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6. Designing wild type and mutant type primers

In PrimerExplorer, 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
F1c (B1c) 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 F1c (B1c),
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 B1c and in the internal region

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

¢) 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.

6.2 Highly specific primers (specific primers that distinguish 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 amplification is

hindered, thus improving the specificity toward the mutant type (table 2.1).
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a) 5 end of F1c or B1c

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

F3 F2 Fic Bic B2 B3
FOim {5 (i % |5 {hi¥ |5 {nhi¥ |5 inig |5 N0

Common primer? o 0 o o o O ® O o o o o
Specific primer® [ ) e O o o [}

1) 5’ terminal region

2) internal region

3) 3’ terminal region

4) Common primer : Mutation sites that can be permitted for the amplification of wild type and mutant type using common primers.
5) Specific primer : Sites for mutation for distinguishing between wild type and mutant type.

6) + :The mutation points are included.

* *
M13_3.nuc 1: GCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTECAACGTCGTGACTGGGAI?AACCCTG 60
M13 3Ml.nuc  1:[GCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTGAACGTCGTGACTGGGA[IBACCCTG| 60
B * *
M13 3.nuc 61: GCGTTACCCAACTTAATCGECTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCG 120
M13_3Ml.nuc 61:[GCGTTACCCAACTTAATCGRLTTGCAGCACATCCCBLTTTCGCCAGCTGGCGTAATAGCG| 120
* *

M13 3.nuc 121 :PAGAG[SICCCGCACCGATCGCCCTTCCCAACABIITGCGCAGCCTGAATGGCGAATGGCGCT| 180
M13_3Ml.nuc 121:PAGAGTCCCGCACCGATCGCCCTTCCCAACALCITGCGCAGCCTGAATGGCGAATGGCGCT| 180
*
M13 3.nuc 181 :TTGCCTGGTTTCCGGCACCAGAAGCGGTGCLEGAAAGCTGGCTGGAGTGCGATCTTCCTG| 240
M13 3Ml.nuc 181:[TTGCCTGGTTTCCGGCACCAGAAGCGGTGCRGGAAAGCTGGCTGGAGTGCGATCTTCCTCG| 240

M13_ 3.nuc 241 :AGGCCGATACGGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCT| 300
M13 3Ml.nuc 241:RGGCCGATACGGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCT| 300

M13 3.nuc 301 :ACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA| 360
M13 3Ml.nuc 301:BRCACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA| 360

M13_ 3.nuc 361 :CGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGC| 420
M13 3Ml.nuc 361:CGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGC| 420

M13 3.nuc 421 :GAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAA| 480
M13 3Ml.nuc 421:GAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAA| 480

M13 3.nuc 481 :CGCGAATTTTAACAAAATATTAACGTTTAC 510
M13 3Ml.nuc 481:CGCGAATTTTAACAAAATATTAACGTTTAC 510

Figure 6.1 Alignment of wild type with mutant type
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Primer set: sorting rule [None] * * * * * =
Target DNA GCAGGCATGCAARCT TGRCACTGRCCGTCRT TTIACAACGT CRTGACTGR GAMACCCTRICRT TACCCAACTTAATCREE T TRCAGCAC ATCCORE TTTCGCCARC TRGLGTAAT AGCE AAGARBMCCRCACCGATCGCCCTTC
{Complement) rztoogtacgttczaaccet gaccggcagcaaai{ttgcagcactgaccctﬂtgggaccgcaatgggttgaattagt«aacgtcgtgtagggﬂgaaagcggtcgaccg:attatcg:ttctmggcgtgg:tagcgggaagg
GONSENSUS (%) e B o

Primer IDdG imer)|] m 21 IR B A1 il H Bl Im LAl AR 41
Cm -188 CGTDGTTT'@:CAACGTCGTG gggttgaallago‘g%aacgtcg GGCGTAATAGCGAAGA@CD

] -1.99 T'\?\E‘JAACGTCGTGADTGGG «aacgtcgtgtagg GGCGTAATAGCGAAGAE::}CD

e -1.89 WAACGTCGTGAETGGG haacgtcglgtaggé&aa GGCGTAATAGCGMGAE{{:CE

F 4 -199 #AACGTCGTGACTGGG gzaacgtcgtgtagg%aa GGCGTAATAGCGAAGAD_E@CC

] -1.89 EETEETGADTGEGWAEE ;gaacgtcglgtagggggaa BGOGTAATARCGAAGARECD

] -227 [6] GG.@;\AECCTGGCGTTACC aazcgztogaccgoattatoy CACCGATCGCCCTTCD
) -2e7 [7] NADBDTGGDGTT&DBBA asazczztozacczoattatoy CACCGATCGCCCTTO
e -227 8] 'N\DCCTGGDGTTACCCM aaazoczziczacocgoatialog CACCGATCGCCCTTCC
e -227 ABEEMBTTAATEDEZi:TTGD cgaccgrattategotictor CACCGATCROCCTTEE
™ o] -2.27 [10] ACTTAATCE{}EJTTGEAGEAC g:atLatcg:Llctc&ggchCCGATEGCCCTTC[
] -227 [11] CTTAATCDL‘:LJTTGDAGDACA cattatcgcttct@xggcthCGATDGCCCTTGE
™ [zl -213 [12] TTAATCE&)I}TTGDAGEACA attatcg:ttctc}%gacgtg

™ s -213 [13] TTAATCDE&JTTGEAGCACAT attatcgcttcto_cgggcgtg

™ (4] -213 [14] TAATEBE)E]TTGEAGEAEAT ttatcg:ttctn:s:sggcgtg

151 -213 [15] TAATCE:‘EJTTGDAGEACATC ttatcgotictcbiezcets

[ [g] -2.35 [18] AATBEi:}TTGDAGDABAT HH tzzotageggzanss
e -238 [171 AATCE&&JTTGDAGDACATC tzzctagcepzans:
[ [1g] -2.35 [18] ATGG:@TTGDAGDACATC H tzzctagogpeanse
™[9] -2.37 [19] H GEAGDACATCDMTTTC tezctascezzanze
I o[zo] -237 [20] DAGDACATCD@TTTCG tzzctagogpeanse
M [e] -2.37 [21] H CCAGCTRRLGTAATAGCG ange
[ [ez] -237 [22] CAGCTGRLGTAATAGCGAA 2
[ [23]1 -2.46 [23] ARCTGREGTAATAGLGAAG £
[T [e4] -246 [24] GCTRRCOTAATAGCRAAG z
[ [z8] -2.37 [25] GBTGGEDTAATAGEGAAGAD z
Target DNA

Primer IDdG dimer)
4

GCAGGCATGCAAGCTTGECA ETGGCCGTEGTTTWAACG TCGTRACTGE GAMAECCTGGEGTTACCCA ACTTAATCE:‘:JTTGCAGEAC ATCEGITTTCGECAGCTGGCGTAATAGCG AAGAE{QCEGCACCGATEGC LCTTCC
Elas 3

