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Design of PCR Primers

FG(gTFGTG CTCAATCTTI Cl ACAACCAA AGCTCTGTCT TGAA

TCATGTTTT CCTTGATATC ATGT
‘GCTTCAACA CTCCAAATAC AGAGGTAATT AAATATTATT ATCA
ATATAATATG TTATTGATTT TTTGTTTGTG ATTTCATTTA GATTT
CTATGATTT CTTAGCATGA AATACAATTT TTGGAGAAAC AACT
TTAAAAACA AAACTTGAAT TTTGAGAAAT TCAAAGATGT TATA®
"GTCAAAATT TAACAATTAT TCTTCTAAAT CATCCGGATT CCGT
STACACATCT ACAATTTTCA A'I_I'GAGGTAT TCTTGTTTITG ATGC
SACGAATAGT TTGATTGATA AAAAAAATTC TAACCAATAT GATA
STTTATTTTC TTTTTGTCAA ACCATACTTT ATACTATGTA ACTTT
:AGA'I'I'A'I_I'G AAAATAGTTT AI I TATAAAA TAGTAACCTA TTGTI

FAAA TTGTAAACAC TTCA
A\TGGTGAT I T TAAAGAATAT GTTTTACTTA TGTTATGAAC TATC
TGCTGAAATA TTTCATAACT AATGTGGAAA ACTATATAAC CCCT
VAAACGTAAG TAAAATTTAT GAAATCCTAT CATTTTTAAA GGT T/
W\TCAAAAAGT AATAATTCTT GGTACTTGCA ATATTTTTGT CATTE
AGTTTATTAATTTTATTTT GATTAAATGS TTTTAGATCC ATCAC
SAGATCGCAG TTATAGCTGT AGACGATCCG AAGAAAGCAT TAT1
AAAMATTCAA CCGAGACAATA TAGATCTCAT AATCACAGAT TAT]
CTGGTATGAA CGGTTTACAA CTCAAAAAAC AAATCACTCA GGA
AATTTACCGG TCTTAGGTAA CATTTTTTGT TCTTTACAAC TTAA
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OLIGONUCLEOTIDES

definition

aplications

modifications  design of sequence
synthesis * rules

purification « software OLIGO 7

quality control example
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orientation!  polymerase!

oligonucleotide

5’ end

» short single stranded structure
« DNA or RNA (also PNA)
« hydroxyl on both ends |

(no phosphate on 5-end as usual) S

H2(':5' 0
H H
oligonucleotide ; ¥ i

synthetic oligonucleotide

3’ end
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Aplications of synthetic oligonucleotides

primers for synthesis of complementary DNA
PCR, Real-Time PCR

gene synthesis and recombinant proteins

hybridisation probes for cloning

site directed mutagenesis

sequencing ang genetic profiling

diagnostics — tests and biosensors

gene arrays

blocation of gene expression antisense oligo

prospective therapeutics and DNA vaccines

NMR monitoring of DNA — protein interactions

structural X-ray analysis of NA
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Modifications

« degeneration

» end of sequence
* bases

« phosphate

e carbohydrate

« PNA

Phﬂgphadiestsr

B-o-deoxyribose
(sugar)

\Eﬂ’-conjuguhq
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Degenerated oligonucleotides

Examples:

ACG TAC GTACGTACG TAC non-degenerated
ACG TAM GTACGT ACG TAC M=A/C
ACG TAC GTACDT ACG TAC D=A/G/T

ACG TAC GTACGT ACG NAC N =A/C/G/T
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Degenerated
oligonucleotides

2-deoxyinosin

AorC

AorG

AorT

CorG

CorT

GorT

AorCorG

AorCorT

AorGorT

CorGorT

GorAorTorC

X[Z2|lW|O|TIT| < |X|<|wn|S|A|=

GorAorTorC
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Modification on 5°- end

postsynthetic modifications

sequencing
fragmenation analysis
gene arrays
Real-Time PCR

v

Phosphorylation
Amino group
Thio group
Digoxigenin
Biotin

Enzymes
Psoralen
Acridine
Cholesterole
Fluorescent dyes
Quenchers

2,4- dinitrophenyl
Spacer
Branching
Blocation
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Modifications on 3°- end

derivatized matrix

Phosphate

Thio group
Amino group
Spacer

Acridine

Biotin
Fluorescent dyes
Quenchers
Cholesterole

2,4 dinitrophenyl
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Real-Time PCR

2x labeled probe
REPORTER
QUENCHER

. FORWARD PRIMER a PROEE @r

3 = 3
1 3
-} [ 3

REVERSE PRIMER

. Btrand displacement: VWhean the probe s intact,

the reporter dyg amission s quanched.

a3 g
[ 5 1
— [ b

. Cleavage: During each extension oyele, the DNA polymerase

cleaves the repoarter dye from the probea.

