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HeHb 1. NonimepasHa
NaHuloroBa peakuis



MexaHi3m pennikauii AHK B KniTUHI

OHK-npaima3sa

[HK-nirazaPHK-npaimep
AHK-nonimepasa (Pola)
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OHK-nonimepa3sa (Pold)
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Binku, Wwo 38'A3y0TH
ogHonaHuwxKosy IHK

KapTuHky B3gna Tyt



https://uk.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A-%D0%BF%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80%D0%B0%D0%B7%D0%B0

Pennikauia AAHK y KniTuHi — npoobpas
nonimepasHoOI NaHLUIOroBoI peaKuil.

NMonimepasHa NaHUIOroBa peakuia 40CUTb TOYHO

nosToptoe npuHuunu pennikauii AHK B knituHi. NJ1P
ABNAE cobolo TpuctyneHesmnm npouec (LK), AKUM
NOBTOPIOETLCA 3a4aHY KiNIbKICTb pa3iB
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Bigeo 1

3Hanwna TvT



https://www.youtube.com/watch?v=c07_5BfIDTw&t=337s

» Buxopgsaum 3 ycix Hawwmx 3HaHb npo [NJ1P, sk Bu
BBa)XaeTe AKNN xapakTtep 36inbLEeHHS KiNbKOCTI
amnnicpikoBaHMX oparmMeHTIB?

NMutaHHAa 1 o TliHiHWIA

» JlorapupmiyHmin
* EKcnoHeHuinHuin

y=a",a>1

0 1




NMutaHHA 2

[lpUNycTMMO, WO CNoYaTKy B pPO34YMHI € 5 monekyn
(aBonanutorosmnx) AHK-matpuui ana MJIP. Po3paxyunTe,
CKinbKM B po34nHi byae monekyn [NHK 3apaHoro
poO3Mipy, obmexKeHux npammepamu, nicna 10 uumknis.
[NAa uboro MoXHa cKopuctaTtuca popmynoto:

N=k* (2*n)-n * k-k ,
Ae N — KiHUueBa KINbKICTb MOJIEKY/1 3a4aHOro Po3mipy
k — KinbKicTb ogHoNaHUOroBux monekyn AHK-maTtpuu
n —yucno umknis MNJ1P

(Bionoeidwb: 10130)



NMutaHHAa 3

CniBBigHecCiTb eTan noniMmepas3HOl NaHUKroBol peakuil Ta
TemnepaTtypy, Npu AKin BiH BiabyBa€eTbCA.

*  TemnepaTtypa BignaneHHA npaMmepiB 3anexutb Bia
npanmepis, TOMy 4YMCAO B OAHOMY 3 BapiaHTIB Bignosiai
YMOBHe

** BBarkanTe, WO BUKOPUCTOBYETbCA Tag-nosimepasa

EnoHrauis 95*C
BignaneHHsa npanmepis 72*C

[eHaTtypauisi 60*C



NMutaHHA 4

[1nAa nocTaHOBKWM NONiIMepas3HOoi JIaHUIOroBol peakuii HeobxiaHUK
neBHUN Habip peareHTiB. Cepen 3anponoHOBAHUX BapiaHTIB
BUbEpiTb nunwe Ti KOMMOHEHTWU, AKi MOTPiIOHI AnA NOCTaHOBKWU
peakduil.

Ne3okcupubonykneosunarpudocdatm (AHTD)
AOHK-maTtpuua gna MNJiP
[MpoTeiHa3a K

NHKa3za

X-gal

AMIHOKMCNOTH
PeakuinHun bydep
F-npanimep
Nonimepasa
R-npanimep
Tonoisomepasa

PHKaza A

poodoooooioo



[An3anH npanmepis

BianoBigHicTb nocniaoBHOCTI (cneundiyHicTb)

[oBXuHa 17-35 HyKneotuais

TemnepaTtypa nnasneHHAa 55-75*C

Pi3HMUA Yy TemnepaTypi N1aBNEHHA MiX npamepamm He binbwe 5*C
GC-cknapg, - 40-60%

HaasHicTb 1-2 G\C (ane He binbwe 3) Ha 3'-KiHU,i

BiACYTHICTb WNWUALOK

BiacyTHICTb cnaptoBaHHA 3 iIHWMMK Npanmepamum

BigcyTHICTb romononimepis

10 KoHueHTpauiA

OO NOULAEWNRE



[An3anH npanmepis

1. BianosiagHicTb NOcNiAo0BHOCTI (cneundiyHicTb) — Npamep NOBUHEH
MOBHICTIO BiANOBIAATU TApreTHiN NOCNIA0BHOCTI, AKY BiH GJ1aHKYE



AK nipgibpat npanmep?

