P9> Py

Al ol )l - (g (wlidiog S i Shmannd’ adado 9 4l

S 29SS 1835

S dosy

(os ozl V guslg V) axls Vi (o [ (5100 ) aolg £g5 g olass

S e 0909

Slosie Sbejgiilaes )0 b 2

VEYARAY . - Sledie Sileysiileu 1wy &S g b

VE ) pgs Jlaass

slogdoygr Doy S5 im0 b (w0

o) ool ol 9 Suileghilgn Jguol —Jgl dul
(NCBI, DDBJ, EBI) cwws ) sosls belSsl g1l g Suilo ygiilows b ‘saL».wT s LEEIRVY

oS il

3l B S ol SrSbacys | gmiils collad bledld |- Slasl gl ab> wobasst Sl
)
Soiloygilguws y p2i Coound (3l j0
wobdicany b ol ol
‘ . lS w .‘ ..

e celw ¥ shlo s QA gy O g3 <90 35 P VW _ ..
] adgl sosls oLl Cuomd ol

$Pld (g0l | &1l yg38 59, HUY Hooss dlaw | ool &l g Bri datab

¥ rimar

S P | il | oYy #2) (Primary  database)
5] sl ¥l | lsmdils .(DDJB 5 EBI-EMBL NCBI




(Secondary 4t slresls a5

sesls oK ¢ database)

(Specific database)  olais!

‘39“’@ 4.")‘

ths"y mlfw 9 43[550 dLaJa.a' W)Y T P9° MJ’

b o3 3ldnil (slaeis ;9501 g (sia 9 35 s IIei b (2 Lil 1 LS Slowa

oS ailun

<Ll Gy o obes S5Ol o ye 9aiils callad Slw! cudles Gloal ol abns oolais| Blasl
SWige
Jeol b gligmiils Juad ol 5o
9 (PSA) b Jly alFgs Eldail
5l b Jlgy (MSA) ailfws Lkl
<5 guolS Al 59 yo ) S (Global o pls oo GLkail o
XY 4lo WIS O K% ) 93 6y i
. | ” "5, celuy | 7 ‘w o wx‘g: 4 o soe0 Gkl ¢ alignment)
2l gl | &yl iS5y Lol ooy Jlgw oole gl g . )
. ] - Ll (Local alignment)
LATPVEYYY) e 4 gewly ol Yl 4

o gdolp Joud 51 oy 595l

-SlF Gl gl 1,5 b 9 by




9 Sg oo S0y Guiglsl b
-Sly Bldail sy oK aolsl 4o
PAM eooede 5 Suiion b
¢ (Point accepted mutation)

(Blocks Amino BLOSUM
Acid Substitution Matrices)

iR L Ogud g0 osld
-Gl s bl sl 5l
S Sdos Jouol g Clustal Jod 5l

B9 o0 a1yl iy ol 38 ]

ENtrez ggmims j9igo b (2 Lbl g NCBI ol 50 g 0925 — 0 guw dunder

g (52955 yrudi 0925 g NCBI ol 50 by (gaminmr 0925 b (o Ll 1 IS Slaa

oS dilus

sl by : oo S5Ol 4o e riild Canlled bl culled Glasl sl abuo wolais! Glual
9o
¢y g5 dnd> 59 yo 990 b plemddly gsw (pl o
Shyls W . i ;
ol 0] LX) el ¥ Ll Ol (g y o 30 g ooy Ll ENtrez s gz
415l 95390 G SIS L &5 Oledbl sgrmime 0g2 dolol
wg;)gb Q C.wb oluw! @‘W




9ol

NP ERY/ I

S RN
ool b g
OYlgw a0
oyl

ol 50 2955 sy ok w
-~ glgil .igws oo LT NCBI
odls yoigel iy (wl o NCBI
ol 0 peaes g o0
L
s'y (Boolean operators)
9 MelSy  ani  semies

O SR lg L W i g

(BLAST) (sxdg90 labail (omimer 51y sy 515l 5l oolisiwl 092 9 (o yo —p 3l dd
(TBLASTN 3 BLASTP BLASTN BLASTX) 1 ¢lgil g BLAST plxil 092w b o1 Lo : S Slaal

EUSSIIETY)

