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BE: F TR NBrREERFREEATAAENEE AR EBOFNF, ALExtE
AENEE N HF R CHOO ST HEEANF, WREBLAQNMHALREEF /AR £
B AN 7425, CHO6 By H 41 A /N K 2836981 bp, GC A& ¥ 32.56%, B H 2437
N EE. Bt FHART®R M (AND 2 ER L, CHO6 5 12 %78 A & AT H W
ANLE# & T 99%, B4k CHO6 i B T A EATE o Z . EE 477 04 &H:, CHO6 &
HISNENFF S ANEEGA3 AN SEFR, Brx BT B ik h n sy 7 CHO6 By
HEA#M. Favk bt fo L B4 &£ %Mo LI, CHO6 5 1 #4 CSF259-93 fu FPG101
FHAFRE. W ARG Er, CHOO # 77 [ & 23 & 4 (type I secretion system,
TI1SS) fn IX & -3 % 4 (TISS). it & & 4 M B AE 247 X I, CHO6 #1456 /> TISS 2%
MEAF29ONRARZAETE, RUBAETE T EALEE LN BORI G Fo i =4 .
AHF %X CHO6 By ZE H Aok LA R A R R EH#ATHN, W REEXFRELEFEN
#Hh ZHBERBORNFHARTRESE .

KRR dT o, EARNE, 2EEANF; M, FHAEXER

FE S S 941.42 XHEkFRERE: A

W H & (Flavobacterium) 2 1 7] %f 4t 5L
JLEIN R 2 A P E I e, Al g R A Sk
2R NS M R, O 32 R R AR A
Bz KA 3 FIR BE R SEE 57 . E i SR S AT 1T (F
branchiophilum). FEAR BT (F. columnare) F1Wg
BT (F. psychrophilum) 7 2 9% ${ 38 X IR 7K
FRAE Y & U™ R 2 T RN, B AT e —
XU (Oncorhynchus mykiss) . HR%E (O. kisutch) .
KVGHEEE (Salmo salar) “56#F} (Salmonidae) 1215
FHREMWIREY, HET, 24058 %8FH
SO G IR ST AR AT BAE P i A RGE

WisHEHA: 2020-09-17  {EEIHEA: 2021-04-25

T 8 2 A L KO-V R S ((Oncorhynchus) 1) —
FPve K MRt s, SRt B B IR i)z i
PR o AN TR0 7 1 RN R T B R TR 45 5 7 A
SRS T RBEARE T R . BLE§ 5 20 T2 80 4F
REIAREFRBELK, BFEFE. Hil. Fk.
T, MM RS 20 ZERKEKERER
WX 235, w3t RHMKEEE
(7K 7= FR A R 22— B4, SRR AL 4R 20 k5%
B 5 | RS ™ P AT TR M T I R, 2017 4R, AHF
3¢ A BATE H R 48 3 37 A 3 & IR0 s &)y £ O A 7 o
AR PRI, 2 30% BIgh i kAR AET, 0

~

FENE - b g A SR MRV B T B AR Rl 55 9% £ BT (HSY201902Q);  H FE K 7 -t 5t e 2 A RHTll 55 3% & <

i (2020TD43)
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YOO, LU R R B B YR BT I CHO6 5 i
M 40 B M ¥ 7K SR (bacterial cold-water disease,
BCWD)., % /2 [E 8 Ik B B Vg8 B I
S BCWD,  ELAA &5 i bR R 20 A UL PR ™ 2 5t
ke, Rk, BEARTURS, AR . BRI
FREK, A&ttt R H a4k 5g F A
ELHHIA CHO6 Sz 5| A YR T 68 4 B 14 ¥4 7K 5 19 s
JEE, (H AN AT CHO6 5| T 5 41 7 14 v 7K
SR BB ALE . BR T CHO6 4385 TFeE 2 4h, 3
M BB g AT R ok | TP . A 1R
. Et . PSRN ER, EE . s
JESEPNE R, B 55 R 35 0 E K LA K H A R [
AN EZE, W OSU THCO2-90 il CSF259-93 43
BT 3EE, FPGL01 43 TSR, FPS-D10 43 &
T P43, FPS-FI5 438 554, FPS-R7 40 & T4k
%W, FPS-S6 4y & FHi+, MH1 438 T8 #l,
FPS-G1 /3B T, JIP 02/86 /385 Ti4E, FPRTI
W] 532 Fuf ™Y SR H R IR CHO6 5 [ 4 # i
Z B AL SR 2 O R AL R IE 5 i ANV 2E
I, AR R H R IR A B VA EAT TR CHO6
AT LAY . TR shEt L T . B
A 563 R A3 A DA R 5 T A1 ) 8 4 5 T R A L i ik
A B, 36 055 3% [ W8 v BT B A 2 R 41
AL A S BRI B S = X,