1. 3axoammo o 6a3m aaHmx

e BLAST

 HIVLANL (BIN)

e EMBL (EBpona)

 DDBJ (AnoHiA)

e GenBank (CLLA)

e SWISS-PROT

* PIR Ta iH.

2. 3HaXoAMMO KOHCepBaTUBHUN PpparmeHT

3. Miabupaemo npanmep (Hanpukaaa, 3a AOMNOMOrOLo
BioEdit). Byans!



[TuTaHHA 5

Ninbepitb Nnpanmepun AOBKMHO 20 HYKNEOTUAiIB A0 3a3HAYEHOI NOCNIAOBHOCTI |
3annuiTb ix Yepes npobin.
5-CCCTGACTTTCAACTCTGTCTCCTTCCTCTTCCTACAGTACTCCCC
TGCCCTCAACAAGATGTTTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGTTG
ATTCCACACCCCCGCCCGGCACCCGCGTCCACGCCATGGCCATCTACAAGCAGTCACAGC
ACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGT
GAGCAGCTGGGGCTGGAGAGACGACAGGGCTGGTTGCCCAGGGTCCCCAGGCCTCTG
ATTCCTCACTGATTGCTCTTAGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAA
ATTTGCGTGTGGAGTATTTGGATGACAGAAACACTTTTCGACATAGTGTGGTGGTGCCCT
ATGAGCCGCCTGAGGTCTGGTTTGCAACTGGGGT-3'

Pe3ynbtat mae Burnagatv npubamnsHo Tak:

ATCGATCGATCGATCGATCG ACGTACGTACGTACGTACGT

* Mam'ATanTe, WO HYKNEOTUAHI NOCNiA0BHOCTI 3anuncytotbes Bia, 5' Ao 3' KiHuA

** TlocnipoBHicTb mMae 6yTM amnnidikoBaHa LUiNKOM, ToMy npanmepu Tpeba
niabupatn Ao KiHuiB npeactasneHoro ¢pparmeHta AHK



A AKLWLO M1 NOMUAUANUCL?
NlomalwHe 3aBaaHHA Nel

AJCM

Joumals ASMong

The Cobas AmpliPrep/Cobas TagMan HCV Test, Version 2.0,
Real-Time PCR Assay Accurately Quantifies Hepatitis C Virus
Genotype 4 RNA

Stéphane Chevaliez, P Magali Bouvier-Alias,»® Christophe Rodriguez,®® Alexandre Soulier *P Jean-Dominique Poveda,®
Jean-Michel Pawlotsky™"

Mational Reference Center for Viral Hepatitis B, C, and Delta, Departrment of Virology, Hépital Henri Mondor, Université Paris-Est, Créteil, France®; INSERM 955, Créteil,
France™; Laboratoire Cerba, Cergy-Pontoise, France®

Accurate hepatitis C virus (HCV) RNA quantification is mandatory for the management of chronic hepatitis C therapy. The first-gen-
eration Cobas AmpliPrep/Cobas TagMan HCV test (CAP/CTM HCV) underestimated HCV RNA levels by > 1-log,; international
units/ml in a number of patients infected with HCV genotype 4 and occasionally failed to detect it. The aim of this study was to evaluate
the ability of the Cobas AmpliPrep/Cobas TagMan HCV test, version 2.0 (CAP/CTM HCV v2.0), to accurately quantify HCV RNA ina
large series of patients infected with different subtypes of HCV genotype 4. Group A comprised 122 patients with chronic HCV geno-
type 4 infection, and group B comprised 4 patients with HCV genotype 4 in whom HCV RNA was undetectable using the CAP/CTM
HCV. Each specimen was tested with the third-generation branched DNA (bDNA) assay, CAP/CTM HCV, and CAP/CTM HCV v2.0.
The HCV RNA level was lower in CAP/CTM HCV than in bDNA in 76.2% of cases, regardless of the HCV genotype 4 subtype. In con-
trast, the correlation between bDNA and CAP/CTM HCV v2.0 values was excellent. CAP/CTM HCV v2.0 accurately quantified HCV
RNA levels in the presence of an A-to-T substitution at position 165 alone or combined with a G-to-A substitution at position 145 of the
5" untranslated region of HCV genome. In conclusion, CAP/CTM HCV v2.0 accurately quantifies HCV RNA in genotype 4 clinical
specimens, regardless of the subtype, and can be confidently used in clinical trials and clinical practice with this genotype.



