB, IO MalOTh NEBHHUN
reH — TOOTO KIHIEBI AUISSHKMA [[bOTO TeHy OJHAKOBI Yy IMX OpraHi3MiB), abo cneyughiunumuy (TpUAATHI Ui
po0OTH TNBKW 3 IEBHUMHU IpyNaMu OopraHismiB). B mocmipkeHHsX 3 (inoreHii 34e0U1b1I0r0 BUKOPUCTOBYHOTHCS
camMe YHIBEpCasbHI MpaiiMepH, OCKUIBKM BOHH JIO3BOJISIFOTH 0OMexxutd HeBimomy JIHK-mocmimoBHICTE Bike
BiZIOMMMH, HassBHUMH Y BCiX, YW Malike BCIX OpraHi3MiB, HykiieoTuaHUMH AisiHkamu (Dynamics ..., 1989).

[Ipob6nemoro Oyio Te, 0 MpUKpiTUIeHHs npaiiMepis xo ganirora JJHK BigOyBaeThcs 3a BITHOCHO BHCOKOT
temneparypu (48—60 °C), xomu (QepMeHTH-TIONIMEpa3d JICHATYPYIOThcsa. KpiM TOro, B eKCIIEPUMEHTAIBHIX
YMOBAX JIOCATTH po3xineHHs nBosnanmororoi JJHK Ha okpewmi JlaHIiorn MokHa 3aBJIsKH HarpiBanHio 10 95 °C, a
TIPH OXOJIOMKEHHI 0 KIMHATHOI TeMITepaTypH BiOyBa€ThCS BITHOBJICHHS IBOJIAHIIOTOBOI CTPYKTYPH.

PeBomromiitHIM BiIKPUTTSM, IO PO3B’SI3aJI0 IIi MPOOIEMH, CTaI0 BHBYCHHS mporecy TpaHckpumiii JHK
y Gakrepii Thermus aquaticus, 1O MeIIKAE Yy TapsunX ByIKAHIYHMX JDKepenax IeIoycTOyHChKOro
Hamionansnoro Ilapky (CIHA). BusBumocs, mo mpouec CHHTE3y HYKJICIHOBHX KHCIOT y wiei Oakrepii
BinOyBaeThcs 3a Temmeparypu Bumoi 3a 85 °C. BigmoBigHo, ¢epMeHTH, IO BiIMOBITAIOTH 3a i peakiii, €
Han3Bu4aiHo TepMocriiikumu. Came Ha BukopuctanHi ¢epmenty JIHK-nomimepasu 7. aquaticus (ckopodeHO
Taq-nomimepasa) OasyBanacs JaHiroropa peakiqisi mojimepasu (PCR, Polymerase Chain Reaction), mo Oyia
pozpobiena Kapi Maic y 1983 poui (HoGeniBebka npemist 1993 poxy). CyTHicTh Hi€l peakiii y mOBTOPIOBaHHUX
mukiax (70-80, B 3aeXHOCTI BiJl TOCIIKYBaHOI I'PYIH OPraHi3MiB) CUHTE3Y KOMiH ([0 JAEKLIBKOX MIIbIOHIB)
neBHOi ginsHKY JJHK (Enzymatic ..., 1985; Specific ..., 1986).

OTpuMaHHs BEJMKOI KUIBKOCTI iIeHTHYHUX Komii motpi6bnoi minsuku JHK (npm He3HauHi KijgbKoCTi
BUXIZIHOTO MaTepiajiy) 3pOOHII0 MOMJIMBMM BU3HAYEHHS CTPYKTYpH (IIOCITIOBHOCTI HYKJICOTH/IB) L€l AiISTHKA
Cy4acHUMH TeXHIYHUMH 3acobamu. Crenungika podorn 3 PCR-mpoTokoiaoM BHCBiITIEHa Y 0araTboxX MOCIOHHKAX
Ta METOOMYHHUX peKoMmeHaamiax (30kpema, PCR protocols, 1990; The simple ..., 1991; Dufty, 2000). Hmwxdae mMu
posmissHemo PCR y ckimani mozmensHOro ipotokony orpuManss JJHK-mocmigoBHOCTEH.

Bukopucranua pganux mnepBuHHOI cTpykrypu JHK 'y cydacHiu
300a0rii. Sk 3a3Hayanocs BHIE, OCTATOYHUM pPE3YJIbTATOM OOTOBOPIOBAHHX MOJIEKYJISIPHO-010J0TTIHIX
JIOCHI/DKEHb € OTPUMAaHHsI IEPBUHHOI CTPYKTYPH TIEBHOI AUISHKY HYKJIETHOBOT KHUCIIOTH. B cydacHiii Giomnorii i
JlaHl 30KpeMa BHKOPHCTOBYIOTHCS JIJISl BU3HAYCHHS IMATOJIOTIH HAa MOJCKYJIIPHOMY PiBHI (MeIMYHA TCHETHKA),
BIZIMOBITHOCTI IBOX 010JIOTTYHUX NPOO (CyIO0BO-MEIMYHA €KCIIePTU3a), FEHETUYHOMY KapTyBaHHI TOIIO. 3 TOYKU
30py CHCTEMAaTHUKH CYKYIHICTb a30THCTHX CHOIYK Y HYKJICOTHIHIM MOCIIJOBHOCTI — II€ HacamIiepes HOBi
o3Haku. OcoOMMBO 3HAYYIINM € T€, IO [i 03HAKW MalOTh HU3KY IepeBar NOPiBHAHO 10 MOP(HOJIOTIYHNX, HEBHUX
0i0XIMIYHHX, €TOJIOTIYHHUX Ta iH., a caMe:

1) wiTka meTepMmiHamisg CTaHIB (YOTHPH a30THCTI CIIONYKH);

2) iHmuMi piBeHb OpraHi3amii, a BiATOAI HE3KOPETOBaHICTh 3 IHIIMMH O3HAKAMH MO0 EBOJIOLIIHHIX
MIEPETBOPEHB i1 BIUTMBOM 30BHIIIHIX YMOB (KOHBEPTEHIIi{, TapaleIn3Mu, peAyKIlii, HOBOYTBOPEHHS TOIIIO);

3) Gunblia KiTbKiCTh 03HaK: mociimkyBani HuHi AusiHku JJHK 6nu3pko matote 1000 OCHOB 3aBHOBXKKH, 1
KO)KHa OCHOBA CIIyI'Y€ 3a O3HaKy, TOHl K MOP(OJIOTIYHUX O3HAK, II0 MPUAATHI AJsl MOPIBHJIBHOTO aHai3y,
3a3BUYail MEHILIE.

B nami axi nani nepBuHHOI cTpyktypu JIHK BUKOpHCTOBYIOTHCS Yy CydacHii 300J10Tii Jyisi po3Mi3HaBaHHs
BUJIiB-/IBIHHMKIB (cryptic species, sibling species), BUSBIEHHs T'€HETUYHOTrO JAped(y B MOMJIALIHHIA TeHeTHI,
BU3HAYEHHS BHIOBOTO CKJIaqy >KEPTB TBAPHMH-XIDKAaKIB 32 BMICTOM iX mutyHKiB (Agusti, DeVicente, Gabarra,
1999), BuU3HaUEHHS BINOBIIHOCTI NpeiMariHaIbHUX (a3 PO3BUTKY [OPOCIUM oOcoOMHam (y TBapuH 3
Meramop]o30M), 30KpemMa, BH3HAYECHHS BUIOBOI HaJeKHOCTI JmunHOK Hymenoptera Parasitica ta ix xassiB
(Molecular ..., 2000), a mioHaMmOmMMUpEeHiNIe — Ui BHBYCHHS (UIOTEHETHYHHX 3B S3KIB Ta BCTAHOBICHHS
EBONIOIIIHNX cleHapiiB (Hanpukian, Testing ..., 1998; Acoel ..., 1999; Quicke, Lopez-Vaamonde? Belshaw,
1999; Jolley, Honeycutt, Bradley, 2000; Phylogeny ..., 2000).
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@DinoreHeTnyHi pexkoHcTpyknii. Sk 3a3Hauanocs, BuxopucrtanHs mpanux JHK mns
JOCIIDKCHD (DITOrEHSTHYHHX 3B’ SI3KIB MIEBHUX TAKCOHIB € YW HE HAWMOLIMPEHIIIO MOTHBAIIEIO /I BUBYCHHS
mux CcTpykTyp. KoHpemnuist ¢inoreHeTHYHOI CHCTEMaTHUKH, OCHOBH siKOi 3akianeHi B. XeHHirom, ta ska €
BU3HAHOIO B CBITI CHCTEMOIO PEKOHCTPYKLIi (ijoreHesy, onepye METOAOJOTIYHMM amnaparoM, L0 HaiOUIbII
NpUAATHUN U1 aHamizy MousiekynsipHux naHux (Andersen, 2001). Lleit MeromonoriyHuii amapar Mae Ha3By
KAAOUCMUYHO20 aHAi3y, a aITOPUTM, IO TOKJIJIEHO B OCHOBY KOMII IOTEPHHUX IIPOTpaM I[bOTO aHalli3y, 3BEThCA
KIJIbKICHOIO KJIAJIICTHKOIO. 3HAUCHHS, BIIMB, EPCIIEKTHBY Ta TOJIOBHI MPUHIMIH (PIJIOTE€HETUYHOI CHCTEMaTHKN
AKTHBHO JMCKYTYIOTBCS B HayKOBHMX BHIAaHHSX Ta HaByajpHUX mnociOnHukax (Cladistics ..., 2000; Quicke, 1993;
Phylogenetic systematics ..., 2000; Andersen, 2001), ToMy MH 3yIHHHMOCS Ha 3aralbHHUX OCOOIHBOCTSIX
omparroBanHs gaHux JJHK B knmamucTHIHUX peKOHCTPYKIISAX (illoreHesy.

MerToro KITagUCTHIHOTO aHANI3Y € Mo0ynoBa (PiToreHeTHIHOI pEKOHCTPYKIIi (KIagorpaMu), mo 0a3yeTbes
Ha 1€papXiYyHOMY Ta BOJHOYAC «IIOHAWEKOHOMHIIIOMY» PO3MOIiII O3HaK MEXH TaKCOHAMHU (IIPHHITUI
nap3uMoHii). BHaACIiIOK IbOr0 OCTaTOYHOKO CTa€ KJajorpama, I0 € HaWKOPOTIIO 3a KiTbKICTIO B3a€EMHHUX
nepexofiB (KPOKiB) Ta € HAKOMITAKTHIIIOK 3a OyJJOBOIO Cepell YCiX MOXJIMBUX. X04Ya HEBEJIMKI MACHBH JaHUX
MOXYTh OyTH TIPOAHATI30BaHI MOAYMKH, MATPHIl, IO MICTATh JCKUIbKA COTEHb O3HAK, BHUMArarwTh
KOMIT IOT€PHU30BaHOTo aHalizy. Ha choro/Hi iCHyIOTh JOCTaTHHO €(DeKTHBHI MPOrpaMu, 10 3a0e3MeYyI0Th MOUTYK
KJIaJorpaM, sKi IMOHAWOUTbIIEe BiAMOBigaroTh nNpuHIMIOBI map3uMoHii (PAUP*, Hennig86). Buximaum
MarepiajioM JUisi TPOBEJICHHS KJIAJUCTUYHOTO aHAJi3y € MaTpHLsl po3nofiay o3Hak (character matrix), B sKii
KO)KHOMY TaKCOHOBI BIiAIOBiJia€ TEBHUH CTaH O3HAKH. 3arajJibHOI0 IPOOJIEMOI0 y CTBOPEHHI Takoi Marpuli €
komyBaHHs o3HaK (coding of characters). IIpu ompamroBanHi MOP(OJOTIYHMX, ETONOTIYHHUX, CKOJOTIYHHX Ta
IHIIAX O3HAK KOAYBaHHS TaK YH iHAKIIE IPOBOIUTHCS 3aBISKH IHTYITUBHOMY BHUPI3HEHHIO TEBHUX CTaHIB Ha
po3cyn mocuimamka. Hepimko mepexin Bix ogHOTO 10 iHIIOTO cTaHy € moctymoBuM (gradual character). Tomi s
o3Haka ab0 BHKIIIOYAETHCS 3 aHai3y, a00 KOLYEThCS «CHIIOMIlb». Bee 1ie BHOCHTh BKpail HeOakaHi eleMeHTH
Cy0’€KTUBHOCTI y JOCHipKeHHs1 (dinoreHesy (skuil € mpouecoM 00’€KTHMBHUM, a BIITOII BUMAara€e HalIeXHOI
aprymeHTairii).

VY BUNAAKY 3 MOJIEKYJSIPHUMH JAaHHUMH CHTYallisi 3HaYHO CIIPOLIYETHCS: KOKHA O3HaKa MOXke OyTH HasiBHa
y 4OTUpBhOX craHax (A, anenin; G, ryanin; C, nurosin; T, TimiH), a0o (B pa3i eKcliepiMEHTaIbHUX HEJOMIKIB) SIK
«?». B pasi noTpeOu JeKiabka MaTpUllb 110 PI3HUX I'€HaX MOXYTh KOMOiHyBaTtucst Mix co0oro, abo HaBiTh i3
MOP(QOJIOTIYHUMH  JTaHUMH, NPOAYKYIOYM TOMAI (UIOTEHETHYHI PpEKOHCTPYKWii Ha 3acafax «3arajJbHoi
odeBuaHOCTI» (total evidence). BomHouac, BUKOpHCTaHHS JaHMX HYKJICOTHUAHUX IIOCIIJOBHOCTEHl BHMarae
HeaOusKoi yBaru Ta 3HaHb. Tak, HaNpuKiIaj, iHOmi Tpeba Oparw m0 yBaru, IO TPaH3UMLIi (3aMiHM ITypHUHOBOI
OCHOBHU Ha ITypUHOBY, a IMiPHMiJUHOBOI — Ha MipiMiIMHOBY) BiIOYyBAarOTHCS 3HAYHO YaCTillle, HIK TpaHCBepCil
(B3aemMo3aMiHa IypHHOBOI Ta MiPUMIIHHOBOI OCHOBH), a TOMY II0YACTH 3aCIyTOBYIOTh HA MEHIITY Bary IOPiBHSIHO
Jo ocranHix. Hanpuknan, y npuMariB TpaH3uiii BinOyBaroTecs y 17 pasiB uacririe, Hixk TpancBepcii. Kpim toro,
KIJIbKICTh TPAH3UIIN JIJIsl TyPHHIB MOXKE PI3HUTHCS BiJl TaKOi JUTs HIpUMIiIUHIB. BinnosiaHo, moTpiOHO 3BaxKyBaTu
BIAMOBIIHICTh 3aB/aHb AOCIIAHUKA 3 1H(OPMAILIi€I0, 1110 MOXKe OyTH OTpUMAaHa BiJl MOPIBHAHHS MOCITIJOBHOCTEH
MEBHUX TeHiB. Tak reHu, MO eBOJIOIIOHYIOTh IyXKe HIBHIKO, MalOTh Iyxke MiHmBi minsuku (highly variable
sites) 1 mpuuarHi Ui po3pi3HEHHs BHIIB, 110 BiJOKpEeMWIIUCS TUIbKU HemonaBHo (recently diverged species). 1
HaBIIaKu — JUIsl BUJIB, O Bigokpemuiucs nasHime (deep levels of divergence), Taki reHu BiKe HE € JOCTaTHHO
iHpOPMAaTUBHUMH Yepe3 3HaUYHy HECXOXICTb (i, BIAIIOBIJHO, HEMOXKJIMBICTh BCTAHOBUTH TOMOJIOTIYHICTh IEBHUX
nutstHOK) mociigoBHocTi JTHK.