1 MESIHE

L1 EHRKIR

CHO6 2 Hy AR AIF 52 P BA A H 7 - i 5 75 B 4
STERE, WA TR A KESN YR ES
P REE LI R o L5 = [ I i 16S rRNA F
gyrB IEH P HINE , W12 1 0 R S5 2 e 1
FFRA, T 0 &)y fo A 7R T R 52 55 6 B CHO6 N 7 )
7S

1.2 HEIEFSEELH DNA 1Z2EL

PREL-80 °C {1711y CHO6 7 TYES Bifig - #
ERIZ, 18 °C HrE B3R 3~4 d. PRHUA T IE T
TYES iR #5318 °C. 150 r/min 535 2 d.
B4 mL Y40 52, % IRTE E QIAGEN 2w
# Genomic-tip20/G 51| & 45 TR #E HL CHO6 & K 2H
DNA. 5 [K 20 DNA H $€ 3R Gt /R BH B 2 | Y
NanoDrop8000 4% & v J& Ao il {5 A I &4 B8, #ffy £
ODyg0280 M 1.8~2.0, MEEER T 10 pg/pL.

1.3 2EFRBNFS5HEE

£ Qubit F1 NanoDrop i il CHO6 DNA 4 #%
&, #iZIEH 4 DNA B Bifb, P G-tubes K
yighh ¥ DNA, T — H T SMRTbell DNA 3L
J& (20kb); SMRT SC/E i H i E A WITE Pacific Bios-
ciences RS I Jll P A 34T =AM, 3RS fastS #%
LRI P s . 183 guppy3.2.6 B AT base
calling 5 ¥ fast5 #% 2L BHE e 8 fastq 152, &
PE— ik . R S8 B reads J5, 3R
1 EABHRSE s 8T Canu v1.5 Fil widbg v2.2 #fF
X1 JE J5 subreads HEAT4H %%, T ERA5 52 4 AY B
R DNA Z5 i ZE R 4l 7 517,

1.4 FHZEBE—HM (AND) 947

ANI (average nucleotide identity) J& 25 & 4l |
FEHHEG R R W E RS —, LA
BN Z [ A e B R . M GenBank 4 ¢
MR B 13 BRIE VS AT I . 1 BRIBERBIAT I . 1 bR
FEARBEFF A | BRZY [REAT I (F. johnsoniae) 15
R FF, wkkfE B UL 1 fiEk 2, {1 JSpecies-
WS R PFr ) MUMmerr B0 16 BR BT 9 ANT
EHATIFE, X CHO6 it — LW Fp ™,

1.5 ERFEFRE
4 3RAF 1 CHO6 4 3L R 41 )7 51 43 544 ] Gli-

R1 EARPOEK
Tab.1 Strains used in this study

s AL

GenBank %5

bk sequence A4y K/MMb GCH=E/% GenBank
strains host . country year size GC content accession
typing number

VB EATE  F. psychrophilum
CHO06 UL O. mykiss 12 *[E  China 2017 2.84 32.60 CP046374.1
FPG101 W8 O. mykiss 78 JiE X Canada 2008 2.84 32.60 CP007206.1
FPS-D10 YT O. mykiss 92 1% Denmark 2017 2.86 32.90 CP059178.1
FPS-F15 Y64 O. mykiss 2 7%2%  Finland 2017 2.86 32.90 CP059093.1
FPS-R7 IS O. mykiss 328 W Russia 2017 321 32.60 CP059075.1
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R
itk i SRALES 5 KMy GChEm o
strains host sequence country year size GC content accession
typing number

