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Improved analytical software 1594
Lower cost per base

Longer read lengths

Greater reproducibility

Less input material reguired

Reduced platform cost

Higher quality/more reference sequences
Increased number of readsfsample

Library preparationfamplification without biases
Better options for data storage

Enhanced reliability

More options for protocols and kits for sample
preparation

Shorter run times

Single cell sequencing

Decreased data file sizefreduced
data storage costs

Other

[2H 1. NGS dHolg zgjel A 71 Alsgk i 8 AR
Z A The Globa Outlook for Next Generation Sequencing: Usage, Platform Drivers &
Workflow, Bioinformatics, LLC, (2011)
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) A% Td vAE Fe dig o3 T3 H HUHY 7 o &&3
D) A#7 7% 24& A% Fzuolguelx 7t 75
7h 10% o]de] Ay f{ Fx dolguolx F7 +5
2) AFF FZ FAA AR 8% % volEulo]x & YA)E ux 3}
7h fHA G d o)y F71
1 #s: W) FAA gddely F7ME 9d AREA 8 A
At ) AAD HelEE §% AL 37 A
A
=
ggo o | 3) ZERE F HAL AR B4 o]zl sig
Al 228l 7 AARIAL Ad F9) dlelgHle] s 5
LS R W) ZERE 24 9% A4 AR (Transcription T Factor
o Binding Site) o3 sho]=atel s
ol Zapel
7HH1—

4) FAA 71T BAL A% 94 4 FU AL 2 go]=Eel 1x3}
7H) RNA-seq &A% AARIA &4 23 AA FolxZetl 7

5) J#F #AA £ A Y& AT doly A R T2
7D A4 A5 wlolE At
W) A S5 dlolE At
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2. A7 e R A%
2-1 A 1AR A75d WY @ @ A

(D "WBE FH-A 24 spo|=zeQl 1=3}

O " AE genome? NGS 4] mlo]xz}el 7t

- NGS data®F¥ assemble, gene prediction, annotation, analysis, genome comparison s
A go]zZpels &= 2 ddo]ET, Glimmer, GeneMark, Prodigal, Metagene < ©o]&3}o]
HFHAE detection 3}il, tRNA-sca-SE ©& tRNA prediction, RNAmmerE o] &34 rRNAS
prediction 3}i, Rfam ©]&3}e] U}E non-coding geneS prediction 3o Database©| parsing
gk % Refseq, COG, SEED, eggNog , KEGG database& localization ¢t DBol|l blast 3}
annotation ¥t data® A& annotation &A1 Fpo|ZEjlS F5eta 7 A 8A4AF HES A7

i delER 5 7 BEo] dHolE & uvit A8 5 =S 7AE

Functional annotation of single genome used in EzBioCloud database

Finding transfer RNA genes using tRNA-scan

> 4

Finding ribosomal RNA genes using INFERNAL & Rfam

L 4

Finding CRISPR using PilerCR GeneFinding

@ Step

Finding CDSs using PRODIGAL

@

Finding non-coding RNA genes using INFERNAL & Rfam

) 4

Functional annotation of CDSs using USEARCH Zundior?al
with KEGG, SwissProt, EggNog & SEED databases nnsiia; on
|

[29H 2. EzBioCloudoll 4] %A annotation 3}°]3Xeg}e]l Hx}]
1) tRNA {72} 27

- X573 tRNA-scan ¥4 1.3.1
- 213 v}mE: tRNA-scan-SE —bact [Fasta File]



2) rRNA frx4+ 3t7]
- X &7 INFERNAL ¥ % 1.0.2 (cmsearch)
- dlo] g o] 2 rfam 12.0
- 23 dgHE: -E 1.0E-5 -Z 700 —noali rfam12.0/rRNA_bact.cm [Fasta File]
3) CRISPR %t7]
- 2273 PilerCR W4 1.06
- 23 9&HE: pilercr —in [Fasta File] -out [Output File]
- 22 CRT M4 1.2
- 23 &M E: java —cp CRT1.2-CLLjar crt [Input Fasta File]
4) ncRNA #t7]
- X g 7 INFERNAL B& 1.0.2 (cmsearch)
- dlo]gH o]~ Rfam 12.0
- A& &4 H: cmsearch -E 1.0E-5 -Z 700 —noali rfam12.0/RNase_bact.cm [Fasta File]
- 23 vgmE: -E 1.0E-5 -Z 700 —noali rfam12.0/Gene_bact.cm [Fasta File]
5) CDS #7]
- ¥ 279 PRODIGAL W 2.6.2
- A8 M E: -1 [Input Fasta File] -o [Output GFF File] -f gff -m -c -g 11 -a [Output
Protein Fasta File]
6) Functional annotation
- X273 usearch 64bit A 8.0.1517
- o] o] 2
KEGG ®#(2015.12.10€ %))
eggnog WA 4.1
swissprot(2015.12.10¥4 #})
SEED subsystems (2015.12.10€ 2}
- A3 FZME: -ublast [Input Fasta File] -db [DB File] -maxaccepts 1 -evalue 1.0E-5
—-accel 1.0 -ka_dbsize 700000000 -alnout [Output File]

(2) Pathway 4 EE& QHo|E ¥ vlu £4 BRg /¢
O Pathway Database 7% 2 #4] mo]xza<l &§
- KEGG, eggNOG, GO databaseZ localization &} Database3}A| 7.
- o]Z %3}o] genome annotation Aol gene function AEE F7} 4835t pipelines 753
O Visualization 28 7/IY¢ 2 § AdA 78
- pipelines &3t #A4%¥ A3+ CLGHY format &2 ANE 45T

=
- o1& AN BNT 5 915% 24 RES AR AU 2070 FAANE A vw 2y

noi'

st 4= A== interactive 3}A gt
- KEGG database ¢} d%3dte] 42 ARE 4y & ¢ Jdr= L3I
A7} &

£ o]&3 24 (Gene presence/absence analysis)
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- U9 FAA=E He5dA (Pan-genome)S AAst U, EE

rthologous group (POG) o2 ZE2HH T4,
- POGE= Aoj& & 7f o]id9] CDS=

T3
- BH&Eo] z 3 POGE EE FAANA LAHM, o]A9] xcore-genome= T4

A FE AN A HHEE| = POG

pan-genome

ST A BOI A OF 74 5] = POG (singleton) |

(4) EzBioClouddl A A|F3}= 271K 9] thE& A4k
- 94 94t (complete calculation): & POGol| 7]|%=3F 4

- 2bs A4F (differential calculation): 2 34l EA438t= POG (core-genome) ¢ @4

Aol vk EA3F+= POG (singleton) 7} #|¢]¥ POGel| 7]x3F &4,

do

“2t7 O Al (complete calculation)”2| SH XL E HE(S/2)0 7| X8} heat map

o o o
(=1 (=1 o
o o o
= o Larl

Pan-genome orthologous groups (POGs)
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[Z1¥95. Zs AAHSE o] &3 F1A -5 heatmap 2]

(5) AAA B4 solZepel mEst % £H BE A% dulol=
O oi¥ ATsh PUE o148 ANA BAF AN
- NGS A AsE ol gatel FAAel WA readd WAFoT AN Ao ANY el
B g e wawe nde de0) A8
- %, delnelel 271, f44 Aol § wAG] 9L T 5 At 25 L] Aita

(normallization)S =3,
- o]Z 93] durxg o=z AFE3 RPKM ©]¢o] RLE (Relative Log Expression), TMM (Trimmed

Mean of M-value) W¥S RNA-Seq BAZAINE A|AE= HHol B IHAZ FaiA L3k

% Relative Log Expression (RLE)

z} A elA Geometric mean(718HE#)S T3k read count®td] ratioE AL I
Z}z7k(median) S AAF8ke] scaling factor® Ao dte] A AL},

¥ Trimmed Mean of M-value (TMM)

T OMZo YA log ratio® T3] log ratio’} Z §HAE, expressiono] Z FHAAEL A9
gt & Weighted means A4St ©]Z1& normalization factor#bil Aol & wl, library sizes
WHd 3t re-scale factor® ThA] Al4bst



Raw counts RPKM DESeq TMM

.
°

@ o

——————————  omeae

log2( (Normalized) Counts +1 )
———mam
=
p———————88m ¢ ¢ "
(1]
P @ " 0

Sample E EC-Early stationary E EC-Exponential E EC-Heat shock $ EC-Late stationary

[Z21%6. RPKM, RLE, TMM " ®Hla 224

Summary of comparison results for the three normalization methods under consideration?

