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Comparative genomics analysis of Dickeya zeae CE1 causing
bacterial soft rot of Canna edulis

ZHANG Jing-Xin SHEN Hui-Fang PU Xiao-Ming SUN Da-Yuan
LIN Bi-Run”

Key Laboratory of New Technique for Plant Protection in Guangdong, Plant Protection Research Institute,
Guangdong Academy of Agricultural Sciences, Guangzhou, Guangdong 510640, China

YANG Qi-Yun”

Abstract: [Background] Dickeya zeae causes bacterial soft rot of several important crops such as banana
and rice and may cause heavy losses. Canna edulis is resistant to many biotic and abiotic stressors and
only a few pests are reported for this plant. Bacterial soft rot of C. edulis caused by D. zeae CE1 was first
reported by our research group. [Objective] This study was conducted to sequence the whole genome of
D. zeae CE1 and to compare this strain genomically with the other Guangdong strains of this pathogen
from banana (strains MS1 and MS2) and rice (strains EC1, EC2 and ZJU1202), in order to explore any
genetic differentiation related to the interaction between pathogenic D. zeae bacteria and their hosts.
[Methods] The third-generation sequencing combined with next-generation sequencing method was used
to construct the complete genome of strain CE1. Next, comparative genomics was adopted to compare the
evolutionary relationships and genomic characteristics of strain CE1 with other strains of the pathogen
isolated from banana and rice plants. [Results] The complete genome size of CE1 was 4 714 731 bp, with
4 052 coding genes predicted. Similarly with the taxonomic relation between C. edulis and banana, the
strains from C. edulis and banana were closely related showing by the phylogenetic tree, but they were
notably different from rice strains. The OrthoMCL analysis revealed that the bacterial gene clusters
encoding important pathogenic factors such as: bacterial secretion systems, flagellar proteins, extracellular
polysaccharides, and the clustered regularly interspaced short palindromic repeats (CRISPR), did not have
obvious differences that corresponded to different types of hosts. Further analysis revealed that 80 genes
were specific to the C. edulis and banana strains, while 42 genes were specific to the rice strains.
According to the functional prediction, two of the gene clusters found in the specific loci of C. edulis and
banana strains were related to fatty acid synthase and quorum sensing, respectively. However, more rice
strain-specific genes were involved in carbohydrates transport and metabolism compared to the C. edulis
and banana strains; in addition, there was a specific gene cluster from rice strains found in the adjacent
genomic locus of the CRISPR array. [Conclusion] Comparative genomic analysis have determined the
phylogenetic relationship among C. edulis strain, banana strains, and rice strains and found several gene
loci that might be involved in the interaction between these D. zeae strains and the hosts of different types.
It is recommend providing an early warning to growers that crops closely related to banana and rice may
be at risk of infection from these important pathogenic bacteria.

Keywords: Dickeya zeae, Whole genome sequencing, Comparative genomic analysis, Strains from
different hosts, Specific genes

il B [C T J& (Dickeya genus) & i 2 B SC G
(Erwinia chrysanthemi)# 7 i — ¥ )E, JERJE
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H.ORT, R EREEANEREANER, V2HF
AFARRY), HYCRRZE . ST HAT S

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3602 A

Microbiol. China

SO EE . SRR . PUMESR A &) SR 4y
O g 20 Mo AR ERSEE, . B
7L 1V 1| N B /1 R Y 7 W G = O P
ML FHE R SR A 66%LL [, mAEE
B E . REUR . IRDENAE 2 R R & TR AE
P B R RS I TR KR,
FATVE R S ETE R . BRI R
N BE 2 Tl SRR EA T N o B L
I e 2K ol ], B2k — % T A
45.0-52.5 thm?®, ffHZEii—fgh 700 Jo/t, 7
{76 31 500-33 750 Jo/hm?®, EATEm 4 v
H, XA TN A —E R, s
BN WA E R A 4 7 hm®®) B EE, i
B R R R B B RE t B Al
TR AR ZE 0T UK BUIRAE B, HR R
DRI BTS2, WAELIBAtY, 2017 45 7 A,
AHIFST A BATE ) A3 2 A T AR Bk R 2 A A
R R A E AN R, 4 20%04
R FAR, BB, XM E
S D. zeae CEL BARIZ Y45 | 14 4H TR K 5 s 5
ZARIE A E N B R BLH D. zeae 51T A
AR, AR R R AL A . 2RI AR
B BUKBURINSERRBE ;. RBEPGE Y K, 2R3t
A LA R, R&BHRIET P, 24k
DAY 6 T B A 2 4 TR S 0 1 At A DG
AR DL B AR AR A A s L, XS]
fie 5 WA EXT T A W SUE AR A W R R BT R
A XZRE SRS — 025 D. zeae CEL JiJ5
WY, 2= RS KL