FPS-S6 W% O. mykiss 92 Hii e Sweden 2017 2.86 32.50 CP039119.2
MHI KPUEEEE S salar 21 BF|  Chile 2008 2.85 32.60 CP010275.2
OSU THCO02-90 UL  O. kisutch 9 *HE UsA 1990 2.78 32.60 LT670843.1
FPS-G1 YT O. mykiss 89 fiE  Germany 2017 2.86 32.90 CP059076.1
JIP02/86 W% O. mykiss 20 #:E  France 1986 2.86 32.50 AM398681.2
CSF259-93 W% O. mykiss 10 £E USA 1993 2.90 32.50 CP007627.1
PG2 UTHE 0. mykiss 12 #F|  Chile 2009 2.85 32.50 CP010276.2
FPRT1 YT O. mykiss / [E  South Korea 2018 2.80 32.60 CP059061.1
V2-20 — 2 £+  Denmark — 2.69 32.40 CP008880.1
FPG3 W% O. kisutch 13 %£HE  USA — 272 32.70 CP007207.1
strain 950106-1/1  — 2 F13 Denmark 1995 2.84 32.60 CP059135.1
160401-1/5N WS O. mykiss 92 F43%  Denmark 2016 2.83 32.51 CP039120.2
950106-1/1 K8 freshwater fish 2 £+  Denmark 1995 2.74 32.40 CP008902.1
FPS-F30 W8 O. mykiss 20 %% Finland 2017 2.86 32.50 CP059575.1
5 — 12 #F|  Chile 2013 2.85 32.50 CP010274.2
VQ50 UTHE  O. mykiss 2 BF  Chile — 2.81 32.60 CP010277.2
3 — 12 ZF]  Chile 2013 2.81 32.60 CP010278.2
030522-1/1 UTH% O, mykiss 2 F+3  Denmark 2003 2.86 32.70 CP059098.1
010418-2/1 W8 O. mykiss 2 F13 Denmark 2001 2.86 32.70 CP059094.1
Fl164 UTHE O, mykiss 79 fii e Sweden 1996 2.86 32.90 CP059077.1
K9/00 W% O. mykiss 79 7%2%  Finland 2000 2.86 32.90 CP059104.1
FPS-DI15 UTHS 0. mykiss 10 F+2  Denmark 2017 2.86 32.90 CP059179.1
FPS-F32 UTE% 0. mykiss 2 7%2%  Finland 2017 2.86 32.90 CP059705.1
FPS-F27 UTHE O, mykiss 2 7% Finland 2017 2.86 32.90 CP059100.1
141127-1/2N W% O. mykiss 92 £+  Denmark 2014 2.86 32.90 CP059095.1
990512-1/2A UTHE O, mykiss 2 F+3  Denmark 1999 2.86 32.90 CP059096.1
FPS-S11A UTHE 0. mykiss 92 Hidt  Sweden 2017 2.86 32.90 CP059103.1
FPS-S11B UTHE O, mykiss 92 Hii#  Sweden 2017 2.86 32.90 CP059105.1
P7-7B/10 W% O. mykiss 92 7%~ Finland 2010 2.86 32.90 CP059175.1
FPS-F33 W% O. mykiss 2 %% Finland 2017 2.86 32.90 CP059708.1
160401-1/5M W8 O. mykiss 92 F13 Denmark 2016 2.86 32.90 CP059097.1
P30-2B/09 UTHE O, mykiss 91 7%~ Finland 2009 2.86 32.60 CP059177.1
FPS-F16 W% O. mykiss 91 7%2%  Finland 2017 2.86 32.90 CP059101.1
P15/8B-11 W% O. mykiss 2 %% Finland 2011 2.86 32.90 CP059176.1
FPS-S10 UTE% 0. mykiss 2 Bt dt  Sweden 2017 2.86 32.90 CP059102.1
FPS-F22 WS O. mykiss 125 7% Finland 2017 2.86 34.50 CP059706.1
FPS-F21 W% O. mykiss 125 7%2%  Finland 2017 2.86 34.50 CP059707.1
FPS-S9 UTHE 0. mykiss 2 i f  Sweden 2017 2.86 33.10 CP059099.1
VEUEEATH  F. branchiophilum
FL-15 Wkt Silurus glanis / %) ZFF]  Hungary 1983 3.56 32.90 FQ859183.1
FREATE  F. columnare
94-081 AT S asotus / %£HE  USA 1994 3.32 30.80 CP013992.1
AREITE F. johnsoniae
FJ0O1 )X Cucumis sativus / %E  USA 2016 5.86 34.00 CP031763.1
VE: “ RORBBRIEMLS AU FE (https://pubmlst.org ) 5B P 51 43 Y5 < RORAE
Notes: "/" means there is no sequence typing in the MLST database (https:/pubmlst.org/); “—” means unknown
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#2 TRARTEERAEER ANLE
Tab.2 ANI values among different Flavobacterium species
cuos FrG10l i i 'Ry Se ML miconen Gi ouse 93 P92 FPRTL TS g oot
CHO06
FPG101 99.89
FPS-D10 99.91  99.83
FPS-F15 9991 99.84 99.93
FPS-R7 99.47 99.46 99.46 99.47
FPS-S6 99.88  99.81 9991 99.89 99.46
MHI1 99.87 99.82  99.89 99.89 99.46 99.87
OSU THCO2-90 99.38  99.39  99.39 99.39 99.38 99.39 99.39
FPS-G1 99.89 99.83 99.92 99.94 99.46 99.88 99.89 99.40
JIP 02/86 99.90  99.85 99.93 99.96 99.46 99.90 99.89 99.40 99.94
CSF259-93 99.93  99.89 99.88 99.88 99.45 99.87 99.84 99.38 99.87 99.89
PG2 99.91  99.87 99.90 9991 99.46 99.87 99.88 99.39 99.89 9991 9991
FPRT1 99.90 99.84 9991 99.91 99.46 99.88 99.88 99.37 99.91 99.92  99.86 99.90
FL-15 84.50 84.44 8449 84.49 8537 84.19 84.18 84.77 84.77 84.53 84.18 84.50 84.40
94-081 83.90 8390 84.09 84.09 83.88 83.71 83.86 84.11 83.73 84.08 8391 83.74 8391 83.58
FJOO1 84.17 83.73 84.17 84.18 84.22 83.93 84.17 83.92 84.17 84.05 84.05 84.17 84.19 84.93 83.97

