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g’lwzﬂl’as&a Genome [https://www.ncbi.nlm.nih.gov/genome]
Genome  Wugiudeyaiiusznaumesiaiugnssuiadlunvesd didiaunnn i1
1,000 viln Jsuseneulusmedoyamunnag laun siaiugnssy tasluley uwuigy wag
L2 = [ ¥ ¥ ! ¥ v v
AdnuazvesBy WWudu n1sidnggiudeya Genome @nansalnnvitiusnyes NCBI
website (§U71 1.1) lagadniiAd1  Genome (USisuvneldviade  Popular

Resources) fazouledludgiudaya Genome I (U7 1.7)

gﬂﬁ 1.7 gm%ya Genome [https://www.ncbi.nlm.nih.gov/genome]
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sUN 1.8 Snvaenaiiliannmsauaudlusaingiudeya Genome

13



Pudeyan1muTINImN

msfmumdeyadluy - asnsafiwidmiseanisaumidadiuludiudesinmiuuy
v3eIdeniiANd1 Advanced ieldsyuu Advanced search lumsaumdeyadluseia
Jmgld  wenanfanansaiingiudeys  Genome  laeiteuledwnain  Related

. . a v 12 [ <\ v o 1 1A & o
information  vasunaNumAumlaINgIuteya  PubMed Ale Fograguiianial 91
influenza A virus u&Ran7iA31 Search AagldnansdumIlundaguil 1.8 waillsann
NNSAUMT Genome NdARY LAwA
® Lineage Wunsszuloans wazoyunsisIuveddditin
I v lﬂl v alf 1 =X [J =
® Summary WWudeyaasuifediudluy wu vwiedluy I1uulusiu wag GC%
® Publications 1Hun138198sunANNMABITRITUT UL AE UAY
® Representative \Judoya reference genome (Flunsuuuuvesdddinusay
yilp) dmsuldlunmsSeuiieusnedesiely Feuseneulumedeya reference
sequence (RefSeq) uag accession number (lavswavesiaralelng) Feanuse

Woulealudgudeya Nucleotide 161

gm%’ayja Nucleotide [https://www.ncbi.nlm.nih.gov/nucleotide]

Nucleotide Huprudeyaiinusudduiadlelndvesdsdiiiinanvane
wiasoua laun GenBank, RefSeq, TPA uag PDB m3ingdgiudaya Nucleotide a1313a
iharamtusnues NCBI website (5U7 1.1) Tngadn#idnd1 Nucleotide (U3hasnuw
aefléhadie Popular Resources) fAvzidealodludsgudoya Nucleotide 1¢ (5U7l 1.9)
TnganinsafanisndfyfisosnsiumldadiUlududesienuuy vaidondid1in
Advanced iBlfszuu Advanced search lumsdumdeyadianalolndetnadmels
uenniianansadngiutea Nucleotide Tneiieslesnain Related information 09

unANRiAumleaIng1uteya PubMed vseenlesann RefSeq 1ng1utoya Genome

Alsl Msuanwatoyailidlelnaiivarsguuuu (UA 1.10 waz 11) laun

14
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Aoy = a ada =~

GenBank Junsuaninaiifoyasisanden il Yoddidin Jedu Accession
no. BUNTIISIN UNAIUBIIBY WNAININYeWIege ANNEIVedY duvesdu

Pdas1alusiu ansunseesiily wazdarsuiiralelng

' '
A A Aaa

Summary {Wumsasu¥edadidin Fedu anue1ivesdu uay Accession no.

' '
a aaa A A

FASTA {WunsasU¥edadidin Jodu Accession no. wazarsuinalelng

gﬂﬁ 1.9 gmﬁi’faﬁda Nucleotide [https://www.ncbi.nlm.nih.gov/nucleotide]

wanANUsansaiendds Send to (UM 1.11 suauw) iedgloudaya

I | a 3 Yy = & ada ° Y] o = v a
LLa%U‘U‘V]ﬂL%W%ﬂﬂ@NWQL@aﬁmaﬂLﬁqiﬂ ‘?j\?LUu"JﬁV]L‘VTN']gaﬂaqﬁﬁUﬂquUV]ﬂmaaaﬁaflEJ"'] YU

(%

wioue fu lnefigduuulviden dail

Complete record ﬁuﬁﬂsﬁa;&ﬂ%azlﬁmmuﬁmemﬂ,u GenBank format
Coding sequences Uufindayaluwuu FASTA format wesisuilimdlolng
wissdunsmeviluiiasnanannduiug

Gene features Uufindoyaiunuy FASTA format

Tunthsinenisuananainpdlelnauuy summary (3U 1.11A) 98 link Mwesles

IUgdoyasiney Mnedes léun BioProject, Protein, PubMed wag Taxonomy Jusiu

15
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UM 1.10 3ULUU GenBank format lunsuanawailipdlelnaaingiudeya Nucleotide

16
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gﬂﬁ 1.11 JULUY summary (A) uag FASTA (B) Tumsuanawaaingiudeya Nucleotide

17
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g’m‘t’fas;}a Protein [https://www.ncbi.nlm.nih.gov/protein]

Protein  Wugiudeyaisivsulisiuainnaneunasioya  loun  GenPept,

RefSeq, Swiss-Prot, PIR, PRF Wag PDB n1sidnggiudeya Protein a1ansainainuiusn

Y84 NCBI website (3U71 1.1) WandniifAn31 Protein (Ushisuwnanglaviade Popular

Resources) fazdeslosludsgiudeya Protein 1 (3UT 1.12) Inwanunsafiuviddn ey 7

foansaurtdastulududosinnuuy wseldeaniienin Advanced  ieldssuu

Advanced search TunsAumdeyalusiuldegedime wenanianinsadigiuteya

Protein Iﬂm%@iﬂ‘émmf\]’m Related information mﬂgwu%’a;&a PubMed #%38 Nucleotide

Al Msuanmadoyalusiuiivatesunuy (JU7 1.13 uag 14) ldun

[ [

[ ) = & 4 a ada = =
GenPept  LUunsuanwaiiiiveyasivanden il YedWWin  Yelushu
Accession no. BUNTIAEIU UNAIUDNDY WNAITIINUBIAIDENT  dIus19989
TUshiu mnueIveenIaesily wagasunsnesily

< 4 o Ada = ™ a
Summary  Wumsasudeddliin  Yelusiu  Anuevenseesily  uaw
Accession no.

FASTA Jun1sasUiedsdidin Yelushiu Accession no. uazadunsnewiilu

§1J17i 1.12 miusnvesgudeya Protein [httpsy//www.ncbinlm.nih.gov/protein]

18
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LOCUS ADI49821 469 aa linear VRL 12-0CT-2011
DEFINITION neuraminidase [Influenza A virus (A/Thailand/CU-H88/2009(HIN1))].
ACCESSION ADI49821
VERSION ADI49821.1
DBLINK BioProject: PRJNA37813
DBSOURCE accession HM446344.1
KEYWORDS .
SOURCE Influenza A virus (A/Thailand/CU-H88/2009 (HIN1))
ORGANISM Influenza A virus (A/Thailand/CU-H88/2009 (HIN1))
Viruses; ssRNA viruses; ssRNA negative-strand viruses;
Orthomyxoviridae; Influenzavirus A.
REFERENCE 1 (residues 1 to 469
AUTHORS Prachayangprecha,S., Makkoch,Jd., Payungporn,S., Chieochansin,T.,
Vuthitanachot,C., Vuthitanachot,V., Theamboonlers,A. and
Poovorawan, Y.
TITLE Serological analysis of human pandemic influenza (HIN1) in Thailand
JOURNAL J Health Popul Nutr 28 (6), 537-544 (2010)
PUBMED 21261198
FEATURES Location/Qualifiers
source 1..469
/organism="Influenza A virus
(A/Thailand/CU-HB88/200% (HINL1))"
/strain="A/Thailand/CU-H88/2009"
/serotype="HIN1"
/isolate="CU HB88 NA-1"
/isolaticn source="nasopharyngeal swab"
/host="Homo sapiens"
/dbixref="taxon:794876"
/segment="6"
/country="Thailand"
/collection_date:"Aug—Z009"
/note="lineage: swl;
passaged once in embrycnated chicken eggs"
Protein 1..4€9
B /product="neuraminidase"
Region 85..465
/reqioniname:"InfluenzaiNA"
/note="Sialidase or neuraminidase (EC 3.2.1.18) of
Influenza wviruses A and B; cdl5483"
/db xref="CDD:271235"
Site order (98..99,102,104,107..108,110..113,126,136..137,139,
""""""" 141..144,153..155,163..166,168..170,172,174,179,196..198,
201,203,205,207,211..213,215,217,408,419,448,450,452..462,
465)
/site type="other"
/note="tetramer interface [polypeptide binding]"
/db xref="CDD:271235"
CD3 1..46€9
/gene="NA"
/coded by="HM446344.1:1..1410"
ORIGIN
1 mnpngkiiti gsvcmtigma nlilgignii siwishsigl gngngietcn gsvityennt
61 wvngtyvnis ntnfaaggsv vsvklagnss lcpvsgwaiy skdnsirigs kgdvfvirep
121 fiscsplecr tffltggall ndkhsngtik drspyrtlms cpigevpspy nsrfesvaws
181 asachdginw ltigisgpdn gavavlkyng iitdtikswr nnilrtgese cacvngscft
241 wvmtdgpsdgqg asykifriek gkivksvemn apnyhyeecs cypdsseitc vecrdnwhgsn
301 rpwvsfngnl eygigyicsg ifgdnprpnd ktgscgpvss ngangvkgfs fkygngvwig

UM 1.13 JULUU GenPept format Tunsuanalusiiuaingudeya Protein

19



Pudeyan1muTINImN

;nJ‘ﬁ 1.14 JULUUMILAAIHA summary (A) kag FASTA (B) a1ng1udeya Protein

wanANUsansaiendds Send to (UM 1.14 suanuw) iedgloudeya

Y

= A o W A v o o= Y a s Yy = & aaa
IUiWu%ﬁ@a']ﬂUﬂiﬂ@%ﬁﬂ;u‘ﬂqﬂgquma%la LLa%‘Uu‘V]ﬂL?nQﬂE]ﬂJW'JW]E]ﬁSUENL'TIVLW FAYUITN

winzaudmsunstuiindoyaviates WUsiundouq duldednesings  dmsumsuans
WAlUSAULUY summary (U7 1.14A) a#dl link Miweslealugdayasingg Mfetas laun

Structure, Nucleotide, PubMed, Taxonomy &g Related sequences W

;5‘1]‘17; 1.15 MﬁﬂLLiﬂ%ﬂgWéﬁaga Structure [https://www.ncbi.nlm.nih.gov/structure]

20
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gudaya Structure [httpsy//www.ncbinlm.nih.gov/structure]

Structure Wugiudeyalassaiisansiimvesanstluana 159usman Protein
Data Bank (PDB) wazuUszneusuiniesdiodmiunsdiassninansiifnaznnsiiasiz
Wisuiteulassadis msdhdgiudeya Structure (Ut 1.15) Tasanansodunidndfgy 7
dosmsiumldaslulududoriediuuy viedondididin  Advanced  iteldszuy
Advanced search lumséumdeyalassairsansfiflfesnsdnme uenarntannsodh
gudeya Structure Taeidoslosnain Related information 91ng1udeya PuoMed 3o

o

Protein ity Mswanwadayalassas1eanudid (U7 1.16 uay 17) danuaweall

JUN 1.16 3ULUU summary Tumsuansalassasisanuiifiaingiudeya Structure

MIUARINANITAUMIATIATEUTRLUU summary Fzuandayasie laun

o Folassadianuiii Jsannsananiiledenlodlugsuaudusue dlassanuiiils
® Taxonomy LHunsuanieynsIisIuYedETin

e Proteins Wumsszydunlusiuiiduesiuszneveglulassadns 3 SAdinann
® Chemicals iumsszydnnumsiaiiiansaduivlassadaanudfdngn

® Modified \un1sszyiu/wew/U Alimsusuugdeyavedlasiadaanudifisnan

e MMDB ID {Wunsssysiauszandmlugiudaya Molecular Modeling database

(MMDB)
® PDB ID Wumssrysausednsalugiudeya Protein Data Bank (PDB)
o Link Weslodlugieyaduq éun

" View in iCn3D geauiBalasaseaudii Ineldlusunsy Cn3D

21
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" Similar Structures AUMANSTILBNANILATET IR 8ARIY
" pubMed WwasledlugnisensBaunanide lugiudeya PubMed
" proteins Weslesluglusiu lugiudeya Protein

" Conserved Domains AuM@U domains vadlusiuniianwuzeusny

U [

" pubChem Compound AuyMasiATnTUduiusiulAT@swIngn

eandualassaianuiinnliangiudeya Structure (UN 1.17) idfey laun
® (itation Li‘ﬁlu%a:gaa”wqﬁqﬁqwmm‘i%’aﬁﬁmmlmqa%aamiaﬁaﬂén

® Biological Unit Wudayamedininvedasaing Usenousie
" Molecular graphic  1umsuandlassadneenulin  wagszyiIuau
subunits vadlUsiu
. a = QA'QA a o v 6 o ¥ aa
" |nteractions sryvlaveansTIluananIufduius fulaseai1senuiis
" Download Structure Data @1¥nsan1tlvandayalassasisanuiinla
® Molecular Components Ludayanieqdineivedasaiy Ussneude
" Proteins syytiiawazdnuiuvedlushuiiiudiuuszneululas waing

¥ U Y

" Chemicals sruviakardnuiInvesansiimiuduiusiulassasneany

(9

1mnanan?
ety anguit 117 Wumsdundeyalassaisansdidvoneules

neuraminidase maﬁah%’ai%ﬁmimgmaﬁuﬁ HIN1 (HIN1 influenza A virus) wuanil
toyatiaula Ao teulnifsnanddnuumiy tetrameric Uszneuselusiu 4 migeos
Tneifduiusivansiadl dus Téun

® calcium ion SIuLaqa

® 5-N-Acetyl-3-(1-Ethylpropyl)-1-Cyclohexene-1-Carboxylic Acid 4 IuLaqa

® 4-(2-Hydroxyethyl)-1-Piperazine Ethanesulfonic Acid 4 T,maqa

® N-Acetyl-D-Glucosamine 14T,§.JLaqa

22
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UM 1.17 eavdenlassaisanuliinliaingudeya Structure
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A5ATIALATIES 19 anuTRal8TUsKASY Cn3D

PNWALATIETEUTAIINg IUTeYA Structure (FUN 1.16) vneanil View in

iCn3D Azdleslufinnsanlassastsaufifneluswnsy Cn3D Fanunsausuasunis

Asgazdeavedlaseasne loun (U7 1.18 uag 19)

File anansalngloya viseduiindeyalasasneanuil

Select 1@onuant viauamedruiiaulalasaiisanuiia

Style U%"UEULLU‘U%QJ protein, side chains, nucleotide, ligand, ions wag water
Color VSuasuduasliana vieeznousiey lulassaieansdia

Surface UsuiAugdnuuiufinvedlmanalulassadnsanu

Analysis AT1ENLATIATIS LU F28er1e URAURUS wasiusenaunling

Other USuyuues N1580WIA NM3VeEIUIN waznsvyulasase Wudu

UM 1.18 Msuannalaseassanuilmsnglusunsy Cn3D
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sUT 1.19 msUfuasuguuuuiag (style) vedlassaiisansdii shelusunsu Cn3D
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g’m‘t’fas;}a Taxonomy [https://www.ncbi.nlm.nih.gov/taxonomy]

Taxonomy \Hugnudeyaiiuansiouazeynsisiumaiugnssunesdaidin s
L%’]gjgmsﬁa;&a Taxonomy @11150L01310 https://www.ncbi.nlm.nih.gov/taxonomy
(5UT 1.20) Tnwanansafanidnddgiidasnmsumldadiulugudasingdhuuy vieidon
fifin Advanced Iiteldszuu  Advanced search lumsdumdeyasynsuisiuves
Aditinlfednedme  wenaniannsadigiudoya  Taxonomy lnedeslewnain

Related information ﬁ]’mgm“ﬁa;&a PubMed 138 Nucleotide, Protein %38 Structure A

19 Mswanmatoyaaynsiisiy (3UN 1.21)

5U# 1.20 mihusnvesgudeya Taxonomy

[https://www.ncbi.nlm.nih.gov/taxonomy]

HANSAUMNBUNTIISIUYRIENTIN Asianstoyariey laun
® Taxonomy ID {Wumsssysiauseansmlugiudeya Taxonomy
. o d' a 3 a ada
® Scientific name BENIIINYIFNANTVDIAINY I

® Llineage Uunsszysynsiionuvesdili®in  leeuvalu Kingdom, Family,

Genus, Species Wag Subtypes Judu

26
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Saa £

JUN 1.21 manmsAumeunIiisTuYesddlidiningiuteya Taxonomy

gﬂu“i’faga OMIM [https://www.ncbi.nlm.nih.gov/omim]

OMIM (Online Mendelian Inheritance in Man) \JugiudayavesBuuazainy
AnUnfivnaiugnssumesuywdiistedumsifnlsa  madhggudeya OMIM anansa
W19 https://www.ncbi.nlm.nih.gov/omim (E‘U‘ﬁ 1.22) Iﬂﬁlmmmﬁmﬂﬁﬁﬁﬂﬁmﬁ
dosmsiumldaslUlududoriadiuun  viedondididin  Advanced  Wieldszuy
Advanced search lumsfumdeyaldesissime msuanmadeyaiildann oMM 3

[

Svug (U 1.23) dail
e Title Foduviily
® Alternative titles or symbols Je8u vSedudnuvadedevesBudug ALy
® HGNC Approved Gene Symbol Lﬁu%agummgmﬁw
® Cytogenetic location {Wumsszysunisvasuuulaslulay

® Genomic coordinates Lf]umiisqﬁ%mﬁﬂﬁuaﬂgﬂu genome sequences

27
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. . < Y a =2 a
® Cloning and Expression Jun1591484N15MAa09ANwIN1SUaAI0BNYBIEY
® Gene Function Lunssyynthfivesdulaesrsdinnisfinenide

® References LWun199198989UnANATENAEI T4

Ul 1.22 wihusnvesgiudoya OMIM [https://www.ncbinlm.nih.gov/omim]

* 609209

INFLUENZA VIRUS NS1A PROTEIN-BINDING PROTEIN;
IVNS1ABP

Alternative titles; symbols

NS1-BINDING PROTEIN; NS1BP

NCX DOWNSTREAM GENE 1; ND1

KIAA0850

HGNC Approved Gene Symbol: IVNSIABP

Cytogenetic location: 1925.3  Genomic coordinates (GRCh38): 1:185,292,366-185,317,328 (from NCBI)

TEXT

» Cloning and Expression
» Gene Function

v Mapping

By radiation hybrid analysis, Nagase et al. (1998) mapped the IVNS1ABP gene to chromosome 1. @

» REFERENCES

UM 1.23 nansAumduiazanuinuniniaiugnssuangIuteya OMIM

28



Biological Databases

PNE1TD19D9 BAZHULUIB UL

1. How to: Find published information on a gene or sequence
[https://www.ncbi.nlm.nih.gov/guide/howto/find-published-info-gene-sequence]

2. How to: Find the function of a gene or gene product
[https://www.ncbi.nlm.nih.gov/guide/howto/find-func-gene]

3. How to: Find transcript sequences for a gene
[https://www.ncbi.nlm.nih.gov/guide/howto/find-transcript-gene]

4. McEntyre J, Ostell J, editors. The NCBI Handbook [Internet]. Bethesda (MD):
National Center for Biotechnology Information (US); 2002.

[https://www.ncbi.nlm.nih.gov/books/NBK21101/pdf/Bookshelf NBK21101.pdf]
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grudaygamenulaainen

Virological Databases

v o

UBNIINGIUTBUAN A IUTIN N Jagtudsligudeyaamenisnulia

S Y
[

wendeldlumsiiuniusndoyalddndneg  Anedudehsa  waglsaiinainnishin

Weolida Tuniidwendifiegiudeyamemnubiiaineidfyuasdeuldordadunuide

o

o

MaaulsaIne sadl

gm%’as&a ICTV [https://talk.ictvonline.org]

Lﬁugmﬁagamaa International Committee on Taxonomy of Viruses (ICTV) i
fealifuundsdrdanaspuanalunisdasiuuneynsis (taxonomy) veadelisa
(U 2.1) Taegudeyansiims update doyalviuatvegiaue usnanigldansn
paflsian ICTV Master Species Lists fadulidfisiurudeynoynsisuvedelia
savualugrudoyauntdld Yaathu ICTV @ 2017) Simsifudeyaeynsiisiuveadslia

ToenUseandy 9 orders, 131 families, 46 subfamilies, 803 genera Wy 4853 species

gﬂ‘ﬁ 2.1 g1uteya ICTV [https//talk.ictvonline.org]
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g’m‘t’fas;}a ViralZone [https://viralzone.expasy.org]
LﬂugﬂuﬁayaﬁianaMLﬁawwLﬁaaﬁuaaﬁﬁmmﬁumﬁab%’a lown  eynsaisnu

(taxonomy), aun1ALITa (virions), MsiNsIuIY (replication cycles), fTUvURITaS
(cell receptors), Ufduiusssninahidauazsiwadiantau (host-virus interactions) wae
Aaun1svesRlun (virus genome evolution) TAYLAAINATILUNAINANYAYITULUDY
Wola¥a (Baltimore classification system) il (gﬂﬁ 2.2)

® Group |: double strand DNA viruses

® Group lI: single strand DNA viruses

® Group lll: double strand RNA viruses

® Group IV: positive single strand RNA viruses

® Group V: negative single strand RNA viruses

® Group VI: RNA reverse transcribing viruses (retroviruses)

® Group VII: DNA reverse transcribing viruses

gﬂﬁ 2.2 g1utaya ViralZone [httpsy//viralzone.expasy.org]
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gudaya ViPR [httpy//www.viprbrc.org]

Jugudoyadmsunsduaiideya uazmslaszideyanieadnine1venis

=

137 BeUseneause 3 dwwen (FUN 2.3) loun

® VPR Search Tools lddmsumsaumdeyasne) Metesiudelida  wu
genome, protein, 3D structure, strain, immune epitopes, antiviral drugs L&y

host factors LUy

® Analysis Tools Mdmsuiemeitayamsondinervesdolsa W identify
similar sequences (BLAST), identify short peptides in proteins, metadata-
driven comparative analysis, sequence format conversion, PCR primer
design, genome annotator, align sequences, analyze sequence variations,
visualized aligned sequences Wag generate phylogenetic tree Judu

® \Workbench Lﬁuﬁ%uﬁl‘ﬁumiLﬁUﬁuﬁﬂ%’mﬂaﬁiﬁﬁﬂﬂﬂ’]iﬁu%’] NIDMTIATIEN

AINa19199U LazanuTa uploads Waewns Wisdsaeliiveusiunuls

g’m%’agja VIPERdDb [http://viperdb.scripps.edu/index.php]

Virus Particle Explorer database (VIPERdD) ugnudeyaiisausalasaing
icosahedral capsid veudelita %Qﬁ%@;&awaﬂagﬂLLUU (E‘dﬁ 2.8) laun X-ray structures,
Cryo EM, helical structure, non- icosahedral structure, modeled structures, crystal
information, nucleic acid organization &% hetero atoms uaamn‘ﬁé’aﬁ utilities Lﬁa
Tolunsiesignt 1aun family association energies, oligomer generator, icosahedral
server, map a residue, virosphere, gallery maker, contact finder, lattice matrices,

PDB to VIPER, amino acid information, secondary structure information ag

CapsidMaps Judu
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gﬂﬁ 2.3 g1utaya ViPR [http//www.viprbrc.org]

31]171 2.4 37uvaya VIPERdD [http//viperdb.scripps.edu/index.php]
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gudaya IEDB [https//www.iedb.org]

Immune Epitope  DataBase (IEDB) Lﬁugmﬁaaﬂaﬁsamamﬁj@mLﬁaaf‘ﬁ"u
immune epitope finszduszuuniduiu Tnouvseenidu 2 daw (Ul 2.5) liun
o Scarch dwsuldlunsdum immune epitope Tnsaninsadendernlunsium
Tonn epitope, antigen, host, assay, MHC restriction lag disease Vg
® Epitope Analysis Resource Tglunsipsiziuagyinulesige wu
® T cell epitope prediction
® B cell epitope prediction

®  Epitope analysis tools

Ul 2.5 rudeya IEDB [httpy//www.iedb.org]
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g’m‘t’fas;}a VirHostnet [http://virhostnet.prabi.fr]

Jugudeyafissusulleniferdiuujduiusseminaddsiurendelda  uaz

TUsAuvaIwaalentnu lagnuseandu 3 du (5UN 2.6) laun

Y

® Search lddwSunisAumdeyaseg  laud  protein, domain, pathway

taxonomy Wag publication (Jusu

® Browse lWdmiulviuansdoyamuzuuuusieg Wu Baltimore group, Family
rank WLy Species rank Judu
® Interology web service dwsuldleyadidunsnesiiluiaulaadly  9nuu

£ 6

TsunsuasSeuiieuiuguteyaitese yudusiusvedusiu

9

g‘ﬂﬁ 2.6 ;a;'m%’a;ga VirHostnet [http://virhostnet.prabi.fr]
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g’m‘t’fas;}a NCBI-VVR [https://www.ncbi.nlm.nih.gov/genome/viruses/variation]

WR (Virus Variation Resource) \ugnudoyanilaves NCBI fisausauaisuiang
lolnd waznsneziiluvestelsanianunainaievaiugnssugs Sadnasduelaa

yinftanansanelsafindogiil (U 2.7) 16
® Influenza virus (E‘U‘ﬁ 2.8)
® Dengue virus (E‘Uﬁ 2.9)
® Zika virus (3Uf1 2.10)
® West Nile virus (Ul 2.11)
® Rotavirus (E‘Uﬁ 2.12)

® MERS coronavirus (’g"d‘ﬁ 2.13)

® Fbolavirus (E‘U‘ﬁ 2.14)

Tnganmnsansenlunisrumdeyaliinning Wy Type/Species,  Host,
Region/Country, Protein/Gene, Genome region, Subtype, Sequence length,

Collection date Waz Release date tHudu

gﬂ‘ﬁ 2.7 NCBI-WR [https://www.ncbi.nlm.nih.gov/genome/viruses/variation]
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5U# 2.8 1udeya Influenza Virus Resource Midalleasnann NCBI-VWR

Ul 2.9 g1udeya Dengue virus database idoslesnan NCBI-VWR
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Ul 2.10 grudeya Zika virus database Midealosnain NCBI-WR

U 2.11 1udieya West Nile virus database ideslosnain NCBIWR
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Ul 2.12 grudeya Rotavirus database #idoslesnan NCBI-VWR

Ul 2.13 g1udeya MERS coronavirus database 7iidiealessnann NCBI-WR
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sUl 2.14 rudfeya Ebolavirus database idoslosnain NCBI-WR

1%
[ v =

wenInifdigiudeyaamzveadehifaudasyianianinsanels Aguussluy we
Taun Hepatitis B virus, Hepatitis C virus, Human immunodeficiency virus (HIV),
Influenza virus uag human papillomavirus (HPV) sy Tunfidweiwuzgiudeyai

Aedusuidnhsandazyiin fed

o

udeyadwmiualfadudniaul (Databases for hepatitis B virus)
® SegHepB [http//www.seghepb.com]

&, 1% = v a ¢ v ea Yy o &
Lﬂu;ﬁsqusﬂa%aLﬂUQﬂUQIum LLazmi’JLﬂiwwmiﬂmElwuﬁj/lmmsuaﬂﬂumwaEH

mulisavesdelsasusnaud (SUN 2.15)

Y

® HBVdb [https://hbvdb.ibcp.fr/HBVdb/]
= D a o & [ = D v v =
Jugudeyaneriudehadiusniavtlesiame  gldamnsofumdeyailuy
LAZAIUMAINVANENIINUGNTTL  NiaunsanInsalneiasuiiandlolng  uunane
g wagdwsieinsnaeiusninetesiunishesimubifavestelsadusnaud (U

i 2.16)
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31]17; 2.15 g’lwflja;da SegHepB [http://www.seghepb.com]

518l

The Hepatitis © Virus catabase
[ HOME i HBV i QUERY [[_ANALYSIS ]| HBVDB i

Welcome to the HBVdb home page !

The specialized Hepatitis B Virus (HBV) database, HBVdb, allows the researchers to investigate the genstic variability of the virus
and the viral resistance to treatment. HBV is a major health problem worldwide with more than 350 million individuals being
chronically infected. The main drugs used to treat infected patients are nucleos(t)ides analogs (reverse transcriptase inhibitors).
Unfortunately, HBV mutants resistant to these drugs may be selected and be responsible for treatment failure. HBVdb contains a
collaction of computer-annotated sequences based on manually annotated reference genomes. The database web interface allows
static and dynamic queries and provides integrated analysis tools including sequence annotation, genotyping and drug resistance
profiling.

The current HBVdb release is 43.0 with 88219 entries and was last updatad on 2018-05-10 (ses news).

The HBVdb service has been accessed 285465 times by 17940 unique users since 2012 (see statistics).

If you use HBVdb in your work, please cite Hayer J. et al, Nucleic Acids Research, 2013 (see about).

Please use the menu bar above or the submit buttons below in order to access the Hepatitis B Virus Database (HBVdb) resources.

A brief description of each resource will appear when the pointing device pauses over a menu or a button. You can find more
explanations about how to use these resources in the help page from the HBVdb menu (see help).

Query Dataset [STTeLNTEY

sUT 2.16 grudesa HBVdD [https:/hbvdb.ibepfr/HBVADY/]
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® HepSEQ [http://www.hepseq.org]

Juguteyanisiusindeyampndinvosthenifnde  wazsyuIning1veuie

o

hsadudnaut Tulagdugudeyailasiuniuteyavewtheliinnanin 6 Wusie uazdl

'
Ly A

aeuiirdlelnaventalisadusnauiunnnin 8 WuMIBg1e wenanldatinsasilaly
nmywseiseudisuaduiandlelng  msdnuunaneiug warlinseinsnatenusi

Weadesiumshessuhisaveadehisadusnaud (3Un 2.17)

gﬂﬁ 2.17 g1udeua HepSEQ [httpy//www.hepseq.org]

® HBVRegDB [http://lancelot.otago.ac.nz]

Dugudoyadiiun1sinsievivn regulatory sequences uuduiiandlelva

a

A o & v v @ = 9 O o A A a ¢ =
‘Vﬁa"ﬂiu&lsl]aqLsﬂalﬁia@‘UE]ﬂLaUU (EUV] 2.18) Wiallmﬁlllﬂiaﬂllaiurﬂﬁ’)LﬂﬁqgﬁL‘UiEJ‘UL'V]EJU

o Y Aa v

aduihmdlelng msAumuIaeusny (conserved regions) waglassai1ampeiives

21510U (RNA secondary structures)


http://www.hepseq.org/
http://lancelot.otago.ac.nz/

Virological Databases

gﬂ‘ﬁ 2.18 g’luﬂsf@aﬂa HBVRegDB [http://lancelot.otago.ac.nz]

Fudeyadwmiualiadudniaud (Databases for hepatitis C virus)

® | ANL HCV Database [http://hcv.lanl.gov]

o v a

ugrudeyansiuruaduiandlelndvendolsasiudnaud (HCV sequence

o a1 v

database)  wazdeyasvuugiAuiuisesuiehidadusnaud  (HCV  immunology
database) U CTL epitopes, T helper epitopes taz Antibodies WiauvisiliATeile
ANTUNMTIATIZIRNN9) 11U search, alignment, sequence analysis, phylogenetics lay

format converter (Wufu ('i‘lJ‘ﬁl 2.19)

Y

® euHCVdb [http://euhcvdb.ibcp.fr]
I~ 4 dl v dl o o o a = I3 = ¥ aa
Juguteyanisrusindeyaieiudduiindlolng Tsiu uazlaswaisauia
Anevesdinhsasudnaud nSounadlmsasdiodnsunisimsisian suiiaeal alna

U5k waglassadreanuld (SUN 2.20)
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31]1'7; 2.19 g7udaya LANL HCV Database [http://hcv.lanl.gov]

Ul 2.20 rudeya euHCVdb [http://euhcvdbiibep.fr]
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g’lu%'m;!aé’m%’lﬁ’a‘lﬁaLaﬂjlaa (Databases for human immunodeficiency virus)
® Stanford HIV Drug Resistance DB [http://hivdb.stanford.edu]
Hugnudoyaiinusadeyamssnnifiiomesiubia nanseddn auauda
voutiolida arumarnvanemeiugnssy uarduunduaeiudineg vesdolmerle
3 uhasuiludeyamnudaiusiuseg (Ui 2.21) ldun
. maﬁuﬁ:mau%ah%’auaxmi%’ﬂm;:iﬂ:]a (genotype-treatment)
. maﬁuajmau%ah%’a LLaxﬂmamﬁamawﬁalﬁa (genotype-phenotype)

" aefiuguentalisa waznanepailn (genotype-clinical outcomes)

gﬂ‘ﬁ 2.21 ;ﬁ;’lu‘i’fa;&a Stanford HIV Drug Resistance DB [http://hivdb.stanford.edu]
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® | ANL HIV database [http://hiv.lanl.gov]
Wugudeyaiisrusmardiuiadlelndveadohiaesled (HIV sequence) wa

MsNAAeUIATY  (vaccine trials) 1w nonhuman primates wagdayan1amuszuy

Y

fduiu (immunology) semudelisaevled nSeunsliniastlednsunsinsei

al

JULUUANY WU search, alignments @ tools fnee) Wusu (3U7 2.22)

@)

JUN 2.22 g1udaya LANL HIV database [http://hiv.lanl.gov]

® DbNAber [http://bnaber.org]

I Y ~ a a a1 A o & Y] =
Jugudeyanisiusiuweudvedviianeg  iTnesewelsaesled (oroadly

a

neutralizing HIV antibodies) waganunsaiaseiiUssuiisunsduiuseniInaweauiven
yia1e waswelifaylelaneiuganeg  dehslunsyuiumsiauniadumueliia

a

waledld (Uit 2.23)
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gﬂﬁ 2.23 gm%’e}ga bNAber [http://bnaber.org]

g'lu%'aag,aém%'uﬁ}'a‘h%'aﬂﬂaiam (Databases for papillomavirus)
® PAVE [https://pave.niaid.nih.gov]

Papillomavirus Episterne (PAVE) iugnudoyaiisiusiudoyailun u way
TUsiuwes papillomavirus  finumsindercluay wazdniadnse geasznoude 3
dundn (§UA 2.20) oA

" Search Jumsfumdoya Flun du TWiiu laswasisanulii wazgunn
A Tesiy papilomavirus aeuganag

