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Fosfodiesterova vazba

Jak Cislujeme nukleotidy v NK?
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+ Cteni_celochromosomové zaéind od telomery na kratkém raménku
chromosomu a prvni nukleotid (5 - konec DNA) je znacen poradovym
Cislem 1, posledni nukleotid je koncovy na dlouhém raménku znaceny
jako 3’- konec DNA. Komplementdrni viakno v databdzi neni viditelné.
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Jak Cislujeme nukleotidy v NK?
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Gen 2
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¢ Kazdy gen na chromosomu zacina 5’ - koncem a konci 3°

* Coding strand = Sense strand = Positive strand = Plus strand = Forward strand
* Non-coding = Antisense = Negative = Minus = Reverse strand

* Gen 1 ma soufadnice na chromosomu 235.458 — 237.778

* Gen 2 ma soufadnice na chromosomu 358.656 — 350.328

* Tyto geny budou transkribovany z rozdilnych vlaken/fetézct

Referencni sekvence — prefixy vychazejici z NCBI

wll-annotated set of sequences, including genomic DNA, transcripts, and proleins. RefSeq sequences.
form a foundation for medical, functional, and diversity studies. They provido a stable roference for
genome annotation, gene identification and characterization, mutation and polymorphism analysis.
(especially RefSeqGens records), expression studies, and comparative analyses.

Home

DNA, gene, and protein seque.
hitps:fiwww.ncbi.nim nih govirefseq/
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Source: Wikipedia article

Other databases

NCBI Taxonomy: Elephas maximus maximus

Assemblies, BioProjects, Sequence Read Archive, tc. (iist)

FTP sorvice
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B KRASKRAS proto-encogene € X |+

See KRAS in Genome Data Viewer

NC_000012.12 (25205246..25250929, complement)

NC_060936.1 (25076496. 26122152, complement)

[¢] 08 cbi ol it gov/gene/3845

! Genomic context

Location:  12p12.1

Exon count:
Annotation release Status Assembly Chr  Location
RS_2023_10 current GRCh38.p14 (GCF_000001405.40) 12
RS_2023_10 current T2T-CHM13v2.0 (GCF_009914755.1) 12
10520220307 previous assembly GRCh37.p13 (GCF_000001405.25) 12

Chromosome 12 - NC_000012.12

NC_000012.11 (25358180. 25403863, complement)
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Genome Data Viewer
Variation Viewer (GRCh37.p13)
Variation Viewer (GRCh38)

1000 Genomes Browser (GRCh37.p13)
Ensembl

ucsc

Related information
Order cDNA clone

3D structures.
BioAssay by Target (List)
BioAssay by Target (Summary)
BioAssay, by Gene target
BioAssays, RNAI Target, Active
BioAssays, RNAI Target, Tested
BioProjects

BioSystems

Books

ccps

ClinVar

Conserved Domains

dbvar

Full text in PMC

Full text in PMC_nucleotide
Functional Class.

GAP
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NC_ referencni sekvence pro cely gen KRAS2

E | B Homo sapiens chromosome - X | +

08 cbinlm. i gov/nuccore o
BE An offcial website of the United States government Here's how you know v

National Library of Medicine

National Certer for Biotechnology Information

Nucleotide

| Nucleotide v
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Advanced

FASTA~

Homo sapiens chromosome 12, GRCh38.p14 Primary Assembly

NCBI Reference Sequence: NC_000012.12

GenBank  Graphics

>NC_600012.12: 25256929-25205246 Homo sapiens chromosome 12, GRCh38 p14 Primary Assenbly

CTAGGCGGCGGCCGCE6CGGCGEAGGCAGCAGCGGCGCGECAGTGGCEECGRC
CGGCCAGTACTCCCGECCCCCGCCATTTCGGACTGGGAGCEAGCGCGECECAGGCACTGANGGCGECAGC

GGGGCCAGAGGCTCAGCGGCTCCCAGGTG GGAGCGGACCACCCCTCCTGGECCCCT
GCCCGBGTCCCGACCCTCTTTECCGGCGCCE6GCCEEECCEGCEEE \TTAGGGGTCCCCG
GAGGGGC( GCGGGCECG6GGTCEE6GCGE6C TG