f% D. zeae NCPPB 3531 1l NCPPB 3532 /31
T KFW ) h4 2 K% D, zeae CSL RW192 i
MK19 4355 F/KARSNM ) D. zeae Wk ELM BEIIE
FI B RE 2 R YL B F T4, W D. zeae Ech586
O3B TR E R AR R EARE, MS1 FI MS2 43 5
T#H#, EC1. EC2. ZJU1202 #l DZ2Q 4+ & Tk
fii, CE1 W|/re T Eifi=; Hrp, CE1., MS1,

MS2, EC1., EC2 FlI ZJU1202 i B bk 4= ok U5t
TR BT FE T B4 H (Scitamineae)
£ N Rl (Cannaceae)3E N J& (Canna), HfEE
| J&@ F £ H (Scitamineae) i 2 £l (Musaceae) 2 £
J& (Musa),, ‘EMT7E4 2 F 4 58 w2 H B w4
Bh, RGRRE MR, A, WEFFEK CEL
HIRFERIE T TR F ALK MSL, MS2 Z[a] i
WL RGO R W, SRIET T AKFE bk s
1R AR AFAE SO AnART, 33X 4 28 A1 J& AR
I, ASBFENT R AN B TSR A D. zeae CEL
HEA T A BRI 20 A A A, AL E 6 SR T
ITRBEREY . FEAUKRER D. zeae WA T
FEEEE 2208, LB 7R D. zeae Fl NS [] TR A%
5 HF EEAES R ] REAAAE R L bR R,
XX TS D. zeae PN bk L 4k . S5 EH
YERR S B AL 4 AT B L

1 MBS
1.1 HEEK

TR RS R AR, D. zeae CEL A
BT AT A4 8 5 2 B AR T AR A
PR E SR E, £-80 °C FHRATHIH
#H.
1.2 FERFIFNFEREFE

Y SR PR U &, RARAE AR (D)
4 PR\ L Pacific Biosciences RSI 1%, Pacific
Biosciences /A H]; Illumina HiSeq 4000, Illumina
NS

LB ARG 3L (g/L): dimtEsE Ak 100, B
FRELEHOK 5.0, NaCl 10.0, pH 7.0, [ASEFEM
1.0 g/L Biig# o
1.3 {HEEREZH DNA HIIZEL

P80 °C {f:47HY D. zeae CEL 1K 1L LB
REEFRIE FRIZE, 32 °C #frE 4555 24 he BREUA G
T LB AR FE 3, 32 °C. 150 r/min §5 3554
%, WHRE 10° CFUML, B 4 mL (4051535
Yy, o 20 P DR 2 4R BGR) e FR L DNA
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1.4 AEEFEAHN=KRESEFHNFF KN
FHIE

Z% Qubit 1 NanoDrop il #2 5[] D. zeae CE1
FLH4] DNA G185, KizdtH 4l DNA R Bk,
Ff# ] G-tubes (Covaris)A kb DNA, F—#
FHT#y % SMRTbell DNA 3% (>10 kb); SMRT 32
JE pR M Rl BE A Wy BB A BR 2 W 7E Pacific
Biosciences RSII /74X Eabfr =ARM)F, R
N 3t B8 A W R A PR W] A G i 08 2o i B A
SMRTanalysis (V2.3.0)%F FASTQ ¥ J5i b £ 4 it
ik, #HE=>100 bp H T HEEAE 0.80 LA F 751
AT T 25