ER P

3900

SS9l doye

gl Cadlzd

Slw! cudled

Slonl b abs

obais| Blual




Jeeol b plgmidls s (nl 9
Lol ol e 65l 9 BLAST
I L egm b oawlol jo g oud

2 oodle il hjsel

s dud> 59 30 & S
Py o ot | g o055 !y 7 FASTA i3 L BLAST
PR shyls 5 . . T
; , , Fod s g | polodwly | sBLb | ol g0 igdee Ll jskie (ol
N | w9559 A HUwy| ) )
SRRl gt | ST e | MO S¥Ees as bisy Olsmils i
6&5.5»7. sbel ¥l S Jo=3 51 BLAST glgil plnil (ol
BLASTN BLASTX
, TBLASTN 4 BLASTP
i 50 8390
Ogwligo (80 9 b Jlgi 3J01 g ol o Jguo! — ooy dond>
Ogmelige (8l g L g5 50T g Sanger isy 4 5 e ool b o bubl : IS Slaal
S &b,
U35 Ghes o oo P P oiils Collad Sl cllad Slasl sl als solais| Slual
(Ca ST o
35 guupolS > 5350 Jeol p glaoddio Coomd pl 4o
Bl ygo3l PORep Celu ¥ | Gllo W | couds w5 S S st | Ly S D) GL e 2
&1yl 598 59 B! 310y Jlaw o 3 <y 55 G ogb o &l (Sanger




o999 59L

@3}9-07

& &l oliwl
Sl &Y lguw

gé‘é ('}wb 9
OYlgw 4

Ol gl

Suxie  glagng, L plgmadls
gl Ll b Jlgi (2ol
Syl o5 b anlol jo b exiils
b ool il b Mgi (59 3
3 Chromas 3l38le
5 Ngd oo Ll ChromasPro
G igel G ol
gogly 0 laglisas
il g ol (i gidSes
L sools 31 colaw! (glp oud
604.@‘.0:&0 ‘LEORF OJ.QL&:;.O 6(./-}6.’»5
5 b gy BLAST .GeneScan
9 ewir 9 Sl¥ a2y lle s
Dgien Sl b Sl S eileg,s ol
IRl ey 2 9x i Gl
CLC Sequence 4 BioEdit

S aplgs eols el Viewer




(Gene submission) GenBank s ;5 cud Jol o — pobinds dud>

GenBank o550 o suls 2b Jlg5 sy e Jolpo b (o lud] : L5 Slual

‘ KoS ailw, ) ‘ ) ) . s
U3y ) ] ol S50l av e PES] KON | PY- ol cudled Sloal b alo> wolais| Blonl
J
JLoyl g Cad o9 s ol 4o
&l GenBank « g5 b Jls
. . lS - & . - &S
B JERE .Y Ty 095 (yaiZrod O g (o0
) 9.9 6lyls ol o 5550 S 33 (30 o) 5o (Gene annotation) b yj
olad g3l | &l yeuSiem | celw ¥ ' L _
. AHIH O gy o015 Fewly g Sgugo  odld Ghigel
""'19%)9 S . . s . £
5t ool e 3 ooy Jlgw OY g 4 Sl b Cwomnd cpl jo lgxiile
P} o . . X
“ Gl wliwl | glgmddls walys Ll o) e ol Banklt
EIRERNITW

Real-time PCR 9 9 lastinl PCR Slp C9p g ymlp 2k Jeol —pid ands
PCR (15 @95 5 il o>k s b9y 9 PCR ool b (2 LbT 1 (A5 Sloal

LSS TY)

oS il

‘5&55»7

SS9k doye

il Cadlzd

Slw! cudled

IRV ‘sl.k 4.|a.».'>

obais| blual




pld 903

« 3 guaolS
PN
&yl )5S 59 5
S B L]

‘_5-53}5-01

celw Y

&Il eSS
Sl

& e
o 395
O8> &l g

OYlgw 4

ol giils

9 ke Jgol lal yo s ol yo
PCR e

Real-time
PCR

Multiplex Real-time 4 PCR

LConventional

SYBR Green
TagMan Real-time

aolsl jo .0gi o0 08l z i PCR

w3 il b g
31 eolisw! L (Primer/probe)
alb p SHbygdilen syl
NCBI primer J.3 ;) Web
5 31380 o5 g (Primer3 4 design
Oligo yls) @b Sws gl
Oeed  igdgo 001> (jgel
LS 9 BLAST plxil o9
Slp cwlbe ©op 9 mlp SO

Al dlgs ailyl b gxlils

ol cis j andllo ey SIRNA o1b s RNA jLs Lo (965 i — piind dund>
SIRNA >1,b slo gy s RNA JLs by o5 iy 9 RNA Jlis b Jaol b o boil 2 IS Slua!