" Analyze Lﬂumﬁmwﬁ%@;&a louA multiple sequence alignment,
protein structure viewer Wag L1 taxonomy tool Juiu

" Explore Wumsdrsnagiudeya lneudseendu reference genomes,
variants, transcript maps, proteins, epigenetics, taxonomy, review

chapters, image viewer, movies Wa¥ phylogenetic tree Dudu
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Ul 2.24 grudleya PAVE [https//pave.niaid.nih.gov]

® HPV T cell Antigen Database [http://cvc.dfci.harvard.edu/hpv/index.php]
Wugnudoyaiisiusndeya uazmslesziiftuszuuniduiuiineuaus s
{0 human papillomavirus (HPV) SsUsznaudg 3 dumdn Teu
®  Search ﬂ’liﬁum%;ﬂa lauA HPV viral sequences, HLA ligands tag T-
cell epitopes finauaunsso HPV Hudu
" Tools wdeddlolunisiesisd 1dun BLAST, alignment, variability
analysis uay view epitope LJusu
" Classification uszuunsdnuunaieiiugues HPV  laswisoanidu

family, genus, species W8z genotypes (’gjﬂﬁl 2.25)
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g‘ﬂﬁ 2.25 HPV T cell Antigen Database [http://cvc.dfci.harvard.edu/hpv/index.php]

gudeyadwiuelfaldnialug (Databases for influenza virus)

waN3IINgIUTaya Influenza Virus Resource (IVR) fioglu NCBI-VVR finanaluien

¥

14 ¥ (Y =  a ¥ [ dy Y Y v 1 v
VAU YIUFIUYDUAAIALYBDUE) '1/]LﬂEJ']sUENﬂUL“UabL'ﬁﬂ"LGUﬁ’WﬂMEQ NU

® |RD (Influenza Research Database) [http://www fludb.org]

Jugrudeyaniisluuvasnnderaisndiadu  VIPR usd IRD  asiudmsuns

Y

Auai1deya  wasmsleszideyanvenivinerveade hifalininlvalesiame @

Usznousey 3 daumdn (3U7 2.26) lsuA
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" Search lddmiunisAumdeyasingg fiedesiudelsaldninlag
L sequences & strains, animal surveillance, sequence feature
variant types, 3D structure, immune epitopes, antiviral drugs Lag
host factors \Judu

= Analysis Tools ddmiuiesgidayamsendiveivesdohia wu
sequence alignment, phylogenetic tree, sequence variation (SNP),
Metadata-driven  comparative  analysis, HPAI  H5N1 clade
classification, swine H1 clade classification g BLAST Vg

" Workbench L‘Tludaums{’ﬂumiLﬁuﬂ’uﬁﬂsﬁa;&aﬁlﬁmﬂmiﬁum NIDNT
Jpseisinanntnadiu uazanunse uploads ieweuns wiedwel

Weausuanula

g‘dﬁ 2.26 gwuﬁﬁa;&a IRD (Influenza Research Database) [http://www.fludb.org]
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® |VDB [http://influenza.big.ac.cn]
I 14 dl o U a ¢ L3 o % a dy % 14 %
Jugudeyansiunuaduiadlelnd  uazddunsneviluveadehiialinin
gy Teganunsossanlunsfumdeyaliunning Wy Type, Host, Country/Region,
Segment, Year waz Sequence length Wusiu (3UN 2.27) wuenanfidfiwsediedmsu
Iﬂumimm’wﬁsﬁayja WU sequence distribution tool, sequence quality filter

system, sequence BLAST, multi-alignment, phylogenetic tree builder, protein

structure view W@z sequence polymorphism 1Jusu

gﬂ‘ﬁ 2.27 nudeya IVDB [http/influenza.big.ac.cn]

® OpenFluDB [http://platform.gisaid.org]
Id v PN o W a =l s o w a z:qu o Y v
Jugrudeyansivnuaduiiedlelng  wazddunsaesiiluvesdelisalinin
gy lwanansadsrnlunisfumdeyaldunning W virus type, HA subtype, NA
subtype, lineage, host, continent gz country usiu (3UN 2.28) wuenainfiaaninsn
¥ aa vy a d” o Y 1 1 [
wanstayanisadnamusruimie1veadelisadldndalvg lnsuueonidu
" Graphic plot N5M95EnINUNTEUIN wazTIIUERATBNILAN
" Geolocation LAMSWUNTIZINTIZUIAUULNUTLAN

" Similarity map N31MkEAIANLMTBUTENINENSUENITUYRNTR LT A

T inlugjaneiugeineg
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;Jﬂ‘ﬁ 2.28 g1udaua OpenFluDB [httpy/platform.gisaid.org]
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Nucleotide sequence analysis
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Nucleotide sequence analysis

wAANISMIAINUETWUFNTIU (DNA sequencing)

mymarsuiiedlelnameds Dideoxy chain termination method LHufifien
Wesniuisineuasiivssavsnm TasluufAtenasdseneudis DNA polymerase,
deoxyribonucleotide triphosphate (dNTPs), single primer taz DNA template Lsiay
#in15ld dideoxyribonucleotide triphosphate (ddNTPs) lgin ddATP, ddTTP, ddGTP
way ddCTP  FsimnanndneanstutunssdnieasiSowadiifawnniety  Taedians

ddNTPs  faziilaseasnemanemaanu dNTPs Unf  waasliAmnuLan@d1uanziaIsuay

£
wa

fuviedl 3 98l H uvuil OH (JUAl 3.1) FspuaudFdasyilrlianinsafiniuss
phosphodiester bond #ia18 DNA 161 ﬁﬂLﬁmmi‘mqmama (Chain termination) 3l
Ufji381n15%8ae DNA polymerase 9x8in 5o dNTP waz daNTP snldlunsadng
18 DNA Twal daduuffsenilietuisdivsnssdeans (ol dNTP) wagnsngasieans
(leld ddNTP) wawfu WerhwansaminldainuiAzensn run Tu polyacrylamide gel
electrophoresis ua¥in autoradiography lagldWan X-rays Aaglsuauildlunmseny
d1éfu DNA 161 (301 3.1)

Tudlaqtuiinmswmuvannisuedds Chain termination method sldifuiaTes
g1ud1du DNA S0lusii (Automated DNA sequencer) lagld ddNTP fifnaaindeans
Bowasitdunnsnsily  ddNTP usiazaila  SwhlviannsaldasuiiliAsuiisenlu

waoniuld ndsInUfAseesadu awsathin Run Tu Capillary electrophoresis

1%
Y

Feflmnuansalunsuenlan  wona1niliifingain (Detector) FeaINITauENdeyQIad
a al 44' o 2 | a o § v
NN3ILAITINAINBNIAAULANANAUYDIEN SIS BILA A zYln iR sanenuay

AAT1EaiU DNA ldegnadiusednsnin (5Ui 3.2)
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5UN 3.1 vannsMaAUasWUgNTIU 93878 Chain termination method

UM 3.2 ndnmsvinauvenaies automated DNA sequencer
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» nsmladuiinedlelund (Nucleotide chromatogram)

v a

Toyadauilindlolvanldainieies  automated DNA  sequencer 9ulu
Inldvoya (abl file) MIenInsmasuiiandlelng (nucleotide chromatogram) Lile
Falvdlulusunsudltlunsivsedt  asuanmadunsinfiuanssedu  (intensity level)

vosdyaaisouas 4 & (A @dlen, T Funs, C @URU wag G @) waganauluanlaain

=

nsulanadnlud@ (U7 3.3)

sUN 3.3 feg1adeyailianniaTes automated DNA sequencer
a 4 O W a = 4
> mi’JLﬂi’]wni'l‘V\lmﬂ‘lJu')ﬂaialwﬂ

TngmluneunavihanduiindlelnalaainiAies automated DNA sequencer
a ¢ ] % My o v =] & '
BeTEn  mseTRdeulesiuneuindeyailiiuiinnugndenieievsoldl  uay

1% o v oa

Wuagdeainanduiiipdlelng (nucleotide trimming) luguildu noise signal Faduy

o

U

ayavlignaewselianutetieteseanly Al

e

> nswiduiaealelndtasdy sheglutishumis 50-100 bp (5UT 3.4)

3UN 3.4 69819 Noise signal Tudiwiuvasnsvidduilirdlelng

» ndviuiadlelnddising dhegluashumilsiiinnndt 900 bp (U7 3.5)
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JUN 3.5 619819 Noise signal Tutaievasnsinarsuiindlelne

» Unclear signals ns1vidsuiiandlelnslifau (Uil 3.6) oA
" Double peaks 13UA 3.6 amdunsdduianalelnideusiuiy
seminansALAY wazns WA uingwiEunel peak igendn Failor
wssrunaiua T winidu Sansdiinunsidoutu erauvanaldvans

WUV LU sequencing error, heterozygous alleles %39 minor mutation

(% 1% (%
v v = o [

AIUTIMITT DNA  sequencing  €19nATINTeYIN  bidirectional
sequencing LivaifiuAgNAosiuglun sulaNg

" Repeat bases lunsaifianduiuadne fu 91aviliaesorudygianies
LERANA1N 91NJUT 3.6 uunTNALAITIWIL ¢ peaks Aasariy W

= 1 [ [J Y v & = [ [y
wInsouNaluug T 99U 5 /) asuudsesdunadnualy  peaks
sanaraitewnladeyadduiualignies
. = Y] a Ao ° =
" Too low signal Tuursnstlonanudyerausowasiisl peak aun 39a5

DAg>)

fia13an318u noise signal w3 \Ju peak vasddiulUaaSY (JUT 3.6)

5U# 3.6 #0E19 unclear signals liaA199
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» msmasuiianale nngesfinnie (Bidirectional sequencing)

Wunmsmasuiiaralolng 2 a3s lagld forward primer wag reverse primer @4
Aa Y o % o v a o s a S A 9 = & Ao = o
Heauneiu  agvililanasiruiiedlelvavinauduierduy  Jadunstudunadeiu
wagiy (SUN 3.7) uiluunensdieonanudwaileann bidirectional sequencing HAy
TAuEaiu 39A25%1 DNA sequencing @UU duplicates 39 triplicates  tielwlana
aduiiardlalnanienugnaeunniu

Reverse direction sequencing

DNA template

Forward direction sequencing

g'ﬂ‘ﬁ 3.7 WNUANLEAINTEUIUNNT bidirectional sequencing

nsidayamduiinalalnaunieudaiy (Nucleotide sequence assembly)
Wesnasuiaralelnanlaainaiss automated DNA sequencer HA%e17

'
o =

I1finegfuseann 800-1,000 bp walun1sfinwsviaiugnssuvesdusiieg wiedluuayll
anevesssuiinalelndinnnindy Salmusdulunisdiusiuin DNA Wuvieu
Fildudourtuiusteion 2030 bp (overlapping fragments) antumaduiaale
Indvesusazyion  udnihdoyadiduiaedlolnduidomsiodu  (nucleotide sequence

assembly) Lﬁ@iﬁlé’lﬂuﬁuﬁamyiaﬁ (full length gene) #383luy (genome) ﬁdgﬂﬁ 3.8

Fragment 1

Fragment 2

Sequence Assembly ‘

Full length sequence

Fragment 3

Fragment 4

gﬂﬁ 3.8 LWUNINLERAY nucleotide sequence assembly
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nsdnseeaauianalalng (Nucleotide sequences alignment)

v A O v Aa =t [ a [ =) = ' o Y A =t (3
nmsdnssasuiamalelng  Tdlunmsiwsgiieudisuinaauimalelnaves
IS = a o IS =) ! (Y ! ! ] o Y Aa = 13
gunaulafiasfuivamioundounnasiuegals InganunsaSeudisuarauiiindlolng

] o v a  a

|3 1 o . . = = & o
\Jud 91u3u 2 @1 (pair sequences alignment) MisalUSeuiguauilAalalnaAd I

[

Y Y . . = v & a ¢ aa
natwagnsons U (multiple sequences alignment) @sdalaandunisiiasziiil

o

AuddIn aEnsaussendldlunisAnymsen@iivenimusingg sl

» msfinengusuu RNA splicing
nMsuanseenvestufisadasiunssuiunmsddyfisendn  Central Dogma @9
UsENoUMeNI¥UIUN1I0ensiia (transcription) 210 DNA lug RNA waznszuiunisuya
5%a (translation) 970 RNA Tulushiu (polypeptide) Twadi@iniidu eukaryotes ax
fifevuluedoauts  compartment  eghsimurhliinssuaumsnonsaistuly
Jundea 990t RNA Aildasdesriunssuiums RNA processing 3eusznausng msiiy
5’-capping, RNA splicing Wag poly A-tails Flirleidu mature RNA fifianuades uwén
indeufieenluglalananaduveaadifioiianssurumsudasidliliidulusiy - ddlu
Fumeu RNA splicing asiiumstendwiiidu introns senly udahaniiiiu exons 1
Feuderiu lngguuuun1siin RNA splicing dlevanesuuuy (alternative splicing) 1110
AR TANIFULUUAING annsadndeauieuifisudisuiandlevdvestuiiaula
321179 genomic DNA (ﬁﬂg\‘i introns Wag exons) tag complementary DNA (3lusi exons)
Tnedduinedlelndaiufimiioufiusening genomic DNA uag complementary DNA 92
udau exons luvaigitdrufivinmelul complementary DNA fifieanufidu introns

AatuPENSUTEUTIBULUY  pair sequences alignment AgylANIFULUUNSAR

RNA splicing vesfuiiaulals (3Uf 3.9)
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5U# 3.9 N15Anw1 RNA splicing 93833 pair sequences alignment
> msaneanumion (identity) wazAuuanee (distance)

nmsfnwlssuiisuasuiiralelng  wseadunsaesiily wuu  multiple

sequences alignment anansalylunsmuiamainumileu (identity score) wagan

'
a

AINULANAY (distance score) SenIN9ATTInARL species 5o lasaurazaaiugla 39

[

anunsnussgnaltuselonilaail

(%
o Y a

o aAnunilou (dentity score) Hedltlunsusinaisuiiindlelng wieanu

nsnezllufisnaula (query sequence) nuluiu wielUsiuwdale uwaudu

a ada a

aditinvdeln frograu mndlgrdudiealelndveaieldadusnaud (HBV) 7
wenliangUae WEFaInsTUnTITe HBY manaraduansiug (genotype) 1n
Aanansavi multiple sequences alignment Wssuiisuiuariudanalolnaves
Foldastusnaud  (HBV) genotypes  M199  LAIAUIUMIAIAINLIUE DY

(identity) 9nA15190 3.1 USWIN query sequence unazswunidu HBV
genotype C t839MnTANUMTRUINNTFRN (97.70%) WBNANUNSNNITAINEIE
Uszgndltilu wsesdielunmsdumilieuiieunnuadiendsiuniadanin (Basic

Local Alignment Search Tool) [BLAST] Faagnaseasdustuunsely
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A597 3.1 Aoy (identity) sewinadelasasudniaul (HBV) genotypes #14¢)

Genotype_A |Genotype_B|Genotype_C|Genotype_D [Genotype_E|Genotype_F|Genotype_G|Genotype_H| Query
Genotype_A D
Genotype_B 90.40% D
Genotype C 90.70% 91.10% D
Genotype D 89.50% 88.90% 89.00% D
Genotype E 89.70% 89.30% 89.90% 91.90% D
Genotype_F 85.70% 86.10% 85.90% 85.90% 86.50% D
Genotype_G 87.50% 86.60% 86.70% 87.20% 88.60% 84.60% D
Genotype H 85.50% 86.00% 86.20% 85.70% 86.00% 91.30% 84.40% D
Query 90.30% 91.10% 57.70% 89.20% 89.60% 86.00% 86.90% 86.30% D

o Anuuanse (distance score) Wumiimsstudutuamaumiton Jealdly
NMFIATIERANUFUIUSITIIANUINT  (Phylogenetic analysis) ¥flm distance
method Fznaniseazdenluunsely

> msaneUSiial conserved wag variable regions
nmsfnwUssuisuasuiiedlolniuuu  multiple  sequences alignment

(%

annsaldlunisduunuinamiudnvazdidyuedu (Ui 3.10) lod

(%
1o w

® U3neYSNY (conserved region) WuusnaMlinunsnaneiug Fusdey
a s a & 1% ay A& I3 o o %
edlelnavionl  gnldlunmisasinseevilundussiusenaudfgludiu
Iassasranagmiinvedusiu (W 1y binding site w58 active site) 81vALa
o & a & o a o e a ada ' ° =
nsnaeiiuusuabdasilusAuyhaulils  wasddidinaglianinsamsadin
19 Fedndudeseysnduinaminanlireguuuiy  wenanildu conserved
regions uuasuiaralelng  lasuanudeulunisidenldiessnuuu  primers
dmsuldluwmeaiia polymerase chain reaction (PCR) @3gna1asieazidealiuun
sty
o u3nauUsiUasu (variable region) Wuusnainunsnaneiiugroudiann &
' A A ada A | a v o § wal @ A o v a o I3
UM AETIninsnevauawioduIna el viidnsusudsuaauiipalelng
a S A 9w ° =~ "%
Uil Welvianinsamssiinegla
o Uinaiidu  visevamely  (insertion/deletion)  {WuUSLIMANUNS

WasulUasNeadinanalassas1awazntinnvasduwazlus sula

65



mylwseideyadsuindlalvg

JUN 3.10 segensileuiiiguaduiindlelnasening WU uag Ki polyomavirus

Welanuun conserved/variable regions wag insertion/deletion regions

» msdasginmsnaneiug (Mutation analysis)
v v 1 Y (Y] a’lj
mMsnaeiugseivgu wiweenlaldunangguuuy sl
® Substitution msiasuLUaEsUUE Tawuseanilu
" Purine transition WagUTENIN purine bases (A <> G)
B Pyrimidine transition tWaBUIENINN pyrimidine bases (C <> T)
" Transversion WaBUsERINg pyrimidine (C/T) <> purine (A/G)
® Point mutation MARTUUSMIU coding sequence BB Liseanu
" Synonymous (silent) mutation fn1siUAsuLUasERUUEURIE Y
WAGIAUTDINTADEILUALLAL
. = d' o w a %
" Nonsynonymous mutation fn1siagunasaisuiuayedy uan
linsudasiaildeundady (115199 3.2) lawn
O Missense mutation in15iUasULUAEIAUUATBIEU KA
Tiarsuvesnsaesiluuasuudasiy

O Nonsense mutation HNSWUASULUAIAIPUATDIEY Ha?

[ = o 2/ LY
nanelu stop codon Fagvilvivigansyuiumswasia
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® |nsertion mutation fd1suiIAALa ALY

® Deletion mutation farsuimalelnaviarely

Nucleotide sequence analysis

® Frame shift mutation Wurawnanidsutiadlalnamfiudy (insertion) 139

feuiiandlalnavianiely

(deletion)

MliliAnn1swasuulas  coding

frame ¥993%a codon NUSENBUMEAIPUWUAINUIL 3 F1 F9inavinlila

feunsmerludsuldasluannduagnaunn

AN3199 3.2 59 codon VU MRNA dnsumsulasiailunsnesziily

First position

Second position

Third position

(5" end) A G C U (3" end)
A Lys Arg Thr Ile A
A Lys Arg Thr Met G
A Asn Ser Thr Ile Cc
A Asn Ser Thr Ile U
G Glu Gly Ala Val A
G Glu Gly Ala Val G
G Asp Gly Ala Val c
G Asp Gly Ala Val u
@ Gln Arg Pro Leu A
@ Gln Arg Pro Leu G
C His Arg Pro Leu Cc
C His Arg Pro Leu U
u STOP STOP Ser Leu A
U STOP Trp Ser Leu G
U Tyr Cys Ser Phe C
U Tyr Cys Ser Phe U
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Wswnsulunswsziarnuiinaalelng wazarnunsnasiily

Tutagiuiilsunsudmsunmsiwssiaduinedlolnd  uazddunsnezily
uunanglusinsy Tuitazvenanfeamzlusunsy  Biokdit (Biological sequence
alignment editor for Window) tilesarnidulusunsufianansaldnulansinelaide
Alde  (freeware) HgUwuumsldnudelddudou  addiidenldnuiaseila

[ Ao 3 ::l' [ o [ a o [ a
warnvangUsenn  Wulusunsunimesgrulunvensvdmsunuisslussauuun v f
wazWeuiuszaunmsadlumsidanulisunsuiinvansy  Jweasudumeunisldauves

[

TUsunsal BioEdit il

1. Download Tusunsu 19a1n http://www.mbio.ncsu.edu/BioEdit/bicedit.htm!
(5U7l 3.11) Tnwpdn?id1dn “BioEditzip (full installation 12.6 Mb)” g
fflums download TUsunsy dle download w@Saudn Fenflumsing

lUsunsulagideon file 1931 “setup.exe”

gﬂﬁ 3.11 115 download TUswN5y BioEdit

[http://www.mbio.ncsu.edu/BioEdit/bioedit.html]
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Nucleotide sequence analysis

2. WoRnaalusunsuasawad  Aanunsoldalusensaduinliganunuladiui - a1ndu
anansadan file Napamsialdaulunisiwsiey Faluswnsy BioEdit @unsa

50950 files findnee lon
® GenBank Files (*.gbk, *.gen, *.gb, *.gnk)
® FASTA Files (*fas, *fst, *fsa, *.fasta)
® NBRF/PIR Files (*.pir, *.nbr)
® Phylip Files (*.phy)
® Text Files (*.txt, *rtf)
® Plasmid Files (*.pmd)
® BjoEdit Project (*.bio)
® (Clustal Files (*.aln)
® AB| Files (*.abi, *.ab1l)
® GCG Files (*.gcg)
® XML Files (*xml)

3. msllusunsy BioEdit Tunsiwsziarsuiiandlolng Uszuansngg
» mseninavisduinedlendlaeldlusunsy BioEdit

1. Buduainnsda ABI File (abl) #ilfnniedes automated DNA sequencer

lneadndl File > Open wdauden file Adipsnisila (3UN 3.12) WWsunsuazuansaly 2

=

d Aevthuansnstraduiindlove waznthuansamesaduiiandlolnd (3UN 3.13)

v a

2. lunthiuannsinarsuiaedlelvng (GUN 3.13 dwuw) gldansalsuvaun

voangldduiiandlelng ledail
® \Vertical scale LieaUsuANgBINTIN

® Horizontal scale WaUsSUANUNINGUDINTIN
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Ul 3.12 ms1Tn ABI file Tael#lusunsy Biokdit

Ul 3.13 msuanmansdrfuianalols Tagldlusunsy Biokdit
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3. lunsaliivih bidirectional sequencing Aon1smasutiaralelng 2 ass lngld
forward primer Wag reverse primer @sdliAaIun19iu Tun1siATIzRNaTDINTINEIAU
a e cal v . [ [ 4 o U Aa Ql' < 1
fmdlelnailaain reverse primer 3nduazdowiNsnaUAaM wazsdsuduvaday
(Reverse and Complement) wisvhlsilsnasiuiiandlolng U strand Ainssunadile
9 forward primer psnnlusunsunsiasigvaisuiiadlolnadenuaninauasy

v a

Aipsreansuinndlelnauesane iy sense strand (+) Wit @alUsunsy BioEdit

(%
=]

a11150v1 Reverse and Complement 1@ ¢iadl

o Tunuanansindrsuiiedlelng  Tmaenfimds  View >  Reverse

=

Complement (3U7 3.14)
o Tunmihiiwanaanizainuiindlelng  Tiranndevssaisuilrdlalng  (wu
DNA sequence Reverse) Wadldan#idndd Sequence > Nucleic acid >

Reverse Complement

5UN 3.14 M3 Reverse Complement dwsuasuiiandlalndfilaain reverse primer

4. fldaninsadeugnitnarsuindlalnanmuniaing iensivdeuilewiui

' [
fa 0o @ U a a

o0 Y a X a 3 o v 4 1 d' A a a ¥ Qll
asuihedlelnaniddinseity fusnalenlinagndesinietie waziiusnalatiei
< . . a 1 1% 1 o Y a = 6 G .

Wy noise signals (USLiE9AU waztsUateussaduiinndlolng) 3o unclear signals

(double peaks, repeat bases, too low signal) Fududeyailigniemseiiaiiy

G LRRIRE
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5. Wenwuushaidu noise signals wazhssnmsanasuilinalelng (nucleotide
trimming) Tuaudu noise signals sanl lnglmdon Mode luminfiuansamezanau

hedlelnddu Edit anndudendrsuiealelnaameduiidy noise signal Taevindu

a

wauden (JU7 3.15 dua1a) udanadu Del (vuuduiwn) wevimsdnaduiiaglelna

Ushusanaeenil widewsinadduiindlelaniinnugndeniiieie

JUN 3.15 madensinasuiledlolngd dwidu noise signal neldlusunsu Biokdit

6. Mnugnnsatufinnaduilandlenilaendniidnds File > Save as 91
annsaRste file uandenunuanaves file 1§ Ssdoudoniu Fasta file 3n337deuldAe
copy lnemdntevesssuinalelnd (wu DNA sequence Forward) a1niumdniidnda
Edit > Copy Sequences to clipboard (Fasta Format) niudalusunsa Notepad W&

den Edit > Paste wéanansa save W text file (7idu Fasta format) 1LY (UM 3.16)

|Fi|e Edit Format View Help

>DNA sequence Forward
ATGACTGATGTTTTAGARACGTATCCATACATTTCTGARACCGTATCTTCTAGGAATCARAGCGTTAACTCGACATTCGGACTGT

>DNA sequence_ Reverse
CTGATAGGTTTTAAACCTATTCAAGTAGAAAACGAGCAAGACTTTGACAGAATCGCAGATGGAAAAAAANGAATTCTTGTTCCG

U 3.16 fhogrsdrduiandlelndidu Fasta format Tulusunsa Notepad
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> nswiausieasuiiadlelng Tagldlusunsuy BioEdit

3

1. Buanmswisuarsudaralelnandiunissm (nucleotide trimming) Tudau
A g . . v o ¥ a o saaa = Y] PN
Mdu noise signals eanluudl lmeswaiduiiralelnandianiaseaiunais g aief

dosmsideusiatulilu text file (MU Fasta format) veslusunsy Notepad (3Uf 3.17)

| Sequence Assembly Example.txt - Notepad = =
File Edit Format View Help
>Fragmentl A

ATGATAACGAATATAAAGTATAAGCTAGCAATAACGTTAAGTGTTCTTGTAACCTTTTCG
TTAGGATGTAATAGCCAAAATAATGGCTCTARAAATGATCTTAGTTTGTTTGCAACAATG
TTTGCTCAGGCTACACAACAAACTACAATGAGATCGACAACAGTAAGCGTTAGCTCGTTA
AACGAACTGATAGGTTTTAAACCTATTCAAGTAGARRATGAGCAAGACTTTGACAGAATC
GCAGATGGAAAAAAAAGAATTCTTGTTCCGTCGGTTATGACTTTCGGACCAAGTAATTCT
TATTCGAATGGAACTGCACAAAATATAACTTCAAATAATTGTAATGGAAGTTACGTTGCA
CGTTTAAAACCGAAAGAATTCGTCAGATTCTTGGAAACACATGATATARATTGTGTGGAT
AAATTTGTTTGGAATTACGATCAGTATTCGGACTATATTTATTCACAAGAGAACATGCTT
GAAGTAGTCAATCGACTAAACGATCTTGCTCCTTTTTACAACGGTAACAACGATTTGAAC
TTTATACAATTGTTCAGAATGTTTTGGGCCGGATATTATGTAAAACATTCTCACCCTTCC

>Fragment?

TTTATACAATTGTTCAGAATGTTTTGGGCCGGATATTATGTAAAACATTCTCACCCTTCC
CTCCCATTTGATACAAACCAAATCTCTCAGGCTTTAGTTACTCCAATGCAGATTTTTGCA
AGTAGTGCACACTTCTTAGATGGAACCAACGATGCCGGARAAGTTTTAGAGTTCTTCTTT
ACAGTAGCGGATAGTACAAAAATTGGACATACGATTTATCCACGTATCCTTTCTTTTCTT
GAAGCTACTATARAACGATCCACAAAGATTARGARAACAATCTTTCTCAGGCCATCGCTTTG
AATGCTGTTTTTAGATTGTTTCAACGTCATATCCATTCAAACAGCAACGAATTCCTTACA
ATGATCGATTATAGATTGATTAGTAAACTGAGAAGACTTGCTCTTGATACAAGTCTCAAC
ACAGATTCTCAAGTCTGGATCATCAACAATGCGATATTTGGTTTGGATAGGATTTATGAA
TATCTTCCTAGCTTTCAACCAGTGATTGCTTCAGTTATGACTGATGTTTTAGAAACGTAT

>Fragment3

TATCTTCCTAGCTTTCAACCAGTGATTGCTTCAGTTATGACTGATGTTTTAGAAACGTAT
CCATACATTTCTGAACCGTATCTTCTAGGAATCAAAGCGTTAACTCGACATTCGGACTGT
GCGAATTTACGGATCGGACGAATTTGTTTGAGCGATATCAAAGAAACTGTGAARAAAGGCG
GTTTTGTCAAATACATATTATTTTGACGATAAAACACARATCGTACACACAGCTCTATCA
ATCGATGAAATTCAACCTCTATATCACGCTCTTAAACAGGTAGAATCTCAATTTTTCCGT
TTGATAGGAATTCATGCTCCCGTGTCTGGAGATACGACGGATTCAATTACCATGTATGTG
TATAAATCTAGAAAGGATTACGAAACTTTTCATCCTTTTCTATTCGATCTTTCTACAGAT
AATGGTGGGATCTACATAGAACGAGACAAAACGCTCTATACATATCAACGTACTCCTGCA
GAAAGTATATATACTCTCGAAGAATTACTACGCCACGAATATAGTCATTATCTTGTAGGC

JUN 3.17 fegrnswseuaduilidlolnaly text file Weldluns assembly
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2. Waldeulusunsy Biokdit wédn text file MwFeslly (U 3.18)

sUT 3.18 msuansradduiianalelndann text file (Fasta Format) Tulusunsy Biokdit

'
[

3. pANTiAAS Accessory Application> CAP contig assembly program (g“d‘ﬁl

3.19) azimissunngiuitessennazldlunisiwesdedauiiandlolng (37 3.20) sl

hO)

.. ° ° a =~ A Y YR a

" Minimum base overlap MvuaIwINTIRdleANdeuTiuiuteeNg
seniengvesindlelnanasdesdeiu (A1 default = 20)

" Percent match (minimum) MvuaAesuimIuMilountaeNgn

seninaaauiIeale lnenaiedanu (A1 default = 85)

;s'd‘l?i 3.19 msldidds CAP contig assembly program
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UM 3.20 Msssendmsunmsweusedduilipalelnanie  CAP contig assembly

4. Jensasoudd (Geldan default) ladn?iA1d1 Run Application azUs1ng)
wisnalu command Salud@ (3UN 3.21) Wewuddn SHOW 7ussvina1dan wandin

maasgiasaudy Winadu Enter (uuuduiium) TWsunsufaguanana (3UN 3.22)

| C:\Windows\system32\cmd.exe — O

C:\BioEdit\Temp>Echo off

Your application is being executed.

A batch file named accessory.bat will be left in your temp directory.
(C:\BioEdit\Temp)

After running, this window should close automatically.

Some programs, such as CAP, however, may expect user input.

If the program appears to be done, but the console window is hung,
Try pressing return, or closing the console window manually.

Some programs, such as fastDNAml, do not give screen feedback.

Some programs, again such as fastDNAml, may take a very long time to execute.
Closing the window may destroy your analysis if the program is not done.

Starting accessory app how ...