ARl 21

ma 41
L3

.
e e

*

CRCCGRTCGCCCTTCCCRRCM‘TGCGCRGCCTGRRTGGCGRRTGGCGCI’TTGCCTGGTTTPPP”‘ CLAG f‘”‘“TGl’fﬁ‘f‘

*
GCTGGCTGGAGTGCEATCTTCCTGRGGCCGATACEETCGTCGTCLCCTCARACT GECAGATECALEET]

ktggotagoghuanggetty tmacgogts hgacttasoghttascyoygapacgraccasprgscygtyat ot togooacilbo tttogachganstoacgptagasggactocygotatynoagoagoaghggagtttyabogtotacytjoca:

Ikl 141 161 Ll et k=] 2m 221 23 241 281 261 27 2
kgacttacogttacege 1]
ggacttacogcttacoge
wgacttaceghbttacege
ggacttacogcttacoge
wgacttaceghbttacege
ggacttacogcttacoge
wgacttaceghbttacege
ggacttacogcttacoge
CACCEATCECCCTTCECAA gapacggaccazfpggocy ]
LACCEATLED LT TECCAA F3RICEEIC0ADALECOY [10]
CACCEATCACCCTTCOCAA papscgpaccazaggecy [111
LACCEATLED LT TECCAA F3RICEEIC0ADALECOY [12]
CACCEATCACCCTTCOCAA papscgpaccazaggecy [13]
LACCEATLED LT TECCAA F3RICEEIC0ADALECOY [14]
EACCEATCACCCTTCOCAAC AR gaRICEEICCAIAGEOCE [15]
gtcmnrcscccrrcccnncnﬁ F3RICEEIC0ADALECOY [16]
ety ncwmcacnsccmnnma Esctttcgaccgacctcac [
sty ncnﬁmcscnﬁccmnnmﬁ EE:ct‘tt‘cgaccgacctcac [1a]
ety ncwmcacnsccmnnma Esctttcgaccgacctcac [1e]
wty ncnﬁmcscnﬁccmnnmﬁ EE:ct‘tt‘cgaccgacctcac [20]
tggctagcgggaagggttgt" AGCCTEARTGACEAATAELE cogaccteacgetagasg [21]
tggetagegygangpetty ABCCTEARTGECEAATRECE cegaceteacgetagasg 221
tggotagegggaagpgtty AGCCTEARTGACEAATAELE cogaccteacgetagasg [23]
tggetagegyyangpettets TEECGCT T TECCTRETT TCC agasggacteoggetatye [24]
tggotagegggaaggettytss TEECECT T TRCCTRATT TCE agaaggactooggetatye [25]
ACCEATCEECCTTCCCAAC AN TEEBCARCTAAATGECEAATEECECT TTRECTEETT TCCAACACCAGARGCEET _: TGACTGEAGTEE GATCTTCCTG AGGECEATACEET CATCETECCCTCARACT RECAGATGEA CEET]
Ikl 141 1§1 161 il et ikl 2m Eﬂ 221 23 241 261 261 21 281
H

Figure 6.2 Primer sets and location of mutations
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No. F3 F2 Flc Blc B2 B3 Primer
5’ In 3 5’ In 3 5’ In. 3 5’ In. | 8 5 |In |3 |5 |In |3
1 + + + Common*
2 + + + + Specifick*
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

Table 6.2 Primer sets depending on location of mutation

*kSpecific : 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 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.

2) Click on the

“Mutation” button.

-

TTCTCATGIT TS-f‘-—qCTT- X GCZ‘IT“TQC

-y T"‘GCT ARCGC

AGTCAGGCAC 80 Set Mutation

Mut/Cons
81 CGTGTATIGR Z‘.‘-.GM.?-% ""T.»GIT-"G 160
TN CTISTITS
Clear
1€1 CCGGTACTGC GTCCATTCCG AC2 LT GGCGTGCTGC TAGCGCTATR
Fixed Primer
241 TGCGTTGATG CCG CCGCCCAGTIC CTIGCTCGCIT 320 “
AGCCACTATC G: CATGGCGAS TCTACGCCGG A 400 I
ArocacIae JeaTeccas JesacocLe % 1) Specify the
F1
1} CCGGCATC. CGFC” A GCTGGCGCC CATCACCGAT GGGGRAGAIC 80 i
e R S GETeCecss SaTSRCCRiT sEernaIC 180 B location of the
48 TCGGGCTC ATGAGCGCTIT G GGGTRTGGTIG GCAGGCCCCE GCCGGGGE ACTGTITGGGC GCCATCTCC 0 i 1
L R CCCTAICSIC CoAGCECres TRcoestis oTeTIsnce saaTelcely 590 mutation in the
s GCATGCACC ATTCCTTGCG 2 CIGGGCTH T AATGCR ) -
S e AT 540 ciesr | Sequence.

€41 ANGGGAGAGC GTCGACCGAT CTICCGETGE CCGCEGEECR 720
Prtt it vttt
Save Target
721 CGCCGCACTT ATGACIGTCT T GCARCTCGTA GGACACETGC CGGCAGCGLT CT TTCGGCGAGE 800
i ittt v Rttt
CTGGRGCGCE GCCTGTCGCT GGRATCTTGC ACGCCCTCGC TCAAGCCTIC 880 Design Option
i et NeLuEeaue YEELeLhLeE Levwabe ke v v 2
@ Default
O Common
O Specific

1.Select Range ® Ignore range
O Within F2-B2 Targeting Range
O Between F1c-B1c 147 - | 148

Figure7.1 Primer design window
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et
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1.Select Range

@®) Ignore range

O Within F2-B2
O Between F1c-B1c

Targeting Range
147

- 148 |

Set Mutation
Mut/Cons ]
Clear

Fixed Primer

F1

L To delete the
mutation
information, click
on the “Clear”

button.

Clear

Save Target

The star (¥)

changes to a

hyphen (-).

Design Option
Default

O Common

O Specific

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.
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2.Generate

1.Select Range

@® Ignore range

O Within F2-B2

O Between F1c-Bic

Targetmg Range

| 211

sets were generated.

Set Mutation
Mut/Cons
Clear

Fixed Primer

B.

(i

Save Target

Design Option

® Defauit

O Common

O Specific

This mutation
information

will be used.

Click on the

“Generate”

button.

Figure7.3 Window after entering site of mutation

1,000 primer sets have been designed (See Figure 7.4).
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801 ACCGCTTTCG CIGGAGCGCG RCGATGATCG GCCTGTCGCT TGCGGTATTC GGAATCTIGC ACGCCCTCGC TCRAGCCTT! 880 DeSign Optlon

PWHEWN SR WS WWEIWNNEUWE WHIEWREWWE WHEUWEI WIS VEEWWIEWRE WELWRERWEE VEAWEEWWAE REWWERWEEW V)

® Default
s S e o—bd=ddam F2=237, F3=584, B1=243, B2=213, B3=857, FIP=251, BIP=2€8 ( Common
IlOOO Primer set(s) were genezaced.] —~ .

