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6. Designing wild type and mutant type primers

In PrimerExplorer V4, it is possible to introduce mutations into the target sequence and then design
primers. However, if there are too many mutations, the primer design conditions become too stringent and
either the primers are not generated or the variety is insufficient. In such a case, one can design the
primer with less stringent condition, for example reduce the number of the mutation point entered or
completely eliminate the mutation sites from the target sequence. Appropriate primer sets could be
selected, while identifying where the mutation points in the target sequence are located relative to the
primer.

6.1 Detecting wild type and mutant type by amplification using common primers

In general, the primers are design to exclude mutation within the primer region, but if there are numerous
mutations, it may not be possible to design primers that satisfy these conditions. For this reason, primers
are designed that allow (contain) mutations and if possible, try to design primers that are not likely
influenced by the mutation.

Under the principles of the LAMP reaction, F2 of FIP (or B2 of BIP) anneals to the target gene and
initiates the gene synthesis. If the mutation is at the 3’ end of F2 (B2), the DNA polymerase has difficulty in
recognizing the double strand formed between the primer and the target gene, thus inhibit the gene
amplification. Similar principles apply to the 5" end of Flc (Blc) and the 3’ end of F3 (B3). Therefore,
primers are selected so that mutations are not located in these regions.

On the other hand, if primers are selected so that the mutations are outside of the 3’ end in F2 (B2), 5’
end of Flc (Blc), or 3’ end of F3 (B3), the primers are less susceptible to the effect of the mutation and the
both wild type and mutant type are detectable by a common set of primers.

Thus, primers are selected by permitting the mutation to be located within the following locations (Table
6-1).

a) 3’ end of F1c or Blc and in the internal region

b) 5" end of F2 or B2 and in the internal region

c¢) 5’ end of F3 or B3 and in the internal region

Here, we will design common primers that detect M13 and its mutant. Figure 6-1 shows an alignment of
the wild type and the mutant type. In the entire length of 510 bp there are seven mutations. The region
containing these mutations is the target region for amplification.

Figure 6-2 shows an example of primer selection. Under default, primers have been designed for the
wild type strain. Here, we focus on the 25 primer set candidates that contain the mutations and select the
common primers. A star shows the locations of the mutations, and the locations of the mutations
applicable to the primers designed are enclosed by a dotted line. This can be used to confirm the location
of the primers for a given mutation. Table6-2 shows these results. The mark (plus, +) indicates the
location of the primer region (5’ end, internal region, 3’ end) for each primer set (F3, F2, F1, B1, B2, B3) for
a given mutation. It can be determined that No 1, No 6 - 11, and No 16 - 25 are the primers less
susceptible to the effects of the mutations at amplification. These are selected from the primer list, and

their detailed information is then assessed for a final selection of the primer sets.

35



6.2 Highly specific primers (specific primers that distinquish between wild-type and

mutant type)

If the mutant type and wild type need to be distinguished, a method opposite to the aforementioned

method is used. Thus, by selecting primers with the mutation in the locations mentioned below, one can
select highly specific primers.  If the primers include a mutation in this location, the mutant type is generally
amplified while the wild type ampilification is hindered, thus improving the specificity toward the mutant type
(table 2- 1).

a) 5" end of Flc or Blc

b) 3’ end of F2 or B2

c¢) 3" end of F3 or B3
As in (1), from the primer list designed under default, primer sets are selected that fulfill the above a), b), or
c). In Table 2- 2, No 2 — 5 and No 12 - 15 are mutant type-specific primer sets. Then, their detailed

information is examined for final selection of the primer set.

Table 6-1 Select Common primers and specific primers

Primer region F3 F2 Flc Blc B2 B3

Position 59 R A 3 | 5 3 | 5 3 | 5 3 | & 3

Common primer @ )

)

Specific primer ©

a) 5' terminal region, b) internal region, c) 3’ terminal region, d) Common primer : Mutation sites that can be permitted for the
amplification of wild type and mutant type using common primers. e) Specific primer : Sites for mutation for distinguishing
between wild type and mutant type. f) : The mutation points are included.

* *
M13_3.nuc 1: GCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTG 60

M13_3M1.nuc 1: GCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTIGCAACGTCGTGACTGGGATAACCCTG 60

* *
M13_3.nuc 61: GCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCG 120

M13_3Ml.nuc 61: GCGTTACCCAACTTAATCGACTTGCAGCACATCCCGCTTTCGCCAGCTGGCGTAATAGCG 120

* *
M13_3.nuc 121: AAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCT| 180

M13_3M1.nuc 121: AAGAGTICCCGCACCGATCGCCCTTCCCAACACTTGCGCAGCCTGAATGGCGAATGGCGCT| 180

*
M13_3.nuc 181: TTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTG 240
M13_3M1.nuc 181: [TTGCCTGGTTTCCGGCACCAGAAGCGGTGCAGGAAAGCTGGCTGGAGTGCGATCTTCCTG 240

M13_3.nuc  241: AGGCCGATACGGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCT| 300
M13_3M1.nuc 241: AGGCCGATACGGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCT| 300

M13_3.nuc  301: ACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA 360
M13_3M1.nuc 301: ACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA 360

M13_3.nuc  361: CGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGC 420
M13_3M1.nuc 361: CGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGC 420

M13_3.nuc  421: GAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAA 480
M13_3M1.nuc 421: GAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAA 480

M13_3.nuc  481: |[CGCGAATTTTAACAAAATATTAACGTTTAC 510
M13_3M1.nuc 481: |[CGCGAATTTTAACAAAATATTAACGTTTAC 510

Figure 6-1 Alignment of wild type with mutant type
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Primer set: sorting rule [Mone] " 5 " " -

Tareet DNA BCABGCATECARGCT TEGCALTERCCATCRTTT RACAACE TCATEACT GEMABRACCETEECTTACCCARETTAAT COCETTRCAGCACATCCRCETTT CRECABCT GEEGTAAT AGCERAGARECCCBACEGAT LA LETTE A

(Complement} cgtccgracgttcgaaccgtgaccggcagcaaan.gtrgcagcactgaccuthrgggaccgcaargggrtgaarragug.gaacgtcgtgragsm;aaagcggtcgaccscatrarcgcttcrmgggcsrgsctagcsggaasggr

CONSENSUS(x) L 'y

Primer 1D diGidimer)] m 21 il :: Ll 51: 1l M ™ o I i :: Ikl 4

iy 199 csrcsTTrFﬂ:nncarcsm :E gggttgaaﬂ'agt:g:gaacgtcg sacarnnrnacnnnsnSécc

iz 199 r:@nncercarancrﬁam. -@'gaacgtcgtgtagsgﬁ;aa aacarnnrnacannana&cc

[z -199 t@nncsrcsmncmsﬂn' zaacgtcgtgtagggﬁgaa sacarnnrnacsnnsnﬁcﬁ:cc

Dra 199 -vq:nncﬁn:ﬁrﬁncrﬁﬁan- gaacgtcgtgtaggzgaa ﬁﬁcarnnrnﬁcﬁnnﬁnﬁcﬁ:cc

Qs -199 csrcsmncmsemnncc xaacgtcgtgtaggzgaa sacamnmacnnnanmcc

e -227 [8] ﬁgn:mncccmacﬁrrncc = sagoggtogascgoattatoy CACCEATCAE CETTECCA
..