< >

JUN 3.21 M3Y1ULae CAP contig assembly program ieiteuseaauilipalalng
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sUN 3.22 namsiendeansuiiandlelvanig CAP contig assembly program

s v o o

5. 91n3UN 3.22 WWsunsuasuansdduilipdlelnandewriuiu  (overlapping

sequences) dmsuldivesaiuseniteeny mndesnsteyadiuiliadlalnaaiuni

= [ <

Feusatuasaudd (full length gene) rdnditevesdisuinadlelng (Contig-0) 91ntu
panTicnds Edit > Copy Sequences to clipboard (Fasta Format) anntuialusinsa
Notepad u&den Edit > Paste wdannsa save u text file (Fdu Fasta Format)

Wuld (3UN 3.23) Tngenadeutionin Contig-0 WWuTevasdunuanumugay

| Assembled sequence.txt - Notepad = =
File Edit Format View Help
>Contig-0

ATGATAACGAATATAAAGTATAAGCTAGCAATAACGTTAAGTGTTCTTGTAACCTTTTCGT
TTCCTAGCTTTCAACCAGTGATTGCTTCAGTTATGACTGATGTTTTAGAAACGTATCCATA
GACCGARAACAGGACTTAAGGCAAAATGTACAACCGCCGCATTCGGACTCAACAGTCGTTTT

JUM 3.23 fegresdsuihedlelvaiiiunsidemseaiands Tulusunsy Notepad

6. lunsaliarsuiindlolnalianainsadensenuls  wu lifiavudaedlelnai
Founiuiu (overlapping sequences) wissd@ugouviuAutuITIUILTIRGlolnATBEN 31
A1 Minimum base overlap fimvual) TUsunsu CAP contig assembly gLaAINANIS

Fewuseidunans contigs Wy Contig-0, Contie-1, Contig-2 sy
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> msansesdduiinnalolng Taeldluswnsy BioEdit

U

1. Bmnmawssuaduiardlelnanais aeifesnisdnseesaniulily text

file (Fasta format) v@dlUsinsu Notepad (5UTl 3.24)

Y

File Edit Format View Help

>A V00866 ~
TTCCACTGCCTTGCACCAAGCTCTGCAGGATCCCAGAGTCAGGGGTCTGTATCTTCCTGCTGGT
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCTARACAGGC
CTCACCATACTGCACTCAGGCAAGCCATTCTCTGCTGGGGGGAATTGATGACTCTAGCTACCTG
GCTCAGGGCATATTGACCACAGTGTCAACAATTCCTCCTCCTGCCTCCACCAATCGGCAGTCAG

>B X97851

CTCCACCACTTTCCACCAAACTCTTCAAGATCCCAGAGTCAGGGCCCTGTACTTTCCTGCTGGT
CTTTCACGCAATGTGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCTARACAGGC
CTCACCATACGGCACTCAGGCAAGCTATTCTGTGTTGGGGTGAGTTGATGAATCTAGCCACCTG
GGGTGGAGCCCTCACGCTCAGGGCCTACTCACAACTGTGCCAGCAGCTCCTCCTCCTGCCTCCA

>C D50520

CTCCACAACATTCCACCAAGCTCTGCTAGATCCCAGAGTGAGGGGCCTATATCTTCCTGCTGGT
CTTTTACACAATGTGGCTATCCTGCATTGATGCCTTTATATGCATGTATACAATCTAAGCAGGC
CTCACCATACAGCACTCAGGCAAGCTATTGTCTGTTGGGGTGAGTTGATGAATCTGGCCACCTG
GGGTGGAGCCCTCAGGCTCAGGGCATATTGACAACAGTGCCAGAAGCGCCTCCTCCTGCCTCCA

>D X02496
CTCCACAACCTTCCACCAAACTCTGCAAGATCCCAGAGTGAGAGGCCTGTATTTCCCTGCTGGT
CTTTTACACAATGTGGTTATCCTGCTTTAATGCCTTTGTATGCATGTATTCAGTCGAAGCAGGC
CTCACCATACTGCACTCAGGCAAGCAATACTGTGCTGGGGGGAACTAATGACTCTAGCTACCTG
ACGTTGCCAGCAAATCCGCCTCCTGCCTCTACCAATCGCCAGTCAGGAAGGCAGCCTACCCCGL |,

< >

JUN 3.24 shegramswieudduiinalelndly text file ieldlunis alignment

2. Ualdsulusunsy Biokdit uade text file Mwsealls

'
o o

3. AANYNANEY Accessory Application > ClustalW Multiple alignment ('g‘LJﬁ

D

3.25) agiivtiasingluiielisemnagldlunmsins e duliandlelng (3UN 3.26)

4. dlosmasandr @euldan default) Taan?d131 Run ClustalW a1ntune

OK azUsnguinaansinuvediusinsy udifasuanmaluindmlul® (Uil 3.27)
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gll‘ﬁ 3.25 n5ldds Clustalw Multiple alignment

sUN 3.26 MmsasrndmsuInsesaduiianalelnanig ClustalW Multiple alignment
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Ul 3.27 nemsdnBesdfuinadlelndsmey ClustalW Multiple alignment

5. 91n3UTl 3.27 wansdduindlelnandnseaasouds (aligned sequences)

WINABINITIHUNAIUTITDURULAZLANFA LB TR LY TindnYy “View

conservation by plotting identities to a standard as a dot” (3‘01‘71' 3.28) TUsunsuagly

anuihadlolndansusn TunsSeuisuiuaruiindlolnsansdus) lnsuaniwa ¢adl

®  USausNY (conserved region) Asuanslupzosmang ()

® USnauUsiasu (variable region) azuanaduaiuanig (A/T/C/G)

o Ushamvimmnely (deletion region) azuanaduiaseaang (-)

g‘d‘ﬁ 3.28 N15911UN conserved / variable / insertion / deletion regions
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6. mndeamsdallusunsuAuMUSIMeUsNY  (conserved  regions) WUy

a

anluli aunsamdniiAnds Alignment > Find Conserved Regions (U7 3.29) qgil
winsusngPuiitelinsiniagldlumsiumuinneysng (U7 3.30) 31ntuadniic

31 Start WIkNsuNeuanInan1sAUMUsIaeusny (U7 3.31)

5UN 3.29 msAumuInaeusny aegldrds Find Conserved Regions

5UN 3.30 mssamdmsunsAumunaeusny tngldds Find Conserved Regions
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sUN 3.31 fegharanisAumuineusny lagldfds Find Conserved Regions

7. 913U 3.31 TUsunsuazaguiIuiu conserved regions INUaviin Wiouva
wanssiurisaraauinalelnannuluwdasus naueysng Feenunsainluvssendldly

NN998NUU primers Lag probes 1§ Fsazgnasisazdualuunssly

8. mnFeansaslilusunsumwInmaumiiou (identity score) Wisuwieu
fusewinsdduiedlelndnatsq a1 ansapdnfidnds Alignment > Sequence
Identity Matrix (3Uf1 3.32) agfimihdausngtuiieliidede file fidosmstiuiin 9nty
pANTIF&s Save TUsunsufiesuammwasanumilou (identity score) (g‘dﬁ 3.33)
@115 copy Ueyanmnaniuaily paste Tulusunsy MS Excel dieliansanuas

Teseidegalainedu  wenandmndesnisfeyalunmesiduinnumiion (%

identity) Aansnsagauiiauiananimea 100 Aagldidu % identity (3UT 3.34)
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3U# 3.32 msmwumaanuwmileu lagldfds Sequence Identity Matrix

Ul 3.33 fegamsuansmamanamilion (identity score) lulusunsa Biokdit
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Nucleotide sequence analysis

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW

'D'D 3{, Tahoma T ns ==Es- = General ~| [BZ Conditional Formatting = %‘“Imser‘t - X-ar-
By - 2 -9 s [EPFormatasTable - ExDelete ~ [W]~ -
Poste w B I U- [~ O-A- =s==e= G- o 7 Cell Styles = [EiFormat- &
Clipboard Font F} Alignment & Number & Styles Cells Editing
K23 - I

A B 9 D E F G H I ]
1 |Sequence Identity Matrix
2 |Input Alignment File: C:\Users\MD\Desktop\HBV alignment.bic
3
4 Seg-> A_V00866 B_X97851 C_D50520 D _X02496 E X75657 F_X75658 G_AF160501 H_AY090460 Unknown
5 |A_V008e6 ID 90.40% ©0.70% 89.50% 89.70% 85.70% 87.50% 85.50% 90.30%
6 |B_X97851 90.40% ID 91.10%  88.90% 89.30% 86.10% 86.60% 86.00% 91.10%
7 |C_D50520 90.70% 91.10% ID 89.00% 89.90% 85.90% 86.70% 86.20% 97.70%
8 |D_X02496 89.50% 88.90%  89.00% ID 91.90% 85.90% 87.20% 85.70% 89.20%
9 |E_X75657 89.70%  89.30%  89.90%  91.90% ID 86.50% 88.60% 86.00% 89.60%
10 F_X75658 85.70%  86.10%  85.90% 85.90% 86.50% D 84.60% 91.30% 86.00%
11 |G_AF160501 87.50% 86.60% 86.70% 87.20% 88.60% 84.60% ID 84.40% 86.90%
12 'H_AY090460 85.50% 86.00%  86.20% B5.70% 86.00% 91.30% 84.40% ID 86.30%
13 |Unknown 90.30% 91.10% 97.70% B89.20% 89.60% 86.00% 86.90% 86.30% ID

U 3.34 fhogrsmsuanamaesidudimnumiion (% identity) Tulusiunsa MS Excel
» msdmszinmsnaneiuglagldlusunsu BioEdit

1. Suanmaweudduiaalelndvansy aefideanisdndessauiulily text
file (Fasta format) wedlUsunsu Notepad legliidsuilaadlelnaaiousn  Hu
Reference sequence (Ref Seq) w3awliu wild type sequence wielidugsuiianale

TndsadulunmsilSeumsuivaduiindlelndansdus (JUn 3.35)

File Edit Format View Help
>Ref seq

AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGCCGAG
AGCTCATTTCCTGGTATGACAACGAATTTGGCTACAGCAACAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAG

>Unknown_1
AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGT CGCCAGCCGAG
AGCTCATTTCCTGGTATGACAACGAATTTGGCTACAGCARCAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAG

>Unknown_ 2
AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGCCGAG
AGCTCATTTCCTGGTATGACAACGAATTTGGCTACAGCAACAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAG

>Unknown_3
ARAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGCCGAG
AGCTCATTTCCTGGTATGACAACGAATTTGGCTACAGCAACAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAG

>Unknown_4
AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGT CGCCAGCCGAG
AGCTCATTTCCTGGTATGACAACGAATTTGGCTACAGCARCAGGGTGGTGGACCTCATGGCCCACATGGCCTCCAAGGAGTAAG

>Unknown_5
AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGCCGAG
TTTCCTGGTATGACAACGAATTTGGCTACAGCAACAGGGTGGT GGACCTCATGGCCCACATGGCCTCCAAGGAGTAAGACCCCT

< >

5UN 3.35 segumswseudduilindlelnaly text file Weldlinsginisnaneiug
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¥

2. Ualdsulusunsy Biokdit udude text file Awseals

'
[

3. PANTIA&Y Accessory Application > ClustalW Multiple alignment agd]
niinsunngTudielidanfiadddlumsinGosduiindlelnd dodednatands @ou
T4 default) 1AGNTiA141 Run Clustalw anmifuna OK asUsingutivinenisvhaumes
Wswnsu wdhfazuansmadsuindlelndfidnsenaiauds (aligned sequences) wn
Foensfuundruiimiloutunazuansnsiuegnadaiou iadniida “View conservation
by plotting identities to a standard as a dot” lUsunsuagldarduiindlelnaawnsn
(Ref Seq) HushdsulumsiSeuiisunmsnaneiugludduiandlelndansdug

4 I

a. TumAnngimsnaneffugvesiumsiiansanidunmisiifanisnatesiugog
TuvSnaaulavesdu loun
® Coding sequence (CDS) \Wuasuindlelnadniialdlunsulasiaiiie
asradunsmesily Fedumann open reading frame (ORF) 5197 start
codon {14 stop codon wnwuNsNANETLSluAuEmsRsandetulunis
nangughuule
®  Synonymous (silent) mutation
®  Nonsynonymous mutation
O Missense mutation
O Nonsense mutation
® Untranslated regions (UTR) 1 non-coding sequence %3agnsuilnale
Indduildldldlunmswasiadioadrafunsros il Tnouvadu
" 5"_UTRJuuinnfogrounti start codon

= 3" UTRWuusnaiegndein stop codon

® $NNU insertion 138 deletion AISRANTANABIWAR frameshift #Sall
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Nucleotide sequence analysis

5. windesmslimlusunsudumaniilu open reading frame (ORF) Tirdndite
vosthndlelnafidosnsdum 91ntiuldids Edit > Search > Find Next ORF (5U71 3.36)

ntulusunsunzuanmaduunudmuiiom ORF (start = stop codons) (Ul 3.37)

Y

gﬂ‘ﬁ 3.36 NN3AUNI open reading frame TneldF&s Find Next ORF

gﬂﬁ 3.37 foY1INISUERING open reading frame Tulusinsu BioEdit

6. 973U 3.37 agnudnuinniiu ORF w3 CDS 9s3uAusfuMLY 103-1107
waned1 5'-UTR azdudusidumisn 1-102 uaz 3'-UTR azdudusdumis 1108 Ju
fuld wennilnudnfmedns Unknown 1 dnisnaneiugiiusia 5'-UTR fisunus 89

Tnewdsunuu transversion 310 A Ty C (A89C) uay 3'-UTR fisuvus 1160 laeg
WasuwuY transition 910 C lUdu T (C1160T) Wudiu dushegnadus (Unknown 2-5)

Tdwunmsnaneiugluuiion UTR
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7. wndesmsfinnsanemzdniidy DS uazfesnisindsuianalelng
(nuclectide trimming) ludw@fiu UTR sonld 1den Mode 1y Edit 9 nduiden
dsuinalolnsamedndidu UTR Taovinduunudd (Ul 3.38) wdnenlu Del (Uu
wufiasd) Wevhmssaasuinedlonduinassnaneenlu  widewsdisudindlolne

dquidu CDS Wity

UM 3.38 msdenuasindduiiandlolnd duidu UTR Ineldlusunsy Biokdit

8. 93Ul 338 Wedndwidu UTR oonluudr drfuiandlelndasEusud
start codon (ATG) FadusumisSuduvesnssuiumsudasia  mndosnsasla
Wsunsuvmsulasialinarodunsaesiily  hadnfivevesdrsuiinalelnsidesns
wdane Ctrl + G (Uunduiiand) TUsunsuazuansansudastadudidunsaesiily (Ui
3.39) winfesmsiasunduluiusdudandlolng ansavlalaenisne Ctrl+ G (Uy

wUURALN) BnATa

JUN 3.39 mswdasaanaiduiandlelng Tududdunsnesiily éae Biokdit
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9. Tupsaldesnsnsrasuitmsnaeiusinuluaduindlelnd  avhlvidin
Mswdsunlainsaesiilunsold  aunsaviilalaensyinkaumludwndsinunisnane

Wuguuasuiiedlelng anduna Ctrl + G (Vuutuiian) Wedswduddunsaezily

[

= ° Y] | v &
Fauwaumazdarausinged Bwdanale Al
a a o [ 1 a = [y 1 <

o MnnIRRzllufidunufngy  TAumiieuiu  Ref Seq uwamsandu

synonymous (silent) mutation (U7 3.40) fee199u Unknown 2 wWun1s

naneiug C108A wsdlowlasalunsaesilundiaadu P Adunis 36
WWULABINU Ref Seq

o ynansmeriluidurieenary  danuuaneneain Ref Seq uwansindu

nonsynonymous —mutation  %¥ilm missense mutation (g"dﬁ 3.40)

fMegradu Unknown 3 wunmsnangiug T166A vilvilUaeunsaeziily 210

Phenylalanine ishusia 56 Uiy Isoleucine (F561)

3UN 3.40 fMog19n139MUNTENING synonymous ka¥ nonsynonymous mutations
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o nnsnezilufidumisiingn nareidudnydnwel * (stop codon) wandin
W nonsynonymous mutation %A nonsense mutation (‘gﬂﬁ 3.41)
fegaiu Unknown 4 wumsnangiug vilvinaneilu stop codon
Fruva 253 vesdunsaesily dwalildlusiuiiduniiund (truncated
protein)

L L4

®  WMNNUHYANUM ~ WAAIILAANT deletion WUU inframe Aovavgly

@uauihndlelnaivisme 3 awh) (5Ui 3.41)

L2 L4

®  NANUASN®Al X ka9 inN1S deletion NvAAR frameshift mutation

o

(Fruuihelelndiimsine 3 biash) (U 341)

;§1J1'7| 3.41 ABY19ANSWU nonsense / inframe / frameshift mutations

10. MnFeINSuERNSAA frameshift mutation Iridmauanndatu msvins
wlasraanaraudamalelnalulduadunsaesiily (ha Ctrl + G) Aoy ud3ewhnisan
Suddunseesily  (@mino acid sequences alignment) #neF&s  Accessory
Application > ClustalW Multiple alignment TUsunsufasuansuan1siia frameshift
mutation (U7 3.42) fhegnatu Unknown 5 wumsnaewuguuy deletion fiviilvidn

frameshift mutation fsusimuviai 202 aglaguuuuddunsaesiilufsuwlady way

Aadu stop codon Midumus 223 1udu
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Ul 3.42 fegnensuanana frameshift mutation felusunsy BioEdit

PNANTON9DY WATHUZUNIBTULNULAN
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Basic Local Alignment Search Tool (BLAST)



4 A v = a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

A A v = v Y =
LﬂSEN3JE]1‘LIﬂ’Tiﬂu‘VI"IL‘LEEJUWIEJUﬂ'J']@Jﬂﬁ"IEJﬂa\‘iﬂuVI'N‘U'Jﬂ"I‘W

Basic Local Alignment Search Tool (BLAST)

BLAST (Basic Local Alignment Search Tool) 1duinsesienldlunmsAumau

= - A aa v = o = = o Y a o s
vosgurselusiuniinnuaseaieiy  nslusunsunsdSeuiisuaauiliedlelnanie
nsnezliluiugiudoyanasmuintsdfynsadifivenumilon  JsenunsaUssenald
lunsszyriinvesduy Wk wiednuunaneiuguesddidiald  uonanllaninsnoyany
ANdNuSTE UMt keI aunnisvesduludadidiald  nnslyd BLAST anunse

v
Y v A

nlann httpsy//blast.ncbintm.nih.gov/Blast.cai (5Uft 4.1) Taesuunld fail

AU

® Nucleotide BLAST msldgsuiindlemafiaulassuiiouiudduianal olne
lugrudeya
® Protein BLAST misldgsunseesilufiavlaieudisuiuddunsaesaluly
F1udeya
® Translated BLAST wuseaniu
n BLASTx mslddeuiiandlelvafiaulasnulasia (translated nucleotides)
Tiiuadunseeziily  wdnihlueudieuivddunsnesiilulugiudeya
" {BLASTN mslégsunseesilufiaulaisoudisuiudduiandlelnely
sudeyaiuasialfdudifunsaeedilu (translated nucleotides)
" BLASTX nisliasuiianalelnsiaule inulasia (translated nucleotides)
Thdugsunsaezily  uwdihluwssudisusuasunseesdlufinvlaswauin

3niandlelvd (translated nucleotides) Tugnudoya

nsienld BLAST wiavutinavaiuiu 3 Yady dsagulumsiad 4.1 laun
® Query sequence TayaisfeINITIATILH Wuteonlu
®  Nucleotide L{Jusﬁagamé’mﬂmaﬁﬂ nucleotide sequencing W&
v 1Y 4 o 4 a ada ' o ' = .
AosN AU Tdulaztedslitin  leglidumigiiasdu  coding

sequences (CDS) %39 untranslated region (UTR) sequences
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Basic Local Alignment Search Tool (BLAST)

®  Translated nucleotide L{:Jusﬁa;damﬁmﬂwmﬁﬂ nucleotide
. Y v v A A a adda Yy 1 oA
sequencing La1FBIN1TAUMFDEULAZTRETIR  InsLiugduln
gy coding sequences (CDS) Wity
" protein Wudoyaiildanmeiln mass spectrometry WaRBINIIAUM
FolUshulaztoaTIn
® Databases  giudeyaiifesnslilumsdum  Fsuvalugrudeyadniy

nucleotide waz protein s1vavdeadiuinazy Aw3190 4.2 uay 4.3 sialy

. o v =~ = a '
® Alignments M3dnseayaiveldlunisileuiisusenine  query sequence
wae sequences tugnudeya Fwwusesnidu nucleotide vs nucleotide uae

protein vs protein

gih'?i 4.1 yiusnvesdules BLAST [https://blast.ncbinlm.nih.gov/Blast.cgi]
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ASpeilaluMSAUMIUS U BUANUAGNEARIIUN T IN N

M3199 4.1 asdiUTeuineudnuasiugiuress BLAST udazyiln

BLAST types Query sequences Database Alignments
Nucleotide BLAST Nucleotide Nucleotide | Nucleotide vs Nucleotide
Protein BLAST Protein Protein Protein vs Protein
BLASTx Translated nucleotide Protein Protein vs Protein
Translated
tBLASTN Protein Protein vs Protein
nucleotide
Translated
tBLASTx Translated nucleotide Protein vs Protein
nucleotide

FIUUNISIY BLAST wsiasrlno1alananisiasisnuanseany  wazinananiny
v v Y gj = 2 ] aa = v 1 a
gneieavesdeya fuumsdentdenaiiansugn s1vasBunnisly BLAST usiazviln

Wused

Nucleotide BLAST

Nucleotide BLAST uiSumnasguiildlunisseytodu wazviinvedddin 1oy
msldteyadiduiindlelng (saiugnssy) lavanunsordniidndn Nucleotide BLAST

13U 4.1 ﬁawﬁngmﬁwﬁm%’umﬂzﬁa;&amaa Nucleotide BLAST (SUN 4.2) @auu4

Y
pandu 3 @ laun

® Enter Query Sequence \Wudgesridililadeyadduiindlelnaiauls

(query) 309 upload file ififeyad1Auilndlolndils
® Choose Search Set Jumsidenldgiudeyanazlilumsfnviieudioy lu
nsalauuladnassldgiudeyala dewdenld Others (Nucleotide collection)

Tumsfine egrslsimuaninsausuasugiudeyald (m35199 4.2)
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Basic Local Alignment Search Tool (BLAST)

sUN 4.2 mslddeya uazivueaisieg lumsiesizideyanis Nucleotide BLAST

[

® Program Selection Wumsidenldlusunsuluns@nwiwSeudiou fadl
" Highly similar sequences (megablast) Tdd1nsun1sAumanauilingle
saa & %) a ada a 1Y)
Inanfinnumilouruunng mnanddidinsdameaiu
" More dissimilar sequences (discontiguous megablast) T¥dnsunis
Aumdayadduilndlelnaninnumieudiuliinn  dnananddidia
ptini
" Somewhat similar sequences (blastn) ldd1nsunsAuaIsUlngle

Inanflvuedus ToAumdununanddizine iy
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

M350 4.2 asuveuarilernvesgiuteyailindlelnanlddmsu BLAST

gudaya

SN8azL080

Nucleotide collection

(default)

All GenBank + EMBL + DDBJ + PDB sequences, excluding sequences from PAT,
EST, STS, GSS, WGS, TSA and phase 0, 1 or 2 HTGS sequences, mostly non-

redundant.

16S ribosomal RNA

sequences

16S Microbial rRNA sequences from Targeted Loci Project.

Reference RNA

seqguences

Curated (NM_, NR_) plus predicted (XM _, XR_) sequences from NCBI Reference

Sequence Project.

RefSeq Representative

genomes

NCBI RefSeq Reference and Representative genomes across broad taxonomy
groups including eukaryotes, bacte-ria, archaea, viruses and viroids. These
genomes are among the best quality genomes available with minimum
redundancy - one genome per species for eukaryotes and diverse isolates for

the same species for others.

RefSeq Genome

Databases

Genomic sequences from NCBI Reference Sequence Project.

Whole-genome shotgun

contigs

Assemblies of Whole Genome Shotgun sequences.

Expressed sequence tags

Database of GenBank + EMBL + DDBJ sequences from EST division.

Transcriptome Shotgun

Assembly

Transcriptome Shotgun Assemblies, assembled from RNA-seq Sequence Read

Archive (SRA) data.

High throughput genomic

sequences

Unfinished High Throughput Genomic Sequences; Sequences: phases 0, 1 and 2.

Patent sequences

Nucleotides from the Patent division of GenBank.

Protein Data Bank

Nucleotide sequences from the 3-dimensional structure records from Protein

Data Bank.

Ref genomic sequences

Complete genomes and complete chromosomes from the NCBI Reference

Sequence project.

Human genomic +

transcript

The genomic sequences plus curated and predicted RNAs from the current build

of the human genome.

Mouse genomic +

transcript

The genomic sequences plus curated and predicted RNAs from the current build

of the mouse genome.
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dervuaaanee w@Sauds Tiadnfid1in BLAST Tusunsuaziasuiinalelng

s ladly

ThnsilSeuiteuiuauiiandlelnavianua nteglugiudeyaniui s,

Mviun  wazAunmdddynsatavewnumilon  nioufusyutedu  wasvilnved

N

ponu 4 du

Ada  aa v = ¥ o w a = sl ) PN '
QumﬁmwuﬂaqmﬂaqﬂﬂaﬁﬂanWUU')?]aIE]IV]G]V]a'lﬂﬁ] IG]EJLL?’WNNa GNEUV] 4.3 IG]EJLL‘UQ

Lakn

® Job titte udnuiiszyrisneg  mudidvualilumsiessideya  loun

molecular type (Guﬁmfummi%ﬂmaqa), query length (A311813), database

name (Fagnudeya) waz program (Uswnsuiild) WWusu

® Graphic summary {WunsagunanisilSeuiisuasuiaedlelndmenaud dsld

Apgiuseleyilumsiasevideya

L. <, = A a a N v Ao
® DeSCI’IptIOﬂ L'U'Uﬂ']55314'5']EJagLE]EJﬂsUE]u?ﬂaIEJVLV]WG]'N6] Iu‘i']usﬂﬁ]ﬂ%lavmﬂfﬂﬂ

AangAdINUaNRUTAALE AL TN lUA1EY InewanINe 100 SUAULSNT

a o o ] ! aa o o A = & cs' = a
LFHANAUANUATASLUL  LLaZAINSEns (@1aun 1 quﬂﬁquﬂﬂJ@umqﬂWQW) KINEY

ANVIAITNAITUN P19

a ada

Description \useandendebuuariiodditin

Max score az Total score AzuuTigsazaimLmiiousnn

Query coverage \Hueitvendsemuenivesiindlomaiildlunis
Wisudeutu wu wnsladandlemdiifinnues 630 bp adlu udn
Tsunsu BLAST s 630 bp lumswieudlsufuiealoslu
gudeya Avzuanmainyiiiu 100 %

identity Wumdluoniesdusmiumiiousznineiindlelng

E value Wumiivenmnuindodio danilndaud aziimnuusiugiags

Accession number a@ansaaaniiteresledlggudeya Nucleotide o

® Alignment WudunuansnmsiuSeudisuanowa  sewineiimalelnanisnld

Wl

(query) uagihmdlolnannulugiudeya (subject) vndlwasiumisle

uanesTufzdunaiulaag 1AL
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

Ul 4.3 fetnamaiiliiann Nucleotide BLAST
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Basic Local Alignment Search Tool (BLAST)

Protein BLAST

Protein BLAST WuiSinasguildlumsssylelusiunasriinuesdai®in log
msladoyaddunsnoziluvestusiudiaule Tavanunsandniidndn Protein BLAST a1n
SUT 4.1 Aezdhgnihdmiumslddeyaues Protein BLAST (3Uf 4.4) Fauvseenidy 3

Y

a7 Lown

JUN 4.4 mslddeya uavmvuaas1eg lumsiasigvideyanis Protein BLAST

® Enter Query Sequence udmtesrinsdililddeyaddiunsnezilufiaule
(query) #5389 upload file ﬁﬁﬁﬁagaﬁwﬁmmazﬁiuﬁlﬁ

® Choose Search Set LWumsdenligudoyaiedlilumsfnwiioudou lu
nsditliudladnmsldgudoyala  Semdenld  Non-redundant  protein

sequences (nr) agndlsfinuaninsausuldeudugiutoyaduld (m15197 4.3)
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4 A v = a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

® Program Selection Wumsidenldlusunsulunsdnwiioudiou fedl

" BLASTp (protein-protein BLAST) lddmsunisdumardunsaesaludid
aumieufuanng wanddiieviadieatu

" Quick BLASTp (Accelerated protein-protein BLAST) la@1usunisaum
areunsmesiluiifinnuniioutuet1asings

" PSI-BLAST (Position specific Iterated BLAST) ld@1nsunisAumansu
nsnesilummesuvis Wdmsulsiunitanunioudsulinn  wnaan
AallTAnsneiinmy

®  PHI-BLAST (Protein Hit Initiated BLAST) lgdwmsunisaumlusaulag
anfesULuuamgsvedUsiulunsiuTeuiiey

®  DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
TWdmsunmseumadunseesiluiifinnumiioudy  Tnewseuieudu

g1 (domain) silAiimanallun1sAum

M3199 4.3 asu¥enarviloruvesguteyalusaunlddmsu BLAST

gﬂuﬁaga 319821980
Non-redundant protein | Non-redundant GenBank CDS translations + RefSeq + PDB + SwissProt + PIR +
sequences (default) PRF, excluding those in PAT, TSA, and env_nr.
Reference proteins Protein sequences from NCBI Reference Sequence project.
Model Organisms The landmark database includes proteomes from representative genomes

spanning a wide taxonomic range.

UniProtKB/Swiss-Prot Last major release of the UniProtKB/SWISS-PROT protein sequence database (no

incremental updates).

Patented protein Proteins from the Patent division of GenBank.

sequences

Protein Data Bank Protein sequences from the 3-dimensional structure records from the Protein
Data Bank.

Metagenomic proteins Protein sequences translated from the CDS annotation of metagenomic

nucleotide sequences.

Transcriptome Shotgun | Protein sequences translated from CDSs annotated on transcriptome shotgun

Assembly proteins assemblies.
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Basic Local Alignment Search Tool (BLAST)

dervuaaanes @Sauad TimaniiAndn BLAST Tusunsuagdansunsaeyillui
M v ° - P v o w a & A o PN °
wldll  lhnmsilSeudieuivdadunsaesiilunimuni Teglugudeyamunisiiivua
wazAwINAEEAyNEiRvesrumiioy wWianiussutelUsAY Lasvlinuodadiiin
nimnuedneadaiudunsneziiluiauls lneuanma faguil 4.5 lneuvweendu 4 dw
Town
® Job title Wudmiiszudrsineg  audidvualilunmsiesgitea  lauA
molecular type (¥llnv0sEnsTiluang), query length (AI11817), database
name (Fog1udaya) waz program (Uswnsudld) Dusiu
. ) = = o v a 1% a IS
® Graphic summary {Wumsasunanisiseuiievaidunsaesiilusieuaud I3
wudlpssasreweslusiududiu (conserved domains) 199
® Description {Wumsszysivazduntelsiumie lugiudeyafiianundnends
[ o W al QA' [ a [ U U d! a o w
Auanaunsaeglluslddnliiiaed laouania 100 SUAULINTUTIIEINY
MUAIAZUY UasATMeEDs (@19uN 1 aslienumliousnniign) FellA1nans
W50 Asil
" Description Wusngavduntelusiuuaziedlitin
" Max score Wag Total score A1AZKULTIAREIANUMIBULNN
" Query coverage \Jumiuaniaauenivesiusiuildlumsilsauiiiau
fu 1wy asldlusAunuszneumenseesdly 469 asll  wa7
TUsunsu BLAST Tdnseeziiluis 469 d TuniswTeuiisuiulusiulu
gudeya NMsuanmadiiu 100 %
" |dentity WWumiiveniasifudanumiiousninausiu
" value WWuffivenanunidedie dandnlnague azlianuusiugng
" Accession number @nansandn elteuledludgiudeya Protein 16
. I3 | Ql' = P a ' ° ! ' a
® Alignment Judmmilansnsissuiisunsnesilunaazdunus  senanelushiu
Ml (query) waglusfiunnulugiuteya (subject) wndinsmesiluy

Fumslaumananatufasdaunaiulaagiatnay
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

Uil 4.5 fethawadiléiann Protein BLAST
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Basic Local Alignment Search Tool (BLAST)

Translated BLAST: BLASTX
BLASTx LHudSinasgruilélumsseydelsiu  wazvlnvesdedi@in Tasmsld
foyadsuiandlelnd (sWaiugnssy) Tavansnsamdiniididn BLASTx 91ngufl 4.1 Ay
iiguihdmsumsladeyaves BLASTx (30 4.6) Faudsoonidu 2 dw laun
® fEnter Query Sequence Lﬁud’suﬂémdwﬁiﬁd%’m&aéwﬁuﬁmﬁiaiwﬁﬁauiﬁ]
(query) #399% upload file ﬁﬁ%@gaa"ﬁuﬁmﬁialmﬁﬁiﬁ yananianansaden
Genetic code Tunsiuunsia codons fiagldlunsudaseta (translation) 910
seuinalelndludunsaezily delaeilvasdendu Standard sgrslsfau
annsavuasulimnsauiurinvesdadldiniavla @l Vertebrate
Mitochondrial, Yeast Mitochondrial, Mold Mitochondrial, Invertebrate
Mitochondrial, Ciliate Nuclear, Echinoderm Mitochondrial, Euplotid Nuclear,
Bacteria and Archaea, Alternative Yeast Nuclear, Ascidian Mitochondrial,

Flatworm Mitochondrial W& Blepharisma Macronuclear sy

UM 4.6 nslddaya wasivuaingg lunisieseideyasnis BLASTX
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

® Choose Search Set Wumsidenligudoyaiadlilunsinuioudou lu
nsditliudladmsligudoyala  foudenld  Non-redundant  protein
sequences (nr) lunsdine sgdlsAmuaninsauiuasudugiudoyadu T
Reference proteins, Model Organisms, UniProtKB/Swiss-Prot, Patented
protein sequences, Protein Data Bank, Metagenomic proteins Uuag
Transcriptome Shotgun Assembly proteins Jumu
derhvunaeineg a3auds Wadniidndn BLAST Wsunsuazthansuiianalelng
fisldld  Wnsutasiadunseesily udBalluSsudieutuddunsaesiily
faunfifeglugtudeyamuiianiinun  warduudisddymisaiivesauniion

Y Y] N = a a Ada aa 1 = o o q' =
W'ﬁﬁ]ilﬂu’ﬁgusﬂaiﬂi(ﬂu LLASYUAUBDIAIUVINNUAINUAANYAAINU IWBLLﬂWQNaWQEUW 4.7 %9

wusoandu 4 dnloun

o Job title udwdiszydeingg  mufitmualilumsiiesesideya e
molecular type (%ﬁm‘uaams%ﬂm@qa), query length (A31817), database
name (Jognuteua) waz program (Usunsufild) Wus

® Graphic summary WunsagunanisilSeuiisudduindlelnauaznsne ziilu

meuaud nsuudaswairwesdusiududiu (conserved domains) fiee

L. I = = a v aa v =
® Description Wumsssyuswandeavolusiunineg  Tugiudeyaiiinnuniiunds
Auansunsaeslilunulasiamnainaduiliandlelng (translated nucleotides) 7
| Y a ¢ YY) = o o ! !
wlddnlUiesg Tnouansma 100 SUAULINTUTIIAIAUMNAIATLUL  LaZAT
NNEDR  FANAITRAITAN A9l
" Description Wusivasdentelusiunaziedditin
] ~ ] a
" Max score Wag Total score AAvkULTIAREIANITEUINN
" Query coverage WumfivanieanuevesiusiuildlunsiSeuiieu
" |dentity Wumiueniesifunanumiioussningusiu
< | A 1 A A [ 1 [ ¥ L4 a 1 o
" Evalue Wuefivenanudnietie daadilndaud azllanuusugias

" Accession number @nansandn tewenlesludgiudeya Protein ol
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Basic Local Alignment Search Tool (BLAST)

Ul 4.7 fetnamaitléann Translated BLAST: BLASTX
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

. [ 1 a ol = a 1 o 1 [

® Alignment Wuduiuanimsilsuiiunsaesiiluusagiunus  seninnsney
fluiudasiamnanaiduiiedlelnd  (translated nucleotides) fsldinly
(query) waglusiuinulugiudeya (subject) mniinsmezillusmunislaunneig

fufazdunaiilaog1sinauy

Translated BLAST: tBLASTNn

]
&

tBLASTN \Juismnsgiuililumsszutiodu wazviinvesdadi®in lnenslddoya

9

o w a

avunseesliluiawls  lWSeuidisuiudduiedlelnalugiutoyaiiuUasialmdu

o w a

dsfunsmesiily (translated nucleotides) Tnpansnsandniidndn tBLASTR 91ngUfi 4.1

Aashgmidmsunmslateyaves tBLASTn (3U7 4.8) Beuuseanilu 2 du laun

Y
® Enter Query Sequence ududesriniililddayadisuindlelndnaula

(query) ¥50ag upload file Nildoyadsuilanalelnanta

® Choose Search Set JumsidenldgiudeyalumsfinvidSouiieu  deuld
Nucleotide ~collection oeidlsfimuannsauiudsugiutoyald il 165
ribosomal RNA sequences, Reference RNA sequences, RefSeq Representative
genomes, RefSeq Genome Databases, Whole-genome shotgun contigs,
Expressed sequence tags, Sequence Read Archive, Transcriptome Shotgun
Assembly, High throughput genomic sequences, Patent sequences, Protein Data
Bank, Ref genomic sequences, Human RefSegGene sequences, Genomic survey

sequences ey Sequence tagged sites Judu

dorvunaanee @Sanad imaniidnin BLAST Tusunsuagdiansunsaeyiiluf

3

witdlluSsuiieuiuadunsnesiiluiignuUasiamnandiduinedlelngd  (translated

o o

nucleotides) Nwuaileglugudeyanuilisiivun uazmuismdedfgmainves

AUwilow wiBNiuTYUYely wasylliavesddldinnlianuniuadiulaouansa gy

71 4.9 lnswvwanidu 4 duleun
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Basic Local Alignment Search Tool (BLAST)

sUN 4.8 mslddeya wagivueaie1e lunmsiesizideyanig tBLASTN
. I3 ' N o A o a ¢ v PV
® Job title Wudwnszureneg  muiivualilunsiesisideya  lauA
molecular type (ﬂjﬁm‘ummi%ﬂmaqa), query length (A311813), database
name (Fog1utoya) uaz program (Wswnsuiild) Wusiu
® Graphic summary WumsasuransiuSeuifisvarsunseesdilumeuaud
® Description LHumsszysiazdentoduingg lugiudeyaifidsiunsnesiilui
wlasrauandduiiiedlelnd  (translated nucleotides) AuAAIEARIAY

anunsaeziluiisladnluiesey Tnowanana 100 dUAULINTUSIaIRUAIL

' v
a X a1 4 v A

ANAZLUL LaZAININEDR  FadlAfimsiansan aall
. . < a A o A a ada
B Description Wusvazidundodulazioddiyin
" Max score kg Total score AnAzUUUNGIRIANUMBUINN
" Query coverage Wumivenisrnugnvedusiunlalunsiuieuiieu
" |dentity WWuAituenesidudanumilousynindusiiu
I3 I a oA Y v 1Y & a o
" Evalue Wumnivenanuiniede sdadilnaaud avllanuuaiugigs