R Intra- . . False-positive
Method Distribution . Housekeeping Clustering
Variance rate
RLE ++ ++ ++ ++ ++
T™MM ++ ++ ++ ++ ++
RPKM = + + = =

—L
I =
- NGS &4& &3l A4E read 75 o]l&3sto] FAA o] MappingAldl AR dagE5& &3
[e]
o

A2HE "4 DESeq2, edgeR 9 414 HA WS CLRNASeqol =9

O A8 23 {4 (DEG)E ©]&3 Functional annotation ¥4 AR <4xdZ /A

- FA1A 7)E EAE 93 dolgHlo)l A~ (KEGG, GO, eggNOG) 55 a1y ©9).
- 2 Y FHAADEG)7E 2HEets 54 7sdd g 994 #A dagls (Fisher exact test,
EASE Score)& ZTzaay 9.

(6) Genome database 7% % ¢Ho|E
O ¢ B4s B3 A vufAA FFEYA 2" F+5F (agri.ezbiocloud.net)
- HUFAHA AE FF 2 Ado]E (44,048 genome/ 1, 945 Pan—genome set)

- T8 MAE v {FAA set 7ED 4w Hdd, A A R AEHET
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Comparative Genomics Database

43,000 Genomes compared in 1,945 Pan-genome Sets
Ready for your data exploration

Start Free Analysis >>

[ZRH7. vaf A4 SFEA A2 Foo]A1]

() orsgsmmmaeases CHUNLARS logi  Sgnup

Featured Genome Sets

d

Al Data Set Human Gut Human Pathogen Madel Orgariisms Plant Pathogen Prabiotics Animal Patnogen

Total: 100 Genormes
Data setto check out Tive Genomes  Total CDSs Fan-genome orthologous groups. set

PUBLIC
PUBLIC
PUBLC ®
pUBLIC "
PuBLIC =
PuBLIC

PusLC

Vi chokrae st publshed in Chun sl (2008) PHAS PuBLIC

[2H8. vl FFEH A=" A4 set]

O 4 #A9 vaFAA B4 o=l
[DATA SET]—[Genomes in This Data Set] & X€la|r z}

Zb A A e AR (=Metadata) =
g7, EzBioCloud’t A3 ZF F-2A A9 th3$+ metadatas-

7N HolEfHlo] A9k =iE R

=]
n
B grstk Zoly Husgk FAS 3 ¢ JEF 753t W2 metadatas SRS
- CLG Fd2 7I¥E FdA4E #4388 232 84 4 2 d7ME 59 ARE AFsta o



F8 WA=

AREAE ASFH vder= ol AR & ¢ s AFE CLG 32 A
CLgenomics® o834 ol ¥ 4= g, ole] /el faAel shFehi= CLG HUE
N FAAL AolH R TEY 5L A A5
This data set has 16 genomes
m e = W EE T - Ef Tar - iwie
[ | A DOI045415 1 Vil cholerae 1 ENE T ] & cibar . S
m CF DoOESIEn s - e 1 EFE £CII4 1 oaras IECI24 E - g
m 1 t NELT i Vet = &
[cic | . " m [roe Sora K
[ c1c ] it a2 i - A28 e
m GCE L R T a1y s k! e T
Bl cor oy ves . 1 ATE 140 ki
B cce scoussges 1 vibes choss ot o Eribp [ — ——_
[ c1a ] F podis Vit ail L vy [n e
3 i Vil B TerOgi TN " T — -
m et i Ei (EEEN PR T AL 1=} b, war mpiete
[ i | Vit as T ar 0 wtar 138
EEa CE i GTHA | st chomrie nan-CA AR HE M _ e
Bl oo oo 451 s chossmes AENOUNEE HEA ———— i,

(299, 16709 Vibrio vulnificus 167 genome?] data set]

H| W A data set 23}

[32. ¥l FdA &40

Pan-genome
Type Species Genomes | Total CDSs | orthologous
groups
Human gut | Faecalibacterium set 5 14,804 5,322
Human Bacillus anth'raas and 12 68,251 11,615
pathogens related species set
Soil model Streptomyces model set 5 40,314 18,146
organism
commercial probiotics
Probiotics strains 12 25,457 7,403
Lactobacillus paracasei 32 99,311 5,691
. Flavolacterium 11 27,207 3,213
Animal psychrophilum set
Pathogens
Streptococcus parauberis set 3 6,618 2,652
Escherichia coli set 42 201,615 13,710
Food poison ichi. ;
p Escherichia coli European 7 34,594 7388
outbreak
Total 129 518,191 75,140




(7) Pan-genome®] AR QHIE 2= ZA
- 2E uwlz 39 FAHICDS)E, o oA A% F41x4 FTHT (potentially orthologous
genes)2 “Pan-genome Orthologous Group (POG)"S AA3F= pan-genome AF Fof H|F
E F44 AlE (non-redundant gene set)® Ho|A H
- “FdA = 22 (gene frequency plot)”E 7‘4211 FRA AEZE debdls duAl {4
2 ReE BHolw, dFAQ 2=z U = 294, dA4 fFaAldAe dd FHaAE
e FAA7E o7 A A,
- olg] A= 31709 Vibrio vulnificus FAAE B3 AFE HAF o FAHAAEL =
144931709 FAAE 72 9o, o] F HlFH %2 (non-redundant gene)® 7N+
13,220709& 23l & & A& (LHIAME log-scaleZ A /M55 veR).

Frequency of genes wilhin the 31 genomes

2124 BfLpo| 317 RS
7 7 off ] 2k A0 A
et gaslE #UA wzisls SFA
FEHM 2h0
o2 WA=
HHEA
(log scale)
‘.1?!455.f!ﬁlDIlI:l:lll&l&f?lﬂ!E?D2!222‘!§l?!’159?182ﬂ!ﬂil
Number of ganomes

[Z19910. Vibrio vulnificus ¢ Pan-genome® F+d#} Hlx= 13

g

Number of genes

[l

]

(8 4F MAE 4 B394 WAE A4 £4 =3

O OrthoANI #&A FALE ¢udF /g

- OrthoANI (Orthologous Average Nucleotide Identity) < ¥ &A 9714 <E 719 HAI=
= YelyE 7o 3 2272 719 ANI (Average Nucleotide Identity)E 7HA38FA <.

- OrthoANI= HAE /¢ 46 282 + Jdon, T& Tty s Ard BAGS oF
95%%). ol dWsl= ¢aelFe Lee et al. (2015)9] ofs& &g sden, EzBioCloud Hlo]
Hio] 25 F538t7] 913 AMEE BT GAYFTORE AXE o= oA o] & THsTh

- 71 ANI®t OrthoANI®] Fe3b o3 7]E ANI®| A%, AH8A= Asgt (e,
A->B&B->A)S dojopit Fow EFaH o olgsry] Yaide o5 HAEpkSs AHEI S,
o] 9} =] OrthoANI= @t (A<K->B)& Al &3, OthoANIE= ANIKTE AAE &%=7) whE

;‘-111



OrthoANI algorithm

Genome sequence A Genome sequence B

i 1]
(Step 1) Chopping genomes into 1,020-bp long fragments.
Chopping IEENENEEEEEE DNNDDEEEEDEDEE

-

Run redprocal BLASTn searches with each fragment and identify a
pairof fragments with reciprocal best hits (orthologous relationship).

(Step 2)
Reciprocal BLASTNn EEEENEN +—— Unidirectional BLASTn hit
: t I/ I I «— Reciprocal BLASTn hit
-

Calculate the average nudeotde identity values for all reciprocal
BLASTN hits.