O 227 71 = SAACCETBRCETTACCEA azmagoggtegaccoyoattatey CACCGATCRC CETTCLCA

e -227 [3] & L AACCCTAACETTACCEAR = a3agoggtegacegoattatoy CACCGATCACCCTTECCH

Qa1 -227 ncccnncrrnnrccﬁcrrmc cgaccgcatratcgcttcréc:; CACCGATCRCLCTTCCCA)

1oy 227 [10] ncrrnnrc@cznacnacnc gcattatcgcttctecgggcgnccanrcacccrrcccn

iy -227 [11] crrnnrc@:crracnacncn catratcgcttcr\:cgggcgrccanrcecccrrcccn

1z 212 [12] rTnnTc@:::TTGcnacncn attatcgcttct&gggcgtg

Mz -212 [13] rTnnTcgc:nTacnacncnr atratcgcttcrécigggcgrg

[rrar 213 [14] Tnnrct:chracnacncnr ttatcgcttctéei;ggcgtg

s -212 [15] Tnnrcm::rrﬁcnﬁcncnrc tratcgcttcr'cagggcgrg

[Jrie] -236 [18] nnTcr:czTTGancncnr tggotagogsgaagsst]

[ -235 [17] nnrc@cmmcnacncnrc tggotagegggaagyet]

D11 -238 [18] ETTECAGCACATE tygotagegggangyet]

[Trigy -2437 [13] Gcnacncnrccgmrrrc tegotagogrraagyt]

[J1z01 -237 [20] cnacncnrccgc-hrrcu tagetageggganggat]

ey 287 [211 CCAGCTRGLGTARTAGLE asgggt

[tzzy 237 [z2] CRGCTGEEGTARTAGCGAA sit

[z 246 [23] AGCTHGLGTAATAGLGAAGA sat]

[Drza1 -246 [24] GCTEGLGTAATAGCGARGA ] & £it]

[][zs] 237 [25] scmacamnmacsnnsni: £it

—

Figure 6.2 Primer sets and location of mutations

RCbﬁTTECﬁCQﬁ CCTERRTGGCGRRTGECGETTTﬁCCTﬁﬁI’TTCCEGCRECRGQRGCEGTG&L‘EGQRRGETEECTGGQEI’GE GATCTTCCTGRGECCGATAC GATCATCATCLCCTCARACT GAECAGATGCACAGTTACGATRCACCCATCTACACCAACHT]
tg:caacgcgtc ggacttaccgcttaccgcgaaacggaccaaaggccgtggtcttcgccacsg_cctttcgaccgacctcacg ktagaaggacitecsaetatafoageageasgesast ttaabostotacytgooantaotapacsastagalatasttse

‘EE‘ il Il nat 1o 2 2n 23 241 251 261 7 2 201 am
ggacttacegettacege
ggacttacegettacege
ggacttacegettacege
ggacttacegettacege
ggacttacegettacege
$3RICLEICCAARELOCE []
gahacggaccashggooy 71
gamacggaccannggocy (31
gamacggaccannggocy o1
gamacggaccannggecy [0l
gamacggaccannggecy (111
nc»:sl‘racscnsccmnnma ctttogacogacoteas a1
ncgshacscnsccmnnma ctttogacogacoteas [31
ncgstmcscnﬁccmnnma ctttegacegacctea [14]
nc.; TGCECAGLCTGAAT G ctttegacegacctea gl
AGCCTEARTHGEGAATAECE cogaccteacgetagaay [16]
AGCCTEARTHGEGAATAECE cogaccteacgetagaay [17]
AGCCTEAATGECGAATGRCE srgacotoacg ptagaag [18]
TERCGETTTRECTRETTTCE agaaggactocggetatys [18]
TGEECECTTTRCCTGETTTCE agaaggacteeggetatyh [201
tgéc;acscgtcgg CHAATEECECT TTRCCTGET getagaaggactecgyet [211
tg:caacscgtcggacr GCTTTGCCTGETTTCCEGCA getagaaggacteegget 221
tgrcaacgcgtcggact CHARTGECECTTTGCCTGET gptagaaggactoogget 231
5 CHAATEECECTTTRECTGET sktagaaggactecgget [24]
tehommcgogtoggact  CEAATGECECTTTGCCTEST getagaaggactesgact 251
..

Figure 6.2 continued
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Table 6-2 Primer sets depending on location of mutation

No. F3 F2 Flc Blc B2 B3 Primer
57 In. 3’ 57 In 3’ 57 In. 3’ 57 In. | 37 5 | In. |3 |5 |In |3
1 Common*
2 Specific**
3 Specific
4 Specific
5 Specific
6 Common
7 Common
8 Common
9 Common
10 Common
11 Common
12 Specific
13 Specific
14 Specific
15 Specific
16 Common
17 Common
18 Common
19 Common
20 Common
21 Common
22 Common
23 Common
24 Common
25 Common

*Common : primer set candidates that can amplify both wild type and mutant type with a common primer set

**Specific : primer set that distinguishes mutant type from wild type
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7. Primer design that takes the location of mutation into account
7.1 Uploading the target sequence

This section explains primer design for amplifying the wild type and mutant type strains together using
common primers, or for selectively amplifying the mutant type only.
Open the PrimerExplorer V4 startup window, use the steps outlined in Section 1 to select the target

sequence file (see p. 13) and then click on the “primer design button.” (Figure not shown)

7.2 Designing primers that do not include the mutation by entering the location of the

mutation over the target sequence

We now explain the design of primers that do not include the location of the mutation. Click on the
“Mutation” button after specifying the location of the mutation in the target sequence in the primer design
window (Figure 7.1). As indicated in Figure 7.2, the indicator of the location of the mutation changes from a
star (*) to a hyphen (-). This status indicates that the entry has been accepted. To delete this mutation

information, click on the “Clear” button.

| TRl Gt i GTTTT GCACMGdana) CIGTATRM CATRAITICH AMITCMMET CTACLLM GUTTITCTE & - £t Mutaion ) lick h
; 2) Click on the
1 GRATTLET GGGEAMG GMRCTTEGON CRGGCORTES TTTTACHS TE 66 laCEET GORFTACEEE 160 M&,\ “Mutation”
Claar )
button.
161 GEFTOATCAE CITGEMRCR GTECCCOTTT COCCMGETES CATARTIGE MMGMGGOEEE CCCMFTEISCLITCOME 180 Fixed Primer
—F
JAN BGTTRCGCEE COTiBIrea GalreeCalT FTRCCTESIT TOOSSCACCH SRRGCOGTEL ChalkbltlTh GIrMwTel o0
—f )
ki1 GAPCTTCCTE AGCCRAMGE GETCETCATE COCTOMMMT GGCAGATAND COATTAOME GGCELANCT MEACCHMCET & Fi
Bl | q
Bl GACCTATCEE MITRLGATCH GTECECCATT TEITOOEACE GMGMFCOG COSETTATTE CTOGETCACH TITRATATTE &k 1) SpeC|fy the
B2 .
>"\ location of the
B4 AN TE G Titakald GRCCAGACGE SAATTATTTT TROTESCETT COTATTGETT hhbMMFGLG CTEATTTME Sid Bl . .
mutation in the
_Cloar )
$61 WRATTTAN CECUMITTT WCAATAT TRACATITAC MTTTIATA TTTGCTTATA CAMTEITCLT GTTTTTGG 40 sequence.
Save Targst
BN CTTTTCTGAT TRTORMSCENG GATRCATATS BITGEATE. TRATTTIRCG ATTRCCHTTE ATOEAITETG TTRITTRTE T
L Design Option
@ Dafault
0 Common
O Specific
1. Sebect Range = lgnore rangs
Cr'Within F2-E2 Targeting Rangs
) Batwean Fle—EBle |

Figure7.1 Primer design window
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¥ TErGCess TiabliirTTC alSlhidanlel CRGCTANGE. CATSAITA0S SEFTOMGET COGTRICTG GRAFCITCTE &0 . &1 1 .I':ln
B GREFTRLCCT ROAGGOAN R G ITRGCS CPRRCORICE TTTTA S T Teh Gl CTTG GOSFTRCOOE 180 m’
160 SCTTRATOR COITROAEEA. WNOCCCOTTT CROCHGITEE COTEREMMld Slibil T I8 COFTCOCht a0 1 [’_‘.Ed PI.L,.MI.