" Accession number gnsnsardnieesledludgiudesa Nucleotide 16
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

. [ 1 a ol = a 1 o 1 1
e Alignment (WugdiunianinmsilSoufisunsnoviilulasmunuy seminansney
Aun Asldwnly  (query)  uwaznseeriilufiulasiaunainainuilealolne
(translated nucleotides) Ninulugiudeya (subject) mninsaevillusmuniisle

uansanuAEdunaiulaeg1talau

U 4.9 feg1auadiléiann Translated BLAST: tBLASTN
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Basic Local Alignment Search Tool (BLAST)

Translated BLAST: tBLASTXx

tBLAST WuiSinesgruildlunsseydedu uazvlnvesdsd@in Taonnsladoya
Sduiedlelnafiauls ududasia (translated nucleotides) Tidudndunsnoxiily
Mntuishluieudsuiudfunsaesilufiudasiannainiandlolnd  (translated
nucleotides) lugrudesa Inganinsandndidin tBLASTx 903Ul 4.2, 4, 6 3o 8 fiaz

al

dhguihdmsunislddeyaves tBLASTx (U7 4.10) Bawuseonilu 2 dw laun

UM 4.10 mslddeya waziunuaring Tun1siinsgideyasme tBLASTx

® Enter Query Sequence Wudmdasheililadeyadduinalelnsfauls
(query) #3032 upload file fifeyadfuTnalelnARls uenanianansaden
Genetic code lunmssnunsia codons fiazldlunsuiasia (translation) 290
seuinalelndludunsnesily Jelaeiluasdendu Standard sgrslsfmy

'
a

aunsavsuasulimunzauiuriavesdslidisnaula la

® Choose Search Set Wumsdenldgiudeyalunmsfnwilioudey  Heuld

Nucleotide collection aghalsinuaninsausudsugutoyald
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o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

dervuaaanee w@Sauds Tiadnfid1in BLAST Tusunsuaziasuiinalelng
asldliluudasifa  (translated  nucleotides)  Tluaisunseesfily  udadsly
wWisuisuiuadunsnezilunlaainnisulasiaainaisuiledlelng (translated
nucleotides) Vimuaileglugiudeya muisiivun nduuumtsdfynieta
Yaarnumilow  wiaufussyvetu  wavyliavesdulltinninnueaiend sulneua naue
MaguRl 4.11 Teewuseandu 4 du laun
® Job title udmiiszudisneg  mudidvualilunmsiessiteya  laun
molecular type (Guﬁmﬁumaﬁ%ﬂmaqa), query length (A311813), database
name (Fagnudeya) waz program (Uswnsuiild) WWudu
. 3 = = o v a ar ¢ v =
® Graphic summary Wumsasunansiieuiisuasuiiandlelnanewaud
® Description 1Wunssrysvanduntodusingg  lugrudeyaifidiiunsaosdlui
wlasiaananaiauiiapalelng  (translated nucleotides)  AMUARIEARSIU
arunsnezllunulasiamnainainuiiedlelng (translated nucleotides) 71L31
TanlUAmseit Tnolansua 100 SUAULINTUSIIAIAUAUAIAZIUY  LAZAINN
ann FlA1IATieITu Al
L. < a 4 a 4 a aaa
" Description WUI88LDUATBY ULALYDEILTIN
" Max score Uag Total score AAULTZIRLIANUMABUINN
1 1A = a X & i
" Query coverage \Jumatuenieminugnivesiiadlelnanldlunig
Wisuguiu
" |dentity WWuAuenesiduianumiousynindusiiu
I3 A = v 1y % ¢ a o
" Evalue Wudfivenanudnietie dalndaud azllanauusiugias
" Accession number ansnsardniewenlesludgiudesa Nucleotide 19
o Alignment HudmfiuansmsilSoufisunsneviilundasiumis  seminnsnes
Aun A lanlu  (query) uwaznsmeslilunulasiamnainainuiandlelyna

(translated nucleotides) Nnulugudeya (subject) mninsaevillusiuvisle

wanenstufsdunaiulsog1taau
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Basic Local Alignment Search Tool (BLAST)

Ul 4.1 Megawadiléain Translated BLAST: tBLASTx
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o A v ~ a v = o a
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M3 BLAST wuuniAy (Specialized BLAST)

WBNAINMS BLAST wuuiugiuilglumsAumvety vIevelusiuvesdadiyin
v oa v & v a a S v Ao v 1
aananalduaaiy §5ling BLAST  wuuiiwwimiifidnunglunisldaunainnananiu

(Ul 4.12) aguitsolud

UM 4.12 ddiendmiunis BLAST wuudiers

[https://blast.ncbi.nlm.nih.gov/Blast.cgil

® Smart BLAST Aumlusiuiiaula Iaeldlusunsy BLASTp wisuiisuiulusiu
lugudeya Landmark @sUsenausig proteomes 30 27 Jluawedddiding
ATOUARITIYNBYNTIASIY  walilarelusAunligdouniiamnumainnaieni
BUNTIITIU WONAINT SmartBLAST  faiauegiudeua Conserved Domain 1
cs' Y v
et

® Primer-BLAST Tdluniseanuuu  primers fdwzsoduiiisiaents  Lagly
primer3 algorithm 9MNUUATIVADUAINTUNZAU DNA template 1aenis

BLAST w3guiiguiiudduiiandlelnalugiudeya
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/smartblast/?LINK_LOC=BlastHomeLink
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Basic Local Alignment Search Tool (BLAST)

Global Align TlUsunsu Needleman-Wunsch Global Align Tunsdaiasansu
fndlelnd viedwiunsnevdily Msldadnludug TnednSewasuioudiay

fakpnuauay Feldmdendanumilouiusyninagiaunse b

'
al

CD-search M3AUMIUTINEUSNY (conserved domains) A1nERUNTABEALY
THlumswisuifeuiugudeyalusiiu - msfumuinaeyindilen ez
Banth (functional analysis) vodlUsAu

GEO Wumsdumdandlelvafiaulalaeldlusunsy BLASTn Wisuidleufufiang
Telnslugnudena GEO (Gene Expression Omnibus) Gsagvinlilddeyaguiuy
NILAAIDINVDIEU

IgBLAST L‘ﬁum’iﬁuwﬂmaqa%ﬂ immunoglobulin (Ig) %38 T cell receptor
(TR) andeyadrdunsnevilufiaula TnewSoudieufugiudeya Germline
VecScreen fumsiansosdrsuiaealemsfiaulainiimsunidoudiiuiindle
néfiinan DNA vector 3ol Tnemsldlusunsu BLASTR vmswSeudieu

asutirdlelnadugiudeyansiusiuasuiiandlelnaues vectors ¥lafnan

o

CDART m3szyuiaieysng (conserved domains) fifleglusiudiaula udamny
shemseumlususlndug AifuTneysny (conserved domains) &nwaiy
eIy
Targeted Loci ilumsszyviiavesdorainiinuludwanden Tnglddudmneg
Tonn 16S, 18S, 28S uwag TS (internal transcribed spacer region) e
ribosomal RNA udal4lusunsu BLASTN TumsilSeuiisufugudeyarey de

® 165 ribosomal RNA sequences @135U bacteria Wwag archaea

B 18S ribosomal RNA sequences @1%3U eukaryotic microbes

B 28S ribosomal RNA sequences @35u fungi

® TS (internal transcribed spacer region) @1%3U fungi
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https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHomeLink
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_SPEC=GeoBlast&PAGE_TYPE=BlastSearch&PROG_DEFAULTS=on
https://www.ncbi.nlm.nih.gov/igblast/
https://www.ncbi.nlm.nih.gov/tools/vecscreen/
https://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd=rps
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&BLAST_SPEC=TargLociBlast

o A v ~ a v = o a
insesiiolunmsAunUSauisuanuAaNeARe U1 TIn W

Multiple alignments n1514 Constraint Based Protein Multiple Alignment
Tool (COBALT) TumsdaissuaziUsaumisuaidunsneziluveslusiunaie
wlansons Au

BioAssay tHunslélusunsy BLASTN lumisdumanswilonn PubChem i
annsaduiuaduinedlelndfiaulold  vieldlusunsy BLASTp  Tunnséum
a191afiann PubChem fianusoduiulusiudiaulals

MOLE-BLAST msszyasiuihadlelydiinnumiiouvdslndies  (neighbor
sequences) fughuiaalolnsfiaula Taeldlusunsy BLASTR @1nvuvims
Fadsuanioufieudnuaranumiion  Weldlunssuunduaeauins

(phylogenetic) suaIfiuAmNNAZI8ATINU

PNANTON9DY BATHUZUNIBTULNU AN

BLAST Homepage and Selected Search Pages
[ftp://ftp.ncbi.nih.gov/pub/factsheets/HowTo BLASTGuide.pdf]

The New BLAST® Results Page

[ftp://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo NewBLAST.pdf]
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https://blast.ncbi.nlm.nih.gov/Blast.cgi?BLAST_SPEC=BioassayBlast&PAGE_TYPE=BlastSearch&PROG_DEFAULTS=on
https://blast.ncbi.nlm.nih.gov/moleblast/moleblast.cgi
ftp://ftp.ncbi.nih.gov/pub/factsheets/HowTo_BLASTGuide.pdf
ftp://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo_NewBLAST.pdf
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Phylogenetic analysis



MIAATITRANUFUTUST TMUINS

AN5IATITNAMUAUNUSLTIIIAUING

Phylogenetic analysis

v a

WaliFadnlngjinddnsinisnanediug (mutation) ga vilvinnsavaunisnane

WugsenInan1sing uu (replication) ae195Ii57 dullsanainnatedade laun

RNA virus 91fan1siinauveseulesl RNA-dependent RNA polymerase Tunis
Wuduauasiugnssy  Jueuleddnanidnsnisasiansiugnssuianana
ADUTLNN (10°-10 nucleotides/replication cycle)
Welisaiuduunsluwaaidntnu (host cells) Fsneluwaaidntnuazil RNA
editing enzymes fignunsausuldsuaisuiuauuais RNA 1o elisneanuive
1 o 6 1 a 1 a vd’{ v a U s 42(
wud Mahauveaeuledangty Inaduasuligelsatinisnaieiugunniu
waRINdiNTIuINasUgNIsIuad Liidlilinaln proof-reading Litensivaey

ANHRANAIAYDINTTHI 1A TRUGNTTUVO B LT A

& [ 1 | . . = LYY PN
olidaluiinalnnisdeuusn  (repair  mechanism)  LiewlswaRugnIsud

NANaA

Selective pressure Li18a9nsrUUNANTUYEITINNY Ansneuauadlagsonu

q

wazidawelsa Wunaih e zneduligebhyalidnsinsnateiugedig

(%

53057 eninideInsneuaueuesTEUUn TAu

AetiulunmsAnw saiugnIsuvs e ineveselifasianeg  Jelleufinw

e kunaneiug (genetic characterization) WagdATIENANUFURUGTITANINAS

(phylogenetic analysis) vaadahisa welmdladnuaenisiugnssuventelisa dudl

Usglogillumusinge Taun mslessiunasiundelisalnsuaussuinmnanile  ns

= |

Muganugulstlumsielsaventiolida  maSeuieussnhsaneiuguesinfuuas

[

hhanmdszuin waznmsihweaeiuguostelhsanimdnsssuialuowan Jusiu
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Phylogenetic analysis

i a awv

AMSAATINAMUFUNUSITIITAUINS  (Phylogenetic analysis)

Tuns@nedwsigirnuduiusi@aiiauinisidy svsansnadukaun1nguls

] 4

a awv . Y @ =2 a 6 1Y @ a a 1
LIIRIUINTT (phylogenetic tree) 7 zmaﬂwmumaumgm (ladlvvainaasefinuuen)

a aa =~

YDIANUAURUTTT TN TTeMIEETInnusTY s wauweaeludanvary ey

s

SnwaeAaniu (branch) vk WAUlITI TIN5z UR AU Fe i inane Wus

3

Tfianuduiusinadaiu viseliusswysusiuiu (5N 5.1)

5UN 5.1 fegaunun1nauliideiinminis (phylogenetic tree)

[

1n3UT 5.1 BArdwinasnsiuinefiuwiunmeuligadiaunms deil
® Root ABIINFIUNIBYASUAUVBIAUNINAULTITTTLINT
e Taxon MFenddidinusaviiiaulafinw Tunsdinldidunymataziondn Taxa
Yo A Ada o ' G Y o a = a v
® Basal taxon lHSenddldIneadnanlusuiiidn  YSRUTINUTHTUAUYDY
«
taxa au9

. v a a ada aa o o fa awv | va
® Sister taxa I%Liﬂﬂaﬂﬂsﬁﬁm 2 taxa V]ﬂJﬂ'J’uJa@JWUﬁLGUQTJ@Ju’]ﬂ']iE]EJ'NSLﬂaGUW
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YV QI aaa 1 d'd £ o 6§ a av 1
® pPolytomy 1d5unddi@inunnnin 2 taxa NIANUENAUSTINIRILINITOEN
Inddn  wilveyalifisanelumsdadiuun  taxa N JUAIIUANUEIAU

(branching order)

® Branch length MuE1w8IAY Tunsiives Cladogram (g‘dﬁ 5.1) MNUY1IVBY
Aeaglaifipnumang  wigdu Phylogram A2M3817909099LaRITUILY B4

d' a awv = i = i
MIasuLUauddTmuns feagnansvavideasely
® Branch point gauwANAa JUNSWENAMLLANAIIYEY taxa TIHUTINYTYTITY

PaNINU 1Ay taxa M3 branch point 33U ALTUTINYTWAIAATINAY (Most

=< v o 6

recent common  ancestor) AN UFLRUST TIUIN15819N AT A

UNFIDYNNYU

] [ 1

= Branch point (1) Wugeifusswygesuiuaigaues taxa AG

9

= Branch point (3) Wugaiiilussnyguswiudgaues taxa B, C uag D

9

= Branch point (5) iugeiifiussnygusiuduaianues taxa F uay G

9

Uszinvasuaunwauldideiiauinis (Types of phylogenetic tree)

]
=

WU EUlIA TS ansawvalu 3 Ysaan (JU7 5.2) fadl

v § A

® Cladogram Wuurunnsulindunansangzunuuaan uduiusLd
Tiumssgninngu laedaseding (branch) ven taxa 1UTTIUNRUNUS
a o A Y v & a =
WEINUNOAINUAILINUVIUY AUUAINYNIVDING  (branch  length) alaidl
Anunglag dnsulaunnauliussnni

I3 v val U o fa awv \

® Phylogram  HuukunImsUliLangULUUANNEMUEZ I TnmIN15I8nI19
nau leglinnue1ivesna (branch length) agviouisdnuiuveamsilasuudas
WITLINTAY  feduurunwsuliussinniagiinnuenive siawananeiu iy

Tuus taxa
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§ Aa av 1

® Chronogram tHusnunwsiuliuansguuuuanuduiusid 3 auin1ssening
nau leglinnnue1ivesia (branch length) agvioudianianiinTuass Wefinw

ANUALNUSITIIIUIN B UNUYIIAN

- —

time

Cladogram Phylogram Chronogram

—
—
—

> ® N O m TG

> ®m O o m mE
n|
o

0.1 changes per site

JUN 5.2 Yssnnvosurun e ligad iaunnis
ad 14 14 Y a au
BnsafaununwinliidaiTamins

Tuafnnis@euwaunIndulEITATaunsazanfeniswssus uanuue (traits)

IS L%

Aeuaniuediiu (phenotypes) 1y fimne/ladfivne Swn/ladfiwn Wudu wieldlunsdn

\ aaa

FUUNANUFUTUSTTAUINTYeEETIn  Inelnann s adiisniussnygusiuiu

v =

ilidnuuradeadaiy  uilulagtuienlidnuuenisen@vingr  (molecular traits)

[y

lown  aeuiiedlelnavesduy  vSeasunseesliluvedusiy  Tun1sdnanwun

ANUALNUSIT O IAUINTVREETIN  LeeinannsIN @ InNIRInuINSsIuiua g
1ndtn 2slidnvamaiugnssy  (genotypes) #uansneiu (distance) isadntiay

Tuvaenddiionlitanulnddn@dianing sslidnwaensiugnssuwansiuann

v o €

N33R UNANUFTUSIITaNTvedddln  Taglddnuaenieadvine,

Usznaumediueigg fail
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1. msdenlddayamean@iainet lumsiuunanudiudiiadiauins laun

&

o awuiamdlelnsduinidu non-coding regions lalleuvassadunsneziily
o v a o & 1 P . . o & A v
o gsuilndlelnaduindu coding regions @snsauwvasiailunsnesilula

o o al = Y o v} al QA' CY o U a =
® punsmeiluvedusin  a1unsalrasunseasilluNwlasrauannaInunIng

1olna (translated nucleotide) Tud@au coding regions 1a

nuidemeuhsaine deudenlddrsuiinalelnaduidu coding regions
vogunldlunisasnlusiuiuiy  (surface protein) vedounAlifa ewinguuay

lUsAussnanaglasunznanuainladenige Wy ssuunlinuiueessieniy grsulasa

Y 9

wazdaandey Vlilignsmsnaeiudinnnitdusug  wenaintnsdnuunangiugves

welSaunswinlusfniousiwunmenisuuadu  serotypes lngafan1sduiusewing

=

wouRAUBR (antibody) wavheuRlau (antigen) Fafnaslulusiiuituin (surface protein)
yoseunabiFaiues dulunmsidentdaduiiedlolnddwindu coding regions 188y
dlumsaslusfiuiuia (surface protein) veseunialisa wldidudeyadmsunis

FIHUNANUFLNUSITIITAUINS AeiveRraneUszns tawn

o FnwAnudiusiiiauinsigennds siun sTRUNaNeRugmMesEUY

serotypes
o AnviANuduiuSITNTnuNMsigenrdeaiuNsUS UYLl (viral

adaptation) weliagsen Wy nsuauRessrUUiANTY (immune escape) N3

U 9

[
| £

fafau@ulaga (anti-viral resistance) way NISAMEBNLAYSISUWIR (natural

selection) tWudu

v a X A &

o auiimdlelnsdwinidu coding regions @snsauwvasvalulunseeziilula

[% (%
Y

feuIEINsalINEAUTIeale e warnsaerllulunTAS19NUN WA LITLT

Faurnisle
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Phylogenetic analysis

2. msdnGEeeamiudayasauiy (Multiple sequences alignment)
ANUYIVBIEIRUTIAALEING  USEPNNEIVBIEIAUNTAREIlL  ATNLAAE

[y

FOU1INANYIAMTILADINANNIN NN Y AtuTsmsUsulasliiunuasuAuLay
o 1 Qy o v Aa ¥ 3 & o a o 1 [ o A
FunisAugavesasuiiandlelng  viseddunsaesily  Tuyng  fegradusunued
asafiuiieliladeyaiuiug  Tunstiiifianisviamely  (deletion) wselduiliiady
(insertion)  vesaruinalelnansensaeziiluluvisdiegns  lusunsudmsunsii
. a [} a Y wa 1 [ 1
alignment Az gap () Tudgiunvamelulionlui@ sg1slsinmumsnsiaaeuinns
a v A ' aa v Y o o
Wy gap (-) vedlusunsugndesminzaamsold Inglamenstiifesmnsulasiaaindnfu
Thedlolnalududdunsaeviilu Munus gap (-) warll 919 liiAn frame shift Fsay

inledayadiunsnesiiluiiianain derhluadaununmiulidaiaunnsiag

RANAIAA2E

3. AmsadraununnduliiBedTaunnis (Phylogenetic method) wuseanidu

® Character based method fudnnsaenisilSeuiisusiavesidndlelna %3
gilavensnesily  luudaviumiwesdisuiiinein  multiple  sequences
alignment  91n3UA 5.3 dewSsuiiisudduinadlelndduiu 6 sumis
TeNIN9RE1 4 NEu (taxa) NUTAINTATIe unrooted tree la 3 dnwaiy
mntuilefinnsand iuiedlondudaviums 9swudn W was X taxa 23
Sau sister taxa Wosmndemuuanmetutios Waneslusunisii 3 way 4)
A1 Y waz 7 taxa msaadiu sister taxa easnflanuuandisiutios (uansng
Tusuts?t 4 waz 6) lusasl W uay Y taxa (wansnslusumisii 1, 3, 5 way
6) 3o W Waz Z taxa (usnsndlusumiiedl 1, 3, 4 uaw 5) msdnegvineiusenly
Foduusunmiuliatannsiiasgndosian fo wunmduliduinede

[
Y

Tugud 5.3 Visiindnnns Character based method wuseenidu 2 35 laun
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JUN 5.3 msafraununmauldifadinmnig ¢ae character war distance methods

. . & ax P v Ya av
" Maximum Parsimony LUu’JﬁIUﬂ’]335’]@LLNMQ']WG]MI§JL%\‘]’J’NMU’]ﬂ'ﬁ‘Viﬁ']‘EJs]

'
aa o U 3

WUV LALADNUARSNAR NI ZUALATNLUUNTTIUIUATTNAYNUD (ﬂ?iL“l.JaEJu

o w A o w PN Y = aa & ° o v A a
ANMULUE Vﬁ@anUﬂiﬂagﬂiu) uaﬁ]mﬁjﬁ sUQ’Jﬁﬂ']'ﬁULWiJr]%ﬁ']WiUGq@GU@%Iﬁ‘V]ll

ANNAREATITUINNY  Mndeyalianuvagviainiavdudeusnng 35015l

[ [

D199LAT 1WA UNINAULLTA TAUINTARANAIAL WBNINTTDINAVBISY

a Y] ay yw = Y vy va v
AoganInInaskunisuliuseian Cladogram Faluununinaulimiy
uanuanEIULUUTeInNNdiuS B TaumIvinty. lduansdiuiuves
- A awv
NSURYULUAITITINUINTG
" Maximum Likelihood wislunisasrsununinaulidsdiauinsratee

a 1 =

WUU  LAADNLARINARNIZWHUAI WL U UYL HA1 L1 asdun nan @

Y
Bnmsilldveyalunsuszinanagian yhlviusyavsnimuazienudigede
281911 NN TTIHUNANUAUNUS T TRIUINT FJadundeuldlunns
a 5% a o v a 1 @ v o Qr-:l‘zgil & v
Areiteyaniidesyiuuund  egalsimudednfinvedisi Asldiam

saa a a

TumsUsznananoudiunn wazdndusedldrouiamesniivs w@vsnings
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Phylogenetic analysis

® Distance method HudnnisAensilseuiisurinvesiiedlolnd wievlaues
nspezily 1Aen1svin pair-wise sequences alignment AMNUUAIUIUAIAIIY
wAnena  (distance) vadusiazg taxa wadwhAANULANATlTIINET g

A eliBaiannms Tagazdn taxa filenuuandetudntes v
Tnd%nriu (sister taxa) du taxa MAILANEISAUINA Azgnaaliogsineiu 91n
U7 5.3 ilewSeuidisudiduianalelnasiuiu 6 sumis seminadion 4 ngy
(taxa) aemUTANT0a373 unrooted tree I 3 dnway andudlefiarsane
ANULANANIUTENING taxa whszg wdrad1adu distance matrix udauen
distance lUas1sununnduld azwudn W uag X taxa msiadu sister taxa
iesaniimnauansafuties (distance = 33) dw Y wag 7 taxa msdadu
sister taxa (fiasandimnuunnssfutien (distance = 33) Tuvaigil W uay Y taxa
(distance = 66) %70 W Uag Z taxa (distance =66) misdnagsiueanty i
wun ALl EA T msThiiazgndesiign fe wnummiulihudesielugu i

¥

53 Taevhld distance method fiteRmeanunsannunIndulilfagnasnEy 94

o |

Hedlrlunmsadraununmduldasing Weldiarsanlulewumingy  ludeuld

[
[ o

lumaesgideyalinnuvaevainuazdudeuanng  vieidndnns  distance
1 < ada [ 1

method wuseandu 3 35 laun

" UPGMA (Unweighted Pair Group Method with Arithmetic Mean) U135y
Myas U wUligdTauns Teglddeya distance dangu taxa
I3 I A ) v o ] = . ! ! P
Judq ninnadlnddaiu udimuwinsmawade distance Tuusaze taxa wie
Telunsmuun branch length Tunmuninauld

" Neighbor-joining +Uw3slunmsasraununmiuliidniiamnns  leelddeya

distance 1NTANGULATATIIUNUNTNOE19TIAST
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B Minimum evolution {Wudslunsasramunneulddaitauints el

¥

U8y distance 1MNUAANNY1IVBIAS (branch length) a1niue taxa 7l

branch leneth dufian (Fuiuslndlfeaiu) azanduunidu sister taxa
8 1 )

4. msmuuazluuuNsNanewug (mutational models)

[

sUkuuMsNaeiugliaufgttadlum s eianuiusgdiauinis Al

Jukes-Cantor (JO): msna1esiugyng wuuillemaiialavinieuriv

® Kimura 2-parameter (K2P): NM3na18#uguuy transitions (A <> G 938 C <> T)
Alonmainlaunnnin transversions (purine <> pyrimidine)

® rFelsenstein 84 (F84): MINAERUTUUY transitions (A <> G %30 C <> T) &
Tonaiinlaunnnia transversions (purine <> pyrimidine) Waa15a41 unequal
base frequencies L

® Generalized Time Reversible (GTR): nsnangiuglumaniacian LﬁugULLUUﬁ

Deulgmly

5. NSAATIZAAMNTOAUNNGEDR (Analysis of statistical confidence)
{9991nN15a5 19U WAU LT Tunnng Wunmsuansliiudvauufignu
[ 1Y <@ a ::1' ] v 3.; = I~ 9/::4' 1% v [
(Lilgdanaasanuiuen) dwuddienudululinazadiwnunmlavateg  luuy d
waRluA1s19n 5.1 azwiulsinanuiuwkun neulg S nsadululdiuas Audu
mUTIIUNgY (taxa) Aldlunsine Feindeyatinnuvainvateann agvilidiaang

Fugaulunsas19wNUN WAL LT Tau1ng
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Phylogenetic analysis

gns1e? 5.1 Suugluuuindululslunisadausuninduldiddiaunns

Number of Possible number of trees

taxa Unrooted tree | Rooted tree
3 1 3

4 3 15

5 15 105

6 105 945

7 945 10,395

8 10,395 135,135

9 135,135 2,027,025
10 2,027,025 34,459,425

AIUUNTUATIZRANUTOIUNIERR @S UnTas NN WAUlITA T g
9z91AUIDNTeNI1 bootstrap  analysis  Fsiindnnslunisinassnsasiaununiwauldl
v a o o o . o &
INVBYAYALALINY (resample) 1n8N15991°) (bootstrap replicates) 91UUNAYY AT
ntuILaunwaulinliannTInass g vimsssuiisuiy mnwudnwue
MIUUNABUUANE Y futeeq  waneiimsiwunukuuminaiiandesuga
Inemalunsiivium bootstrap replicates agmuuaA?l 1,000 replicates (31889015
asnaununnEuldgn g Audiwau 1,000 A59) egslsimuaansausulUdsual bootstrap
replicates  l9%aiAmuad1anng  (>1,000) agilanugneesgedu  udagldianlunis
Wessideyaury  lumanduiuinivueitesq  agiesisinaldsingy  usaw
oA o v & s & &
UNTBODILANNS  NAIINANTUTENIANS  bootstrap  wadvgkansAlullasigunnI1u
nazluiingnunsdwundnueasis  J9asssyaanudesiy  (bootstrap  support
values) 1iUsnaauanAs (branch point %38 node) Mnszustavluyie 90-100 wand

MNiANUeiUNIEnAgann (90-100%) lunsdaduundnuauziwiangn
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Feg1uguINIUN 5.4 asdiuliinnisduuniesening C uag | taxa %50 D uae

E v38 F wag H aglifmanudioiuminiu 100 wansindediolswiveu Tuvaeiigauania
° ' a1 v i A A o aa = a1 v !

VIeurdagiatasndt 100 uwansiinnudedumeatifanas Fawnndidntesnit 60

xUs8UINNSINUNANEEAIRINa b LU R D

JUN 5.4 nM1339YA1 bootstrap support values TuununmauldidaTauins

6. N15IRFULUUYBIEUA WAL TIIBITTAINTT (Styles of phylogenetic tree)

W el TN aansaduunlivateuiuy GedetiennuduiusiT s

[
v

Tiwunmsmileudu (FUN 5.5) fail
® Rooted tree {WuununmsulindsngIunsegaBusuvedtmuINg lown
Y a & < A a A A
" Rectangular aN®UYNITHLANNIIZUUUNDNNLDUFLARY UNUK
" Straight anwawnsuanisazdudunuesyy uarguuuuiadudunss

" Curved dnvarnsuaniaaszusuuias Judulag
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® Unrooted tree Wuwnuawiuliiilifisnngruniegasuduvedfaminms loun
" Radiation anwazn1suanfzludunsinszatefiningainais

" Circle anwaznsuaninsdiunnaunszanefininganna

JUN 5.5 3Unuusee 2aeununneulidaiauinms
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7. msUTumyuidumis branch point Yasusunwiuldigeddamuinis
Wesnununnauldilansmnuduiusitaiiauinis Tne taxa A% branch point

U AEAUTINYTEAIEATIAU (most recent common ancestor) AsdlANUdNIUEY4

Fiwunseg1dlnate dadunsusumyuAdumts branch point aglaununnguldnd

sUsadsuwdatiuidnides egrslsfmuununinduldfainaridinsazioudamnud uius

AATamsiuiu MUl 5.6 aadiuliilidsdfumnd branch point @), @

Y 9
vio (3) fAfmsanumanemitoudiu Ao A fu basal taxon @ C uag D U sister

taxa

JUN 5.6 naveIn1sUSUNYUAAILMLL branch point YaukuN NAULITATMWINTS

M5 IEUTHNTUNIIABUNLMDS LUNS A5 190U W AUl 1B 9 Taunnsg

Tudagiuiilusunsudmsumsinsensny  phylogenetic  tree  $1uIUMATY
Tsunsu lufitezvondnduamslusunsy MEGA (Molecular Evolutionary Genetics
Analysis)  version 7.0 ieseinidulusunsufianansaldnulaviieglideanldaney
(freeware) Figuuvumsldnuiglidudou Wulvsunsmifnaspuduiisensudingy
nuAdlusEAUUIUIRA LLaxﬁL%uﬁUwaumimﬁlumﬂ%’muiﬂiLmimfmwmsﬂ 99

[

ajutumounsldnuredlusunsy MEGA Al
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Phylogenetic analysis

1. 13 download TUsunsu MEGA 19a1n https://www.megasoftware.net/ (gﬂﬁ
5.7) TmmmmLﬁaﬂszwﬂﬁﬁ’amiﬁﬁaqmi loun Windows, Mac OX X,
Debian, RedHat iag Linux ?)'ue] uanmnﬁ%mmmﬁamzw interface u
WUU Graphical (GU) %38 Command Line (CC) Zslufidazeneveniansly
TUsunsy MEGA TeeldszuuUfiiinis Windows uwagld interface lunuy

Graphical (GUI) o download w@3aud? Arfunisinaausunsuauuni

gﬂ‘ﬁ 5.7 15 download TUswnsu MEGA [https//www.megasoftware.net/]

2. msw3ey file Ty FASTA format (Wwana fas) Fsuszneulumeasuiiandle
'3 =) o w a Y 1 3 Ny a L4 (% PN
nd Mieddunsnesiluveno 1 VimuATIfe NS IATIER Aaguil 5.8

>Genotype A

TTCCACTGCCTTGCACCAAGCTCTGCAGGATCCCAGAGTCAGGGGTCTGTATC
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAA
CTCACCATACTGCACTCAGGCAAGCCATTCTCTGCTGGGGGGAATTGATGACT
GCTCAGGGCATATTGACCACAGTGTCAACAATTCCTCCTCCTGCCTCCACCAA

>Genotype B

CTCCACCACTTTCCACCAAACTCTTCAAGATCCCAGAGTCAGGGCCCTGTACT
CTTTCACGCAATGTGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAA
CTCACCATACGGCACTCAGGCAAGCTATTCTGTGTTGGGGTGAGTTGATGAAT
GGGTGGAGCCCTCACGCTCAGGGCCTACTCACAACTGTGCCAGCAGCTCCTCC

Uil 5.8 fehsdruianalelndluguuuy FASTA format
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gﬂﬁ 5.9 M3 file TulUsunsy MEGA

3. (U FASTA format file lulusunsu MEGA Taeideniidnds File annduden Open
A File (gﬂﬁ 5.9) udrden file Awdels mulusunsuazanLTuIndossvi
agslsiutoyadingty Inelvildensening nsien (Analyze) wse dniSeadiu
(Align) luduillfidendds Alien wnlusunssazianskadeyadduiandle lna

FaguR 5.10

sUT 5.10 deyadrduiianalolnd (FASTA format) fuansralaglusunss MEGA
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'
o

4. vhm3dases (Alignment) drduiandlelvd vieddunseesilu Tnedendidd
Alignment wawidendidin Alien by Clustalw é’qgﬂ‘ﬁ 5.11 9niuasiivdsig
Fusnliusudoua  parameter  lumsdeszd  dcldsudosuiunasy
anansaldABudu (default) seq vestusunsuls Taonaiiva OK Wediduns

alignment t@3auan WWswnsuazuanmatoyanigui 5.12

Ul 5.11 maidondds Alignment Tulusunsa MEGA

Ul 5.12 19103 Alignment Taglusunss MEGA
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o v a [y

5. 91nwan1s  alignment  Tpsiadeuileswunsuinaisuiliedlelng  wiediau

¥
a [

nseevily  vewmniegeiagldlunmsinnet  IgasusuLazndugans Iy

9

wield 9n3UN 5.12 annuliigiuanevesiisuiinalelnaligndugasi iy

v
v v =

FrfudsmsuFuuisdiiwmisiduasiwmisduanvesiduindlelnd  wio
Sdunsaorilu Tunng Medradumumisiinssfuiielilifoyaiusiug: Tae
Benuauuinadduihndlelndiidosnsdaoon  ndurdnunududendds
delete

6. ileusuussmuenivedfuiildannns alienment udh dusieludions export
foya Taoideniidds Data wiaudendl Export Alignment 91ntuidenii MEGA

format ¢aguf 5.13 Frudunsulasdeyaliduuivana (meg)

SUT 5.13 m3uvastioya alignment 150U MEGA format
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asauEunnaulidiauins Taeden?icmds Phylogeny (5U7 5.14) 981359

Y

aglglunsasununwaulddiiauins (Phylogenetic method) #inge) lein

Construct/Test Maximum Likelihood Tree
® (Construct/Test Neighbor-Joining Tree

® (Construct/Test Minimum-Evolution Tree
® Construct/Test UPGMA Tree

® (Construct/Test Maximum Parsimony Tree

JUN 5.14 Myasurunneiulilgadiaunis (Phylogenetic method) f3e/35 #149

8.

