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Primer54-43

Oligo6/1-48



EIE S YIRS Y
s AT L g, A4 30e MiEsI?

3'.... ATCCGCACGCACGCACAGAGC.....5' ——» template

il

5'.. TAGGCCG...3 ——— primer upstream DNAR &R |
HEE 53’
FEAH

5'...TAGGCCGTGCGTGCGTGTCTCG....3

I

3...... CAGAGC....5
YES AL LEEI %, JEEE IR T S

primer downstream




Z 218

» 5K (primer length)

PP (product length)

+ 7% Tm{E (melting temperature)

+» AG/H (internal stability).

w TR, RIJegER) (Dimer and hairpin)
» FEiR T KA S (false priming site)

+ 5|9 e IGC & & (composition)

» 3 RKimAs g M (3’ End Stability)

ZNDZA
Ky K

N—




o 5| I E—MN15-30bp, A A2 18-
27bp.

AR R F74°C, B]
il

5 .




TMELEGCE =

CE=EN, Tm@jt, PRI e
e X T PCR M K UEGCH EAE40%—60%, —HK50% 4 45 L
BEE. TmEEH|7E50- 7oz_|ETJ .
. H— Mﬁ@)ﬁﬁ%ﬁﬁ@(: o e AR B = #%&%ICF@E/JGC =

ANFELE FiRTE Filj\], X NS B BN YIRIGC & Lj
NMTm B R Fi Rz

Nﬂ

I:l




AGE

o BT 5|V SR E S
58 S A2

» R, SIRIAGH LT
SIESL AR, WIS A
AGH i, T3 UHAGH AT
16, HARERITY (AGHH HfifH,

XA, gk AT
R SR BT AT By 1R R 51

G| -21-6 |-8 |-10
37
pr|100% |40% |20% | Q
=N
Lt




DimerZ 5|2

) e KR YT LA \
3 EIE ST

HEHREfE. Bhbe

IO TR A 7 BES XA AES K
JHRE & LA L 3 & DNA S i) 2 B g

MR F T e
R, 0L E R T
0 M52 I LA T4 2
B

H, 3 KA
R 5 51519
“RAAY . )

31 R B R ) R — A

4.5



Hairpin

ligo, 3 bp (Loop=4), delta ¢ = -0.1 kotfm
5! (e B A=y
|
3! TATCTAGGACCTT&—J
Dligo, & bp (Loop=3), delta & = 2.1 ki

' GGGALA—
I

3! TATCTAGGACCTTE—J



Self-Dimer

4 bp, delta G = -6.6 kofm (bad!) [(woyYst= -36.6)
S GGGLAAATTCCAGGATCTAT 3

AR
3" TATCTAGGLCCTTALLAGGG 5

4 bp, delta ¢ = -5.4 kedwm (bad!) (worst= -36.6)
SY GGGLALATTCCAGGATCTAT 3

1]
3" TATCTAGGLCCTTALAAGG: 5



b b

3 R imfa € M

o SRR 5| VINZ A — M E TE R A5
AR S AAR A € TE B 99 I3 R WIAR 5] 43
faEMEan, 43 Al HefERIES ﬂilﬂﬁT FCXS 17
DU R IE ARG, T RARRy 2 IR 1 26

(secondary bands)




o SI3um H A LS wm B R, 5 403 i A
H—WAHA (gt 3 i <G. C.
CG. GC) , K ANATEES RG] KA RG] KR
ﬁamma




#M78:GC clamp

» GCHlf
« 515 B AL A G B T2 A R E 5

Rifio X —RA BRI E @EI’JS Rim AR NGC
H



NI DA

« LB R 5 B B Ry 1 3% A 5] BIR i A 1
Ry 41

o 2. BEVIAL S AT ARSI, K 22 200 PR 1)
XS #R BB VI A BE VI

% ?‘.%T)Wﬁlﬁi&ﬁﬂ)\}ﬁ%%f%%@%ﬁi%ﬁ i0)le37)
A=




—

+ Fille new seq

GICTEITTAC TRGGATTAGT TTICITAIGT GRAGRAATRRR AGTTCRARGE GGETGFAGTAC
TRGCCGATGRE AGRAGTRATAG ACARGGGTAGT CCTGATTGIT ARATGACCAR ATGITTATTA
38l CREGRATCET GICGRGITGET TCATACCRAC GCETTITGAIC CTICCRCGITT CGGEGCGACRR
TIACTITTAC GRCCGCCTTR ATATIGRCGT CCTGITCGAT TICTCIAGICG RRGATTCGEET
CITTTCCCRC CRCTTTICCAR ATCCGICART TITCTICICC TTITICTICIT TTITCGATIRAG