(Step 3) EEEEREE |-

ANI calculation . £2(%22)
i i i i i T OrthoAN| = ——==
b 1l

1 = 4 & = Nuclecude identity

[Z2¥11. OrthoANI 3] fAME &dag]F A %]

O FAA 7|9 AE 24 (Phylogenomic analysis)
[PHYLOGENOMICS]—[OrthoANI] 7|%: o428 /09 FAA/ 45
Eat7l 9% 7P F2 WHol OrthoANI & o83 ATH 2

MEGA program< ©]-&std olg] 1o © e ARE 3718 = 9. A F4 dgk 3543 A}
=

BE5S Ao o|EA WE Vibrio cholerae 6719 77] 34 #F7} OrthoANIE 7|wto 2 H A3
S u st EY g XgEHE S 81 T S

- [PHYLOGENOMICS]—[Tetra-nucleotide] 7]%s: Tetra-nucleotide #4] (TNA) & 4lx
Aol ofd H e wEULEE AVINEY 27 o] &t Aol7] il Fgs

oJ
wAjo] oA e FAAS] @A Awse] YAl U FEH T/ ARE AT

¥

Vibrio cholerae HE48/mon-01401 3% HaitiMlA

Vibrio cholerae ThH 11079-80/01 El Tor Ogawa non-taxigenic/Brazil/ 1980

Vibno chelerae HE39/non-01/013% HaitiMA

Vibrio cholerae 10432 620027 Philippines/ 1962

Vibno cholerae 1154-74/04%India’ 1974

Vibne cholerae 12129101 El Tor Inaba non-toxigenic/Austratial 1985

Wibno cholerae LAMAZ984-4/01 El Tor/Brazililrban Amazonia/Ma

Vibrio choleras TSY2168/01 El TorThailand/2010 i |

Vibno cholerse N16%61/01 El TorBangladesh/1975

Vibrio chelerae IEC224/01 El Tor/Brazil/Belemn/Pal1990s OLE Tor

Vibno cholerse B33/01 £l TorMozambigue/Bera/2004 Tth pandemic
Vibrio chelerae 2010EL-1786/01 El Tor/HadtifArtibonite/2010

Wibra cholerse 47608/0139/Bangladesh/1993

—| 0138 serotype
Vibrio chelerae MO0/ 013%ndiaMandras/ 1932 |

Vibrio cholerse ATCC 14035(T01 ClagssicaliNA

4[ 01 Classical {5th pandemic)
- Vibrio cholerae 0O395/01 Classrcal OgawaTiis 1965

—_
a.20

(2912, 16709 Vibrio cholerae 167 genome? phylogenomics tree]



O HAFAA (core genome)d WA (Pan-genome) £A

o

- v FR7A el A FAA} HFHAA Y42 [Pan-genomel—[Venn Diagram] =

Ea gele] B ¢ S o= 9], 4719 FdA (N16961, TSY216, IEC224, 2010EL-1786)
Z vl A ZHxte] G4 A HeolHE AYstil [Draw] HES ZFEsd, /8 G244 dolge H)
A FAE T US.

20

T3

(71913, Vibrio cholerae 47§ genome® Venn diagram X2 %]

O %3 $4dA o] (Horizontal genetrasnfer) &3
H

- AR ZF2~F(gene cluster) & Zh= F83F WS pairwise gene content matrixs A4 s
= Aolmg, Z7FS 1Y 12 (16 x 16)2.2 H|wsle] orthologE Zroldl & L.

- [Pairwise analysis]—[Browse Pairwise Ortholog Matrix] & ©]%3}, “N16961"% 7=

T
A A (reference genome)® A& 5 [RBH(Protein)] typel.& ZA3ZE 3+¢13}

01 serotype
0139 serotype
mm Non-01/Non-0139 serotype

[1H14. 16709 Vibrio cholerae genome® W& -+ A} W3]



O F8 4F 49979 genome dataE EzBiocloud DB ¢d°]E (http://www.ezbiocloud.net)

[#3. 8 HYT genome FHOJE ]

No Species genome I
1 Acinetobacter baumannii 2,293
2 Campylobacter jejuni 1,081
3 Escherichia coli 8,999
4 Klebsiella pneumoniae 2,816
5 Listeria monocytogenes 1,095
6 Mycobacterium abscessus 1,376
7 Mycobacterium tuberculosis 5,450
8 Pseudomonas aeruginosa 2,569
9 Salmonella enterica 7,495
10 Staphylococcus aureus 8,146
11 Streptococcus pneumoniae 8,053

& A 49,373

(2018. 6. 15. &A)

(9) BT (type strain) FAA do|g A4t 2 DB +=

O EEdF FAA deolg A4 2 4/ DB 7%
- FAF FoAT (FHEHYAA, FA, S5, EYHAE 5)9 XA (type strain) &

ol 4 A #4 (genome sequencing) ©] B3 FES AMAsle] F 188 Fol| thsto] FAA &

- Genome sequencing < 4F U Y MiSeq ZH#HS o] 83133, EF coverage 50 o] o= 43

aHl 5.
- AR Aae AA 75 24 Z2Ia%9 Clgenomics ZRIIFI APAH  ZHES

BIOIPLUGE ‘&3t #4]38le] SQL DBZ 5%

O #A 80F tid F4A dolg A4 % £4 /DB 7%

- A Aol &3 At REd T A E40] oF | wFE AR

- AHA KCTCS 533 KACC 9 WAE AdAEAAN #F5 &4t genome 45 3
- F8 At (Lactobacillus, Lactococcus, Leuconostoc, Streptococcus, Weissella) 59 X+t
T 80 T A%



[3Z4., NBAE FLA A genome E=

]

TAXON NAME STRAIN Genome G:C | cps | contigs °°g‘l’§ra
1 Achromobacter spanius CCUG 47062 6,370,283 0.64 5,717 62 117
2 Acinetobacter baumannii CCUG 19096 3,967,924 0.39 3,734 69 102
3 Acinetobacter courvalinii CCUG 67960 3,957,728 0.43 3,620 72 161
4 Acinetobacter gandensis CCUG 68482 3,183,002 0.40 2,988 70 164
5 Adlercreutzia equolifaciens KCTC 15235 3,028,603 0.62 2,347 329 408
6 Anaerotignum lactatifermentans | KCTC 15066 3,612,416 0.45 3,465 247 287
7 Arcobacter skirrowii CCUG 10374 1,953,172 0.28 1,984 30 170
8 Arthrobacter agilis KCTC 3200 3,492,146 0.69 3,170 25 146
9 Arthrobacter humicola NRRL B-24479 4,613,800 0.67 4,147 55 134
10 | Arthrobacter oryzae NRRL B-24478 4,320,069 0.67 3,869 29 124
11 Bacillus cihuensis DSM 25969 5,471,976 0.37 5,048 125 152
12 Bacillus firmus KACC 10897 4,521,364 0.42 4,561 272 98
13 | Bacillus flexus KACC 10893 3,993,180 0.38 4,148 120 222
14 | Blastomonas natatoria KCTC 2886 3,868,225 0.63 3,656 92 108
15 Blautia glucerasea KCTC 15131 2,980,405 0.42 2,757 29 332
16 | Bordetella bronchiseptica KACC 11941 5,135,085 0.68 4,797 46 94
17 Bordetella parapertussis KACC 11942 4,727,047 0.68 4,502 61 217
18 Egﬁgﬁgﬁgﬁ%ﬂm KCTC 9916 3,829697 | 069 | 3370 | 38 96
19 | Burkholderia latens CCUG 54555 7,103,502 0.67 6,290 291 200
20 | Burkholderia stagnalis CCUG 65686 8,127,870 0.67 7,069 401 231
21 Campylobacter coli CCUG 11283 1,914,845 0.31 2,012 27 187
22 gjbns’gy",’abjscé%l hyointestinalis | coyg 34538 1,796,518 | 033 | 1,806 | 36 175
23 j%fumnfy"’ba“er jejuni: - subsp. CCUG 11284 1749738 | 030 | 1812 | 42 | 221
24 | Campylobacter fari - subsp. CCUG 55786 1465880 | 030 | 1469 | 36 | 489
25 g:lj’]%gfa“ef sputorum subsp. | oy 9728 1,728,151 | 030 | 1,747 | 26 190
26 | Campylobacter volucris CCUG 57498 1,520,196 0.29 1,517 31 319
27 | Castellaniella defragrans CCUG 39790 3,962,237 0.69 3,528 345 419
28 | Clostridium citroniae KCTC 5743 6,206,595 0.49 5,609 89 180
29 | Clostridium paraputrificum DSM 2630 3,653,827 0.31 3,378 255 309
30 | Comamonas kerstersii CCUG 15333 3,510,398 0.60 3,213 37 84
31 Corynebacterium ulcerans DSM 46325 2,457,240 0.53 2,197 39 678
32 Cupriavidus gilardii CCUG 38401 5,793,931 0.67 5,173 119 315
33 Cupriavidus pauculus CCUG 12507 6,416,057 0.64 5,850 112 110
34 Curtobacterium citreum KCTC 9100 3,593,933 0.72 3,399 65 88
35 | Edwardsiella anguillarum CCUG 64215 4,340,292 0.58 3,844 102 185
36 Eisenbergiella tayi KCTC 15433 7,610,967 0.47 6,468 126 89
37 | Enterobacter cancerogenus KACC 10528 4,789,395 0.56 4,446 42 120
3g | Enterobacter cloacae  subsp. KACC 13002 4871,778 | 055 | 4512 | 75 114
39 | Erythrobacter citreus KCTC 12214 2,975,298 0.64 2,846 31 123
40 Fructobacillus pseudoficulneus DSM 15468 1,417,479 0.44 1,328 18 482
41 ggggg_a%irc’,‘%or;‘froi’h0’“’"” CCUG 42162 2130453 | 0.35 | 2025 | 27 190
42 Halobacillus trueperi KCTC 3686 4,112,483 0.44 4,103 66 71
43 | Helicobacter pullorum CCUG 33837 1,990,340 0.36 1,899 314 188
44 | Hungatella effluvii KCTC 15431 6,881,844 0.49 5,901 70 70
45 Ideonella dechloratans CCUG 30977 4,510,912 0.69 4,123 158 346




