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1. The LAMP primer

The design of LAMP primers is based on the six
regions in the target sequence, designated in the ¥ )
Figure on the right from the 5-end as F3, F2, F1, Primer for LAMP method

B1, B2, and B3. = ¥2 n Ble LE @ Bk
Dol m— e RN~ Q00NN R — B ——

Forward Inner Primer (FIP) consists of the F2
sequence (at its 3’ end) that is complementary to
the F2c region, and the same sequence as Flc

e ® n
region atits 5 end. FIP { Foreard Inser Prisver) 5" I DODDI ' Fiprimer &' b
Bl ]

Furthermore, Forward loop primer is designed EIP {Bacdovard Inner Prines] & SESSS  DSprimer & N ¥

using the complementary strand corresponding to ) 1
. . LF { Loop primser Forwvand) *" DSNEN V
the region between F1 and F2, while Backward

La

loop primer is designed using the complementary LE { Loop primer Backwant) & Q080 7

strand corresponding to the region between B1
and B2.

2. Key factors in the LAMP primer design

The four key factors in the LAMP primer design are the Tm, stability at the end of each primers, GC content, and
secondary structure.
21Tm

Tm is estimated using the Nearest-Neighbor method. This method is currently considered to be the
approximation method that gives the value closest to the actual value.

The calculated Tm is affected by experimental conditions such as the salt concentration and oligo concentration,
so it is preferred that Tm be calculated under fixed experimental conditions (oligo concentration at 0.1 uM, sodium
ion concentration at 50 mM, magnesium ion concentration at 4 mM).

The Tm for each region is designed to be about 65°C (64 - 66°C) for F1c and Blc, about 60°C (59 - 61°C) for F2,
B2, F3, and B3, and about 65°C (64 - 66°C) for the loop primers.

2.2 Stability at the end of the primers

The end of the primers serves as the starting point of the DNA synthesis and thus must have certain degree of
stability. The 3’ ends of F2/B2, F3/B3, and LF/LB and the 5’ end of F1c/Blc are designed so that the free energy
is —4 kcal/ mol or less. The 5’ end of Flc after amplification corresponds to the 3’ end of F1, so that stability is
important. (See lower left Figure).

The change in free energy (AG) is the difference between the product free energy and the reactant free energy.

; Stability at primer’s end and
Stability at primer’s end the free energy change (AG)

Y endof FY B2 sl _ Target BNA . 3o
5' end of F1d/ Blc A G for 6 bp : -

at each terminal — :
Fendof Fy B3 v eachiermina S e W

Y endof LF/ LB fir E

+A(z; the change in free energy () during a reaction
(the & of the products minus the G of the starting materials)
A= B (a4 -Gyl
* A reaction will proceed in the direction that causes
A G to be less than zero.
*The more negative the 4 G is, the more often primer
anneals to the template.




The reaction proceeds toward a negative change in free energy (AG). The annealing between the primer and the
target gene is an equilibrium reaction, and the annealing reaction proceeds with a smaller AG (see lower right
Figure on the previous page).

2.3 GC content
Primers are designed so that their GC content is between about 40% to 65%.

Primers with GC content between 50% and 60% tend to give relatively good primers.

2.4 Secondary structure

It is important, particularly for the Inner primer, that primers are designed so that they do not form secondary
structures.
To prevent the formation of primer dimers, it is also important to ensure that the 3’ ends are not complementary.

2.5 Distance between primers

The primers are designed so that the distance Primer location
from the end of F2 to the end of B2 (the region
amplified by the LAMP method) is between 120

Ble

bases and 160 bases.
The primers are also designed so that the distance
from the 5’ end of F2 to the 5’ end of F1 (the portion

that forms the loop) is between 40 bases and 60
bases. The primers are also designed so that the From To | Length (bp)

distance between F2 and F3 is between 0 to 60 SendofF2 | 5 endofB2 120160

5 end of F2* £ end of Flc* A==

bases. |
3 end ol F3 5 end ol F2 1= 1)

3. The steps in LAMP primer design

As indicated by the figure on the right, the steps
in primer design involve designing the regular
LAMP primers (FIP, BIP, F3, and B3) and using
them in an actual amplification. They are then i |

chosen as the LAMP primers if the amplification

actually proceeds and the results are satisfactory.
If the amplification does not occur or if the results
are not satisfactory, the primers need to be
re-designed. =

When designing the loop primers, the loop L Tl
primers are designed using the primer information
file of the selected LAMP primers. If upon
performing the actual reaction the rate of Berbtetlirraer

amplification increases, then they are chosen as
the loop primers. If the results are not satisfactory, the primers need to be re-designed. The loop primers are not
the essential requirement for LAMP.