1321 CRACETACT mﬁii&




g. GeneTank - NewSequence

Translation:

Active Sequence: Hew3Sequence -

Translations:

Original DNA

‘E(Enzymel E}E Mntifl

a0

‘ﬂ’ | Find HE:-:tI El@ ‘ﬂ’

El

@] |

301

Sel
1021
1081
1141
1201
122l
1321

GICTEITTAC
TAGCCGATGA
CAGGARTCGT
ITACTTTTAC
CTTTITCCCAC
ITCCGTGAGG
AGTCTACATC
TCEETTCTCC
CRRCETRCT

TRGEATTAGT
AGAGTAATAG
GICGAGTTGT
GACCGCCTTA
CACTTTCCAR
GICACCTCCT
ITITGITGIT
BRETTTCRRR

ITTCTTATCET
ACAGGGTAGT
TCATACCARC
ATATTGACGT
ATCCGICARAT
TCAAGTCGEA
CCTTGITCIT
RREATCCCTT

RoCGRRTRRD
CCIGATTGTIT
GCGITTGATC
CCIGTTCGAT
ITICTICTICC
ARCCGARAGAC
CARATGICTTC
TCTTCTTCAT

ACTTCRRRGR
AARTGACCHAR
CTCCACGTTT
ICTICTAGTCG
ITTICTICTT
GAAGACGCAG
ITAGCTTGTG
TCECRRAETTT

FEEIEAETAC
ATGITTATTA
CGEECGACAR
ARGATTCGGET
ITTCGATTAG
CGITACTACCG
ARGATTTCAR
CECCTTCEER

Pos: 01330




p Frimer Fremier &l

EH tsf |EEria 1
rect Select: t =

3" ATEECGAAGACACTGATTTCTTCTIC 5
NERRR AR RRRRRRRRERNE Y
5' TACCGCTTCTGTGACTARAGAAGAGGETACTARGGAGCCATCACCTCARGCARGTGAACTCECATCARAGAGEEEATTAGCET 3

imer

5|A| v Search

10 20
¥ R Fr C D - B B & 5§ E E P - & E 5 EV A - E RBRCGUL AW
ol | ]
Rating Seq No Length Tm GC% AG Activity Degeneracy Ta Opt
[*C] [kealsimol] | [ug/OD] [*C]
ense 66 1 25 9.7 440 43.3 3.4 1 -
Anti-sense | 67 25 25 9.7 440 43.3 32.3 1 -
*roduct & - 25 671 |[44.0 - - - 39.9
table Hairpin: All

Priming ' G [kcals/mol] (3" Hairpin)

AEI ICIIEECCHI 5°

Fei |Fuund |

inti-sense | Found | |




S search

!

Hi 3L




mEaleln ri |_:|::|I LT

search Complete.

Primer Search Results:

Remaining Rejected

jense: Anti-sense:

Total Possible 6535 f535
B Tm 1241 1244
] 6e 812 812
E Degeneracy 0 0
[ 3 End Stability 323 49
[H]| 6C Clamp 72 | 730
] Redundancy 2476 2517
E Repeats/Runs 116 g5
E Dimer/Hairpin 07 186
E False Priming
E Optimal Primers 13 102

Moderate

Low
Very Low

Manual

IOl O] O] =]

Primer Pairs:

Pairs Found

100

% Search Results

=
[ Sense " Anti-sense (+ Pairs
100 pairs found.
. @ Tm | Product|| Ta Opt]| 3y
] Size [E:])]
1 87 gg:g 407 51.2 —
2 |85 g‘;:g 409 50.9 B
3 |83 g?:g‘ 403 5.4 B
55.6
5 79 g";:g 405 51.0 B
6 78 553:3 403 51.0 B
7 78 Eﬁ 471 54.0 N
8 77 gg:? 409 51.4 N
9 76 g‘;:g 401 51.0 N
10 |75 553:? 411 51.0 N
11 |75 E‘E‘,:g 469 53.4 N
12 |75 22;3. M3 50.6 N