Monekyasapui TexHoaorii. Pi3Hi MeTonu MatoTh pi3HUI CTYIHb PUAATHOCTI ISl BUPIILICHHS
3aBIaHb CUCTEMAaTHKH (pHcC., Tadm.). Cepen MONEKYIIPHUX METOINK, IO BXHBAHI Y CY4acHii 300J0Tii, TOJOBHE
Mmicie mocimatots: BuBdeHHs JIHK-mocmimoBHOCTel (DNA-sequencing), BUBYCHHS BCTaBKOBUX EJIEMEHTIB
(insertional events, SINEs), BUBUCHHS MMOBTOPIOBAHUX €JIEMEHTIB Ta MiKpocaTeliTiB (microsatellites and other
repetitive  DNA sequences), RAPD (Random Amplimified Polymorphic DNA — noBijbHa amiutidikaris
noniMopduoi JIHK), BuBueHHst dpepmenTiB (i303uMiB Ta ano3uMiB) nuisixom enekrpodopesy, RFLP (restriction
fragment length polymorphisms — BuBueHHs mpoiMopdizmy Bupizanux ¢parmentiB), AFLP (Amplified
Fragment Length Polymorphisms — BuBueHHs amiutihikauii ¢pparMeHTiB noxiMoppHuX 3a JoBKHHOW0). OcTaHH1
meroau (RAPD, enexrpodopes OinkoBux monekyn, AFLP) moxyth OyTH e(deKTHBHHUMHU 110 HEBHOI Mipu Juis
BUBUECHHS (DIJTOreHETHYHMX 3B’SI3KIB MEBHHMX TPYI OPraHi3MiB, aje MEepeBaXHO BHKOPHCTOBYIOTHCSI Ha DiBHI
MOMYJISIIiA Ta OMU3BKO CHopigHEeHHX BHAIB. Mu 3ocepenumock Ha po3nmini JIHK-mocmimosrocreit (JJHK-
CIKBEHCIHTY), IK IIIOHAHOLIBII B)KMBAHOTO Y BUBUYEHHI (DUIOT€HETHYHUX 3B’ SI3KIB.
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Puc. 1. TIlopiBHAIbHA NPHIATHICT BMKOPHCTAHHSI PI3HHUX MAapKepiB 3a rpagieHTOM MiHJIMBOCTI
TakcoHiB (3a Phylogenetic systematics ..., 2000); Ha oci OpavHAT BKa3aHi piBHI BiAMIHHOCTEH:
IND — mix ocobunamu, POP — mix nomynsuisimu, SP — mixk Bunamu, GEN/TR — mix pogamu
Ta Tpubamu, FAM/ORD — mik poauramu ta psimamu, CL< — MiX KilacaMu Ta BHIIIE.
Tadoauusa. 3aranpHi JaHi mo0A0 NMpHAATHOCTI Pi3HUX MOJIEKYJISIPHO-0i0JIOTIYHHX METOTUK JJIsl
notped cydacHoi cucrematukd (3a Phylogenetic systematics ..., 2000) (cyTHicTh
a0peBiaTyp — B TeKcTi)
Meroka HopiB‘Hsma I‘Ipu‘naTHich, st 3HaXO}1)I€eH‘Hﬂ‘ I—[.pl/l)ilaTHiCTI: st 3Hax0;mfemm
BapTICTh BIIMIHHOCTEH Ha BUIOBOMY pPIBH1 BIIMIHHOCTEH HA BUILIMX PIBHAX
BuBueHHs OIIKOBHX MOJICKYJI .
(SOKPCMa aJ'lJ'l03l/lMiB) HH3bKa TIoM1IpHa HH3bKa
PAPD MoMipHa MoMipHa HEeMae
AFLP IoOMipHa 3Ha4yHa HU3bKa
RFLP MoMipHa MoMipHa HU3bKa
JIHK cikBeHCiHT 3Ha4yHa HU3bKa 3Ha4yHa
BuBueHHSs BCTaBKOBHX
eJ'IeMCHTiB, SINES 3Ha4yHa HHU3bKaA 3Ha4yYHa
BuBueHHs1 MikpocaTeliTiB 3HaYHa 3HaYyHa HEMae
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0. B.'YMOBCBKHIA
Hocaixxennst crpykrypu JJHK B cucremaTuui: 3arajibHi no/10:KeHHs1 Ta MO/ieJIbHUI IPOTOKOJI

I'enn, mociiOBHOCTI SIKMX IOHAituacrime BUKOPUCTOBYIOThCs y JIHK-CiKBEHCIHTY, MOIINSAIOTBCS Ha
MITOXOH/IpiaJIbHI Ta siJiepHi, a Takox Ha Ti, o Koayrors pudocomanbui PHK um mporeinu. [ndopmarusHicTh
JHK-nocnizoBHOCTE! LMX TeHIB € Pi3HOIO B Pi3HHUX IPyIax, a TaKOX — PI3HOO sl PI3HUX LIEH AOCIiAHUKA.
Mu 30cepenMMoch Ha NPUAATHOCTI O3HAYEHWX TEHIB JJIsl BHUPILIEHHS NHUTaHb cucreMatuku. Cepen sdepHux
pPHK-cunresyrounx (nuclear rRNA-coding) reHiB akTMBHO BHKOPUCTOBYIOThCA 28S rDNA" (komye Beauky
cybonuuuiio kiituHHOT prbocomu) Ta 18S rDNA (koaye Many cyOOAMHUIO KIITHHHOT pudocomu). OOuaBa i
TeHHU JIEMOHCTPYIOTh BIZIMIHHOCTI 37I€0UIBIIOT0 MiXK TAaKCOHAMH PaHTy POJMH, PSIiB Ta BHIIE, IPOTE 10 NEBHOI
MipU MOXYTbh «IIpaIllOBaTH» 1 Ha piBHI POXiB Ta BUAIB. J|JIsl BU3HAUCHHS CIIOPITHEHOCTI TAKCOHOB HIDKYOTO PaHTy
(low-level phylogenetics) Moxe OyTH NMPOXYKTUBHUM BHKOPHUCTAHHS BUCOKO KOHCEPBAaTHMBHOIO SIEPHOTO T'€HY
«dakropa BuIOBXKEHHS «anbhany», Elongation Factor-1o, ado ckopoueHo EF-Ia (A highly ..., 1995). B minmomy
icHye Oins 14 snepHux TeHiB, BukopuctanHs JJHK-mocminoBHOCTEH SKHUX € MOTEHIIHO NePCHCKTHBHUME JIJIs
¢dinorenernunnx mobynoB (Friedlander, Regier, Mitter, 1992, 1994). Mimoxonopianvrux TeHIB, IO
BUKOPHCTOBYIOTBCS B CyYacCHiIH CHCTeMaTHIi, Hemo Ourpmie, iX iH(GOPMATHBHICTH OXOIUTIOE JIeAb HE YCi
TaKCOHOMIYHI paHTH, TaKOXX BOHH aKTHBHO BHKOPHCTOBYIOTHCS IUIS BIIOKPEMIICHHS BHIiB-IBIHHHKIB, OCKUTBKH
neski € pyxe Bupocnenudiganmu. Cepes MITOXOH/pIalIbHUX TeHIB BUAUISIOTH Ti, [0 KOIYIOTh MITOXOH/IPiaibHY
pidocomansny PHK (ribosomal RNA, rRNA), tpaucnioptay PHK (transfer RNA, tRNA) ta Ti, 10 KOAYIOTh OLIKH
(protein-coding genes). 3 TUX TEHIB, 1[0 HAWYACTIIIE BUKOPHUCTOBYIOTHCS IS BU3HAYCHHS (IIOTCHETUIHUX
3B’s13KiB, BapTo 3rajgati 16S rRNA (koxye BenuKy cyOOAMHHMINIO MiTOXOHAPiaabHOT pubocomu), 12S rRNA (koaye
CUHTE3 MaJIoi CYOOIMHUIN MIiTOXOHIpiaabHOT pubocomu), Cytochrome oxidase I (COI, xomye nUTOXpOMOKCHAA3Y
I) ra Cytochrome b (Cyt b, komye MiToxoHapiaNEHUKA TUTOXpOM b). Lli reHN aKTHBHO BUKOPUCTOBYIOTHCS SIK JUISI
BUBUEHHS (pijoreHeTHYHMX 3B’s3KiB sK Ha piBHI poxiB (12S rRNA: nampukian, Phylogenetic systematics ...,
2000), Tak i1 Ha piBHi pomuH Ta migpoauH (16S rRNA, COI: nanpuxmax, Dowton, Austin, 1997; Cyt b,
Hanpukian, Phylogenetic relationships ..., 1993). TloBHHiT CHHCOK MITOXOHApIATEHUX TEHIB, IO
BUKOPHCTOBYIOTBCSL [UII BH3HA4YECHHS (UIOTeHeTHYHHWX 3B’s3kiB, HaBeneHumit K. CaiiMoHOM 3 cITiBaBT.
(Evolution ..., 1994).

IlinroTtoBKa Ta 30epiranus MaTepiaay aag noJgaJbIIoOro JAHK-
cikBeHcinry. Hapixanm kamereM miaroroBku marepiamy mist JJHK-cikBeHCIHTY € yMepTBiHHS 00 €KTiB ¥
cimprti, 6axkano 100 % (Quicke, Belshaw, Lopez-Vaamonde, 1999). Cnuprt, mBHIKO NMpOCSIKaO4nd TITHOOKO B
TKaHMHH O10JOTIYHOTO 00’€KTY, BUKJIHMKA€ [EHATypamifo OiNKiB, 30Kkpema Hykjiea3. B cBoro wepry, B pasi
MOBITBHOI CMepPTi, HykJea3u nounHaoTh «HummTd JJHK», po3pizaioun Monekyau Ha KOPOTEHbKI HYKJICOTH[IH.
[epiony, 3a sikuii TBapuHA THHE, 3Ae0UIBIIOrO JHOCTaTHBRO Juisi moBHOI pyiHauii JJHK. Came tomy crupt, sik
MIBUIKANA DPO3YMHHHK, € IAeaJbHUM CepenoBHieM uisi (ikcarfil Oi0JOTiYHMX 3pasKiB, M0 MPHU3HAYCHI IS
nopanbuioro BudeHHs JIHK-mocnmimoBHocteit. Jlnst 3HaYHO XITHMHI30BaHMX KOMax (HaNmpUKIaJA, >KYKiB-
JIOBIOHOCHKIB, XYKiB-3JIaTOK TOIL[0) MPOCTOTr0 3aHYPEHHS B CITUPT 1HOJI HEJOCTaTHHO, OCKIJIBKH MOKPUBH TAKUX
KOMax HaJilHO 130JII0I0TH iX BiJI CepeloBUILA HA NMEBHUH TEPMiH, 1 Mpolec IX YMEPTBIHHS PO3TATYETHCS B 4aci
(HaBiTH y CITUPTI — 0 JEKUJIbKOX XBWJIMH), IO MO)KE HerarMBHO BIUIMHYTH Ha ctaH JIHK. [lns 3amoGiranHs
TAKOMy PO3BHTKOBI MOAIH paaiTh 10 JesIKOI MIpH IOPYIIMTH IUIICHICTh ITOKPUBIB KOMaxW (HaNpHUKIIAJA
€HTOMOJIOTIYHOIO HIMHUJIBKOI0), 3a0€3MeUnBIIA CTPIMKE MPOHWKHEHHS CIHPTY B TiJIO KOMaxXW. [HIIUM, Takox
JIOBOJIL YCITIIITHUM ITiIXOZ0M, € 3aMOpPOKyBaHHS 3pa3Ky, a0 ¢ikcamis y mizyrodomy Oydepi.

IneanpHMMEU yMOBaMu Ut 30epiraHHs Marepiay 3 MeToro nopanbioro BurydeHHs JJHK e 30epesxenHns B
Mopo3uiibHii kamepi npu — 20 °C. 3a Takux yMOB 3pa3Kd MOXYTb 30epirarucst 10 AEKiJIbKOX POKiB. MoxkiHBe
TaKOX 30epexKeHHs] BUCYLIEHHX €K3eMIUIAPIB (SK 3BUYAHUM BUIIAPOBYBAHHIM CIHPTY, TaK 1 aBTOMAaTH30BaHHUM,
HANpUKJIaJ, 3a JOIIOMOTOI0 arapary BUCYyIIyBaHHsi y KputuuHid Touui, Critical Point Drier). BucymyBaru
SK3eMIUIAP MOXKHA Ofpa3y IICs YMEPTBIHHS, MPOTE MOHTYBaTé (MU MOJAJBIIOrO0 BHU3HAUCHHS) HOro MOXKHA
MPUKICIOBAHHAM JIO MArepoBOl YK IENYIOIAHOT OCHOBH, aje He Oe3MOoCepeHbO HA METAJEBIM IIMHIBII,
OCKUIBKHM KOHTAKT 0i0JI0riYHOr0 Marepiaiy 3 MerasioM pyiHiBaui uis JJHK. Oxnak, 1ocBia aBTopa BKasye Ha Te,
10 HaWIIIIE «IIPAIIOI0Th» CBIXI, HEIOAAaBHO (IIPOTATroM Mics) 3i0paHi Marepianu, mo 30epiranucst npu —
20 °C. Marepianu 3 mactok Mase3za Ta 3i0paHi IHOIMMH CIIOCOOAaMU, IMONPH IOTEHUIHHY NPUAATHICTD JUIA
Buaitenns JJHK, maBamu abo Hangro crnaOkumit curHan, abo He JaBanu curHainy B3araii. IIpmumnoio 1poro,
BiporimHO, Oyny HeHaJIe)KHI yMOBH 30epiranHs, a00 KOHTAKT 3 iHIINMH PEYOBHHAMHU.