[An3anH npanmepis

2. [oBXuHa 17-35 HyKneoTnais



[An3anH npanmepis

3. TemnepaTypa nnaBneHHA 55-75*C
4. PisHMUA y TemnepaTypi NnaBaeHHA MK npanmepamu He binblie 5*C

Temnepamypa rinasneHHA (Tm) — TemnepaTypa, npu aKkin 50% npanmepisy
PO34KHI ByayTb y ABOHUTKOBOMY CTaHi (To6TO, Biagnannnamca Ha MaTpUYHUIN

naHutor AHK), a 50% npanmepis — B OHOHUTKOBOMY CTaHi.

Tm 3anexuTb Big, GC-cknaay npammepa

t nnasneHHa = (G+C)*4 + (A+T)*2



NMntaHHA 6

Po3paxymnte TemnepaTtypy NaaBAEHHA AAHOro npammepa
3a dopmynoto

t nnaBneHHa = (G+C)*4 + (A+T)*2

5’-ACTATCATGCTAGCATGCTTTCG-3'

(Bionoeidw: 66*C)



NomawHe 3aBaaHHA No2

€ W iHWI MeToan po3paxyBaTtu Temneparypy nrnaBfieHHA
npanmmepa. Ha uUenm pa3 CKOPUCTAEMOCA OfHIED 3
HamBigOMIWLMX rMporpamMm Aansa nigbopy npavMmepiB -
Primer3plus).

Pospaxynte 3 I OOMNOMOrow TemriepaTypy nriaBreHHS
npanmepa

5' ACTATCATGCTAGCATGCTTTCG 3

Ona uboro B Bunagatvomy MeHw Task HeobxigHO
Bndpartu Primer_check, B pagok (Primer to test) BctaBuTtun
NOCNIOOBHICTbL HALWIOro npavmMmepa Ta HATUCHYTU Ha
3eneHy kHonky Check Primer. Cepep iHWKMX napaMeTpiB
npanmepa 3Handitb Tm i ue Oyge Bignosigal Ha aaHe
3aBOaHH4



https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi

. Primer3Manager Hel
Primer3Plus =%
pick primers from a DNA sequence About Source Code

Primer_Check
Detection

.| Cloning
Sequencing
Primer_List

1
Evaluate a primer of known sequence with the given seitings. |CheckPrmer| I Reset Form
- _—

ings Advanced Settings Internal Oligo Penalty Weights Sequence Quality

| ACTATCATGCTAGCATGCTTTCG

e

Primer3Manager Help

Primer3Plus

pick primers from a DNA sequence About Source Code

[ prims s voacesprabe: Figh selfcomplementary Figh end self complemenmary ]

Oligo: | Primer |
Sequence: | ACTATCATGCTAGCATGCTTTCG

Length: 23bp

Tm: 60.8 °C

GC: 435 %

ANY: 120

SELF: 6.0

3" Stability: 90AG

| Send to Primer3Manager || Reset Form




[An3anH npanmepis

5. GC-cknagp, - 40-60% (abo GC: AT = 1:1)

(G+C) \ 3aranbHa KinbKicTb HyKNeoTnais



NMutaHHA Ne8

Po3paxyute GC-cknag npanmmepa Ta  3anuvuliTb
BIANOBIAb Y BIACOTKaX.

5' ACTGGAAACTAGCTAGCTAC 3



[lomalwlHe 3aBaaHHA Ne3

Matoyn nocnigoBHOCTI npammepis Ta maTtpudHoi [AHK, moXHa
nependbaunTn, AKi dparmeHTM y Hac Bunaytb. Ana uboro
CKOPUCTAEMOCA pPecypcom

UCSC Genome Bioinformatics site -> tools -> in silico PCR
BuKkopucrtosytoum npeactasaeHy napy npammepiB, BM3HAUYTE
po3mip MN/IP-pparmeHTy:

F_primer: CTTCCCAGGACGGTGACA

R_primer: CTCCCAACATTGCATTCCTA

Y Bunagatoyomy meHto Genome snbepitb Cat i B meHto Assembly
ocTaHHIO 36ipKy reHomy (3a nuctonag 2017). Y paaku Forward
primer Ta Reverse primer BcTaBTe nocnigosHocti F- Ta R-
npammepa BignosigHO. IHWI nNapameTpu  3anuwWTe 33
3aMOBYYBAHHAM.