L P
5" _’?H Dy

. Palymerization completed: Once separatad from the quencher,

the reparter dye emits its charactaeristic fluorescence.

17
S, 9,
I -

¥ [ )
Y F 3
- B

10
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Other modifications

Phosphorothioates
Phosphorodithioates
H-phosphonates
Methylphosphonates

carbohydrate

backbone

Modifications in 2°- position
Ribose modification

11
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Therapeutics —

Nondegradable by nucleases!

Modification of phosphodiester

0 3
l
N e
|
D S D e
phosphorothioate methylphosphonate
- ? . cl:Hz
(IT.H2 H,C- r;l
O ~ O “~

"~thioformacetal methylene(methyliminio)

/

o
I
D-—'F—O

phosphoramidate

boranophosphate

12
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ANTISENSE oligonucleotide

 oligonucleotide or analogue
« complementary to segment of RNA or DNA
* inhibition of normal function due to coupling

Translatlon '
.. . .
Ribosome Prutein

Antigene (triplex) Ribozyme

RNA with
catalytic activity
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Peptidonucleic acid

« uncharged molecule
 binding with DNA/RNA

N-(2-aminoethyl)-glycine ——

NH ©
HEN—/_

PNA

NECEmpdl =

l

¢ o N é 5 Py fe L e us

it A R iy T S

= ran ™ R e . v E - [ A )
e R AT T :

HN

~ C-terminal °=<
 PNA
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Peptidonucleic acid

* noncharged molecule
« binding with DNA/RNA

N-(2-aminoethyl)-glycine——

OH

NH ;o'
HEN—/_

DNA
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« thermostable

 Tm not depending on salts
 high specificity

* high affinity

* resistant towards enzymes

Gambari R. Expert Opin Ther Pat. 2014, 24(3):267-94.
Peptide nucleic acids: a review on recent patents and technology transfer.

16


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gambari R[Author]&cauthor=true&cauthor_uid=24405414
http://www.ncbi.nlm.nih.gov/pubmed/24405414

= z
O
LNA

[
0=P—0"
Locked Nucleic Acid $

« 2'-0, 4'-C methylene bridge

» supressed flexibility of ribofuranose ring

« structure is locked into rigid C3-endo conformation
* enhanced hybridisation

» outstanding biostability

Molecular Therapy (2012); 20 8, 1590—1598.

LNA-based Oligonucleotide Electrotransfer for miRNA Inhibition 17
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design

synthesis

purification

OLIGONUCLEOTIDES

EXPEDITE 8909

18
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* synthesis on solid matrix
 from 3°-end to 5°-end
* anhydrous environment

o)

Clel\rlgafDeproInctmn

Oligonucleotide Synthesis

1
0
]
DMT— O O—p—0o -
: -9
OR
Step 4. Oxidation 5'"’1 Debilocking
B.' A:‘tlnhon
B, T
o
CH-—l'."l.HO O—9 ks s e e
5 | DMT— O O — P —N(iPr)
QR ‘ 2
Step 3. Capping Step 2. Coupling + Tetrazole e

19
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Quality Control

190.bio - 20.0pl

« HPLC
 perfusion
. | chromatography
/ \|

20
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Perfusion chromatography R

100
0.154 Pm‘ ﬁQ
'fm&/m_
2 0.104
. 6
classical sorbent POROS ’ 0
" 0.0
S T o R "
Min
 134.bio - 20.0pl
0.15 100
Foros HQ
£ wefencn
0.104

r50

Bo oon
o
o
. T
HL\

2]
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Quality Control

1 Xmer

Maldi-TOF MS

CE

7103

Capillary clectrophoresis trace 22
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YIELD

1.000
0.900 —
0.800
0.700
0.600
Yield (.500
0.400
0.300
0.200
0.100
0000 T T 17 1 T 1