SKmo DOoCTiKYIOTECS TIOPIBHSIHO BEIHKI KOMaxH, TO KOPHCHO OpaTd 4acTKy M’ SKHX TKaHHH (30KpeMa
M’s3u), ab0 OOHYy 3 KIiHIBOK, 3aJIMIIMBOIN OUIBIIY YacTHHY XITHHI30BaHUX CTPYKTYp MJS TOJAIBIIAX
JociipKkeHb. B TakomMy pasi neil ek3eMIusip crae emanionHum 3pazkom (voucher specimen) 1 Moxe 3HaIOOUTUCS

* 'V Ha3Bax sJEpHMX T'€HiB TPAIMIUIIHO BKasyeThes ckinanoBa «DNAy», T00TO akiueHT pobuthes camy JHK-mocnminoBHicTs, 1o Koaye
MEBHUH T'eH, TOHI SIK B MiTOXOHJApiambHUX ¢irypye «RNA», TOOTO akueHT poOMThCS Ha MPOAYKT TpaHckpumuii. OCKUIBKHM 1 saepHa, i
mitoxonapiansHa JIHK xomyrors PHK, To B macnoprax I'enbanxy ¢irypye timsku PHK — T06T0 Te, m0 came koxyersest JJHK.
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JUIS TIEpEBIpKY BU3HAYCHHS BUIOBOT HAJIGKHOCTI, TPOBEIACHHSI TOATKOBUX BUMIpiB, TOIIO0. OCOOIUBO MOTPiOHUM
30epeXEeHHS €TaJIOHHOTO 3pa3Ky € B pa3i HEMOXIJIMBOCTI TOYHOTO HOoro BU3Ha4eHHs Ha MoMeHT BuBdeHHA JJHK. B
TaKOMy pa3l BKa3ylOTh HENOBHE BHM3HA4YEeHHs (HAIpUKIad, Ha PiBHI Poiy), a YTOUHEHHs (B pasi HoTpeOu)
npoBoIATh mi3Hime. Jlius ApiOHMX KoMax, KOJAM sl OTpuMaHHs BuximHOi Kinbkocti JIHK morpioHum €
noApiOHEHHST BCHOTO E€K3eMIUIIPY, KOPHCHO IpAllOBaTH 3 BUBIAHMMHU cepisiMu (ciOcamu), 30epiraioum perry
0COOWH SIK €TAJIOHHI eK3eMIUISIPH.

Bonnouac, A. ®@ininc ta K. Caiimon (Phillips, Simon, 1995) 3anpononysanu metonuky Bunydenas JIHK 3
CYXHMX My3€HHHX 3pa3KiB YJIEHHUCTOHOTHMX, 3a SIKOI HE BHUMAaraeTbcsl MOAPIOHEHHS KOJEKIIHHUX EeK3eMIUIAPIB.
[Jana metomuka 6a3yeThes Ha Metoxi BurydeHHS JIHK i3 3paskiB moncekoi kpoBi (A fast method ..., 1991), ne
3a3BHUail MICTHTBCS Oyxke HeBenmka Kinmbkicte JJHK. 3a 1mi€i MeTomwky IiMiCHICTD MOKPHBIB €K3EMILIIPY Mae
OyTH Oemro mopymieHa (HanpuKial, MIIIIHKO0), a TOTIM 3pa30K MepeMilly€eThes Y crenianbauil Oydep (B OCHOBI
sKoro 8 % pozumH 6poMiny momermnTpuMeTniaamoHis, DTAB) i nmmaetbcs Ha Hid 3a Temneparypu 68 °C. [Totim
EK3eMIUISIp BUIIYYa€ThCS 3 PO34YMHY, BigMHBaeThcs xjopodopmom Bix DTAB i1 mMoxe OyTu moBepHEeHHH 1O
KOJICKI[Il, @ PO3YMH MPOIYCKAEThCS IMIe Kpi3h HHU3KY pPEYOBUH, 30KpeMa Kpizb 5% po3uuH Opomina
uermirpumermiamonis (CTAB). DTAB, mo € neHarypyloulM KaTiOHHUM po34MHHUKOM, y KoHTakTi 3 CTAB,
Jo3BoJIste BUOipkoBo ocamkysaru JIHK, sika Hagani € Buxigaum Marepianom ais PCR.

OcHoBHi etamu orpumManHa Ta BuUBYeHHuA JIHK-mocainoBuocrTeii (Ha
npuKiIazal nporokory dipmu Qiagen):

1. ITinroroBka npodu (BUCYIIYBaHHS, TOJAPIOHEHHS).

2. Buninenns IHK (i3uc TkaHUH, BIIOKPEMIICHHS TPEPIUX PEIITOK Ta 3aiiBOi OPTraHiKM).

3. IligrotoBka marepianis 11t PCR: cTBopeHHs po3unHy, mo mictutiMe Bixinay JIHK Ta ckmamoBi mms
MOJATBIIOT ITOOYIOBH OaraTboXx I KOTIiH.

4. PCR: Gararopa3oBe 30ULIBLICHHS KO MOTPiOHOT MUIAHKK (1[0 OOMEKEeHa IpaiMepamu) BHXITHOT
JHK.

5. Xpomarorpadis y remni: ouniieHHs npoaykriB PCR (komiii notpiouoi ainsiaku JJTHK) Ta Bu3HaueHHs 1x
KIUJIBKOCTI 1] YABTPagioieTOBUM BHUIIPOMIHIOBAHHSIM.

6. Ounrienns npoayktie PCR Bij reso Ta 3aliBUX PEaKkTUBIB.

7. IlepeBipka SAKOCTI OYMIICHHS (3HOB y Teili, aje 3 BUKOPHCTAHHIM YK€ HE3HAYHOI KIIBKOCTI THX
nponykTiB PCR, KiTBKICTh SIKMX € 33JJOBUTHHOIO JIJIS ITOJJAJTBIIIONO BUBYCHHS).

8. IligroroBka MarepiaiiB [yisl CIKBEHCIHTY 1: CTBOpEHHS po3uuHy, 0 MictutuMe npoaykru PCR, miueni
(dryopecrieHTHI) OCHOBM Ta peareHTH At MoOynoBH MiueHnX Komii npoxykriB PCR.

9. CikBeHciHT 1 (OTpUMaHHS KOPOTKUX PI3ZHOPO3MIPHHX ONITOHYKJICOTHIB 3 (PIIYOPECIICHTHIMH KiHIISIMH,
110 TIO3HAYAIOTh MicId, e cuaTe3 komii JTHK 6yB nepepBanwmii).

10. OcamkenHst (MpeUMITiTaLis) OPOJAYKTIB CIKBEHCIHTY 3aBISKH MociifoBHoMy BiamuanHio 100 % Tta
70 % cnuprom; pe3yasrar — npodipka 3 cyxoro Macoro JJHK-dparmenris (30epiraerbcsi B MOPO3UIBHUKY MPU
—40 °C).

11. Cikencinr II. Amnani3 y aBroMarM3oBaHOMY CikBeHcepi depe3 posumHeHHs y Loading Buffer,
JICHATYpAIlilo Ta 3aIlyCKy Yepe3 Irejib IPU 3YUTYBaHHI Ja3ePHUM CKAaHEPOM CHUTHANIB Bifl (IyOPECIECHTHUX MITOK
yCIX OJIIFOHYKJICOTHIIB (MyHKT 9) Ta yKIA/IMI X BIAMOBIAHO 10 HOBKUHM. PesymsraTtom € enekrpodeporpama (y
BUIJISII KOMIT FOTEPHOTO (haiiiny), Ha sIKiil KOJIbOPOBI CUTHANM TPaHC(HOPMOBaHI y BIAMOBIIHI A30THCTI OCHOBH 1
YKJIaJIeH] BiIMOBIAHO 10 PO3MIpY OJIrOHYKJICOTHIIB, BHACIIOK YOTO OTPHUMAaHa ITOCIiI0BHICTh a30TUCTUX OCHOB
BIJINOBi/1a€ IEPBUHHIN CTPYKTYpi pociimkysanoi JHK-ninsaku.

12. TepeBipka sKOCTi TpaHCPOPMOBAHOTO KOMIT IOTEPOM CHUTHATY aBTOMAaTH30BaHOTO cikBeHcepa y JJHK-
MOCITIAOBHICTh Ta HOTO KOPEKIIis (B pa3i moTpedu) yepe3 mepeBipKy BiIIIOBIAHOCTI KOJIEOPOBOTO CUTHATY KOXKHOT
(IryopecreHTHOI MIiTKU TIEBHINA a30TUCTIii OCHOBI.

IIpeancTaBieHHA MOHHO OTPUMAaHUX JaHUX A0 l'enermuHoro O6anky. [Jus
nocwiaHHs Ha naaHi nocmigoBHoctedd JIHK B HaykoBuX myOmikamisix 1i AaHi MaroTh OyTH 3apeecTpoBaHi B
MibkHaponaHoMy reHetndHoMy Oanky (EMBL/GenBank/DDBIJ databases, abo NCBI, National Center for
Biotechnology Information). IlpencraBnenns HoBux nanux 10 EMBL Ta orpumanns iHdopmaii npo HasBHI
JHK-nocmimoBHocTi  BimOyBaeThess Ha  [HTepHer-By3max  http://www3.ebi.ac.uk/Services/webin  a6o
http://www.ncbi.nlm.nih.gov/, BianosiaHo.

Moanenbnuii mportokoa paocaiaxkenns crpykrypu JHK (va npukinanl xomax,
Jonarok 1). JlaHuii NPOTOKOJN € Yy3arajdbHEHHSM THX OIepalliif, [0 MpPOBOIMIKMCA aBTOPOM B IIpoleci
nmocmimkeras JJHK-mocmigoBHOCTeH i3amiB ponuan Eulophidae y MonekymnspHiit maboparopii Bimmimy Giomorii
Kopomiscekoro xonemxy YHiBepcutery Jlonmona (Department of Biology, Imperial College at Silwood Park),
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nepeBaXkHO 0a3yrouuch Ha npoTokosax ¢ipmu Qiagen. IcHye 6araTo HIIMX MPOTOKOIIB, SIKI BIIPI3HSAIOTHCS OJHE
BiJl OZIHOTO HASIBHICTIO YM BIJICYTHICTIO NIEBHUX €TAIliB, BUKOPUCTAHHSAM THUX YH IHIIUX XIMIYHHX CIOJIYK TOIIO.
Hanpuknan, wepinko npoxyktu PCR ouurnyroTbes 3 po3uuHy, a He 3 arapos3u (nuB. m. 6 OCHOBHHX €TaIliB,
Buile). [Ipore, 3aranbHa JIoriyHa MOCHIIOBHICTH ONEpaliil 0JHaKoBa B YCIiX NMpOTOKoiax, Tomy B Jomgarky 1 mu
OIUILIEMO YBECH MPOIEC, BKIIIOUAIOYH JETalll, 3 pO3paxyHKOM Ha Te, IO Micis 03HAHOMIIEHHS 3 yCIM MPOLecoM
Ha KOHKPETHOMY ITPHKJIa Il YUTAa4eBl HEBAXXKO Oy/ie ONaHyBaTH i iHI, B YOMYCh BiIMiHHI, TPOTOKOJIH.

Monasaxu. Ll crarts € yacTKoOO JOCHIAHUIBKOI poOOTH aBTOpa, 110 Oysia ¢inaHcoBaHa rpanToM Royal
Society/NATO Postdoctoral Fellowship (NATO/99A/bll) Ta € yacTHHOO MPOEKTY, 110 MiATpUMaHUK Jlep>kaBHUM
®onnom DynmamentansHUX Jocmimkens Ykpaian (mpoekt 05.07/00078). ABTOp BHCIOBIIOE MIMPY IONSKY
. Ksixy (Donald L. J. Quicke, Department of Biology, Imperial College at Silwood Park, Ascot, UK), P. benmoy
(Robert Belshaw, Department of Biology, Imperial College at Silwood Park) 3a momomory B omanyBaHHI
MOJIEKYJISIPHUX METO/IMK Ta CIIyLIHI peKOMEHIaLIl npH miarotosui iei podoru, Ta B. B.Tkauy (IncTuTtyT 300510111
im. L. L.IImanbray3zena HAH Ykpainu) 3a pefakiiito pyKoucy Ta KpUTHUYHI 38y BayKSHHSI.
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JNoaarox 1. MOJAEJBHUI MPOTOKOJ JOCJII)KEHHSI CTPYKTYPHU JHK (HA IPUKJAI KOMAX).
APPENDIX 1. A model protocol for obtaining DNA sequencES FROM insect samples

PREPARATION - IIITOTOBYMM ETATI

Materials: Marepiai:
1) Specimens preserved in alcohol or CPD-dried. 1)  Exsemmuisipy, 1o 30epiratorscst y 100 % cruprti, abo Bxe
2) Dneasy (with matrix) and collection tubes. BUCYIICHI (HATPHKIIAJ, KOJCKIIHHI 3pa3Ku, 10 BUCYIIICHI 3a
3) Pipettes. JIOTIOMOTOI0 METO/Ly BHCYLIYBaHHS Y KPUTUYHIH TOULI
4) Proteinase K. (CPD);
5) Buffer ATL. 2) npobipku Habopy «DNeasy» Ta mpoOipKH-KOJIEKTOPH;
3) minmeTkw;
4) mnporeinaza K;
5) Oydepnuii pozunn ATL.

OPERATION ETAII FIGURE/
ITJTIOCTPAINIA

Drying of alcohol-reserved | BucymyBanna  ex3emmispis, 110
specimens 30epiraiaucs y cupri

The alcohol-preserved specimens | Exzemmisipu, mo TiTBKH-HO BHITyYeHi 31
to be placed on filter paper and | crmpty, KIIaIyThCS Ha Ha
left for about 10-15 min (some | ¢inprpyBampHmii mamip Ha 10-15
hours, for sure). The alcohol is | xBuiuH (200 i JEKiIbKa TOJWH, SKIIO €
inhibiting  the  activity of | Taka  MoXJMBiCTB), 100  CcHHpPT
proteinase K, which, in its turn, is | BumapyBaBcs. Crupt MIPUTHIYY€E
breaking proteins and releasing | (inridye) aKTHUBHICTh (bepmeHTiB
DNA. If the specimens are | (30kpema mpoteinasu K). B coro uepry,
alcohol-preserved, the alcohol | mporeinaza mae 3pyiliHyBaTH Oinku Ta
must be evaporated. «BUBUTBHUTI» MoJieKynn JTHK.