HaBeAaiTb po3mip OTpMMaHOro ¢parmeHTa B napax HyK1eoTuais
(Hanpwuknapa: 150)



https://genome.ucsc.edu/cgi-bin/hgPcr

OMallUHE 3aBAaHHA Neo3

JNIVERSITY OF CALI A
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B H N ] H E H IJ Z E‘i?'?mlecs Ge“ome Browser A Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Ucsc In-silico PCR
(3) Genomes Genome Browser  Tools Mirrors Downloads My Data Projects Help About Us
Blat i Genome: Assembly: Target Forward Primer. Reverse Primer:
tools Human v | Dec. 2013 (GRCh38/hg38) v [genome assembly | [ submit
| Bonobo A
Brown kiwi
fome Browser Budgerigar 00 Min Perfect Match Min Good Match: Flip Reverse Primer: [J
‘actively visualize genomic data Bushbaby
LiftOver pu— | N
/ID-19 Research C. brenneri
Gene Sorter ‘e SARS-Co\-2 genome browser and explore coronavirus datasets Abg _ briags=e
elegans
Variant Annotation T C. intestinalis - N . N
Integrator Jly align sequences to the genome In-S¢ japonica ence database with a pair of PCR primers, using an indexing strategy for fast performance. See an example video on our YouTube channel
C. remanei
Data Integrator le Browser Col
Genome Grapts nload data from the Genome Browser database Chicken
e lant Annotation Integrator Ger| g::'n“:;e hameter sequence database 1o search
ene nterestions unctional effect predictions for variant calls Targ e nooin query transcribed sequences
her Te For pang past 15 bases in length.
Other Tools a Integrator Coelacanth . .
fiica G _ Re Cow isite strand from the ferward primer. Minimum length of 15 bases.
Combine data sources from the Genome Browser database M8 e ating macaque size of amplified region
® Genome Browser in a Box (GBiB) M!n D. ananassae f bases that match exactly on 3' end of primers. Minimum match size is 15
run the Genome Browser on your laptop or server Ml_n D. erecta ~ bases on 3' end of primers where at least 2 out of 3 bases match
inSiiiidibeR Flip Reverse Primer - mvert e sequence order of the reverse primer and complement it
u n-Silico
rapidly align PCR primer pairs to the genome output
m LiftOver
convert genome coordinates between assemblies ‘When successful, the search returns a sequence output file in fasta format containing all sequence in the database that lie between and include the primer pair. The fasta header

Genomes Genome Browser Tools Mirrors Downloads Help About Us

UCSC In-Silico PCR

>chrE1:25509438-2551155 207bp CTTCCCAGGACGGTGACA CTCCCAACATTGCATTCCTA
CTTCCCAGGACGGTGACAcgctcccctgaggttcgggtaagetactgect
gagccagatgagtcctctectgagtcaccggetctiggectccgtgtatttt
cagcttgggagaattgtggggtctggggatggggecactggggacttageg
atttgggggaatggacgcttggttgacggcaccgacaTAGGAATGCAATG

TTGGGAG

Primer Melting Temperatures

Forward: 60.7 C cttcccaggacggtgaca
Reverse: 58.6 C ctcccaacattgcattccta
The temperature calculations are done assuming 50 mM salt and 50 nM annealing oligo concentration. The code to calculate the melting temp comes from Primer3.

Help

What is chr_alt & chr_fix?
Replicating_in-Silico PCR results on local machine




[An3anH npanmepis

6. HasBHicTb 1-2 G\C (ane He binbwe 3) Ha 3'-KiHUi (3'-clamp)



NMutaHHA N29

Forvard: Revers:

20 HYKNeoTuais 20 HyKkneotnais
G\C cknag — 50% G\C cknag — 25%
Tm - 60*C Tm - 40*C

LLlo moXKHa 3pobutn?

1. NMonoBXNUTM pesepc-npanmep

2. lNepeHecTn micue BiananeHHA peBepc-nparmepa B binbLu
G\C-6araty AinaHKy reHomy



[An3anH npanmepis

7. BiACYTHICTb WNWUNbOK

LLnunbKa - BTopnHHa cTpykTypa AHK\PHK, 110 BUHKKaE 3a paxyHOK
KOMMAEeMEHTAPHOI B3aEMOAIT B MeXKax ogHoro naHutora IHK
3aBarkae nocaaui npammepa Ha AHK-miweHb