0 10 20 30 40 50 60 70 80 90 100

Efficiency

Bl 0.995

: 2232 PAGE of long-mers

Oligonucleotide Length

85 8 75 75 65 65
crude purified crude purified crude purified

23
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PURIFICATION

« Sephadex
* RP cartridge
« HPLC

24



Bz
OLIGONUCLEOTIDE DESIGN

 manual
e computer assisted

www.protocol-online.org/prot/Research_Tools/Online_Tools/Oligo_Design/index.html

Main features of good PCR primer sequence

highly specific

no dimers and hairpins

stable duplexes with active sequence
lightly unstable 3°-end

25
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OLIGO 6

OLIGO 7 (from 2008)

PCR primers
hybridisation probes
sequencing primers

TagMan probes
primers for nested PCR
molecular beacons
SsiRNA

26
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Terminology of PCR primers

forward primer... part of the + string
reverse primer... part of the - string

pos: | 350 | tm:| 57.1 |

....... .. 2”4, %, . % 4 3. .3, . 3. ... . .30
CCTGGCTGTGACTACTCA
TTAATGLCTGGCTGTGACTACTCACTTTTTAAGGATGGTATTGAGCCTATGTGEGAAGATGAGAAAAACAAACGOGGAGGACGATGGLTAATTACATTGAACARACAGCAGAGACGAAGTGACCTC

AATTAC LA LACACT AT AL TEAAAAAT T TAC CATAA TG LA TACACCCTTETACTCT T T T TR T T TR LT TR TAC CLAT TAA TG TAACT TG TITGTCGT CTCTGETTCACTGGAL

CCTCCTGETACCGATTAA
L MF&eCDY 5 LF KDOGITEFPFMM®YETDTEIEKMNIEKERDGIDGGRW I T LW KQO®RRS DL

UPPER - FORWARD - LEFT

5’—
+ 57
— :3’

3.
5"
4'--------------- fs'

LOWER - REVERSE - RIGHT

27


http://www.oligo.net/tour-starting.html
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Terminology
forward primer... part of the + string
reverse primer... part of the - string

pos:| 350 | tm:| 57.1 |

CCTGRCTGTGACTACTCA

TTAATGCCTOGLTOTGACTACTCAL AAGLATOOTATTGAGCCTATGTOLLAAGATALAAAAACAAACGLLGAGLACGATOLCTAATTACAT T CAACAAACARTAGARATGAAGTRACLTC
AATTACLGACCLACACT AT AL T CAAAAAT TCCTACCATAACT CRLATACACCCTTCTACTCT T T T TG T T TR CCCCTCCT G CTACCGAT TAATGTAACT TLTITGTCGTCTCTGET T CACT GLAL

CCTCCTGCTACCCATTAA
L MPFPFGeCDYS5SLFKDGIEPM®W®ETDTETEMNIEKERTIGIGRW I TLNKGQRERSTDL

UPPER FORWARD - LEFT

LOWER - REVERSE - RIGHT

28


http://www.oligo.net/tour-starting.html
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Annealing of PCR primers

pos:| 350 | tm:| 57.1 |
330 340 350 360

|||||||||E|||||||lll?ll:lll||||||2|EII;|I|||lllzlgll:lll||||||3||:|”:|||||||||3|-.!'|:|||||||||3|2|I:|I

CCTGRECTGTGACTACTCA

TTAAT G TG TG TG ACTAC T CAC T T T T T AAGGAT GG TAT TCAGCCTAT G T RO LAAGAT CACAAAA A AAAL GO GLAGGACCATGLCTAAT TACATTRAACAAACAGCAGAGACGAAGTRACCTC
AATTACG AL GACACT AT CAG T CAAAAAT T CTACCATAA LT G A TACAC LT TCTACT O T T TG T T TG LT CC TG CTACCGAT TAAT G TAACT TG TITGTCGTCTCTGCT TCACT GRAG
ACTCLGATACACCCTTCTACTC
CCTCCTRCTACCCATTAA
L MPFGCDDY S LF KDGIEFPMM®WYETDTETEKMNIEKRERTILGTILGHRW®W I TLNWNKGOQRRSTDL

UPPER - FORWARD - LEFT

5 3"

3 5
—
51

LOWER - REVERSE - RIGHT

29


http://www.oligo.net/tour-starting.html
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S'CTTCTGCTCAATCITITTCTAC 3° FORWARD