4. PrimerExplorer functions
Currently, the two versions of Primer Explorer are available. The following table compares the functions of two

versions.
version ) )
Primer Explorer Ver.3 Primer Explorer Ver.4

Function
Switching between Easy and Expert Modes > o
Automatically narrowing down and prioritizing

> O
the primer set candidates
Standard design methods o o
Automatic determination of the primer design

O O
conditions
Design that takes the location of mutation
. o o*
into account
Designing primers with specified primer

. O O

locations
Loop primer design o o
Primer design for the entire target region o o
Automatically designing common primers > o
Automatically designing specific primers > o
Inputting multiple alignment results > o
Saving primer set lists > o
Saving/uploading target sequence information > o
Check of the primer ends o o

* To specify primer regions, including for mutations and the locations of the
mutations at those regions (5’ end, internal, 3’ end).

The individual functions are discussed below.

4.1 Easy mode and Expert mode

Easy Mode eliminates the need to change parameters, and displays five primer sets that are likely to have
high amplification efficiency. It automatically narrows down and prioritizes the primer set candidates. Expert
Mode is designed for primer set customization, allowing the user to change parameters and to specify the

number of primer sets to be designed.

4.2 Standard method

The user enters the primer design conditions to design the primers. The primer design conditions for a normal

sequence (45 %< GC<60%) has been entered as a default setting. If the target sequences are AT rich (GC
content < 45%) or GC rich sequences (GC content > 60%), then the primers are designed with the Tm, Length,
and GC content set as follows.

Tm (°C) Length (mer) GC content (%)
AT rich >55 18-25 <45




GCrrich <68 15-22 >60

4.3 Automatic judgment

The steps in the automatic judgment are Automatic judgment of designing condition

explained briefly in the Figure on the right.

Target sequence up-loading

When the target sequence is loaded,
PrimerExplorer determines automatically the GC
content of the target sequence. Based on the Crloiajom ol GC %
result, the sequence is classified as an AT rich l—l—\
sequence (GC% <45)’ normal sequence (45 < AT rich (= GC40%)  Normal sequence GO rich (= GO M)
GC %< 60), or GC rich sequence (GC %> 60), |
and the primer design conditions are Automatic judgment of designing condition
automatically selected. The design conditions
are such that the Tm, Length, and GC content er designing
are set to fulfil conditions that have been

optimized for a sequence, so that there is no
need for the user to enter these values.

4.4 Primer design for the entire target region

4.

It is now possible to design primers for the

5 Target sequence 3

entire target region. When conducting the primer R I TSR RBII D

design, the primers are designed for FIP-BIP —e—t———

and F3 and B3 in the entire target region. Next, e e

for each FIP- BIP region, F3 and B3 are selected - _—_:_::_

to form a primer set. The generation of primer

sets, which consist a combination of FIP-BIP with the F3 and B3, begins at the 5’ end and proceeds until the 3’
end is reached. Then, the primer design proceeds again from the 5" end to the 3’ end, and each FIP- BIP can
form primer set with a maximum of three combinations of F3-B3. For each primer set with the same FIP-BIP

region, various primer sets are designed for the entire target region.

5 Primer design that specifies the primer location

4

This function permits specification of the region of each primer (F3, F2, F1, B1, B2, or B3) used in LAMP. This

function is used if the region to be amplified or the regions of primers are known to be effective.

.6 Loop primer design

4.

After the regular LAMP primer set (FIP, BIP, F3, and B3) has been determined, the loop primers, which
reduce the amplification time and improve the specificity, can be designed. The loop primers are designed based
on the primer information file of the regular primer set.

7 Primer design that takes the location of mutation into account

When designing primers for mutations, the default option generates primers that are designed randomly, so
that the primers designed may contain the mutation itself. In general, to amplify and detect the wild type and the
mutation using common primers, select the primer sets whose sequence does not include the mutation point.

Under such circumstances, the primer design function that does not include mutation is used. If no
appropriate primers are designed when this function is used, then the primers would be designed under less
stringent conditions that allow the mutation to be included in the 5' end or the 3’ end. It is possible to specify the
primer regions allowing mutations and the position of the mutation at that region (5’ end, internal, 3’ end).