ACTTTTTGAAAAAGCAGTAC



An3avH npanmepis

8. BiaCyTHICTb NapyBaHHA 3 iHWMMN NpanMmepamu (Nnpanmep-gumepn)

FeACGTGACEEIE 3'-GGACCAATCATTA-5

5'-ATTACTAACCAGG-3’
R: AGCAGAGCAGTC T TTT~T



[An3anH npanmepis

9. BiacyTHICTb romononimepis, ANHYKNEOTUAHMNX NOBTOPIB
ACTACGTACCCCCCCCAT

ATCAGTATATATATATATC



[An3anH npanmepis

10. KoHueHTpauia nparmepiB (3a3BMYan 3HAXOAUTLCA B Aiana3oHi

0,1-1 nM/mKn). 3aBMCOKa KOHLEHTPaALiA —pPU3MK YTBOPEHHS HecneundivyHmnx
NPoAYKTiB amnaidikaulii. 3aHM3bKa KOHUEHTPAaL,iA — 3HUXEHH aHaNITUYHOI
YYyTANBOCTI MeToay



[na NOCTAaHOBKWM MNOJIIMEPA3HOI NAHLIOroBOI peakLlii HeobxigHuM
neBHUN Habip peareHTiB. Cepen 3anponoHOBAHUX BapiaHTIB
obepiTb NuUWe Ti KOMMNOHEHTWU, AKI NOTPIOHI ANA NOCTAaHOBKMU
peakuil.

de3okcmnpmnboHykneosunarpudocdatn (QHTD)
A AHK-maTpuua ana NJP

dPeaKuinHnii bydpep ana nonimepasu
v'F_npanmep

dMNonimepasa

v'R_npanmep



Bineo 2



BapiaHTU «rapa4yoro crapTy»

1. Po3pineHHs wapom napadiHy

|IHribyBaHHA nonimepasn aHTUTINaMu

3. Ximi4Ha moamdikauia nonimepasn dopmaniHoOM
abo iHWuMM iHribiTtopamu (Hanp.,
MoANPiKOBaHUMM ONliramu)

N

3anuUTaHHA:
1. Y aKmx BuNagKax rapadynm CcTtapT MOXKe He
cnpautoBaTn?

2. AK MOXe BUrNAZaT MPOTOKO MOCTaHOBKMN?
3. AK BMNpaBuTK cuTyauito? (a Kpawie — 3anobirtu)



[1nA nocTaHOBKM MNONIMepa3HOoi JIaHLUIOroBOi peakuii HeobxiaHun
neBHM Habip pearenTiB. Cepen 3anpoNOHOBAHUX BapiaHTIB
obepiTb Nuwe Ti KOMMOHEHTU, AKi NOTPibHI ANA MNOCTaHOBKMU

peakduii.

A /de3okcnpmnbonykneosnarpmudocdatm (QHTD)
JAHK-maTtpuua ana NP

JPeakuiiHuit 6ydep ana nonimepasu (ioHn Mg2+)
v'F_npanmep

v'Monimepasa

v'R_npanmep



PeakuinHum ydep ana
nonimepasu (ioHn Mg2+)

. YTBOPIOOTb PO34YUHHI KomnneKkeun 3 AHTD

. OnTMmanbHa KoHueHTpauia 1-5 mM (ninbupaemo
eMnipu4Ho)

. MiaBnLyOTb TeMmnepaTypy NAaBAEHHA MAaTPUYHOI
OHK

. baraTo ioHiB — rapHe po3ropaHHs, ane b6araTto
«HecneumPikm»

. Mano ioHiB — chabke po3ropaHHsA



MpakTuuHum Keuc 3. TectyBaHHA pPisHUX bydepis ana nonimepasu:
1. bBydep 1 (KoHUeHTpaLia ioHiB Mg 20 mM\mn)

2. bydep 2 (ctaHgapTHa; KOHUEHTpaLia ioHiB Mg 15 mM\mn)

3. bydep 3 (KoHueHTpauis ioHiB Mg 15 mM\mn, 3MiHEHUN MOHHUI CKNapg, 3a

paxyHok SO4)
KOHTPO/IbHI 3pa3Ku 3 BUCOKOKO KOHLLeHTpaLi€to
~ “KOHTPO/bHi 3pasku 3 KOHUeHTpaujielo AY -



OcHoBHi xapaktepuctuku lNJ1P

* Bucoka YYTNMBICTD, 3acHoBaHa Ha
€KCNOHEHTHOMY NPUHUMNI HaKoMU4eHHS
NPOOYKTY.

Bucoka cneun@iyHICTb, 3aCHOBaHa Ha BUABIEHH]
YHIKanbHUX Ons MIKPO-(MaKpO)-opraHiamy
OINAHOK reHeTUYHOro Mmartepiany.

MeTtoa npPsIMOro BUABJIEHHS 30yQHuKa,
3aCHOBaHUM  HA  YyHiBepcanbHOCTI  cnocoby
30epiraHHs Ta nepegadi reHeTu4yHol iHopmadii
XXMBOI MaTepil.