Grinding and initial lysis IonpioHeHHs Ta NOYATOK Ji3HCY

Juns  Outein  edextuBHOrO  Jjisucy (o  HOTpiOHME  [uist
«suBinpHeHns» JIHK) wmarepian morpiOHO sikOMOra CuIlbHiLIe
noapi6uuTu *. TloapiOHeHHs Martepiasy Mo)ke BimOyBaTHCs SIK 110
nonaBaHHS OyQepHOro po3umHy (B Cyxii mpodipmi), Tak i micis (y
pimuni). Jlisuc TkaHWH 3a0e3nedyeThes (epMenToM (proteinase K,
20 mxi), a Oydepuuit posunn ATL (180 mxir) 3abe3nedye HayeKHi
YMOBH JUIS IPOTIiKaHHS PeaKIlii JTi3ucy.

It is vital to grind * tissues into small pieces to
enable more efficient lysis. ATL buffer (180 pl)
and enzyme (proteinase K, 20 pl) must be added
to the grinded materials.

The enzyme will provide a lysing of tissues in
order to release DNA, and the buffer maintains its
proper chemical condition (pH, etc.)

*ToBKaYMKK JJIs1 TOJAPIOHCHHS Marepiany a0 KymyroThecs, abo
BUIOTOBJISIIOTBCS ~ CAMOCTIHHO  Yepe3  OIUIABJIICHHS  KiHYHKIB
HAKOHEYHHKIB JUIS MIMETOK.

*QGrinding pestels may either be bought, or
made handly by heating pipette’s ends and
squashing in collection tube’s bottom

Lysis Jlizuc . N
The lysis happens under 55 °C. Jli3uc BigOyBaeThCs 3a TeMIlepaTypu P s A

The sample’s particles must be | 55 °C. Yactku monpibHeHoro marepiaiy o

dispersed in tube for proper | MaroTh OyTH PiIBHOMIpHO pO3MOALTEHI y =

enzyme work. po3umHi I HAJISKHOI  poboTH 55°C
Grinded material in the tube | ¢depmenty. c e

with buffer/enzyme mixture is 3pa3ox y mpodipui, IO MICTHTh 5 \Qﬁj

placed on rocking platform of | Takox OydepHuii po3unH Ta (epmeHT- \|

thermostat and to be kept | mporeiHasy, cTaBHTbCSI Ha pyXoMy

overnight under 55°C, or | miatpopmy B Tepmoctar, abo, B pasi @ @

incubated for 1-3 hours under the | motpe6u, moxxe OyTH monuuieHnid Ha 1-3 [Fig. 4]

same temperature. TOZMHHU 3a M€l K TeMIIepaTypH. &
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0. B.'YMOBCBKHIA
Hocaixxennst crpykrypu JJHK B cucremaTuui: 3arajibHi mo/10:KeHHs1 Ta MOieJIbHUI POTOKOJI

PRECIPITATION 1/ OCAJXKYBAHHA 1

Materials:

1) lysate

2) Dbuffers AL, AWI1 and AW2
3) VORTEX-2-GENIE

Marepianu:

1) m;izat (IpORYKTH Ji3HCY)

2) Oyodepni pozunan AL, AW1 ta AW2

3) VORTEX-2-GENIE, 3rpymyBau (posmiwysau, abo weiikep)

OPERATION FIGURE
Dissolving of the lysate Po3unHenHs JizaTy . N
1. Vortex the lysate in about 15 sec. 1) CrpymyBatu Ji3aT IpoTsATroM OJIM3BKO % e

2. Add 200 pl of AL buffer, mix
thoroughly by vortexing and incubate
at 70 °C for 10 min (mostly in water

%
T

15 cexyHn y po3MilryBadi;
2) Honmatu 200 Mk OydepHOro po3uuHy
AL, 3HOBY po3MillIaTh Ta TPUMATH IIPH

70°C

heating block).

It is essential to homogenize lysate after
the lysis, and also to mix the lysate with
buffer AL thoroughly, in order to prevent a
white precipitate (to vortex once more if
the precipitate was formed — it must
dissolve during the incubation)

Hyxe

TaKu

70 °C 6mu3pko 10 XBUIAMH (HIEpeBasKHO
Ha BOJHOMY MiIirpisi).

piBHOMIpHO po3mimanuii 3 AL, mo6
YHUKHYTH Oiloro ocaxy (sSKmo BiH Bce-
chopmyeThes,
PO3MILIATH 10 MOBHOTO PO3UMHEHHS])

BaXJUBO, Im00 mizat OyB

P

T0 Tpeba Horo

Cleaning of lysate. 1.

1) Add 200 pl of ethanol (96-100 %) to the | 1)
sample (for the dissolving of the organic
matter out) and mix thoroughly by vortexing.

Ounnienss Jjizary. 1.

Hoparu 200 M cnupty (96—100 %) no mpobu ta po3miluatu
perenbio (JJHK HeposumHHa y cmupTi, a OUIBLIICTD IHIIMX
OpTaHIYHUX PEUYOBHH - TaK)

2) Replace the lysate (by pipette, drop-by-drop) | 2) 2) Ilepenectn BMicT TpoOipkH (IINETKOIO, KpalulMHA 3a
into the DNeasy mini column (having KpaIUIMHOI0) 10 MaTpukc-tpodipku DNeasy, mo posmimeHa B
matrix), sitting in a 2-ml collection tube 2 ml npobipui-KkosexTopi

. 3) Lentpudyrysatu Ha > 6000 x g (8000 006./xB.) mpotsirom 1
3) C@ntrlfuge at = .6000 x & (8000 rpm) for 1 xBwinHK; npu npomy JIHK, mo BuBUIBHMIACS mHpH Ji3MCI,
min; then discard flow-through and . . D 6i . .
llection fube. The released DNA is ocinae y ToBii Matprkcy Dneasy-npoipiu, Tozi sk piaka (ba}3a
co o PO3UMHY BHTIKae 10 IMpOOipKU-KOIEKTOpa (ocTaHHs Ta ii BMIiCT
adsorbed at the matrix. e
BXKE HEMOTPiOHi).
@ = k@ 1 =
@ agreed " ‘_]
G v DNA image
/"’“' ’_‘ \W
. '/ A
=7 g
::;m;ur;:" 1 -
TBIN |
[Fig. 6]

Further cleaning of the lysate by the buffer AW1.
Add 500 pl of buffer AW1 into the DNeasy mini-
column used before (but sitting in a new collection
tube), and centrifuge at > 6000 x g (8000 rpm) for 1
min; then discard flow-through and the collection

OunineHHs Ji3aTy Bix opradiku, 1o He po3YMHUJIACH B
cnupTi, 32 Jonomororo 0ydepnoro pozuuny AWI1.

Jomatn 500 Mxn Oydeproro poszumny AW1 mo Tiel x
MaTpUKC-TIPOOIpKH (fKa 3apa3 MICTHTbCS Yy HOBIiH mHpoOipii-
KOJICKTOpi), Ta neHTpudyrysaru npu > 6000 x g (8000 06./xB.)
nporsiroM | XBWiIMHM; pigka ¢a3a po3duuHy BHTIKae 10
poOipKH-KoJIeKTopa (ocTaHHs Ta 1l BMIiCT Bxke HenoTpiOHi).

tube
BUFFER
x AWl
[l;

CENTRIFUGE

Wl
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PRECIPITATION 1/BUCAJKEHHA 1
(continuation / npo10B:KeHHs1)

Washing out of the residual ethanol by the buffer
AW2,

Place the same DNeasy mini column in a new 2-ml
collection tube and add 500 pl of the buffer AW2 and
centrifuge at full speed for 3 min; then discard flow-
through and collection tube, and the DNeasy
membrane (matrix) must be dried, and then the whole
DNeasy mini column to be placed into a new
collection tube.

Note: presence of the ethanol precipitates DNA,
so, when the organic ‘pollutants’ are washed off,
ethanol should be removed: it goes to flow-throw
while cenrifuging, and the remaining amount
evaporates when kept in open air). DNA remains
adsorbed by the matrix of the DNeasy mini column.

BigMuBanHs 3aaumkiB cnupty 0ydepHuM posunHom AW2.

Po3mictutu Ty camy DNeasy marpukc-npoOipky y HOBY 2-Mil
mpoOipKy-KoJekTop Ta momatu S00 Mka OygepHOro po3umHy
AW?2 i nentpudyrysatu Ha moBHiif mBuakocTi 3 xBumHE. [Ipn
obOMYy pinka ¢a3a po3udHy BHTIKAE IO IMPOOIPKU-KOJIEKTOpa
(octanHs Ta 1 BMicT BKe HemotrpiOHi), a DNeasy maTpukc-
npo0OipKy Tpeda BUCYIINTH (JIMLIMTH BiJIKPUTOIO HA JISSIKUIL Jac)
Ta MePeMICTUTH 10 HOBOT MPOOIpKH-KOJIEKTOPA.

Ipumirka: 3a HassHocTi cniupty JJHK ocamkyerses. Takum
YHHOM, KOJHM OpraHiuHi «3a0pyaHIOBadi» BHUMHTI, Tpeda
1mo30yTucs cupTy (BiH BUMHBAETHCA 3 OypepHUM PO3UHHOM Yy
IPOOIPKY-KOIEKTOP, a SKIIO IIOCH e JINIIAETHCS Y MAaTPHKCI, TO
BUIIAPOBYETHCA IIPH BUCYIIyBaHHI); B Takuii cnoci6 ycs JHK
JIMIIAETHCS] BCEPEANHI MaTPUKCY .

. wtn‘m
T Aw2
Lk
W,-] | |
AM
l |

\5.. I'-.‘ /

b M

=] .
Vol
G|

F ‘. ‘

Ny

y

J
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[Fig. 8]

Dissolving of DNA
The adding of water is needed for the dissolving
of DNA from the matrix, where it is fleshed. Wait for
a while before centrifuging, so that the water is
sinking through the mathrix and dissolving DNA.
Generally, it is adviced to use 100-200 pl of water,
but for tiny insect specimens, it is better to use less
water for the increasing of the DNA concentration.
1) Place DNeasy mini-column in the Eppendorf
tube.
2) Drop 30-50ul of distillate water directly onto the
DNeasy membrane (matrix).
3) Incubate at room temperature for 1 min.
4) Centrifuge for 1 min.

DNA is dissolved by the water and flows
through the matrix into the Eppendorf tube (the
DNeasy mini column to be discarded). This DNA
extract (30-50 pl) stored in Eppendorf tube, will be
used in the following PCR-reaction and should be
kept in ice, if PCR will be done soon, otherwise, in
freeze.

Po3uunenns JJTHK

JonaBanHs Bogu € HeoOximHum ans po3umHenHs JIHK 3
MaTpUKCY, KyJIH BOHa NPOCSAKIAa NpU ICHTpUQyryBanHi. [Ipu
NIPOXO/KEHHI Kpi3b Marpukc Bojga BumuBae J[HK. 3aramom
pansats BukopucroByBatu 100-200 MK BOIH, ajie, OCKIIBKH MH
MPALIOEMO 3 IPIOHUMHU eK3eMIULIpaMHU, JIIIIe BUKOPHCTOBYBATH
MeHIIIe Bo/H, 11100 30inbumty KoHueHrpauiro JJHK y excrpakri.

1. Posmictutn DNeasy MaTpukc-npoOipky y mpoOipui
Enmenmopga

2. Jomatu 30-50 MK AUCTHIBOBAHOI BOAM OE3IIOCEPEIHBO HA
MeMOpaHy MaTpHUKC-TIPOOipKH

3. Burpumaru nporsarom 1
TeMIIepaTypu

4. lentpudyrysaru 1 XBUIHuHY

XBUJIMHU 3a KiMHaTHOT

JHK, mo posdrHeHa y BOJi, HPOCSIKAE KPi3b MATPHUKC Yy
pobipKy Ennennopda (MaTpukc-mipobipka micst
neHTpudyryBaHHs Bke He NoTpiOHa). Leit exctpakt JHK (30—
50 mxn) 30epiratumeTbcss B mpoOipui  Emmenmopda  Ta
BHUKOPHUCTOBYBAaTHMETECsl B mopansmiii PCR-peakmii. Excrpakr
Mae 30epiratucs B KOp3HMHI 3 JbOZOM (JUIi IIBUJKOTO

BHUKOPHUCTaHHS), 800 Y MOPO3HJIbHUKY.

E—— [Fig. 9]
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0. B. T'YMOBCBbKHI

Hocaixxennst crpykrypu JJHK B cucremaTuui: 3arajibHi no/10:KeHHs1 Ta MO/ieJIbHUI IPOTOKOJI

PCR (The Polymerase Chain Reaction) / PCR, j1aniorosa peaxuis nojiimepasu

Materials:

1. PCR micro tubes.

2. DNA dissolved in water.

3. Oligonucleotide primers (supplied) indicating start
sites for the DNA-polymerase; for example D,F;
(forward) and D;R (reverse) for D2 region of
rDNA; all of concentration 10-20 pM/pl).

4. Desoxynucleotides (dATP, dCTP, dGTP, dTTP),
that provide material for DNA amplification
(synthesis of DNA): 10 ul of each (10 ul x4+
60 pl of water = 100 pl); shortly, dNTPs.

. Taq buffer (supplied).

6. Taq polymerase (thermostable DNA-polymerase).

9]

Marepian:

1. PCR mikponpoGipku

2. Excrpakr JJHK (BomHuii po3unH)

3. OniroHyKJICOTHIHI npaiimepu 10-20 pM/MKI-

KOHIIEHTpaIlii, [0 BU3HAYar0Th Micls npukpimienns JHK-
nomiMepasy, 3okpema D,F; (Bmepen) and D;R (ma3zam) mns
D2 ginmsaxkn  pJHK. Ilpaiimepu po3poOistoThes Ta
CHHTE3YIOThCS  OIOXIMIYHUMH ~ KOMITIAHISIMH, HEIOPOTO
KOIUTYIOTH 1 3aBX/JH € B apCCHANIl Cy4aCHUX MOJIEKYJISIPHO-
GionorivHux 1abopaTopiii.

4. [Hesokcinykneoruau (dATP, dCTP, dGTP, dTTP), mo €
«OyIIBHEM MaTepianom» Ui CTBOpeHHS «ao4ipHboi» JHK:
mo 10 pl xoxuoro (10 mxa x 4 + 60 Mxn Bogu = 100 MK);
ckopoueHo — dANTP

5.  Bydepnuit posunn s Taq nomimepasu (ckopodeHo - Tag-
Oydep; mocrauaeTbes GionabopaTopismu)

6. Taq nonimepasa (tepmocrtiiika JIHK-noimepasa)

STEP

KPOK

Preparation of the Stock Solution:

H,0: 40.7
Tag-buffer 5.0 -l -[
dNTPs 1.0 |F49 |50
D,F; 1.0

Ds;R 1.0
Tag-polymerase 0.3

DNA extract 1.0

We have to multiply each item into Z, and Z =
N+1+1, where N is the number of studied samples,
and 1+1 is positive and negative controls (see below).

