soasen S FRUEROALS. TORIERE L

1. BEERYER

BERARREGNF SRR RKHRNEE
&, BEURRESNFRG AR TR,
2. BERTRN FERSZER.
ERFTUERHsEFRfastat& AR R ERFF IS4
fERmA, BWHEEERARS XM, E

FRNEEFFISHIERBRFTIX .

/ I
" A A
AN AR L
=L LI UL EY L (VY
I b esd QR
GG OORAAN WM EETarer L
'
Tt \

]
[
CCocTTERABRE e
540 )

3. BEHEREEMS

BERASTHISRE—TENEREHI TR
FOHT, B3EGO. KEGG, NREIEAIE.

BTN
FERIBE319=
Minjie-hu@zju.edu.cn



SHERS SR ot omaERE  FRURTEER s 10tk

A AR REA ?

o THRZEENER

ERANF DR EEDEEEIREESR, SEBEVRZRFINEMD,

o WTERELEMSINGE
BEAERNTERERA, oJRUEMER. FUNEINE, HRERFKEKIFEIH.
o fETEELRFR
NARYFNERBHITILER, TRTYMER. ZUDTUERREXERR,

o XAIMERSIEHILFT
SREBHERANRNER. #BET. EEFIF, TEXNERASINER.




The Nobel Prize in
Chemistry 2008

for the green fluorescent
protein

Osamu Martin

Shimomura Chalfie Tsien
(b. 1928) (b. 1947) (b. 1952)

i N\ ( )
1987-1992
Loyl - » | mRNA extracted
é ‘ cDNA synthesized
i ol & _
1962 l
GFP isolated cDNA library
from Aequorea constructed
victoria
\ J P y S
Screen for
fluorescent clones
4 l ™
1992 1992
GFPgene || GFP gesquenced
sequenced N 4
1994
Cloning of GFP GFP expressed in
F ronli and C elennnc




SOESS R ooRuRROUREE  FRUATEER s 10k

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

e

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017




Overview

” Va's " " 010

T QP e LT 0P QA 7y Tl = GFoL ¢ s
o SN » o AT A “ Qg ot AT L b A
y SCVIVIVAI VIV 2T 0T L CRAIVIVT LY ™ %
q
Y

e WA W W e [
e TOI VT VI I VI VI VPR 0,
QT B4 )

Py

DU e AN
o A7 AP, e q
QL L TRVPV 0 70 o o (T
el e W g VAT

FQ

Genomic DNA

\

Fragmented DNA

Y v 4/

) N ' D
aP% 3 AP
PR ,

Dl AP T £

- D7D VLT VLV VT
D o oA VA &0 Ll Vi Qe
g ANV 70

M

S i
/ gae

ﬁ%‘”&m %Jﬁfﬁﬁf “’iﬁ ~

DNA sequence reads
AGCTGTGCE ATGATCGTGC GGCTAGAGCCC TTAGCTAGCTGA PO ST AT TAC GGTCGATGC GGCCCCAT TTATSCCEAR
HEACALALL ATTAGCTGCTGA
- i TTCTCGAGAGCG GCGTTAGCTAGC  GGTCGATGCTA e SUABATECTAGE
TTATGCCGAG TAGTCTAGTCETG ATGCTAGCTGTAC
[ & : TTGCATGC AMGCGCGTAGE  ATGATCGTEC TAGCTAGCT
CGCGTATATTA CCTAGGGA GGTCGATGC
& ECHCHIARLLE ATGATCGTGC GTCGATGCTA CbcatticKr p—
CGCGTAGCCGTA GGCTAGAGCCC GECCATTAC CGCGTATATTA TTAGCTGATCGGT  BCTCTGATGC TTATGCCGAG ——
‘ GCTACCAGGCTAGGTTA ATGCATACACGTAGCTATACG GCTAGCTAGCTAG AGTCGTAGCTG
Rasemblviol CTAGGTTAGAGTGCATGCA TATACGGATCGTAGGCT CTAGTCGTAG
DNA sequence reads SCTACCAGGCTAGETTA ATGCATACACGTAGCTATACG TAGTCGTAG
GGTTACAGTGCATGCATA CTATAGGGATCGTAG CTAGTGGTAG
GCTACCAGGCTAGGTTA  GCATGCATACACGTA GTAGGCTAGCTAGCTAG
Assembled
DNA sequence GCTACCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACGGATCGTAGGCTAGCTAGCTAGTCGTAGTCGTAGCTG
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FASTQ File Every new entry starts with an “@" sign
at the start of a line followed by an ID