4.8 Application of multiple alignment results (ready in

Ver.4)

PrimerExplorer Ver. 4 can design two kinds of primers:
one that can detect a set of multiple genes with various
mutations (common primers) and another that can amplify
only specific gene (specific primers). During the primer
design phase, the program can input the results of multiple
alignmnts of genes as they are. With reference to genes at
the top sequence of the alignment, the program can
identify mutation sites in each sequence and design
primers as indicated at those sites.

4.9 Automatic design of common primer (ready in Ver. 4)

By introducing mutations into the target sequence or
uploading multiple alignment results, Ver. 4 enables
automatic design of primers in which the mutation sites will
have little effect on amplification (common primers).

4.10 Automatic design of specific primer (ready in Ver. 4)

By introducing mutations into the target sequence or
uploading multiple alignment results, Ver. 4 enables
automatic design of primers that recognize mutation sites
at the end of their sequences (specific primers).

Automatic converting an alignment
analysis file into a target sequence

T T e T T T AT i T Tl T SR T T TR TRgE T
e = = R T T SO RO T TE T TEASC T TOCTE T

With reference to Sech (lop sequence),
" indicates a consensus,
indicates a mutation,

Automatic design of primers for
common/specific detection

Mol comemanly used methods fod
primar design in the fisld of an

Tokya!SP12
infectious diseasa!

Dmaka/KU1FT]

Kyotal LCATI0
Luosl DEEELY
Hong HongXFO024
Mew Yookl DB43559
Thalland G ASST

| Specific primer |

oy KongRaEd
CambodiafNaT483

Egypt THIZ

4.11 Saving the primer set list (ready in Ver. 4)

Ver. 4 displays the locations of the primers designed with reference to the target sequence in a view window,
and allows for downloading the primer design results into an Excel file.

4.12 Saving the target sequence information (ready in Ver. 4)

Ver. 4 can save not only gene sequence information but also the information of introduced mutations and
specified fixed primers. It can also re-upload saved sequences to resume designing the primers.

4.13 Saving the primer design conditions

The primer design conditions that the users manually have input can be saved as a file style and re-loaded.
When the sequence and the preserved primer design condition are input, the data previously obtained can be
quickly displayed and the primer design working can be resumed easily.

5.5 Check of the primer ends Check of the primer ends

1) Structure of the primer end

{an elimination of primer possessing

the sell-complementary or the |
SLATCGGTC

The primer’s ends are checked automatically, and those
primer sets possessing the complementary sequences or
special sequences are automatically eliminated. A
complementary sequence is defined as symmetric
sequences (for example CCCGGG and GAATTC) and
special sequences (for example, sequences containing
the same nucleotide at the end such as CCGGGG and

AATTTT). These can form primer dimers and thus are

e urguERre




eliminated at the primer design step.

Complementarity against the target sequence is also checked. The ends of the primer candidates designed
are compared to the target gene sequences, and if the end sequences of the primer candidates also exist in a
location other than the amplification region of the target sequence, then that primer set is eliminated. This
serves to eliminate primer sets that can cause nonspecific amplification.



Explanation of the PrimerExplorer V4
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Explanation of standard primer design window

Basic Desigin Window

Set Mutation
Specifies mutation
sites.

UPLOAD FILE : = hLAMPW1 3 s

&t

361

Ean

il DAMGAGE ARTDSIGITA TRORTGOTDS TCRASISRD CRTAGTSNE GOIUTETARD SORCAT TAS HGHETEG 240
CLE LR L]

HITEATCRE GERGTRTIIL TACRRORGTT ASETIENGIG RIGERCSGAC TCRTITACID BITEEXTCS CIGATTATER o -
LL RLLELTE L T dEadbadbEd AR RA R R R G RRd R B

POCACTTCT CANGRTTCNG BOGMICLATT COTATCTARN RTCCCTITE TORGCITCLT ETTIAGCIGE (RLTCIGAIT 168

Target Sequence Viewing Area
AATTINTS. e D_|splays tht_a target sequence and specifies mutation
sites and primer locations.