mmer v3.02 34 (http://ccb.jhu.edu/software/glimmer/
index.shtml), tRNAscan-SE Fl RNAmmer #1745
FEIH | #1282 RNA (tRNA) FIZHEAK RNA (rRNA) (¥
T m e fdi ] Blast Ring Image Generator (BRIG)
version 0.95 4 CHO6 F: R ZH 1 GC &t . GC fii#s
{8 (GC skew). tRNA. rRNA FIiF ok nk i ok |-
F14) & G 5 R 4 1) e s 38 R DR 2 B ] 1Y o 1Y
2 it 35 DR 687 P % [ 050 5 DAL 8000 T2 (COG), A
T B bt 2 R A T

1.6 CHO6 EFEHFF 5747

i AN AN 2| N £ S SN 7 S S B
B R B AT R Bt oo, R E T AN O
gt f 2 HEvE . 43 3 A IslandViewer 4
PHASTER. ISfinder Fil INTEGRALL %14 %} CH06
FER AP RN S . RIS ER . H\AT SRS
FHEAT I 5471 ffi ] CRISPRFinder 4 4 Xif
CRISPR ¥l A7 Huim ",

i F} MacSyFinder {4 % CHO6 %& K 41 | 1Y
AR GEIATEINT WL 43 R G TOSS R
1 H1 HMMER 406 CHO6 FT A 4 fith 5 [K () 26
F T35 PFAM %5 #4) 3 53 4 B8040 J22 336 47 LE XU
AR HisKA . HisKA 2, HisKA 3 (af Hpt)
DL} HATPase_c HIREIRMEE FIARTSHBOE M2 2 PRI
fiff (histidine kinase, HK) o4, #x#kf7% Response

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

reg T RE Y A 10 A B 19 5 g 315 2 L (res-
ponse regulator, RR) JGf4F, HisKA. Hpt JIREHLIT
B {H 1%~ E<1, HATPase c. Response reg TJfglE
(4 B {8 % N E<1075, ffi FH TMHMM Server v.2.0
(http://www.cbs.dtu.dk/services/ TMHMMY/) %} FIr 4 1)
HK JCH AT RR JoF 0 25 BREAE A A 7 el . i i) A
414 TIGR04131 5 TIGR04183 Zh eIk 1 11,
AFRE 1 TISS B 1o Al H] SignalP H 4Tl
W T9SS & i 8 1 2 3o {7 5 KU

RE RATE E bk B A EL B B F A i

M GenBank ¥4 2 T 25 43 PRUE 0 A IE 1Y
SRHFES), il kKSNP3 # /4 HEI-f dng v
B B RS, ff 1] EasyFig 8 #4718
T BRI ] Yy SR e o B

1.7

2 4

2.1 CHO06 EF ARV EZEHE

AR A 1 6 P 91 20t 18 S5 3R 15 68 060
Zhim B IR RS . PR 13 141 bp, 3
11 894 362 567 bp; Canu 20 %< B 2 836 981 bp
(LR AT 5, Zeat il 5 0 ) 50 R 40 2 s A
B 150 £ o KL P A 21 38 B 1 Tk B B — K P )
B KA, R AL N BRI Bk R Br . CHO6
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FEHRK/N R 2 836 981 bp, GC &4 32.60%.
CHO6 JE [F 4 b L9l 5] 2 437 A gah i, ik
7 ALK/ 86.90%; FEiX Segfih SEA rfr, A
1 318 AN JE A (7 T A3 BE H 1Y 54.08%) #ERE L T
W IEE, 701 AP (f A R Y 28.76%)
PER N ARMIIREM A T, 454 DI PLE RN
FUIRE S 1. CHO6 3t [H 41 i 1 A 50 1~ tRNA,
18 /> tRNA (5S ¥RNA. 16S rRNA Fll 23S rRNA %%
6 1o 7 CHO6 JEKZH FALHumz] 5 M AT, 3
ASHUWE TR A . 4 A FED BRI 14> CRISPR 3 [ i
(& 1), CHOG65E % iy 3k R 4 J¥ 3 K FE (5 B E |k
{£Z NCBI, %45 BioSample: SAMN13381501; Bio-
Project: PRINA591399; Assembly: GCA_009730675.
1; GenBank# 5% : CP046374.1,