Ll ey

oS il

‘5&55»7

ol

G50l aoye

il s

bl codlsd

IRVY ,.5&: d.b.‘o

wolazs Glual




AL (3903

« 33 gurolS
PN
&yl )i 5e 5
91590
590!

celw Y

shils s
ey

el

Sliw!| &Y lguw

B
S RNt
0old &l g

OYlgw 4

Ol gils

ol GLylEl oy g ol o
Sgu o 03l =i RNA UL
Lyl oy i ol 5o (iaen
ez SIRNA  slhb  solais!
0310 igel (Jolw colS Sileliao

D9 0

S jeled SS 50 )y — ke el
TSyl 9 Sifoled SB35 (S Loasty ys5II £lgil 9 Sifaled w550 Elgil b (L S Slaa

EUSSIIETY)

ER P

‘5&}5.07

R3]

S50l awo,e

gl Cadlzd

Slw! cudled

Slonl b alus

obais| Blual

AL (03]

<53 gupolS
P9
a1yl 0955 59

Cos g9l

celw ¥

slils s
Lol

dund>> 9 yo
RV IRWRRT)
oy Jlgw
a4 Fwly bl
Sl &Y 1guw

e
o 0055
Oolo &l 9

OYlgw 4

Ol giils

S 50 Wlodo g Jguol (s (0] 5o
SiPny b olbl 5 il
Elgl anldl yo 0gu o0 Ayl Cs 40
gl 3593) (el sl Flo
OLgiild gl (o g 1590l o yg0us
9 gy g9l 098 o0 0313 (b 390l
2 Sjekd co 0wy Jogo!




9!

3N (Distance-based) alols 4l
w9y 9 UPGMA - 3y, Jod
4L » ¢ (Neighbor joining
3 (Character-based) i,
¢ Maximum Parsimony J..3
o330l (Maximum likelihood
Sy Culd Ho Sedge ool
By CudeS i gl g lo]
Jdyel 9 oad puwy  (Figkd
-0 odls =, Bootstrapping
MRl ey Gm pl p e
od3ld i Jol5 y4b 44 MEGA

D9 50

Sy el g o xSL Sl o9y — 20 dwl>
(MLST) (weSsd i Jgi Soum b o9 Soiloyaiilen 5aILT g2 g by g Sl Soumu b (s jhg) b (o Leisl 1 LS Slusa

Ll ey

S il

‘5&55»7

S50k an,e

g2l Colad

bl codlsd

Slon| ,.5&: d.la»

wolbass! Glasl




(BLb G503

« 33 gurolS
PN
&yl a8 59 5
Coa 91590

@3}5‘1

celw Y

Shls s
L

o 395
o3l gl 9
OYlgw a0
obgiils

b SL Sl Jgeol (s ol 59
Jyol uizmed 09 o0 0010 T b
b pigesys S ekl LT
P S BN
(REP 3 RAPD) wi 25 46505
00sS dguzxo a3l I Juol> lakad
9 (RFLP) (555U 039095 (RE)
Ygams gox sl 5T
-0 0315 wjgel suds slxs| PCR
—olle aen (A (p] 50 o9
igel oS dguzme o3l by
syl o) el e oo
4o .(Webcutter ¢ NEBcutter

MLST = (g, Jeol  culy
(Multilocus sequence

&'y b Jlg 36T egi g typing)
).JIJT ég.w‘so odld U")S’”T MLST

sty il (o MLSA (J3als

AR




anlad 93 3l i 31 45 Cowl (5elud
Sl 9 dwlxe lp (o8]
Siokd JILT 55 Lo ol

o lod 0 ool

P99 Sase g Scrogijlio Blusl g1y 16S rRNA e8iliol (b Jgi 5IUT —p0 5L dle
,93.33)&3.0 ‘Slbo.bb )..JbT ‘Slbu’;}g) 9 NGS Jya‘ l: @L.MT :‘515 Sloa|

oS dilus

U5l shey i ol GSol dv e g2iails Calad il cudled Slasl ob aas solais| Blasl
LR
o) Jeel ol o Gisy ol 5o
(Next Generation NGS
se s glgsl Sequencing)
-0 08ld Z b l.b,_'j 3,8 g di
. 16S g5 aSol o asgi L .0gu
5 g8 el Gl W | awds yg40 EJEE s Slg il axs b osd
s OS‘”)T PN A H WY RO EEWENT) O 3 oy S = JB g Gudo Luwd gy FRNA
@yl 85590 e oy Jlgw odlo &b g Pl g bl gl sleel
Ces9b 4 gewly ol Y g 4 o2l 3l eoliwl Jgo! camla g ST
g0l Sliw! &Y g ol gziils

ooy & ¥ e sl Sk

o) 50 g0 ool z i NGS

'Y




Alpha 8 5l cewplio sy
¢ Chaol Shannon diversity
-0 0315 g0l Beta diversity
sools ol rooron (Aigi
2 ool P99 S
o (0 (559l gmrg e Sl

powg e aodld Cud 09 g

Sy

S o0 0315 3 390!