M1 FIGIACGIT CETSEDTTT OGRS CTCTSRA O EGECTOET TTRGGET TEE SRTTTASILE TITROWDE. a0
&k s s bbbl il il

CTCERACCCCR MIRCTTEN TTTERGTGAT GRTTCRCAM ETERECINTC GLOCTENTRG BCGETTITTC GLLCTITGR. 820

GINEAETOC ACGTTCTITA RTARTGEACT CITGITINRS AUTERSIAS CSCTORAOLT TANCTOMEGE TAFTCITITG S

ATTTATRGE GETTITGCLG ATTTCHRME CRCCATOA CAGENTTTTC GOITGITGEG BCARNCIIGE GTRGACIGLT E40

FIETCSRCT CTIOTCRGGEE CAGHTETGE AR DA BITET TR GICTORITEG ThASRARas ARlIROITTG o

2 Diapl Disnlay
ou can havg mera detail settings, please click b

The Message Viewing Area
Displays a message from the LAMP primer
design support software.

1.Genarate Ganarnts etz were ganerated,

bl iATmian Fixed Primer

MutiCons J Specifies primer
Clear | locations.

Fizad Primar
=
—F )

F1 |
B1
Bz )
B )
Clear )

&nava Tnrget

Dresign O ption
= Detault
O Comman
2 Specific

Generate sets

Generate Generates primer sets. L Number of the primer

sets generated. [

Design Option
Specifies common/specific primer
conditions.

Detail Settings

Display Displays a list of the primers. Jumps to the Detailed Design Window

[ ]
[ ]

Existing functions

New functions

Save Target
Saves information in the Target
Sequence Viewing Area.




Detailed Design Window

Set Mutation
Specifies mutation sites.

UPLOAD FILE 4] Ap

iUk i P

ik pamebiti R et

Php1 3 s

P

i Myiors )

iF SaarEE AFTRRCIE Dais

o

Target Sequence Viewing Area
=l Displays the target sequence and specifies mutation
.| sites and primer locations.

Select Range
Specifies an
amplification range.

Generate
Generates primer sets.

Display
Display a list of the
primers.

Basic Designing
Jumps to the Basic
Design Window.

@:un

Parameter
Conditions
Changes parameter
settings.

Generate sets
Number of the primer

-
el mal]

sets generated

Show Page

Specifies a page to be
shown.

Limitntiona

bt ticn Commenius

s o] The Message Viewing Area -
Displays a message from the LAMP primer - sign Opek
design support software. T Dot

£ :\-.:: fi
et Fangs

Fixed Primer
Specifies primer locations.

Save Target
Saves information in the Target
Sequence Viewing Area.

Design Option
Specifies common/specific primer
conditions.

Sorting Rule

Sort primer sets for output.
The “Easy”(default) option has
been added in the Easy Mode.

Save Parameters
Saves the parameter set.

[l m—

Reset Parameters
Resets the parameters

each primer.

Length Specifies the shortest and longest lengths of

4—' Tm Specifies the lowest and highest Tm of each primer.

GC rate Specifies an acceptable range of the GC

Specifies a dG threshold for 5'- or 3'-end stability or

Distance Specifies the distance between primers

Specifies the number of combinations of primers to
generate a primer set and places an upper limit on the

Handles mutation sites by setting peculiarity
level (highest at the top). Capable of specifying
whether to allow mutation at each of 5’, 3' and

< contents in each primer
i 44— dG threshold
checking dimmer formation capability.
—
Limitations
—
number of sets to be generated.
e =
1 Tarm E 0
i . 1 B ) Mutation/Consensus
F3 Ttarmy ] B Tiarm —
R [ B2 rmr . ; A n
- SEREE] L ?j ML internal sites of each Primer piece.
im0 B S| [
T Htmen B3 Srarm
dl
e Prrnmater |

Reset Parameters
Resets the parameters.




Explanation of loop primer design window

Basic Design Window

UPLOAD FILE : CLAKFF A 4

1281 GTTTAATGGA ARCTTCCTCA TGARAAAGTC TTTAGTCCTC ARAGCCTCTG TAGCCGTTGC TACCCTCGTT COGATGCTET 1360 o

1361 CTTTCGCTGE TGAGGGETGAC GATCCCGOAR ARGCGGCCTT TAACTCCLTG CRAGCCTCAG CGACCGAATA TATCGGTTAT 1440

4=

< =E1 ¥

144

GCGTGEGCGA TGRTTGTTGT CATTGTCGGE GUAALTATCG GTATCARAGCT GTTTAAGAAA TTCACCTCGA ARGCAAGCTG 1520

>

1521 ATARACCGAT ACAATTAARAG GCTCCTTTTG GAGCCTTTTT TTTTGGAGAT TTTCAACGTGE ARAARATTAT TATTCGLAAT 1600

Target Sequence Viewing Area
Displays the target sequence and specifies mutation
sites and primer locations.