-I'_ 5 "1 ATG(!CTTCTG CTCAATCTTT CFYACAACCAA AGCTCTGTCT TGAAAATCAA
51 TGT TCATGTTTT CCTTGATATC ATGTCACGCA
101 TGCTTCAACA CTCCAAATAC AGAGGTAATT AAATATTATT ATCATATTAT
151 ATATAATATG TTATTGATTT TTTGTTTGTG ATTTCATTTA GATTTTTATT
201 TCTATGATTT CTTAGCATGA AATACAATTT TTGGAGAAAC AACTAGCAGT
251 TTTAAAAACA AAACTTGAAT TTTGAGAAAT TCAAAGATGT TATATATATA
301 TGTCAAAATT TAACAATTAT TCTTCTAAAT CATCCGGATT CCGTTTACAT
351 GTACACATCT ACAATTTTCA ATTGAGGTAT TCTTGTTTTG ATGCCTTTGA
401 GACGAATAGT TTGATTGATA AAAAAAATTC TAACCAATAT GATATATAAA
451 GTTTATTTTC TTTTTGTCAA ACCATACTTT ATACTATGTAACTTTTTTAA
501 GAGATTATTG AAAATAGTTT ATTTATAAAA TAGTAACCTA TTGTTGAATT
TT TGCAAACGAC ATGTGATTTA
601 TCTTAGTTTIA AAACTAGCTG ATATTCTFCA AATCGACTGT TCTTATAAGT
651 AATCAACCARTTFACCATCAATEACAATAAA TTGTAAACAC TTCAATGAAA
701 ATGGTGATTT TAAAGAATAT GTTTTACTTA TGTTATGAAC TATCTCAAAT
751 TTGTGAAATA TTTCATAACT AATGTGGAAA ACTATATAAC CCCTCCATAC
801 AAAACGTAAG TAAAATTTAT GAAATCCTAT CATTTTTAAA GGTTAAACCA
851 ATCAAAAAGT AATAATTCTT GGTACTTGCA ATATTTTTGT CATTATATTT
901 TAGTTTATTAATTTTATTTT GATTAAATGG TTTTAGATCC ATCAGTTATG
951 GAGATCGCAG TTATAGCTGT AGACGATCCG AAGAAAGCAT TATCTACTCT
1001 AAAAATTCAA CGAGACAATA TAGATCTCAT AATCACAGAT TATTATATGC
1051 CTGGTATGAA CGGTTTACAA CTCAAAAAAC AAATCACTCA GGAATTTGGA
1101 AATTTACCGG TCTTAGGTAA CATTTTTTGT TCTTTACAAC TTAAATTAAA

3
5" TGAAGAATATCAGCTAGTTT 3° REVERSE
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8066 Sequence
| File: Human 4E.seq
DMA Sequence Selected Oligo  Position mﬂ\ # Feature Location
Sequence Length: 1868 nt Z  Forward Primer 259 18 > 1 source -18..1850
Reading Frame: +1 I erse Primer 328 ).R/ 2 CDSs 1.651
Current Oligo Length: Z1lnt O | Upper Oligo -— —-—
Position: 156 Jil| B | Lower Oligo 294 2z
i Lt 59.3°C | JD PCR Product &7 nt

(000 1100 1200 1300 1400 1500 1600 1700 1800

pos:| 350 [ tm| 57.1 |
IIIIIIIIEIEII IIII%?QIIIIIIIEIEI.I:IIIIIIIllzlgl{lllllllllgl{ll.l:lllIIIII|3IJI..I:I|IIIIII|3I2I.I:IIIIIIII|3I3I.I:I|IIIIIII3IJ?.I:IIIIIIII3I5I[I|IIIIII|3IEI.I:IIIIIIII|3IEQIIIII

EETEEETETEAETAETEA k 3 3 k 3 k b 3 k 3 3 k 3 k k 3 k b 3 k 3 3 k 3 k k 3 k b Y k 3 k k 3 k b 3 k 3 3

TTAATGCCT G CTETeACTACTCACTT T TTAAGLAT GG TAT TRAGCCTATGTGLGAAGAT GAGAAAAACAAACGLGEAGGACLAT LT, ACATTOAACAAACAGCAGAGACGAAGTRACITL
AATTACGLACCGACACTOAT AT GAAAAAT TCCTACCATAACT COLATACACCCTTCTACTCTTTTTGTTTRCCCCTCETGET TTAATGTAACTTGTITGTCGTCTCTGCTTCACTGRAG
. . ' . . ' ' . + ACTCRGATACACCCTTCTACTC

o4 a e a s e s a s e e s e s e s s CCTCCTGCTACCGATTAA

L MmPF6e6 CDY S LF KDMGITEFPM®YETDTEEKMHNE KRGO GR W I TL KHREKGQOGRRSTUDL

.‘ih.f 1."1ih':f.-_;:.-':
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Search for Primers & Probes