K. Primer Premier

rimer: - 305

Edit
o) et [Bresus] [0 ——ly
lirect Select: t e

'.'.HHF\-?.'.'.?.H'.'.?.H'.'.?.HI?.?.HHH -1
A g g o o N AL o H o A B AL B B L L ]

NERRR RN RRRRRRRRRRRY
5' GTEARGRTTTCAATCGEITCICCARGTTTCARRARGATCCCTTTCTTCITCATTCECARGTTTCGCCTTCGEACRRCETACT 3

1310 |

3 1

1250 12&0 1270 1220 1250 1300 13zZ0
- B F Q 58 VYW L £ W 5 E B § L 8§85 5 8 F B 5§58 F 2 F = Q B T
| ]
Rating SeqNo Length Tm GC% AG Activity Degeneracy Ta Opt
[*C] [kealsimol] | [yg/0O] [*C]
Sense 100 905 24 oG |(41.7 -40.1 29.0 1 -
Anti-sense | 79 1305 21 60.0 (429 -40.7 28.9 1 -
Product a2 -- 401 5. (419 -- -- -- 8.4
Hairpin | Dimer False Cross || Most Stable Site: All
Priming Dimer AG= 141 [keals/mol]; Product = 234
3" AGGERARRGRLERRETRARECOET 5
Sense |HD"E||HD“E||HDI’IE||HDI’IE| T
=) - 11lg) TOCTITICIICITITICOEATT (1138)
Anti-sense | None | | None | |Fuund| (| | .




MeEr

AAIAAI

FEMIer

W A F SN W

=
| Q}Search

Ej&fﬁEEdﬁ
FITTIBIS

g

AEARCACTEATTITICTTICT

=

S TR TG TIEACTT A R e T A T R A T e T A A A T AR CTEECATEAR A CRCEEEATTAGOE S

=z E = 5

E WV n

K BE & L &

¥ = (i D = = = = 5 E E E =
IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIIII
20 30 40 50 70 =}
T ] T T -
MaelITT HinlTT HinlIT
T=pd451 H=pS21X H=p9S211
N1aIIT N1aIII - |
Rating Seq No Length Tm GIC% Al Activity |Degeneracy E(Enzj.fme
[=C1 [kealsimol] | [pgrOD
i Q}Analyze
— — — — — — — — —':_émF'rime
Hairpin Dimer False Mo Hairpins Found V Ok
Priming
Hone Hone Hone mancell

. ? HeIpI



. ot
Edit Primer

u

¥ =R C

R o o a s R T skt mr T e
3" fali--Uilsnnizalal

NRRRRRRRRRRN
5' TACCCCTTCTETGAC

¥ B F C D B B & 5

R R T AT A e L A T A T AR A A T AR CTEEC AT AR A A CEEEAT TR 3

¥ £E P - @ E & § E V 2 - E B G L &
LI LI | LI LI | LI L I LI LI | LI LI | L LI | LI 1
= 3 o B 3 T I3 |
T N T T -
Maelll HinlIT HinllII
Tspd5l H=pS211 H=pS211
N1aIII N1aIII -|
Rating |SeqHNo Length |Tm GC% AG Activity |Degeneracy E(Enzyme
[+C] [kealsimol] | [ug/0D] N R
Agraiy e
100 |13 13 .5 385|244 (300 |4 L pPrime
Hairpin Dimer False No Hiirpins Found / "
Priming —
| Mone H Mone H Mone | "Eancm
—— b '?? Help




Oligo/r 43

« FENXprimer5iz v H 1 91 P30T AN E ) PEAG
« BRI IRG1Y0, ISR, AERDIAL R

% Sense:

ATCGAATTCATGGCGAAG

< Antl-sense
GGAGGATCCAGTACGTTG

R Bt B 51PN oligo6 P 73 A



file —>  New sequence =——> manual

[BS NewSequenced - Edit Sequence [ o | = |l

5* | 1 Selectio | 19 Group by & o 1
ERL = O T W= 3 3%
1 [ATCEGRATTCA IGECGARAG
Clipboard is empty [INS |DMNA 2
D (k]
:  Accept/Discard Ydit Search Change R
—