43 J2 K& TR 4 4 %5 3 B2 (hierarchical genome-
assembly process pipeline)™ 5 =i K4 741 He Xt 34
%OITA(>6 kb) ELAT T IEM P REpLAE D,
FH Celera 412655 91 8 8 X k- A Jrg Pl -— 350k
J¥%1l(overlap-layout-consensus,, OLC) 5 l&i/£4 T de novo
A1, SRIF AT Quiver SLIEXTALE A IEH AT S
HEAT B0 B E A S 54 2 1 i PR 4 9 A R
i, PHEPASIIR DNA Z5HRIER AR5, g
A DNA (paired-end DNA)SCEZE, FER6qE) M %L
11 B A= MR AT BRZA /A lumina HiSeq 4000 #Ef 7
—ARMF, A Burrows-Wheeler Foxd T ELB4hs — 4%
TR 4 FE T = AR R 2H 2 52 i IR DNA JE R
AFF L, F Pilon THPE =R 81 A1 A
WP 77 4 18] 1 26 S5-I IE DA 3RS 58 5 i PR AR
DNA Sty 7o), DL ERERAALE | FPal%
S FORE SR TE A3 ) el PSR R BRIA S5
15 ERFEEFE

b TN W W 3 S P £ S ]
RepeatMasker*® | rRNAmmer™™ . tRNAscan!*®1F1
GeneMarkS" V3 BT E L FF . JE4AS RNA .
tRNA 125 525 P 0 5 6 Circos®Ms 41 7
HEPHI Y (G+C)mol% & i . GC s {E(GC skew,
[G-C]/[G+C]). tRNA. rRNA Fl1E ks i X5k
b A e PR 43 ) R s ) e R 2 P T i 1Y
4 A% 3t A fff I NCBI Non-redundant Protein .

UniProt/Swiss-Prot . Kyoto Encyclopedia of Genes
and Genomes . Gene Ontology . Clusters of
Orthologous Groups #1 Protein Families %4 & #51 1
Foxt, dERSENTIAE; [FRH CRISPRFinder™An
antiSMASH 4.0} 5%} CRISPR F& 41 FIfi587 #
B UM OCEE BRI R A T puill . DA b 5 PR 2 3 R
(A F ¥4 R BN S50
1.6 Dickeya zeae # [N &= kA £ E 4H LL I 7 47
HERE NCBI £ s 2 1340 HAT 2L AT 51 1Y
D. zeae WHEIESEALM 34T, JFLL D. dadantii 3937
BRI R AT B AR . $RIL E R PRRY dnaX .
recA. dnaN. fusA. gapA. purA. rplB. rpoS A
gyrAZE OB A, FRIDU 1445 f5 T i A
5387. B MEGA 5.1 ARSI o3 b, 2o bir oy
PR FH4B421: (neighbor-joining method)#1 1 000 >
4 (replications) Y Bootstrap i, i CLC Genomics
Workbench 12.0.3 %} A8 [A] D. zeae Rk IA] (- H44%
R —3I: (average nucleotide identity, ANI{EAI LX)
41 Fi 43 [ (alignment percentage, AP)EHF1 744,
[A]AsH{# ] Genome-to-Genome Distance Calculator 2.1
A kR HL T~ DNA-DNA Z255(in silico DNA-DNA
hybridization, isSDDH){; i Mummer 3X{Fi#4 7
PRI AL 200 . OrthoMCL 3 #7235 £ 7
D. zeae WK IYHER KR 3HT, 7E BLAST Hoxf ik
PRy P AR BIME Jy 13107, AHIEATBI(E N 80%.