Example:
For 8 samples (but indeed 8 + 1 + 1 = 10) it will be:

H,0: 407

Taq buffer 50 —[

dNTPs 10 490
D,F; 10 10
D;R 10
Tag-polymerase 3 49

So, 10 tubes will be filled with 49 ul of Stock
Solution and 1 pl to be added to each tube (total
50 ul)

Notes:

The whole contents of the PCR microtube must be
50 pl: 49 pl of the stock solution and 1 pl of the DNA
sample. It is easier to multiply each component of the
sample to the number of samples rather than to
measure the precise quantity several times. Stock
solution is generally prepared in the separate
Eppendorf tube.

IlinroToBka BHXiAHOTO PO3YHHY:

H,0: 40,7
Taq-O6ydep 5,0 -[ -l
dNTP-cymimm 1,0 [F49 |50
D,F;-npaiimep 1,0
D;R-npaiimep 1,0
Taq-nomimepaza 0,3

exctpakt JJHK 1,0

KoskeH KoMIIOHEHT TOTPiOHO OMHOXUTH Ha Z, e Z =N + 1 +
1, ne N — KUIBKIiCTh €K3eMIUTAPIB, 0 TUIAHYETHCS OMPAIIOBATH,
a 1 + 1 — 1e NO3UTUBHUM KOHTPOJb + HEraTUBHUN KOHTPOIb
(muB. HIDKYE).

MMpuxnan:
Jns 8 3paskiB 1ie Oyae Tak (mpote po3paxyHok ine Ha 8§+ 1+ 1=
10):

H,0: 407
Taq-6ydep 50 —[
dNTP-cymim 10 490
D,F; 10 10
Ds;R 10
Tag-nomimepaza 3 49

B 1inomy, 3anoBaenHs 10 npobipok notpebdye 49 MK BUXiITHOTO
po3urHy Ta 1 MK1 Tpeba Joxat 10 KOXKHOI mpobipku (B HijoMy
50 MKd)

Horarku:

[ouuit Bmict PCR-Mikpomnpobipku Mae Oytu 50 mxit: 49 MK
puximHoro po3umHy Ta 1 mxn [IHK-exctpakry. Ilotpeba y
BUXIZTHOMY pO3YMHI IOSCHIOETHCS THM, IO Habarato Jiermie
TIOMHOXKUTH KOXKHY CKJIQJIOBY CyMIlll Ha KUIBKICTB 3pa3KiB, HiXk
MipsaTH TouHy (I TpU TOMy JIyXe Maiy) KUIBKICTh KOXKHOI
PEYOBHHHU JeKinbKa pa3iB. Buximuuit po3uuH 3ae6inbinoro
roTyeThesl y okpemiit nmpobipii Ennenmopda.
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PCR (The Polymerase Chain Reaction) / nanuioroa peakuis moJjimepasu
(continuation / npo0B:KeHHs)

Positive control of the Stock Solution quality Ilo3umuenuii  Konmpons TPU3HAYCHUH IUIsI IEpeBipKU

SIKOCTI BUXIZTHOTO PO3YHHY

1) Prepare tube with known, ‘good’ DNA (amplified
well earlier)

2) Add 1 pl of this sample to 49 ul of Stock Solution.

1. IigrorysaTtu 3pa3ox JHK, o YCITIIHO
aMILTi(hiKyBaBCs paHime
2. Jlomatu 1 Mkn mporo 3paska A0 49 MKI BHXIZHOTO

The amplification of this sample must be successfull, if PO3HHHY.

the Stock Solution prepared properly, If ampliﬁcation of SIxmo npu l‘IpOBeI{eHHi PCR-peaKHH nen 3pa3ok
this known Sample of DNA is SuCCGSSqu, but all other aMHJ'Ii(biKy€TI)C$I, a SIKICh 3 1HIINX (q],[ " yc] IHI_I_II) — Hi, TO L€
samples failed, then something is bad either with this 03HAYae, IO nani HHK-GKCTpaKTI/If HeskicHl. SIKmo x
DNA, or with the lysis or with the Precipitation I (and | amnnigixauis ne BinGynacs ani ans gocnivkyBaHux 3paskis,
PCR is OK). If amplification of this known sample of | aui gns nosurmeHOro komtpomo, To ycs PCR-peaxiis
DNA is not successfull, and all other samples failed, then | npopenena 3 mommakamu.

something is bad with PCR. )
Hecamuenuit Konmponp TPU3HAUYEHUN U1 TIEPEBIPKU

Negative control: or check of a contamination by any | puxigmoro  posumHy Ha  HasBHiCTE  3a0py/HEHHS
ocassional DNA. For the preparation of the negative | (xomraminanii) croporusoro JIHK. st #0ro npuroryBanss
control only 49 pl of Stock Solution is needed, without | nocratueo momaté B 1pPoGipKy TiNbKH 49 MKI BHXiZHOTO
any s p e cial adding of DNA samples. There must | posunny. Hisxoi amrutipikamii He mae BinGyearucs y
be no amplification (if any, that means that the Stock | peratmeromy xomTpomi. SKmo BOHA €, TO Ie — MOKA3HHK
Solution was polluted by an alien organics containing | 3aGpymuenHs, i OTpUMaHi Pe3y/IbTATH € HENPUAATHHUME IS
DNA). MOJAJTBIIIOTO OIPAIIOBAHHSI.

Stock Stock
% o Solution Y Soluilon
i3 !
positive negative
conirol eontrol [F-
ig. 10]

Preparation of the tubes for the | IlinroroBka Ta minmucyBanHs PCR-mixponpo6ipok
respective DNA samples. You must | qns mpoBenenHss BiuacHe PCR-peaxmii: HeoOXximHy

label the PCR microtubes similarly | xinbkicTh PCR-mikponpobipox moTpiOHO

as the tubes with frozen DNA | mpoermkeryBatm Tak camo sK  IpoOipku 3

samples pignoBiganmu JJTHK-excTpakramu

[Fig. 11]

1) Take Eppendorf tubes with DNA-extract from | 1) Bsstu mnpobipkun Enmenmopdpa 3 JHK-exctpaktamu 3
freeze (just when the Stock Solution is MOPO3HWJIBHOI KaMepH (TUIBKH TOAI, KOJH BHXITHHI pO34nMH
prepared). TOTOBHIA)

2) Add 1 pl of each sample to 49ul of the Stock | 2) 1 Mkin koxHOro 3paska JomaTH 10 49 MKI BHXiJHOTO
Solution being previously placed in each pPO3YHMHY, IO MICTUTbCA Yy KOXHiil mignucanii PCR-
labelled PCR micro tube. MIKpOTpoOipILi

3) Tubes are placed in PCR machine for about 1.5 | 3) PCR-mikponpo0Gipku crapistecs B rHizgo PCR-mammau
hours. This is a cyclic process representing a npubnusHo Ha 1,5 ronunu. Lle nukinivamiz nporec, uio sBise
cyclic alteration of denature, primers’ annealing co00I0 TEpIoAWYHY 3MiHy JCHATypalii, HpPUKPIIUICHHS
and extension. One of possible combination is: mpaiiMepiB (aHUTIHTY) Ta OOOYZOBH KOMILTIMEHTapHOTO

nanirora JIHK. Onna 3 MOXKIMBUX KOMOIHAITIH:
35 cycles of:

Denature: 94 °C for 30 secs 35 umkiiB:
Annealing: 50 °C for 30 secs Jenatypartis: 94 °C — 30 cekyHn
Extension: 72 °C for 1 min Anininr: 50 °C — 30 cexyH[

. 0, :72°C—1
A thermostable enzyme Taq polymerase amplyfying Hlobynosa XBHIHHA

DNA sequences based on the sites of the template | TepmocTabinpuuii ¢pepment Taq momimepasa ammtidikye JTHK
DNA, delimited by the primers. The process includes | mocmigoBHOCTI, Oa3yrouncy Ha AUTIHLI MaTepuHChKoi JJHK, mo
series of several separations of the template DNA | oOmexxeHa mpaiimepamu. Lleit mporec BKIIIO4ae cepito AEKITBKOX
into two strands (under 95 °C) and the syntheses of | po3ninens marepuncekoi JIHK Ha nBa manIioru (3a remmeparypu
the complementary strands. All the cyclings take | 95°C) Ta cuHTe3 [BOX KOMIUIIMEHTApPHUX LUM JUISHKAM
place in the PCR-block that is altering the | manmoriB. VYci mmknm BigOyBatorbest y PCR-mammni, ne
temperature automatically. TeMIlepaTypa 3MiHIOEThCS aBTOMATHYHO.
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FCH Systeen WE

[Fig. 12]

Different types of the PCR blocks (Pizni Tunmun PCR mammnn):

a) PCR block: GeneAmp PCR System 9700;

b) GeneAmp PCR System 9700 in the molecular laboratory of the Centre of Population Biology, Ascot, UK;
¢) Elmer DNA Thermal Cycler 480;

d) Perkin Elmer Quaigen PCR Cycler 2400.

protecting mask

[Fig. 13a] [Fig. 13b]

UV-laboratory: a) UV transilluminator, a table for the work with gel plates, gel trays; b) the computer reading signals
from UV-camera.

JlaGopaTopisi 1Jist po6oTH 3 yabTpadiosieToM: a) CTOJMK A5 POOOTH 3 reJIeBHMU MJIATIBKaMU, TeJieBi Taii;
b) komm’rTep, mo yntae curaaau 3 UV-kamepu.
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PCR steps (by Duffy, 2000) / PCR kpoxu (3a Duffy, 2000)

STEP

KPOK

1) First of all, the reaction mixture is heated to about
95°C. This causes separating of the DNA
template strands. The desired sequence, shown in

Crepmry cymimn migirpiBaeteess mpubmmsuo mo 95 °C. Lle
MPU3BOAUTH 110 Toro, mo BuxigHa AHK posninserscs Ha aBa
okpeMi saHmiory. [IpumycTiMo, IO MOCHIZOBHICTB, SIKA HAc

red, lies within the length of DNA, flanked by | mikaBuTh, 3HaXOmUTBCA MK JBOMAa BXKE  BIJIOMHMH
known sequences. MOCIIIOBHOCTAMH ~ (I[i ~ HOCIIIOBHOCTI  KOMILTIMEHTApHI
oOpaHuM npaiiMepam)
r17 7T 17T 17T 1T 7T 17T 1T 7T 7T 1 -,Illlliilil!l
I I T O T A O A A A A
| TN N N Y [ TN N N O N |
desired sequence .
[Fig. 14]

2) Once the strands have separated, the mixture is
cooled to about 56 °C. The primers in the mixture
anneal to the single-stranded DNA, blocking the
reattachment of the template strands by their sheer
numbers.

TinbKHU-HO JaHUIOTH BiJOKPEMHJIUCS, CYMiIl OXOJIOMIKYETHCS
mo 56°C. [Ilpaiimepn, 10 3HAaXOmATbCA Yy  CyMilli,
MPUKPIIUIIOIOTHCS O BIINOBITHAX KOMIUTIMCHTAPHUX TUISTHOK
KOXKHOT'O JIAHIIFOTa, L0 3aro0irae 3BOPOTHOMY CKPIILICHHIO
JIAHIIOTIB

Primer

T

[Fig. 15]

3) The new complexes are ready to undergo the final
step in the first cycle. Now that the primers have
annealed to the strands, the DNA polymerase has
an initiation site for synthesis of a new strand.
Using deoxynucleotides in the mixture, the
polymerase synthesises a complementary strand
for each template, thereby replicating the desired

gene(s).

Temep i HOBI KOMIUIGKCH TOTOBI JUII OCTaHHBOTO KPOKY
nepuoro nukiry. OCKiIBKK HpaiiMepH BxKe MPUKPIIHINACS 10
naniori, /IHK-nmonimMepasa mMae TOUYKy [UIsi CHHTE3y HOBOTO
JaHIora. BUKOPUCTOBYIOUN JI€30KCHHYKJICOTHUIN 3 CyMilli,
nojiiMepasa CHHTE3y€ KOMILUTIMEHTapHY IOCHIZOBHICTh IS
KoxxkHoro saHIrora (JJHK-marpuii), BigmoBiAHO BiITBOPIOIOYH
NOTpiOHUH TeH (TeHH).

HoBwnif nanmior gemo KopoTHIHil 32 MAaTEPUHCHKUH, OCKUIBKH

The new strands are slightly shorter than the | mimsmka JIHK, mo MictuTbcss mepex  IOCIIZOBHICTIO
template strands, because the sequences prior to | mpaiiMepa, HE CHHTE3Y€EThCS
the primer binding sequences are not copied.

1 1T 11 1T 17T 17T 17T 1T 1 r 1T 1 o1 1 17 1T T 1

11 L1 1 1 1 1 1 1 1
—'-—
T 1 P 11 111 11
1 1 1 1 1 1 1 1 1 1 1 i 11 b1 1 1 1 1 1 1
newly synthesized DNA [Fig. 17]

4) These newly synthesised strands of DNA now
enter the cycle as template DNA. In effect, the
amount of DNA has been doubled. We will
concentrate on an original strand and its new
partner strand as they are subjected to the same
cycle as before. The increase of temperature to
95 °C causes the strands to separate. The new
shorter strand is now ready to undergo the rest of
the reactions.

[oiiHo cuuTe3oBani Jyanmrorn JJHK Ttenep BeTymaroTh 110
HOBOT'O IIMKITy, TaK CaMo sIK paHillle MaTepHHCHKI JaHIoru. B
pe3yJbTaTi KiJIbKICTb JTHK 301TBIIY€ThCS. Mu
CKOHIIEHTPYEMO yBary Ha BHXiJHOMY JIQHLIOTOBI Ta #oro
HOBIH KOTIii, OCKiTbKH BOHU MPOXOAUTHMYTH TOH CaMUH MIIAX,
mo ¥ momepeanso. IligBumenHs Ttemmneparypu no 95 °C
BHKJIMKA€E PO3/ALT JAHLIOTIB, 1 BOHM TOTOBI JJISI MPOXOKECHHS
HACTYIHOI HU3KH PEaKIiif.

[Fig. 18]
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PCR steps (continuation) / PCR kpoku (mpoaoB:keHHs)

STEP

KPOK

5) As before, the mixture is cooled to 56 °C, and the
primers anneal to the strands.

Sk 1 paHimre, cymiml OXONOIKYyeTbcs A0 56 °C 1 mpaiimepu
MIPUKPITUIIOIOTHCS 10 JAHIIOTIB.

[Fig. 19]

6) The temperature is raised and the Taq polymerase
does its work on new and old alike. The
polymerase once again replicates most of the
strand it’s attached to.