P2 — ad al ) Y] Ya awv P a4 vaa
dadanisnazldlunisastanuninduld@ ddaunniswar  (unduaninisians

[

Maximum Likelihood) agiivthsnausingliusuideudnie (Uil 5.15) dsil
Test of Phylogeny: tdani1azle Bootstrap method %3l

No. of Bootstrap replications: lafsaianiidesnts (nevialuldan 1000)
Substitution site: l@9NT¥1I19 Nucleotide %38 Amino acid ﬁuﬁuﬁagaﬁiﬁ
Model/Method: msfvuaguiuumsnanesius  leeiluazdenld  General
Time Reversible model dwusudeyadduiindlolnd way 19 Jones-Taylor-

Thornton (JTT) model dwsudeyadisunsaozily usu eeg13lsinuaninse

Ysuagulamuanuwinzay
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dl gj 1 1 ¥ ke Y a au
E‘U‘VI 5.15 N1989A1 parameter A199) Tunsasraununnauld@dadTanunnsg

9. 1n3UN 5.15 WeAdnfidnd1 Compute TUsUATUALINMIIAILIN B991978mRalY

wanuulumsusvanana  Juegiuamnudutouvesdeya  I1UIUMBE1NIMUA

al

Wllunsadausunn wavdszansninvesmeninimainly (JUN 5.16)
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JUN 5.16 MIUszianaradlusunsy MEGA dwsunisasiaurunnsuligadinnns

10. WoUszananadsa WUsunsuaghandununmiuligadiannms dsgua 5.17 &9

aunsaUsulaeule wu
e msUTunuNmUMU branch point lagaanfitu Flip Subtree

® N133AULUU (style) vaununnaulddaiinmins
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®  Traditional: Rectangular (rooted tree)
®  Traditional: Straight (rooted tree)

®  Traditional: Curved (rooted tree)

®  Radiation (unrooted tree)

B Circle (unrooted tree)

JUN 5.17 Myasraurun i lilgadiauin1smeds Maximum Likelihood method
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Phylogenetic analysis

v

11. uennllfeanansausuilfoudnuasneg  vssnunwauldEwuinsla

[

lngideniiFde View waden Options dgdlntidnausngiu (3U#l 5.18) disil
® Tree USUABUTUIATDILHUAINAULT LazANNe1IVBIN
® Branch Ysuwasuanuuvaaduluwmuniwaulsl

® |abel USudsude & way font Y89 taxa

UM 5.18 USuilaeudnuasine veawnunmiulddainminis

12. Mm3tuitnguununmiuliigdiauims lneadnid1dn Image waawdididenly

MstuAngUAINLUUANY (gﬂﬁ 5.19) il
® (Copy to Clipboard

® Save as Enhanced Metafile (EMF)

® Save as PNG file

® Save as TIFF file

® Save as PDF file
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MIAATITRANUFUTUST TMUINS

3UN 5.19 mstuiinguununwiuligaiauinis Ju files afiaseg

13. M5919890amsllusunsy MEGA  vinviim1saiasevidoyanIaasaunun1m
FulFATmunsmelusunsy MEGA eidunsliiasanuagiamnlusunsy
fana1 msteyalulenanseneds &l “Kumar S., Stecher G, and Tamura K.
(2016). MEGAT: Molecular Evolutionary Genetics Analysis version 7.0 for

bigger datasets. Molecular Biology and Evolution 33:1870-1874.”
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Phylogenetic analysis
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PCR-related techniques in molecular virology
NINIIUIUAITWUSNTIUAIEMALIA Polymerase chain reaction (PCR)

wanmsveanaiia PCR uwalafildlunisifiugiuiu DNA fesns@nwiedng
Jumglunasanaass Inefidnvadunmsiiaduiuwuun g Feindusiodl

(%

3 aaa v
239AUTENOUURIUANTET ASU

® DNA template Wiadnldainwaansoiiiolaffonsfiny  ANUTUTUYD

DNA template flysnzas dsuUfizen PCR mseglutiag 100-500 ng/pul

® Primers 1Uu oligonucleotide mag’u 5| AuIAUTEINM 17-25 bp Usenaumg
forward primer wa¥ reverse primer Faagdifiennsaiuniaty wazazduiu
DNA template Auaz strand (forward primer 3uUfU DNA template Fdu
anti-sense strand @2u reverse primer 4UAU DNA template ﬁLﬁu sense
strand) uenani primers AIsHdnEUUE GC Uszanad 40-60% LazAITia
melting temperature (Tm) (gamgfivinl# 50% ves DNA ugnagifuane
Fien) IndiResty Feeannsadwald &l Tm = (A+T) x 2] + (G + C) x 4]

aududuves primers funvaud sy PCR A59gluYae 0.1-1 pM (final
concentration)

® Deoxynucleotide triphosphates (dNTPs) i nucleotide wihegoefiagld
TumsiudnlUluans DNA flatradulmi Ussneudae 4 wia ldun dATP,
dTTP, dCTP waz dGTP mudutuves dNTPs usaswiafivanyaudnsy

PCR a50g/ludag 200 pM
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PCR-related techniques in molecular virology

® Tag DNA Polymerase Juteulasl DNA polymerase M@Nu150@3519a18 DNA
anglvdlufiens 5 > 3" lneilinaaudffivevaninsanuanudouleg win
= I3 e o N a aAad . =
WesnnilueulwinaianainuuafiSenitedn  Thermus aquaticus T
annsanfuagluuinaninieuld dwueulssl Tag DNA Polymerase 34

winzauiunslddueuled DNA polymerase Tuufiisen PCR Fsiivunau

a

denaturation 7igaumn 94°C Tpsanududuvesoulsdinuin saud sy

Y

PCR soglutag 25 units/ml (final concentration)

® Magnesium ion W co-factor fid1Auesoulesl DNA polymerase A
Wntuves magnesium ion AwianzaNd msU PCR msaglugie 1.5-2.0 mM

(final concentration)

® Buffer Wilemuan pH vesUfisenimnausenisvinauveseulyy

a

Tumsfaufisen PCR ndusesdinismiunugamall (Thermal profile) wievi

Y

(%

TWgAsenAnvulsegramineay enansoudeanidu 3 Tumeu (UM 6.1) laun

® Denaturation uduneuildanufougs (eamgd 94°C Uszana 15-30
i) evildluienaves DNA duuvuiinmsuenansainaneg  (double
strand DNA; dsDNA) Huanedien (single strand DNA; ssDNA)

® Annealing WWutumeuifligamgll Tuts 50-60°C Ussann 15-30 Junfi iile
illuanaves primers a1snsaduwuuluagay (complementary) fiu DNA
template 981991 Imaqmmmu%’umu annealing a¥dufuA Melting
temperature (Tm) @84 primers M4luUiiten annsadiuiaildain

[Annealing temperature = Tm of primers - 5]
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® Ixtension Wudumauildlunisasne DNA aelwilufianisain 5' > 3' 1ol

d1fulua complementary fiu DNA fuwuy adluduilldaamaiilugie 68-

74°C (Fuffu Optimal temperature 183 DNA polymerase wsiazafindildlu

a

Uffsen Falaenal Tag DNA polymerase dxilgamaiivinsayegi 72°C)

syuzhalutuseuiiUszanal 30-180 3wl JudvvuiaAue1Ives PCR

product FaazgninvualagseeerinesEning Forward primer Wag Reverse
. = aaa a [

primer #ldluufiisen neunfanunsaUszanalddn PCR product wuin

1,000 bp T4nanludi extension 1 il

g‘Uﬁ 6.1 nanN13UDUNALA Polymerase Chain Reaction (PCR)
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PCR-related techniques in molecular virology

UfRzenazdudulUlunsagsoudasenoufe  denaturation, annealing  uag
extension S1uIuTALUsEANAL 35-40 S0U MetundminasauiAseagldusina DNA
Lﬁm%ul,ww%@m 2" (oeft n = Fuuseuiililuufaten) Uiiserfnaraudumsi
7 DNA (amplification) leeifntuiiuufisengnld (chain reaction) aidunt
polymerase chain reaction (PCR) & PCR WUULNATFIUALISENI “conventional PCR”
miﬂisqﬂﬁ%mﬂﬁﬂ conventional PCRiinlgsaiumaila agarose gel electrophoresis
(U 62) iteldlunismTniftedouuy  screening TaRaideriag  uazmsATINERy
insertion %38 deletion fifld1uruaAsLLUaBNANI 30 bp Wudu 91n3U7 6.2 1y
mMsifissuuduludi Prest veude hepatitis B virus (HBV) genotypes A-D Faagnuin
HBV genotype D aukiin deletion (Uszanay 33 bp) FaannsanTiadeukazswunldaie

wALlA conventional PCR way agarose gel electrophoresis

UM 6.2 fMegrawan1snsiaaey PCR product 738 agarose gel electrophoresis

[NNAUITBVRY SA.AT.AYTY WYeAT https//www.ncbi.nlm.nih.gov/pubmed/15288955]

Y

wadaRfiNugua1an PCR (PCR-based assay)

= a a a o A aw = =
s InmAaUA  PCR NU?%IEJ%U%U?T]?LWNQWU?UUUWW@QﬂW?ﬂﬂU’] WHUNUIN

o w I

dfyegrunnlunisfinwisuendiimet lulagtuidivaliadme 9 Agnitaudulagi

o

WuF1UL9IN PCR Aadl
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Reverse Transcription PCR (RT-PCR)

n15¥ RT-PCR e1denann1sasieans cDNA 310 mRNA Tagldloulesl reverse
transcriptase wag primer Favadladu 3 Uszan Mud random primer, oligo (dT)
primer wag specific primer (U7 6.3) deldidu cONA udr3aniunléifu template lu
Mt PCR  dorvounaiadfodunmsifiusivuiuemedndi@y  exons  wiy
109990 MRNA 22§in13 splicing 1e1dau introns oanly Fewzuanma9InNnISHiLs LI
fuludiu genomic DNA ifiis exons wag introns seffu (U 6.4) uenaniideuld

wialla RT-PCR Tuanuddenmwinubsa Wewinieliananeviafiansiugnssudu RNA

3U# 6.3 Primer Uselaneing o) dmfunisvin reverse transcription

g‘th?'i 6.4 N5LUTBUTIBUTENINN genomic DNA wag complementary DNA
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Nested PCR

Humadamafusiuauduiiviesnisie PCR 2 afs 344 primers 2 giidunng
sofuienu us primer usaiuTuiU DNA template luusnaifiuansnaty naiie
ms¥ PCR adait 1 (first round PCR) a¢ld primer shuay 1 ﬁjﬁﬁi’wmz@iaﬁuﬁﬁaqmi
fnwn dleld PCR products 91nmsvin PCR adedl 1 uwdrasthanldidu DNA template
dmumsvi PCR adait 2 el (second round PCR) Sasiuden primers fldlws1me
sefuiuuaiinsiasusunislun1sdufu DNA template (gﬂﬁ 6.5) FednUdpuIs
forward primer wag reverse primer 9138011 nested PCR widUas primer W86
e (forward primer %38 reverse primer) ag39n31 semi-nested PCR %38 hemi-
nested PCR é’qﬁ?uamLoﬁumaamﬂﬁﬂﬁﬁaﬁﬂumﬂﬁmmwm"wL‘wwz (specificity) wazAl
(sensitivity) TunsifisuauBy waznmsnsedeviuiifesnsing Saleldlunmsnsa

Fadulsadaeniinanlifa e ndieg19didns1angUie enalansiugnssuves

wolh§alulTunamdesinne

5U# 6.5 nanmsveanaila nested PCR
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Multiplex PCR

Humadedifitugiumnain PCR Tasfimsld primers snnd1 1 @ Tumaidia
Fruudundoutuvansq vieuluufAtemasaiieatu (U 6.6) lnefigaudulumsldiile
panidedelsn WowinmshugiAsen PCR Tagld primers nansgwdoniulunass

aaa

Wty aziilisemdaiina wasaldiedmsuieniidudunemvesufjiser PCR
wiazidedfnlundmals (sensitivity) Tunismaaeuazanas Uil 6.6 Wushed
mslfinaiia multiplex PCR Tumsasaidademsindolsaldwioun (avian influenza
A virs) aneiiug H5N1 Tagld primers §1uau 3 @ @adumeduBu matrix (M),
hernagelutinin (HA) waz neuraminidase (NA) mudsiu Seanansaudanald ol
® 1Ty band WA 276 bp 983 M gene Lilg498191AE1 Laninanidelda
dwinlng) anofugdug eally HoN1
L] mﬂs??u band VUM 276 bp VY83 M gene Lay 189 bp 83 H5 medwam%a
hsaldwialug aneus H5N? udlsaly N1 Fsenandu H5N2 Hudu

® 1NTU band YUIA 276 bp 183 M gene uaz 131 bp 983 N1 WaAIIAALYo

ha¥alivinlng aeiug HN1 udladled H5 Georaiiu HIND s

® VNTUIN 3 bands wansidneliFaldviaun anediug HENL

1%

JUN 6.6 Fegramansnswelifaliniaun a1efug HSNT mewalin multiplex PCR

[ANNAUITBVRY SALAT.AYTY WeeAT https//www.nebi.nlm.nih.gov/pubmed/15671756]
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PCR-Restriction Fragment Length Polymorphism (PCR-RFLP)

I~ a dl U QI o =l ldl ¥ 1 gj = ;% 6 v

Wuwmatianondenisiiuanuiudunaulase PCR nau  annduddldieuleddn
g (restriction enzyme) @udu endonuclease MAUUATISEA@1ITARA DNA
Usnasnamizls  Fusulwidadimngiviatesids whazsieasiiusnudns e
wananaiueanll Yefvewnaia PCR-RFLP Aaaunsalinsiagaumiadnkun alleles 13
polymorphisms #38 mutations 19 191 UUATEWING wide type tag mutant lag
danldouledindmnerdaNaunsaf s iananANuLANA19be 5111 DNA 11Lensy

v aa . ) v o Y] 1 ~ < .

WINIIEID gel electrophoresis  avlvaansaduunlainmegriiauladu  wide

[

type 1138 mutant 1AgINVUIAVBILAY DNA (gﬂﬁ 6.7) Aail
o liausadn DNA aiin wide type F9laau DNA aum 212 bp

® gnsafn DNA 98a mutant 39lalau DNA wu1a 153 wag 80 bp

i
IS

o nsaliniu heterozygous UV alleles My wild type Wag mutant W&y

fu azlauay DNA au1m 212, 153 wag 80 bp

v
A

I <@
ag1alsAnLd

o

aday o & = I cow_ o oY
SUUVDINNNAD quqﬂﬂﬁm"\]gillﬂqlniﬂﬂqLau‘lsiflm@f\ﬂLW']3LW'E‘]
° ° A 1Y) Y av v Y RE o 9 v
"\]’]LLUﬂW’]LLVUQWWUﬂqiﬂa’]EJWUS:VL@ hazstnyu DNA ‘1/]1@"\]'1ﬂﬂqimﬂUqﬂﬂiﬂiﬂsﬁﬂLf\]quiﬂﬂ'13

LUANARBUYN9ENN

JUN 6.7 fegraman1InsIvnIsnangiuguesdusiemetia PCR-RFLP

[NKANITEVee 5A.AT.AYTY NeenT https://www.ncbinlm.nih.gov/pubmed/26745093]
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Allele specific PCR
Juwadansiiudiuiudundenisnsiam single nucleotide polymorphisms
(SNPs) v3an13naneiuguuy point mutation lngld allele specific primers 2 #3 &9y

wansafiunaAuUamaanemwnuUate 3’ elndneiuusdag allele (FUN 6.8)
® Allele specific primer 1 (ASP1) 41W1zAU allele 91 1 %39 wild type

® Allele specific primer 2 (ASP2) w1y allele 71 2 w3o mutant

U 6.8 nénn5es allele specific PCR

aaa

13911 allele specific PCR azuenUfizensenidu 2 waon Tneviaoail 1 ldiane
ASP1 dumaendl 2 ldamie ASP2 dle primer a1wnsaduldegnasimnetu DNA
template agvilifinsfiudiuau DNA Fs9sfn PCR product du uwsilunsdiiiiia
mismatch fivane 3’ ved primer agldaninsadiusiuau DNA F3liia PCR product

a & v o a o A
AU AadudwwInisluniswlana (M15199 6.1) el

3199 6.1 Fegansulana genotypes femafia allele specific PCR

PCR reactions )
Sample APL ASP2 Interpretation of genotypes
A + - Homozygous allele 1 (wild type)
- + Homozygous allele 2 (mutant)
C + + Heterozygous alleles
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N3UN 6.9 Wusheginsnsinidademsnateiudiduns H274Y Uy
neuraminidase vaatnhsaldninlng Fwzdmarinlinesosidiulisa oseltamivir lay
THmadla allele specific PCR 91ANSNA@BUNUIN

® primer H274 azanansadiusruauBuiidu wild type (H274) léwintiu

® primer Y274 azanmsasinsiuiuduiidu mutant (Y274) My

Primer H274 Primer Y274
Wt Mt N M Wt Mt N

JUN 6.9 fegraman13nTITdadensnaneiug Mmewmaila allele specific PCR

[NKANUITEVRe SA.AT.AYTY Neens https//www.ncbinlm.nih.gov/pubmed/17354342]

Universal PCR
Duwademsimduugulesld  primers Aduiuusnaeydng  (conserved

region) ¥as8U ¥ primers g 1 AlTANNEINTAlUNITIALIINIL DNA templates

wanee sUsuuiidnuagadeadaiula dedldlunuddemenubiiainet uazn1snsa

v
(Y

AdanelsaRnweanntisa sl

o msudnuiuvethidlussegadeariy  uilubSaeiedy W
Dengue virus, Yellow fever virus, Japanese encephalitis virus, West Nile
. . . % < U Ao I [ ..
virus way Zika virus dndulafantiyalumve eglunsena Flaviviridae
Wiloudu  Fellanwazdunazdlunuisdiuasiuadaiy  etieuld  universal

PCR Tumsasansestewuigteindelifalungy Flavivirus wsalyl
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a o ~ v a A Y = YA
® ﬂr]'5LWﬂJ"ﬂWUUUBU%aﬂlqﬁﬂ%UQLﬂﬁnﬂu LLWNMaWﬂﬂqﬁJWUﬁQ (SUbtyp@S,
A o oa YA ° &
genotypes, serotypes) lunsiifilaSaiinisnaneiuguazgndruuneanidy
AINUA1Ea 8IS 1 hepatitis C virus (HCV), human immunodeficiency

[y v

virus (HIV) agiledlld universal PCR Tun1snsiailadegirednieldaviin
= o A 1 v 1o Y
Masdersely nedalddnuunaneiug

o msfuduuduniouiurates  Buvethiadadediu  Tdlunsdiinu
U3ousny (conserved regions) Tuvans s Buveutalia wu Influenza

A virus 9gdl conserved regions N1USIMUaE 5’ wag 3’ UBEUNN 8 viou 1

Wianansald universal PCR lumsifisdiuaunia 8 Bulanseuiu (U7 6.10)

JUN 6.10 Msiiiuduiuguns 8 vieuveadehialdninlueg fewaia universal PCR
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Real-time PCR
Real-time PCR Wuwmailadldlunisiindiuin DNA Nfaen1sAnwI98193mn e

wazgannsofnmuinUSinaumsiindiwiuves DNA Wwanglaluyng seuvesmsiiy

Y
Y aaa

U DNA  slauslsuduIunsensauanuisen (real-time detection) lawendenis
A tedygiuesSowasiiindy  Jaludediulaonseiuusina DNA  fiiimdiuain

Ufnsenluusazseu Aeiudieasnansmnisiiuduin (amplification plot) NTiwnw Y

'
a

UAASAYRIUNITITOWAT  WazNY X WAASTIUIUTOUTBINI ST azlangnuiidl

(%] < . . & . = = o 1 = 19
anwallugy S (sigmoid 1358 exponential curve) FWAIULIWAN 9 LNYINY

amplification plot (gﬂﬁ 6.11) faid

;sﬂ'ﬁ 6.11 N3NNI DNA (Amplification plot) MmeLnalla real-time PCR

[NNAUITBVRY SA.AT.AYTY WeeAT https//www.ncbi.nlm.nih.gov/pubmed/21820468]
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. = | a v PN = 2
® Baseline Ain FIITUAUVDINITILTIUIU DNA BTN TAZALVDIENTEIOILAS
| o a o o ' o o A o v v
WA QYT DIAITINININTEAUTILAT 099 ATIVIALA
® Threshold fe sysiudtygraesiieauasildidum cut-off Tunsnsainans
SRNIGN

® Threshold cycle (Ct) fie Fudusovvesisenlunmsiudiusuavily

Uy UANTITRALENEININSERU Threshold

[

. & 0 A ) & = Y
® |og/exponential  phase  FRYITTEAUAQIMANTITRILATEUMNET ¥AU

Threshold kagiliualdun LT IUILLUUNIAN

[y

® Plateau phase  AeTNNTTAUA Y IETIoMmMARSA LTSy
= ] Ao & aaa | .
Wowinansena q N91Tduluufisen wu primers wag dNTP wualy way

oulegd DNA polymerase Sunn activity

> AuuwanNaNesEIematia - real-time PCR wag conventional PCR

v a

Fafinanaluudadnsiuinnisasratan s uiuves DNA Tasmada Real-time
PCR ﬁ?umé’i’amﬁmﬂ%mmmaL%QQLLaaﬁLﬁu%uiuLLﬁaziausuamlﬁﬁ%mﬁﬁuﬁulﬂ&gq Lo AL
U (real-time detection) winsasaa¥ansis uauzes DNA Tngldinada PCR
gFuninduluu end-point detection iilesandesaesliinuiioauiisseugaine
fou  Fsrannsatharsazaisanufiteinemesey  denansnasuldmemada
agarose Gel electrophoresis La28aus28@13 ethidium bromide nHuTmsIndeUMS
Fowamwomau DNA aelduas UV dadlewSoudlounsifiusiuiy DNA sening 2
#0819 (A way B) 7ilUSunas DNA saduuansneiulagld real-time detection way end-

point detection aglinaunnaiy (UM 6.11) fiail
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® End-point detection aznuTeFoE1s A uaz B dmudiveau DNA
TndiAsatuann esnileufAtenduiuluiisning plateau phase (souf
i 30) Enwazmsiiiudiuiuues DNA aglifunuunigar vinlilugig
viwesFAzen Tusodna A uag B SuTuas DNA Tndifesiu iensiadeu

A838 end-point detection Fslamnuuvesuay DNA Tnalfesiu

[

® Realtime detection 91T IS sSouasTiiutuluurars oL
UFA3e7 uaglden Ct Wuiusiusina DNA fifluansdsdu nafe
= hediefiiuSine DNA defusnn aslien Ct ¢ idesndivinm
DNA #ediuann Feldduiusevvesjisendfisdiisoufiannsoiiia
USinaumsisomadliigandnsediu threshold e
= jhognaiiiUiina DNA swiudes vslid1 Ct g¢ iosaniiuna

DNA  sgutlos  Felgiruiusevvesuisenunniieliaiunsoiia

USunaansisaauadlyiaeninseau threshold e
Y

faduasdulddimada PCR wuuUnd (conventional PCR) dulsimangiunis
»3793n DNA 1WsUTunal (quantitative analysis) LUN15INSNITINITHAAIDDNTDIEU 1T
Sausmadohialuftne Judu feswnwailléann end-point detection laifimna
gndearuiug1 udmeda real-time PCR azlimnumanegauiun15ni9dn DNA 139
UFina (quantitative analysis) Liasnnliafignesuazusiugind1 uenanidsaninsn

Uszgndldlunisiauinandadoudieu  (relative quantitation)  wagnsinUSina

duysed (absolute quantitation) lagae
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» msiadsunandaSeudisu (relative quantitation) #7e delta Ct method
Dumsuszgndldmeda Realtime PCR lumsdiuamUSinadalieudiou

193 DNA sgvinsshegaiiaulafuiegumunn Tngnamsiuisuifisuazuanseanynlu

Ui fiuanety Tnefigasmasuandd

ACt (sample) = Ct (target gene of sample) — Ct (reference gene of sample)

ACt (calibrator) = Ct (target gene of calibrator) — Ct (reference gene of calibrator)

AACt = ACt(sample) - ACt (calibrator)

Ratio of sample: calibrator = 2 (AAcy

f28819N15A1U8 relative quantitation by delta Ct method

nMInadeunaresEnsainvnayulng lunisdudimsiudnuiuvesaalafa (viral
replication) lnewadeonuuadu 2 ngu Ao  nquiegsilasuasainainayulng

(treated group) waznauaIuANTlilasuansainnayulng (untreated group) lnems

2 nauldsudelsasusuwindy ndwintudeseadfigumngll 37°

9 Y

C WJunan 48 Flug
Wi wihnsaria total RNA 91088131 2 ngu wdawh reverse transcription a$1adu
cDNA ntudwnmsiausinaguventelisa (target gene) waz GAPDH (reference

gene) Ineldinafia real-time PCR lékadn Ct fiamns1afi 6.2

3199 6.2 fegnean Ct lunsAuan relative quantitation by Delta Ct method

Group Ct of viral target gene | Ct of GAPDH (ref gene)
Treated (sample) 32 20
Untreated (calibrator) 26 22

(%

91NMNFE TR UILARIL
ACt (sample) = Ct (target gene of sample) — Ct (reference gene of sample)

WAl ACt (treated) =32 -20=12
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ACt (calibrator) = Ct (target gene of calibrator) — Ct (reference gene of calibrator)

WA ACt (untreated) = 26 — 22 = 4

AACt = ACt (sample) - ACt (calibrator)

= ACt (treated) - ACt (untreated) = 12 -4 =8

Ratio of sample: calibrator = 2 “AAC)

(AAcy _

Ratio of treated group: untreated group = 2 278 =1 /256 folds

¥
U v =

Aatiudsanansaudanaladn  nauitlasuansadnainayulng (treated group)
Iuuveatehiatesningunlildsuasainainayulng (untreated group) Useana
256 Wi Bagasllainasainainayulngdngrs Inalun1sduginsiudnunuvedte

e Wudu

> nsdaliunnudiuysal (absolute quantitation)

Wunsuszendldineda Real-time PCR Tunmsmuiamnusunaduysoives DNA
TushegeitaulalpenisiToudisuiu DNA sasguiivsudTinauiueundy Javies
fin1930919 DNA sespudueudiduiianasndsay 10 wih (10-fold serial dilutions)
WU 970 107 Weanadu 10° copies/pl 970 106 1§ea1alu 10° copies/pL Wagiioang
soluauld 10 copies/pl fatuagld DNA wnpspufifanududuaanduadluan 107
1Ug 10 copies/ul waaiie1 DNA anmsgiusananunldilu DNA template dwsuvh
real-time PCR tayUuinA1 Ct 91n amplification plot mﬂﬁ?ummsaa%ﬁqmw\mmsgm
(standard curve) Tnefiuni Y wanedn Ct wazsn X wansen Log concentration #aazld
nswiflidnwamdudunse GUA 6.12) dedesnsmuiinas DNA vesBuiisimzann
fhegnefiaula @nunsovh realtime PCR waztufindn Ct iethliSsudisuiu

standard curve fazaninsaszyUsaduysaives DNA andaegafiaulals
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;Jﬂ‘ﬁ 6.12 198149 Standard curve @1113U absolute quantitation

[NNAUITBVRY SALAT.AYTY WeeAT https//www.ncbi.nlm.nih.gov/pubmed/21820468]

nsUszendldmeda real-time PCR mwinuladainen deuhanldlunisnsiaia
Usinaudelhda (viral load) iethelumsnsiaidedouasnennsallse Wy nsnsiada
viral load founasndsnsliendulasa WeRarsanuavesmssnw wazUssansnnues
grdulasa aensuUsulldsunuamslunssnen Wy msdfiulSinae wisnswieu

a U U I ¥
vilavesemulisa \Wunu
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» sUuuunsasadn (detection format) &3y real-time PCR

Tngylunsnsiafanuinusinansiiud uiuves DNA  sieasisesiadiu

[

WAllA real-time PCR anunsawuslaidu 2 SUKUU (5797 6.3) fal

® DNA binding fluorescent dyes oA SYBR Green |, LC Green wag SYTO
9 udu TnwansFosasiifiodldinniigafe SYBR Green | Gsanansaduiu
U3has minor groove wes DNA aneguuulsidnmne deduudraziinms
Wasuwadesadwanddwuadiimiueninaudssina 530 nm suile
Lﬁmﬁﬁﬁ%mmﬂﬁmﬁ’ﬂmu DNA ¢19 real-time PCR ey adua9a31303uas
SYBR Green | flasfistiumun/3inns DNA fidadu (Uil 6.13)

® Probes based assay liliA TagMan probe, FRET Hybridization probes,
Molecular Beacons, Scorpion probe Wag Sun rise probe Hud 3 probe
wiazinaziivdnnalnmsvhauuanasiuly  ws probe #ildsupuie
Mﬂﬁﬁjﬂﬁa TagMan probe Fady oligonucleotide aneifen (25-30 bp) i
AomanseasSeads  (fluorescent dye) 7ivans 5 uwasduals
(quencher) fivane 3’ @sluanizunfaglifinisSemaniowinasdeuas
oglndusuats  udluvasifn  U§RSeimaifndiua DNA Tagend
wiled Tag DNA polymerase toulagiuiiniiazll 533" exonuclease
activity Ss@1ansages TagMan probe 1 M laanaueE ST ama TA?