HAN GGTTRCRCME COTGMINGE GRIFGECRCT TTRCCTRATT TOOGRCACCH RARGCGGTEL Ciiits T LT MGTEl

B GAFCITOCTS Al ORarnd GANCRNCATE COCTOMSET GROSEATRCH CREITACSEN ROGOITANTT GlAlCidlar

a0 R TATOOE ATTROSEFCA ANCERCCATT FRITOOOAE Gllldl( Ol CRERTTATTE CTORCICACH TTTRATATTE

To delete the
mutation
information, click
on the ““Clear””
button.

) ANGRCTE A ThORER GRCCAGACGT IATTATTTT TEANGRCETT CCPATTGATT inflefeld i CTEASTTiN

Tl AT CROWATTTT WCRRTAT TRACUTTTRL diTTTRWTA TTTRCTTANR CATCTTCCT GITTTTGG 650

Save Target |

The star (*)
changes to a
hyphen (-).

E4N CTTTRCTGAT TRTCARCORG GATRCATATS BITGEWATRL TAGTTTTRCS AFTRCOATTC WTCEITOTG TTRITTRTE Tad
]

L Demgn Option
# Dafault

0 Common

0 Specific

1. Sebect Range = lgrore rangs
CiWethin F2—E2 Targeting Rangs
OBetwsen FlcBtc[® - [™

Figure7.2 Window after entering the location of mutation

Now, we will enter a mutation at another location (a different mutation). Here, the primers will be

designed based on the re-entered mutation information (See Figure 7.3). The primers are designed to

avoid including the mutation.

| TRl Gl [l TIL GCGCiGGane COGCTATGAL COTRATTICH SAITCMICT COUTACTIM GRAITCTCT 60 ~
f Set Mutaion
& GMEFCRAET RCAGBCATEE AMRCTTRGCA CTRMCtANCE TTTTACAMN TCaT i 180 MutiCons )
r——

161 GCTTTOR CTTGAGER ANCCOCCTTT CROCIGOTRE (TRl Sabii Ol DG G COTT (L0l
EORERRE SRR RO EEROE RO DR Rl bt

) AT RO LT RGL GRITRGCGT TTROCTREIT TOORRCACCH SRRGCGITEl (GGWRRITY GTRWNTG.  J0
EORERRER SRR B DD RO Rnl Rl bt

Bl GATEETOCTE AGGCoBArAC GETCRTCHTE CLOTOAMMEY GOCARRTGCH CRETTACMIP GOLCDTRNCT ACRICMWIT &)
SO S SEOEEE F1 )
SO0 MMITATODD RITACHETCH ATCCRETUTT FRTTCIDACE GWRAMFCOGY CHERTTATTRE CTORETCACA TTTRATGTTE & -E_1‘

A= r—— -

j

&1 ATERMAGCTE BLTACASGNY GROCRGACGC GRATTATTTT TOATBSCETT COFATTGAIT AMMSSATEAD CTEATTTAS. %0
61 ASRRATTTAS COCOMATTTT ASCRRMATAT TRACGTTTAL AATTTRAATS TTTRCTTATE CAATCTTOLT GPTTITGHEE 680 _‘

[resm——

Have Target

B4l CTTTRCTEAT FATCASCCRG GETRCATATS AFVGACAPEL TAGTTTTACH ATTRCCATTE ATCSATTONT TREFFTGCTE T

2 Gommon

o Spacific

1 Sabecl Hamge B anore renEe

CiWithin F2-fz ~ Tognting Range
144
O Betweens Fle=Bic

2 Gennrabn B ate

ria were geredansd

8.Dinplay Display | Poge [' =] Displaved  Sorting Fule | Home ]

This mutation
information will
be used.

Click on the
““Generate””
button.

Figure7.3 Window after entering site of mutation

1000 primer sets have been designed (See Figure 7.4).
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a1 SACTTATOOD RATTACERTCA ANDORCIHTT FRITCODACE Raar (i ORTTOITe CTORCTCACA TTTRATHTTS

L)

1 APSRSRT T BUTACAERSS DUTRGACIHT SRATTATTIT THANSCHTT

CLTRITIAIT Feteedll i) CTBRTTTASE 281

S ASSRATTTAS CUCGSATTTT ASCEARATAT TRACGTTTAD PATTTARATA TTTRCTTANS CRATCITOOT GITFFRTGHS

A CITFRCTGAT FRICASODGG GUTACRTATG AFFGACANED TAGITTTACG SFFRCGIIC ATOGAFTCRG TIRFFTGCIT X

H

1,000 primer sets

af Proime Cadedubed . FladD0. F2eE, FR30, B84l B0, FR@E,

FIpaiys, LIl brr

100 Do luste wab () wrn v shed

have been designed. !
—

. . Dinpls
Click on the ey

““Display””buttonto —]
show the result.

zalpot Hanga

2.Genarate

I! WOU Can mowe To

# lgrare rangs
CiWathin F2-B2

Targating Fangs
Obs e-Blcl™ - I

_ Ganerate J [ BATE Ware pararated

Displny J Fage D Drzplyyed Sorting Ruby | Hore
Basic Designing | please click below

Basle Designing |

Zave Targel

Design Option
2 Default
Camman

Specific

Next, click on the “Display” button to show the results.

Figure7.4 Primer design window

designed to exclude mutation from the primer regions.

As indicated in Figure 7.5, the primers are

Q
@
<Note>
The process of primer design when a mutation has been entered is to determine first the
primer location for each of F1, F2, F3, B1, B2, and B3, then delete those candidates that include
to the location of the mutation, and then use the remaining primer regions to compose the
primer sets.

CATGATTACGAATTCRAGET CAGTACCCRR GRATCCTCTAGAGTCRACCT REAGREATGEAAGCTTRGCACTRGLERTCRTTTTACAACGTCRTGACTCAGAS
stactaatzcitaszsciczazecatzzgccoctazzazat cleazct ezalestcostaceticraaccetfzaccezcazschaaatattecazcact gacdett

The mutation is
located here.

CCCTRGOGTTACCCAACT
zzzacoscaatzzetiiza

Primer set: sorting rule [Monel
Farget DNA
Complement)?
CONSENSUS(®)
Primer IDdGdimer)4H a1
1 -236 (1]
(1 -236 (2]
1 212

a1 -2.18

51 -2.27

Ce]  —2.37

e 237

Ce]  —246

9] —246
i) —2.37
CI[11] 246
O] 224
1131 224
(11141 -2.24
(1151 -2.04
(1181 -2.34
7] -1
s -1.67
s -1.67
20 —2.46

g1 nl 81 81 101 111 121 131 }iﬂ
ATCCTCTAGAGTCRACCTGE czzoazcaasatstiecascac
TCCTCTAGAGTCRACCTGE czzoazcaasatstiecascac
(2] ATGCAAGCTTGRCACTGE
[4] CGTCHTTTTACAACGTCGTE
[5]

LR

191 161

zzetitza
zzgtitza
ACCCAACT
[&]
[71
[2]
[4]
[10]
[111]

Primer sets are generated
that avoids this location.

Figure7.5 Primer Set List window (page 1)
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For reference, Figure 7.6 shows the results obtained when the primer design was conducted without any

mutation entry.