Temnepatypa mizsuityeTbes i Taq momiMepasa «poOHUTH CBOIO
CIIpaBy» Ha HOBHX Ta CTapHX JIAHIIOraX, 3HOBY BiITBOPIOIOYM
OLITBIITy YaCTHHY JIAHLIOTA, 10 SKOTO MPUKPIILTIOETHCA.

%
=T o - T I T 1T 1T T 1
1 1 1 1 1 11 3 1 1 1 1 1 11 .
[Fig. 20]
KopoTkuii naHmfor, 10 MO3HAYCHHH HUYKYE HAa MAJIOHKY, €
7) The short strand created from  the first CTB% CHUM Hau6a;iui) HOTO 3 JIQHI[IOTiB 0 OT I/IMaH);’
complementary strand, indicated below, is P A N » It p Y

identical to the original top strand, but with
shorter flanking regions. This means that all
copies subsequently made from it will be
identical. Thus the required gene is replicated as
many times as desired without too much
unnecessary DNA being produced.

MEpIIOMY LMK, 1 € IIEHTUYHUM 10 MaTEPHHCHKOTO, ajJie Mae
KOpOTIIi KIHII (o oOMmerxeHi npaiMepHIMHU
nociigoBHOCTAMH). Lle o3Hawae, 1m0 mMomaNbIIMI CHHTE3 Ha
HOr0 OCHOBI CIPUYHHHUTH BIATBOPEHHS CYTO 1ICHTHYHHX
komiit. ToOTO TeH, IO HAc IIKaBUTh (i SKUH MICTHTHCS MiX
BIZIOMHUX, «IpaliMEpHUX IOCIiIOBHOCTEH»), KOIIIOBATUMEThCS
CTUIBKM pa3iB, CKUIBKM MOTPIOHO, i He BigOyBaTHMEThCS
CHHTE3y BEeJHUKOI KitbKocTi «3aiiBoi» JJTHK.

-

[Fig. 20]

PCR: A CYCLIC REPRESENTATION

Here is the cycle that the sample undergoes in order to
amplify the DNA. It is assumed for simplicity that all
the lengths of DNA are identical (i.e. consisting of the

PCR: IIUKJITYHUI TPOLEC

Hwmwxue 300paxkeHo nuki, sgxkuii koxkHa Moiekyra JIHK
npoxoauts y PCR-Gmomi. [lnst 3py4yHOCTI HpPUAHSATO, IO
nosxuHN ycix JHK-¢pparmenrtiB omgHakoBi (ckimamaroTbes 3

desired sequence and the primer sites). HoTpiOHOTO  TeHy, 1O  OOMEeXeHHil  «HpaliMepHUMH
HOCIIiIOBHOCTSIMID»)
ST rrrrrr 3
S GO TEON T ) B [ Heat to 95°C
1 1 1 1 1 1 5
sl L 1 1 1 1 1 5
Cool to 56°C
AREEEERY ST T 1T 1T 11713
L1 1 1 1 1 1 £ P! y
. 5 Heat to 72°C 3 dl.5
B . .
ol 1 1 1 1 1 5
Elongation occurs in
the 3— 5 direction .
[Fig. 21]
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Chromatography in gel \ Xpomartorpadis y rexai

Remark. There are several models of gel trays and
paths to the gel preparation. Below we describe just the
approach tried by the author.

3ayBaxkeHHsl. IcHye fekinpka Mopenedt  ONOKIB i
eJIeKTpodope3y, MPOTe HIDKYC OMHCYETHCS TOW BapiaHT, IO
caMe BHKOPHCTOBYBABCSI aBTOPOM.

Materials:

1) PCR-products.

2) Agarose.

3) Blue/Orange loading Dye.

4) Ethidium Bromide (EtBr), powerful mutagen.

5) TAE buffer (containing acetic acid, etc.)

6) Ladder (marker), the supplied mixture of the DNA
fragments of known size (used as a scale for the
comparison and the length estimation of any
products amplified by the PCR).

Equipment:

UV-chromatographer, microwave block,

thermostable bottle.

gel tray,

Marepianu:

1) PCR-mpoxyxtu

2) Arapoza

3) bBapeauk «Blue/Orange»

4)  bpowmin erigis (EtBr), cunbauit MyTaren

5) Bydepunit pounn TAE (skuif 30kpemMa MICTHTH OLTOBY
KHUCIIOTY, Ta iH.)

6) Mapkep (magep) — cymim JIHK-¢parmenrtiB Bimomoi

JIOBXMHH  (mocTadaeThest  OiosabopaTopisiMu):  TIpH
NPOIYCKaHHI Kpi3b arapo3Huil refib Aa€ KAy Y BUIIISAL
CMYT Pi3HOT TOBILIMHM, NOPIBHAHHS 3 SIKUMH JI03BOJISIOTH
BU3HAYUTH AOBXUHY aMILTipikoBaHUX (HparMeHTiB

Ob6manHanHs:
UV-xpomatorpad, «reneBa Tais», mia CBY, maboparopuuii
TEPMOCTIIKHIA TOCY T

Note: placement of the PCR products in gel is
necessary not only for the quantity control of the DNA
fragments amplified, but also for the cleaning of the

Ipumirka: npoxomkenus PCR-nponykriB y reni notpiobHo He
TINBKY JUIsl KOHTPOITIO KinbkocTi orpuManux JJHK-¢pparmentis
(cebro ycmimnocti PCR-peakiii), ame i mis 104aTKOBOrO

PCR-products from the rest of chemicals. OYHIICHHS LUX (parMeHTiB
STEP KPOK FIGURE

Gel preparation ITinroroBka re.o
1) 3 gr of agarose dissolve | 1) 3 r arapo3u poszunmHutH B 200 M

in 200 ml of TAE buffer. O6ydepuoro pozunny TAE
2) Microwave the mixture | 2) Lo cymim, Yy TepMocTiiiKoMy

till boiling. nocyni migirpisatots y CBU-meui
3) Cool the gel-liquid under | 3) OXOJIOAUTH LIO «TEIEBY PiIUHY»

the tap water. i KpaHOM (aJIe He J0 3aryCaHHs)
4) Add 10 pl EtBr. 4) Homatu 10 mxxa EtBr
5) Leave it for ~ 10 min. 5)  Jlummtu «reseBy pinuay»
Note: EtBr is dangerous npHGmM3HO XK Ha 10
powerful mutagen in higher | 3ayBaxenns: EtBr e nebesneunum
concentrations; we use lower | CHIBHUM  MyTareHOM Yy  BHCOKIi
concentration, but attention | KOHUEHTpalii;, MH BHKOPHCTOBYEMO
must be paid anyway! HIDKYY KOHIICHTpAIi0, POTE BCE OITHO

Tpeba OyTH MIIBHAM!

Gel ‘arrangement’

1) Prepare the casting modul by the arrangement of
its borders and separators.

2) Pour the ‘gel liquid’ into the tray.

3) Allow the gel to harden.

4)  When the gel is hardened, remove the loading

combs and the end spacers off (the holes remained
are to be filled further).
Put the gel plate into the gel tray and pour the TAE
buffer into the tray.

Od¢opMmileHHS TeTio

1) Iigrorysatu ¢opMy Ui TeIIO: yKJIacTH oOMexyBadi Ta
«PO3IIIIOBI TPEOIHITIY.

2) 3anoBHUTH «TEJIEBOIO PiTHHOI0» (HOpMY.

3) aTw reino 3aTBEpIiTH.

4) TimbKU-HO TelNb 3aTBEpPIi€, BUTATHYTH PO3ALIOBI rpediHIi

(Bif HHX JHWIIAIOTBCA OTBOPH, fAKI TOTIM OyIyTh
3aMIOBHIOBATHCS peareHTaM1) Ta 0OMeKyBadi.
TlokmacTu renmeBy IIMATiBKy 1O «refeBol Tami» 1 3aiIuTH
Oydepuum pozunHoMm TAE.

=

W
il

(L1l /j =3

TAE
buffer

h?
v

[Fig. 23]
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Chromatography in gel (continuation) \ Xpomarorpadis y reni (npoaos:xeHHs)

Dyeing of the PCR products

1) Add 5 pl of the Blue/Orange loading Dye to the
PCR tube containing the PCR-products (the
contents of the tubes is gaining dark colour).

2) Leave the pipette tip inside the tube.

3) Attach the pipette tip to another pipette, setting the
volume exceeding 55 ul (volume of the contents of
the PCR tube now).

4) ‘Swallow’ the whole contents of the PCR tube,
mixing the Blue/Orange loading Dye and PCR-
products throughly, and pour it back to its tube.

Note: The Dye’s molecules are attached to the DNA
molecules and then also attach EtBr molecules.

3abapsmoBannss PCR-npoaykris

1)domatm 5 wmxun  OapHuka Blue/Orange nmo PCR-
Mikpornpo6ipky, mo Mictuts PCR-nipoxyxTn (BMicT npobipok
CTa€ TEMHHM).

2) JIMIINTH HaKIHEYHHUK BCEPEMHI IPOOIpKL.

3)[pukpinuTy HaKiHEYHHK [0 IHIIOI TimeTkd, 3 00’eMoM
OUIPIINM K 55 MKJI (IU1s1 TOTO 1100 MOTIM «BTSATHYTH» YBEChH
00’em PCR-Mikporpo0ipkw)

4) lexinpka pa3iB «BCMOKTATH» IMINETKOI Ta BUITyCTUTH Ha3alg
yBech BMmicTt PCR-mikponpobipku mis Toro, mob mobpe
nepemimaryu 6apsauk Ta PCR-poxykt

Ipumirka: Monekynn OapBHHMKA NPUKPIIUITIOTECS IO MOJIEKYJT
JIHK, a moTim 0 HUX NPUKPIIUIIOIOTECS MosteKynu EtBr.

Placing of the dyed PCR-samples in the gel plate

1) Drop the whole ‘swallowed’ contents of the PCR
tube into the compartments formed by the “loading
combs”. The entire gel plate is covered by the TAE
buffer, so that the filling of each gel compartment
to be conducted in a liquid environment. However,
the Blue/Orange loading Dye molecules have much
higher weight than the weight of the components of
TAE buffer, so that slow ejection of the pipette’s
contents provides nearly entire filling of the
compartment with only a little portion of the dyed
stuff dissolving in TAE.

2) Loading of the ladder: mix 3 pl of the Blue/Orange
loading Dye with 5 pl of the ladder in a PCR tube.
Load the mixture into gel as it was described
above.

Ilepemimenns PCR-3pa3kiB y rejan

1) IlepemicTuti yBech «BTATHYTHID» BMicT PCR-MikporpoOipku
0 KOMIpOK TeNeBOi IUIATIBKH, MO0 JIMIIWINCS —IICIs
BHJAJICHHS «PO3JUIOBHX TpPEOiHIIBY». YcCs TejeBa IUIaTiBKa
Bkpura Oydepanm po3umHom TAE, TomMy mnepeHeceHHS
3abapeieHoro Bmicty PCR-nipoGipk# y KOMipKy IPOBOANUTHCS
y pinkomy cepenosuii. [Ipore 3abapBnenuii 103unH HabaraTo
BaX4nit 3a OyQepHHil pO3YUH, TOMY TMp IOCTYIIOBOMY
BUIIOPOXKHEHHI ITIMeTKH OijblIa yacTka ii BMICTY 3aHYPIOETHCS
B MpoOipKy 1 HOyKe He3Ha YHAa YacTKa PO3YHHSAETHCT Y
OydepHomy po3unHi TAE.

2)3aBaHTaXEHHS  MapKepy: 3MimaTh 3 MKI  OapBHHKA
Blue/Orange 3 5 M mapkepa y okpemiit PCR-mixponpo6ipui.
3aBaHTaXHUTH II0 CyMilll Yy KOMIPKY TeJeBOi IUIATIBKH SIK
OITMCAHO BHIIE.

Blue/
arange
loading
Drye

[Fig. 24]

STEP

KPOK

Running the gel

Gel is running for about 1 hour (40-45 min) under
65 V=75V (60 V for 30 min is generally OK for 2D
28S).

Enaexrpodopes

Enexrpodopes tpuBae 6muspko 1 roguuu (40—45 XBWIMH) i
65V-75V (ms 2D 28S 3pe6impmoro 60 V mpotsrom 30
XBUJIMH).
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Chromatography in gel (continuation)\ Xpomarorpadis y reJi (IposoB:KeHHs1)

UV analysis

UV light activates fluorescense of the EtBr molecules
attached to DNA fragments (= PCR products),
demonstrating quantity of DNA amplified per sample
during the PCR process.

AHaJni3 nin yabTpadgiosieToBUM BUIIPOMiHIOBAHHAM

Ilix yneTpadioneroBuM BunpoMiHioBaHHAM Mosiekynn EtBr, mo
npukpimieni go monexkyn JHK (PCR-mpoxmykTiB), MOYHMHAIOTH
CBITUTHCSI; 3a IHTEHCHBHICTIO I[bOTO OCBITJICHHS OLIHIOETHCS
KiNbKicTh oTprMannx ¢parmentiB JJHK y koxHOMY 3pasky.

MapKep.

-_-?-
ORBE LAR ZWF Cl ALC CRS FAS ZAD RHM CHG+

[Fig. 25]

Evaluation of the PCR-reaction: a) running the gel; b) the gel plate in the gel tray after electrophoresis; c¢) gel
plate on the UV-transilluminator; d) the gel plate in UVB-light (the successfully amplified DNA samples
fluoresce); e) picture of the same gel plate, made bz the computer connected to the UV-block (original): ORB,
LAR, ZWF, et al. — species names’ abbreviations; CHG+ — positive control (successfully amplified DNA
sample of the chalcid wasp Chrysocharis gemma); 1ad-ladder.

Ouinka pesyabrariB PCR-peakuii: a) eqexrpodope3 B araposHomy reJi; b) rejesa taud 3 rejieBoo I1aTiBKOIO
micjas NPOXOMKEHHSl ejeKTpodope3y; ¢) rejeBa IUIaTiBka Ha YyJabTpagdioneTroBoMy TpaHCILIIOMIiHATOPI;
d) resieBa maariBka B yabTpagioneroBomy cBiTii (ycmimHo ammiaigikoBana JIHK ceitutbest); e) 3pasok
dororpagii B yabtpadioserosiii kamepi (opurinam): ORB, LAR, ZWF, Ta in. — a0peBiaTrypu Ha3B BHUIB;
CHG+ — no3uTuBHHUIl KOHTpPoab (ycnmimHo cikBeHcoBanmii 3pa3zok JAHK i3pus Chrysocharis gemma); lad-

1. To take the gel plate from the gel tray | 1)
and look at it briefly at the ‘UV table’.

2. If there is no need in further
electrophoresis, then put the gel into the
UV block and adjust the brightness and | 2)
magnification settings.