UAUaManeena Ny AIUIUAANISISOMAITY waANNIULYBIENTIT0LAY

'
a

flagiiudunuusnas DNA A (U7 6.14)

M3199 6.3 asuleduazdelduvasguuy SYBR Green | wag TagMan probe

Y A Y
JUnuu Uan YBLEY
SYBR Green | 118 uaEIIAYN [EAGPHERITRE

11 melting curve analysis 161 | #523uUU multiplex il

TagMan probe | AU LN zEa fAnldaneg

ATIAUUU multiplex 161 71 melting curve analysis lilé
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gﬂﬁ 6.13 NANN15MIUVBY SYBR Green | fluorescent dye

UM 6.14 dnualaseaine wagnannsyinenuues TagMan probe
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Melting curve analysis

PAIIINNITHALTIUIU DNA snemalla real-time PCR 71l SYBR Green | wan

ad o

aanInATITINAN melting temperature (Tm) Fadugamaliiivhlst 50% wea DNA
uenaneLdu single stranded DNA lmgnisltivmaila melting curve analysis Favhlelag
Msepee ingamnilviui double stranded DNA wieufunsiaiauimnamsi3osmasi
anaseesaiiles Tsil melting temperature azilugamgiidniliiinsanaswosans
Zowmegnalidoddy ieswniigamniitashld 50% ves DNA wenansnaneidu
single stranded DNA LLawTﬂﬁIuLaqa SYBR Green | #gn@8n31n minor groove 98nT
Sowawanad  Weleunsiamnnuduiuss enind nsnsaname danaii e dhas
sogamndl (Wnu Y) wazgamndl (wnu X) agldidu melting curve (5U15) uaziiloanidy
90 Melting peak aundaunu X fAagldA1 melting temperature (Tm) Faf Tm Fuiy
Yadumg 9 Taun %GC content, amplicon length tag Mg?* Fethumeda melting curve
analysis a3nsaysnUszgndldlunsuenues PCR product il %GC content %30
amplicon length @19fulel 1@y A1s97uun primer dimers ®8na1n target gene N5

Iuuniinventelidlunsenaieniu nsduunaneiudventelifa uasn1snsivaey

A5AA insertion / deletion wadu 1Hudy

gﬂ‘ﬁ 6.15 #anN1511 melting temperature (Tm) Tnan15ly melting curve analysis
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> ﬁqaéﬁdnﬂiﬂizqﬂmﬁwﬂﬁﬂ real-time PCR ta¢ melting curve analysis

1. MIns9itadeiiesuunsewing WU way Kl polyomaviruses

{99970 WU waw K polyomaviruses iuidieladagtilmiienadelsnszuumis
maumelaluanudls Snuaemeasaingives WU waz K polyomaviruses dnagflu
Polyomaviridae family Ju non-enveloped virus Gummlﬁum@uﬁﬂmwizmm 40-50
nm Tensiugnssudu circular dsDNA vuaUszan 5 Kb 3 genome 983 WU uag K
polyomaviruses Srumiieufuuszana 70% fiuiseninsald universal primers
$mneludiu conserved region vesd VP1 Tumsiisiuauiuvesic WU uaz KI
polyomaviruses @l %GC waz amplicon length wanenaiu vilanunsaldinada
melting curve analysis Iumsai’muﬂsnﬁmau%al’a%'a (WU %39 KI) Inga1@saum1sues

melting temperature (gﬂﬁ 6.16)

g‘lJ‘f"i 6.16 NM3391uUN WU az Kl polyomaviruses laglt melting curve analysis

[NKANLITEVRY 5A.AT.AYTY NeenT https://www.ncbinlm.nih.gov/pubmed/18639584]
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2. NM599293 18 NBTILUNTZIIN genotype B taz C U049 hepatitis B virus

FolSasusniaul (hepatitis B virus, HBY) Sdnwasduiiduehsaiisnvay
usnananeguuuliiauysel (partially double-stranded circular DNA) wunaUsEana
3,200 bp luthgtuamsadiwunmuanuunniawesdnsaenisiugnssdladu 10
genotypes (A-J) lawgenotypes ﬁwumﬂiupliﬂwﬁam%jah%’aé’ué’ﬂLauiuﬂszmﬁVL‘mJ
oA genotype B uag C %qﬁmamuﬁﬁawudﬁQﬂaaﬁamﬁ'ﬁ”@ HBV genotype C azainai
Trflenmsveslsafiguisandn uaslimnudssgsiiazsidulsaluiulsaduuds wazamsa
fu fofulumsnsnidedomemaindiesiuun eenotype voadelisadusnaud 5l

rud@dgylunsneInsallsn wagKuNTNIEUIE INNsAnwITenuIndy Prest

3

fmnuminzanlun1391iun genotypes 189 HBV Asludsanansald universal primers
ATmgludu conserved region Tun1siuIIUILBY PreSI 4893 genotype B wag C
Gzl %GC wananenu yilranansaldwata melting curve analysis Tun1s3Lun

genotypes (B %39 C) va@elasa HBV 19 (gﬂﬁ 6.17)

JUN 6.17 M33uun genotypes vaswalifadiudniaul aeld melting curve analysis

[ANNAUITBVRY SALAT.AYTY Ne9AT https//www.nebi.nlm.nih.gov/pubmed/15288955]
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3. Mns9itaduifies uunsening HPAI wae LPAI w84 influenza A viruses

nmsAnvideladalinioun  wuhaansauvmuanuguussemsnelsald
Ju 2 vfinfe vlianelsalisuuss (low pathogenic avian influenza, LPA!) uazailane
lsAsuLse (high pathogenic avian influenza, HPAI) Falldnwasiiunnsnetuludiuae
cleavage site UNLUANAYDY hemagglutinin (HA) ImaL%@hﬁ"ﬁ%ﬁ@ﬁd@liﬂqut,m (HPAI)

958 polybasic amino acid insertion (RRRK) 7iuSianu cleavage site vadlusiu HA 3

(%
=] o

dwalilusiu HA dgndnsnotoulesi furin (Ubiquitious proteases) @aznulslumn
o¥vrzresiume  Wummliimsfndouuuguusuagiinsunsnizarsvoudelaaluiin
yno¥u1zu99319M8  (systemic infection) feiudlonsuiiivudisuianalelndludiu
Y08U HA 5¥1319 LPAI tag HPAI 2gwu nucleotide insertion (12 bp) UuBu HA ¥e9
HPAI ﬁﬁﬂ?ﬁﬁmmiﬂ%’ universal primers ﬁﬁi’ﬁLWﬁﬂué‘i’m conserved region Y038U HA

TumsiuduIugy @998l %GC wag amplicon length wanmneiu yilvanansaldmeda

melting curve analysis Tun15914UNTENRINT LPAI ag HPAI g (g‘dﬁ 6.18)

g'ﬂ‘ﬁ 6.18 N159UUNTZNING LPAI taz HPAI lagly melting curve analysis

[NKANITeVee 5A.AT.AYTY Neens https://www.ncbinlm.nih.gov/pubmed/16715581]
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Multiplex real-time PCR

wella real-time PCR annsathanuszgnaldiluszuy multiplex dwsunis
asavaeurane Sundous fu lneviluedes real-time PCR 9edfnsanindnyaous o
was (fluorescent detectors) Ussangy 4-6 ¥aapnueIady iliananseld TagMan
probes fiRnRannduasewaiafiulunsyi multiplex real-time PCR 1§ &3

Tomsszislunsiansudonstinuesansisotuds (fluorescent reporter dye) Msil

o msdenltansonawiaiiiaios  real-time PCR  nluaiunsansiadala
= = . i a v ' ' a Y
\He9R1nesed real-time PCR wazdvie uiazgu dwdlamnuaninsatunmsngiain
Ay aus oA uIuAReNATY  1P3IUIURTIIAlATEY 4 AWy ue

= ] YR = v & o oa 2 9] 2 a A &

WIBIUTUANNIaNsRiale 6 &  dalulsllendentdanseuawilaniduy
fugu @usanT9dnlinnaies 1wu FAM waz VIC usu

o i denldvilinves quenchers Tmnzauiustinues reporter dyes winidenldy
quencher ldmanzauaglianinsauatsdye) auioulawss reporter dye 16

o deswntunmstilsansazaty PCR master mix ldluudaznasn o19fianu
a . . o v/ =) ] o ! A a é/ 1
Heananm (pipetting errors) vilvnisiUssuisudyaausoswasinndulunsay
waon (samples) HAuEanaald fedutnidedeteuld ROX fluorescent dye
W passive reference dye waulu PCR reagent master mix welalung
normalize fluorescent signal vinlwaunsalUToUBUS Y1 ALTOLEITENTIN S
waon louwluginniy semgdddinsdentd ROX W reporter dye wes
TagMan probe Tunsdliild ROX 1lu passive reference dye wén

® MGB (minor groove binder) 9adu non-fluorescent quencher 7fiAasauUd
iiwAo a1u3alglaniu reporter dyes nnulin wasianadiesninues probe 1
1%duiu DNA template laRTuse #eidu TagMan-MGB probe (15-20 bp) 2l
ANYNIFUNIT TagMan probe v1alU Fsflwaildlu allelic discrimination assay

Faagyliduun alleles lodnlaunin TagMan probe ialy
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> fnedramsuszandldmaiia multiplex real-time PCR
1. msnitaduwelisaliniaun agiug H5N1

Wolisaldniaun (H5N1 avian influenza A virus) 3meglu Orthomyxoviridae

[V %)
o

family Tansiugnssudu negative single strand RNA Tifldnwasiluviou 9 S1uiumiau

8 Ju Favevilalaninsauvsoanidu subtype muriinvaawoufiau hemagglutinin (HA)

17
a LY IS

wag neuraminidase (NA) fstiulumsasiaiiadewelialuniaunaneiug H5N1 Fediaq

o

INsRsI9@eUNaNgdumall
® Matrix (M) Wialdlun1snsirvaauindy influenza A virus
® Hemagglutinin (HA) dialdlunisseyamediug H5

® Neuraminidase (NA) ialdlunisszyaneiug N1

£
U )

fafulumsussandlimeda realtime PCR lumsnstaifaduidelisaliviaun
aetiug H5NT 39l primers 91131 3 @ wae TagMan probes $7W3U 3 61 fiReaan
feansFoaiiiduanssiudmiunsadeudu M, H5 wag N1 wienfilu tube \fien
shlaninsonmvidadouasudanamsindeldlinTaunaneiug HeN1 liegreinisa

(U7 6.19)

sUN 6.19 msnsralwelifalivniaun Mmewmailn multiplex real-time PCR

[NKANUITeVee 5A.AT.AYTY Neens https://www.ncbinlm.nih.gov/pubmed/16183140]
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5%
| [

2. MmsnTitadaidehsasusniaut finosoerdulda lamivudine
Lamivudine tJuendulisa (anti-viral drug) 91WIn nucleoside analogue 7
mmm%é’?ﬂ reverse-transcriptase activity vououlwl polymerase (Pol) maw’?’?ah%’a
susniauly egndlsfmudleldondinanilunssnwigineinidelfasusnaudlus sos
wils drdehiaeiinisususilumsnanefudiftedesasn (drug resistant mutants) 910
msAneAenuiramseldaiuindlelnduuiy polymerase wssdeldaiusnau
lumsfinnsaniudeldafinveglusameesiissnouaues  (sensitve)  wiaho
(resistant) sieen lamivudine 14 ¢eil

o YMDD {Ju motif finuly lamivudine sensitive HBV

® YvDD 1Hu motif finuly lamivudine resistant mutant HBV

e YIDD u motif Ainulu lamivudine resistant mutant HBV

(YY)

frfulunsUssgndldnaiia real-time PCR lumsnsaaifadodnunnisnen
lamivudine voadehsasusnaud Seende primers 91U 1 A way TagMan probes
$1UU 3 fh TiRreaneaNsISswETiRAL AN STuE S URTI9EEU  YMDD, YVDD Way
vIDD w¥ouiuluvasnien vhlfanunsonsaitaduazudananisaesn lamivudine vos

walifasudniauTludtie leeg1asiasa (U7 6.20)

3U# 6.20 MInTIAdNEAENISARYT lamivudine mewmalla multiplex real-time PCR
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Allelic discrimination assay

Ju multiplex real-time PCR dieldlunsnsiaaeu alleles (SNPs %30 point
mutation) vasBuld lasede TagMan probes 2 frfifnaandeansSeuauinwidaiu
(U7 6.19) dfail

® Allele 1 (wild type) specific probe fnaainaiy VIC

® Allele 2 (mutant) specific probe fnaanneme FAM

gih?i 6.19 NANN1TIMUN genotypes MY allelic discrimination plot
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Wevhnsiuduugunaulacme real-time PCR 9ild TagMan probes 2 @lu

aaa <

UfAseasaundy Tsunsuazyiinisasiansan allelic discrimination plot Iaglviunu X

WudyaaSouawin VIC wazwnu v WudygaSowaswiln FAM audidu @

o

(9

aunsanvanale (m157199 6.4) Al

MN399 6.4 feg1anisiiana genotypes metaila allelic discrimination plot

Fluorescent signal
Sample Interpretation of genotypes
VIC FAM
A +++ - Homozygous allele 1 (wild type)
- +++ Homozygous allele 2 (mutant)
C ++ ++ Heterozygous alleles

Tutlaqiu real-time PCR \Juwailaildsurmuilonluegieas lunmsuszyndald

[

drsunsnsiitadelseiaie Wukloindumalandidnvausau il

® Rapid (less time consuming) lANAN13ASI9EBUATIASY @13N5AIATIEANALA

el 3-5 49lus

® No post-PCR processing step lddniludnei1 PCR product snuenee agarose
gel electrophoresis Sudunisanmnudsslunisvuibou o dudsid
ASTUALMITURDURE?

® High specificity IA310311W12g4 \fl9991n81 /8 primers waz probes 713
AU eReuideInsnsiadey

® High sensitivity imnalhlunismsinasugaiosanendondnnsnsivae vans
\F09uas (fluorescent signal) Bz fifin1 sLfins1uruvasarsiugnssmdatuls

[ v <

A11150A529aUloLIIAAIN5199TUS U DNA agidntasiany

Y

® High accuracy and reproducibility Tiunani1snsi93tadeindiug) wazaiunse

ASIADUT LA LTINALL D ULAL
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Multi-color detection @ansansiaiaviaes) dunseniuls (multiplex) lunsd
74 TagMan probe fifmRanndeansidosuasadiy

Melting curve analysis @nanseldlunsuonuesBudill Tm wansstu Tunsdd
14 SYBR Green |

Quantitative data @133adnuSinadadssuiisy visednuSinuduysalla

PNEITD19DY BAZLULUNBUNY LY
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Computational based primers design

nuniiaRsiuliimadaiinedesiuiens (PCR-related  techniques)
Vo a I [l 5 1% a o aa o |
losumnudeuduegranniduduniuide waznsussgnaldlunmsnsiaidadelsasieg

(% gj = 1 v PN Y ! A 14 Y a = 1 o 4
WQUUIUUVIUQ\‘IialﬂLuuLﬂEJ’JﬂUﬂWﬁaaﬂLL“U‘UWN5] MAeesiumailn PCR Feagaievinlv

aansansumeia PCR Tunsiiudrwiudunaulalaegsfiuszansnin

AN599NUUU thermal profiles d%5uU PCR
Thermal profiles Aaguluuvasmauunll uazian dmsuujisen PCR s
A uAlULAS LT ILIUEISWUGNIIY (thermocycler) &1 conventional PCR Tagvialy

3ginun thermal profiles fiugnu Aawm13199 7.1

3197 7.1 Thermal profiles ﬁugwuﬁ%ﬁm%’u PCR

Step Temp (°C) Time Cycle
Initial denaturation 94 3-10 min 1
Denature 94 15-30 sec
Annealing See Tm of primer 15-30 sec 35-40
Extension 72 See product size
Final extension 72 3-10 min 1

N7 7.1 amdiulddn thermal profiles agiishuds 2 Yade lun

® Annealing temperature qquﬁm%ﬂzﬁuaaﬁum melting temperature (Tm)
Y93 primer AUIALLAIIN gn3 Tm = 2 x (no.of [A+T]) + 4 x (no.of [G+C]) 1ne
il Annealing temperature = Tm - 5

® Extension time nanfildagiuagiuarueives PCR product Tnsuszanald

211 PCR product 11 1,000 bp naiuszmna 1 wiit @uivieulesiild)
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YUINAINNET1IVBY PCR product wTUeEiUTEeri1agening forward primer uag

reverse primer MIMTIHIIUINAMNENIVDY PCR product Twingausme ¢adl

® {1 PCR product aualng (>1kb) aziimnula (sensitivity) Tunisasiagevanas

(9

w312azlé band w83 PCR product 14 seanaliiiiu band iiesainams il
" DNA template Aaunwlalf insviaduvioudu
1 a 1 1
B dNTPs ldifisswelunismeany DNA autalng
" |nhibitor YuiUeueglu DNA viliufasernisiiuduiuialalid

" Activity vsseulsdidananin vinlinsiiind1uau DNA ialalls

® {1 PCR product wwinldn (<100 bp) zMII@OUME  agarose  gel
electrophoresis 1ag1n W51z band 89 PCR product azlugeusiuiu primer-

dimer v39adau loading dye vihlsiupaiu band litn

WANN1588NWUY primers

wladfyreamaiia PCR fifie oligonucleotide primers fifienusimesiod uf
Fosnsiindiuau @4 primers d1113U conventional PCR msﬁé’ﬂwmﬁugmsﬁm il
1. Aug1Ives oligonucleotide primer AIT0ETENING 18-30 bp

2. %GC content %84 oligonucleotide primer A358gluY 40-60%

3. Melting temperature (Tm) 84 primer m3aglurig 55-66°C sunalldan
gns Tm = 2 x (no.of [A+T]) + 4 x (no.of [G+C])

4. Tm w84 forward Wag reverse primers msiaviniu wsessiulifiu 2°C

5. Tunsdifl Tm 204 forward wag reverse primers fiAeaiu sty Tm AfieniTes
TunsAuIAT annealing temperature

6. Primer A3 perfect complementary uagdnnziududaulawintu sy

AATIZRAIENT BLAST LiloAumII1 primer AdeAasiuduaue) wselkl
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mndulule msianwaiianin (optional) fail

1.

S

[

windiua G wise C fivanedu 3’ veq primer et priming efficiency
wanides GC clamp (G ¥i3e C 1nnndn 3 ¢) Tuudna 5 wagevneiivaneiu 3
MAnBEEIRUUARTIY 1N 3 f WU AAA, TTTT, CCCCC 1 Hudu
mnsududosdl mismatch Sewine primer uar DNA template Aa5ides
mismatch Ut 5 bp qmﬁwﬁﬂawéfm 3" 499 primer

NANLABINIIIAA secondary structure 989 primers (gﬂﬁ 7.1)

gﬂﬁ 7.1 Secondary structure U3 primers

¥
=1

~ A -Ql' a . a1 (% Q‘l’
uaﬂ‘ﬂﬂﬂumNau‘lsUV]ﬂ’Jin\ﬂ5mqﬂ53ﬂE]UsLUﬂ”ﬁE]E]ﬂLLUU pnmersi‘ummm&ﬂ PNU

Conventional PCR m590nuuy primers lunsiiwdruaududinune Tildauin
283 PCR product Uszanad 200-800 bp ianunsansiaaeulatnausieg agarose

gel electrophoresis

RT-PCR mseenuuutiu primer spans intron/exon boundary fe@8nLUU
primer  TA3UUTIUTOEADIENING  exons Bl TOLANTIWIUBUNIND 1A
cDNA template Wity wivgliifinduinguinaunain genomic DNA (JUN1 7.2)

\unstesiunisiindauan genomic DNA contamination #idgUuagiu cDNA

Multiplex PCR m599nLkUU primers Tilldnwoy il
. o Y | v a )
" Primers ¥AMUAT Tm 11N nIolnalALanu
" 13iifin primer-dimer 581319 primers yjnén
® PCR product ¥es primer Usiazd AIsdvuasiaiuegedes 50 bp

WelwanansalenuazuUanalatalauaie agarose gel electrophoresis
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gllﬁ 7.2 Primer spans intron/exon boundary @13u RT-PCR

PCR-RFLP ms09nkuy primers Tilaaunnues PCR product Uszanal 300-500
bp wazuUanannauandlddalou semins PCR product fignda waglsignéia

meulmfnI WY

Allele specific PCR misaanuuy allele specific primer Tnglvsuvtsiiagldly

N348eNTUTENING wild type kay mutant alleles agivangau 3’ ¥as primer

Real-time PCR A3508nuUU primers Wild PCR product aunaén (100-250 bp)
a']zﬁﬂﬁﬁﬂisﬁm%mwiumiLﬁmﬁﬂmuqq warazlansan amplification plot 1Hu

sigmoid curve Hunsdfiuenls (sensitivity) V89115715 IADU
Real-time PCR #l4 TagMan probe lumismsaaa findnmsesnuuu probe il
B Jumzsedudving asvaeulalagnis BLAST
" Tm 484 probe AI511NNIT Tm ¥4 primers Uszanad 8-10°C
" yEndeavd G isumisane 5 WiollliAn quenching effect
. wﬁnﬁméwé’fmumam%ﬂ 11NN 3 7 WU AAA, TTTT, CCCCC udu
Multiplex real-time PCR Asaenly fluorescent reporter dye UWag quencher
Funnzausu (3197 7.1) wazmsdentd fluorescent reporter dye wfinfia3os

real-time PCR @13115005223a 19
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AN5199 7.1 n3idenly reporter dyes wag quenchers @11su multiplex real-time PCR

Reporter Quenchers Absorption | Emission
Color
dye TAMRA | BHQ1 | BHQ2 | BHQ3 | MGB (nm) (nm)
FAM v ® ® v 495 520 Green
TET v v ® X v 521 536 Green
JOE / VIC v v 4 ® v 520 548 | Yellow
MAX v v v ® v 525 555 Yellow
ROX X X v v v 576 601 Orange
CY5 ® ® v v v 643 667 Red

® Multiplex real-time PCR @1%15v allelic discrimination plot Healldu TagMan

MGB probes &1 MGB 4adu non-fluorescent quencher ifiAauandfifiveufe

ansaldlaiu reporter dyes wnwiia uazidu minor groove binder fianunse

Winefiasninues probe vl UAU DNA template 19RTuse fatu TagMan

MGB probe (15-20 bp) fhasfiauenadunit TagMan probe wald Seflowld

Tu allelic discrimination assay Fssnunusiiaalolnaniuananaiusgning allele

1 (wild type) uag allele 2 (mutant) mi%agﬁ's‘h

WYSAINAT9UBY probe LT

1N TagMan MGB probe §iA13i813 17 bp suvitsfiaglduanszning allele 1

wag 2 msazaglufumusil 9 ved probe {Wuduy
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TUsUNITUABNNIADIANNS UNSODALUY  primers

Tutagtuillsunsumeuiamesdmsunisesnwuu  primers  lnegldanunsald

[ YY)
CY R Y |

o v a o s A R, Ay Y e v
aduiedlelaveduiaulanglusunsy  NUUAIAIAIe  aufdeIns  wadasl
TUsUNTUYIASAREDNLAYORNLUL  primers Allanwaziiingauls  Asllusazlusunsy
= | . < = [ :gf g 1% [ 1 IS 1 [
n3ousiaz website Aazlindnn1siUawulunITEONLUUARIYE AU WHasliANULANAINAY

Y

Tluduwes default parameters 19 futiugldnudsensassmindeUsznuiiingiy

[

wanEsiume Mgsvedlisunsuntdedlslunisesntuy primers fasll

> TUsunsu Primer3web [http://primer3.ut.ee]

Julusunsy  free online  web-based @1m5UANSERALUU  primers  Uag

hybridization ~ probe  Inegldaninsaldtoyadduiiandlelnavesduiise snistdidu

'
[

template Tun1508ALUY primer (SUN 7.3) 9In1uRIAN parameters #1979 idday laun

o msthuusdiduiedlelnduinafiaulaiieldlunmseenuuy primers léun

" Targets fMvuahmneuinuiauls (Wu fuisiiAanmsnaneiug)
Fiellusunsuesnuuy primers AsaaUSIARINGT

" Overlap Junction List fvuatisiiaveenuuy primer liduusin
soERasEINg exons Lielidu primers d1%5U cDNA template

" Excluded Regions fvuatsiiliiauls luniseenuuu primer

" |ncluded Region fuuagasfiaula Tunsesnwuu primer

" Force Left Primer Start fuuateSuduvenIséum forward primer

®  Force Left Primer End ﬁmumi’séu@gmmmﬁum forward primer

" Force Right Primer Start MVuATISLAILEINSHUM reverse primer

®  Force Right Primer End ﬁmumsﬁaq%uzjmaamiﬁum reverse primer
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® msmnuaRENURYeY primers (General Primer Picking Conditions)

" Primer Size MWUATNAIILLIIVY primers AHDINT
" Primer Tm AM#UAYI Tm U84 primers NRBIN15
| |

Max Tm Difference fMvuAAIANNA1GEAYES Tm S¥NINA primers
" Primer GC% MuuATIe GC% 89 primers 7fBnN1s
Product Size Ranges fnnun%19AN819U89 PCR product N7BIn13

Number To Return fMuAIIUIU candidate primers MifaIn15ALAAS

Toemldindenldmn default vadluswnsy warfrusiiestaseisidesnisidu
Aleiw LU Primer Tm, Max Tm Differences taz Product Size Ranges Liafian1fIge

< £ a do . . <3
wilar AdnAde Pick Primers lUsunsufazUszanana  UasLAMINAN1To8ALUY

primers (g‘d‘ﬁ 7.4)

disclaimer ‘ code |

Pr11’1161‘3W6b version 4.1.0 - Pick primers from a DNA sequence.

cautions

Select the Task for primer selection | generic v

Template masking before primer design (available species)

Select species Example: Mus musculus Nucleotides to mask in 5" direction |1

Drimer failure rate cutoff = 0.1 Nucleotides to mask in 3' direction |0

Paste source sequence below (5'->3', string of ACGTNacgtn -- other letters treated as N -- numbers and blanks ignored).

FASTA format ok. Please N-out undesirable sequence (vector, ALUs, LINEs, etc.) or use a Mispriming Library (repeat
library) NONE v

ATGGAACCATTAAAGACAGGAGCCCATATCGAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCATAC
AACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGTCATGATGGCATCAATTGGCTAACAATTGGAAT
TTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTAAAGTACAACGGCATAATAACAGACACTATCAAGAGTTGG
AGAAACAATATATTGAGAACACAAGAGTCTGAATGTGCATGTGTAAATGGTTCTTGCTTTACTGTAATGACCGA
TGGACCAAGTGATGGACAGGCCTCATACAAGATCTTCAGAATAGAAAAGGGAAAGATAATTAAATCAGTCGAAA ~
TGAATGOCCCTAATTATTACTATGAGGAATGCTCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGG ¢

¥ Pick left primer, Pick hybridization probe (internal ¥ Pick right primer, or
or use left primer below oligo), or use oligo below use right primer below
(5' to 3' on opposite strand)

| Pick Primers /| Download Settings /| Reset Form |

g‘dﬁ 7.3 1UsUn33 Primer3web [http://primer3.ut.ee]
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Primer3 Output

PRIMER PICKING RESULTS FOR

Template masking not selected
No mispriming library specified
Using l-based sequence positions

OLIGO start len tm gc% _any th 3' th hairpin seqg
LEFT PRIMER 289 20 58.72 50.00 0.00 0.00 0.00 TGACCGATGGACCRAGTGAT
RIGHT PRIMER 456 20 58.97 55.00 0.00 0.00 0.00 CATGCCAGTTATCCCTGCAC

SEQUENCE SIZE: 608
INCLUDED REGCION SIZE: &08

PRODUCT SIZE: 168, PAIR ANY TH COMPL: 0.00, PAIR 3' TH COMPL: 0.00

1 ATGGRACCATTARAGACRAGGAGCCCATATCGARCCCTARTGAGCTGTCCTATTGETGRAG
6l TTCCCTCTCCATRCARCTCRAGATTTGAGTCRAGTCGCTTGGTCAGCARGTGCITGTCATG
121 ATGGECATCAATTGECTARCAATTGGRATTTCTGGCCCAGRCRATGGEECAGT GGCTETET
181 TARAGTACRRCGGCATARTRACACACRCTATCARGACTTCGRCARACARTATATTGAGRER

241 CRCARGAGTCTGRATGTGCATGTGTARATGGTTCTTGCTTTACTGTARTGACCGAT GGAC
R

301 CRAGTGATGGACAGGCCTCATACRAAGATCTTCAGRATAGRARAGGGARAGATAATTARAT
P

361 CAGTCGARATGRATGCCCCTRATTATTACTATGAGGRATGCTCCTGTTATCCTGATTCTA

421 GTGRRATCACATGTGTGTGCAGEEATRARACTGGCATGGCTCGRATCGACCGTEEETGTCTT
el =L

481 TCRACCAGRATCTGGRATATCAGATAGEATACATATGCAGTGEGATTTTCGEAGACRATC
541 CACGCCCTAATGRATRRGRCAGGCAGTTOTGGTCCAGTATCGTCTRAATSGAGCRARATSGRAG

601 TARARGGA

UM 7.4 fegramaniseantuy primers melusinsy Primer3web

mﬂgﬂﬁ 7.4 WUsunsy Primer3web ULaAINaN1508NKUY primers kavaguasieg
909 primers léuA  start (Fusmisdudu), len (@3812), GC%, Tm, any th (A1
thermodynamic luntAn self-complementarity), 3’ th (A1 thermodynamic Tunns
\in primer-dimer), hairpin (M50 hairpin), seq (@dutiardlolnduas primer) uay

Ly

product size wonINUTINISUaRT map TAUAILALYBS primers Ao
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» TUsunsu Primer3Plus [https://primer3plus.com/cgi-bin/dev/primer3plus.cgi]

Julusunsy  free online  web-based  d@1m5UnNS08ALUU  primers  Uag
hybridization ~probe  &ain1sWimusesenuaNtUsUNsL  Primer3Web  LivelviEld
auansalouladedy  (user  friendly)  vefluswAsN Primer3Plus  Jn1suusmn

parameters aami‘lwm@m&' oA Main (g‘dﬁ 75), General Setting (3‘1.]‘171' 7.6),

Advanced Setting (U7 7.7), Internal Oligo (3U71 7.8), Penalty Weights (‘gﬂﬁ 7.9) wag
Advanced Sequence (E‘Uﬁ 7.10)

Primer3 Plus More... Source Code

pick primers from a DNA sequence Help About

Load server settings: |Default w| | Activate Settings Select primer pairs to detect the given . .
sequence. Optionally targets and Pick Primers ‘ Reset Form

Task: ‘ generic v | ineluded/excluded regions can be specified.

Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Paste template sequence below Or upload sequence file: Browse. . Upload File

[ATGGAACCATTARAGACAGGAGCCCATATCGARCCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCATACRACTCARGATTTGAGTCAGTCGCTTGGTC
AGCAAGTGCTTGTCATGATGGCATCARTTGGCTARCAATTGGARTTTCTGGCCCAGACRATGGGGCAGTGGCTGTGTTARAGTACAACGGCATAATAACAGAC
[ ACTATCRAGAGTTGGAGAAACAATATATTGAGRACACAAGAGTCTGAATGTGCATGTGTARATGGTTCTTGCTTTACTGTAATGACCGATGGACCAAGTGATG
GRCAGGCCTCATACRAGATCTTCAGRAATAGAARAGGGARAGATAATTARATCAGTCGARATGARTGCCCCTARTTATTACTATGAGGARATGCTCCTGTTATCC
TGATTCTAGTGAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGGGTGTCTITCARCCAGAATCTGGAATATCAGATAGGATACATA
TGCAGTGGGATTTTCGGAGACRATCCACGCCCTARTGATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCARATGGAGTARARGGA

Excluded Regions: =
Targets: [
Included Region: {

\
\ ]
\ |}

Primer overlap positions: -
Pair OK Region List: ‘ ‘

MIPick left primer [JPick hybridization probe I Pick right primer

or use left primer below. (internal oligo) or use oligo below. or use right primer
below (5'-=3' on opposite strand).

| | | | \ |
E‘U‘ﬁ 7.5 TUsunsu Primer3Plus [https://primer3plus.com/cgi-bin/dev/primer3plus.cgi]
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Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Product Size Ranges ‘501600 601-700 401-500 701-850 851-1000 1001-1500 1501-3000 3001-5000 401,|

Primer Size Max:
Primer Tm in: Max Tm Difference:
Primer GC% Min:

Annealing Oligo Concentration:

Concentration of INTPs:

Concentration of divalent cations:

Mispriming/Repeat Library: [NONE v|

U 7.6 n3ReFn General Settings UpalUsUNTY Primer3Plus

Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Max Poly-X: Table of thermodynamic parameters: ’m

Max #N's: D Salt correction formula: [SantaLucia 1998 v

CG Clamp: D Use Thermodynamic Primer Alignment: M| Activates Settings Starting with TH:
Max End GC: Use Thermodynamic Template Alignment:  [| Activates TH: Settings-VERY SLOW
Number To Return: Max End Stability:

3 Prime Junction Overlap:

Min Right Primer End Distance:
Max Pair Complementarity:

TH: Max Pair Complementarity:
Max Pair End Complementarity:

5 Prime Junction Overlap:

Min Left Primer End Distance:
Mazx Self Complementarity:

TH: Max Self Complementarity:
Max End Self Complementarity:

TH: Max End Self Compl.: TH: Max Pair End Complementarity:
TH: Max Hairpin:

Max Template Mispriming: Pair Max Template Mispriming:

TH: Max Template Mispriming:

Bllw| [ [oo] |[w] |~
=]

oo || |S

=] =}

Al [w][a] el [w][~][o]| v
[=}

(=R R=0 N F=h N i=]

o o

TH: Pair Max Template Mispriming:

Max Library Mispriming: Pair Max Library Mispriming:
Primer Must Match 5 Prime: Internal Must Match 5 Prime:
Primer Must Match 3 Prime: Internal Must Match 3 Prime:

Internal Oligo Acronym:
Primer Name Spacer:

Left Primer Acronym:
Right Primer Acronym:

AUEH

Product Tm Opt: | ‘ Max: ‘ ‘

Opt: | | Max:| | [ Debug Information

LANNNER

Min: |
Min:‘

Pick Anyway ) Liberal Base [ Do not treat ambiguity codes in libraries as consensus [ Use Lowercase Masking

Product Size

Sequencing
Lead Spacing 500
Accuracy Interval 250

gﬂﬁ 7.7 M3AaAN Advanced Settings ¥@dlUsunsy Primer3Plus
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Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Excluded Region: L ]

Hyb Oligo Size: Min: Opt: Max:

Hyb Oligo Tm: Min Opt: Max:

Hyb Oligo GC% Min: Opt: Max:

Hyb Oligo Monovalent Cations Concentration: Hyb Oligo DNA Concentration:

Hyb Oligo Divalent Cations Concentration: Hyb Oligo dNTP Concentration:

Max #Ns: D Hyb Oligo Max Poly-X:

Hyb Oligo Self Complementarity: Hyb Oligo Max End Self Complementarity:
TH: Hyb Oligo Self Complementarity: TH: Hyb Oligo Max End Self Complementarity:
TH: Hyb Oligo Max Hairpin: Max Library Mishyb:

Hyb Oligo Mishyb Library: [nONE v

I

Hyb Oligo Min Sequence Quality:

gﬂﬁ 7.8 nMswaen Internal Oligo vealUsunsu Primer3Plus

Main General Settings Advanced Settings Internal Oligo Penalty Weights Advanced Sequence

Inside Target Penalty:
Outside Target Penalty:

Set Inside Target Penalty to allow primers
inside a target.