2.2 ANI 9#f

T I 4 R AT A HE A MUY CHO6 4T
TR S5, ARSI CHOG6 5 12 BRIEYS HEAT 1 A
3 MR H A BT AT ANT 208, FI ] ISpecies WS
9 ANIm ., Z5%8 B8, CHO6 5 FPG101, FPS-

¥ LT
VSt I E I |y
g LY s,
. \\v“'#" g b o
e P
i,

2 R
B el

o
o AR

|
I b Y
At

=,

o d
ﬂ,“

: . ¥
L . et -
e T RO ™ o
(O B .l:,,w*”'r P L
-:2?, . -"i#.a_'"‘r.\-\,,r.a,-n-.b-l."" Lo 'd\ &
\
! Pl v B

gy | e
" S5 O 1 ) o it et
o “'u'«-‘lllmli\ L] !.‘? e

1 CHO6 By EFHEE
1R 2(ANA0 2 ). NGRS Bt 3% i G B i T (40 ) T8 ) 4
SKIOGRIDIE D (B E); el 3. AX0E 7F RNA(%R () FIH6IE RNA(H (),
4 FNFI (G ), BIVETE G (A ) RN & (i) B S.GC
it 6. GC & &

Fig.1 Circular representation of the CH06 genome
Circles 1 and 2 (from outside to inside). genes transcribed clockwise (in
red) and counterclockwise (in blue); circle 3. rRNA genes (in green) and
tRNA genes (in purple); circle 4. insertion sequences (in green), pro-
phages (in red) and genomic islands (in blue); circle 5, GC skew; circle

6. GC content
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D10 1 FPS-F15 45 12 ¥RFER BFF 11 AN {3575
F 99%. SRk CHO6 5 Mg HE B AT FL-15.
ARIEAT B 94-081 12 [CEEFF I FI001 Y ANT {4
T 90% (3¢ 2). HKHE ANI{H 95% HYFh 7] 48 & b
1, CHO6 L J& T & AT B & Wg 12 BT 18 4 32 o

2.3 CHO6 EREINEEF RS

4 CHO6 JEH 41 Hh FL (1) 2E H F 5115 COG %k
P LLXT, ARAFAHR DI RETE LS SR . 5 COG X
PP ORS00, R IRAEAT 1528 DML (54 HE
1) 61.70%) HA COGIfig/n2k, 4k 212K,
Her, S50 iz S0 0GR (G E IR
s AR . R R s AR . sk IE AR
AU RGN . RS 2 A R . R s A
BrEEACHE . JCHLES T s MR, g i
MIEYIA I . FHE M — 3 321 A SEH,
AR A, KE] COG INRESFZEAY 21.00%; 1L
Hh, 18.10% HYHE[H COG 432k = W B AFAE, T
AE I ANERHf (B 2)0

24 BEARHEERGENRGHMKIAILEME
ST

H T RS S AT CHO6 )R 4H AL I,
ARSLIGHEE T 42 BRC SE L SE A )Y, SRiIET
WU . SEPH . 652 D FTRE 52 PN A g8 BFF I,
FH KSNP3 ZK 44X 43 BRI BT R E R R KT
AR, 4R Box, BR T WAk FPS-R7. FPG3,
OSU THCO2-90. FPS-F21 il FPS-F22 Z 4, il
() 8 V2 TOAT PR 9 4 ST AL, R IR B A
Hrp, CHO6 53 FEUR F#k CSF259-93 & K IE
AR FPG101 HSEZ X R BGE (K] 3), f#iH EasyFig
A% CHO6, CSF259-93 F1 FPG101 (14> 5E R 41
FEHNREA T I A b . S5 RM, CHO6 5 3E [H B
Pk CSF259-93 Fl & K B ¥k FPG101 B9 4 LK 4]
MR, MUERR, FEXLRKIE.
SR CHOG6 5 CSF259-93 Fl FPG101 F{)%E R 2H 22 ]
AR R BB L S/ N B R AR (1] 4) o

2.5 CHO6 HIFHHEXEE S

ik Rk CHO6 F[H 20 A 7E 1 #1553 W
24 (type | secretion system, T1SS) FIIX #Y 43k
R G (T9SS) FHOCHE K, Horr, T1SS #H IG5 41
34, 20l E GMY06 00185, GMYO06 00190
A1 GMY06_00190, T9SS AHIEHEA 13 4, 430l
porV (GMY06_04040)., sprE (GMY06_02575). sprd
(GMY06 12145). gldN (GMY06 11375). gldK
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DIRE s>
function classification