2 HRG545H
2.1 Dickeya zeae CEl W ERAFF|HER
EXRER

AR R A DS B 22 U8 S AR AR
76 899 4:>100 bp H it H{H7E 0.80 LL EWF41, ~F
YK BETE 11 859 bp, F:it 911 997 636 bp; de novo
ZHRARAT 4 713 002 bp HEER TS, LidigfEmY
W 4] %) i DR 2 3 i A ik 193 A%, ARl ™
M 17 940 732 ¥4, Hivd 17 703 508 (.5
98.68%) /7 41 AT Lt b =AM P LB 7 515 425
L, BT 1734 bp A5 551 FIHIE T 5 bp B84
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FE, 3515 4 714 731 bp fO5E R SL R 4H 551,
H(G+C)mol% &5 1kl 53.63%; 1%KL N 20 415 AR i
KB —K 51 B (scaffold) 7k F, JEPRZH N TG
Gap. FERAERHIE 4 052 P EmiLILR . 75 4
tRNA. 91~ ncRNA % 7 1~ rRNA (& 1), x5kt
IR0 ) 31 e TR 8 B2 FA%Z &= NCBI GenBank,
55 CP033622,
2.2 Dickeya zeae CE1 Byt 1k &t 4> 47

I T 9 AMRSFIRE BB H1 1 HE AR b
K, 134 ET D. zeae PP FRA 1 AFhAMEIXT
HEEA#& D. dadantii 3937 w]4r B B WIS ; i D.
zeae PP RIPR AT 43 —/NE(E 2), 20 (1) 7K
FEE bR EC1. ZJU1202. DZ2Q F1 EC2, )R HAth
kRN CSL RW192, NCPPB 3531 #il Ech586; (2)
B CEL AIFARME MS1, MS2, DI
i B Bk 4 NCPPB 3532 #il MK19; (3) NCPPB
2538, Hr, /KAEkE EC1, ZJU1202, EC2 Fis
FEEDME CEL MFHEEE MS1, MS2 ¥&0 8 F
IR IR . EATERE R CEL A D. zeae I

S
il W

g | // /////
\ 7,7

1 D.zeae CE1 40 5¢ 2 & K £A B &

PR ANIL, AP F1 isDDH 15 -5 BEAL R 34T Sz e £ 1
PRI SR 2251, CE1 MIFAEREk MS1, MS2
DL R HA A% NCPPB 3532, MK19 [][y ANI,
AP isDDH {EAH%: T CEL FILIKFG B bE N M5
— KRR EZERGER 1),
2.3 RiEFI HEARZFEH Dickeya zeae HHk
ERFE LR S

D. zeae WK KR AT &I, 3 146 LA
FEIE 6 N AWML A R, S CEL Wkm
3 211 ML . MSL PR 3 207 IR, MS2
BRI 3 213 AL, ECL BBk 3 206 PEEA .
ZJU1202 EkRAY 3 195 LRI K EC2 HHRA)
3 215 NEER, dt 19 247 AMESFREA, WK 3.
DL ESS RGN, ZHOEHETE 6 kR RS
1), AUNERGr HE R DRI REA . Hrp,
JKAEHIBR ECL, ZIU1202 Frkifs e e b, 5—
KRR EC2 IR, R T KFBEREM 5L 5
RREERLAG; X5 9 AN T AR 3B R PR~ 3 [
HRIPA ZFIR 2SI —3, 3 MKFER

COG annotation

[l Translation, ribosomal structure and biogenesis
RNA processing and modification
Transcription
Replication, recombination and repair
Chromatin structure and dynamics
M Cell cycle control, cell division, chromosome partitioning
B Nuclear structure
B Defense mechanisms
Signal transduction mechanisms
[ Cell wall/membrane/envelope biogenesis
Cell motility
Cytoskeleton
B Extracellular structures
Intracellular trafficking, secretion, and vesicular transport
Posttranslational modification, protein turnover, chaperones
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
[l Nucleotide transport and metabolism
Coenzyme transport and metabolism
[ Lipid transport and metabolism
B Inorganic ion transport and metabolism
Il Sccondary metabolites biosynthesis, transport and catabolism
[ General function prediction only
B Function unknown

Figure 1 Circular visualization of the complete genome of D. zeae CE1
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100 Dickeya zeae EC1 (CP006929.1)
100 'Dickeya zeae ZJU1202 (NZ_ATVN00000000.1)
Dickeya zeae DZ2Q (NZ_APMV00000000.1)

Dickeya zeae EC2 (CP031515.1)
Dickeya zeae CSL RW192 (CM001972.1)