46 | Kerstersia gyiorum CCUG 47000 3,986,919 0.62 3,467 22 144
47 Klebsiella michiganensis CCUG 66515 6,157,837 0.56 5,692 236 137
48 Klebsiella oxytoca KACC 11934 5,813,674 0.55 5,311 87 70
49 | Kocuria rosea KCTC 3137 3,915,004 0.73 3,562 143 139
50 | Lactobacillus acetotolerans JCM 3825 1,608,615 0.36 1,545 123 367
51 Lactobacillus acidifarinae JCM 15949 2,947,326 0.52 2,752 69 339
52 | Lactobacillus acidipiscis JCM 10692 2,559,098 0.39 2,356 496 343
53 | Lactobacillus amylophilus KCTC 3161 1,564,051 0.44 1,568 40 409
54 | Lactobacillus amylovorus DSM 20531 2,326,498 0.38 | 2,407 5 552
55 | Lactobacillus amylovorus KCTC 3597 2,149,148 0.38 2,176 3 386
56 | Lactobacillus amylovorus KCTC 3597 2,149,148 0.38 2,176 3 386
57 Lactobacillus animalis KCTC 3501 1,914,183 0.41 1,837 81 189
58 Lactobacillus apodemi JCM 16172 2,196,188 0.39 2,086 223 366
59 | Lactobacillus - aviarius subsp. JCM 5667 1,509,666 | 0.38 | 1425 | 84 | 365
60 | Lactobacillus - aviarius subsp. KCTC 5063 1,694,651 | 040 | 1,597 | 49 | 333
61 Lactobacillus bobalius KACC 16343 2,885,890 0.35 2,803 29 140
62 | Lactobacillus bombicola KACC 19374 1,799,336 0.35 1,639 251 326
63 | Lactobacillus brevis KCTC 3498 2,484,326 0.46 2,429 22 164
64 Lactobacillus buchneri KCTC 5064 2,482,540 0.44 2,365 113 250
65 | Lactobacillus ceti JCM 15609 1,444,872 0.34 1,322 35 630
66 | Lactobacillus coleohominis KCTC 21007 1,889,911 0.41 1,986 66 159
67 | Lactobacillus collinoides KCTC 5050 3,767,101 0.46 3,380 245 181
68 éﬁgfs‘z)‘_’aggfg’/i,focr%%”’form’s KCTC 3167 2,951,508 | 0.43 | 2,807 | 1 348
69 | Lactobacillus crispatus KCTC 5054 2,086,436 0.37 2,038 195 362
70 | Lactobacillus crustorum KACC 16344 2,242,351 0.35 2,173 92 164
71 | bactobacillus - delbrueckil subsp. | psy 20072 2,633,895 | 049 | 2615 | 16 401
72 | Lactobacilus - delbrueckil subsp. | ;o 17838 2,004,337 | 050 | 1,851 1 297
73 | Lactobacillus equicursoris JCM 14600 2,180,521 0.47 1,951 278 425
74 | Lactobacillus farciminis DSM 20184 2,557,666 0.36 2,485 1 588
75 | Lactobacillus fermentum KCTC 3112 1,835,472 0.53 1,782 117 316
76 Lactobacillus formosensis KACC 18721 2,543,509 0.36 2,445 105 63
77 | Lactobacillus fructivorans KCTC 3543 1,375,168 0.39 1,337 10 442
78 Lactobacillus fructivorans JCM 1198 1,397,321 0.39 1,384 24 628
79 Lactobacillus frumenti JCM 11122 1,804,088 0.43 1,684 188 379
80 | Lactobacillus fuchuensis KCTC 3797 2,141,008 0.42 2,031 81 186
81 Lactobacillus futsaii KACC 18747 2,555,449 0.36 2,510 134 194
82 | Lactobacillus gasseri KCTC 3163 1,836,679 0.35 1,754 21 182
83 | Lactobacillus graminis KCTC 3542 1,864,485 0.40 1,768 83 242
84 Lactobacillus hordei JCM 16179 2,442,019 0.35 2,329 383 358
85 Lactobacillus kimchiensis KACC 15533 2,717,139 0.35 2,586 66 74
86 Lactobacillus kimchii KACC 12383 2,754,256 0.35 2,630 37 313
87 Lactobacillus kisonensis JCM 15041 3,048,108 0.42 2,761 183 125
88 | Lactobacillus koreensis KCTC 13530 2,940,525 0.49 2,660 116 126
89 Lactobacillus malefermentans KCTC 3548 2,065,638 0.41 2,016 126 189
90 Lactobacillus mali KCTC 3596 2,687,026 0.36 2,620 117 275
91 Lactobacillus manihotivorans KCTC 21010 3,379,545 0.48 3,242 448 163
92 | Lactobacillus mucosae KCTC 21011 2,290,210 0.46 2,041 94 198
93 | Lactobacillus mudanjiangensis KCTC 21026 3,380,381 0.43 3,322 25 94
94 | Lactobacillus murinus JCM 1717 2,223,603 0.40 2,071 126 249
95 Lactobacillus nantensis KACC 12408 2,944,487 0.36 2,780 75 268




96 | Lactobacillus parabuchneri KCTC 3503 2,591,857 0.43 2,395 55 170
97 | ractobacillus - paracasel SUpSP. | KACC 12427 2411151 | 046 | 2,396 | 375 | 125
98 | Lactobacillus paraplantarum KCTC 5045 3,455,312 0.44 3,269 192 177
99 Lactobacillus pasteurii JCM 18989 1,905,038 0.39 1,810 63 558
100 | Lactobacillus perolens JCM 8646 3,132,982 0.49 3,040 175 292
101 | Lactobacillus plantarum KCTC 3108 3,226,491 0.44 3,017 26 147
Lactobacillus plantarum subsp.
102 plantarum KCTC 3108 3,226,491 0.44 3,017 26 147
103 | Lactobacillus pobuzihii KCTC 13174 2,430,804 0.37 2,176 202 127
104 | Lactobacillus porcinae KCTC 21027 2,864,444 0.47 2,693 77 67
105 | Lactobacillus rapi JCM 15042 2,873,848 0.43 2,639 172 123
106 | Lactobacillus rhamnosus KACC 11953 2,944,953 0.47 2,729 41 106
107 | Lactobacillus rossiae JCM 16176 2,963,677 0.43 2,772 217 299
Lactobacillus sakei subsp.
108 carmnosus KCTC 3802 1,993,539 0.41 1,997 54 425
109 | Lactobacilus sakei - subsp. KCTC 3603 1,917,787 | 041 | 1,891 | 34 371
110 | Lactobacillus salivarius JCM 1231 2,012,368 0.33 1,938 40 293
Lactobacillus salivarius subsp.
111 salicinius KCTC 3600 1,999,025 0.33 1,946 62 373
112 | Lactobacillus uvarum JCM 16870 2,742,877 0.37 2,576 176 262
113 | Lactobacillus vaginalis KCTC 3515 1,844,407 0.40 1,777 145 226
114 | Lactobacillus versmoldensis KCTC 3814 2,431,179 0.38 2,358 153 343
115 | Lactobacillus zeae KCTC 3804 3,133,564 0.48 2,982 71 148
116 | Lactococcus fujiensis JCM 16395 2,130,437 0.37 2,079 84 329
117 | Lactococcus lactis KCTC 3769 2,586,834 0.35 2,557 138 211
118 | Lactococcus piscium KCTC 3639 2,451,990 0.39 2,383 83 226
119 | Leclercia adecarboxylata KCTC 1036 5,245,695 0.55 4,732 472 98
120 | Leuconostoc carnosum KCTC 3525 1,825,401 0.37 1,789 52 216
121 | Leuconostoc citreum KCTC 3526 1,739,383 0.39 1,709 22 256
122 | Leuconostoc fallax KCTC 3537 1,643,579 0.38 1,618 10 551
123 gg;i’gg,’?’fs“’c gelidum  subsp. KCTC 3527 1,083,727 | 037 | 1918 | 52 258
124 | Leuconostoc kimchii IH25 2,111,413 0.38 2,096 66 246
125 | Leuconostoc lactis DSM 20202 1,663,178 0.43 1,643 69 270
Leuconostoc mesenteroides
126 subsp. suionicum KACC 17730 2,019,080 0.37 1,978 28 180
Leuconostoc
127 pseudomesenteroides JCM 9696 2,151,861 0.39 2,089 31 228
128 | Nocardia harenae NRRL B-24459 6,150,566 0.72 5,649 64 122
129 | Nocardia sienata IFM 10088 6,874,984 0.68 6,261 97 62
130 | Ochrobactrum pituitosum CCUG 50899 5,170,436 0.53 4,960 60 60
131 | Paenibacillus amylolyticus KACC 11263 7,146,360 0.46 6,291 65 73
132 | Paenibacillus hordei KACC 15511 5,198,384 0.39 4,495 25 159
133 | Paenibacillus jamilae KACC 10925 5,632,380 0.45 4,911 89 106
134 | Paenibacillus lautus KCTC 3456 7,094,103 0.50 6,387 57 68
135 | Paenibacillus nicotianae KACC 18746 5,226,249 0.39 4,568 53 82
136 | Pantoea agglomerans KCTC 2564 4,659,933 0.55 4,261 33 104
Pantoea stewartii subsp.
137 stewartii CCUG 26359 4,916,637 0.54 4,986 352 80
138 | Planomicrobium okeanokoites KCTC 3672 3,318,407 0.46 3,311 74 118
Pseudoalteromonas
139 issachenkonii KCTC 12958 4,098,137 0.40 3,621 28 189
Pseudochrobactrum
140 saccharolyticum CCUG 33852 3,762,651 0.51 3,370 12 88
141 | Pseudomonas aeruginosa CCUG 551 6,423,673 0.66 5,904 75 113
142 | Pseudomonas argentinensis CCUG 50743 5,156,427 0.64 4,653 101 222