O Specific

1,000 primer sets

have been designed.

® Ignore range

Targeting Range
211 - | 216

2.Generate 1000 |sets were generated.

2 Rimnlaw Page[[1T_ V] Displayed. Sorting Rule [None v

Click on the /
ve to "Basic Designing", please click below.

“Display” button to

show the result.

Figure7.4 Primer design window
Next, click on the “Display” button to show the results. As indicated in Figure 7.5, the primers are designed to exclude

mutation from the primer regions.

@
<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.
The mutation is
Primer set: sorting rule [None] located here.
[Target DNA CACAGTTAAATTGCTAACGCAGTCAGGCACCETGTATGANATCTAACAAT GCGCTCATCHTCATCCTCGECACCGTCACCCTGGATGCTGTAGGCATAGGCTTGGTTATGCCGGTACTGCCGEGCCTCTTGCGGEATATCGTCCATTCCGAC CTAT)
(Complement)  |gtgtcaat gata)
CONSENSUS(!) D —
Pimer ID4G{dimer)51 31 71 Bl 91 121 131 141 151 161 171 181 191 201
O -201{[1] TCAG ccgaaccaatacggccatgacg  GCCTCTTGCGGGATATCGICC gatal
O 201{[2] G ccgaaccaatacggecatgacq — GCCTCTTGCGGGATATCGICC gatal
Op -246 [3] cggagaacgecctatageagg CTAT|
a 14 246 [4] cggagaacgecctatageagy CTAT|
O -246 [5] cggagaacgecctatageagy CTAT|
O 18 16] TTGGTTATECCE CTCTTGCGGRATATCGICCA g
Om 18 [ TTGETTATACCAGTACTG] TCTTGCGGEATATCGTCCA 2|
D[EI -1.82 [8] TIGETTATGCCGETACT TCTTGCGGEATATCGTCCAT a
Om 206
Oy 49
Omy 49
Owg 9
Oy 49
Opg 49
Oug 2%
Oweg 215
Oy 201
Oug 2%
Ope 246
Opy 215 ]

Primer sets are generated

Figure7.5 Primer Set List window (page 1) that avoids this location
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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 l

(Complement) gtagcggtcagt
CONSENSUS(*) P e ok
Primer IDdG(dimer)51 201 211

Om 201[1] ccgaaccaatacggccatgacy CGTCC

O 201{[2] ccgaaccaatacggccatgacg — GCCTCTTGCGGGATATCGTCC

On 246 (3] cggagaacgccctatageagg

O -246 (4] cggagaacgccctatageagg

Op -2.46 [5] cggagaacgccctatageagg

Ol 223 ggcitgtegtageggteagt:
Om 249 ggcitgtegtageggteagt:
O 249 ggcitgtcgtageggtcagtgTAT
O 216 [9] ggctgtegtageggtcagtgTaT
Oy a2 tgata
Opy 4@ A a
Ouy 182 TCTTIGCEGEATATCGTCCAT a
Opg 216 [13]

Ong 23 [14]

Ops 216 [15]

Owg 23 [16]

O 20

Oy 19

One 497

Opy 497

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’ and 3’ ends of each primer region.

For example, if a mutation is introduced into a particular region of the target sequence as described in the preceding
section, the number of primer set candidates for amplifying the gene containing this region decreases dramatically. When
amplifying the region that contains the mutation, it is preferred that the mutation be not located within the primer; however,
there are some cases in which such strict conditions dramatically reduce the number of potential primers, or even no
primers are produced. If no mutations are present in the region, on the other hand, many primer set candidates
incorporating the location of the mutation are designed, as shown in Figure 7.6. Hence, a wide variety of primer
candidates are generated by using less stringent conditions to allow the mutation to be present within the primer region.
The primers with the mutation having the minimal influence on the amplification are then chosen.

In PrimerExplorer, it is possible to select primer regions that contain the mutation. Regions that can be selected are the
5’ and 3’ ends, as well as the internal region for regions F3, B3, F2, B2, F1c, and B1c. Since the 5’ ends of regions F3, B3,
F2, and B2, the 3’ ends of regions F1c and B1c, and the internal regions between the 5 and 3’ ends do not serve as the
starting points of the amplification, they are less susceptible to the influence of the mutation. If 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 shown in Figure 7.7,
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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1 TTCTCATGTT TGACAGCTTA TCATCGATAA GCTTTAATGC GGTAGITTAT CACAGTTAAA TTGCTAACGC AGTCAGGCAC 80 Set Mutation
[a)
Mut/Cons
21 CGTGTATGAA ATCTAACAAT GCGCTCATCG TCATCCTICGG E{\?{';?E(.IAC EEE@AE&GG C‘E??ﬁné’s? 160
161 CCGCTACTGC CGGGCCTCTT GCGGGATATC GTCCATTCCS MCK CAGTCACTAT GGCGTGCTGC TAGCGCTATA 240
Fixed Primer
241 IGCCT %S(.; CAATTTCTAL CCT TCTCGGAGCA CTGTCCGA GCTTTCECCCE C CTGCT IT 320 “
Use the mutation ":"{?{3 AGCCACTATC GACTACGCGA 'GGCGAC CACACCCGTC CTGTGGATCC TCTACGCCGS ACGCATCGT! 400
F1
ATCA C T GCTGGCGCCT ATAT CATCACCGAT GGGGAAGATC GG CCA 480 =
. . rrey 1
information
CTC ATGAGCGCTT GTTTCGGOGT GGGTATGETG GCAGSCCCCS CGEGEE ACTSTT GCCATCTCCT 560
5€1 TGCATGCACC ATTCCTTGCG GCGGCGCTGC TCAACGGCCT CARCCTACTA CTGGGCTGCT TCCTAATGCA GGAGTCGCAT €40
€41 AAGGGAGAGC GTCGACCGAT GCCCTTGAGA GCCITCAACC CAGTCAGCT TICCGCTGE TGACTATCCT 720
Save Target
721 CGCCGCACTT ATGACTGICT TCTTTATCAT GCAACTCGTA GGACAGGTGC CGGCAGCGCT CTGGGTCATT TTCGGCGAGE 800
801 ACCGCTITCG CTGGAGCGCE ACGATGATCG GCCICTCGCT TGCGETATIC GGAATCTTGC ACGCCCTCGC TCARGCCTIC 880 Design Option
v
2) Click on the ect Range @ ignore range
O within F2-B2 Targeting Range
“Generate” O Between F1c-Bic | -
‘erate ( sets were generated.
button.
3.Display i J isplayed. Sorting Rule [None v
3) After the >u can move to "Basic Designing", please click below.
primers have :
been designed,
. gth Flc/Bic 20 3 (22 S
click on the F2/B2 18 2] - (20 z
Fa/B3 18 <l -[20 5
“«M; »
Display” button.
m Fic/Bic 64 2] - [es 5
F2/B2 59 3 - [e1 3
F3/83 59 BRG]
GC rate(%) 40 - |65
dG threshold S'stability (3 z
3'stability | -4 2
dimer check |25 o
Distances (F2-B2) | 120 = 180 :
Loop(F1c-F2) |40 <) - [e0 Z
F2-F3 lo sl - 20 $
Fle-Blc [o < - 100 s
Limitations F1c/B1c |3
F2i82 | 10
F3/83 B
Sets [ 1000
Mutation/Consensus Peculiarity P
high level | F1c 5'term |[J|81c 5'term |
1 [EEEm|O oL
“ K - - ~
1) CheCk the F3 5 Eaaterm |[J n|
¢ "b Ficinner |[J[B1cinner |CJ
erm- Dox. ==
F2inner |[)[B2inner (]
\ Fainner |[J|B3inner |[J
\RQa'term []81c 3term |
| [F2owy|CB25tem |
tow level |Fasterm |K4|83 Stem |