See095d 9 3 9 S0 gion ySaundl i — w20 5190 dond
T (Suiloygilgns (o2 SBH9) 53930 9 P99 9 Poies sl Jgwol b (o LT 1 S Slaal

S il

<Ll ey i obos SOl dv e goxiils Callad Sl cdled Slasl ob aas wolais! Glual
WI¥e
Py Sl i Jgol Caomnd (0] 5o
5 grals Aol 3950 335 9 ook 0315 Zyb poiigy g
59 Lo podS™ | oy (guy 3 § T
T 7 i o prew 18 & 0590 (S3elamg,5e0 5o ]
Pl eojl | Ayl e8G9 | el ¥ LS 3oy Jlgw . P VW ) - )

) : S xR peiey LI (ly .0 o0

v gy 9k P, & fewly bl . _
g0l 3wl &Y 1m0 ool &l UniProt Jous ;1 eols oS glgsl

OYlgaw 4

S aalgs eold F e EXpacy o

'Y




ol giils

sosls f[H] &l
oKl Ikl )0 Sovogies Sl
(Gene GEO g3 e sesls
SRA 4 Expression Omnibus)
(Sequence Read Archive)
3l ooliiwl ogxi g Mgl o (80
Vg G5 ole gbeesld
9 GileSw) HeSde el
ey 3 ool L (RNA-seq
o390l alize slaygym g a3l
Coound ool 50 L0gh 0 o0l
9 $idng #UT (PPI) ooy

-0 o3ls v3e0l Gene ontology

O gud

O 9 39, (Sl L bl — 20 o Al

W oy g o LS L (295 i 9 (g LSl 3IUT (Silo yadilams sl Sog) 9 (i JUS e Jguol : S Slual

LSS TY)

S il

9!

ol

G50l an e

il Cadlzd

Slw! cudled

IRV ‘sl.k 4.h.».'>

obais| blual

V¢




P (3905

¢ 33 gurolS
PN
&yl 95559 5
91590
90!

celw Y

&Il eSS
EAHEN

Al 9 0
TRV
ooy Jlaw
& gewly bl
Sliw! &Y Iguw

& P
o 3955
oolo gl 9

OYlgw 4

olgzmidlo

sools olul g opl Ho
wgl oL 9 (PDB) gy
oy Ogi 0 oold z b UniProt
omd alie glajg e g byl Sl
JeB ) bodign  Lele
sy (I- TASSER 4 Phyre2
0318 yojgel byl b 415 sgxs g oo
oolaiwl )90 gd,l38l o5 0gib 20
g g pgd Sl (295 w2
(2 Lo 85 3o

Sjil B Sy bouiisy

9 boion ©ylwl eibgy

g Sl
ovi9el  (Molecular docking)

Joe!
Py Omimed  Ngl e ool
9 w0d (295 it b bad o (sl 58
o ol 30 eSgy 5O uige
Elgl i (pl jo 00,5 0 &I
Sy g Lyl sy ilike

Yo




coo o313 higel (Sl giilany

45030 0Ll 30 5 Cad Glgmlils Gl g jaudo (EMl raolitizty g (i jgel (ruilsd bl 31 130 WS ) g2l B g s b 2595 37 390 33 090 Jgiuns Coiliws ¥
00,5 o0 el 0uSULGID g 9o
Pl sl 0 ag bgype ol g gl (oluibjyl ogxs
ﬁﬁ'dwdpjioﬁf/égwwwwo)&\/&:p)lg [ e ol oyl (BT« 3595 ) 0590 Jobo yo (I

ey ol oeoil 0pei 10 : e, 0598 bl (&

Introduction to Bioinformatics  Essential Bioinformatics (Jin Xiong, Cambridge University Press) :(qul,—s, wyo J—ol gal—o 3
inMicrobiology (Henrik Christensen, Springer)

1