EAFE=IE]

VR QR QR AR QR R R RN R R RN Ny

%
!



el

[Es NewSequenced - Internal Stability

FAR & |

=130
-12.0 -
-11.10 -
=100 -
=90
-0
=70
-5 —
-5.0 5

|

R1| RZ|[R=

<p-| e ]

B NewSequenced - Melting Temperature [18-mer] | = || &

T

E1.5 -
£1.6 -
£1.4 -
E1.2 -

L T =R T TR

LT T e T & =T T

= e e
e A

I

—_—

F

o

£

EL

IEREET




_ e

I NewSequenced - Edit Lower Primer /

3 Selectio . l

4 Y | 1

RT.Method Lathe

GGA || GGC | | GGG | | GGT
16.7 237 16.7 1.0

| P P I P P P P

=R GER TCC RGT RCG TIG

= =1 =] T L

‘r - e
Edit Search Cha
Accept and close — A (2] 2] N2

%v R B B V_



analyze

IE: MNewSequenced - Upper-Lower Duplexes

| Di=playw Hairpin with 2 or more bp Stems

Frimers: MNew:1LU1S FNew:1L13

I Mo 23'-terminal dinner Farmation

T he most =table 3-dimer: 2 bp. -1.9 kcald/mol

o ETCGEETTII::I'—:-.T GiIE'rl: G.F_-._.T_'E_-Llil__—'r 3
S =TT AT EACCT ARG B

T he most =table dimer owverall; 3 bp, -5.0 kcaldmoal

ST TECATEACCTAGGAGS B




Upper primer dimer

By NewSequenceS - Upper Primer Duplexes

| Displaw Hairpin with 2 or more bp Stems

Hpper FPrimmer FHNew: 111718

I Mo 2'-terminal dimer Farmation

The most stable dimer overall: 5 bp. 55 kEcal/mol

S EAAGCGEGTACTTAAGCTT A S

Hairpirn: AG = -1.00 kcalfmaol. Loop =3 vt Tm = 43 °C

S EAASTCEET A




Lower primer dimer

IIE: NewSequenceS - Lower Primer Duplexes

| DNi=play Hajijrpin with 2 aor more bp Stem=s

Lowveer Frimer Hewr: 1 L1 3

T he mo=t =table & -dimer. = bp. -1 9 Ecal/mol

= GG&GG&TCF%GTEC G'I":Flil__—'- =
ST TS CCAT (AT T ARG 5

T he mo=t =table dimer owerall: & bp. -10.3 Ecal/maol

= GG.P_-.IG IIS:I—"_-.':IE'IiI:lI:.P_-.GTEC =TT =3
ST T AT GAC T A=A 5

Hairpin: &ala = 0.50 Ecalsmol, Loop = S k. Tm = 11 "L

" F53% s
ST T AT AT A —




hairpin

s NewSequences - Lower Primer Hairpin Stems

b NewSequence5 - Upper Primer Hairpin Stems

 Display Hairpin with 2 or more bp Stens

| Display Hairpin with 2 or more bp Stems

1. Duplex len

th = 3 bp; AG = -1.0 keal/mal; loop 9 Aucleotides

i
16 AGC 14

2} H???MTTE
FGAAGCGGETA-

2. Duplex len

th = 3 bp; Az = 0.9 kcal/mal; loop 5 nucleolides

T
19 GARTY

) ETCGET??ETE
3 GRAGCGE

1. Duple length =3 bp; A = 0.5 kealémal; lop 3 nucleatides

i
JCCTY

i
3 GTTGCATGACCTA




False priming site

[R: NewSequence$ - Lower Primer False Priming S

B NewSequenceS - U Falke Priming Sites

Lawer Prirner - Mew 1118 [postve shand|

pper Primer -

Priming efficiengw: 440 0 0 o

e Priming efficiency: 358 [above the treshald)
Friming efficiegcy: 29 |

AN RTCGETTCRTG-GCGEG 18]F
AT e |Nntfnund

MElgtacttaagocta® ™" ¥ (15 |

Upper Primer - Mew: 11718 [negative strand) —— : :
Friming efficiency: 440 (above the threshaold) LE!'."'.'!E[ PflﬂjIE.f New LTS [ﬂEEIEItl"."E Stfﬂﬂd]
Priminig efficiency: 3ha [above the theshold)