Every third line starts with a “+”
and may or may not repeat the ID

file. If they are not, the order of
_‘L sequences in the file is important. /

@M01965:5:000000000-A9228:1:1101:10116:10 1:N:0:14
NCCCTGCATGATTGTCTCCATCTTAAGCTCTGAGGAGTGMIGCTCTATCCACTGACTTA
+
# 8BCCFGFGGGGGEFFGGGDGGGGFFFGF8FGCCFFCFCOFCFGGGF9F6CFGDGGFF9
@M01965:5:000000000-A9228:1:1101:13369:1(Q30 1:N:0:14
NTTTATAGTTGTATTCATTTTTTATAATCAACAAATTTTGUYGATAAAGGCTTCTTAGTG
+

# BACCGGGGGGGGGGGGGGGGGGFGGRFFI9AER , EFFGGGYGGOF FGGFFCFGGFEAFG

A\

Per-nucleotide quality scores are coded in Every entry consists of four lines: identifier,

ASCII, often from ! to J (Phred score 0-41) ﬂ)e nucleotide sequence, a Ilne. starting
with +, and per-nucleotide quality scores

IDs are not always unique in the
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HRBRYBLE

N 12 o
K_ mers= 5 #1K1: TCCATAGGT #EK2: ATAGGTTAG
k-mer k-mer TCCAT
CCATA
TCCAT ATAGG CATAG
CCATA TAGGT ATAGG
CATAG AGGTT TAGCT
ATAGG GGTTA AGGTT
TAGGT GTTAG &3 GGTTA
GTTAG

@ 4 DBGH]

| TCCAT |—>{ CCATA —>{ CATAG —>{ ATAGG |—> TAGGT [—>{ AGGTT —>{ GGTTA [—>| GTTAG |

De Bruijn graph (DBG) B3z~
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K-mer=2
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SAIRIBE <Y Scaffold ?

1. F F Ec %} K 3 0 ¥ (Paired-end / Mate-pair Reads)

XEREAEHR, REMM Scaffolding 7775, ZEATZARNAE (20 llumina ) ,

Mate-pair Reads [RIEE{l, B EAIAY InsertSize EX (BETE 2kb £/ 40kb ) , AL BEEEKMNER, EEFEZHN
Contigs , Xf THE S REM Scaffold FFEEFE,

2. 7 =4 i%E 4 (Long Reads)

PacBio @ Oxford Nanopore =4 FJK 4K (iR JL+ kb B ZE Lk Mb ) 4 Scaffolding 324t 7 Tk @ KAVE B,
JRIB: — X EBRKN=ZREKTEBIEEHM T £/ Contigs.

T X EKIEKEEXSE Contigs £, MAR—FKFKABIFERIEIT £ Contig A, F¥ELEXT £ ContigB
BLEREZERET AFMBMINAEF. ARMEMNZEBHFIEER.

LB NXBESTAY Scaffolding ( R EINFM T E) , EEEERKTFEE L HEH (Gap Filling) Contigs Z [BIAYEE O,
AKEKEENR T FERAORFMXE ., AKIFEKSERR Scaffolding FxMEA S B EHIR A “BEEAPolish ( JF
®) "
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3. Fl e AR HEHERA (Hi-C)
iﬁc__f%—ﬂlﬂ%?*@i%é’é@ztﬁ%%ﬂ%ﬂ’ﬂ “EIREER .
SO

« JBIY HI-C LIS, REBREM “LEHRRXE" FHEKX,

o RFXEFKXTEEXTE 2 F BY Contigs T Scaffolds k.