GCGCGGACGCGRCGGCGC GGTGCGGGGC TGGAGGCGG

TCGCCGCTGGTGCTGCTTCCTGRACGGGGAACCCCTTCCTTCCTCCTCCCCGAGAGCCGCGRLTGEAGGE
TTCTGGG6AGAAACTCEGGCCGECCGGCTECCCCTCGEAGCGGTGGEETGCGGTGRAGGTTACTCCCGE
6GCGOCCCGGCCTCCCCTCOOCCTCTCO00GCTCCCGCACCTCTTGCCTCCCTTTCCAGCACTCGGCTGE
CTCGGTCCAGCCTTCCCTGCTGCATTTGGCATCTCTAGGAC TTCTCCCTCGAGCGCAG
GCTGGAC CTTTTCC \CGTTTTGGAA
GAGCATAGGAAAGTGCTTAGAGACCACTGTTTGAGGTTATTGTGTTTGGAAAAAAATGCATCTGCCTCCG
AGTTCCTGAATGCTCCCCTCCCCCATGTATGGGCTGTGACATTGCTGTERCCAC
\GGTGECCAACACCCTACACGTAGAGCCTGTGACCTAC
AAGTTAATCCCAGATGGTCTGTTTTGCTTGGTCAAGTTAAACCCGAAGAARACCCGCAGAGCAGAAGCAA
GGCTTTTTCCTTGCTAGT TGAGTGTAGACAGCAATAGCAAAAATAGTACTTGAAGTTTARTTTACCTGTT
CTTGTE[TTTCCCCTAWT(WATGTATTA([(TCATCC(ETCGTCTCTTWATACTACCCTCAWTG[
AGATGTGTTCTACAT(TCAAGAGTTATFACAGTAC CAAAA TTACATGATTTTTTAAACTTAC
AATTGTAGCAATCCACCAGCTAACCGCCTGAAATA( AAA[ATGTE[ATCT[[TTTTT\'TTT
TTTTTTTTGAGA(‘ACAGTCTCGCT[TGTTGCCCAGG(TGGAGTG(AATGGCGCGGTATCGGCTCA(TGAA
ACCTCCGCCTCCTGGGTTCAAGCAATTCTCCTGCCTCAGCCT TAGCTGGGACTAGTAGGTGCAC
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Help

Change region shown -

O Whole

sequence

@ Selected region
from: 25205246 _ to: 25250929

Update View

Customize view -

Display options
‘Show reverse complement
[ show gap features.

Analyze this sequence

Update View
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Pick Primers
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NM _ referencni sekvence mRNA genu KRAS2

B | B Homospins sSpotoonc X | G DNANGNMNCHP-Hisot© X @ N pane x 4 v - 8 x

« c O B hups: i nlm. nih gov/nuccore/NM_001369786. 0% €7 [CA ]

National Library of Medicine

National Certer for Biotechnology Information

Nucleotide Nucleotide v || W

Advanced Help

GenBank Sendto: + .
Change region shown -

Homo sapiens KRAS proto-oncogene, GTPase (KRAS), transcript variant c,
mRNA

NCBI Reference Sequence: NM_001369786.1

Customize view 2

Analyze this sequence

FASTA  Graphics
Run BLAST
cotn Pick Primers
Locus 14001369785 S417bp  WRNA  linear PRI 04-DEC-2023 ——
DEFINITION Homo sapiens KRAS proto-oncogene, GTPase (KRAS), transcript variant
c, nRNA. Find in this Sequence

ACCESSION  1M_001369786 XN_006719069
VERSION 11 001369786.1
KEYWORDS  RefSeq

Show in Genome Data Viewer

SOURCE Homo sapiens (human)
ORGANISH Homo sapiens Articles about the KRAS gene =
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; SLC25A21 downregulation promoles KRAS-

Manmalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;

S mutant colorectal cancer progr [JC! Insight. 2023]
Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 1 to 5417) Acquired resistance to KRAS G12C small
AUTHORS  Di Giorgio E, Cortolezzis Y, Gualandi N, Agostini F, Rapozzi V and molecule inhibitors via geneticinor [Sci Adv. 2
Xodo LE.
TITLE  NRF2 interacts with distal enhancer and inhibits nitric oxide A':*:‘"g""" a;:’a'ys”“"'ﬂrze‘r"; moombinglion
synthase 2 expression in KRAS-driven pancreatic cancer cells ‘aln ydroxychloroqlane o C[BME Caricer. 2027)
JOURNAL  Biochim Biophys Acta Mol Cell Res 1871 (1), 119606 (2024) Seeall,

PUBMED 37852325
REMARK GeneRIF: NRF2 interacts with distal enhancer and inhibits nitric
oxide synthase 2 expression in KRAS-driven pancreatic cancer cells.

REFERENCE 2 (bases 1 to 5417) Reference sequence information

Hledani spravnych termind
57-  S353555535555555555555555555555555555555555>> - 3

- <<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL - 57

* Lidskd chromosomova DNA a DNA mysi je z 90 % (jaka?)