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.

Primer set: sorting rule [None]
[Target DNA CACAGTTARATTGCTAACGCAGTCAGGCACCGTGT. pC:‘GGI-‘.TECTGTAGGCAiAGGC:"ZGGT:ATC«
Complement) gtgtcaatttiaacgattgcgtcagtccgtggceaca bgacctgcgacatccgtatccgaaccaatac
ICONSENSUS(*) W v v e e e | e R e[ e e e e W 0 e s v | e e e v e | e o e e e
Primer IDdG(dimer)51 61 71 81 T31 141 151
O 1 -201|[1] ccigaaccaatac]
O -2.01|[2] cclgaaccaatac]
O 249 [3 TAGECTTGGTTATG
O -2.49 Primer is designed 141 GGz T TTGGTTATG
Cs) 1.82 [5]
el -1.82 with the mutation [6]
Om 182 07
Oy 216 located at the 5’ end
O 233 .
Opo 216 of region F3. The location
Op1 233 ..
Oz e containing the
O3 -1.93 . .
0O [1;] a7 mutation is shown
Ops 197 .

o in red.

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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Distances (F2-B2) 120 2] - | 180 =
Loop(F1c-F2) 40 2| - |60 =
F2-F3 0 > - 120 =
F1c-B1c 0 21 - 1100 =
Limitations F1c/B1c 3
F2/B2 10
Fa/B3 3
Sets 1000
Mutation/Consensus Peculiarity Permission
high level | F1c Sterm |[]|B1c S'term ]
T F23term ([]{B2 3term |[J
1) Check the “F2 &’ Fa3term |[]|B33term [[J
term” box Ficinner |[1|B1cinner [[J
F2inner |L]|B2inner |[J
\ F3inner |[J|B3inner |[J
Wm [|B1c 3term |[J
L
Y
F25term |i}|B2 5term  |[J
2) Check the “F3 5' |
lowlevel [E3 Siamy, |83 s5term (]

term” box.

Figure7.9 Primer design window

Primer set: sorting rule [None]
[Target DNA CACAGTTARATT GC"A.&CGC.A"TCAG\,CAOC"T"”ATCAA.ALCTAACAA"G‘.GC CATCGTCATCCTCGECACCGTCACC/CTGGATGCTGTAGGCATAGGCTTGGTTATG
fComplement) gtgtcaatttlaacgat tgcg cagtccgtggcaca acttltagattgttalcgcgagtagcagtaggageccgtggcagtgggacctacgacatecgtatecigaaccaatad]
CONSENSUSP) w--w~w-w-&.w~-w~-&~~w.w-ww'w-,ww-wkww'ww-www-(ww.a.\--w-;wwww-wwwww-&-wwuwywwua-*w-,w.-w-_____w.ww'w--wuw\.ww.wwwwww.ww».
Primer IDAG(dimer)51 81 01 [Lo1 111 121 131 141 151
O [ -201|[1] AATIGCGCTCATCGTCATCC ccigaaccaatac]
O -2.01([2] | ATGCGC'ZCI‘,‘I’CCT"A‘I‘CC ccgaaccaatac]
O -2.46 [[3] 3CGC I T GCTGTAGGCATAGG
O 249 4] C CCTETAGGCATAGGHCTTGGTTATG
e 249 L B
e 182
Om -1.82
s -1.82
O 216 /
O o 233
On1 2.16 Primers with a /
Oz 233 /
O3y 206 mutation at the 5’ end
Ona -1.93
Ops) 197 of region F3 or F2 are
designed. Figure7.10 Primer Set List window

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

primer sets.

44



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 SegA, SeqB, and SeqC for an example. Figure 8.1 shows
an example alignment of SeqA, SeqgB, and SeqC that was performed with Genetyx. Read the results in PrimerExplorer
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).

Seqh AATGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGUGCCCCAAATGAAAAT 60
o @  --—— AATTGATGCCACCTTTTCAGCTTGCGCTCCAAATGAACAT 40
SeqC CTCGCGCCCCACTTGAAAAT 20
ok BkEE RkE REE FK
Seqh ATAGCTAAACAGGTTATTGACCATTTGCGAAATGTATCTAATGGTCAAACTARATCTACT 120
SeqB ATAGCTACACAGCTTATTGACCATTTGCGAAATGTATCTAATGTTCGAACTAACTCTACT 100
Seql ATCGCTAAACAGGTCGTTGACCATATGCGAAGTGTATCTAATGCTCAAACTAATTCTACT 80
o KREE KRR K **
Seqh CGTTCGCAGAATTGGGAATCAACTGTTACATGGAATGAAACTTCCAGACACCGTACTTTA 180
SeqB CGATCGCAGAATCGGAAATCAACTGTTACATGGAATGAACCTTCCAGACGCCGTACTTCA 160
Seql CGTTCGAAGAATTGGCAATCAACTGTAACATGAAATGAAACTTGCAGACACCGTACTTTA 140
HE KRR kR ok HkAE A kAR R K
Seqh GTTGCATATTTAAAACATGTTGAGCTACAGUACCAGATTCAGCAATTAAGCTCTAAGCCA 240
SeqB GTTCCATATGTAACCCATGTTGAGCTACAGCACGAGTTTCAGCAATTAAGCTCTATGCGA 220
Seql GTTGCATATTTAAATCATGTTGAGCTACAGCAACAGATTCAGCACGTAAGCTCTAAGCCA 200
HEE R ok o o
Seqh TCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGGTACTCTCTAATCCTGACCTG 300
SeqB TCCGCAAAAATGACCTCTTATCATAAGGAGCAATTAACGGTACTTTCTAATCCTGACCTG 280
Seql TGCGCAACTGTGACCTCTTAACAAAAGGAGCACTTGAAGGTACTCTCTAATCGTGACATG 260
* o FHRE K
Seqh TTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAARACGCGATATTTGAAG 360
SeqB TTGGAGTTTGCTTCTGGTCTGGTTCGCTTTGAAGCTCGACTTAAAACGCGATATTTGAAG 340
SeqC TCGGAGTTAGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATCAACACGCGATAGTTGATG 320
* ok * HE A
Seqh TCTTTCGGEECTTCCTCTTAATCTTTTTGATGCAATCCGCTTTGCTTCTGACTATAATAGT 420
SeqB TCTTTCGGEGTTCCTCTTAATCTTCTTGATGCAATCCGTTTTGCTTCTGACTATAATAGT 400
SeqC CCTTTCAGGCTTCCTCTGAATCTTTTTGATGCAATCGGCTTAGCTTCTGACTATATTAGT 380
ok Aok * kE Ak
Seah CAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCA 480
SeqB CAGGGTAAAGACCTGATTTTTGATTAGTGGTCATTCTCGTTTGCTGAACTGTATAAAGCA 460
SeqC CACGETAAAGACCTGATTTATGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAGGCA 440
H R ok A
Seqh TTTGAGGGEGATTCA 495
SeqB TTTGAGGC————— 468
SeqC TTAGAGGGE-—--——- 443
* AR