* GUT{ERM Contig Z [B]fF R AKX I EE

« BAEASIRIBRX BIME R, F Contigs #1178 E. HIFMER, HEKEHE

ERRTRELBERNAREAES,

LHF: H-CIRHTEBKIEENEZEE (MAZEZLEKRNRE) | SEEERA
ZH 3% M Scaffold T 21 Z &k (Chromosome) &3 FIER = ERI AN



Hi-CHE AR

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
enzyme with biotin Nhel

11
I

AAGCT|AGCTT
TTCGA|TCGAA
Y

AAGCTT
TTCGAA

=/

HAR—%FFEK L MEEBITNONARER, A=#=EPHEELEMNERES.
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3. Fl e AR HEHERA (Hi-C)
iﬁc__f%—ﬂlﬂ%?*@i%é’é@ztﬁ%%ﬂ%ﬂ’ﬂ “EIREER .
SO

« JBIY HI-C LIS, REBREM “LEHRRXE" FHEKX,

o RXEFKXTEE XS [B 2 B /Y Contigs B Scaffolds

* GUT{ERM Contig Z 8] F R AKX HIEE

s HIEASIRIERXBIRIEM, ¥ Contigs 178X, HEFFMER, REAKENHE

ERRTRELBERNAREAES,

LHF: H-CIRHTEBKIEENEZEE (MAZEZLEKRNRE) | SEEERA
ZH 3= M Scaffold 32 F21 24K (Chromosome) £k 3 AU T EHIAN
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Bioinformatics

SRABNES. FUUFLER

22,1013

HYF

Startcodon  codons  ponor site

ATGCCCTTCTCCAACAG

Transcription
start

/ —— .

Promoter 5'UTR

Exon

Intron

Siopifodon GGCAGAAACAATAAA.TS e
GATCCCCATGCCTGAGGGCCCCTC f

B EFmlRE
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2 ERIFI

* Nucleotides {A,C,G,T} are the observables

* Different states generates generate nucleotides at different frequencies

A simple HMM for unspliced genes:

&—Hxxxxxxxx ATG coc—>f coe F—>{cee TAA xoxoxxxxxx

inter- region around coding region around
genic start codon region stop codon
ATG CAT ( z . TAA
* The sequence of states is an annotation of the generated string — each
nucleotide is generated in , start/stop, state

EEFGNERE (HMM)
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ANEBEFEELEIIR, T
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S F3&% B Ik S ) FhE 4 %
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o
sequence: CTTCATGCGTGAAAGCAGACGTAAGTCA Y=
statopath:. EEEEEEEEEEEEEEEEEES I 11111 JogP  OAEBEANRE AP~
e el 1 22 A EmEY CEIEREETUN A
C - ] jggg EA) FMEBEHAEMH (BTESS
parsing : — o : 43.94 #2HA) .
i - — jf?? X FIF s ARy R K 4544
46% »(!ZDZ:E’/UEGT'AG%J”\UE{]%
— i 28% ) Ralgg =,
decoding _ = .___-”i‘_’ » ___

HETTNURE (HMM)
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= ERIF
LGS RZFE
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prodigal R E R TN
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2. Homology-based / Evidence-based ([ & % 1 $& 44 6 7500 3%
XFITENRER MAEMNEYFIEREREMER.
A. ER 51 tE 3t (Homology)

¥ ERERARISAREEETERN. KEHMYM (BT
2z ) NEMERNELFUFIFHITIER

B. 35 IR EL X (Transcriptomic Evidence)

18T X 4% E 2R R B 51 T AU 4R AR 3 FTRNAIEE (RNA-Seq) , o] 3%
Bz Y TR B AN RN REE FY .
HFRNA-Seqf =4 FYIEIK (reads ) tEXEIREA, TTUEE &
ZI HRLE X K45 % T o

BN & Hreads ( spliced reads ) o] Itk HEHML A E N2 F-
NE&FHIIBFR,

KR FTH{&: Exonerate, GenomeThreader (3Lt XT), StringTie,
Cufflinks (F§F & FRNA-SeqfyiE F A A %K),

me:

ERREES, BAFEENEYZF
WX Fro
RRERBEERMNES, F329
THEE AR R A,

TR :