Pseudomonas brassicacearum

143 subsp. brassicacearum CCUG 51508 6,733,367 0.61 5,937 61 117
144 | Pseudomonas brenneri CCUG 51514 5,998,537 0.60 | 5,397 57 75
145 Ejgggogﬁ’;gﬁacfe’g‘s’m’aph’s CCUG 712 7,011,928 | 0.63 | 6,265 | 102 69
146 | Pseudomonas cissicola CCUG 18839 5,353,485 0.64 | 4,580 315 103
147 | Pseudomonas extremorientalis CCUG 51517 6,351,674 0.61 5,663 66 93
148 | Pseudomonas fragi NRRL B-727 5,039,202 0.59 | 4,540 46 62
149 | Pseudomonas koreensis CCUG 51519 6,084,671 0.61 5,465 33 60
150 | Pseudomonas lini CCUG 51522 6,501,740 0.59 | 5,822 45 105
151 | Pseudomonas moorei CCUG 53114 6,472,558 0.60 | 5,960 59 94
152 | Pseudomonas reinekei CCUG 53116 6,256,747 0.59 | 5,654 72 66
153 | Pseudomonas rhodesiae KACC 10811 6,330,905 0.60 | 5,763 104 62
154 | Pseudomonas tolaasii CCUG 23369 6,744,628 0.61 6,043 55 58
155 | Pseudomonas vancouverensis CCUG 49675 6,498,322 0.60 | 5,841 215 95
156 | Ralstonia insidiosa CCUG 46789 5,723,831 0.64 | 5,301 15 117
157 | Rhizobium leguminosarum KACC 10640 7,888,479 0.61 | 7,469 161 52
158 | Rhizobium radiobacter CCUG 3354 5,500,217 0.59 | 5,217 27 53
159 | Rhodococcus aetherivorans DSM 44752 6,448,087 0.70 | 5,949 137 120
160 | Rhodococcus erythropolis KCTC 1062 6,617,571 062 | 6,214 91 71
161 | Rhodococcus globerulus KACC 20816 6,743,939 0.62 | 6,294 34 52
162 | Rhodococcus gordoniae KACC 20860 4,847,028 0.68 | 4,410 22 72
163 | Rhodococcus pyridinivorans KACC 14478 5,211,959 0.68 4,795 60 60
164 | Rhodococcus qingshengii KCTC 19205 7,334,709 0.62 | 6,970 131 55
165 | Romboutsia lituseburensis KCTC 5843 3,941,444 0.28 | 3,634 301 276
166 | Salinicola salarius KCTC 12664 4,001,911 0.62 | 3,572 26 80
167 | Serratia marcescens - subsp. KCTC 42172 5,068,642 | 0.60 | 4,671 | 36 79
168 | Shewanella algidipiscicola KCTC 22879 4,208,887 0.47 | 3,699 63 115
169 | Shewanella aquimarina KCTC 22430 4,422,112 0.53 | 3,786 91 78
170 | Shewanella marinintestina KCTC 22440 4,884,448 0.43 | 4,166 60 80
171 f;%’;?s}”ococcus capitis subsp. | NRRL B-14752 | 2,441,108 | 0.33 | 2,353 | 146 135
172 | Staphylococcus caprae KCTC 3583 2,606,927 0.34 | 2475 25 140
173 | Staphylococcus epidermidis KACC 13234 2,438,306 0.32 | 2,218 43 224
174 | Staphylococcus haemolyticus KCTC 3341 2,459,930 0.33 | 2,356 75 137
175 | Staphylococcus xylosus KCTC 3342 2,748,712 0.33 | 2,519 37 219
176 flﬂfg_o‘;ﬁf()‘;jﬁcgg”o’y“"us KACC 13794 2464121 | 038 | 2412 | 22 257
177 fﬁgf’%’gggjonglggg’y“ws KACC 13851 2,155,104 | 0.37 | 2,231 | 93 160
178 ﬁféﬁﬁfgggﬁggs salivarius subsp. | \acc 11857 2,031,901 | 039 | 2,158 | 96 126
179 | Streptococcus thermophilus KACC 11857 2,031,901 0.39 | 2,158 96 126
180 | Streptomyces acidiscabies DSM 41668 11,095,879 | 0.70 | 9,720 551 427
181 | Sulfitobacter pontiacus KCTC 32185 3,768,175 0.60 | 3,681 33 92
182 | Veillonella rogosae KCTC 5967 2,192,914 0.39 | 1,961 108 256
183 | Vibrio chagasii CCUG 48643 5,363,722 0.44 4,866 194 65
184 | Vibrio fluvialis KCTC 2473 4,767,334 0.50 4,372 53 133
185 | Vibrio kanaloae CCUG 56968 4,585,638 0.44 3,995 74 113
186 | Vibrio xuii KCTC 12703 5,016,111 0.47 4,526 415 114
187 | Weissella minor JCM 1168 1,772,829 0.39 | 1,774 28 341
188 | Weissella soli KCTC 3789 1,683,184 0.44 | 1,553 1 439
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. Contig
. Strain Genome G+C Cove
No. | Species name size ratio (%) CDS ?umbe rage
1 | Pacillus B-2389 | 4 457232 | 4374 | 4524 | 104 | 110
vietnamensis 0
o | Arthrobacter B-2447 | 4303954 | 67.11 | 3876 | 41 | 366
oryzae 8
Arthrobacter KCTC
3 oxydans 3383 4,860,016 65.67 4,504 72 342
4 | Arthrobacter KCTC | 5 116,740 | 7161 | 1,805 | 46 | 1089
nitroguajacolicus 9902
Lactobacillus KCTC
5 fructvorans 3543 1,375,168 39.45 1,337 10 442
Lactobacillus KCTC
6 hrevis 3498 2,484,326 46.31 2,429 22 164
Lactobacillus KCTC
7 parabuchneri 3503 2,591,857 43.42 2,395 55 170
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(1) AEH FA24AA4 29 go)=agl ML 2 nxsf
D AdH FZFAA 29 Fo) =gl

O Long-readss FAlo = 3 AdF 242 29 Fo]2ekel workflow

Genomic DNA Prep. KPH12Z, Kil81

PacBio SMRT Sequencing Long-mate pair sequencing Whole genome
(~ 9-kb long read) (15-kb) sequencing {500-PE)
Raw data (>60X) Raw data (120X} Raw data
(=60X)

Long-read assembly

Contig assembly /

Scaffolding =1 Gap filling

BioN Physical
lllumina TSLR (>12X)  |—| Scaffolds it - e
mapping
Validation Validation
Error correction Ordering
Merge
Reference genome

[Z19915. Long-reads, short-reads, long—mate pair reads< 9|
FEFEAA AE =29 2 H7F ]

- PacBio SMRT sequencing Hl°]8 50x A o’ A =279 508 &3t dely At
ZHE 71F£ 02 contig assemblyE £33 (HGAP3/FALCON o] ). Scaffoldsd] @A EE o]7]
23] 100x ©]4+¢] long-mate pair reads H|°]E (SSPACE ©]&)¢}, gap filling2 €3 50x oA
°] whole—genome short-insert reads H°|E (GapCloser ©]-8)& &-&3%. AA% Scaffold o]