BN BN it it bt et e i
= IV AN I NN ST V=T BN oW N NS S T

0 50 100 150 200 250

B R HCEA
number of genes

B2 #TF COG HIFESEFTE CHO6

RS ERINEES 2
LESE, 2 A% EER, 3. MUAhEEH, 4. BFAHLE], 5. BAE S
SRR, 6. 5 ST, 7. RMThAE, 8. —IIRETII,
9. AW F= I A& 1 Fg o AR, 10, EHLE iz
FARHE, 11 8RB, AR, R EA, 12 4iE ),
13. A EE/ R/ R A & i, 14, S, EAREE, 15. %%, 16.
BV ks MR A A R, 17, B R B R BRAC M, 18, 4l
Wt iz AR, 19, BOKAL & IR SRUE FRACEE, 20, BZ TR S
EAREE, 21, R A ER IS AR, 22, 40 R . A0 2
MGtk &), 23, B RAEPREE e, 24, Jeta R 45 R B %,
25. RNA i L A&

Fig.2 The function classification of proteins in
F. psychrophilum CH06 based on COG

1. cytoskeleton, 2. nuclear structure, 3. extracellular structures, 4.
defense mechanisms, 5. intracellular trafficking, secretion and vesicular
transport, 6. signal transduction mechanisms, 7. function unknown, 8.
general function prediction only, 9. secondary metabolites biosynthesis,
transport and catabolism, 10. inorganic ion transport and metabolism, 11.
posttranslational modification, protein turnover, chaperones, 12. cell
motility, 13. cell wall/membrane/envelope biogenesis, 14. replication,
recombination and repair, 15. transcription, 16. translation, ribosomal
structure and biogenesis, 17. lipid transport and metabolism, 18. coen-
zyme transport and metabolism, 19. carbohydrate transport and metabol-
ism, 20. nucleotide transport and metabolism, 21. amino acid transport
and metabolism, 22. cell cycle control, cell division, and chromosome
partitioning, 23. energy production and conversion, 24. chromatin struc-

ture and dynamics, 25. RNA processing and modifications

(GMYO06_11390). sprT (GMY06_00680). gldM
(GMY06_11380). gldl (GMY06 11385). gldJ
(GMY06_04030). porU (GMYO06_04035) il porQ
(GMYO06_10085). Sec 47 il i 12 (general secretory
pathway, Sec pathway) J& 4l & H 25 F 55 N i 5% iz

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

)RR, TERGVR EAT I CHO6', 5 Sec 73
WA IR HE 914, 230 secA(GMYO06_
06830) .secY(GMY06_04375) .secE(GMY06_05065) .,
secG(GMY06_11440) ., secDF(GMY06_06550), yajC
(GMY06_06585) . yidC(GMY06_11025). lepB(GMY
06_05345) Fil GMY06 01235, XUK; 42 MR %15 & 4t
(twin-arginine translocation system, Tat) & 4fl i
TEFER) ) — s W I SL 2 B Y i 72 . 7F CHO6
Hr, tatd (GMY06_02485) Fl tarC (GMY06_04795)
25T Tat WIE AL

ML & B 3 2 X g Ve BEOFT R CHOG6 JIT A
S fih & AT IR 2, I se MR H A
% TIGR04131 5% TIGR04183 /& FATHAESL, W&
) T9SS RN A 1. Horr, 54 RO A& A2
S e NN QIR A & R = S TR R /N
(#3).

WAL o Fvh l I RS EE TR CHO6 %
MR FTA E H HEAT ORI 2E . R 11 gt iR
43,7 HisKA(2% HisKA3) il HATPase c L fig &,
B RE HK 8 H; 16 8 H L7 Response_reg I
Aedl, MEE RR AR 4). i1 TMHMM # A4
XTI HK 25 4 . RR 8 (A JEFT 25 IR 25 44 T
KIL8 A HK B [T HAT B L5 44 (% 4). PRItaX 8
A~ HK 4 A BRI AME S5 . 3 > HK & 1
ANEAGEEREEsH, ATAT RS Taupa T, JE
M50, ik 16 4~ RR HAWASA B iR
Shike, PRIk S RR AR 4 A 40 i 2 1 O AR 4
JEL T AT (RGN B I DI RE . 20 B X o R G
i HK T RR 2 NICfEAI . SR M4 KR Z 50408 b
WAETEE S I 2 28 ) HK % 248, 2438 8 HK
% T B A HisKA 5{ HATPase ¢ Thfgz4h, 15
i Response_reg DI g S . WE ¥ BT I CHO6 I A
1 M2 HK 8 GMY06_05860. K GMY06_
06035 Fil GMY06_08470 {{ %4 Hpt TifgHk, LA
AT Hpt Z514. GMY06_00510 5 GMY06_00515 .
GMY06_05620 5 GMY06_05625. GMY06_06190
5 GMY06_06195 L }2 GMY06_10660 5 GMY06
10665 13 IAH AR, 7% B AR mT BE 4Ll — & 58 2 1)
W5 FGE. SRIMTHAD HK ST/ H1 RR JTiFAE CHO6
FEPI A A AR