Primer set: sorting rule [None]

Target DNA CATGATTACRAATTCGAGCTCGRTACCCGORGATCCTCTAGAGTCGACCT GEARGCATGE AAGCTTRGCACTGRCCGTCATTTTACAACE TCATGACTGRGAARACCCTRREGTTACCEAA!
(Complement) ztactaatec/ilaazclczagccatezzoccolagzazat/cloasct zzacetcogtacetiogaaccet zaccezcagcaaaalsttecagcact zacoclttizzsaccgcaat g it
CUONSENSUS(*) e
Primer IDdG dimery41 a1 61 al 81 91 101 111 121 131 141 151 il
Ong 248 [l ATCCTCTAGAGTCRACCTGE cegzoagocpanatzttzcazoac CTGRGAARACCCTGRCGTTACE
[rz;  -2.48 [2] TCCTCTAGAGTCGACCTGE cgzcagcaaaatzttzclazoac CTGHRAARACCCTGROGTTACE
Oz 218 [31 GOATGCAAGCTTGGCACT zgaccettttezeaccecaatze
a1 -212 [4] ATGCRARCTTRGCACTGR geatft
[drs1  -218 [51 CGTCRTTTTACAACGTCRTG geatft
el -199 [6] TTTACKACGTCRTGACTGER

[y -1989 [71 TTACAACGTCETRACTRGGA

[drs1 -199 [51 TACAACGTCRTGACTREGA

a1  -199 [91 ACAACE TCRTGACTGRGA

ooy -188 [10] CAACRTERTRACTGRGAAA

Clrny -188 [11] CAACRTCRTRACTRRGAAAA

Crier -188 [12] CHTCRTRACTGRGAAAALT

ey -188 [13] GTCGTGACTGRRAAAACCE

ey 227 [14] GGAARACCCTRRCGTTACE
sy 227 [15] GAAAACCCTRRCRTTACCE
ey -227 [16] AABACCCTRROGTTACCE
Oy 227 [71 ABACCOTGGORTTACCEA
el 227 181 AACCCTRRCGTTACCOAS
Cre] -227 a1 ACCCAM!
Crzel —227 [201 Al
Ozl —227 [211 I
COrezr -212 [22]

Crzer -212 [28]

Figure7.6 Primer set designed with no mutation entry

7.3 Designing primers with mutations at the 5’ end or 3’ end of the primer region

Here we discuss designing primers with mutations located at the 5’ end and 3’ end of the primer region.
For example, in the example discussed above, if a mutation is located near 141 bp in the target sequence,
then the number of primer set candidates for amplifying this region decreases dramatically. When
amplifying the region that contains the mutation, it is preferred that the mutation not be located within the
primer, but there are circumstances where such strict conditions greatly decreases the number of potential
primers or prohibits primers from being designed at all.  If the mutation is not present in the primer, then as
indicated in Figure 6.6, many primer set candidates are generated such that they incorporate the location of
the mutation. Thus, by using less stringent conditions to design the primers to allow the mutation to be
present within the primer regions, many varieties of primer candidates can be generated. Then, primers
are chosen such that the mutation has the least influence on the amplification.

In PrimerExplorer V3 it is possible to select the primer regions that contain the mutation. Regions that
can be selected are 5’ end, 3’ end and the internal region for the F3, B3, F2, B2, Flc, and Blc. Since the 5’
end at regions F3, B3, F2, and B2 and the 3’ end of regions F1c and Blc and the internal regions between
5" end and 3’ end do not serve as the starting points of the amplification and are less susceptible to the
effect of the mutation. When primer design can hardly be achieved, allow mutations at these regions to
proceed to the primer design.

First, the primers are designed so that the mutation is located at the 5’ end of the primer region. As in
Figure 6.7, check the box for the 5’ end at region F3 in the primer design window, and then click on the

“Generate” button to design primers that include the mutation at the 5’ end.
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Use the same
mutation
information as in
Fiaure 7.3.

2) Click on the
““Generate””
button.

3) After the primers have
been designed, click on the

““Display”” button.

1) Check the
““F3 5'term””
box.

\\

UPLOAD FILE : CALAMP\Sequencelbd13_2 nuc

1 TNIGSGONEE TRACRAT 1T BCATMGIES [ANCTRIGEC [ANEAT AT bl TDWANCT OO BCDDNN WS ITTe i

B GRRTTGAN T GCAGRCRIGE AT RbOA CIeM TN FITTACAAG TORT OCTH GOMTTAOICE i

Wl ACTTRATDGL CTTRCARIAL AIODIOCTTT DRDAGIT e A D% CAIORATLR OCTTICCAAT 2
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Figure7.7 Primer design window
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After the primers have been designed, click on the “Display” button to display the data. As indicated in
the Figure 6.8 Primer Set List window, the mutation in the primer is indicated in red. Since we have
specified that the mutation be present at the 5’ end of the primer at regionF3, we will design primers that

include the mutation at the 5’ end of region F3.

[

<Note>

In case mutation regions have been specified using “Mutation/ Consensus” setting, the
process of primer design will not eliminate primer regions that contain the specified mutation
regions (for example F3 5’ end) among the generated candidate primer by its filter. These
primers incorporate with other remaining primer candidates to compose primer sets.

mer set: sorting rule [Nonel fad
rget DNA CATGATTACGAATTCGAGCT CGGTACCCGRGGATCCTCTAGAGTCGACCT GCAGGCATGLAAGCT TRGCACTGGLLGTCG TTTTACAACGTCGTGACTGHGAAARCLCTGGLGTTACCCAACTT A
bmplement) gtactaatgcttaagctcgagccatgggcccctaggagatctcagctggacgtccgtacgttcgaaccglgaccggcagcaaaalgttgcagcact}' ctttygzzaccgoantsget/tgantt
INSENSUS(*) - - - b e
et [DdGidimery 4 a1 g1 71 a1 91 101 IRR 14 151 161
[11 -2.36 [1] ATCCTCTAGAGTCGACCTGE atzttzchecac

[21 —2.36 [2] TCCTCTAGAGTCGACCTGE fazcaaaatzttzoagcac

[21 -212 [3] zzetftzaatt
[41 -2.18 [4] CGTCGTTTTACAACGTCRTG zretitzaatt
[51 -2.27 ACCCARACTT s
[] -2.27 [6] ) ACTThe
[;1  -2.27 [¥1 B CTThe
(51 -213 Primer is designed el [} TTAs
E with the mutation fal g iy
[1o] -213 B Thit
1] -156 located at the 5" end ] The
tizg 221 of reaion F3 & N
[13] -2.21 m it
[14] -2.21 m [
[15]1 -2.37 m

[16] -2.48 . m

71 -237 The location i

el -237 containing the [13]
[181 —2.46 ; ; [14]

[20] -2.44 mUtatIO.n IS [20]

[z11 -237 shown in red. [21]

[22] -2.44 [22]

[23] -2.24

fz41 -2.24 ¥
£ >

Figure7.8 Primer Set List (page 1)

It is possible to select multiple regions that contain the mutation. Here, mutations are allowed at the 5’
ends of locations F3 and F2.
As indicated in Figure 7.9, check the box for F3 5’ end and the F2 5’ end in the primer design window and
then click on the “Generate” button. After the primers have been designed, click on the “Display” button to

display the data.
Primers with the mutations at the F3 5’ end or the F2 5’ end are designed. (See Figure 7.10)
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Figure7.9 Primer design window

Target DNA CATRATTACGAATTCRAGCTCGGTACCLGRGGATCCTCTAGAGTCGACCTIGLAGGCAT GO AAGLTTGECACTRGCCGTCRTTTTACAACGTCATGACTRGGAARACCCTGRGLGTTACCCAACT 2
:Complement) gtactaatgcttaazctczazocatzzgoccoctagzazatictcagctegacetcostacgticzaaccet gacogzcagclhasatetigcagcact zacocttttgzgacczcaat szettga

CONSENSUS(#) - = = = R R
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121 -2.36 [2] TCCTCTAGAGTCGACCTGE czzcagcaaaatzttzcazoac
31 -212 [31 ATGCAAGCTTGRCACTGE zeztftea
41 -218 [4] COTCGTTTTACAACG TCRTG zeztltea
5] —227 [5] GEEEE:CCCTRRCGTTACE
s -227 [&] B CCCTGRRGTTACED
Ol -227 [71 B CoCTGRRATTACED
s -2.27 [#1 BHACCOTRREATTACCEA
a1 -2.27 [41 BACCOTRREATTACCEAA
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g“” ‘g 13 Primers with a T
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[18] — .
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201 -237
[J[21] -2.48
Cz2] -237 [22]
lran] =27 [0

Figure7.10 Primer Set List window (page 1)
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Next, we design primers that contain a mutation at the 3’ end of a primer region. As in Figure 7.11, in
the primer design window, check the box at the 3’ end of F2 region and click on the “Generate” button.

After designing the primers, click on the “Display” button to display the results.