E]= whole-genome short-insert reads H|°|E ol 93] error corrections 33t

- AZFHAA ME =9 A A= FHE 93 BioNano physical mapping Hlo|H S &850, ~
NEE= dle]EH e} physical mapping Hlo|H Ato]e] HIWE 3to] oJAlEF & AT 5 Y&
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O 2%9) ¥% F=2f

AA (Saccharomycopsis fibulicera KPH129} KJJ81) A4

=HE #3 #el

A AFE workflow 2 -83F (Choo and Hong et al. Biotechnology for Biofuels. 2016. 9:246)

[E6. F=FHA AL =He 9l AH&d

FAA Aol E ¥

KPH12 KJj81
Short-insert paired-end reads (500 bp)
Raw reads (No.) 24,132,834 22,897,290
Total bases (coverage, X) 122.91 59.34
Q20 bases (%) 88.86 86.23
Long-mate paired-end reads (15 kb)
Raw reads (No.) 44,904,808 54,748,720
Total bases (coverage, X) 228.91 141.89
Q20 bases (%) 87.14 87.75
TSLRs
Long reads (No.) 94,757 80,922
Average length of reads (bp) 4,806 5,016
Total bases (coverage, X) 23.19 10.52
Long SMRT sequencing reads
Long reads (No.) 207,691 388,982
Average length of leads (bp) 8,955 9,226
Total bases (coverage, X) 94.73 94.44
[3£7. o]zl A& ojAlEe] A
KPH12 KJJ81
Contig  assembly by long reads
Contig number 18 45
Total length (bp) 19,193,493 37,774,778
N50 3,000,789 1,903,357
N90 1,353,387 721,347
Longest 4,132,216 3,922,141
Scaffolding  and gap filling
Scaffold number 7 14
Total length (bp) 19,567,216 38,516,460

O F& AZxF4A49 Nd =29 A FH: 7|EH o0& PacBio SMRT sequencing H°|HE E

= scaffolds =213l BioNano physcal mapping<

3+ TFE technology platform (Illumina TSLR)S o] &3t A deo A=

Hong et al. Biotechnology for Biofuels. 2016. 9-246)

- BioNano physcal mappingsS %
A =A8l= scaffolds<, 3@ 8= BioNano physical mapping Ul 9]

3 o}fiEel e orderingo] Jd3 At

53| o]AE+d orderingS &9l%h =
H]

% (Choo and
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- Scaffoldso] €#}elHEH short-insert reads H©]E <] genome coverage: Replicates®] =7+3t

o] genome coverage’} 100%= H7}¥

100.00

> M=100% M = 100%

99.99

99.98

Genome coverage
perscaffold (%)

99.97

KPH12 K81

- Scaffolds H&x 7} PacBio SMRT sequencing Hlo|E o]AlEz AHE 7|Fo =2 dlo
llumina TSLR Zze} vlug. QUASTE o]&sted #H7lE 33, TSLR Rt PacBio
long-reads HIo|HE o]&3t ofAlEd ALl Hold (contig ¥ scaffolds 7l 2 Ao,

coverage %)

[¥8. QUASTE o]&3F PacBio SMRT sequencing H|°o]E] o]AEg AxE EY=E 3t
[llumina TSLR oj4l &2 A¥}ebe] Hlal]

Metric Value
KPH12 KJJ81
No. of contigs (= 1 kb) 292 1,025
Total length (bp) 19,483,087 37,860,684
Physical coverage (%) 99.62 98.37
Longest contig length (bp) 614,411 446,381



N50 contig length (bp) 157,627 71,542

N90 contig length (bp) 43,980 19,473
Contig GC content (%) 38.07 38.41
Genome fraction (%) 96.368 96.559
Duplication ratio 1.031 1.019
NAS50 156,180 70,317
LA50 42 170

Mismatches per 100 kb 6.05 12.2
InDels per 100 kb 15.45 14.74
Ns per 100 kb 0.05 0.05
Fully unaligned contigs (No.) 1 4

Fully unaligned length (bp) 1,002 2,373
Partially unaligned contigs (No.) 11 6

Fully unaligned length (bp) 89,551 74,561

O Merged whole-genome assembly I}o]xz}el 7|

3l merged assembly o]}l N3t Lichtheimia ramosa -AA Ad ZHE Y& Io]
Z#tel AL =9 A contig £A7F PacBio HH] 70% AX 7FAste] 148 E FojE5%oH
oH, N50°] °F 70%5 7kt 3l &

[3#9. Hybrid assembly°l 93t L. ramosa F+3AA AL ¢ 423}

No. of  Total bases N50 N90 Longest
sequences (bp) (bp) (bp) (bp)
PacBio Assembly
FALCON (PacBio) 41 31,311,778 3,276,235 2,226,143 5,998,895
TSLR Assembly
CA (TSLR) 257 32,199,549 588350 150,645 3,190,457
CA + SSPACE (TSLR + PE + MP) 122 32,213,623 1,732,988 596,778 3,721,959
Merge Assembly
HaploMerger 23 31,251,992 3,202,655 2,385,506 6,009,921
SSPACE (PacBio + TSLR + PE + MP) 14 31,271552 5,850,932 2,385,506 6,009,921
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Depth GC content
Average 626 0412

= Transposon

(19" 16. L. ramosa F+2AA Ad9e 3%, (A) 242 L transposonsd EH=. (B)

Scaffolds®] sequence depth® GC &3]

- HaploMerger?] #8292 9, heterozygous nucleotides® correctiong &30 2ZH n+n E=
ol oRE A AMEY dE WA T avE A

- %% Merged whole-genome assembly®] %, (1) physical mapping HA, (2) n+tn & 9]

FHEH WA, () FAA FF scaffolds B o2 gol ARNYE B ) wHH

et al. (2014)°) 9&] HaE ~J/|Z=+ Illumina sequencing Hl°]Ed] & AAE Aoz =
747 2AHEE=E (NS0 1.22 Mb)= 7% °] l&. Linde et al. 2353 & A7~ 239} H]
WERAS W, Linde et al.o] 93 thFEo 71 2EZ=5o] & A& F&l B 979 =
5 (ofd agelA “TBI'Y i@ st =7l E =)ol anchoring® (ExX oJAlEE] Ay 4

23

- 7189 B3H L. ramosa FAA 2AMZ = dolg (Linde er al (2014))¢} &elg v Linde
%

[3£10. L. ramosa A 2=70E= dolg 9 Agg NA]

EIAE HK (Linde et al. 2014)
- 14 scaffolds -74 scaffolds
- 31.27 Mb - 30.71 Mb
- N50: 5.85 Mb - N50: 1.22 Mb
- 12,827 genes - 11,510 genes

14 vs. 74 : Genome coverage 89%
* Conserved blocks: 98.45% identity

- PacBio/Illumina (TSLR, short reads) &# - 454/Illumina (short reads) & & ©| o]
= HlolE AHE B ARE
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Evidence-driven gene predictiong 7|WFo = 7t

- Transcriptome-based prediction: 755 #4132 RNA-Seq Hl°|HE o] &3to] {34 AL do]

- Protein-based prediction: &Aool ¥ TdAF Awe

o E-QIER FA HAE HeAshE hint dolHE 4T

- Manual correction: Tblastx ¥ MCScanXZ

Bou gade ee-dEg 47
GenMark-ETE o] &3sle s

evidence—-driven predictiong 93 HolE A AA)

298

training

selgh

AUGUSTUSE  ©]&3t transcriptome- %

datasets AT

4 MES Fus
&

(Exonerate ©]

protein—-based prediction

gy =

)

A3

(AUGUSTUSE

AR o

ol &3t

stol fAb Al

(Evidence-based

prediction) 3. F =59 evidence ©]& o AUGUSTUS® 93t abp initio prediction 23}

E L

o]&3Fo] codon usage® WEE QI¥ missing

genesS B8 W3l repeat-masking F#oA 9 gene models T3 B3 (non-repeat

masked genomic sequence H|o]E 2-&3})

Protein
based

Transcriptome
hased

Genome
Sequence
[Repeat masked,
Nonm-masked)

Taxonormy
classification
(nt]

Similar species
proteins (nr)

GeneMark-ET

e
Created Alignment
Gene model for Exonerate
AUGUSTUS (hint)

A

Gene prediction (A UGUSTUS)

Initial gene

Similar species
gene model
(K181, KPH12)

MCScank
collinear gene
search

X

Extracted
Mon-collinear gene
(KIIEL1,KPH12)