3 TR

WE VS BT IR L R SR A0 TR BH D rp — T
TR AFBORTE . LR FSEU . YN AR
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Fig. 3 Whole genome SNP-based phylogenetic tree of 43 F. psychrophilum strains
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3 BELEAE CHO6 RADAIERE TISS N EH
Tab.3 Hypothetical T9SS effector proteins encoded by F. psychrophilum CH06

SR EERRZ T9SS CTDHAY 551k (E2%>0.57) FEPEERRZ T9SS CTDZHY fE5IK (H2>0.57)
locus_tag T9SS CTD type  signal peptide ( probability>0.57) locus_tag T9SS CTD type  signal peptide ( probability>0.57)
GMY06_00715 TIGR04131 + GMYO06_01790 TIGR04183 +
GMY06_00885 TIGR04183 + GMY06_01970 TIGR04183 +
GMY06_00905 TIGR04183 + GMYO06_01995 TIGR04183 +
GMYO06_01170 TIGR04183 + GMY06_02325 TIGR04131 +
GMY06_01175 TIGR04183 + GMYO06_02335 TIGR04131 +
GMYO06_01430 TIGR04183 + GMY06_02375 TIGR04183 +
GMY06_01435 TIGR04183 + GMYO06_02595 TIGR04183 +
GMYO06_01440 TIGR04183 + GMYO06_02855 TIGR04131 +
GMY06_01445 TIGR04183 + GMYO06_03390 TIGR04131 +
GMYO06_01450 TIGR04183 + GMY06_03950 TIGR04183 +
GMYO06_01455 TIGR04183 + GMYO06_05120 TIGR04131 +
GMYO06_01460 TIGR04183 - GMYO06_04615 TIGR04183 +
GMY06_01465 TIGR04183 + GMYO06_05715 TIGR04131 +
GMYO06_01470 TIGR04183 + GMY06_05820 TIGR04183 +
GMY06_01475 TIGR04183 + GMY06_06900 TIGR04131 +
GMYO06_01480 TIGR04183 + GMY06_07015 TIGR04183 +
GMYO06_01485 TIGR04183 + GMYO06_07395 TIGR04131 +
GMYO06_01490 TIGR04183 + GMY06_07435 TIGR04183 +
GMY06_01495 TIGR04183 + GMYO06_07560 TIGR04183 +
GMY06_01500 TIGR04183 + GMY06_08455 TIGR04183 +
GMY06_01505 TIGR04183 + GMY06_09790 TIGR04183 +
GMY06_01510 TIGR04183 + GMY06_09820 TIGR04131 +
GMY06_01515 TIGR04183 + GMYO06_09825 TIGR04131 +
GMYO06_01520 TIGR04183 + GMY06_10175 TIGR04183 +
GMY06_01525 TIGR04183 + GMYO06_10335 TIGR04183 +
GMY06_01530 TIGR04183 + GMY06_10400 TIGR04183 -
GMY06_01535 TIGR04183 + GMYO06_10680 TIGR04183 +
GMY06_01785 TIGR04183 + GMYO06_11320 TIGR04183 +

T+ FORIXAN RS R O AR E T — RN AR G &R B k> R S SR

Notes: + means there is a signal peptide located in the N-terminal of this protein; —. means there is no signal peptide located in the N-terminal of this protein

AT dib 25 B ARG v AT TR A 8 ) o X 130 W T9SS
KL A3 WA 1R 500 B S P VA B FF T CHO6 1 22
B 8 X gV BT CHO6 JIT 4 i 119 25
F JEAT TOSS R0 & (1 i, & BLrg ¥ ¥ FF 1H
CHO6 JEH 4 [ /34 45 23k 56 MRUN &M . 4K
Z U R AF R (5 S K. T g i
FF# CHO6 & F Sec 712l Tat 53 Whikste, W&
Y2 BT TR CHO6 AR AT AE 38 A8 1 79 ot 73 1 4% 722 o &
o 2 N0 N s B AR R RS, RER
AT B T TOSS K- 28007 2 11 DA 448 i J) Joit v e s
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SN A0S, DA A #3000 25 19 B A= ) 2 DI e
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WG A, X T9SS RN 2 11 A 25 44 A D) RE i AT
W, A BT g BT w A EoR LS

24 K B0 R R AR BN TR . 7R IR R AT
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4 MELEME CHO6 HASHIFRE HK 1 RR EH
Tab. 4 Hypothetical HKs and RRs encoded by F. psychrophilum CH06