When a mutation is present at the 3’ end of regions F2, F3, B2, or B3 or at the 5" end of regions F1c and
Blc, the specificity of the primer to the wild type strain becomes low, and the specificity toward the mutant
type strain becomes high. These locations serve as the replication starting points after annealing, so that

the gene with the mutation is specifically amplified. Using this property, one can choose highly specific

primers.
Distances —| 1 a
(F2-B2) 120 5 -[180 5
Loop(Flc-F2y a0 = — [s0 |
~ B o
F2-Fa S|
Fle-Blc o[-l =
Limitations Fiz/Blc 2
F2/B2 o
1) Check the Fa/Ba s
““F2 3'term”” Sets  [1000
box. .
Mutation/Consens aculiarity Permission

c O'term |[J Blec Sterm | [
T F2 3'term Bz 3'term [

F3 3term |0 B3 3'term |
Flcinner |[JBlcinner |

FZ inner [1 B2 inner |

F3 inner [ B3 inner l

Flc 3term |0 Blc 3'term |

F2 5term |[] B2 S'term |[]

low lewe| F3 8%=rm [ B3 S'term |[]

Reset Parameter |

Figure7.11 Primer design window
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Figure 7.12 shows the result of primer designing that includes the mutation at the 3’ end of F2 region.

Mutation is
located at the 3’
Target DNA CATGATTACGAATTCGAGCTCGGTACCERGGGATCCTETAGAGTEGACCT GCAGGEATGEAAGCTTRRCACTRGCCATCRTTTTACAACG TCRTRACT GG GA
(Complement) |gtactestzcfttesgctoeazecatzesccoctazzagatctoagctzzacatooetareticzanceost raccezoazcaanatzttecazcactzacont end Of F2
CONSENSUS(*) - - =
Primer 1DdG Wimery41 61 61 71 a1 81 101 111 121 131 141 151 il
O -2.36 [1] ATCCTCTAGAGTCGACCT|GE cggoagoasaatgttzclagoac
O -2.36 [2] TCCTCTAGAGTCGACCT|GE cggoagoasaatgttzclagoac
O -1z [2] ATOCAAGCTTGREAC TR zgetits
e -218 [4] CRTCGTTTTACAACG TEGTR zeztis
i1 -188 [5] TTTACAACGTCATGACTGGHE
el -188 [&] TTACAACGTCGTGACT GG
O -188 [71 TACAACGTCOTRACTGGHE
el -188 [a] ACAACETCRTGACTGEER
Ol -188 [4] CAACGTCGTGACT GG HEEN
o] —189 [10] CAACE TCGTGACT G A
On -227 [11] ACCCA A
Ozl 237 [zl
Ol 237 i
Ona —246 [14]
Onsl 246 [15]
Crer —237 [16]
O 246 (171
Cliis] —224

Figure7.12 Primer Set List window (page 1)

The method described in Section 1 is then followed (See p.22 - 23) to compare the primer information

and select the primer sets.
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8. Designing common primer using multiple alignment results
8.1 Reading multiple alignment results

If alignment results are input in the same way for normal gene sequences, consensus sequences and

mutation sites are displayed with reference to the genes at the top sequence. The alignment should be
performed with the Genetyx or Clustal W program. Here, take an alignment of the three genes SeqA, SeqB,
and SeqC for an example. Figure 8.1 shows an example alignment of SegA, SeqB, and SeqC that was
performed with Genetyx. Read the results in PrimerExplorer Ver.4 and click on the “Primer Design” button,

and you will find that, as seen in the figure below, the window displays consensus sequences (*) and
mutation sites (-) based on SegA. Using three results, you can design primers (Figure 8.2).

£58 EEE EEY EON L@ DO BRE EED o

M.Tmmmuﬂn&tmTMTmmnmmlmmlmT &
.................... TTEATECCACCTTTTCABCTTEORE TECAMATEAMCAT 400
............. CTCUCRCCCCACTTGAMAT 20
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R RS R B shdaEn dn ddeEkE RREE R
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Figure 8.1 Multiple alignment

UPLGAD FILE - C\LAMPWNormalltAlignment.txt

§ BRTGCTACTR CTATTAGTAG RATTGAMGCE OCTTTIOM CTCROGCCET RAsTOMRSAT ATGGLTAsal MGTTAITGA B0
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Figure 8.2 Multiple alignment read window
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8.2 Designing common primers

Check the “Common” button and press the “Generate” button, and you will find that five common primers
are generally designed. As shown in Figure 8.3, sets of these primers are generated with mutations
included at the 5’ end and internal region of F3, F2, B3, or B2, or at the 3’ end and internal region of Flc or
Blc. Since the mutations are recognized at locations other than the starting points of amplification, these
primers are relatively insusceptible to the mutations. Figure 8.4 shows the details of the primer sets.

Mutations are Mutations are
recognized at the recognized at the
5" end and internal 5 end and internal
region of the F3 region of the F2
primer. region.

/

\
PrimerExplorer V4 \ Software ‘
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Figure 8.3 Primer Set List window
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PrimerExplorer V4

Software

Designld Q80321172148

Primer Information |
1 17
label 3'pos 3'pos len Tm

Fa 160 177 1856.40 -485 -4.80
B3 348 36% 215671 -530-5.16
FIF 43

BIP 44

Fz 187 211 255798198458
Fle 227 246 206067 -604 -4.32
B2 323 0342 205785 -434-583
Blc 279 302 246081 -457 -5.00

Primer Information |
2 b
label 3’'pos 3'pos len Tm
F3 226 244 19355893 -400-088
B3 404 426 235615 -5.84 -4.35

FIP 43
BIP 43
F2 243 289 255771 -3.44-436
Fle 283 307 236108 -525-3.43
B2 371 383 235624 -531-471
Blc 2316 333 2061.20-333-5.26

Primer Information
3 D
label 3’'pos 3'pos len Tm
F3 127 146 203500 -3.80-455
B3 322 339 185703 -628-618
FIP 42
BIP H
Fz2 137 173 183598 -401 -5.41
Fle 200 222 236233 -380-5.26
B2 304 321 185708 -5.35 -4.01
Ble 241 263 236017 -6.54-3.13

r>

=3

Primer Information
4 D
label 5'pos 3'pes len Tm
F3 233 235 1855.83 -9.35 -480
B3 418 436 195641 -5.25-474

FIF 45
BIP 42
F2 239 283 2537.28 -313-437
Fle 300 320 216252 -602-5.02
B2 392 400 185579 435 -451
Blc 327 350 246121 -402-7.01

Primer Information |
5 D18
label 5'pos 3'pos len Tm
F3 183 211 185505 371 -4588
B3 404 426 235615 -9.84-433

FIP 45
BIP 43

Fo 224 244 215744 -240-588
Flc 284 307 246253 -525-368
B2 371 093 2356.24 -531 471
Blc 316 035 206120 -535 -5.26
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TdG 3dG GCrate Sequence
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dimeriminimum’dG=-2.02
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GRTACTETCTAATCRTGACHTGTH- BANTCOACCTTCAARGCEAA

032 TATHTAABECATRTTGAGCTACAGD
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0.40 BAITCRAGCTTCAAAGEGAL
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0.47 EraaccTeTafco@aTocn
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0,32 CosEETEACCTETTARCABAAGGA

048 AcTCCHACABGTCARGATTAGAR
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0.46 ACTCOBACABGTCABGATTAGARA

0,30 TRCATCAARAAGATTHAGAGRAA

055 GRTCTRGTTCGCTTTGAAGE

Figure 8.4 Primer Set Details window
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9. Specific primer design
9.1 Design in Easy Mode

As shown in Figure 9.1, check the “Specific” button at the bottom right of the window and press the

“Generate” button to automatically design specific primer sets.