3. To svitch polarized light on.

4. If the UV block is connected to a
computer, then run ‘UV control” software
program. 3)

5. Quantity of the PCR products is visible | 4)
on the display (as bright bands), quality
of the image may be modified by the
changing of the ‘Contrast/Brightness’ | 5)
settings.

6.  Print the image.

7. Evaluate the quantity of the DNA | 6)
amplified for each sample (according to | 7)
the printed picture), also check positive
and negative control in order to evaluate | 8)
quality of the PCR process and DNA
template samples; decide which samples
contain enough DNA for future process.

PCR products’ quantity control under UV IlepeBipka PCR-3pa3kiB y yiabTpadiosieToBoMy BUNIPOMiHIOBaHHI

B3situ reneBy miaTiBky 3 «reneBoi Tami» Ta noamButHcsa Ha «UV
CTONIMKY»; 16 MOXXHAa poOMTH 1 mix dac ejekTpodopesy
(mepepuBaO4n HOro), BiJCTIIKOBYIOUH SIK JAIEKO «IPOCYHYIHCS
PCR-nponyxru.

Slkmo momanpmmii  enektpodopes Bxke HemorpioHmit (PCR-
HPOJIYKTH IPOCYHYJIUCS» TOCTaTHBO JAJIEKO BiJl CBOTO BHXIiJHOTO
MOJNIOKEHHs), TO  IEepeMICTUTH  TeleBy  IUIATIBKy IO
yibTpadioneToBoi KaMepH Ta BIAPEryNIOBaTH SICKPaBICTH 1
301TBIICHHS [IOTO TPUIIATY.

Bxurounty nonsipuzoBate CBITIIO.

Skuio ynbTpadioneToBa kaMepa MiIKIIOYEHA 0 KOMII IOTEpa, TO
nOTPIOHO  3amyCTHTH  BIANOBIZHY  mporpamy  KOHTPOJIIO
yIbTpagioIeTOBOr0 BUPOMiHIOBaHHS.

Kinekicte PCR-mponykTiB 3’sBIsS€TbCS Ha AWCIUIE] MOHITOpA,
SKICTb ~ 300paKEHHS ~ PEryJIOe€Thcsl  3MIHOI0  ITapaMeTpiB
«KontpacrHicTs/SIcKpaBicTb».

HanpykyBaty 300paxeHHS.

e pa3 BuzHauntu Kinbkicts JJHK y koXxHOMY 3pasky, a Takox
HEePEBIPUTH 3pa3KHU TO3UTHBHOTO Ta HEraTHBHOTO KOHTPOJIIO.
BusHaunTH (NMOpIBHABLIM 3 3aIlMCAMH PO 3aBaHTKCHHS TEII0),
sKi 3pa3ku MaroTh Kinbkicts JJHK, 1o mpumathHa mis nopanbiioi
poboTi (TakMMH € 3pa3Kkd, IO SCKPaBO CBITATbCA B
ynbTpadioIeTOBOMY BHITPOMIHIOBAaHHI).
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Purification of the PCR products / Ounmennss PCR-npoaykris

Remark. Below we will describe the purification
approach which was used by the author. Occasionally,
the PCR-products are cleaned directly from the solution
using spin columns (e.g. QIAQuick of Qiagen). If so,
then just 5 pl of PCR-products to be run in gel (likewise
in the Control running the gel, see below), and if the
PCR was successful for particular samples, the cleaning
in spin colums to be conducted following the
manufacturer’s instructions.

3ayBamenHs. KpiM 3a3HaueHOro HWX4Ye CHOCOOY OUHMIICHHS
JHK 3 remto, iCHye iHIIMH, TAKOXX YacTO BXKUBAHUH MIiIXiJ -
OUMINEHHS NPSIMO 3 PO3UYHMHY, HANPHUKIAJL, 3a JOHNOMOTOIO
obepranbHux Hpobipok (spin columns) QIAQuick dipmun
Qiagen. B Takomy pasi Ha ¢ope3 3amyckaroTh TUIBKH 5 pl
PCR-nponykry (sx y IlepeBipui mpouecy o4MIleHHs, TVB.
HIDKYE), 1 B pa3i MO3UTHBHOIO PE3yJbTaTy BHUKOPHUCTOBYIOTh
OUMIIECHHS Yy OOepTaJbHUX MPOoOipKaxX, BIAMOBIAHO IO
IHCTPYKIiH MOCTaBHHUKA.

Materials:

1) PCR-products in gel.

2) Capture buffer (melting the agarose gel and
providing proper conditions for DNA binding to
the column).

3) Wash buffer (80 % dissolved by ethanol, used for
removing of impurities from the bound DNA).

Equipment:

1) Centrifuge.

2) GFX mini columns (having mathrix for DNA
precipitation) and collection tubes.

3) VORTEX-2-GENIE.

Marepianu:
1) PCR-mpoxykru y reii.
2) bBydepunit po3umn «Capture» (a1  PO3UMHEHHS

araposHOro Tellio Ta 3a0e3NEeUeHHS HAICKHHX YMOB JUIL
ocamxkenns JTHK)

Bydepnmit pozunn ans BinmuBanns, (Wash Buffer, 80 %-
CIIUPTOBUH PO3YMH, BUKOPHCTOBYETHCS IS BiIMHBAHHSI
3abpynHioBauiB 3 poszumHy JIHK, remo ta OydepHoro
pozunny «Capture»).

3)

O6nanHanns:
1) Uenrpudyra.

2) GFX wmikponpo0Oipku (3 MaTpUKCOM [UIsi BHCA/KECHHS
JHK) Ta npo6ipKu-KOIeKTOpH.
3) CrpymyBau VORTEX-2-GENIE.

STEP

KPOK

DNA purification from agarose gel

To cut the gel slice:

1) Cut out the necessary particles (according to the
photo) with razor.

2) Put each slice into separate Eppendorf tube.

3) Discard the rest of the gel plate.

Bunyuyenns JIHK 3 araposnoro reJro

Bupizatu mmartku reJio:

1) BwupizaTu HeoOXiqHI MIMATKH reito (BiAMOBIIHO 10
300pa)KeHHS) JE30M.

2) Ilepemictutn mMatok y mpoOipky Enmenmopda, mo
MiANYCaHa BIONOBIAHO IO TOTO, K TONEPEIHBO OyiH
MIO3HAUCHI 3pa3KH.

3) Pemrtku reneBoi IIaTiBKU BXKe HE MOTPiOHI.

Purification by the Capture Buffer:

1)  Pour 300 pl of the Capture Buffer to the Eppendorf
tube with the gel slice and vortex vigorously.

2) Incubate the tubes at 60 °C for 5-15 minutes (until

the agarose is completely dissolved), shaking them

by VORTEX-2-GENIE (in order ‘to help buffer to

dissolve the gel parts’) from time to time.

When the agarose is completely dissolved,

centrifuge briefly to collect the sample at the

bottom of the Eppendorf tube.

3)

OuumenHs Bia re;io 6ygepom Capture:

1) Homatu 300 mxn Oydeproro posumny «Capture» 10
npobipku Enmenmopda, 1mo MicTHTh MIMATOK TeIlio, Ta
PETENBHO PO3MILIATH CTPYILYBAYEM.

Tpumatu npu 60 °C 5-15 xBwiamH (10 TOTO MOMEHTY
MOKH Telb TOBHICTIO PO3YMHUTHCS), CTPYLIYIOUH
MpoOipKH 32 JIOMOMOTOI0 CTpylIyBaya (L€ CHpHsE
PO3YMHEHHIO IIMAaTKIB I'eJI0) 9ac BiJ| 4acy.

Konmu arapo3a mHOBHICTIO pO34MHEHA, LEHTPUPYTyBaTH
IIBHJKO, 1100 yBECh 3pa30K CKOHIICHTPYBaBCS Ha MiHII
npobipku Ennenpopda.

2)

3)

Capture
Buffer

m@
\/

_).

BIN

@1

g DNA
i ssolved >

‘ 60'C
| |

5-15 min.

—_— 00000 |

CENTRIFUGE
J

4—/

[Fig. 26]
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Purification of the PCR products (continuation) / ouninennsi PCR-npoaykTiB (mpoaoB:keHHs )

4

5)
6)

7)

8)

9)

10)

11)

12)

13)

14)

Further purification

Put the whole sample (the
contents of the Eppendorf
tube) into the GFX
Column (having matrix)

sitting in a Collection
Tube.
Incubate at room

temperature for 1 minute.
Centrifuge at full speed for
1 min.

Take from the centrifuge,
discard flow-through, and
return GFX Column back
into the Collection Tube.
Add 500 pl of the Wash
Buffer to the GFX.
Centrifuge at full speed for
1 min; the liquid
concentrates in the
Collection tube.

Take from the centrifuge,
discard the Collection
Tube with its contents
(flow-through), and sit the
GFX Column in a new
Eppendorf tube.

Apply 30 pupl of water
directly to the surface of
the glass fiber matrix of
GFX Column.

Incubate the sample at
room temperature for a
minute.

Centrifuge at full speed for
1 min to recover the
purified DNA (attention:
covers of the Eppendorf
tubes must be oriented to
the center of the
centrifuge).

Contents of the collection
tubes  (purified PCR
products  dissolved in
water) are ready for the
sequencing 1.

Moaanbie o4YNIIEHHA:

4)

5)
6)

7)

8)

9)

10)

11)

12)

13)

14)

IlepemicTuT  yBECh  BMICT
npobipku Enmnennopda no GFX
npoOipku (3 MaTpHUKCOM), IO

po3MilieHa y mpooipii-
KOJICKTOPI.
ButpuMatn npu  KiMHaTHiit

TeMmreparypi | XBUIUHY.
Uenrpudyrysatu Ha
LIBUAKICTH | XBUIHHY.
B3stu 3 nentpudyry, BUnamuTH
pinky ¢pakmito 3 TpobipKu-
KoJIeKTOpa, Ta noBepHyTH GFX-

MIOBHY

npo0OipKy Ha3af, y
BUIIOPOKHEHY npoOipKy-
KOJIEKTOP.

Homatu 500 MKJI  BiIMHBHOTO
OydepHoro posumny nmo GFX-
TpoOIpKH.

Ientpudyrypats Ha MOBHIH
WBHAKOCTI | XBWIMHY; [pH
bOMY pijika (pakiis po3YHHY
CKOHILIEHTPY€ETBCS Y MPOOipIi-
KOJIEKTOP.

GFX-npobipky T1peba mepe-
MICTUTH [0 HOBOi IIpOOipKH
Ennennopoa, npobipka-

KOJICKTOp Ta 1i BMICT BXE HE
HOTPiOHI.

[Tepemictutn 30 MKk~ BOAHM
Oe3rnocepeslHbO Ha ITIOBEPXHIO
matpukca GFX-mpobipku.
Butpumatu oiHy XBHJIMHY HPH
KIMHATHI} TemIeparypi.
LentpudyryBatn mnpu mOBHIii
mBUIKOCTI 1 XBWIMHY, 100
ckoHuenrpysaru JJHK nHa minmi
npobipku  (yBara: KpHUIIECYKH
npobipok Emmenmopda maroThb
OyTH Opi€HTOBaHI 10 CepeAnHH
HeHTPH(YTH).

Bwmict mpobipok Enmenmopda
(PCR nponyxTy, mo po3duHeHi
y BOAi) TOTOBHH 1O HACTYITHOI
(asm, ciksenciney 1.

7
dissolved
gel slice+

DNA in the| @

Capture
Buffer

Y

sequencing

%nsh Buffer .

i
i
'—_/-"— Y ,_/= 1
e

BIN ‘

[Fig. 27]
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Control running the gel / IlepeBipka npouecy ounieHHs

Small quantity (5-10 pl) of the
purified sample must be run in
gel once more, to check
whether purification was done
well. This gel bands are not
needed anymore (not subject
for new purification).

Note: if the band is weak, it is
possible to evaporate sample
till 10 pl left (only 5 pl is
needed for the further reaction).

Herenuka KIUTBKICTh (5-10 mxm)
OTPHMAHOTO  EKCTPAaKTYy  3aIlyCKaeThCs
enekTpohope3oM uepes rejib, TaK caMo SIK
1 B TONepefHbOMY BHHIAIKy, 100
NepeBIpUTH UM OYMINEHHS BimOysocs
skicHo. Ils remeBa rmmatiBka He Oyze
nmoTpibHa Hamam, i HeOOXiHA TUTBKU IS
MePEBiPKH SIKOCTI peaKLil.

Ipumirka: sikmo curxan (cBiTia cMmyra
Ha ¢ororpadii) Oy cmabkuii, TO MOXHA
BUIAPYBAaTH 3pa30K JONOKH HE JIMIIHTHCS
10 Mk (TLIBKM 5 MK TIOTPIOHO  IyIst
MOAANBIIO] peaKmii).

. e g
ORB LAR ZWF CLR ALC

[Fig. 28]

KontpoabHuii enekrpodopes y reii
3pasKiB, 0 MaJIH JOCTATHIO KiJIbKiCTh
(sIcKpaBUii CUTHAJI, IUB. BUIIE)

Sequencing 1

Sense: this stage will be based on a fluorescent
terminator based method

CyTHicTb: 111 cTalis 6a3yBaTUMETHCS Ha METOI (ITyOpeCIeHTHOT

CikBencinr 1

TepMiHalii

Materials:

1) PCR-products dissolved in water.
Primers (the same as for PCR reaction, but in

2)
30 pM/ul concentration).
3)

4)

here).

General accounts are calculated for the entire
reaction. Once lower concentration works well
also, we use % or Y% reaction for chemicals’

saving.

Equipment:

PCR block (but the regime settings differ now

from those used for PCR).

Premix Desoxynucleotides (dATP, dCTP,
dGTP, dTTP), the same as for PCR, but
having different bases (modified/fluorescent
ones): an additional amplification is needed
for additional fluorescent DNA-copies.

PGEM and M,; primer (supplied together
with Premix) are the components for the
positive control (the latter will be tested in
the automated sequencer and not discussed

Marepian:

30 pM/mKa).
3)

OTPUMaHHS

4)

OO0nanHaHHS:

orepatopom]).