{-Eeafcl'rﬂptim—l Subsearches 1

Search in: W + Strand M - Strand
Search Mode: @) Select | Verify

E Complex Substrate

< @® PCR Primers >

Compatible with the [ Forward Primer ([

Reverse Primer

'E TagMan Probes & PCR Pairs
Compatible with the () Upper Probe &

Lower Probe

S‘ Molecular Beacons & PCR Pairs
") Nested Primers

) Sequencing Primers

__ Hybridization Probes

) siRNA Probes

[
After successfull search show: All Results

o)

| Ranges 9’

( Defaults )

32
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8nn Search for Primers & Probes

' Search Options ---Suhsaarches-ﬂ

Search method: Compatible Pairs @
E Eliminate Ambiguous Bases
E Duplex-free Oligonucleotides

W Highly Specific Dligonucleotides (3'-end Stability)
__| 5'-end Stability

| siRNA Internal Stability

E Oligonucleotides with GC Clamp

E Oligonucleotides within Selected Tm Limits

E Hairpin-free Oligonucleotides

E Eliminate Mono- and Di-Nucleotide Repeats
E Detect Sequence Repeats
W™ Eliminate Frequent Oligonucleotides
W Omit High Secondary Structure Regions in the Template
E Check Primers /Probe 5equence Constraints
E Restrict the Number of C Bases

Parameters
™ Eliminate False Priming Oligonucleotides
and || Continue Above Search in Other File(s) Ranges

" | Consensus Primers
Defaults
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860 PCR

File: Human 4E.seq

[ e
Optimal Annealing Temperature: 50.8 °C (Max: 66.3 “C) /
Position and
Length T [°C GC [5)] P.E# Score
}dﬁ? 78.9 29.6 nfa 697
Forward Primer 9l8 22 56.9 45.5 471 [ 471 840
\W]:.;Tr 1753 | 27 55.3 29.6 489 / 489 834
Upper 0 g79 24 56.5 333 479 [ 479 al1?
Lower Oligo 1694 23 554 39.1 457 [ 457 841
Product T, - Reverse Primer T, : 23.6 °C
Primers T, difference: 1.6 "C Comments:
Concentration
Forward Primer 200.0 nikd
Rewverse Primer 200.0 144
Upper Oligo Z200.0 nM
Lower Oligo 200.0 nhd
Monovalent Cation  50.0 mh
Free Mogl2+) 0.7 mh

Total Ma[+) Equivalent: 155.8 mM
.
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Selected Primers

File: BRCAZ gene.seq

AY4366040:15438F22

5 CAATATATACCCTACGTCCCCTA 3

Length:
Score:

5" Position:
T M
AGSAg (25 °C):
ASfAs:
AHJfAh:
3'AG:
Degeneracy:.
P.E&:

1/E:

53.4
-30.5
-472.1
-171.3

22=Imer
802 points
15438
52.6 °C
-29.2 kcal/mol
-449.5 cal/*K * mol
-163.2 kcal/maol
-b6.5 kcal/maol
|

443 /443
t 63 nmnlfﬁ.zﬁﬂ

3l.1 UQMEED

AY436640:15917R20

5 CAGCTACATATTACGCCAGA 3

Length:
Score:

3' Position:
T Mt
AGfAg (25 °C):
A5 fAs:
AHfAh:
3'AG:
Degeneracy:.
P.E.#:

1/E:

53.1
-28.6
-430.5
-157.0

20-mer
914 points
15917
53.8 °C
-28.5 kcal/mol
-419.6 cal/*K * mol
-153.6 kcal/maol
-6.9 kcal/maol
1

niertol _Ir.l‘!'|2 G0

31.0 UQ”"EED

Priming Efficiency PE

Score

35



ConhRepie « HAIRPIN intramolecular
Secondary structures | e intermolecular
B 06 Current Oligo Duplexes

File: BRCAZ gene.seq
Current Oligo 21-mer [5042]

[Current+ Oligo] - The most stable 3'-dimer: # of hydrogen bonds = 10; AG = -0.7 kcal fmol

= GRRTTRGRTRRRTTERRRTF? 3

LI T 1]
3' ATTARACTTAAATAGATTAAG 5'

[Current- Oligo] - The most stable 3'-dimer: # of hydrogen bonds = 10; AG = -7.3 kcal /maol; T, = 2.9°C

5" TAATTTGAATTTATCTAATTC 3

| 1111 | [11]
3' CTTAATCTATTTAAGTTTAAT 5'