For Primers For Internal Oligos For Primer Pairs

Size Le 10 ] Gefto | sie Lt [10 ] 6t[10 | ProductSize Lt:[00 | Gt:[00 |
ta L[ Josfo ] T Lo ] osf ] M

Gew  Lefoo | eefoo | aew Lt 00 | Gt[p0 | ProductTm Lefoo | Grloo |
Template Mispriming Template Mispriming
TH: Template Mispriming TH: Template Misprimin
Library Mispriming Library Mishyb Library Mispriming
Self Complementarity Self Complementarity Pair Complementarity
TH: Self Complementarity TH: Self Complementarity TH: Pair Complementarity
End Self Complementarity End Self Complementarity Pair End Complementarity
TH: End Self Complementarity TH: End Self Complementarity TH: Pair End Complementarity
TH: Hairpin TH: Hairpin

#N's Hyb Oligo #N's

Sequence Quality Sequence Quality

End Sequence Quality End Sequence Quality

Position Penalty

End Stability Primer Penalty Weight

- Hyb Oligo Penalty Weight

gﬂﬁ 7.9 N1569AT Penalty Weights 494lUsinsy Primer3Plus
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Main General Settings

Force Left Primer Start:
Force Left Primer End:
First Base Index:

Advanced Settings

Internal Oligo

l:l Force Right Primer Start:
l:l Force Right Primer End:

Sequence Quali

Penalty Weights

[ 1
1]

Computational based primers design

Advanced Sequence

Start Codon Position:
Min Sequence Quality:

Min End Sequence Quality:
Sequence Quality Range Min:

A

Sequence Quality Range Max:

g‘U‘ﬁ 7.10 M3sar Advanced Sequence UalUILATY Primer3Plus

[y

Tngyaluindoudsriameluning  General Settings Liomuuatladuiidfey

$149¢) WU Primer Tm, Max Tm Differences Way Product Size Ranges Lio3A16i199)

a

l@Saua1 AANTIAAS Pick Primers lUsunsufazdseinana

primers (gﬂﬁ 7.11)

LbASLLEMINANIIDBNLUU

= More... Source Code
Primer3Plus
pick primers from a DNA sequence Help About
Wl Pair 1: |Primer
Left Primer 1: ‘CAGGAGCCCATATCGAACCC ‘
Start: 17 Length: 20bp  Tm: 60.0C GC:60.0% Any:0.0 End:0.0 TB:50 HP:0.0 3'Stab:4.1 Penalty: 0.035
Right Primer 1: ‘AAGACACCCACGGTCGAﬁC ‘
Start: 480 Length: 20bp  Tm:60.0 C GC:55.0% Any:0.0 End:0.0 TB:6.0 HP:40.2 3'Stab:2.5 Penalty: 0.038
Pair: Product Size: 464 bp Any: 0.0 End: 00 TB:11.0 Penalty: 0.073
‘ Send to Primer3Manager H Reset Form
1 ATGGAACCAT TAAAGACAGG AGCCCATATC GAACCCTAAT GAGCTGTCCT
51 ATTGGTGAAG TTCCCTCTCC ATACAACTCA AGATTTGAGT CAGTCGCTTG
101 GTCAGCAAGT GCTTGTCATG ATGGCATCAA TTGGCTAACA ATTGGAATTT
151 CTGGCCCAGA CAATGGGGCA GTGGCTGIGT TAAAGTACAA CGGCATAATA
201 ACAGACACTA TCAAGAGTTG GAGAAACAAT ATATTGAGAR CACAAGAGTC
251 TGAATGTGCA TGTGTAAATG GTTCTTGCTT TACTGTAATG ACCGATGGAC
301 CAAGTGATGG ACAGGCCTCA TACAAGATCT TCAGAATAGA AAAGGGARAAG
351 ATAATTAAAT CAGTCGAAAT GAATGCCCCT AATTATTACT ATGAGGAATG
401 CTCCTGTTAT CCTGATTCTA GTGAAATCAC ATGTGIGTGC AGGGATAACT
451 GGCATGGCTC GAATCGACCG TGGGTGTCTT TCAACCAGAA TCTGGAATAT
501 CAGATAGGAT ACATATGCAG TGGGATTTTC GGAGACAATC CACGCCCTAA
551 TGATRAGACA GGCAGTTGTG GTCCAGTATC GTCTAATGGA GCAAATGGAG
601 TAAAAGGA

5U# 7.11 fegharani5eenuyu primers cglusunsa Primer3Plus
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» TUsunsy Primer-BLAST [https://www.ncbi.nlm.nih.gov/tools/primer-blast]

Julusunsy free online web-based #iWaunlag NCBI lagldnszuiuns
99ALUU primer MulUSIATY Primer3 udfisgunounisihaisuiandlolnaves primer
Weumseuieuivanduiedlelnalugiudeua  (BLAST) Liensiadeuanudnmy

. 1A 1% & v oa A a9 1 = = I = o Q’lj
Y93 primer Milanuransaasiugudug Nlildduduthmnenisld Fevililusunsud

1 |

a1an30eeNwUy primers Miimudtnzas wanlunidedldediann Wswnsy Primer-

'
= 2

BLAST Usznausme 4 dudmsun1saeensingg (JUn 7.12) dil

® PCR Template Wudwiliililadeyadfuinndlelndvesduitmng Tasena
T accession no. wse diudaedlelnsiidu FASTA format wieas upload
FASTA file filé a1ntiudedn Range dmsuriaiudu (From) wavduan (To) fiae
Tilusunsaipszilazeanuuyu forward Way reverse primers mnlilaninue
29 (Range) Wawnsufaslddrsuianalolnsmanalunmseonuuu  primers
® Primer Parameters [un1sMuuaAfeg ¥eg primers Lawa
" Use my own forward primer 14 forward primer ﬁLiﬁﬁaE_jLLéﬁ
®  Use my own reverse primeri‘% reverse primer ﬁLiWﬁ@&JLLﬁ%
® PCR Product size fﬁ’mumﬁd'mmmé”’uﬁqm (min) LLaszgﬁqm (max) U84
PCR product
" # of primers to return S1UIUAVBI primers Faglilusunsunans
" Primer melting temperature ﬁ'mumﬂ"]ﬁ?’lfjﬂ (min), Wisnzaa (Opt) hay
g9 (max) ¥09 Tm
" Max Tm difference MUUAMANNAIGIFATRS Tm S¥WINA primers

® Exon/intron selection mMuuAlAlUILATUEONKU primer NIUUTIUTOYAD

58WIe exons Weldlu primers dwsulfiudiuan cDNA template sl

¥

a1 501U genomic DNA Tumatla RT-PCR Taganinsaniniaie lansil
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Exon junction span arnsadenta 3 wuu loun No preference, Must
span ez May not span

Exon junction match AMWUATIUIUUATUAIYOY primer USHaAIU 5
waz 3" Tun133ufiu exon

Intron inclusion fM%uAi1 forward WAz reverse primers EADIATOL
| A . .

d@rudu intron Tu genomic DNA

Intron length range MWUAYINANULIIVBY intron NFUNFEA (Min) way

=
g1IMgn (max)

® Primer Pair Specificity Checking Parameters

Specificity check #579@UANNTNNIZVDI primer

Search mode aanld 3 wuu laun Automatic, User guided Way No
user guidance

Database \dongiutoyad nsun1s BLAST laun Refseq mRNA, Refseq
representative genomes, Genomes for selected organisms, nr,
Refseq RNA lag Custom tHudu

Organism denuiinveddiiin

Primer specificity stringency A%uUAATTUNITAIUIAANTINIZY D
primers Wy ynidduianalevdues primer WiSeuiieufudusuy
(unintended targets) azf9sdl mismatch og9toy 2 bp Ut 5 wa
gavinevneinu 3’ ved primer Wusiu

Max target size mmmmaz_jqqmaa non-specific PCR product

Allow splice variants wngutumnedinig splicing lanansuuu 2z

MuuAli primers fananasnsaiuswuduiidu splice variants 19
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3‘11‘17; 7.12 WUsunsu Primer-BLAST [https://www.ncbi.nlm.nih.gov/tools/primer-blast]
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A 5 1 I < 13 a do o . =3

WosIAIpnee l@5anal ABNNAEY Get Primers TUsunsufazUszanana uag
LEAINANITODALUY  primers Junnnsiia wag  s19azdunveq primers Toun
sequence, strand, length, start, stop, Tm, GC%, self-complementarity lLas product

length v@s primers usiage (gﬂﬁ 7.13)

5U# 7.13 degenanisesniuu primers glUsuNTa Primer-BLAST
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> TUsunsu PrimerQuest Tool [https://sg.idtdna.com/Primerquest/Home/Index]

Julusunsy free online web-based @wsuniseeniuu primers way probes
Fawmulae 3o Integrated DNA Technologies Tnsuuadu 2 dw (gﬂ‘ﬁ 7.18) fei
® Sequence Entry Wudwilliiglildtenadifuinnalelvdvesdutming log
annsaldlavaieguhuy W paste FASTA sequence, download sequence
from GenBank, accession no. Wag upload excel file
® Choose Your Design {unsiden assay fisndesmsliiusunsueanuuy eun
" Custom Design Parameters UsuiUasualuniseanuuu ('gﬂﬁ 7.15)
" PCR@8NLUU primers @35U conventional PCR (’g‘d‘ﬁ 7.16)

" gPCR (intercalating dyes) @aAwuy primers AV PCR product ﬁuaag'us]

wnzdmsumeila real-time PCR 7l4 SYBR green | (gﬂﬁ 7.17)
" GPCR (probe) 8enWUU primers wag TagMan probe fimnzdwsu

wipllA TagMan real-time PCR (Eﬂﬁl 7.18)

3‘1]171 7.14 PrimerQuest Tool [https://sg.idtdna.com/Primerquest/Home/Index]
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gﬂﬁ 7.15 n1969A1 Custom Design Parameters wo9lUsunsy PrimerQuest Tool
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Parameter Set: General PCR (Primers only)
Sequence Name: Target gene
Amplicon Length: 505

Start Stop Length Tm GC%
Forward CCTATTGGTGAAGTTCCCTCTC (Sense) 48 70 22 62 50
Reverse CATTAGGGCGTGGATTGTCT (AntiSense) 533 553 20 62 50
Base Sequence
1 ATGGARCCATTARAGACAGGAGCCCATATCGAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATTTGAGTCAGTCGCTTG

101 GTCAGCRAGTGCTTGTCATGATGGCATCAATTGGCTAACAATTGGAATTTCTGGCCCAGACAATGEGGCAGTGGCTGTGTTARAGTACRACGGCATAATA
201 ACAGACACTATCAAGAGTTGGAGAAACAATATATTGAGAACACAAGAGTCTGAATGTGCATGTGTAAATGGTTICTTGCTTTACTGTAATGACCGATGGAC
301 CARGTGATGGACAGGCCTCATACAAGATCTTCAGAATAGARARGGGAARGATAATTAAATCAGTCGARATGAATGCCCCTAATTATTACTATGAGGAATG
401 CTCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGGGTGTCTTTCAACCAGAATCTGGAATAT
501 CAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAATGATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCARATGGAG

601 TARRAGGA

JUN 7.16 fegeraniseanuuy primers 13U conventional PCR

Parameter Set: qPCR Intercalating Dyes (Primers only)
Sequence Name: Target gene
Amplicon Length: 107

Start Stop Length Tm GC%

Forward TAACTGGCATGGCTCGAATC (Sense) 446 466 20 62 50

Reverse CATTAGGGCGTGGATTGTCT (AntiSense) 533 553 20 62 50
Base Sequence

1 ATGGAACCATTARAGACAGGAGCCCATATCGAACCCTARTGAGCTGTCCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATTTGAGTCAGTCGCTTG

101 GTCAGCRAAGTGCTTGTCATGATGGCATCAATTGGCTAACAATTGGAATTTCTGGCCCAGACRATGGGGCAGTGGCTGTGTTARAGTACRACGGCATRATA
201 ACAGACACTATCRAGAGTTGGAGAAACAATATATTGAGAACACARAGAGTCTGRAATGTGCATGTGTARATGGTTCTTGCTTTACTGTAATGACCGATGGAC
301 CAAGTGATGGACAGGCCTCATACARGATCTTCAGAATAGARARAGGGAARGATAATTAAATCAGTCGAAATGARTGCCCCTRAATTATTACTATGAGGRATG
401 CTCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGCGATAACTGEGCATGGCTCGAATCGACCGTGGGTGTCTTTCAACCAGAATCTGGAATAT
501 CAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAATGATAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCARATGGAG

601 TAAAAGGA

gﬂ‘ﬁ 7.17 $9E19WANTTOBNLUY primers @115U gPCR (intercalating dyes)

Parameter Set: RT-gPCR (Primers with Probe)
Sequence Name: Target gene
Amplicon Length: 107

Start Stop Length Tm GC%
Forward TAACTGGCATGGCTCGAATC (Sense) 446 466 20 62 50
Probe ACCGTGGGTGTCTTTCAACCAGAA (Sense) 467 491 24 68 50
Reverse CATTAGGGCGTGGATTGTCT (AntiSense) 533 553 20 62 50
Base Sequence
1 ATGGAACCATTARAGACAGGAGCCCATATCGAACCCTAATGAGCTGTCCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATT TGAGTCAGTCGCTTG

101 GTCAGCAAGTGCTTGTCATGATGGCATCAATTGGCTAACAATTGGAATTTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTARAGTACAACGGCATARTA
201 ACAGACACTATCRAAGAGTTGGAGARACARATATATTGAGAACACAAGAGT CTGAATGTGCATGTGTARATGGTTCTTGCTTTACTGTAATGACCGATGGAC
301 CAAGTGATGGACAGGCCTCATACAAGATCTTCAGAATAGAAAAGGGAAAGATAATTARATCAGTCGAAATGAATGCCCCTAATTATTACTATGAGGARTG
401 CTCCTGTTATCCTGATTCTAGTGARATCACATGTGTGTGCAGGGATAACTGGCATGGCTCGAATCGACCGTGEGGTGTCTITCAARCCAGAATCTGGAATAT
501 CAGATAGGATACATATGCAGTGGGATTTTCGGAGACAATCCACGCCCTAATGATRAAGACAGGCAGTTGTGGTCCAGTATCGTCTAATGGAGCARATGGAG

601 TARARGGA

gﬂ'ﬁ 7.18 A9YINANITOBNWUY primers kg TagMan probe @193U gPCR (probe)
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nfidnauelundrinegiy  suduldilvsunsurenfinmesdmsunses nuuy
primers lainasdu Primer3web, Primer3Plus, Primer-BLAST wag PrimerQuest Tool
IUSUFUNMTOBNWUU  primers  anasuiandlelndfisanedien  udmwindnuuy
thermodynamics w84 primers lin GC%, Tm, secondary structure kag PCR product

. = Y . A Ay Yo = 1| o o a o ¢ A a I3
size Weolilg  primers nzan  leedilamilvinaduiiaralelnadunde nunidu

primers  tupgiuInalavesdy  USnasinalimsnaeiugiinTunseld  Mslinng

Y

¥
(% a IS

PONLUY primers @msUNInTIRdeUNIIBlTa Wsensnsiaitdadenshnelisaasil
msmilafeiunues primers me Wesniwelifalidnsnisnateiudgann fdauls
a [ P2 . & a . [ % dsl’ [ A a

fianudululadn primers Mldagifin mismatch fvansiugnssuveadehisaioniniia
MsnAeIus Jezdmalyl primers danadldaunsaiiudiuinansiugnssuvesde i sa
16 wagagldaninsansiageumnisin@elisala wseonaianaldu false negative Tunns

As193NRelsARAW e S

AiluNNTRONUUY primers kay probes dnSUNIINTIVEDUAISHUGNITTUVDS

[

WoliTa Jefleuesnuuumuinguszasd 2 JULUU sl

[

. . ! A a 4 . PRy
® Universal primers eanwuuanadiuiiiduusnmeusng (conserved regions) #ila
971 nucleotide sequences alignment @115UATI3 screening (+/-) LUBIAU

" #3791 common gene finulubdavdiasineg Nneglunsenaidieniiu
Sl Dengue virus, Yellow fever virus, Japanese encephalitis virus,

West Nile virus wag Zika virus \Ju@u
B #9391 common gene ﬁwﬂumaﬁuﬁmm (subtypes, genotypes,

serotypes) voudalisautiafeaiu

® (Genotype / subtype specific primers & probe panLUUNAILNTUUS I
< . , S v , - y
wuUsUaeu (variable region) 7lMa1n nucleotide sequences alignment 14
d15U allele specific PCR %39 allelic discrimination plot lu real-time PCR

Won1s9uwunaeiug asran1snaneiug uasesranisheenvedhsa WWusu

193



mseankuulnswesfereuiLnes

N1999ALUU primers KA probes 310 nucleotide sequences alignment

1. Buswannmsandlvandduiliedlelndvesdelifanaula anesiuganeg a1n

& ¥

Futoyan1e¥inn (biological database) wsegiuteyaniwnulafaingl (virological

[%

database) wimdnwssutayaainuindlolnavianualily text file (FASTA format) veq

TUsunsu Notepad asinalunadluunneuniii

'
[

2. Waltauluswnsy BioEdit waala text file Mwseuld a1nUuadnficas

Accessory Application > ClustalW Multiple alignment agiivtiisinaUsingUuiiialvis
Al v a o w a X 3 A O < 1 a Yo Y a do
Aiazltlumsdnisesaduiindleolng Wedwuadouay ([@uulden default) Tvindnaian
71 Run Clustalw 91ntuna OK 9:U5109ntnen9n15vna1uuedlsunsy Lanisuanine
YuInomlus® fsnnalunaaluunneuniini
3. MndeensTwunaduimvTeuiukasunnssiueg1ataau Tindnaidu “View
conservation by plotting identities to a standard as a dot” Tusunsuazldaauiiang
lelnsaneusn Wusmaduluniswseuiieuivamuiandlelnaaedug nouania Al
a v 6 . ) =
" UIueUINY (conserved region) aguanlluATOIMINY ()
a = . . [ N 1
" ysnaUsiasu (variable region) agkansduluankanaie (A/T/C/G)

4. ansodslilusunsuAumuIneusny (conserved regions) LuusnluilR

'
o

lagmdnyienda Alignment > Find Conserved Regions 9wiintinsinausnngiuiivelviag
INUUARNTIAII Start TWIuNIUAILUAMINANISAUMUTIMEYSNY

5. Uinneusnuniiaue1UsEana 20-25 bp @rxnsadnanlylumsesniuy

. . [ 1 =3 P z:’lj [ a Ao v 6 =

universal primers & aghalsfimantiesanelifauisialidnsinisnateiuggann &

szl usnaeysny (conserved regions) MfiA11817 20-25 bp Lieldidy universal

primer lails Fsdududosimsuiuasuaauiualiidu  degenerate primer (m13197

7.2) vitelsesiulfameiusine 16 (3l 7.19)
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A19799 7.2 Degeneracy codes d@1%5U degenerate primers

Degeneracy code Bases Complement code
M A/ C K
R A/ G Y
W A/T w
S G/C S
Y C/T R
K G/T M
v A/G/C B
H A/C/T D
D A/G/T H
B C/G/T v
N A/G/C/T N

JUN 7.19 feE19 degenerate primers @3U coronavirus aneugineg Anululywd

[

6. AITAINNANNTINIZUDY degenerate primers laga1saunUady fsil
o liimsly degeneracy bases Ui 5 bp Aivanemiu 3’ 989 primer
e Lin3sld degeneracy bases lusnuvsiiogfing fiu

® liiA5il degeneracy bases it 5 siuntisly primer uaagane
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7. Genotype / subtype specific primers @w35u allele specific PCR 890Uy
ndmAduusnauUsiasu  (variable region) #l@an  nucleotide  sequences
alignment Tpglisumnisnazldlunisidendusening wild type wag mutant alleles og

fianedu 3’ ved primer (3Uf 7.20)

3U# 7.20 fees allele specific primers dwsunsianisaeevetelifalinialng

8. Genotype / subtype specific probes @%3u allelic discrimination plot Tu
multiplex real-time PCR sonuuuanauiiliuusnamdsivdsy (variable region) #ilé
970 nucleotide sequences alignment tnglumiafiagldlunmadendusening allele
1 (wild type) uaz allele 2 (mutant) ﬂaiazagﬁﬁWLLmﬂaﬁQﬂawamaa probe WU %N
TagMan MGB probe firuena 17 bp fumisiiaslduensening allele 1 uag 2 asay

oeflushummiai 9 ve probe 1Wudu (3Uf 7.21)

JUN 7.21 feee allele specific probes dmsunsiamsiesnvesdalasalininlvg
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9. 1199910 nucleotide sequences alignment AguansaAuilAdlelnaiesany
Weavndu uansiwdiuiumemaila PCR axld forward wag reverse primers @aiifie
UMY Lasd1duiU DNA template Auazany AsUIMITATRe strand U994

[

candidate primers wag probes 4l

® Forward primer lag sense strand probe @11150 copy & paste a@1auiiAdLe

InAa1n nucleotide sequences alignment ity candidate primer/probe

® Reverse primer Wy anti-sense strand probe 1o copy & paste autianale
17210 nucleotide sequences alignment WLAY AHBIINATNAURANIILAY
Waswluwagay (reverse and complement) neufweldilu candidate

primer/probe 9

10. whasuiaedlelnaves candidate primers / probes lUAlAs1z1AINT T
BLAST WeAun131 candidate primers / probes fanupaiesadsiududus nlalygu

wWhmneunselyl

11. Ams1enaauUffiugIuves candidate primers / probes wu length, %GC
way Tm nUUUSUlRIANIMINgaumUNaNN1Te8AWUU  primers / probes ina1aly
WAIT9AU 19U Tm V09 forward uag reverse primers AmstAINAY wioneiuldiAy

2°C uag Trn 983 probe AI5gINI1 primers Uszana 8-10°C ilusiu

12.  Awswilenadlunisiin secondary  structures  (hairpin,  self-

complementary Wag primer dimer) 984 candidate primers / probes

FINTIATIAUALTRNUTIULALNSYIIUIENITIAA  secondary structures ¥Bd

¥

candidate primers / probes anunsalalusinsusnge daslunisiasigile el
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> TUsunsu Oligo Calc [http://biotools.nubic.northwestern.edu/OligoCalc.html]

Oligo Calc (Oligonucleotide Properties Calculator) tJulusunsudnsuns
munANENTRs19g  vee oligonucleotides Wanansaldluniseaniuu primers uae
2 1 [ O Y a I (3 . . PN

probes 19 lnggldansaldteyadsuiindlolvdves candidate primers / probes
wone 1l wWAlulures Nucleotide base code annuumuiun 5’ / 3" modification (113
Anaa1nmevinll ¥3oa15150MaAY) MNUTNTWYDY primer Lay ANMMYNTUYDY salt W

(9

AAN? Calculate WelvlusunsuAuinauaud@sngg (SUN 7.22) fadl

g‘d‘ﬁ 7.22 Oligo Calc [http://biotools.nubic.northwestern.edu/OligoCalc.html]
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® Reverse Complement Strand TWsunsuaguanIanIsNaufian1s wasildewdu
\waday @13 reverse primer Uag anti-sense strand probe

® Physical constants lakn length, molecular weight, %GC content tag Tm

® Thermodynamic constants oA AG, AH, AS wag RInK

® Deprecated Hairpin/self-dimerization calculations annsaderniiteldluns
muamlenmalunsiin  secondary structure wnAAn?l Swap  Strands
TUsunsuagyinsaauanduiiedlelvaszniteios Nucleotide base code uwaz

Reverse Complement Strand

® ynAan? BLAST lUsunsuaziiansuiimalelnaluges Nucleotide base code

U BLAST Tugnudaya NCBI
® nAan?l mfold TUsunsNaEASIEYNTS folding wes asuilamdlolna
® nAan? Check Self-Complementarity 1USUATUALIATIEALAZYINUNESN WEUY

A9LAA hairpin, 3’ complementarity wag self-annealing (E‘Uﬁ 7.23)

Potential hairpin formation :

None !

3' Complementarity:
None |

All potential self-annealing sites are marked in red (allowing 1 mis-match):

! GENTGEGAYTAY CCHAARTGTGR 3"
3' RGTGTRARHCCYATYAGGGTINGG ST
3" GEWTGGEAYTAYCCHARRTGTGRE 37
3" AGTGTRAAHCCYLATYAGGETHWGS 3"
ST GENTGGEERAYTRYCCHARRTGTGR 3"
3' RGTGTRARHCCYATYAGGGTINWGGE ST
=N GENTEGEAYTAYCCHRARTGTGR 3"
3" AGTGTRARHCCYRATYRGGGETWGS 3"

3UN 7.23 degemsviungdnualy secondary structure smelusinsy Oligo Calc
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> TWsunsyu PCR Primer Stats [http://www.bioinformatics.org/sms2/pcr_primer_stats.html]

PCR Primer Stats \Ju application Tu Sequence Manipulation Suite (SMS) 14
lunsAuinumauauUsaneg v¥ee candidate primers / probes dflanamangase

PCR vl Tnegldaninsalddoyadduiindlolndves candidate primers / probes 9

don1ld wamadnd Submit iellusunsuduunnaudRie (5UA 7.23)

PCR Primer Stats results

Primer name:

Primer sequence:

Sequence length:

Base counts:

GC content (%):

Molecular weight (Daltons):
nmol/A260:

micrograms/A260:

(degrees C):
(degrees C):
(degrees C):

Basic Tm
Salt adjusted Tm
Nearest neighbor Tm

Candidate primer
GGWTGGGAYTAYCCHAARTGTGA
23

G=7; A=5; T=4;
39.13 to 56.52
7088.67 to 7167.75
4.18 to 4.45

29.90 to 31l.60

52 to 59

47 to 54

61.65 to 68.72

C=2; Other=5;

PCR suitability tests (Pass / Warning):

Single base runs:
Dinucleotide base runs:
Length:

Percent GC:

Tm (Nearest neighbor):
GC clamp:
Self-annealing:

Hairpin formation:

sUN 7.23 deghensAmuinnuauFsngg ves primer Mglusunsu PCR Primer Stats

Pass

Pass

Pass

Warning: %GC is less than 40;
Warning: Tm is greater than 58;
Pass

Pass

Pass
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> Tsunsu OligoAnalyzer 3.1 [https://sg.idtdna.com/calc/analyzer]

Dulusunsudwiumsmumunaeaudfsngg  ve9 oligonucleotides a5

Hrelun15eenkuy primers kag probes I (U7 7.24) Inegldaninsalddoyadduiiang

lolnsves candidate primers / probes wialilusunsuAuinnmuaudaneg o deil

Analyze L"ﬂumﬁmswzﬁ@mamﬁaﬁugmﬁum oligonucleotide 1% sequence,
complementary strand, length, %GC, Tm, molecular weight, extinction
coefficient, nmole/OD Wag ug/OD WWuduy (g‘dﬁ 7.25)

Hairpin 10un153tAs129iAY thermodynamic #1499 laWA AG, AH, AS uazs1aes
aNwENI9AA hairpin (gﬂﬁ 7.26)

Self-dimer AA51¥9A1 AG Ward1a99n5iAA self-complementarity (E‘U‘ﬁ' 7.27)

Hetero-dimer 3A18¥A1 AG Wagd1aensiiia primer dimer (U7 7.28)
NCBI-BLAST thauilialelnaly BLAST lugiudeya NCBI
Tm mismatch AATIEHAT Tm AWANAISAUSERING exact match Wag single

base mismatch d@msuldluniseanuuu allele specific primer way allele

specific probe (gﬂﬁ 7.29)

gﬂ‘ﬁ 7.24 TUsunsu OligoAnalyzer 3.1 [https://sg.idtdna.com/calc/analyzer]

201


https://sg.idtdna.com/calc/analyzer
https://sg.idtdna.com/calc/analyzer

mseanwuulnswesmenaufiunes

RESULTS
SEQUENCE 5'-GGT TGG GAY TAY CCHAARTGT GA-3'
COMPLEMENT 5-TCACAYTTD GGRTARTCCCAACC-3
LENGTH 23
GC CONTENT 47.1%
MELT TEMP RANGE MIN MEAN MAX

525°C 56.5°C 60.8°C

MOLECULARWEIGHT 7124.7 g/mole
EXTINCTION COEFFICIENT 229446.95 L/(mole-cm)
nmole/0OD,,: 436
ug/OD..: 31.05

JUN 7.25 feginsinseinaeandives primer melusunsy OligoAnalyzer 3.1

;J‘U‘ﬁ 7.26 oY INTIAATIEA hairpin U89 primer felusunsy OligoAnalyzer 3.1
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Homo-Dimer Analysis

Dimer Sequence:

5'-GGTTGGGAYTAYCCHAARTGTGA -3
Maximum Delta G: -42.74 kcal/mole

Delta G: -13.02 kcal/mole Base Pairs: 7

5°' GGTTGGGAYTAYCCHAARTGTGA
JLOBUN) =38838+

3' AGTGTRAAHCCYATYAGGGTTGG

g*d‘ﬁ 7.27 §eg19n15IATIER homo-dimer Maglusunsy OligoAnalyzer 3.1

Hetero-Dimer Analysis

Primary Sequence: 5'- GGTTGGGAYTAYCCHAARTGTGA -3'
Secondary Sequence: 5'- TAYTATCARAAYAATGTCTTTATGTC -3

Maximum Delta G: -42.74 kcal/mole

Delta G: -5.55 kcal/mole Base Pairs5

5 GGTTGGGAYTAYCCHAARTGTGA
NEEN
3" CTIGTATTTCTGTAAYAARACTATYAT

;51]‘17; 7.28 f198194715ATIER hetero-dimer daelusinsu OligoAnalyzer 3.1
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Exact and Single Base Mismatch DNA

Primary Sequence: 5' to 3'; Target Sequence: 3' to 5'

5'- TCCTCATAGTGATAATTAGGG -3'

FEErrreerr terrrrrrnd
3'- AGGAGTATCATTATTAATCCC -5

Melting Temperatures

EXACT MATCH T.: 48.3°C
MISMATCH T, 42.7°C
DELTA T.: 56°C

Percent Bound At 48.3 °C

EXACT MATCH: 50%

MISMATCH: 2.2%

g‘d‘ﬁ 7.29 M9819n15ATIZR Tm mismatch faelusiunsy OligoAnalyzer 3.1

§1UTOUASIWSU primers WAz probes
&9 Y

uonwlloannlusunsuluniseenuwuy primers / probes wazlusunsudmsunis
AaTzvinENdRs1e ¥4 primers / probes Wi Uagduiinissiusindeyadisuiang
lolndaes primers / probes Wugiudeyaliinidvannsorumls laegiudoyasy
SIUTITOYAVDY primers / probes way thermal profiles 81 PCR ffnsTlunuide
WAzl ARSI TAN TITYTLAUUIUNR UaRTDINSIY primers / probes 910
Fulayareazly primers/ probes uag thermal profiles fidnsneaadduds Sedenu
fulalalussiundsianinsaldlfaieegsdiussavsan fhegrgrudoyadniu primers

uag probes lein
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Computational based primers design

> g’lu%’ayja PrimerBank [https://pga.mgh.harvard.edu/primerbank]

ugrudeyansausin primers dmsu PCR wae real-time PCR wosBusingg lu
WWdhaEYNAaeY Jldaunsaaum primers lngldtoya species, accession no., %30
Foguiaula (3UN 7.30) annuumdn Submit TsunsufazuaninasIeazdenves primers

oA amplicon size, primer sequence, length, Tm Wag location (E‘U‘ﬁ' 7.31)

gllﬁ 7.30 gmﬁﬂjajﬂa PrimerBank [https://pga.mgh.harvard.edu/primerbank]
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PrimerBank

The following matches are found for GenBank Accession (Human): "NM_001256799"

Gene Descriptions:
NCBI GenelD
GenBank Accession

NCBI Protein
Accession

Species
Coding DNA Length 882

Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript

Gene Description variant 2, mRNA.

Primer Pair 1
PrimerBank ID 378404907c1
Amplicon Size 197
Sequence (5 — 3 Length Tm Location
Forward Primer GGAGCGAGATCCCTCCRAAAT 21 61.6 108-128

Reverse Primer GGCTGTTGTCATACTTCTCATGG 23 60.9 304-282

JUN 7.31 feEg19HaNTISAUMT primers A1ng1udeYa PrimerBank

> gm%’ayja VirOligo [http://viroligo.okstate.edu/main.php]

Lﬁugwu%’a;ﬂaﬁsmsw primers  d@msunmsasiamsuesisarienieg  fae
wadln PCR uay realtime PCR fldaninsndum primers lngidondeliianud iy
s (FUA 7.32) nniuedniidevesdelifaiiaule Wsunsufezuanmansazden
loun Virus, PMID, Type (PCR / real-time PCR), primer name, Tm wag Temp ('g‘dﬁ
7.33)
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Computational based primers design

gﬂ‘ﬁ 7.32 g1udaua VirOligo [http://viroligo.okstate.edu/main.php]

5U# 7.33 fMegenansAum primers/probes 31ng1udeya VirOligo
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watira1siduelaluduanylasaine

RNAi technique in molecular virology

a

NIuaneaNUsBuNeITeIiUNTEUIUMTAAYanIT  Central Dogma @9

USENaUMBNIZUIUNITRBATIAE (transcription) 310 DNA lUd RNA wagnszuiunsila

Y

59 (translation) 910 codon uuas mRNA TUdulusiiu TuadiTieiidu Eukaryotes
2£8n5¥UIUMS RNA interference (RNAD) iAndulng double stranded RNA (dsRNA)
annsadudinsuansoenvestuldedesimne  Tagluiinadudmdniiduinnsyuau
M3aeATIALEY (post-transcriptional gene silencing) Fwe1avilsi MRNA maaﬁuﬁ?ugﬂ

1818 (MRNA degradation) #3edugin15as19lushu (translational repression) U838

UsIRNISAUNUNTEUIUNTS RNA interference (RNAI)

o
& o

Ns¥UIUMS RNAT gnAunulasiigauasausn lag Andrew Fire uag Craig Mello

Y

Fawuin double strand RNA (dsRNA) @unsawmileninlminnszuiunis RNA §udanng

wansenvedulangsdimne  Tusmvueu C. elecans 31ntu Andrew Fire Wag Craig

[y

Mello Afinsnaassuavigatinaln RNAI Tulsdneng q dnanuideffuidunusedng

Y

v
o

Judrwaumnn  aunsyienalasusisialuiua  awinisuwng (The Nobel prize in

Y

Physiology or Medicine) Tul a.f. 2006

nalnuaInTEuIUNSs RNA interference (RNAI)
o Py~ 1Y Y] . @V va = A a a
MR INlaTiNsAUNUANNTSYaINIEUIUMS  RNAL AleEimsAnwiisdslulda
anvilimsrudeyafendunaln RNAT eg1sdmau Tasanmsanuseendu 2 Ussanay

[

1A RNA ﬁmnizéju lAuA endogenous microRNA wag exogenous dsRNA #194)
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RNAi technique in molecular virology

1. nszuaums RNAI fiindulee endogenous microRNA (miRNA)

Lﬁuﬂismumiﬁﬁmwaﬁl,ﬁmﬂ?jymﬁamuammmmaaﬂﬁuaﬁuma‘[,uwaé %
miRNA Ju RNA wwimidniignainenain non-coding gene (@auitlailduuasiiluns
afalusiy) dagtumuiiluaywdiBuiinoadedumsatns miRNA - snnndwmilefudu
ATEUIUNITASIS MIRNA 5197nn52UIUNNT transcription A8l nucleus Tneande RNA
polymerase Il Tun1saansiaain DNA Tilgidu primary microRNA (Pri-miRNA) &aiiu
RNA @18812010n731 100 nt Usenausie 5’-cap, 3’ poly A tail waglasiasne secondary
structure 7y hairpin-loop mﬂﬂ?u%wﬁ%jﬂizmumi cropping  lagady
microprocessing complex FaUsznoudne Drosha (RNase Il endonuclease) waslusfiu
Digeorge Syndrome Critical Region 8 (DGCR8) lag/lusfiu DGCR8 il RNA recognizing
domain 7l&lunsduiiu hairpin-loop 483 Pri-miRNA udaieulesi Drosha azviutinisn
Pri-miRNA Tduunaduas 16y precursor microRNA (Pre-miRNA) vu1aUszanad 60-70
nt fidsidnuamdu  hairpinloop 90t Pre-miRNA LOAYUAS (export) 88NN
fumdealud cytoplasm lavendelusiuvuds Exportin-5 UagwdauaIn Ran-GTP
gl cytoplasm qzilloulesl Dicer (RNase Il endonuclease) #n Pre-miRNA 171'
U3vaas hairpin-loop 1881 mature miRNA duplex Fafidnuasdu dsRNA vunaUseaoy
21-23 nt ud1d1dufu RNA Induced Silencing Complex (RISC) ZsUsznaudelusiiu
venowida 1§un argonaute-2 (AGO2), GEMIN3 uay GEMING 91ntiu GEMIN3 &l
helicase activity 9svn suenans miRNA duplex Tinaneidu miRNA aneifien (guide
strand) Wew1 RISC Tufufudu mRANA Whwneiifid fuuadauiy suide strand miRNA
Falawanlng miRNA 22dufu mRNA WUy partial complementary @swaliiinns

(%
Y]

udensas1alusiu (translational repression) fisgu 8.1
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gﬂﬁ 8.1 nalnueInszuIuN1s RNA interference (RNAI)