* 2 sesterské chromosomy ¢. 3 v téze burice jsou z 99.99 %

* DNA téchto dvou chromosomd je z 99.99 %
*  Kddujici a nekddujici fetézce téchto chromosomU nejsou Vzajemné  .....ccoovvevevevrirenennns
* Jsou vUCi sobé .........ceeeeireeevenene. @ jSOU OFieNtovany
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Synonyma a antonyma

SOSSDSDDIDDODD5SD5DSS53SD3SS3SS355555> >> -3

-5

Denaturation

* Degradation

* Fragmentation

* Renaturation

* Hybridization

* Polymerization

* Ligation
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Pojmenovani primeru a jejich lokalizace

Gen 1 a jeho amplifikace in vitro (pfi PCR reakci)

5= S3335555535555555555555555555555555555555555> - 3

- <<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL - 57

Primer coding
) 5 3
PCR product length  Amplicon length »

Coding strand of the gene

Non-coding strand of the gene ol Primer reverse
P Primer forward
ava .

|od

Primer positive

Primer non-coding

12
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Synteticky modifikované
oligonukletidy a nukleotidy v
molekularni diagnostice
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Oligonukleotidy modifikované na 5’-
konci molekulou fluoroforu
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Oligonukleotidy modifikované na 5°-
konci molekulou fluoroforu
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Amplikony znacené na 5’- konci

PCR reakce s primerem znacenym fluoroforem na 5’- konci

57 S335555555555555555>> SS555555555>> -3
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5’-znacené PCR produkty jsou detekovatelné na kapilarni elektroforéze
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Diagnosticky vyznam amplikont znacenych
na 5’- konci

Elektroforé
serotorea Fluorescencni pik (pro wild-type amplikony)

Fluorescenéni pik
s 15 nukleotidovou \ l — .
Fluorescenéni pik

oo 26 nukleotid
zpusobujici genetické § 26 nukieol bO\{QLf
onemocnéni inserci zpusobujici

genetické onemocnéni

. - 2 2 z
Microarray a mikrocipy . ; eggg 4 i 1% !
2382 "?Ee.ﬁs?eg TP P E LT P
R
Multiplexni analyza desitek-stovek  §3idiutioinabopnonh oot oot terioinit
bodovych mutaci souvisejicich TN
oo cengn . e
A SRR T 500 11
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Oligonukleotidy (hydrolyza¢ni sondy) modifikované na
5’- konci fluoroforem a na 3’- konci zhase¢em

3-TAMRA (Carboxytetramethy Irhodamine)
[26-6451-XX]

Polymerization R = Reporter

. ?,:ﬁ,,m @ o @ 1‘O: Quencher
c B — £ .
g : ;
5'-Fluorescein (6-FAM) y Rorese
[26-6431-XX] Strand displacement ?
@,
3
¢ - —
Cleavage Q
,
: .
Hydrolyzacéni sondy na bazi fluoroforu a zhasece 5 —
Jsou kli¢ové pro rozvoj real-time Polymerization completed ®_ @
. ; -~ \ ES
PCR technologie s =y

3

¥ 5
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Real-time PCR technologie - vyznam

3.TAMRA (CarboxytetramethyIrhodamine)
6451.XX

5'-Fluorescein (6-FAM)

Expresni profily Ié¢enych typld bunék
Negativni amplifikace = zZadny templat ve vzorku
Rychld detekce DNA pfi bioterorismu

[26-6431-XX] ~ 5x10'
I
7 4x10' Control
A . 2
Detekce znamych variant =
e . , . £ 310
Kvantitativni analyza ,genovych davek” 2 *
Dynamika hladin RNA transkriptl v krvi 3 20’
]
g
£

1x10° —/.
0

0 10 20 30 40 50 60
Time (min)
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Mononukleotidy bez 3°- hydroxylové skupiny na
deoxyribose (dideoxynukleotidy)

ddATP-JOE (550 nm) A
ddGTP-FAM (520 nm) C
ddTTP- TAMRA (585 nm) G
ddCTP-ROX (620 nm) T

r 100

NORMALIZED FLUORESCENCE

500 520 340 560 580 SO0 §20 E40
WAVELENGTH {nm]

|—5-F.!LM m— () s—L0R Y s—

TMR-2' 3'- dideoxyTTP

20
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ddATP - JOE (550 nm) A
ddGTP — FAM (520 nm) C
ddTTP- TAMRA (585 nm) G

T

ddCTP — ROX (620 nm)
Cn

s Mononukleotidy bez 3’- hydroxylové skupiny na
5 deoxyribose jsou termindtory dalsi replikace
G/o Absence 3~ OH skupiny pfipoji takovy nukleotid
/29 jako posledni
Ok,
0,