¥

tBLASTx
[to KCTC genome)

'

Manual inspection

model

6,654 genes

Additional
gene model
Final
gene model

44 genes

6692 genes

[213819. JA#FY F4A A <LolA] evidence-driven gene prediction

g ]



F+42 F+% <= (Choo and Hong et

Hu

- Evidence-driven gene prediction HH & o] &3 F+
al. Biotechnology for Biofuels. 2016. 9:246)

[¥%11. Evidence—driven gene prediction 'S
@)

o A 99
KPH12 KJj81
Protein-coding gene models (No.) 6,155 12,185
Unique gene models (No.) 6,028 11,966
Genes with isoforms (No.) 127 219
Supported by RNA-Seq (No.) 6,154 12,184
Annotated (No.) 5,435 10,810
Average gene length (bp) 1,788 1,782
Total length of gene models (Mb) 11.00 21.72
Exons
No. of exons 7,710 15,067
No. of average exons per gene 1.25 1.23
Average exon length (bp) 1,384 1,402
Introns
No. of introns 1,555 2,882
No. of average introns per gene 0.25 0.23
Average intron length (bp) 213 205

O Iso-Seqs o83 F4dA +x2 A% 4 (Park et al. Data in Brief. 2017. 15:454-458)

- PacBio transcriptome long-reads H°]E|:= full-length transcripts &A 7IsAS =9 = @
g AR xR, 53] dE-QIEE 72 oS5 A O AAE 2o ¥ 983 5] wEel
A F+ZF o= A wl$ &3F o], full-length transcripts% o] 83 A x HAZE AFE AA
= 7 A 2Ev FAEA Yol A Z2 Apo]=e] frdAtEel g gene coverageZt H-Z3|
A 4 d7] wWEe] RNA-Seq# &4 &8&3 ZS FHF ofy adHolA 9% PacBio
transcriptome long-readsZ ©]&3} unigenesd = 7] VFolx, QEZEZLS LA FX o=
AL "lolE o] 23k gene model coverageE YERH. T3k o}l#|e] ¥+= PacBio transcriptome
long-reads®} Illumina short-readsE& ©]&3% 2%+ o= A] correction® FHA = F3&

JERy

14.000
12,000 2178
= 10,000
i
s 8,000
2
= o
i S 6000
2 o
T s
2w s
J ! 4,000
= 3170
2,000 ®
— - 0 78 1184 l
o s lllumina & Only llumina Only PacBio Ab initlo
PacBio RNA-Seq RNA-Seq
Length (bp) RNA-Seq

[Z2¥20. PacBio Iso-Seq HI°|E]& ©]&3% full-length transcripts®] o] 32 %
FRA FZ o= Al evidenced support]



[312. EIWA A correction® F32F B9 /4]
No. of gene models
Exactly overlapped 7,889
Split into > two gene models 4,742
Fused with > two gene models 343
Structurally re-predicted 261
Newly found 1,344
Predicted in the only previous study 2,031

- a8y E=L& AAA "lolgd 9% gene model coverage’} £t X gl%, full-length
transcripts®ll 93 cover¥d = FAAE 42.2%Y (FAA FFR9 ABEE e E A H)

2) TaF AW E & JAFdF A2 22 45

O TaF (Web Platform for Taxonomic Profile-based Fungal Gene Prediction) 48] 7% (Park
et al. 2018. Submitted)

- TaF¥ taxanomic profiling® 9] orthologous protein A EEHE dE&-QEE AAHS 44
al7] 913 extrinsic evidence hintE& A A 215402 ¥ orthologous U|°JE] ] A& o=
olsl AR X o= A] false-positive predictionsS WA & F= 7|55 &, uelx TaFE= A
A AEE B A8 245A 22 fungal genomesZ2HEH FAA dF5S 9l v @
. EF A S AR dlolE7E )l AS Bl dA TS s a4l

TaF Pipeline TaF Web interface

Qutputs
Query http://taf. genome-report.com/

(Genomic sequences)

Repeat-masking 45 A el ltfor o T Pyl b Erph G Precitn

(*RepeatMasker)
v Taxonomic profiling
Taxonomic profiling
- Search for relatives (*KronaTools) - =5 N
- Selection of ~top 6 abundant relatives y
- Collection of orthologous protein e
sequence dataset *.html

Generation of extrinsic evidence

[(h—_________________________ — -]
;
- Protein sequence alignment to query —
(*Exonerate) =
[ S — ]

- Generation of extrinsic evidence (hints)

Gene set

Gene prediction

- Protein evidence-based prediction
(FAugustus)

Annotation

- Homology-based search ("BLASTP
*UniProt DB)

[Z13121. TaF9 workflow % web interface]

*Query genomeo| il ZdAF S-S 9

L2 H £ orthologous H

3l taxonomic profiling
FE JdE-QJQER AAHES AAHs7] 93 extrinsic

o
ki)
bt



evidence hintE< AA
*Hint®} ab initio AHE o] &3 AR} F+F 4=
IS5 AA 71Nk gene modelsell gk 7|5 oS

- TaF9 A% Hr} (1): TaF, Augustus, GeneMark-ES¢ W7+ % (Sensitivity (Sn))&} Eolx
(specificity (Sp)E AAF F v H7}g Snet Spx=  Augustuss=  80.33%¢F 76.86%,
GeneMark-ESE 84.67%%} 76.41%, TaF+= 87.60%% 77.58%= H.¢

100
— 904
=i
> ]
2 B804
E Augustus O O O 1er
o -
& 704 GenelMark-ES
60 r T
70 75 80 85 90 95 100
Sensitivity (%)

[1322. aF, Augustus, GeneMark-ES9] sensitivity®} specificity®] ¥]al ¥ 7}]

- TaF9 A3x= HI7F (2): M= & WWHE {ab initio (Abi), transcriptome-based prediction
(THint), taxonomic profilings %83 homologous protein-based prediction (TP-PHint),
taxonomic profilingS 483} &2homologous protein—based prediction (PHint)} 28 A
Sn ¥ Sp H|®e = (1) Hint (H)1: Abi+ THint, (2) H2: Abi + THint + TP-PHint, (3) H3:
Abi + THint + PHint, (4) H4: Abi + TP-PHint, (5) H5: Abi + PHint ,(6) H6: Abi &< ¥
Hol vy, TaFe] As& A A dloly &8s 49, T AAMA Hloly g§lo] A-sd-7w

B9 Aot 7HE =A Bk (oFd 19 ar FdA oS A5, bl Sn 2 Sp A

%, ¢! 429 known splice sited] 7S vERY)

o
2
N\
o)
o d

a b c
14 100 100
w
£ 12351 12682 1259 9% 5 0
o ) =
80 c
= S
23 = H1 = 80
£8 =70 0Pz g
L S =1
e 2 60 0 W g 40
s @ o g a
o 50 o] H3 w 20
=z HE
E 50
Hi H2 H3 H4 H5 HE 80 85 90 95 100 H1 H2 H3 H4 H5 H6
RNA data (+) RNA data (-} Sensitivity (%) No. o

uncl\ofn 65,748 66268 65972 64601 64059 63445
-H1: Abi + THint -H4: Abi + TP-PHint !

-H2: Abi + THint + TP-PHInt -H5: Abi + PHint

_H3-Abi +THint+ PHint  -HE" Abi E Known B Partial novel B Novel

[2¥23. Evidence -8 W2ald & TaFe &% H7F Ay (A) A58 Fdx 2de
N4=. (B) Sensitivity9} specificitye] H]aL H 7} (C) 9% splice sites® H7}]

O F% /MY Wk Evidenced A3stE 9l ¥4 t)4F9l transcriptome data (i.e. RNA-Seq
data) 285 E3] gene predictiond dFS 2 HIEE ¢ =9 F JdE BEHHRAESE F71e

BB

3) #AA 7% A5 o]zl



O 4&8 A 7|9k F342 75 o= ozl /M
FA2 RdEL 37 BLAST 2 InterProScans EWZ #AAE. BLASTP (492 &4
S o]g3 AEA A= UniProt® NCBI NR dlo]gH|o]~E A3 InterProScan<
sequence retrieval system (SRS) W28 E3&] t}tsh glo|gHo| 22 HE wulza Lol 7] A
38l 53] UniProt dlo|Huol2~ HAMS E3 known homologous gene names®] =%,
InterProScan Z ¥+ GO annotation® link¥ o] )&

BLASTp InterProScan

| Uniprot | | ProSitePatterns ” Gene3D
| nr | | ProSiteProfiles ” Hamap

|
|
| panTHER || TIGRFAM |
|
|

[ swart || PIRSF
| superramity |[  PRINTS

[1824. 543 AA 7|9ke] )5 o]