2. N38UUN1T RNAI ﬁtﬁﬂ%ﬂﬂ&l exogenous double stranded RNA (dsRNA)
Dunszumunsiiaainnswmideniilyl dsRNA a1naneuen (exogenous dsRNA)

g cytoplasm weuwad lawerdowme (carriers) win dsRNA fldiluluwadiivuns
Tnajfnzgnanlaeieulasl Dicer (RNase Il endonuclease) Winaneslu short interfering
RNA (siRNA) Faiidnuwamdu dsRNA sunauszanas 21-23 nt udadnduiu RISC 9t
GEMIN3 &afl helicase activity agviinisuenae siRNA duplex Tinaneifiu siRNA ae
{Aien (guide strand) e RISC Tudufudu mRNA Lﬂmmaﬁié’ﬁuwa@auﬁ’u guide
strand SiRNA @dlpeaulvie) siRNA 2zdufu mRNA wuu perfect complementary
dewnidumsesnuuuliidisuvaniiousviuiidesnsezdudimsuansean  Sedama
TiiAansyuIunsgeeaats mRNA  (MRNA cleavage) lawendunisvinaiuveseuleyil

AGO2 a3l 8.1
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ATMUINNTIINVBINTZUIUMS RNAI Tu eukaryotes

INMISANITHIUINNUT N2UIUMS RNAT @nansanuldludedi®®n eukaryotes
Usznis 9 laun 8ad (Saccharomyces pombe), W% (Arabidopsis thaliana), wias
(Drosophila melanogaster), viueu (Caenorhabditis elegans) wagaywd (Homo
sapiens) Wudu Fdinalnvdnvesnszuiums RNAT Adreadsiuann feudnineimeans
Jeflernudesiuin RNAL Wunsruiumsidfueanad eukaryotes dmiumsmuny
NN3LARI0ONUBITUNIU endogenous MIRNA ?faiuﬂwﬁ’uwudw MIRNA Slunuvnddgylu
NTEUIUNITANGY Uouwaa  ekn cell cycle, cell proliferation, apoptosis, cell
differentiation, metabolism a¢ development udu uena1ni RNAI imeuauome
exogenous dsRNA Sty defense mechanism detestumsindelsasie

Wesnhsadulvgaziiansiugnssudu RNA

walulaglun1sadie siRNA

31NN SANYINTFUIUATT RNAT ifindulag exogenous dsRNA wudn Lakanavian

=

lanuddgife short interfering RNA (siRNA) dadusmnuanudimegitayly

(% '
LYY o

vgansuandeanvesdula nsviliiwadlasu siRNA danaiimaiesns (5UM 8.2) ds

2De
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sUT 8.2 walulaflunsaine siRNA Usziamenag

» Long dsRNA: umsld dsRNA ansenadngivad Gmdsnndigdwaduds dsRNA

gnieuladl Dicer Tu cytoplasm sinlvinaneidu siRNAs wa1e 9 luana ewnteat

v
a

TmAnn1sguginiswanseanvadusold Jasvas

v o

SlAetNITYEINTaduATIZA long
dsRNA Tuedldlusiesufoinis taeldmeiia in vitro transcription @waglduiana
dsRNA Aifismeuazuszndnaldang witldedninreludnilinseandunas
(vertebrate) ynld dsRNA fifluuiapueniminnin 50 bp awwdeniilviAa
interferon response @sagiimsdsdayarunseiunisinuvesoules RNasel iy

v

AAN1svinany RNA viauuanieluwas  (global RNA degradation) uenainildsll
U uduginsyinemuees  elf-2a  ilmAansduginsasislushunamunnielu
\waa (global translation repression) nafanuuAsLaaflasu long dsRNA (>50 bp)

zmy AeduITHASlRew
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» In vitro diced siRNA: umsusuugedeidioves long dsRNA laewdsainnis
Fuas1zdt long dsRNA udh azhundaseeules] dicer (denainusn) Tunaen
nnaes (in vitro) Wiy pool siRNAs fifliwiaussunas 21-23 nt udaSeilulddh
diwad Faazliinmswileair interferon response T vertebrate agslsfiniuain
nan1sEnEMUIIAensTUIuMsSudinsuanseanve suegdliigme (non-
specific genes silencing %30 off-target) flosann long dsRNA ﬁgﬂﬁﬂ@h& dicer 9%
fnmsdaunuugu MAle pool sikNAs nanelulanafiildduauansaiuly detld
wWnlUluwad siRNAs wsiagdo1aluduiu mRNA lavanediu (eeamwiengy gene

family) Wunaliminnsdudsnsuansesnvesdusdslisimg

» Synthetic siRNA:  Wumsdupsied siRNA Taeldufisenadl fldansaesudu
ribonucleoside phosphoamidite AAUANT81 coupling, capping, oxidation uay
deprotection wAsulUaunszNild siRNA auIR 21-23 nt NUEIAULUAAINADINT'S
Y a a Ao % . Aa o W Y P o o & o
ToRvaanalinlfieainsoaina siRNA AlaAULUaMNFRINTTINRE19QNADY AIUT
Tinan156UdInNITUaneenTeBug19d e (specific  silencing)  Hazaninsa
o ¢ & . . Y = ¢ ' a a . a
duasziidu modified siRNA 10 @efiUselovd 1wy iuauanosves siRNA 1y
Uszandnnlunsdudinisianioanvetdu  LasiiuANudtwIgie  target mRNA
& v & a o ¢ . ° oA v
Wusu  wenanllanunsa@ondunsizit siRNAs vae o suudaieltidu pool
siRNAs fugsgupeniulaeg1aiissansnm witllodefemldanegs uaslisvusia

Tunsdugannsuanieanvasdurpuledu (transient effect)
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> Short hairpin RNA (shRNA) expression vector: 1dunisld DNA vector #if)
dnwauidu DNA plasmid Weldiilluwadudn asndeuiiiingliedea ududn
nsEUIUNTaEATIE (transcription) Taeo1@en15¥1911289 RNA polymerase latdu
RNA Tididnwamdu hairpin vundu 9 (Wi 50 bp) S33end7 short hairpin RNA
(shRNA) mﬂﬁ?ut,ﬁaaaﬂmﬁ cytoplasm  faggnieulasl dicer fnaudiy  hairpin
loop senld naneifiu siRNA islududimsuanseenvestusiely S8nstinenvans
iy ansavihldeduviesUfiinig Wausina DNA plasmid 1nn Usendn
Alf91s muANMILAAIEENYBY ShRNA 1 (inducible vector) szastaanlumstiud

NSLANIODNYDIBUADUTINUNUY  (stable silencing) UplduRanoinn1s  cloning

vector kagnN15eenkuU sShRNA N9NEsaduilmnudusou

nsidssuiisumalulagnisaine siRNA
PMMSUSEUigunuIn long dsRNA wag in vitro diced siRNA laiapeiianalan

v A Y o W 1

1 v o A 1 v v v & .
Wy hazdslidedniareudiannasinanlunditnesiu wenainil long dsRNA uwag in
vitro diced siRNA lianansalddmsumsvnaeduddi@in  (n vivo) daduazmulean
welulagn1sasne sikNA Alasumnufieslutdagdu fe synthetic SIRNA waz shRNA

. 2 & aa 1 v i Py PN
expression vector a3 2 welulagiigaaulusu 6e 9 loun scalable (@nunsauiy
Ysmnald) uag in vivo studies (@mnsaldaniunisnaaesluddidiale) egrelsnanu
synthetic siRNA Tfalaseuluiu modification anmnsausuasuluanaves siRNA
lomnusieans uae fidelity @anugndesveswinfuiuagnies 100%) luuagl shRNA

. AY VY 9 . . v O ~ ")
expression vector fwelalisulumiu stable silencing (Suginmsuanseanvesdula

817U IUMANYTU) Wae inducible expression (EN11NIAMNUALALAIUANNTLAAIBENY DY

ShRNA ¢
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N1599ALUU SIRNA

PRSI SIRNA - Tianansadudsnisuanseanvesdulfiesnaiiussansaw
(effective gene silencing) Aeld sIRNA firnudadu 100 nM anansadudsmsuandesn
9038u (gene knockdown) Taeviiliseduves target mRNA fiUSmaamadldlisin,

70% agfioinlu functional siRNA a1nMsfinwideifienedeumanauiiiiug1uves

functional siRNA Wuiin15eenkuy siRNA AIsaslidnuale (U7 8.3) Awieludl

;:;Uﬁ?i 8.3 anuwazUDY SiRNA AIUNANN1IUDY rational siRNA design guidelines

> 5ﬂwmzﬁu§m (basic rules)
® SIRNA Uszneusie RNA 2 ang usiazaneiimnuend 21 bp Wesndngruazle
RNA duplex (double stranded RNA) wu1a 19 bp & 2 bp overhang fivane 3’
® 9%GC contents msoeflutisszning 30-52% Wielasdusiiaiiosaniia
e yEndesduuinal introns ifesan introns lalldeguu mature mRNA

® WaANLABIdUUIM untranslated regions (UTR) Lio31nuUsan UTR azillusau
ey i siRNA Tdanansadinluduusnm UTR
®  VANABBUUSINAIRIN start codon (ATG) egn9ley 75 nt LHBIRINUSLIMN
a . 1 -] b4 . 1 ¥ Y ¥
9133 ribosome 1in1zae YNl siRNA lilansnsadnludula
® SRNA 9¥A9LANNIMNEAD MRNA VasdunfoINseuganyy lulasiudunu

gudu Nazgtuagyilimiia non-specific gene silencing
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> dnunigfieuifisnin (additional guidelines)

o 14fl internal repeat wu TTTT, AAAA, CCCC %38 GGGG Lusu wszvazyinlv

ANTINNIEYDY SIRNA anad
® afgInIngameenu 5’ ¥ed sense strand (Asilua G vise C)
® JADYTAINANMIIAIU 3’ VB9 sense strand (AISTwaE A %5e U)

® Funud 3, 10 waz 19 U89 sense strand MU “A”, “U” wag “A” anuaisu

= o ¢ 1 Yy v o a o PN
PINANNEUNHNNE) %qﬂ@umLﬂﬂwaaﬁUqﬂﬂﬁgﬂ@U m’d‘;ﬂiumi%‘m 8.1

M13199 8.1 BFUNLWMANATUIMANNAITIUNITEBNUUY SIRNA

Criteria Probable reason
30-50% G+C content Facilitates interaction with RISC and unwinding
Low stability at the 5’ antisense strand Promotes antisense-strand selection
Hich stability at the 5’ sense strand Blocks sense-strand selection

Absence of internal repeats or palindromes | Increases the concentration of functional siRNA

“A” at position 3 and 19 of sense strand Promotes antisense-strand selection

PromotesRISC mediated cleavage of mRNA and
“U” at position 10 of sense strand
dissociation of the RISC-siRNA complex

Perform stringent homology searches Minimizes potential nonspecific gene silencing
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N158519 shRNA expression vector

[

A158%19 ShRNA expression vector Ussnausiedumeu 6 Jumey fil

1. Identify target site: l9dnn15984 rational siRNA design guideline %38
online siRNA design tool Tun1seanuuua1fAuuas siRNA &g sense target sequence

2. Design an appropriate shRNA: ndedl 1 Adildfediunes sense target
sequence (19-21 nt) Mty reverse & complement aglfid@uvee antisense
target sequence (19-21 nt) 11 loop sequence (4-10 nt) W TouFEIEMINEINTD

sense WA antisense target sequences (g‘llﬁ 8.4)

Strand

sense target sequence Loop Antisense target sequence
TOP 57 —XXXXGGCATCAATTGGCTAACAATTGGATCCAATTGTTAGCCAATTGATGCC -3

+
Reverse complement of top strand oligo seguence
Bottom 57 -XXXXGGCATCAATTGGCTAACAATTGGATCCAATTGTTAGCCAATTGATGCC-3"

Annealing 1

ds olig0 5+ _xxxXGECATCAATTGECTAACARTTGEATCCARTTGTTAGCCAATTGATGCC -3
37 ~CCGTAGTTARCCGATTGT TAACCTAGGT TAACAATCGETTAACTACGGKXKX-57

Ligation 1
Promoter o XXXX = Overhang sequence required for cloning w

shRNA

expression
vector

JUN 8.4 NM30RNLUUKALALATIEN oligonucleotides d1m3UN15a319 sShRNA vector

'
a

3. Synthesize a dsDNA fragment that codes for the shRNA: 31n9a9l 2 Fafl
I¢e oliconucleotide aaenfisanda Top strand oligo arniunvduaefitasu
\wagay (complementary strand) 9¢ls Bottom strand oligo udseuane 5’ medeiu
wafimsnzausonis ligation 14hg vector (5U7 8.4) lelédduluaues top uaz bottom

strand oligos ka1 @nunsadlrusEnAliusINsnsduasient oligonucleotides
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4. Clone the fragment into an RNA expression vector: 31098 3 lels
oligonucleotides 1u&11 Top tag Bottom strands 11911115 anneal fiulu annealing
buffer a¢lidu dsDNA antfutinluidon (igation) deffu shRNA expression vector (54

7i 8.5) Wnganduoules] ligase

5. Transform into bacterial culture: 91098 4 11 recombinant vector
transform 1918 competent cells (Ecoli) Me35 heat shock %38 electroporation
nuudly spread UU agar plate MinaNAe antibiotic MwsNzaNiu vector A (1w

alu vector fgueuLn Kanamycin Tnilden Kanamycin asly agar Judn)

6. Select colony and purify recombinant plasmids: AaLaan colony @115
nusipeUfTugla  ntudndesiuduiuly LB broth wawihnisadn  plasmid
PMNUUDIYINNTIUTUNalaen1S1 nuclectide sequencing Lelwuwulain  plasmid

AINA1ITAFUYDS ShRNA gndias

TUSUNTUABNNIABIFIMIUNITPIALUU SIRNA Uaz shRNA

Tudaqiuiin  bicinformatics  IaWisulusunsudmsutieanuisanuasainly

N590NkUy  siRNA  wag  shRNA  leggldaninsalddduiiirdlelnavesdunauladng

&

[

TUSHNTH WA AlUSHASUYINNISAMEDNLAZERNLUYU  SIRNA WAy ShRNA 7Illanuweuy
wanzadle  Nelusarlusunsuvseusay  website nazdmdnnsiasrulunisesntuu
ARee i uiaganuuansaiululy criteria ve9 additional guidelines stiugldau
= v = < d‘d 1 [y} v 'Y} ] d‘a

9505 LNTNDIUTLAUNTIANULAN AR 3¢ fpgnavasluswnsuntedlalunisg

a v

2ONUWUU SIRNA %130 shRNA figedl
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> DSIR [http://biodev.extra.cea.fr/DSIR/DSIR.html]

DSIR (Designer of Small Interfering RNA) 1ulusunsy web-based d1nsuldlu

mMseankuy siRNA uaz shRNA laegldaninsaladsuindlolnalugiuuy  FASTA

format vasdunauladigdlusunsy nuuAsAs1eg Tun1sesnuuy (U7 8.5) loun

RNA design @onaaniuy siRNA (19 nt %38 21 nt) #38 shRNA

Score threshold A9ANAZLUUNILIBLUNSANNTBINTITDDNKUY

v
o o

Filter 4 or more nucleotide runs: AIANLNBNANRLIAIPULENTINY (>4 nt)

Avoid immunostimulatory motif: - fsALTiENENGEEIUENINTANTEAY

eEANIGRGHIALY

9

WoAANTIA1I1 Run analysis TUSWATHALINNNTOONLUU SIRNA %38 ShRNA 891N

denduiuvarsluana (FUN 8.6) lnuiSeamuafuaAzkuLYeINTI5e8NLUUAINUIN Y

miley Fauanoyasie il

(%

SiRNA id {un1332y ID va4 SiRNA

Position 5¥UsL1UaY8d siRNA UL target gene

SS sequence aduilmdlolnaues sense strand

AS sequence anautiapdlolnduas antisense strand

Score AZLUUYBINITIDNLUY DIATBULINN LLUAINUULTDODUN

wandntileaula siRNA fla fldanunsardnifeniivesmunt siRNA id e

dalvilusunsavi  similarity  search WiguiWeuiuaduiadlelnalugiuton  uay

AUINAT Seed Complement Frequencies Litonsiaaauinainuiliadlolnauss siRNA

fanalinnuadsrasiuiuaue wisld ieliiudladn siRNA fieonuuuduliamud NI g

| &
siofutdnneinty
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DSIR

Designer of Small Interfering RNA

Welcome to DSIR

DSIR is a tool for siRNA (19 or 21 nt) and shRNA target design. It implements an algorithm based
on the following publication: Vert JP, Foveau N, Lajaunie C, Vandenbrouck Y. An accurate and
interpretable model for siRNA efficacy prediction.BMC Bioinformatics. 2006 Nov 30;7(1):520.
Recently a comparison study based on four independent siRNA datasets ranked DSIR as one of the
best predictors among several programs evaluated [Matveeva et al., 2007]

Sequence to target L7
First, name your design session and then enter your target seguence. You can either use the input
field by simply copy-paste your sequence or upload a sequence fasta file. In both cases, your
sequence has to respect the FASTA format (or DSIR will throw an error).

Design name : siRNA design * required

Sequence :

! >Target gene
(FASTA format only)

ATGGAACCATTAAAGACAGGAGCCCATATCGAACCCTAATGAGCTGT
CCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATTTGAGTCAGT
CGCTTGGTCAGCAAGTGCTTGTCATGATGGCATCAATTGGCTAACA
ATTGGAATTTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTAAAGT
ACAACGGCATAATAACAGACACTATCAAGAGTTGGAGAAACAATATA
TTGAGAACACAAGAGTCTGAATGTGCATGTGTAAATGGTTCTTGCTT ~
TACTGTAATGACCGATGGACCAAGTGATGGACAGGCCTCATACAAG 2

or upload file : wanlwa | Lilddanvdla

Prediction settings )

The first analysis performed by DSIR is the prediction of the efficacy of all possible siRMAs targeting
your input sequence. The efficacy (or score) computed by DSIR is based on a linear model that
combines siRNA and target sequence features.

RNA design : SiRNA 19nt  '® siRNA 21nt shRNA

Score threshold : |90

Filter 4 or more nucleotide runs : '® Yes No

Avoid immunostimulatory motifs ;. '® Yes Mo

| Run analysis || Clear input |

gﬂﬁ 8.5 1Usunsu DSIR [http://biodev.extra.ceafr/DSIR/DSIR.html]
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siRNA_id|Position SS Sequence AS Sequence Score |Corrected
score
1 268 GGUUCUUGCUUUACUGUAAUG |UUACAGUAAAGCAAGAACCAU | 103.0 101.0
2 213 GAGUUGGAGAAACAAVUAUAUU |UALAUUGUUUCUCCAACUCUU | 98.7 96.7
3 486 GAAUCUGGAAUAUCAGAUAGG |UAUCUGAUAUUCCAGAUUCUG | 96.2 92.2
4 39 GAGCUGUCCUAUUGGUGAAGU |UUCACCAAUAGGACAGCUCAU 96.2 96.2
5 61 CCCUCUCCAUACAACUCAAGA [UUGAGUUGUAUGGAGAGGGAA| 955 95.5
6 202 GACACUAUCAAGAGUUGGAGA |UCCAACUCUUGAUAGUGUCUG | 94.9 92.9
7 559 GGCAGUUGUGGUCCAGUAUCG |AUACUGGACCACAACUGCCUG 094.8 89.8
8 291 CGAUGGACCAAGUGAUGGACA |UCCAUCACUUGGUCCAUCGGU | 94.1 92.1
9 191 GCAUAAUAACAGACACUAUCA |AUAGUGUCUGUUAUUAUGCCG | 93.8 92.8
10 558 AGGCAGUUGUGGUCCAGUAUC |UACUGGACCACAACUGCCUGU 93.8 88.8
9

Similarity search

Check how siRNA sequence are specific to your target sequence.

1 v
Human RefSeq v

Mismatch tolerance :

Data bank :

Compute SCF (Seed Complement Frequencies).

using seed length: | 7 v

Search bank || Clear input

Export results : | select format » || Download

5U# 8.6 fMagramaniseanuuy siRNA melusunsy DSIR

> BIOSETTIA: The shRNA Designer [http://biosettia.com/support/shra-designer/]

Duldsunsu web-based dwsuldlunsesnuuy  shRNA  Tpegldaninsold
accession no. 184 RefSeq vidadduiindlelndlusuiuy FASTA format vesdudiaule
wWhglusunsy ntudern parameters seq lunseanuuy (gﬂﬁ 8.7) wdnandisnin

Search/Convert Targets lUSUNIUAEYINNIS88ALUU ShRNA eoninliidendiuiuany

Tuana (U7 8.8)
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gﬂﬁ 8.7 LUsunsy BIOSETTIA: The shRNA Designer

[http://biosettia.com/support/shrna-designer/]

Ul 8.8 Motawan15eenLUY shRNA shelusunsa BIOSETTIA: The shRNA Designer
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» InvivoGen: siRNA Wizard v3.1 [http://www.invivogen.com/sirnawizard/]

\Bulusunsy web-based dmiuldlunisesnuuy siRNA 1130 shRNA (U7 8.9)

FaUsENOUMIY 3 d7U bawn

g‘dﬁ 8.9 InvivoGen: siRNA Wizard v3.1 [http://www.invivogen.com/sirnawizard/]

® Find SiRNA/shRNA  sequence Hl¥anmnsalddduiiandlelndlugluuy
FASTA format Gumﬁuﬁaﬂm%’ﬁgﬂﬂﬂmm Mntudeen parameters s lu
5e8NUUY (U7 8.10) uéimdniidnin Search Tusunsuazviinisesnuuy
ShRNA sensnlidendurunansluana (U7 8.11) Insuansen siumiswes

SIRNA uay GC%
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5U# 8.10 msldvayauaziamdmsulusunsy InvivoGen: siRNA Wizard

U 8.11 fetnmanisesnuuy sikNA shelusunsa InvivoGen: siRNA Wizard

226



RNAi technique in molecular virology

® Design hairpin insert gldausouvasdrsuilindlelnsves siRNA Tl
&¢ures oligonucleotides agldlunsasna shRNA expression vector e
ansanmuuaaisuiledlolnaues  Loop sequence  wagldenuiinues
vector 7ifesmsl4le 913U 8.11 fradndidin Design hairpin Aazuaniwa
d1AUYes oligonucleotides ('gﬂﬁ 8.12)
® Scramble siRNA/shRNA Wun1seeniwuy scramble siRNA negative control
d1fU SIRNA/ShRNA - Gaaglianinsndudanisuanseanvesduld  91ngui
8.11 81AANTIFI1 Generate scrambled SiRNA fazianinadfures target
SIRNA Ua scrambled siRNA (5Uf1 8.12)
Design hairpin insert Scramble siRNA
Printer Friendly

| Rescramble the siRNA, if needed |

Hairpin inserts for psiRNA-h7SK G1 (cloning sites: Bbsl/Bbsl) expression vector
Construct

SIRNA target:
5' GCCCATATCGAACCCTAATGA 3'
siRNA scrambled:

5' GCACAGATTCAACCGTACCTA 3'

Construct siRNA #0 siRNA GC%: 47.62  Position: 22

Oligo 1
5" ACCTCGCCCATATCGAACCCTAATGATCAAGAGTCATTAGGGTTCGATATGGGCTT 3'

Oligo 2
5' CAAAAAGCCCATATCGAACCCTAATGACTCTTGATCATTAGGGTTCGATATGGGCG 3'

JUN 8.12 fIBE19HANTTBONUUY hairpin insert Uag scramble siRNA sglusunsy

InvivoGen: siRNA Wizard

» BLOCK-T RNAI Designer [https://rnaidesigner.thermofisher.com/rnaiexpress/]
Wulusunsu web-based dusuldluniseoniuu siRNA way shRNA 903U3m
Thermo Fisher Scientific Iﬂapﬂ‘i’fﬁ’mﬁﬂd accession no. ¥a4 reference sequence

=

wsedduiiandlolndluguuuy FASTA format vesdufiauladnglusunsy ntusAse

parameters #1399 Tun1508nLUY (U7 8.13) UaIAANTIA191 RNA Design TUsuNsuazyih

NN5PONLUUAAUYDY SIRNA W3auszysumus A1 GC% wag Rank (5U# 8.14)
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3‘1]‘171 8.13 BLOCK-T RNAi Designer [https://rnaidesigner.thermofisher.com/rnaiexpress]

Ul 8.14 fetnmanisesnuuy siRNA shelusunsa BLOCK-T RNAI Designer
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wenniEnsadEend SiRNA to shRNA ileddlilusunsudeudsuiianale
Tnswes siRNA luidudidures oligonucleotides Tlagldlunisadns shRNA expression
vector lnganunsamuunannuilinalelnaves Loop sequence Lazldontilnuey vector
figeanslole (gﬂﬁ 8.15) 91niuAaNAAIN Design shRNA Oligo Aasuansuadfiuyes

oligonucleotides (E‘U‘ﬁl 8.16)

31]17; 8.15 N1388NKUY hairpin insert 310 siRNA ¢3glusunsd BLOCK-IT RNAI Designer

shRNA Oligo Features:

Loop Sequence

Top Strand 5'-CACCGACAGGAGCCCATATCGRACCCTRARCGRATTAGGETTCGRATATGEGCTCCTGTC-3
Bottom Strand 5'-RARAGACRGGAGCCCATATCGRRACCCTRATTCGTTAGGGT TCGATATGGGCTCCTGTC-3"
ds Oligo 5'-CACCGACAGGAGCCCATATCGRACCCTRACGRATTAGGGT TCGATATGGECTCCTGTC-3"

FEETEEEEEE e e e e et e e e e e e e e e e
3" -CTGTCCTCGEGTATAGCTTGGGAT TGCTTAATCCCAAGCTATACCCGAGGACAGARRA -5

3‘1]17; 8.16 $19E19INANTTOONLUY hairpin insert pelusunsy BLOCK-T RNAi Designer
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TUsunsunmsesnuuu siRNA/ShRNA dusuidelada

nfivnausliuddneiy asdiulilusunsuneuiwesdmiumsesnuuy
SIRNA wae shRNA Tsi31asdu DSIR, BIOSETTIA, InvivoGen wag BLOCK-T RNA Designer
IBUAUNITIONUUU  SIRNA/ShRNA  aanansuiandlelndifissanedion  uwémuim
dnweug thermodynamics 89 siRNA/ShRNA 1awA GC%, Tm wag structure ielle
SIRNA/ShRNA Fiumsnzan Tnefildddsinasuiandlelnsdiufidenynfu  siRNA/ShRNA
ﬁ?uagjﬁu%nmimsumﬁu LLazU%nmé’aﬂdnﬁmiﬂmaﬁuﬁ:tﬁm%w%laj Ttinseenuuy
SIRNA/ShRNA  dmunisdudanisuanseanvestureaiolida  msinmsidedamum
199 SIRNA/ShRNA dg iilesanidieladaunsuiiedidnamananeiusgeann  fedudd
arandululéd siRNA/ShRNA fildasiin mismatch fuasiugnssuvondelifaiiesnin
Annsnaneiug Faavdawald SRNA/SHRNA sananaliianansadudensuansesnueadu
voudoldald fuilunseonuuu  SIRNA/SHRNA  dmsuiolda  selouoonuuuls
Fmeiuusnneysny (conserved regions) #l#f1n nucleotide sequences alignment
Lﬁ@lﬁmmﬁaE‘]’Uégqmmamaaﬂsua@uiumaﬁuﬁjﬁhm (subtypes, genotypes,

1%

serotypes) adfialisaridabeaiu wsedudinsuanteanvasduluteliavienise 9

1Y
e ! [

[y X a LY ) 1% = o a’lj
Jnaglunsenaiieniu 1Wudy lunfddwendrifidusunsumiraula fudl

» siVirus [http://sivirus.rnai.jp/]

Huldsunsy web-based fisjatiunisesnuuy siRNA dwisuidelada 4 wiadil
gnI1N1anateiugas lewn human immunodeficiency virus (HIV), hepatitis C virus
(HCV), SARS coronavirus (SARS-CoV) wag Influenza virus (E‘Uﬁ 8.17)1@8@“3&7”130
Fenaeiugingg warBuvesdiohiafiaula (Uil 8.18) wielilusunsueenuuy siRNA
9ndnTidu highly conserved target site iwdwﬁab%’aawﬁuésmﬂ WAILEAINA

1AuA SiRNA target, efficacy prediction, off-target hits Wa¥ conservation (g‘d‘ﬁ 8.19)
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3‘1]17; 8.17 TUsunsu siVirus [http:/sivirus.rnaijp/]

UM 8.18 fegensidenaneiugaine veadehida HIV Tulusunsy sivirus
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5UM 8.19 fstewan1seanuuy siRNA dmsuidelida HIV melusunsy sivirus

Fudayadmiu siRNA/shRNA fiduwgsaibalad
wenmileanlusunsulunisesnuuy  siRNA/ShRNA  uan Jagduiinnssiusu
Toyadiauilindlolnives  siRNA/ShRNA  7istnzdeelisadugiudeyaliminide
ansaruld  lnegudeyadssiusiuteyaras  siRNA/ShRNA  finislivaaeuluy
a v = aa ¢ [ a ) a =% v P .
NFTguariinsARiEeuLns N TN TIMMITEAUNNG - Tadesveansld  siRNA/
shRNA 9 ngudeyanodzla siRNA/shRNA idimsnaaesiigaiad Jalamasiulalusediu
wilehanunsaldliaseegadissansnm degregiudeyadiniy siRNA/ShRNA ATine

[

sovdelasa il
> gm%’ayja VIRsiRNAdb [http://crdd.osdd.net/servers/virsirnadb/search.php]

Wugudeyaiisausan siRNA/SHRNA Aldknunisnaaeulumsdudimsuansoan
vosduludolsandionneg Awuluiyed S1uau 42 e fléannsndum siRNA/ShRNA
Tnelddiolaa Jodu wde efficacy ves SIRNA/SHRNA fiffoams (3Uf 8.20) anntiundni
Search  TWsunsufasuanmafusivazdondeyares  siRNA/SHRNA  Fimeiisnonuld
oA sense sequence, virus name, target region, cell line, validation test, efficacy,

PMID uag off-target (3U7 8.21)
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3‘11‘17; 8.20 gﬁu%’ayja VIRsiRNAdb  [http://crdd.osdd.net/servers/virsimadb/search.php]

sUT 8.21 foe1ananIsAumn siRNA/ShRNA 9 ng1udaya VIRSIRNAD
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AaN15uEs siRNA Wgwad
Slodauaseat SIRNA 30473 ShRNA expression vector @§audn utunousely
A ilafaisn15i1 siRNA %50 shRNA expression vector Wingwadidving lned
vdnmsvluged
> High transfection efficiency: @1115011m1 siRNA Lsi’hzjmjaa“lﬁasmﬁﬂsz?m%mw
> Low toxicity: hiflenuduiiy vsellanudufiviewadtoy
» Low immunogenicity: Winszfuszuugliauiu wienszduiiisadniios
> Sustained silencing effect: viliilAn gene silencing Taunu

» Cells type specific: Hmnusumesoriavonsadiauls Faudunuaniand dylu

nsleludadidin (in vivo) wsemsussyndlinnanddin (clinical application)

USTNNVBINMZAMSUTUES  SIRNA

[

Taehlaninsautamnme (Vehicles) drudutimn sirNA T8y 2 Ussnn @il
® Viral vectors: 9 fudnuMElATIATIVEY virus particle Tun1siimn siRNA Whdiwad
TPganINsaMuuAANNT LI ERowaaLAasTlald  lnensanuUas  surface  3e
envelop protein vasla3a s wneiu receptor LuRwadusasailn dvEnunsanys

Tondu 3 via Town adenovirus, adeno-associated virus Llag lentiviruses

® Nonwiral vectors: a1fuRaNtRvedluanandnuaaaeluliy (lipid-based
vehicles) Tumsdufiu siRNA waztddngwadla esnideviueadiidnuaadie
lasu  (hydrophobic) wuiu  @eanansauusloudu 4 «flm leun  lpid-raft

compartments, liposomes, lipidoids ae lipoplexes
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nsUszgndldimadia RNAT Tumsiudenisfiusiuiureadelada

doswnnmalia RNAL annsndudimauanseenvesBulnenssiuliiAanisvhans
mMRNA (mRNA degradation) wiadudimsadlusiiu (translational repression) 8814
Fumg FefuFelimsussandldinada RNAL Tumssusmsiasiuuveadelfamely
wad oghdlsimuusydnsninlunssudinmafiudiurentohia wenanagiufums

£
Y] v v

PONUUU SIRNA / shRNA #ilUsganan e Siuegivdnuaema@iingrveadslifa
1 a U d’l
wRavyia fail
® dnwawasiugnIsuveadehsa  ewinaisiugnssuventelita  Iviane
sUiuy Tneduunlaidu 7 Ussam laun double strand DNA viruses, single
strand DNA viruses, double strand RNA viruses, positive single strand RNA
viruses, negative single strand RNA viruses, RNA reverse transcribing viruses
(retroviruses) ez DNA reverse transcribing viruses nstlnaln RNAI azaunse
¥Iane mRNA uae viral RNA 7iluansiugnssuwas RNA virus 16 luvaiei RNAI
LANUNTOTUTINTHENIDDNVBIEY  (MRNA) walianunsavinany viral DNA 7
Duansiiugnasuves DNA virus I6 dstdunaln RNAT Safiuszavaninaslunis
v O A o & o Aa 1Y) <, v 1 A o aa
gugsnmsiiudnuiuventelifaniiansiugnssudu RNA laanielsaniians
ugnssulu DNA
e Funddlunsiiudiuiuvestelifaneluwed Weswin@alisauiwnaciy
Fuuneluineded  wazwehisavrwidadiuduivlulelsnana@y  wenaln
RNAT agvinanulugiulalpnana@uvessas fsdunaln RNAT 39diuseansannly
v o X o aa a o P v & v aa a
msdugadalisaniimsiiudruululelsnana@ulaanin  @Welisaninisifiu
uuneluiueded
fogsmsiaun  sRNA  Wieldidusndulifasiiesneg  TouAn human

immunodeficiency virus (HIV), respiratory syncytial virus (RSV), hepatitis C virus

(HCV) way hepatitis B virus (HBV) 1Tusu
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https://sg.idtdna.com/Primerquest/Home/Index
http://cancan.cshl.edu/RNAi_central/RNAi.cgi?type=siRNA
http://www.seqhepb.com/
https://www.invivogen.com/sirnawizard/
http://sivirus.rnai.jp/
https://hivdb.stanford.edu/
https://hivdb.stanford.edu/
http://viperdb.scripps.edu/index.php
https://www.viprbrc.org/brc/home.spg?decorator=vipr
https://viralzone.expasy.org/
http://virhostnet.prabi.fr/
http://viroligo.okstate.edu/main.php
http://crdd.osdd.net/servers/virsirnadb/
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https://drive.google.com/open?id=1JrDEzoP5oBsc5FjFZY9pqtswFeNQCLI1
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