Figure 8.1 Multiple alignment

UPLOAD FILE: Alignment.txt
2 &0 Set Mutation
Mut/Cons
€0
Clear
Fixed Primer
B L ms
F1
401
B1
.
1) Click on the
Clear
“Common”
Save Target /
button.
Design Opt
C it
Number of Primer Candidates: F1=107, F2=123, F3=144, B1=131, B2=12%, B3=170, FIP=181, BIP=176 @® Common
S Primer set(s) were generated. A
© Specific 2) Click on the
P “Generate”
1.Generate ' 5 sets were generated
button.

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 F1c or B1c. 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 recognized Mutations are recognized at
at the 5" end and internal the 5" end and internal region
region of the F3 primer. of the F2 region.

Y /

PrimerExplorer V5 \ / Software |

1. Turn on the check box to myke an order.
2. Push "Confirm" button in order to transfer to page "Order".

3. Push "Save List" button to doWnload Excel format file.

L Designid 160419140508
Confirm Save List Designid 160419140508

Primer set: sorting rule [Easy]
Target DNA  TAAATCTACTCGTTCGCAGA ATTGGGAATCRACTGTTACATGGNATGAAA CTTCCAGACALCGTACT TTABTTGCATATT TARACATGT TGAGCTACAG CACCAGAT TCAGCAATTARG CTCTARGCCATCCGCARRRATGACCTCTTATCARRRGGAGEAAT TARRGE TACTCTCTA
{Compl ) att ttaaccottan ttaacaatatacot Nt ttimanatotat poatrasat paacatataaatftttutacanctonatutontuatotaan tont taat togagat tont ancnt ttt Buttttectonttaatt
CONSENSUS

=)

Primer IDdGi(imen111 n21 k3l 4 151 * net m na1 *91 2m en 221 23 24 251 261 2n 2a1
Rerrkee

O 246 71 acPcceract TATETAAMCATGT TGAGCTACAGE attogaratBoalitaacat GGTACTRTCTA
[z 246 [21] Froccprera@scBirccocaniilireacererraicalhncen Eexat
Om -216 | FoaprieBarciacTer caacrricacacliceeTa sacteratstoxtMitclagte TecocanETGACCTCTTARCA

[z 206 [31] B e T oA tafcalpaceac AT IRl TAC
g 202 18] ARRCATGT{TGAGCTACH AlrasceTeTARGCRATCCG afat
[outputs: 5 sets] Displayed 1 - 5. Designid 070715793958

ATCCTGACCTGT TRGAGT TTECTTCCRGTET GETTCACTTT GARGCTCGARTTAARACECGATATTTBARGTCTTTCAGECTTCCTCT TAATCT TTTTBAT GCART CCGCT TTGCTTET BACT ATRATAGT CABGET ARAGACCTBATTTTTGATTTATGE
targactenac gacetcasac gaznuecanaccamenaas cttenanct that tttrexc tatassct fo praaancecn mannanaatt anasaaacta cut tannenaackasnactat at tateantcecatttofunactaasanctasatace

20 ant an el aat B 361 At <l el ao 401 #11 Ll 421 441

aTcreacincTl augcraaaptienanctiall wejtatBasctl Baaacle [[7]
tanfctaliicalectoa GETCTBTTEGCTTT GARGC raanalttagealeactant waaactpatatfeteagtlecs  [21]
ctesslepaanlecagaccasnomansfttopanet [1]
chlkcteazlexasnlocana crrrsamscTeaAlTRnBcecs wttanlclaleraanac teaptfecat [31]
tanfhctefboalocten GGTETRGTTCLTTT GARGE magranalirtagasfhactacat aagact caitheos  [[18]

Figure 8.3 Primer Set List window
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PrimerExplorer V5

Software

1. Push "Primer Information” button to download Primer Information format file for loop primer designing.
2. Push "Save" button to download the primer information in the screen display layout.

Designld 190320120951

Primer Information

1

F3
B3
FIP
BIP
F2
Flc
B2
B1c

Primer Information

label 5'pos 3'pos len Tm

ID:7
label 5'pos 3'pos len Tm

160
348

187
227
323
279

2 ID:21
F3 226
B3 404
FIP

BIP

F2 245
Flc 285
B2 371
B1lc 316

Primer Information

label 5'pos 3'pos len Tm

3 ID:1
F3 127
B3 322
FIP

BIP

F2 157
Flc 200
B2 304
Blc 241

Save

dimer(minimum)dG=-2.46

177
368

18 56.40 -4.85 -4.90
21 56.71 -5.30 -5.16
45

44

25 57.98 -1.98 -4.98
20 60.67 -6.94 -4.32
20 57.85 -4.34 -5.93
24 60.91 -4.57 -5.00

211
246
342
302

Save

dimer(minimum)dG=-2.46

5'dG 3'dG GCrate Sequence

244
426

19 55.93 -4.09 -5.68
23 56.19 -5.84 -4.35
48

43

25 57.71 -3.44 -4.36
23 61.09 -5.25 -3.43
23 56.24 -5.31 -4.71
20 61.20 -5.35 -5.26

269
30
39.
33

[N

Save

dimer(minimum)dG=-2.16
5'dG 3'dG GCrate Sequence

146 20 55.09 -3.90 -4.55
339 18 57.03 -6.28 -6.19
42
41
175 19 55.99 -4.01 -5.41
222 23 62.33 -3.90 -5.26
321 18 57.09 -5.35 -4.01
263 23 60.17 -6.94 -3.15