UPLOAD FILE - CALANPWNormalliAlignment.txt
1 PATGETRERH CTATTRETAG MAFTERATHOS SCEFETTCAS CFCRCOCEEE MATOWAAAR ATAGETRAAL MGGTTRITGY &5
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Figure9.1 Primer design window
PrimerExplorer V4 Software
1. Turn on the check box to choose primer set.
2 Push “Confirm™ button to transfer to Primer Information page.
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Figure9.2 Primer Set List window
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As shown in the primer design result window in Figure 9.2, primer sets are generated that can recognize
mutations sites at the 3’ end of F3/B3 or F2/B2, or the 5’ end of F1c/Blc. Figure 9.3 shows the details of the

primer sets.

PrimerExplorer V4 Software

Desigrid 080328183007

Primer Information |

1 1067 dimer{minimumidG=-246

label Gpos Jpos len Tm BdG 3dG GCrate Sequence

F3 188 188 195594 -633 -557 042 ACECeTACTTIRGTTECA

B3 348 368 21 5671 -530-5.16 043 cEERRRGECETCAARTATCGE

FIP 45 THEGHAT JC T AGAGCTTA-TATTAARECATATTGAGCTACAGE
BIF 43 TEREGETACT ETCTRATCETGAC T - [T CGAECTTCARAGERAR
F2 187 211 265788108 408 032 TATETAARECATGTTGAGCTACAGE

Flc 227 245 206067 -894 432 050 TGCGGATERCITAGAGETTA

BZ 323 340 1805633 -504 -593 044 WCGAGCTTCARRGCEAR

Ble 276 293 266001 -369 -525 040 TRESeTACTErcTAATCETGACET

&

Primer Information

2 IDA31 dimer(minimumidG=-162

Ishel Bpos ¥pos len Tm BdG 3dG Glrats Sequerce

F3 261 281 215633 -389-460 033 Feafraccaccaffrriafiesr

B3 448 466 21 6517 -402-413 038 cAGERARCGRGARTGACCATE

FIP 45 GCGT T TR CEAGCTTCAARGC-CTETCTAATCETACHTGT IS
BIP 48 AESRCTTTCEGGETTCCTCT JRATC- CARRAATCAGETCTTTACCET
F2 283 303 215673 443465 049 CTETCTARTCETeACETaTIR

Flc 3268 349 24 6149 -684 -501 042 scoTITERETCSAGCTTCAARGE

B2 422 442 215938 344 -492 039 cAfRAATCAGETCTTTACCT

Blc 368 382 25 6264 -424 -275 044 AfEcTTTCREGETTCCTCT RATC

Primer Information

3 37 dimer(minimumldG=-216

label B'pos F'pos len Tm  §dG 346G GCrate Sequence

F3 113 131 196544 -208-526 042 AETCTACTCATCAERGAR

B3 304 321 185709 -636-401 056 CRGACCEGARGCRACTC

FIF 46 ETGCTGTAGETCAACAT GIITTABA- GEERATCARCTET JRCATEER
BIP 48 BrsTreAccAflTARGCTCTARC- GTCARBATTAGARRETACCTT
F2 134 154 21 6729 -485-491 043 SGERATCARCTGTRRCATSER

Fle 189 213 256035 -6.80-209 035 froceraccTeancaToirrafh

B2 277 207 215625 -635-408 043 6TeAERATTRGARRGTACCT

Blc 214 238 25 6009 -380 -442 040 @rGETTcAGcAfTARGCTCTARRC

Primer Information

4 ID95  dimer(minimumldG=-208

Ishel Bpos ¥pos len Tm BdG 3dG Glrats Sequerce

F3 226 244 195093 -409-668 047 [rasccTeTaficfrecs

B3 398 422 24 6582 -300 501 033 TGACTARTATAGTCAGAAGE AR

FIF 48 AcTecRcafsTcAfRATTAGAR-CAARRBTSAcCTCTTARCARRAREA
BIP 40 CTTCERETETGRGTTCECTTT -ARGAT TRRGAEGAREECHGA

F2 245 289 255771 -344 -435 032 chafllTsacereTTafeafhAscn

Flc 285 307 236100 -525-343 048 ACTCCRRCARSTCRRRATTAGAR

Bz 365 304 205778 -340-738 LLELET o L

Blc 311 330 20 6222 -563 -568 055 CTTCESGTCTGGTTCALTTT

Primer Information

§ IA07  dimer(minimumldG=-218

label B'pos F'pos len Tm  §dG 346G GCrate Sequence

F3 238 255 185583 -535-490 050 cpTceachnETGRCe

B3 401 423 2365603 -4.74 -491 035 QrGACTATATAGTCAGARGCHR

FIF 45 RCCEGARGCRRACTCCERCA-TAICABRRGGAGCART TRRESGTAC
BIP 45 CTGGTTCGCTTTRARBCTCE-GATTRCATCAARRAGATT JRGAGEA
F2 263 283 206729 -316-457 032 TAREARRAGEAGCARTTERERGTAC

Fle 299 318 206192 653 -617 050 ccfearscpacTeofca

B2 572 396 25 5780 -491 -494 032 GATTGCATCAAFRAGATTRGAGGA

Blc 318 338 206115 -500-625 055 CTGETTCGETTTBAAGCTCR

Figure 9.3 Primer Set Details window
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9.2 Design in Expert Mode
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As shown in Figure 9.4, Expert Mode
enables designing with allowance for
mutations to be included at the ends of
each primer.

The results in Expert Mode are shown in
Figure 9.5. Primer sets are generated that
can recognize mutations sites at the 3’ end
of F3/B3 or F2/B2, or at the 5 end of
Flc/Blc. Specific primers are generated
from the 5 end toward the 3’ end of the
target genes. Primers are designed for the
entire target region. If too many primer sets
have been generated, you should set
stricter design conditions and limit the
number of primer sets to be generated.
You can do this as instructed in p19-23,
Section 1, to select the desired number of
primer sets.
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Figure 9.5 Primer Set List window
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Experimental procedure and techniques
of LAMP method






Experimental procedures and techniques

Experimental procedure
and techniques

Precaution for the LAMP experiment

Prevention of the contamination

® Keep separate the preparation of reaction
solution, addition of template and detection.
{designated equipment and location)

® Careful handling of the amplification
product (Electrophoresis, Restriction enzyme)

Reaction condition

20mnM Tris- HC1 (pHEX)
1imM KOl

M Mg50,

10mM (NH,),50,

0L1% TweenZD

AN Betaine

LAmM dNTPs
16w M FIP
L6 M BIP
D2 F3

A Loop-F)
M Loop-E)

Muodilcation

® Enzymve areonms

& Primer smmount (FIE, BIF)
® Reaction temperature | o Bl fo G5

® Purdty of FIFY BIF (HPLC grade)
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In conducting the LAMP method, the greatest
care is needed to prevent contamination.

One preventive measure is to keep separate

the preparation of reaction solutions, addition of
template, and detection. @ The experimental
equipment and experimental locations should be
kept physically separate. If separately
experimental locations are not available, at least
conduct the preparation of reaction solutions and
the addition of templates in separate clean
benches. However, the detection should be
done in a separate room.
Handling of the amplification product might cause
contamination, thus sufficient care is needed
when performing electrophoresis or restriction
enzyme digests for the purpose of identifying the
amplification products.

In the LAMP method, the amplification conditions
of Loopamp DNA Amplification Kit are regarded
as the fundamental experiment conditions.
To increase the amplification speed or sensitivity,
consider the following factors.
Amount of enzyme, amount
(particularly the Inner primer)
Reaction temperature (In addition to the
recommended temperature of 63°C, temperature
in the 60 - 65°C range can also be considered)
Purity of the Inner primer (for screening the
primer sets, the de-salting grade purity is
sufficient, but for further assessments, HPLC-
grade purity should be used.)

of primer



Confirmation of the LAMP product 1

Electrophoresis and restriction enzyme digestion

Bl adal
|

e

E ;

= —-—
-

Gl pattern of restriction enzyme
ireated LAMP produoct

Lare 1: Gioe marker. lane 1ol J; sen-digesied
LAMF predurt, larer & LANP produi digraicd with
HeadlNl

el pattern of LAMF produac
(using MI3 gene as template)
Lare 1: Bioe mourhrr. lane L 1 and 4 e spluie
ammaunt of 608, 6 wnd b coples, props by

Confirmation of the LAMP product 2

Real-time
turbidity detection

Eeal-time
fluorescent detection

Precaution for the reagent

® Experiment precaution for LAMP
is similar to those for PCR.
® Keep the reagent at -20°C.