The most stable dimer overall: # of hydrogen bonds = 10; AG = -7.4 kcal fmoal; T, = 2.2°C

5" GAATTAGATAAATTCARATTA 3

|11 |11
3' ATTAAACTTAAATAGATTARG 5'

Hairpin: loop = 5 nt; AC = -3.0 kcal/mol; T, = 54.6°C

5 'GAATTAG—
[T A
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0o Current Oligo Hairpin 5tems

File: BRCAZ gene.seq
Current Oligo 21-mer [5042]

1. # of paired bases = 5; loop = 5 nt; AC = -3.0 kcal/mol; T, = 54.6 "C

5042 GAATT 5046 5 ' GAATTAG
|11 LI A

5056 CTTAR 5052 3 ' ATTAAACTTARAT

2. # of paired bases = 6; loop = 5 nt; AC = 0.2 kcal/maol; T, = 2L.7 "C

5043 TT??R?T 50459 E'GTTf?RSRTﬂﬁ
A

5061 TTAAACT 5055 3'ATTAAACTTA-

3. # of paired bases = 4, loop = 2 nt; AC = 0.9 kcal/mol; T, = 8.7 "C
5052 AATT 5055 5'GEEETEEETETT?FE]

5061 TTAA 5058 3 "ATTARDD

PR FIrSy:

37
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® O  Reverse Primer False Priming Sites
File: M13MP18

Reverse Primer M13MP18:6310R19 (positive strand) -rl
Priming efficiency of the perfect match is 482 (above the ﬂlrﬁhold] v

Priming efficiency: 482 (above the threshold)

5'(6328) GGTTTTCCCAGTCACGACG (6310)3'

IIIIIIIIIIIIIIIIIII
3'(6328) ccaaaagggtcagtgctgec (6310)5°

Priming efficiency: 244 (above the threshold)

5'(6328) GGTTTTCCCAGTCACGACG (6310)3'

SENRAREE AR RR
3'(626) agcaaatggtc--tgctgc (610)5°

Priming efficiency: 193 (above the threshold)

5'(6328) GGTTTTCCCAGTCACGACG (6310)3'

L S
3'(5125) tctaagtggtcagtg-tgc (5108)5°
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® O ©®  Forward Primer Composition

File: BRCAZ gene.seq
Forward Primer AY436640:6275F19

T (RNAY 1M Na)

T (DNARNA) 1M Na)
Azg0/A280
Molecular Weight
Molecular Weight

Base | Number&%

ug/OD
A 2
- 5
c 4
T 8
A+T 10
C+C 9

[10.5%]
[26.3%]
[21.1%]
[42.1%]
[52.6%]
[47.4%]

64.2°
56.5°
70.8°
56°
B1°
74.7°
1.59
5.8K
11.7K
47.4

[nearest neighbor method]
[nearest neighbor method)
[%GC method]

[2(A+T)" + 4(G+C)* method)
[%GC method]

[%GC method)

[single strand]

[one strand)

[two strands)

[dsDNA]

39
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@& O6 Oligonucleotide Database
File: NewDatabase.cdb

& c@ [ﬁ[ ol e @ ] | # of Records: 29
#ll Date I Mumber Sequence 3-Dim. AG | P.E [ pe. ™™™ { t

O 21 1270206 AY436640:5916R19 AATCCCTCGCCTTTACTCTO - S5C 430 430 54,1 545 4
22 12f02f/06 AY436640:5916R20 CAATCGCCTCCCTCTAGTCTG 03 SC 366 450 509 572 v
23 1270206 AY436640:5937R21 TCAATTTCTTTAGCTTGCCAT 449 54,7 53.1
B 24 |12/02/06 AY436640:5937R22Z TTCAATTTCTTTAGCTTCGOCAT 458 |55.9 53.8
O 25 1270206 AY436640:46950L22 TCCCTTAACAAAACTAATCCAT 0.3 5C 432 | 432 545 53.0
26 1270206 | AY436640:5325022 AATTACCTCTTITCTTATCGCCAA 0.3 5C 4533 | 453 533 53.0 m
O 27 1270206 | AY436640:5786L23 CTCTOCCTACAACATTATCACTC -0.3 |SC | 451 | 451 548|550 &
28 12/02/06|AY436640:5860L19 AACAACCAAAGCCAACCTG -0.9 5C 444 | 444 5533|5359 «

-

Oligonucleotide Sets (64)