5'dG 3'dG GCrate Sequence

0.50 fcrTlicacaclfcceract

0.43 cllcaancliclrcaaffrarcee
TGeGGATcclfracaceTTa-TATfrAAcATGTTGAGCTACAGC
GGracTljrcraarcljreacircrll-BalirceacerTcanAGeGAA

0.32 TAT[jr2AllCATGTTGAGCTACAGC

0.50 TGeGGATcclfracaceTTA

0.40 JABTCGAGCTTCARAGCGAA

0.46 GGTACTffrcTAATCrcACTGTl

0.47 francereraficcliaTcce

0.39 ACCliTGACTAITATAGTCAGAAG
actccfjacaflcrcallcarTacall-canilircaccrerTafjcafiaacea
GGTCTGGTTCGCTTTGAAGC-TGCATCAARAAGATTAGAGGAA

0.32 canfilircaccrerTafjcaflracea

0.48 actccjacaffercafeaTTacal]

0.30 TccaTcAAfaaGATTAGAGGAR
0.55 GGTCTGGTTCGCTTTGAAGC

0.40 JrcaatficcllaaTcaACTGT

0.50 TCGAGCTTCAAAGCGAAC
crcarjcTilirccTeTaceTcan-carfcrTlicacacfcceTa
rcceeaafilireaccrerrafca-cacacccaaccfaacrc

0.47 caaficrTlcacacjcceTa

0.48 crcAAcTIliTGCTGTAGCTCAA

0.56 cacacccaaccljaacrc

0.39 TccceanfilireaccTerrafjca

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: Alignment.txt

1) Click on the

“Specific” button.

1 BATGCTACTA CTATTAGTAG AATTGATGCC ACCTITICAG CTCGCGCCCC ARATGARAAT ATAGCTARAC 80 Set Mutation
W R R b e W WEh_es Gh_wC W
Mut/Cons
81 CCATTTGCGA RATGTATCTA ATGGTCARAC TARATCTACT CGTTCGCAGR ATTGGGRATC AACTGTTACR TGGAATGARA 160
WO Wab by Wb WO L hE HA AWk SGE KT WEE KO AREbhe WE_ R A WREE WELAEE_ Wb GeowehRd e Clear
161 CTTCCAGACA CCGTACTTTA GTTGCATATT TARRACATGT TGAGCTACAG CACCAGATTC CTCTARGCCR 240
A R wahh— Rl N h_e Swb_w C Veelliiuee weenvebvie it
Fixed Primer
241 TCCGCARRAR TGACCTCTTA TCARRAGGAG CARTTARAGG TACTCTCTAR TCCTGACCTG TTGGAGTTTG CTTCCGGTCT 320 “
R Wb s R EENEA IS —RE Wb b Wbkl e KOEA_SEA Ve SO NGRS A_LREEEA_E SEbN_ bR ew
321 GGTTCGCTIT GAAGCTCGAA TTARAACGCG ATATTTGAAG TCTTTCGGGC TTCCTCTTAR TCTTTTTGAT GCRATCCGCT 400
VO RN ha Y WO E N bk H_ Gh bbb WHE_KOLW_ b _SARebho WEENEL_ b AEAA_SELEE LehNEb—b—w
F1
401 TTGCTTCTGR CAGGGTARAG ACCTGATTTT TGATTTATGG TCATTCTCGT TTTCTGAACT GTTTARAGCR 480
iy U RN AU S WA A h b WEEh A bk NELAELNEE HE_NeeRiel SE_ e wew B1
481 TTTGAGGGGG ATTCA 438 B2
velewwes .
Clear
Save Target
Design Option
Default
Number of Primer Candidates: F1=252, F2=348, F3=425, B1=318, B2=31¢€, B3=335, FIP=652, BIP=533 Common
5 Primer set(s) were generated.
Specific
1.Generate 5 sets were generated. A
SErER J 2) Click on the
« »
. . . . Generate” button.
Figure9.1 Primer design window
PrimerExplorer V5 Software ‘
1. Turn on the check box to make an order.
2. Push "Confirm" button in order to transfer to page "Order".
3. Push "Save List" button to download Excel format file.
Confirm Save List Designid 160419162437
Primer set: sorting rule [Easy]
}'argel DNA 3 ATGGTCARACTARATCTACT CGTTCGCAGART! 6T TTAGTTGCATATTTAR TCAGCAAT TR
Eskisg )
[os 3 |
@) T
Primer IDdGimen101 1 21 3 na 151 161 m 181 91 201 21 221 231 241 251 261 27
[Cen 246 [s7) WprrEearatRTasmicATer attexanatonlit annont [
[ pan -162 (1311 sociali i
Oea -216 |37 onfi GolATCRCTSTRRCATORR st -WoliTTcRocHElT t
[Ces) -205 135] FrovcproraBsc B rececanmmTsceroTTaRalAGen |
[ trom -218 | |tro7) cBrcoscheflronce  TABcARRGGAGCARTTRR
[outputs: 5 sets] Displayed 1 - 5. Designld 070116723343
RAAGETRCTCTCTAS \.CTEREETE:[TEERETTTE TTCCGGTCTEGTTCGET T GRAGET CGRATT ARARCECGATAT TTEARGTCT TTCGEECTTCCTCTTAATCTTTTTGAT GCAATCCGCT TTGCTTCT GACTATART AGT) REEETRRREREETERTTTTTERTTTRTEELFERTT‘:TCET:TI'TETERRETE
tttooats toxagettaatttt: ataaact! E attatcaxtoocatttet: toa
|
81 oot ul 1 71 31 41 51 51 7 a1 o1 401 411 421 431 441 451 61 |
WrBseTacTircrAaTclTGACET 33gcxaaz ttczaxct! crcjratfpact sl [67]
@7 cTRreTAATCETGAC) cxanapttogarct BelttBtuon ABsECTTTCRGSETTCETCTIRATE e 2 2
oot " AR 7 ‘
[ ¥ Bectefhoalloctoa  CTTCEGGTCTGGTTCGCTTT arloolransaralittarsa | 88 athptoa 98]
[ 3 & TCHCTTT GARGETEG ‘ aguagaflit 1 3 tay B (1071

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/B1c. Figure 9.3 shows the details of the primer sets.

PrimerExplorer V5 Software

1. Push "Primer Information" button to download Primer Information format file for loop primer designing.
2. Push "Save" button to download the primer information in the screen display layout.