4) MF B4 Fdo|=e}Q& L3 Lichtheimiaramosa genome annotation

O L. ramosa® genome annotation

[E13. & FAE &3 dd 82 7= B 75 A5 soj=eklel &7k L. ramosa genome?

annotation]
Feature Value
Protein-coding gene models (No.) 12,827
Supported by RNA-Seq (No.) 12,622
Annotated (No.) 12,615
Average gene length (bp) 1,469
Total length of gene models (Mb) 19.49
Exons
No. of exons 68,489
No. of average exons per gene 5.16
Average exon length (bp) 227
Introns
No. of introns 55,221
No. of average introns per gene 416
Average intron length (bp) 71

O v9& Ad7F F21AY vuE E3+ L. ramosa®l evolutionary relationship (A)¥} gene family

expansion % contraction



286/-196 Mucor circinelloides
N 4531557
10741852 Rhizopus oryzae :| Mucormycotina
s Lichtheimia ramosa
8651-420

Beenl As;per?ﬂ.'us oryzae Pezizomycotina
17/-1691 Fichia pasturis
38/-382 Kiu)yveromyoes lactis Saccharomycotina
48518 .
Saccharomyces cerevisiae
354/-260
B
Gene family expansion Gene family contraction
5 s
& . ATy 4
\&@ ndé@" a ‘eé} d‘\»“"a*@*“
Fag's ?Q? Pfam domain 5% ¢ QQ ot e W Pfam domain

Flavin-binding monooxygenase-like
= Siironciiage S
= iyeosy! hydrciasa family 63 C-tominal comain

] P Rwﬂdr.e 5!

Snara region v anchored n the vesicie membrana CAsminus
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HAND

Histone chaperane Ritp 106-1ike
ron/manganese superoxide dismutases, C-terminal domain
N2227-like protoin
Putative mu-s:npmny\ diphosphate synthase
FAD-binding dor

=l Vpsa G farminal nhgumansanan domain

Acelyl-Co# hydrolaseftransferase N-tormiral domain
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CP2 transcription factor
oA blnclng damain
ACT domaif
CAF1 ramwrlhununlmsu
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EB1-fike C-terminal matif
Vacuolar protein sorting-associated protein 26
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Z-score for Pfam domain abundance Z-score for Plam domain abundance

[Z2’925. L. ramosa® gene family expansion ¥ contraction]

- Gene family expansion: o}A|HO|E #A#H Fi49o FHA

Carbohydrate metabolism (acetyl-CoA hydrolase/transferase, CoA binding domain, ACT
domain, small subunit of acetolactate synthase, galactose oxidase, and glutamine
amidotransferase class II), cellular signaling (pleckstrin homology domain, PB1 domain,
and inner membrane component domain, EB1-like C-terminal motif), binding (PHD-finger,
STE domain, sds3-like, poly(A)-binding protein), membrane morphogenesis during

sporulation (vacuolar protein sorting—associated protein 26)

- Gene family contraction: Flavonoid & &4E9 YA

Flavonoid-related proteins (flavin—-binding monoxygenase, FAD-binding domain, flavoprotein),
endoribonuclease L-PSP, peptidase S24-like, glycosyl hydrolase family 63 C-terminal
domain, RWD domain, snare region anchored in the vesicle membrane C-terminus,
OST3/0ST6 family, serine esterase, HAND, histone chaperone Rttp 106-like,
iron/maganese superoxide dismutases, N2227-like protein, undecaprenyl diphosphate
synthase, vps4 C terminal oligmerisation domain, lysophospholipase catalytic domain,

thiamine pyrophosphate enzyme, TRP ion channel, leucine carboxyl methyltransferase
5) Orthologous gene S 2HH dlo]= <l st

O Orthologous gene Z&]~H ¥ dfo]Zelel 4 7fa

- (1) OrthoMCL input data® == (2) Input data® filtration, (3) All-by-all BLASTP
search, (4) OrthoMCL DB A4, (5) OrthoMCL BLAST parser, (6) 4% DBo] BLAST
parsing 2¥E importAlF, (7) 23 doly #HoE 2 153

of\
[kl
it
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e
=
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- Orthologous geneE< a4 o=z A5y §3 o]de Fdd XdF <A



We 487

o

o o
T%J\Ti

O /Mdd dolxgele o] g3te] olgel o] S cerevisiae, Saccharomycopsis fibuligera, A.
oryzae, D. hanseniiolA orthologous gene cluster 33 (Choo, Hong et al. 2016.
Biotechnol Biofuels. 9:246)

= OrthoMCL 7' IE'_I'EI —E—Jiﬁi -"_""OI EEP?_I T o R Ans Biotechnology for Biofuels
[ Data formatting Lininiis CTDT
J Whole-genome de novo sequencing,
3 - combined with RNA-Seq analysis, reveals
Data filtration unique genome and physiological features
e of the amylolytic yeast Saccharomycopsis
z fibuligera and its interspecies hybrid
[ All-by-all BLASTP B o o ot e LecE o i o o
- J
- ~
Build of OrthoMCL DB
> 5. cerevisioe KPH12 5. cerevisige KJI81
¥ = {2,908} (2.896) (2.908) (2,930)
#: = i = D. h i . = = 2
OrthoMCL BLAST parser i ] - : Goon, | Momvzoe i = B\ el
> T ~ b 7 i L . i a =
- ~
BLAST parsing 21} -> -] =
OrthoMCL DB R A - g >
x ~
Data pairing & e
grouping

[Z1326. Orthologous gene Z#H~HH Ho]Z}2l 9] workflow H A £ AL Ald]
(3) A7 AAMA £4& AT 7314 ZE 716k HAALA £4 gho| =gl i
D #AA AR 715k AAA B4 spo]zeQl g
O Tuxedo Protocol= ©]-&37 Fx A AR 7|vke] HAAMA| A sfe] Zeql 7jet

- Trapnell et al. (2012)°] ¢ &) 7W¥E tuxedo protocolS ZTHF FA A HZH3A A vlo] Tz}

A At

- — v v — b m—

TLLLLLLL

[1327. Tuxedo Protocols ©]&3F RNA-Seq A1 dto] =<l & output <Al ]

il

\‘ I )
1 -
1 H3 Ifi;' L s |_| l_1




- [1] Data QC: RNA-Seq reads® base quality (Q30 ©]%}), sequence duplication (cDNA 2 A]
A FolBr e AZ Al F}E=3 PCR amplification %), reads® genome coverage (4=}
coverage ¥3}), reads® F29l A= (FAA 94 2H dAsA ExH A=A F5)
o] A=+

@ Quality score of bases @ Sequence duplication @ Gene coverage &
(Q30) randomness

[Z13928. RNA-Seq data quality control (QC) output < A]]

- [2] TopHat& %3 RNA-Seq readsg #HHo] WA A 7]aL, Cufflinksg ©]-&3te] AAMA =
oAl S & FHA 2 [ digk AAA] FRE AYHAI. o]E EUlE FAAY] w30
AR " FPKMS o] &3 13 2o normalization

- [3] #5238 #4342 €4 (Differentially expressed genes B4): CuffDiffE 7|2 o7 o] &3}
o] DEGsS #4913} ofg] 1389 9232 MA ploolAl up-/down-regulation® FHdAE9] 3

o] Z3F A H=A #Hestar DEGso| thet foldchange % p-valueE AA4FsH

Good Bad

MA plot

1og fold changa
0

log2(fald-change mean of normalzed counts)

1e01 le+0l les03 1405 1802 1400 1as02 1es04

mean of narmalized counts mean of nermalizad counts

*P<0.01; z 1.5 ~ 2 fold change; Min. FPKM in pairwise comparison = 1 FPKM

[71¥29. DEG #H7}E €3 MA plot o #]]

- [4] ¥4%¥ DGEsol W3 clustering @ GO enrichmentZ 4733 WGCNAE o] &3 3z &
o ta Zej~E (Fo]Zahol o]9] BARE; ol# 1o)A] 9%)7 GO enrichment (3}0]
xE}el o]9] BARE; olyl 1™o|A] o}#lZ). GO enrichment ¥41S %3 input DEGso] &4
AR 71s FheaLgell A o] T hit& (e T5-48)S AAsks Aol oYk o shElaglE o
Fohe= 54 Ao hitd 3 SES UEd

°]



Clustering using Weighted Gene Co-expression Network Analysis (WGCNA)

Up-regulatedinA Down-regulatedin A

Enrichment score (ES)
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= Hierarchical clustering using Euclidean distance and complete linkage clustering

SN AIS  AIFB

Aol gk S 2H%)
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