® Store undiluted Primer at

® dNTP gradually deteriorates.

®Template DNA and primer should be resolved
in TE buffer (pHS to 9) and stored.

® Diluted template DNA could easily be degraded.
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A basic procedure for confirmation of LAMP
product is restriction enzyme digest and
electrophoresis.

The Figure on the left is the electrophoresis result
of the LAMP products obtained using M13 as
template. From the left are the size marker, 600
molecules, 60 molecules, 6 molecules of the
template and negative control.

There exists a single Hindlll site in the target M13
sequence. In the figure on the right, from the left
are: size markers, two lanes of untreated sample,
and a sample digested with Hindlll. The apparent
digestion result by Hindlll treatment has confirmed
the amplification of the target template.

A basic procedure for confirmation of LAMP is
by electrophoresis, but this requires that the tube
lid be opened after completion of the reaction,
resulting in a high risk of contamination. Thus, we
recommend that electrophoresis is only for the initial
confirmation of amplification and afterwards
detection can be conducted within the tube.
Examples include a fluorescent real-time detection
or real time turbidity detection.

The figure on the left shows the results obtained
with real time fluorescent detection with M13 as the
template. The amount of template is stated as 10
7" molftube to 10 ~ % mol/tube, and the speed of
amplification relates to the quantity of the template.

The figure on the right is real time turbidity
detection with A DNA as the template. Samples
NC1 to NC4 are negative controls, and PC1 to
PC4 are positive controls, indicating a high degree

of reproducibility.

There may be circumstances where the LAMP
amplification proceeds quite effectively in the
beginning, but as time passes it begins to perform
poorly. In such circumstances, the deterioration of
the reagents might be a possible cause, therefore,
reagents should be handled with sufficient care.
Generally the precautions required are similar to
those for PCR, storing the reagents at -20°C, and
storing the undiluted primer stock solution at -80°C.
The substrate dNTP also deteriorates gradually and
thus needs to be handled with care. If DNA such
as the template or primer is reconstituted in water,
the deterioration may be accelerated, thus they
should be stored in a buffer such as TE.
Specifically, the target template DNA at low
concentration can easily be degraded and thus
sufficient care is needed.



List of terms






List of terms

AT rich, GC rich:

The GC content of nucleic acids can vary for different creatures, or it can differ depending on
whether the nucleic acid is derived from prokaryotic cell or non-prokaryotic cell. Those with a
low GC content is said to be AT rich, and those with a high GC content is said to be GC rich.

bp:

Abbreviation for base pairs. Every nucleic base can specifically combine with its counterpart
nucleic base through hydrogen bonds. This plays an important role in nucleic acid replication,
transcription and interaction between mRNA and tRNA. In DNA the pairing is between adenine
(A) and thymine (T) or between guanine (G) and cytosine (C), while in RNA the pairing is
between A and uracil (U), or between G and C. The length of double-stranded DNA is often
expressed as the number of bases (bp).

dNTP:

A solution containing equal amounts of dATP, dTTP (or dUTP), dGTP and dCTP, and is used
as substrate in nucleic acid synthesis. During nucleic acid synthesis, if the dNTP concentration
is too high in the reaction solution, it is said that the mismatch of nucleotide will increase.

FASTA format:

FASTA is a computer program that, through database searches, identifies similarities in gene
or protein sequences. It is appropriate for searching through long sequences for homologies.
The FASTA format is a format most often used in sequence analysis programs and is in the
following format.

>AA987701(genbank-upd) ~ The header is a comment beginning with > (sequence name or origin)
taaagaagtaagcctttatticctigttttgca — Second line and beyond is the data
tggcttcaaccttagctggggcetgcagcagcac

>AA987701(genbank-upd) ~ Multiple sequences are entered in this format
taaagaagtaagcctttatttccttgttttgca

tggcttcaaccttagetaggactacagcagcac

Forward side, backward side:

At the start of DNA synthesis, primers are needed; PCR requires the minimum of two, while in
the LAMP method the minimum of four primers are needed. With respect to the
double-stranded DNA, with the coding region of the relevant gene as shown in the 5’ end on the
left and the 3’ end on the right, the 5 - 3’ direction is the forward side and the reverse is the
backward side.

For PCR
Forward Primer
5 q 3’
3 5
5 3
3 5

Backward Primer
(Reverse Primer)

For the LAMP method
) p.47 the LAMP method to legend (1)
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GC content

In expressing the base composition of nucleic acids, the proportion (percent) of G and C in the
entire sequence. The GC content of primers is selected so that that it is not AT rich to ensure
stability of binding to the target gene. For duplex nucleic acids, the base pairing is fixed, so this
indicates the proportion of (G+C) in the entire sequence. The GC content is one index of a
property of nucleic acids. The DNA GC content differs depending on the organism and in
higher animals is in a narrow range centered at 42%, while in bacteria, it ranges from 75-25%.

GenBank format

GenBank is an internationally known public DNA database maintained by the US NCBI
(National Center for Biotechnology Information). GenBank uses the database entry format
indicated below.

LOCUS Locus name, sequence length, molecule type, GenBank division, and modification date
DEFINITION Brief description of sequence
ACCESSION Original accession number
KEYWORDS Key words to describe the entry for searches
SOURCE Organism from which DNA is derived
ORGANISM Formal scientific name for the source organism
REFERENCE Literature reference
COMMENT Biological function or database information
FEATURES Information about genes and gene products, as well as regions in the sequence
source A region of sequence, source organism
misc_signal A region of sequence, function or signal type
mRNA A region of sequence, mRNA
CDS A region of sequence, protein coding region
intron A region of sequence, intron location
Mutation Sequence change due to mutation within the sequence
BASE COUNT The number of A, C, G, T, or other letter in a sequence
ORIGIN Letter corresponding to sequence start

1 gaattcgata aatctctggt ttattgtgca gtttatggtt ccaaaatcge
51 atatactcac agcataactg tatatacacc cagggggcgg aatgaaagcg
// Symbol indicating sequence end

Hird 1lI;

Type of restriction enzyme often used in experimental procedures. This enzyme is produced
from Haemophilus influenzae Rd and thus the enzyme is so named. The recognition sequence
and location of the cuts are indicated below.

HPLC purification:
A purity grade for synthetic oligonucleotides.

The LAMP method:

The LAMP method (Loop-mediated isothermal Amplification) is a simple, rapid, specific and
cost-effective nucleic acid amplification method solely developed by Eiken Chemical Co., Ltd.
As a gene amplification technology, compared to PCR, it has higher specificity and amplification
efficiency, and has the advantage that it can perform the ampilification at a constant temperature

58



around 65°C.
The two important features of isothermal amplification are: ® DNA synthesis occurs by DNA

polymerase with strand displacement activity without the need for thermal cycles for
double-strand denaturation  annealing - DNA synthesis @ Four primers (recognizing 6
distinct regions in the target gene) are used to amplify the gene, whereby the loops formed at the
end of the synthesized strand proceed to self-primed DNA synthesis. The following Figure
describes the steps in amplification.

(1)
IE » Flc
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]

F3c F2c Fic 7arget DNA Bl B2 B3
I el

3’ emi—— 5
S — — B W K:
F3 F2 F1 Blc B2c B3c

Blc5’

Through DNA polymerase with strand displacement activity, the following
reactions proceed at a constant temperature of about 65°C.
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By adding four primers (1), after a few steps of reaction, single stranded structure with a loop
structure at each end is formed. (2) This serves as the starting point where primers will anneal to
proceed to the amplification. As a result of this process, various sized structures consisting of
alternately inverted repeats of the target sequence on the same strand are formed.