99U Dickeya zeae NCPPB 3531 (CM001980.1)
Dickeya zeae Ech586 (CP001836.1)
Dickeya zeae CE1 (CP033622.1)
-Dickeya zeae MS2 (CP025799.1)

66

100

Dickeya zeae NCPPB 3532 (CM001858.1)

Dickeya zeae MK19 (CM001985.1)
Dickeya zeae MS1 (NZ_APWMO00000000.1)

Dickeya zeae NCPPB 2538 (CM001977.1)

e
0.01

Dickeya dadantii 3937 (CP002038.1)

2 D.zeae BHET 9 MrFEREBREKF IR U
Figure 2 Phylogenetic tree of D. zeae strains based on concatenated sequences of 9 genes

T B ARIGIE 5 N5 S ARZ BRI N 417 5119 NCB
{6, BAELLA D H()E XA AR RECTAURIZ R 190 3

| GenBank 3¢5 ; MEALR 73 32l BT KIS S AL Bootstrap
IRAVE S B S E R i a0

Note: The numbers within brackets following the bacterial strains indicate the NCBI GenBank accession numbers for their genome

sequences; The numbers at the nodes of different branches in the

phylogenetic tree indicate the bootstrap values, which are displayed in

the form of percentage (%); The number of scale bar indicates the genetic variability of the genome sequences represented by the branch

of this determined length.

R 1 D.zeae CE1 £EFEAFT| SH D. zeae BHkHY
ANI. AP #0 isDDH &

Table 1 ANI, AP, isDDH values between the whole
genomes of D. zeae CE1 and other D. zeae strains

Strains compared to strain CE1 ~ ANI AP isDDH
MS1 96.05 854 67.3
MS2 96.17 86.19 68.3
NCPPB_3532 96.2 87.4 68.2
MK19 96.16 86.61 68.0
EC2 94.3 82.67 57.1
EC1 94.13 79.51  56.2
ZJU 1202 94.11 79.74  56.0
DZ 2Q 94.12 79.27  56.0
NCPPB_3531 9452 8448 57.8
CSL_RW192 94.41 81.84 57.5
Ech 586 95.69 85.33 64.9
NCPPB_2538 96.14 87.69 68.4

HIRETF IR Z2 51 (Pi) &y 0.009 25, ik T EAE AR
FEWERRIA TR Z 80 0.019 77, MIBZF, &
FEETEE CEL FIFF AR MS1, MS2 & H Ty
MSEERINARR 2, REDR AR, 7 260 4>
BRI R AT 14

FEIH Y 260 NFE St AR

260
(260)

O
14 \4
(14)

Intersect
3146
(19 247)

173

157
& (173) (158) ¢,

186

(187)
<

w2

3 6 N % D. zeae WIHREFE ik o HT Ay 4 B E
Figure 3 Venn diagram of common or specific genes
among 6 Guangdong D. zeae strains by OrthoMCL
analysis