Forward Reverse Upper Lowwer
# Primer Prirmer Oligo Dligo
1 2 3 “
O E15] 8 23 25 25 &
" 47 a 24 o5 28 Checked Set of nested primers 3
o 47 a 14 25 27
(] ig 9 15 25 27 m
o i3 9 16 25 27
B 61 9 17 25 27 i
O 48 9 15 25 27 L 4
This database is linked to BRCAZ gene.seq A
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806

Restriction Enzyme Sites in Protein

File: BRCAZ gene.seq

#

33
34
35
36
a7
38
39
40
41
42
43
44
45
46
47

#
41

42
43

44

45
46
47
48

AT

E”13”"E|224nn|zzenn,zzaun,zaunn,za:nn,za4nn,zjeunlzaann,znnnnga:nnlzq4un|zqeun 24800 25000 25200 25400 25600 25500 26000 26200 26400 26600 26800 |

EcoRl
EcoRW
EsP3I
Fsel
Fspl
Csul
Hindll
Hpal
Kpnl
Miul
Munl
Mael
Marl
Mcol
Mdel

Enzyrme
Kpnl

Miul
Munl

MNael
MNarl
Ncol

Mdel
Mhel

Site
CT2VWpzYE

TRLRWyA7T
QL3INawls

AGZPAXRED

CAZAPzRE
PW3IHCwWMS
HMZ lawYs
ASZLAX-B

il B o 0 P T

#Cuts Positions & Fragment Sizes

8

5
10

Fd B =

16

1=

21253
629
r22233
+21287
351
r21823
G623
20043
r22361
20366
22276
369
402

B W ]

23654 68 23722 52 23774 237 24011 585 24596 162
23387 1219 Zo606 22851

22674 2824 25498 576 26074 106 26180 244 26424 23033
23620 355 23975 351 24326 282 24608 242 24850 e
25273 714 25987 187 26174 420 26594 22863

23084 597 23681 1286 24967 86 25033 573 253626 149
26398 23039

24864 24593

22548 336 22882 887y 23769 531 24300 25157

24541 1211 25752 23705

22631 322 22953 185 23138 88 23226 27 23253 461
24083 312 24395 288 24683 151 24834 273 25107 536
26045 30 26075 210 26285 i72 266537 22800

HTH A

1=m

b e W ks W s

1M

AT A

1 a4

b R B I Wl

=i

b e W ol T

C e

24758

24922

25775

23714
25643

T ASD

| i

{f 4| &1

S

Search: 22454 to 27004 End Cut Type: Blunt, Odd, 3'-overhang, 5'-overhang
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& ) 7 Hybridization Time

File: M13MP18
DMNA Length: 21 nt.
Concentration: | 200.0 | nh
| 1.298 ug/mlL

T = 45 .4 sec

T = 3min47 sec
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e o0 Concentrations

File: BRCAZ gene.seq

E Constant Concentration S Constant Volume

@ Current +0ligo: 5.08 nmolfOD, 32.5 pug,/OD
;:,- Current -Oligo: 4.67 nmol/0OD, 30.9 ug/0OD
S Entire Sequence (ds): 0.001 nmol/OD, 48.1 pg/OD
() Forward Primer: 5.98 nmol/OD, 35.0 ug/ODC
S Reverse Primer: 5.31 nmal/OD, 34.0 ug,/0OD
;:, PCR Product (ds): 0.146 nmol /0D, 48.1 ug/0OD
C,. Upper Oligo: 4.83 nmol/OD, 31.2 pug,/0OD
;:,- Lower Oligo: 4.67 nmol/0D, 30.9 pug/0OD

ar

ar

yields

32.5

1.0

5.0584

508.4

10.0

K9
oD(2e0)

nmaol
ML

MM
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AHP2 ¢cDNA (TAIR database)
Sequence: AT3G29350.1 Date last moditied 2007-04-17 Name AT3G29350.1 Tair
Accession  Sequence:4010737427 Sequence Length (bp) 827