1e01

1681

1761 GTAGTTTGTA CTGGTGACGA AACTCAGTGT TACGGTACAT GGGTTCCTAT TGGGCTTGLT ATCCLTGAAA ATGAGGGETGE 12340

1841 TGGECTCTGAG GGETGECGGETT CTGAGGETES CGATTCTGAG GGTGECEGTA CTARACCTCC TEAGTACGET GATACACCTA 1320

1921 TTCCGEGETA TACTTATATE ARCCCTCTCGS ACGGCACTTA TCOGCCTGOT ACTGAGCAAR ACCCCGCTAR TCCTRATCCT 2000

Message Viewing Area
Displays a message from the LAMP primer
design support software.

Generate

ets were generated.
| ¢ Display Page I =l

1. Generate

2. Displa

Generate sets

ore detail settings, please cli

Number of the primer sets generated.

Generate: Generates loop primers.

[ 77T _ Detail Settings ]

Show Page
Specifies a page to be shown.

Detail Settings:

Display Jumps to the Detailed Design Window.

Displays a list of the loop primers.

|:| Existing functions
[ ] Newfunctions




Detailed Design Window

UPLOAD FILE : CALAMPFreserlafsFrenerl=fs 34

1221 GTTTAATGGEA ARCTTCCTCA TGAARAAGTC TTTAGTCCTC ARAGCCTCTE TAGCCGTTGC TACCCTCGTT CCGATGCTET 1360 M

<= Fa=

=

=F2

1361 CTTTCGCTAC THAGGGTGAC GATCCCGCAA ARGCGGECCTT TAACTCCCTG CAAGCCTCAG CGACCGAATA TATCGGTTAT 1440

{=== ===z==fl=== =====) { =====z==p{ ========}
1441 GCETEEECEA THETTGTTGT CATTGTCGEEC GUAACTATCE GTATCARGCT GTTTARGARA TTCACCTCGA ARGCARGCTG 1520

{==== =zz=BP===== ==}

1521 ATARACCGAT ACRATTAARG GCTCCTTTTG GAGCCTTTTT TTTTGGAGAT TTTCAACGTG ARRARRTTAT TATTCGCAAT 1800

Target Sequence Viewing Area
Displays the target sequence and specifies mutation
sites and primer locations.

1601 TCCTTTAGTT GTTCCT|
Aokkoiooioiololok kool

1681 TTACTARCGT CTGGAA
Aobboooioiololok okolotoil

1761 GTAGTTTGTA CTGGTGACGA ARCTCAGTGT TACGGTACAT GEETTCCTAT TEGGCTTGLT ATCCCTGARA ATGAGGGTEG 1240

181 TEGCTCTGAG GATGGCGGTT CTGAGEGTGE CGGTTCTEAGE GGTGECEGTA CTARACCTCC TGAGTACGET GATACACCTA 1920

1921 TTCCGGRGCTA TACTTATATC ARCCCTCTCG ACGGECACTTA TCCGCCTGGT ACTGAGCARR ACCCCGLTAA TCCTAATCCT 2000

Message Viewing Area
Displays a message from the LAMP primer design

Generate support software. Generate sets

Generates the loop

\ Number of the primer
primers. 1. Generate | Generate sets wers generated. sets generated.

Display W Display _ | Page 1‘Q5played.

Displays a list of the If you can move to “Basic Designing”, pl T Reset Parameters
loop primers. - — Show Page Resets the parameters.
I (_Basic Designing | Specifies a page to be shown.
Basic Designing /
Jum_ps to Fhe Basic Parameter Condition | Reset Parameter .
Design Window.
= il Length Specifies the shortest and longest
Length LF/LB I 5~ 128 |5 <4— length of each primer.
|
Tm LF/LE |80 j - g6 j 4—| Tm Specifies the lowest and highest Tm of each primer.
T
GC rate(%) A GC rate Spemﬁes gn acceptable range of the GC
contents in each primer.
|
dG threshold e - o
[nglslr(:ol] J'stahility 20 5 dG threshold
Dimer check -3.5 j Specifies a dG threshold for 5'- or 3'-end stability
or checking dimmer formation capability.
Limitations LF/LE [o 1
Sets 1000 Limitations
? Specifies the number of combinations of primers
: to generate a primer set and places an upper limit
[Regular primer] » on the number of sets to be generated.
dG threshold I'stability 3.0
[Keal/moll  gratapilty -40 I
«4— Distance Specifies the distances between primers.
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