W FOrBCACRE RGBTSR S NIRRT
Note: Upper numbers indicate the number of groups of genes,
lower numbers in parentheses indicate the number of genes.
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WL D RETE R, TEAS AR I RE 5 i 5 1A rh Ot
KRG R 7 W RS HiE . A2
CRISPR % T 21 S0 [ 1 A1 5 1) 3 [F a8 % JL [
o AATHRASAN R I RS . MEEEN . B E
B . CRISPR & J: R sl L KR AE 6 1) AR PRI Y
PESFIEIL (R )& B, WA W ARG FN T R
(T1SS). 11 BI(T2SS)FnVIEL3h £ 45 (T6SS)TE 6
Ebkrh U AETE . 75 T6SS Hr, T6SS-3 fi i HA
¥ FEH#% impB—vasL, 1 H R T6SS-3 {i 7t
6 MR IAATE s KRG RAR ECL. ZJU1202 ik
T6SS-1 MitEAEEE CEL Bk T6SS-2 i,
T6SS-4 i s AX A 7E T K R A bk EC2 . TITAY
(T3SS). IVHI(T4SS). V A3 & 45 (T5SS)7E /K
FEITER EC2 HRATREAC 1Y B ERERER T
T3SS F1 T4SS, T FE M MS2 7E T4SS U H
A virBl-virB2 F& A i Bk AR LN . MiE
FEHFE fliZ—fIhD 7€ 6 I AREIEZR AT, (U2
MS1 7 cheZ—fInD X S e il S JE DR A g
ShZMEA LR EPS Fll CPS B IK i 7E B A5 -1
TR RPN U, KRR AL S
FRIHE ML, FRk ECL Ml ZJU1202 L HA
EPS JLH#%, Btk EC2 WL LB CPS JEH %, W
2% CRISPR /341 Subtype I-F CRISPR ., Subtype I-E
CRISPR 7EEAEZE | FAERM PRI Z IR,
TEKFER MR, (U EC2 AP CRISPR J¥41,
1M EC1 1 ZJU1202 &5 T Subtype I-F CRISPR.
DL g5 SRR, 04 56 R 41 IX s T1SS |
T2SS. T6SS-3. i3 P 7E Wi 28 3 R A A0 1
PRIGIEST, #B4r Xdskin T3SS, T4SS. T5SS fEA
) A R (B 2 R B R AR B oAk, (R R R
A EAMER s 4N, EPS. CPS #l CRISPR 4%
X R — o B 5 3 EAM b, el
AR AR TR R R OR T Y, (HRTE KA R b
R Bk, Wik, EWERS . HE .
fuAhZ B . CRISPR 4 5 %2 EU A £ P 2R [A]
B R A B AR ) R R B B f AL ok
— A P 2SN [ A7 = R U %) TR R POT R S 11 TR

HEATHRE TR S04
24 BEF. FESKERLEIFEATENEK
FEREIEE DT

6 PRI AR RIZE RV AF 3 A DA PRI IR K
SPHTRIT, 80 NEEPIE EAE AR CEL MFAR
Pk MS1, MS2 FIrFefa, 42 DEERINDE KA bk
EC1. ZJU1202 1 EC2 T 1o

B CEL B #ETEMk MS1, MS2 5
FEHY) COG Lhfie kB, 70l 19, 14, 1271
9 MR EERY COG HyREFN K — M T fiE (general
function prediction), 24 ZfR %z A (amino acid
transport and metabolism) ., %% (transcription) & i
it ¥ iz A1 A 8f (lipid  transport and - metabolism)
(K 4), 20 RBE, A 2 DIEEFE (A 5)r)
HEZ /T LI L 4 25 COG TiRE. 2 1 AR M
}% vdIC. fabF. SPCC162.03 3 3L[H (K 5A),
KEGG ik, fabF ZEHEZ5 7GR
(metabolic pathways) . fg i B8 & K (fatty acid
biosynthesis) . 44 Z f{ifif (biotin metabolism) . A&
[ R Ci (fatty acid metabolism)Zftishm i ; 2%
F - ) B ARG E (PHI-base) /AT, i FE R %
3 ANFEEII AT X b B A I T - A EAE A
KHYIIREHE A, HFLES Y B AR R
FIIIREIER, a0 fabF Xt B SER gt 1 SR
4 (polyketide synthase, PKs). 45 2 ML
1% gsiB. NGR_a01400 . NGR_a01410 ., appC .
gsiC. vanR, laaA 7 A (%] 5B), KEGG i #%4)
Mrad, ZEEHNKR 6 NEHESS T R
(quorum sensing) A f LI, HH vanR [FRT 25
T WIT £ 4 (two-component  system) F1 A= 1) 4k JIE T
i (biofilm formation)Z5:fCifim % ; PHI-base J3Hfr#
], NGR_a01400. gsiC. vanR A] Hext b EVHIAY 5
s S TR - R ) AR A DGR D RB AL D], G S L P [
F R B A ) BAE A B 1 D RE A
HAPEAFRERSE vanR 1] Fbxt b5 A K RE s
() 7K 8 4 B 1 4% A 9% B (Burkholderia glumae) 1
tofR JEI, %KL 55 8 &K (toxoflavin) & HiAH ¢ .
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B J: Translation, ribosomal structure and biogenesis
A: RNA processing and modification
K: Transcription
19 L: Replication, recombination and repair
B: Chromatin structure and dynamics
[l D: Cell cycle control, cell division, chromosome partitioning
B Y: Nuclear structure
B V: Defense mechanisms
T: Signal transduction mechanisms
[ M: Cell wall/membrane/envelope biogenesis
12 N: Cell motility
Z: Cytoskeleton
10+ [l W: Extracellular structures
U: Intracellular trafficking, secretion, and vesicular transport
7 O: Posttranslational modification, protein turnover, chaperones