=> Ctyfi rzné terminace, 4 riizné dlouhé DNA
fragmenty ve 4 rliznych syntetizovanych reakcich z
3 s téhoz templdtu/amplikonu

21

Mononukleotidy bez 3°- hydroxy skupiny na
deoxyribose (dideoxynukleotidy) - vyznam

primer =—>

ddATP- JOE (550 nm) A
ddCTP - FAM (520 nm) (o4
ddGTP- TAMRA (585 nm) G
ddTTP-ROX (620 nm) 7]

Tyto fragmenty jsou detekovany v kapildrnich sekvenacnich systémech a
poskytuji ndm moznost Cist nukleotidové sekvence dlouhé 0.1 — 1.0 kB;
davaji tak Sanci najit i dosud nezndmé typy mutaci

22
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Nukleotidy a antimetabolické léky

23
Modifikované nukleosidy a nukleotidy
v klinické mediciné
"ﬂ_g_e_ﬁ_o_"%_ N (/::]:-I:’N Ho—lf’l'o—P‘— —ﬁ—o E'ﬁ : Nf)iNHz g g ‘y\:/'}; O_ PP Hzcj‘\){LNH

OH OH
dATP dGTP dCTP
NH, o NH;
N = =
/ fN NH B
o o <N/ N) L}J \ N/}\NH; WO - N’/go
Wy HO-L - \_']J <« Hoj
OH OH
vidarabin aciclovir cytarabin
(arabinofuranosyladenin) Antivirotikum proti HSV, CMV, (cytosinearabinosid)
Antivirotikum vaci H. simplex a EBV... Chemoterapie AML, ALL, CML
V. zoster

Mechanismus ucinku: fosforylovana forma po inserci do nového retézce
Zajisti terminaci replikace virovych, mitochondridlnich DNA a nadorové DNA.

zidovudin
(azidothymidin)
Antiretroviral agent
against HIV

24
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Modifikovaneéjsi nukleosidy a
nukleotidy v klinické mediciné

NH; 2 NH,
i g P N S i
wodododo (I J 9 9 9 {lPw o o o [} 0 8 o MO
Giodnoon oUW Hom oozt HO-P-0-P-0-P-0— “N” 0 Ho—P—o—B—o—f—a ‘ Il
e o e o o oM oH om oY @
OH o OH
OH
dATP dGTP dCTP dTTP
| 0(?
(N\ o O/\NH
N
v 4_§\ NS
N, N” S | \>
\; W N " \N)\j:g HO\/\H/I\N/ N
XY oL o
o olomoucin
imatinib azathlopnn- o Protinddorové
Lé¢ba CML, Imunosuprese u reumatoidni artritidy, légivo v klinickeé
tumort GIT Crohnovy choroby, S-LE, transplantace fazi testovani a
ledvin patentovaci
Mechani acink procedury
echanismus ucinku: Mechanismus Géinku: Mechanismus Géinku:
Kompetice s ATP o aktivni Ukonéeni replikace Inhibuje cyclin-dependent
misto na ABL kinaze u hyperproliferativnich stavi kinazy a indukuje G arrest
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Produkty onkogenu (onkoproteiny) ovliviuji
buriku na rliznych arovnich

Nekontrolovana exprese

rustovych faktort
" . x - sis — PDGF
Mutacemi pozménéné hst — FGF

cytoplasmatické casti
receptorti RF
zustavaji v aktivnim stavu
bez plisobeni RF
fms flg egfr pdgfr her2/neu kit
trk met

mo»r<xTOTM®WO™

Onkoproteiny v intracelularnich
kaskadach 11 pfenos
signalu do jadra
, Ick, fes, , raf, src, BTK

Onkoproteiny jako
transkripéni faktory
Umoziiuji nekontrolovanou
transkripci
fos, jun, myc, rel, erb-A
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(BCR)-ABL kinasa a lIééba CML

ABL v neaktivni konformaci ABL aktivni konformace

Uspé&sna lésba CML

G

Abl-active

rezistence

Abl-active

Zaveéry

* Sprdvnd orientace fetézcl a spravné Cislovani
nukleotidd v DNA a RNA umozZiuje vyuZivat a sdilet
databaze NK a jednoznacné pojmenovavat varianty
prokazané u daného pacienta (obor bioinformatika)

* Synteticky vyrobené oligonukleotidy (primery nebo
sondy) vybavené fluorofory jsou nezbytnou soucasti
rozvoje biotechnologii pouzivanych v molekularni
diagnostice

* Synteticky vyrobena nukleotidova a nukleosidova
analoga umoznuji ucinnou antivirovou a
antineoplastickou |éCbu zastavenim replikac¢niho
procesu v postizené burice
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