1) PCR-mpomykTH, 10 PO3YHHEH] y BOII
2) Ilpaiimepu (ti cami, mo st PCR-peakuii, ane y KoHIeHTparmii

Je3okcunykineoruau «Premix» (dATP, dCTP, dGTP, dTTP), Ti
cami, o i s PCR-peaxii, ane 3 iHIMMH MOIU(IKOBAHUMHU
(dyopeciieHTHUMH OCcHOBamHu. JaHuii CHHTE3 HEOOXIMHUMA s
JIOIaTKOBHX
(ITyopeciieHTHI OCHOBH, SIKi PO3ITI3HABATUMYTHCS CIKBEHCEPOM.
PGEM and M,; npaiimepu (mocradaroTbcss pa3oM 3 Premix-
HaOOpOM) € KOMIIOHCHTOM «IO3WTHBHOTO KOHTPOIIO» IIi€i
peaxiiii (BiH IPOBOANTHMETHCS B aBTOMATHYHOMY CIKBEHCEPI).

3araneHi po3paxyHKH BUKOHYIOTHCS M yciei peakmii. OcKinbku
HIDKY1 KOHIICHTPAIlIT TaKOXK MPAIFOIOTh J00pe, MU BUKOPUCTOBYEMO
Y5 un Y4 KOHLIEHTpaNii Ul eKOHOMIT peaKTHBIB

PCR-mammHa (ane pexuM LUKIIB € 3apa3 iHIINM, HiK TOMH, mo OyB
3amporpamoBanuii s PCR-peakuii [mporpamyeTscsi JOCBiTYCHUM

JHK-xomiif 110  MIiCTUTUMYTb

Stock solution / Buxinnuii po3uun

for forward primer / nJst «Bnepen»- for reverse primer / Positive control / no3uTUBHUIT KOHTPOJIB
opieHTOBaHOro Npaiimepa JUISL «HA3a»-
OpPi€EHTOBaHOTO
npaiiMepa
half-reaction / 1/4 half-reaction / 1/4 half-reaction / 1/4
MOJIOBUHHA PEaKIist MOJIOBUHHA PEAKIList MOJIOBUHHA PEaKIList
Premix 4 ulj 2 ulj Premix 4 u1] 2 u1] PGEM 1.25pul | 1.25u
D,F; Tl Spl | 1pl 3l D;R Ll 5l 1 ul 3ul My 2 ul 2 ul
PCR Sul 7ul PCR Sul 7ul water  2.75ul | 475l
Total 10 ul Total 10 pul | Total 10 pl Total 10 pul | Premix 4 pul 2ul
Total 10 pl Total 10 pul

The calculation of the Stock solution is similar to
those done for PCR. Cyclic reactions to be done under

conditions like these:

96 °C — 30 secs

Po3paxynku BuXiZTHOro po3uuHy sl MEBHOI KiTBKOCTI
3paskiB MawTh OyTH BHKOHaHI momiOHO 1m0 PCR-peakii.
uxsiuni peakuii MatoTh OyTH 3 HOAIOHUMH apaMeTpaMu:

50 °C — 15 secs
60 °C — 4 mins

96 °C — 30 cexyHn
50 °C — 15 cexyHn
60 °C — 4 xBumH
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Precipitation / Ocag:xenns

o}

N @ |

Materials: Marepian:
1)  Sequencing products. 1) IIpomykTH cikBeHCiHTa.
2) 100 % and 70 % ethanol. 2) 100 % Ta 70 % compT.
Equipment: OO6nasHaHHs:
Centrifuge. Ienrpudyra.
STEP KPOK ‘FIGURE/PI/ICYHOK
Precipitation of the sequenced | Bucagxenns cikBencoBanoi JHK pas
DNA for the future treatment | mogajsmoro ONpalOBaHHSA y
in the automated DNA | aBromatusoBanomy JJHK-cikBencepi
sequencer 1) Iepenectn PCR-mpoxmykr mo 1,5 Mk
1) Transfer PCR-products to npobipku Ennenmopda.
1.5 ml Eppendorf tubes. 2) Hoparu 17 mxn 100 % crupry.
2) Add 17 pl of 100% ethanol. | 3) Jlumwurty Ha 15 XBHIHH.
3) Leave it for 15 min. 4) lentpudyrysaru Ha MOBHIH
4)  Centrifuge at full speed ~ 20 mBUIKOCTI Tpubmm3Ho 20 XBWIMH
min (DNA  will be (JHK CKOHLIEHTPYEThCS Ta
concentrated and attached to HPUKPIMUATBECS 0 CTIHOK NPOOIpKU Y
a tube wall at a point being TOUYIll, IO MICTUTBCA OE3MOCePEIHBO
just opposite the centifuge’s HaBIIPOTH OCI LEHTPUPYTH).
center). 5) Bigibpatu cnupT mineTkor (HisKOro
5) Take the ethanol off by the pm3uKy «mpokoBTHYTH» JIHK, TOMmY,
pipet, or pour it away and 110 BOHA yCs BXKE MPUKPIMMIACS CTIHOK
pipette off just a last drop poOipKu 3aBJISIKH
(no risk to ‘swallow’ DNA, LHeHTPU]YTYBAHHIO), abo HaBITh
because it all is firmly NIPOCTO BMJIMTH CHOMPT Ta BUAAIUTH
attached to the tube’s wall OCTaHHIO KPAIUTIO MIMETKO0.
resulting from the | 6) omatu 100 mxn 70 % crupry.
centrifuging). 7) Leuntpudyrysaru Ha MOBHI
6) Add 100 pl 70 % ethanol. MIBUJKOCT] NPUOIN3HO 5 XBHIIMH.
7) Centrifuge at full speed ~ 5 | 8§) Bupganutu coupT Tak, SK € OMHUCAHO
min. BHIIE.
8) Take the ethanol off by the | 9) Jlummre npoGipku BiAKPUTHMH UL
pipet (likewise it was BUIIAPOBYBAHHSA  PELITOK CIHUPTY = —
described above). (6mu3bko 20 xBuiuH npu 37 °C, mpoTte E @
9) Leave the tubes open to Haiikparie JTUIITATH CYIIUTHUCS B3
evaporate the rest of ethanol HPOTSIrOM JIOBILIOTO TEpMiHY, : "
(approx. 20 mins at 37 °C, HAIPUKIIAJ Ha HiY, PO BCSK BUMAIOK).
but overnight drying is the Lo .
best, for sure). Bucymena JHK Ha AlHL npoOipKu — 11e
came Te, L0 MOTPIOHO I TMOJAIBIIOL
Dried DNA at the bottom of the pobotu. Ilpobipka 3 Bucymenor JJHK
tube is the needed matter. The | mananis  36epiratumerscs y — rMGOKiMH
tube with the dried DNA stored | samoposmi.
in a deep freeze.
— —

Ny
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[Fig. 30]

The sequencing laboratory with the automated sequencer connected to the computer receiving a signal from the
fluorescent molecules and transforming it into letters corresponding to each nucleotide.

JlaGopaTopisi cikBeHCIHI'Y 3 aBTOMATH30BAHUM CiKBeHCEepOM, MiIKJIIOYEHHM 10 KOMII'I0Tepa, IKHii TpaHchopmye
CUTHAJI Bill (piryopecueHTHUX MOJIeKYJI y BillOBiaHI 300paskeHHsI HYKJI€OTH/IB.
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ANALYSIS - SEQUENCING 1 / AHAJII3 - CIKBEHCIHI 2

Materials:
Cleaned DNA matter.

Equipment:
Applied Biosystems automated DNA sequencer

connected with a computer.

Process: DNA sample to be resuspended in Loading
Buffer, denaturated and run in automated sequencer.

DNA amplification interrupted in places when
modified (fluorescent) bases were included into the
complementary strand. Quantity of these short DNA
fragments corresponds to number of the bases in the
whole DNA part delimited by the chosen primers.
The modified bases light differently by specific
color, and computer identifies them by this color,
creates ‘electrophoretic’ diagramma and then creates

Martepianu:
Ounmiennii matepian JHK.

Ob6nannanHs:
Astomarnunnii JIHK-cikBencep dipmu Applied Biosystems, mo
CHOTYy4EHHH 3 KOMII' IOTEPOM.

porec: 3pazoxk JAHK posumusieTbess y OydepHOMY po3unHi
(Loading  Buffer), nmenarypyerbcsi Ta  aHamizyerbcs y
aBTOMaTHYHOMY CiKBEHCEDI.

Awmmutidikanis JJHK mepepuBaetbcss y wichsax, A€ 3MiHEHi
((pyopecueHTHi) MOJIEKYIH BKIIOYAIOTHCS O KOMIUTIMEHTapHOTO
nanmrora. OCKUNBKM yCi MiUeHI OCHOBH JONAIOThCS Yy DiBHIH
KiJIBKOCTI, KiJIbKICTh ()parMeHTIB PiBHOI JOBXXHHH IPOINOpLiiiHA
JI0 KUIBKOCTI TEBHOI OCHOBH Y JOCHI/DKYyBaHIH IOCHITOBHOCTI
JHK. V mikporpyOkax cikBencepa orpumani ¢parmentu JTHK
UIMKYIOTBCS» 33 PO3MipoM. MideHi OCHOBU BHPI3HSIOTHCS

epy structure of the DNA studied. CIKBEHCEPOM 32 KOIBOPOM, 1 BiH Oynye enekrpodoperpamy, Ha

SIKIF TI03HAa4YeHa BCTaHOBJIeHA nociinoBHicTh JJHK.

®dinanbHUM pe3ysbTaTOM pOOOTH CIKBEHCEpa € KOMIT'IOTepHHi (aitn-enekrpodeporpama. dainm enekrpodeporpam
YUTAIOThCS, 1, B Pas3i MOTPEOH, BiIKOPETOBYIOTHCS CICHIAILHUMU KOMIT IOTEPHUMH mporpamaMu (Sequence Navigator,
BioEdit, MacClade 4, ta in.). Ha enextpodeporpami ¢iryopeclieHTHHI CUTHAN Bil KOXKHOI Mi4eHOI OCHOBU Ma€ Pi3HUI KOJip:
T (timin) — uepBonuit, G (ryanin) — yopuuid, C (UuTO3iH) — CuHIil, A (ameHiH) — 3eJeHHld. YCi OCHOBH BiAIOBIZaIOThH
miKaM XBHJIb Ha enekTpodeporpami. OCKUIBKH 31e0UIBIIOrO MPaIIoTh 3 MpaliMepamH, HI0 BH3HAYAIOTh NPSMHHA Ta
3BOPOTHIN HANPSMKH, AOCTIIHHK OTPUMY€E IBa (Gailinm — Ui «IpsMoi» Ta «3BopoTHOI» mocmigoBHocTi JJHK (BigmosiaHo,
«3BOPOTHa» € J3epKaJbHUM BimoOpakeHHSIM «IpsMoi»). Ile monermiye TouHWi aHami3 Ta BiaTBOpeHHs ctpykrypu JJHK
TIOCIIITOBHOCTI: SIKIIO B MEBHHUX MICIIX 3UUTYBaHHS iHQOpMAIil CIKBeHCEpOM OYJIO HESIKICHHM, TO 3/1€0LIBIIOTO I1i IIOMUIIKI
3YMTYBAHHS Ha «IPSAMiH» Ta «3BOPOTHiM» KOIII Pi3Hi, 1 CTPYKTypa B IiJIoMy Moxe OyTH BcTaHoBJeHa. Tak, 30KkpeMma, iHOJ1
CHUTHAJ BiJl OfIHi€] OCHOBHM I€PEKpUBAE CHTHANN BijJ HACTYIHHX OCHOB (KOJBOPOBI XBWJII 3aMiCTh OJHOTO IiKa Ha KOXKHIH
YTBOPIOIOTH JIeKiNIbKa MiKiB, UM IUIATO), 1 TOMI MOPIBHSHHS 3 IHIIOK KOITEI0 03BOJISIE BCTAHOBUTHU CIIPABXKHIO CTPYKTYpY (Ha
iHIIIH Komil MoAiOHA MOMIJIKA TAKOXK MOXKE MaTH Micle, IPOTe, BipOTiIHO, B IHIIOMY MiCIIi).

R m pemccess
CBE MAACCTHTTS WATITY GO&C © SATI « i fitiromtead
( “=a TrTSTEE

ne

[Fig. 31]

General display view when working with the electropherograms under the Sequence Navigator program. An
example of the incongruence between forward and reverse sequences obtained. This is the same part of the sequence,
but the upper sequence bearing evidence of a mistake in reading (adenine trace enlarged, and the following peaks are
compressed). The lower sequence is coherent and proper sequence is recogniseable and allows correcting of the upper
sequence. Also the trace of the first ‘T’ (red wave in lower sequence) is not shown in upper sequence, and thus may be
neglected

3aranpHuii BUIJIAA JHCIUIES KOMIIOTepa MiA 4ac podoTu 3 ejekrpodeporpamamMu y mporpami Sequence
Navigator O6unBi enekrpodeporpaMu JeMOHCTPYIOTh ofauH, i Tod camuit ¢parment JHK. B HmwkHbOMY BapiaHTi
(mpaiimMep «Ha3aa») 3UUTYBaHHS BiAOYJOCS KOPEKTHO (ycCi MIKM CHTHANIB YiTKi 1 BIANOBIZAalOTH TIEBHUM OCHOBaM); y
BEPXHbOMY BapiaHTI NepIli CUTHAIN PO3TIATHYJHCS, HE MAIOTh YiTKHX MIKIiB, IEPEKPUBAIOTHCS 3 iHIIUMU. [TopiBHAHHSA 3
HIDKHIM MaJFOHKOM JIEMOHCTPYE, SIKi TOMIJIKH YTBOPHJIMCS IPH 3YUTYBaHHI KOMIT IOTEPOM BEPXHBOI EJIEKTPO(eporpamu.
Takosx oBruit XBuiienoxiOHui curHai Bix meproro «T»-mika (YepBOHMIT) HIKHBOT ITOCIIJOBHOCTI HE Mae aHAIOTy Ha
BEPXHil MOCIIZOBHOCTI, aTOMY MOXe OYTH IPOIrHOPOBaHUH.

235



H3eecmusa Xapbkoeckozo snmomonozuyeckozo oougecmea 2003 (2004), rom XI, Bbinyck 1-2 ISSN 1726-8028
Bicmi Xapkiecbkozo enmomonociunozo mosapucmea 2003 (2004), rom XI, Bunyck 1-2
The Kharkov Entomological Society Gazette 2003 (2004), volume XI, issue 1-2

UDC [57.08:577.133.5]+575.86
A. V. GUMOVSKY

STUDIES ON THE DNA SEQUENCE DATA IN SYSTEMATICS:
GENERAL ISSUES AND A MODEL PROTOCOL

Schmalhausen Institute of Zoology of the National Academy of Sciences of Ukraine
SUMMARY

This article reviews in short the history, aims, scope and main stages in the studies on the DNA sequence
data. The preparation and suitability of materials for further DNA-studies are emphasised. The Appendix
represents a model protocol scheme (largely based on the author’s experience with studies on the DNA of small
insects) with comments on aims and details of each step.

1 tab, 31 figs, 26 refs.
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