7 : 1 I
C: Energy production and conversion
G: Carbohydrate transport and metabolism
i 4
2
1
00 00000 0000

COG function classification

Number of genes

E: Amino acid transport and metabolism
M F: Nucleotide transport and metabolism

H: Coenzyme transport and metabolism

I Lipid transport and metabolism

M P: Inorganic ion transport and metabolism
L . l L l . Q: Secondary metabolites biosynthesis, transport and catabolism
JAKLBDYVTMNZWUOCGEFHIP Q R: General function prediction only

S: Function unknown

=
[ .

B4 SEFMEEEKRFFERN COG hEEiiRE
Figure 4 COG function annotation of specific genes within C. edulis and banana D. zeae strains

) — ) - )

vdiC JfabF SPCC162.03

DWG24 13805 DWG24 13800 DWG24 13795
J417 RS0109510 J417 RS0109515  J417 RS0109520
C1030 RS07440 C1030 RS07445  C1030 RS07450

G © DN

gsiB NGR a01400

A

— -

NGR a01410 appC gsiC vanR laaA

DWG24 06720 DWG24 06715 DWG24 06710 DWG24 06705 DWG24 06700 DWG24 06695 DWG24 06690
J417 RS0110645 J417 RS0110640 J417 RS0110635 J417 RS0110630 J417 RS0110625 J417 RS0110615 J417 RS0110610
C1030 RS14500 C1030 RSI14505 CI1030 RS14510 C1030 RS14515 C1030 RS14520 C1030 RS14530 C1030 RS14535

5 BEFMEEEK 2 MTERRUMNHRERR
Figure 5 Two representative specific gene clusters within C. edulis and banana D. zeae strains

A: (EEAETFREEE R TR0 vdIC-SPCC162.03 B:[H, B: Lt FMEA Ak T HER19 gsiB-laaA JEFEE. Iy 0fFS
AR AR, TIPS #45 L 42 BI7E . zeae fiibk CEL. MSL A MS2 HUSEIR 374 ; DWG24 {UFH bk CEL, 1417 1021
& MS1, C1030 LMtk MS2.
Note: A: Gene cluster of vdIC-SPCC162.03 specific to C. edulis and banana strains; B: Gene cluster of gsiB-laaA specific to C. edulis and

banana strains. The symbols above indicate the gene symbols, and the symbols below indicate the gene loci within D. zeae CE1, MS1 and
MS2; DWG24 indicates strain CE1, J417 indicates strain MS1, and C1030 indicates strain MS2.

KFGE ML ECL, ZJU1202 il EC2 455 3LH )
COG WIRE/AM TR, 4394 15, 7 A5 ARt
i) COG I fg il M A ik 7K 1k & ¥ ¥ iz A0 AR gt

LR P R A AL, Hh & R —A~ 3L
#493% yulB. rbsA2. rbsC. IsrD. alsE. alsK .
rbsK %5 7 MEK (B 7A), KEGG jlpgaHr#s],

(carbohydrate transport and metabolism). %% & —
ML RE(E] 6). TEFII AAs KA A 1% 2 A Y

alsE . alsK [RiFZ5 T ZF 5L T 6k AR

(microbial metabolism in diverse environments) }z 5
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WEFNH 8218 18f (fructose and mannose metabolism)  I-E CRISPR v 5 1 b 4R 3L R & 30 T — Sk
PIARIEES s 48 PHI-base 73T, rbsA2 ATHLX | DRI EOKAEBARITRAA (&1 7B), BRI 34~
FHRMW A ABCA &M, mERSZEmMAYE  BERE %65 MFS §%iz & 11 (MFS transporter) .
(multidrug resistance)}>¢; BRAKILSYIGERE Y dTDP-6- it 4 -D- #j % ¥ -3,5- &£ 5% 4 Ji§ (dTDP-
JE(CAZY) M & B, rbsK A] Fbxt 2K 6-deoxy-D-glucose-3,5-epimerase) fll XRE FJikH; sk
fiff(glycoside hydrolase, GH)&H. %4k, 7 Type  JA#EKF(XRE family transcriptional regulator).