_F'riming efficiency; 440 [above the threshold)

B ATCGAATTCATGGCGRAG [18)3
[TTTIITTT T ] Mot faund
Iltagcttaagtaccgettc 185 atToLn




By MewSequencesS - PCR = || =2 | ==

Optimal Annmealing Temperature: ————

Fos=ition and - -
Length Tm ["C] GO [E] F.E.H
Frodize o} - 1 e
Lpper Frimmer 1 13 E5.B 44 4 AA40/440
L1 overmr B rirrear | 1= S E5 E o252

Frimer= Tm differencfe

Concentration

Ovuvrer]l appinsg primer =. -
Upper Frimexr: | =00, 0 oM
Lower Frimer: | Z00. 0 oM
Monowalent Catirs | S50.0 mM
Free Mz [2+1: | O. 7 mM

Total Hal[t+t] Egquiwalent: 1553




Primer internal stability

B MewSequenceS - Lower Primer Internal Stability

AG - [ I ST ST
NMewSequenced - Upper Primer Internal Stabilit
120
r [ [io [z0 [z0 ]
sy '
RETi 420
12.5- 115
-12.0 - - -
-11.5 |
1.0 10
0.5 - 0.0+
10,10 - B 451
-3.3 7 B -9.0-
a0 i -
=5 [ . 897 ~
-8.0 5 04 [ L B
75 7.5
-T.0 - 20
-E.5 -
6.0 6.5
55 5.0
e I I 55
N TG T T AT B
Pozition: 1 5 [EGRGGATCCRAGTRCGITE =
Length: 13 nucleotides Position: 1
Length: 18 nucleotides




B - cwSequenceS - Upper Primer «Z S rmpeaositicon

Composition and Tm

Adpper Fronmer FRHeva: 1L =

T d = 0. =7 [rme=ar==t meighbor metbaod]
T = E=.17 [F=IS 1 mi=thoaod]
T = 527 [Z[+T 17 + 4GS+ mestbhaad]
Tl 2=~ 1 kR Ha] = T .57 [Z=IET T C.o=khaod]
Tl S R ey v =2 — 7 L=I5 0 m=thaod]
e e = 2.2 [=iale =trandd]
FAr = 5._EF. [ =tracmid]
FAr = 11_.71TFL [bvaa =krarmid=]
(o P B = 47 = [d=Cx 4]
E a=-= FlouamibBser & ==
o = [=Z=. ==
— = [1&. 7=
= L [=27. 2=
T =1 [==. =]
e B 10 [C5S. &53]
=+ = [ a3

oS FA=slking T empaeratuar= i S arnooa=
S alt armd Formamind s Comnmcembrabioaomn=s [T1]

[rak1] =5 =S == 1 10O= S0
1 [ ] =S ==_1 15 = -1,
10 I | = == === = =
5O o= L] I P | A= 17 . &

155 1 5= = 517 =257




o JRIEA T BAtBo2 - HREAR, R A fAK A E

+ XH.
oo

» X Fppt RN GBI T, A YK
KB — ML 5] R

+ PPt fuFidegenerate primerfi%it, (HFEFZ
— 31, n] A= abeMuiH I primer design

T, ANBEREAE XL SR, R BIREEY &
IRE) B, AR AUREUER] T

LL



51 SCHR

» General concepts for PCR primer design.C W Dieffenbach,
T M Lowe, G S Dveksler, Volume: 3, Issue: 3, Publisher:
Cold Spring Harbor Lab, Pages: S30-S37

» Efficient primer design algorithms Thomas Kampkel,
Markus Kieninger2 and Michael Mecklenburg
Bioinformatics (2001) 17 (3): 214-225.

+ HEHFL http://baike.baidu.com/view/2764.htm
« Primer design, belong to the Board of Regents of the

University of Wisconsin System.


http://baike.baidu.com/view/2764.htm