Designld 190320141222

Primer Information Save

1 ID:67 dimer(minimum)dG=-2.46

label 5'pos 3'pos len Tm  5'dG 3'dG GCrate Sequence

F3 168 186 19 55.94 -6.33 -557  0.42 AcfcceracTTljacTTlic2

B3 348 368 21 56.71 -5.30 -5.16  0.43 ClilcaracGicrcaafiraTcee

FIP 45 recGGATcclracaceTTA-TATTAAMCATGTTGAGCTACAGC
BIP 43 TllalccracTlircTaaTcljreacr-lrccaccTTCAAAGCGAA
F2 187 211 25 57.98 -1.98 -4.98  0.32 TATrAAllcCATGTTGAGCTACAGC

Flc 227 246 20 60.67 -6.94 -4.32  0.50 TGeGGATclTAGAGCTTA

B2 323 340 18 56.33 -5.04 593  0.44 [JTCGAGCTTCAAAGCGAA

Blc 275 299 25 60.01-3.69 -5.25 0.40 TalceracTlircraaTclircacir

=)

©

Primer Information Save
2 ID:131 dimer(minimum)dG=-1.62
label 5'pos 3'pos len Tm  5'dG 3'dG GCrate Sequence
F3 261 281 215533 -3.69 -4.50  0.33 caflaaceaccafirTialceT
B3 446 466 21 55.17 -4.02 -4.13  0.38 cacaaaccacaarcaccalll
FIP 45 ceeTlirrialrceacerTearace-cTfjrctaarcljreaclrerlic

BIP 46 alclcrrrcliccllrrccrerfaaTc-cafjaaaTcaceTeTTTACCHT
F2 283 303 21 56.73 -4.43 -4.66  0.48 cTfjrcTaaTcljreacrcrlic

Flc 326 349 24 6149 -5.84 -501  0.42 GeGTrrlalrceaceTTCARAGe

B2 422 442 215538 -3.44 492  0.38 caffaaarcaceTcTTTACCT

Blc 358 382 256264 -424 -275 0.44 aAflGlcTrTclcclirTccTcTfiaaTc

N N © @

Primer Information Save
3 D37 dimer(minimum)dG=-2.16
label 5'pos 3'pos len Tm  5'dG 3'dG GCrate Sequence
F3 113 131 19 55.44 -2.98 -526  0.42 afjrcracTcclirccllacaa
B3 304 321 18 57.09 -5.35 -4.01  0.56 caGAccjeaaccaacTc
FIP 46 BrccrcracercaacaTclilirTalla-cellaarcaacrerjacarcia
BIP 46 Baclirrcaceallirancercralee-creallcaTTacallacTacclr
F2 134 154 2157.29 -4.85 -491 0.43 GGlaaTcaacreTfjacarcla
Flc 189 213 25 60.35 -5.90 -2.09  0.36 frccreraccrcaacarciijrrajja
B2 277 297 215525 -5.35 -408 043 crcafearracafjacraccr
Blc 214 238 2560.09 -3.90 -442  0.40 JaclirrcaccaiiraacercTajec

®

Figure 9.3 Primer Set Details window
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9.2 Design in Expert Mod

UPLOAD FILE: Alignment.txt

1 RATGCTA

GTTGCATAT

CTATTAGTAG AATTGATGCC

81 CCATTIGCGA AATGTATCTA ATGGTCRAAC

321 GGTTCGCTTT

401 TTGCTICTGA

T CAGGSTAMAG ACCTGATTTT

ABATGAARAT ATAGCTARAC AGCTTATIGA 80 Set Mutation
Mut/Cons
TGGAATGARA 160
CTAAGCCA 240
Fixed Primer
3”
w0
F1
TCATICTCET
e TNl U 81
438 B2

Save Target

Design Option
O Default
Vasber of Primer Candidaves: Fis2sz, £2=343, F3SeZ3, Sis3ls, B2=3le, B3m3ss,  Flseesz,  BIEessd O common
982 Primer set(s) were generated ®
® Specific

2.Generate

Basic Designing ‘

If you can move to "Basic Designing",

1.Select Range @ ignore range
O within F2-B2
O Between F1c-B1c | -

| 982

Page [1_V/| Displayed. ~Sorting Rule [None V|

please click below.

Parameter Condition

Targeting Range

sets were generated.

Length Fle/Bic 20 2] -(2s >
F2/B2 18 = i 5 5
F3/83 18 ?)-l2s >
m Fic/Bic 60 2 -le3 -
F2/B2 55  2)-(s8 =
Fa/B3 55 2] -(s8 =
GC rate(%) 0 |-[e5 |
dG threshold S'stability 3 =,
3'stability 4 )
dimer check 25 s
Distances (F2-82) 120 3)-l180 2
Loop(F1c-F2) o  :-(e0
F2-F3 0 Sl-l20 s
Fic-Bic 0 2 - [100 s
Limitations Fic/B1c 3
F2/82 10
F3/83 3
Sets 1000
Mutation/Consensus Peculiarity \
high level | Fic S'term | ¥/ |B1c S'term |V
1 [F2stem [“[e2stem |7 /
F33term |v|B33tem [v
Ficinner (¥ |(B1cinner (¥
F2inner | |B2inner |v|
F3inner |v [B3inner |V
Fic 3term |V [B1c 3term |V
| |F2stem | B25term | |
\ | v level [Fastemn [ |s35tem | )
N

Figure9.4 Primer design window
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Click on the

“Generate” button.

Allow the
mutations at the
5’end of F1c/Blc
or at the 3’end of

F2/B2.




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 F1c/B1c.
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 pl17-27, Section 1, to select the

desired number of primer sets.

P

Confim Save List

Turn on the check box to make an order.
Push "Confirm"” button in order to transfer to page "Order".
Push "Save List" button to download Excel format file.