Loopamp DNA Amplification Kit:

A reagent kit designed for LAMP amplification for research use. The contents are: the buffer,
substrate and DNA polymerase with strand displacement activity. The user prepares the LAMP
primers designed for the target gene of interest. The system can then be used in a variety of
applications.

Loop primers:

The Loop Primers (either Loop Primer B or Loop Primer F), containing sequences
complementary to the single stranded loop region (either between the B1 and B2 regions, or
between the F1 and F2 regions) on the 5' end of the dumbbell-like structure, provide an
increased number of starting points for DNA synthesis by the LAMP method. Loop primers
provide an increased number of starting points for DNA synthesis resulting in shorter
amplification time and higher specificity.

M13 phage:

Filamentous single-stranded DNA phage. Infects the host E coli through the F pili, and is
incorporated into the bacteria. In the host, the single-stranded DNA changes into a
double-stranded replicative form, and this template is used to form single-stranded DNA. Once
taken up by the newly formed progeny phage particles, the host bacteria do not lyse but rather
releases phage particles. This phage is also useful as a cloning vector, and is widely used to
prepare single stranded DNA for use in DNA sequencing by the dideoxy method.

Nearest-Neighbor method:

A method for estimating the Tm of DNA and has now come to be the standard. The Tm is
determined by taking into account the thermodynamic factors of the neighboring bases under
the following formula.

Tm = AH x 1000/(AS+R In(C/4)) - 273.15 + 16.6 log[Na']
R: gas constant = 1.987cal/°C/mol
AH: enthalpy (kcal/mol)
AS: entropy (eu)
C: oligonucleotide concentration (M)
[Na’]: sodium ion concentration

PCR:

PCR (polymerase chain reaction) involves repeated DNA synthesis reactions of a specified
DNA sequence bracketed by 2 primers and can amplify the specified DNA region by several
10,000 folds. The amplification primers used are usually the synthetic oligonucleotides
containing the bases at both ends of the region to be amplified, and the reaction involves
repeated steps of 1) denaturation of double-stranded DNA, 2) annealing of oligonucleotide, and
3) DNA polymerase-mediated complementary strand synthesis (repeated usually 20-30 times).
Developed by Cetus Co., in 1985.

TE buffer

Nucleic acid buffer (10mM Tris- HCI (pH 8.0), 1 mM EDTA). Contains divalent metal ion
(Mg2+ etc) chelator EDTA (ethylenediamine- N,N,N’,N’- Tetraacetic acid, a chelator which can
remove divalent metal ions in samples), which inhibits the divalent metal-ion dependent
nucleases (nucleic acid degrading enzyme) and preserves the nucleic acids.
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Tm:

Refers to the melting temperature of biological polymers. For nucleic acid in solution,
elevation in temperature leads to destruction of the hydrogen bonds responsible for the base
pairing. The temperature at which the DNA loses the double stranded structure, so that 50% is
double stranded structure and 50% is single stranded, is the Tm. There are three hydrogen
bonds in the GC pair and two in the AT pair, so that DNA with higher content of GC base pairs is
resistant to thermal denaturation and thus has higher Tm. The efficiency of binding to primers
is generally expressed as Tm.

Annealing:

After the double-stranded DNA has been denatured to the single-stranded form, annealing
refers to the re-binding of the denatured single-stranded DNA back into a double-stranded DNA.
The DNA-specific double stranded helix is formed, so that the annealing can be called
renaturation. With double-stranded DNA, heat or alkaline treatment causes denaturation into
single-stranded DNA. Denatured double stranded DNA under certain conditions forms the
hydrogen bonds and forms a complete double helical structure.

Oligo concentration:

In the text, the oligo concentration in the slide on p43 refers to the oligonucleotide
concentration, namely the primer concentration.

5 end, 3 end:

In nucleic acids all nucleotides are bound to the next nucleotide via phosphate diesterification
between the 5-carbon on the 5-carbon sugar to the 3-carbon on the next sugar. At both ends
these exist as -OH groups, called the 5’ end and 3’ end. For a given nucleic acid, the left hand
side is generally the 5’ end or upstream, while the right hand side is the 3’ end or downstream.

Cloning:

Gene cloning refers to the isolation of DNA in which unfractionated DNA fragments are
inserted into vectors to form recombinants, which are introduced and propagated in the hosts as
colonies or plaques and then the desired DNA is identified, isolated and purified.

Free energy:

A type of thermodynamic coefficient. This refers to the thermodynamic equilibrium standard
under standard experimental conditions. In systems where change of state is possible, the
change tends to go in the direction of lowest free energy. As with chemical reactions, in the
chemical equilibrium state, the free energy of the system is minimized. Currently used free
energy terms include the Gibbs free energy and the Helmholtz free energy.

Restriction enzyme:

Name of enzyme that recognizes and cuts DNA at specific sequences. Classified as types |,
Il and Il depending on the needed cofactors for enzyme activity and the type of cut made.
Widely distributed among microorganisms, the enzyme type or recognition sequence differs
depending on the microbial strain, so that numerous types are available.

Real-time turbidity detection:

Gene amplification is conducted by LAMP and its detection can be done by simultaneously
monitoring the white turbidity caused by the existence of magnesium pyrophosphate, the
amplification by-products. Thus, real time detection can be achieved. The detection of the
magnesium pyrophosphate turbidity is facilitated by the efficiency and specificity of the LAMP
amplification reaction.

Electrophoresis:

Method for separation and analysis of DNA. It takes advantage of the observation that when
electric current applied to a substances, it can result in the movement of substances to the
positive or negative electrode. In applying the current, the buffer, filters, gels, carrier
ampholytes, are used.
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In nucleic acid electrophoresis, relatively large molecular weight DNA (60 - 100kbp) are
separated by agarose gels, while smaller molecular weight DNA (1 kbp or less) are separated
using acrylamide gels.

Secondary structure:

The primer secondary structure refers to the hairpin structure that can form if the primer is
complementary to itself. Depending on the primer sequences, the likelihood for hairpin
formation can differ greatly. If the primer itself forms hairpin structures, the primer becomes
unable to bind to the target gene or can bind to unexpected genes, thus resulting in false
positives.

Primer:

In general, the term primer refers to the oligonucleotide that forms a double strand with the
target gene and supplies the 3’-OH needed to initiate the DNA polymerase-mediated elongation
reaction. Through the activity of the DNA polymerase, the complementary nucleotides are
added to the 3' —OH group of the primer on the template DNA sequence, so that the elongation
proceeds from the 5’ side to the 3’ side.

Primer dimer:

This term refers to the structure that forms when a primer hybridizes to another primer. In the
gene amplification method involving DNA synthesis in a test tube, it is necessary to have the
primer concentration in the reaction mix at a concentration that is far greater than the Target
gene concentration, so that if the structure of the primer permits the hybridization of a primer to
itself, primer dimers can form and thus inhibit the hybridization to the Target gene.

Plain text format:
Containing only the sequences information in the following format.

ctcgaggact ggggaccctg caccgaacat ggagaacaca acatcaggat tcctaggacc
cctgctegty ttacaggegg ggtttttctt gttgacaaga atcctcacaa taccacagag
tctagactcg tggtggactt ctctcaattt tctaggggga gcacccacgt gtcctggece

Mutation:

Refers to spontaneously occurring gene mutation. Changes occurring in the base sequence
of a gene can result in a change in the genetic makeup. Gene mutation can be at the level of
the genome, chromosome, a part of a chromosome, gene or nucleotide. Depending on how a
gene has changed, the mutation can be classified also as a point mutation, deletion, duplication,
inversion, insertion, translocation, etc. Mutations can occur in various forms, so its effect at the
level of expression can vary greatly from noticeable significant changes to those only detectable
after statistical analysis.

Terminal end stability:

The stability of the formation (ease of formation) of double stranded region formed between
the template gene and each primer at the 3’ end and the 5’ end. The LAMP Primer designing
software determines the stability as the AG (change in free energy) calculated by the Nearest-
Neighbor method.
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