PRSF RS 1935

B R JREFR 25 ok AR 5 R conserved domains
locus_tag class no. of amino acids no. of transmembrane HisKA/HisKA 3 Hpt HATPase o Rosporse, 102
GMY06_00510 HK 354 2 + — + _
GMY06 00515 RR 228 - - - +
GMYO06_02165 HK 491 2 + - + _
GMY06 03175 HK 381 2 + - + _
GMYO06_05620 RR 250 0 - - - +
GMY06 05860 HK 729 0 + - + +
GMYO06_06035 Hpt 117 0 - + — _
GMY06 06190 RR 227 0 - - - +
GMYO06_06195 HK 419 2 + - + _
GMY06 07285 RR 387 0 - - - +
GMYO06_07505 HK 593 1 + - + _
GMY06 07530 RR 222 0 - - - +
GMYO06_08235 RR 517 0 - - - +
GMY06 08465 RR 241 0 - - - +
GMYO06_08470 Hpt 105 1 - + - -
GMY06 08475 HK 341 0 + - + _
GMYO06_08485 HK 870 0 + - + -
GMY06_ 08495 RR 137 0 - - - +
GMYO06_08615 HK 452 2 + - + _
GMY06 09105 RR 232 0 - - - +
GMYO06_08895 RR 387 0 - - - +
GMY06 09755 RR 253 0 - - - +
GMYO06_09950 HK 576 1 + - + _
GMY06 09990 RR 446 0 - - - +
GMYO06_10660 RR 233 0 - - - +
GMY06 10665 HK 527 2 + - + _
GMYO06_10785 RR 230 0 - - - +
GMY06 11890 RR 209 - - - +
GMYO06_12455 RR 252 0 - - - +

Ve " SRR IR O S A A ORA A " BRI R g Y B 1 D G R R A A

n_n

Notes: "+" means this protein has a related protein domain;

TE A 1 B B PR A T (AR B AR R A A S )
T, ZRNNERA RS G R . AL R
SEMAERNGFE SSRGS, MEMRS R
B RN S48 K 2B E s 8. CHO6 3
HFETE 29 DAL S RGEAH K TOM . Hesami 5577
HEWM HK 45 1 FP1516 5V BT W BUR AL 25 V)
G BT, w2 AL R A HK i1 RR /94
Y2t ohie . JTJRXT HK F1 RR W#F5E, A BT
TNIE VR AT R RS B 01 B L RRIA R AT
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means this protein lacks a related protein domain

ASBIFTE B YO 3 ] 8 90 v AT ) 2 [
A SO ARSI AT 20 i, O ) 3 [
0 2005 i BRI VR BRI A R . 2R RO B
PR S %

(14 AL LR A Al i K )
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Genomic evolution and virulence-associated genes of the Flavobacterium
psychrophilum CHO6 isolated from Oncorhynchus mykiss

CHEN Fuguang, LI Shaowu, LU Tongyan"
(Key Laboratory of Aquatic Animal Diseases and Immune Technology of Heilongjiang Province,

Heilongjiang River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Harbin 150070, China)

Abstract: Flavobacterium psychrophilum, the causative agent of bacterial cold-water disease and rainbow trout fry
syndrome, is currently an important pathogen causing great economic loss to the salmonid industry worldwide.
Recently, the genomic evolution and pathogenic mechanisms of F. psychrophilum have been widely studied in
many countries. However, these studies that originated from China are still rarely reported. In order to better
understand the genomic evolution and pathogenesis of F. psychrophilum in China, the virulent strain CHO6 was
subjected to whole genome sequencing and analyzed using comparative genomics, and virulence-associated genes
were predicted. The result of whole genome sequencing showed that the CHO06 genome consists of a single circu-
lar chromosome of 2 836 981 base pairs (bp) harboring 2 437 protein-coding genes with an overall G+C content of
32.56%. The results of ANI analysis showed that ANI values between CHO6 and 12 F. psychrophilum strains are
higher than 99%, indicating that CHO6 belongs to F. psychrophilum. Analysis of the genome sequence reveals that
CHO6 consists of 5 insertion sequences, 4 genomic islands and 3 prophage sequences, indicating that these mobile
genetic elements led to the genome evolution of CH06. Collinear and phylogenetic analysis showed that CHO6 is
more closely related to CSF259-93 and FPG101. Secretion system analysis showed that CHO6 carried type I
(T1SS) and type IX (T9SS) secretion system. Among the coding proteins, 56 proteins are predicted to be secreted
by the T9SS. Furthermore, CHO6 was predicted to encode 11 histidine kinases (HKs) and 16 response regulators
(RRs), revealing that CHO6 has evolved sophisticated regulation mechanisms to export virulence factors across the
bacterial cell envelope to sense and respond to environmental changes. In this study, the genomic evolution and
virulence-associated genes of CHO6 are analyzed, providing a basis for research on the genomic evolution and
pathogenic mechanisms of this fish pathogen in China.

Key words: Oncorhynchus mykiss; Flavobacterium psychrophilum; whole genome sequencing; evolution; vir-
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