Primer set: sorting rule [Nonel

Tareet CTATTAGTAGRATTSATSCCACCTT TATGACCATT Taca e
(Gomplement) - g
CONSENSUS | T T |
Primer IDdGdimen11 o l [l 51 51 m il a1 LT ST PR T VIR
Ow -183 | RS coloaMiroel A B
O -232 121 aclee
Ow -232 |ta1 Bocliotte
DO 232 (] sl MrToaccaTire atthrtrachrcltct talbe TorcaToReT
O 151 (C] volrirroaccarirocss atthatorchrcltottalbe TorcaToal
e 15 (] olrlrTeaccaTice [ Y o e TorcaToleT
Owm 18 Im olrrToACoATRToCGAART [ e s TorcaToAT
Ow 169 (] et tallolittantteacalitutach 1
O 154
Oy 154
Oun 129
Oy 154
Oua 129
O 154
Ous 129
Clue 129
| Cum 129 olrclacTasleTacroolie aoalitetachtts
Ous -245 L Betock
Oos) -246 TORACTATCTACTESTOG aRetecfite
Clee) -168 HCTAITCTATCSRTONG tetecfite
Do 168 ACTAATCTACTESRTCGRS ctachtiy
Ozl -23 AAICTATCTASTO O CTAMTCTACTESRTORGA tacfite
Oz -246 ] o CTATCTACTCSTONGA: tecfite
Oia -235 A TOTTCTA TO A TAMTCTACTESATOGGA ecfite
Ops -246 )] o TAARTCTACTEQTRGAS acfit
Tareet DNA  CTATTATAGARTTGATGOCACCTT TORCAGAAT] .
Primer D5 dimer)11 1 3 w 51 ] m 81 91 W m oqa 13 s
DOpe) -23 L AT T AATCTACTCOTOGY ot
Opn -248 en < AMCTACTCOTOGAA cfit:
O -246 )] F AFCTACTESTCRGAS Rt
Cns) -169 ATCTATCTARTOITRA  CTACTCSTONGAATIRG
DOlps) -169 4 S TECTCSTCREAATIRS
O -169 . | g R e R 2
DOz 151 & gt CooacaTIRaT
O -144 oo I GGG TIRGRATC
Ol -23 B4 O T T OGGAATICRATCAS
Ois) -23% s T BT T OGGAATIRCRATCA
D) -23 ] LR S R L B =
Opn -218 B APCTATEOO R CORATCAACTCTIRCATCR:
Ciss) -201 18] SPUATEROG  CRRATCAMCTCTICATOR
Cps -183 9] AFTTATORTRG  GRATCRCTCTRCATCRS]
O 183 o) APUATEe  GRMTCACTCTICATOR
O -232 [e1] TEQSRE TS ATCAACTTIRCATOR
Oie) -232 e CTERORCATES  TCACTCTRCATER
O] -228 [8] Do e CACTTRCATCR
Owq -228 [4] ot T CAATGTRRCATCRA)
Ows) -228 [#1 Foo TR pACTCTRCATCRA)
Ous) -228 [#] Foon T AACTCTRRCATCRA)
O 228 17 oo TR | ACTGTRCATCRRA)
e -213 48] ool TRRT | CTGTRRCATCRA)
Ol -213 [es] Fock TR T RATOTRRCATCR
Oe 228 51 B TR ATOR
Tareet DNA  CTiT TATTGACCATT TACATERM]
Primer DG diner11 4 @ ] 51 61 7 81 91 FITIE TR N & I VR ]
Osn -228 611 TR To
O 228 52 BT o
O3 228 2] | LR Sl L
Opg -228 4] | S B S B
OBs) -216 [551 L SR SR |
Ose) -216 58] el il |
O -213 671 RTCRACTETRCA TR
O -213 [58] JATCRCTETRCAT
Ons) -213 s3] FaTperTeTRCAT:
Ore -213 l TCRCTCTRCAToR
O -248 511 TR
Ozl -246 fs21 TR
O3 248 [eal TR
Oteq) -248 (641 TETRRCATCR
Os) -223 - )
Oss) 213 551 et
On -248 Bn
Oiss] -246 681
Ops) 248 [631
TareET oA TRTGRCATT O
Primer DG diner)11 ] a1 ] 51 ] il Ll LTI LT TR & B VR ]
Ops] -246 0]
Oon -246 w
Ops) -246 0]
Ons) -248 91
O -246 [80]
Oien -248 11
Oz -246 Ll
Oz -248 [831
Diee) -245 B84
Oiss) -246 ]
Oss] -246
Orn -246
Oes) -169
Oiss) -188
O] -246
Ors1) -208
Oz -202
DOiss) -202
Orse 202
Oiss) -205
Olise) -246
Oun -240
Oss] -246
Oiss) -246
Do) -246
foutputs: 1000 sets] Displayed 1 - 100. Designid 050216143229
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Figure 9.5 Primer Set List window
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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

20mM Tris. HCl (pHE)
10mM KCl

SmM MgSO,

10mM (NH,),S0,

0.1% Tween20

0.5M Betaine

LAmM INTPs
16 M FIP
16 M BIP
02 M F3

02,1 M B3
(0812 M Loop-F)
(082 M Loop-B)

Modification

® Enzyme amount

©® Primer smmount (FIP, BIP)

60 10 65°C)

@ Reaction temperature (

@ Purity of FIP/ BIP (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 of primer
(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.)



Confirmation of the LAMP product 1

Electrophoresis and restriction enzyme digestion

Gel pattern of LAMP product

(using M13 gene as template)
Lane 1; Sise sarher, lane 21 and 4: templade
et of 00, 63 aad € coples, srapavtie by

Gel pattern of restriction enzyme

treated LAMP product

Lane 1: Skoe marker, lane 2 and ); son digeated
LAMP product, lane & LAMP powduct digesied w!
Hadlll

Confirmation of the LAMP product 2

Real-time
fluorescent detection

Real-time
turbidity 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

® ANTP gradually deteriorates.

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

® Diluted template DNA could easily be degraded.

i

53

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 -17

mol/tube to 10 -23 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 lowconcentration can easily
be degraded and thussufficient care is needed.
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List of terms

AT rich, GCrich:

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 GCrich.

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 mMRNA 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 willincrease.

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)
taaagaagtaagcctttatttccttgttitgca = Second line and beyond is the data
tggcttcaaccttagctggggctgcagcagcac

>AA987701(genbank-upd) <« Multiple sequences are entered in this

format taaagaagtaagcctttatttccttgttttgca

tggcttcaaccttagetggggetgcageageac

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 onthe 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
0 p.47 the LAMP method to legend (1)

54



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 aatgaaageg
// Symbol indicating sequence end

Hind III:

Type of restriction enzyme often used in experimental procedures. This enzyme is produced
from Haemophilus influenzae Rd and thus the enzyme is so hamed. 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 amplification at a constant temperature
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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)
P Fig
Y4 F2
3
. F3c F2c Flc largetDNA Bl B2B3
milis = el -
) I ——— B - p
F3 F2F1 Blc B2c B3c
LY
°B2
| Blco’
Through DNA polymerase with strand displacement activity, the following
reactions proceed at a constant temperature of about 65°C.
F1 B1
F2c ,HBZ
) F13 Blc
=
(3) > &Fl;F1c RB1
> F};z:ﬁc.- 5I131 - n;:zgﬂc B;chZuDDI
:\ - rit HBic Ficl k1 Bic
/ ™~/ ¥
T ~
F1 Blc B2c Bl ke 25 LLe B1 .
—/&- . 2 F.-‘% 3 ““2:‘:‘:;“ Fl;;;;:'E ) Blc::)c K2 /:h >
"\ ric 1 m Ble _
1 Ble Blc
Fi BicBlc Bi = _Ibm =
F2 ﬁ:.‘lc RicBL B2 Blc v Tm Bic
1
I'1e Bl T Ric
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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 AmplificationKkit:

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 1,000/(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

(Mg? etc) chelator EDTA (2,2',2",2"-(Ethane-1,2-diyldinitrilo)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 nucleicacids.
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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 ordownstream.

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 I,
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 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 - 100k bp) are
separated by agarose gels, while smaller molecular weight DNA (1 k bp 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 Targetgene.

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

ctcgaggact ggggaccctg caccgaacat ggagaacaca acatcaggat tcctaggacc
cctgcteogtg 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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