1 ACAATTCGCG AGAAAGACAA AACACAAGTT TCTTCTTCTT GGGATTGGCT

S ATTTCCAGAA ATCCAAGTCA ATAATCAAAG TCCAAACAAA AAAATCCTCT
101 CCCAATCTCC GCTTCACTCT TCTCATGGAC GCTCTCATTG CTCAGCTTCA
151 GAGACAATTT CGTGATTACA CCATTTCTCT CTACCAACAG GGGTTTTTGG
201 ATGATCAATT TACTGAGTTG AAAAAGCTAC AAGATGATGG AAGTCCTGAT
251 TTTGTGTCTG AAGTGCTTTC ACTTTITCTTT GAAGATTGTG TGAAGCTTAT
301 CAGTAACATG GCTAGAGCTT TGGACACGAC AGGAACTGTA GATTTTAGTC
351 AGGTAGGTGC TAGTGTGCAT CAATTGAAGG GTAGTAGCTC AAGTGTTGGT
401 GCCAAGAGGG TCAAAACTTT GTGTGTTAGC TTCAAGGAAT GTTGTGAAGC
151 TAAGAACTAC GAAGGGTGTG TGAGATGTTT GCAGCAAGTG GATATTGAGT
501 ACAAGGCGTT AAAGACAAAG CTTCAAGATA TGTTCAATCT TGAGAAACAG
551 ATCATTCAAG CTGGTGGTAT AGTTCCTCAA GTGGATATTA ACTAAAGAGA
601 CTAGTCCATA AGAAGAAAAA AGATGATGAC TTTCTTTCTT TAGTTTCTCT
6051 TCTAAATTAT TTTGGATTTG GTGTTTGCTC AAAAACTCAA TAAAATATGT
701 GCAAAAAGAA ACAAAAACAA GTGATGGTTG TTTATAAATC AGTAGTATGT
TSIATTGTTTGAT CTCATCCGAG AAAATTGAAA CCATTGGACT AATGAATGTG
801 ATGATAATAT ATATTGGTIT GCTTCTG
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101 CCCAATCTCC GCTTCACTCT TCTCATGGAC GCTCTCATTG CTCAGCTTCA
151 GAGACAATTT CGTGATTACA CCATTITCTCT CTACCAACAG GGGTTTTITGG

251 TTTGTGTCTG AAGTGCTTTC ACTTTTCTTT GAAGATTGTG TGAAGCTTAT
301 CAGTAACATG GCTAGAGCTT TGGACACGAC AGGAACTGTA GATTTTAGTC
351 AGGTAGGTGC TAGTGTGCAT CAATTGAAGG GTAGTAGCTC AAGTGTTGGT
401 GCCAAGAGGG TCAAAACTTT GTGTGTTAGC TTCAAGGAAT GTTGTGAAGC
451 TAAGAACTAC GAAGGGTGTG TGAGATGTTT GCAGCAAGTG GATATTGAGT
501 ACAAGGCGTT AAAGACAAAG CTTCAAGATA TGTTCAATCT TGAGAAACAC
551 ATCATTCAAG CTGGTGGTAT AGTTCCTCAA GTGGATATTA ACTAAAGAGA
EcoRI restriction site
5 GIAATTC. .3
37 .CTTAA|G.....5

Design of primers

AHP2ex_up
S-CCGGAATTCATG GAC GCTCTC ATT GCT CAG-3

AHP2ex_low
57-CCG GAATTCTTA GTT AAT ATC CACTTG AGG -3
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101 CCCAATCTCC GCTTCACTCT TCTCE TAC O : T AGQCTTCA
151 GAGAC AATTT C GTGATTAC A CCATTT L TC T TAL C AAL ALT LTLT(_TTTTTTGG

231 TTT(_TT(JTLT(_T AA(_TT(J(_,TTTL A(_,TTTTQ,TTT (_TM(JATT(_TT(_T T(_TM(J(_,TTAT
301 CAGTAACATG GCTAGAGCTT TGGACACGAC AGGAACTGTA GATITTAGTC
351 AGGTAGGTGC TAGTGTGCAT CAATTGAAGG GTAGTAGCTC AAGTGTTGGT
401 GCCAAGAGGG TCAAAACTTT GTGTGTTAGC TTCAAGGAAT GTTGTGAAGC
451 TAAGAACTAC GAAGGGTGTG TGAGATGTTT GCAGCAAGTG GATATTGAGT
501 ACAAGGCGTT AAAGACAAAG CTTCAAGATA TGTTCAATCT TGAGAAACAC
SST ATCATTCAAG CTGGTGGTAT AGTTEC /

EcoRI restriction site
...... u\ —\ATTL......._%'

5
3

Design of primers

AHP2ex_up
57-CCGGAATTC ATG GAC GCT CTC ATT GCT CAG -3

AHP2ex_low
5-CCG GAATTCTTA GTT AAT ATC CACTTG AGG —
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Discovery is not in seeking new landscapes,
but in having new eyes...
Marcel Proust
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