FEE RSN P EHE FE Ay 52 M A1 AE ok
M, IR—NEEZZOMIFE,
NEENMFNAER/EHETARRIE,
XM EMIEERKEIE.
TEEMFERE,



3. BE& R EFNSE (Integrated/Hybrid Approach)

WERWER: BT, S EJHMIERE (F/RER. ESTs. RNA-Seq#iiE)
LR EEAE, AR —AST{EENEREER

MR ERXASTEENEEEY EE | FEWFIIL% b
initio HASH (B, BEVFNBDTRIFN. YEASES

%)
=7J o

ERERFATMN: ANKFNRENBNERAHITHE, BWUAEHNE
A, BEEBLXEERILESIFHNHER,

R FTRE {4 : MAKER, BRAKER, XK AR FZBEIMLARTIE, EHEPE
BT ZMIUNAEEXN TR, Fhamilg. NMEENEHEE,



SOEBS MR o RUEGOIREE T s 10tke)

= RERSEFEND

GO0:0008150

biological process Process

Function
G0:0008152

metabolic process

Isa
>
>
G0:0071704 G0:0009058 G0:0044238 G0:0044281 Part of >
organic substance i primary metabolic small molecule Regulates
metabolic process biosynthetic process

process metabolic process

A Postively regulates
A Negatively regulates

Occurs in

G0:1901576 G0:0005975

Y

\
(=001l

organic substance

carbohydrate
biosynthetic process|

metabolic process

A

Capable of

Capable of part of

Y

G0:0016051 G0:0044283 G0:0005996

monosaccharide
metabolic process

small molecule

carbohydrate
biosynthetic process

biosynthetic process

G0:0046364 G0:0019318

hexose metabolic
process

monosaccharide
biosynthetic process

G0:0019319

hexose biosynthetic

process

QuickGO - https:/www.ebi.ac.ukQuickGO

GOE

R =3 ANl (GO:0019319) Tool: Eggnog
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I CITRATE CYCLE (TCACYCLE) I

Phosphocnol-

2.1.1.32 pyruvate
e P O o e o e =
4.1.1.49
Fatty acid biosynthesis }q———__\ :
|
[Farry acid clongation in mlmchnndrin)ﬂ e e -\‘ :
|
Val, Leu & lle degradation ___“\ |l 2-Hydroxy- |
- (Y P ethyl-ThPP o
Farty acid metabolis 2=Te, O O Pyruvate
Acetyl-CoA S-Acetyldihydro-
lipoamide-E
Dihydro- Lipoamide-F
lipoamide-F
23.3.1 Citrate Isocitrate
2338 ——»0<¢{ 4213 >0

2333 cis-Aconitate

Oxalosuccinate ©

Arginine biosynthesis

2-Ox0-
glutarate

Succinyl-CoA

4

Oxidative ages e ).
phosphorylation
Succinate

i

Arginine biosynthesi

S-Succinyl-

3-Carboxy-
dihydrolipoamide-E "

1-hydroxypropyl-ThPP

s
ate
Dihydro- Lipoamide-E
lipoamide-E =1 e

1}
Alanine, asparta d
L2701} | 2 glutamate metabolism
{1273} |
] S D-Amino acid metabolism

00020 2/10/23
(c) Kanchisa Laboratories

KEGGERFREHTAI (TCAFEIR) Tool: Eggnog



SHERS SR ot omaERE  FRURTEER s 101k

[EREE

Common ancestor

.
o

---------- Speciation 1

Duplication 1

.......................................... Specia"on 2

Duplication 2

@ (@) O @] O O
A Ba Ca Bp CPh, CB,

TRENDS in Genetics
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Bioinformatics

SRABNES. FUUFLER

91005

= A AI7KS

2455 (horizontal gene transfer, HGT)

1. Parametric methods 2. Phylogenetic methods

GC content

Y~
P Gene tree
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HRBRGEREN DT

Enzyme complex
ER
KR KR DH KR KR R
AT ACP KS AT ACP KS AT ACP KS AT ACP KS AT ACP KS AT ACPKS AT ACPTE

" o Biosynthesis

s i Biosynthetic gene clusters Expression
(BGCs) ;
s
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)

Rl AT§K3 ATKR§K8 AYKR§~K8 Mﬂ&ns AT DHERKRY- KS AT KRY KS Armgm_\_/ e F.

ampl;ﬁcafm\ \ \. 1 ./ / ‘_

Operational Secondary
Amoli biosynthetic units metabolite
mplicons (OBUS)
Bioinformatic \_Simiarity clustering
analysis

Biosynthetic gene clusters (BGCs) &£ & EE %

Tool: Antismash
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SCEIRFAE WAL

https://genomics.sschmeier.com/ngs-assembly/