B J: Translation, ribosomal structure and biogenesis
A: RNA processing and modification
K: Transcription

COG function classification L: Replication, recombination and repair
15 15 B: Chromatin structure and dynamics
[l D: Cell cycle control, cell division, chromosome partitioning
B Y: Nuclear structure
B V: Defense mechanisms

T: Signal transduction mechanisms
[ M: Cell wall/membrane/envelope biogenesis
N: Cell motility
Z: Cytoskeleton
B W: Extracellular structures
U: Intracellular trafficking, secretion, and vesicular transport
O: Posttranslational modification, protein turnover, chaperones
5 C: Energy production and conversion
G: Carbohydrate transport and metabolism
E: Amino acid transport and metabolism
[l F: Nucleotide transport and metabolism
2 2 2 2 H: Coenzyme transport and metabolism
1 1 I 1 1 11 I: Lipid transport and metabolism
B P: Inorganic 1on transport and metabolism
0 ‘ IO L IO IO IO IO L ? IO IO 9 IO L - IO ‘ -- . IO B Q: Secondary metabolites biosynthesis, transport and catabolism
JAKLBDYVTMNZWUOCGEFHIPQRS R: General function prediction only
B S: Function unknown

Number of genes
=
T
~

W
T

E 6 KEEKFRERER COG IaETR
Figure 6 COG function annotation of specific genes within rice D. zeae strains

B g e I D, I

yulB ABC transporter rhsA2 rbsC lsrD alsE alskK rbsK
substrate-binding protein
w909 RS02150 W909 _RS02155 W909 RS02160 W909 _RS02165 W909 _RS02170 W909 RS02175 W909 _RS02180 W909 RS02185
WYU_RS0116255 WYU_RS0116250 WYU_RS0116245 WYU_RS0116240 WYU_RS0116235 WYU_RS0116230 WYU_RS0116225 WYU_RS0116220
DWVY07 02215 DWVO7 02220 DWV07 02225 DWV07_02230 DWV07 02235 DWV07_ 02240 DWV07_ 02245 DWV07 02250

' l ' Type I-E CRISPR

MEFS transporter Epimerase = XRE family transcriptional regulator

W909 RS01770  W909 RS01775 — W909 RS01780
WYU RS0115000 WYU RS0114995 WYU RS0114990
DWV07 01925 DWVO7 01930  DWV07 01935

B 7 KFEEK 2 MERRENGFERR

Figure 7 Two representative specific gene clusters within rice D. zeae strains

e A FEKRERE MR yulB-rbsK JLHFE; B: 7E Type I-E CRISPR ARz M & BRI KRB AR S IE N AR, FOTRIAE SR
FIABFR, FH TSRS ILFE 3 HITE D. zeae HHk ECL, EC2 Fl ZJU1202 FEF {745 ; W09 /K HFk ECL, WYU fRKR
¥k ZJU1202, DWVOT7 fLEEikk EC2.

Note: A: Gene cluster of yulB-rbsK specific to rice strains; B: The specific gene cluster from rice strains found in the adjacent genomic locus

of upstream of the type I-E CRISPR array. The symbols above indicate the gene symbols, and the symbols below indicate the gene loci
within D. zeae EC1, EC2 and ZJU1202. W909 indicates strains EC1, WYU indicates strains ZJU1202, and DWVO07 indicates strains EC2.

B
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3 WES®

Dickeya zeae WHHRTEBH & IEAN AR ARG Iy
T2 B RP 2 ABsErh D. zeae M ERRAY
AL AT R B, X SE T AR LA B R R B (135t
f£5r4E (K 2). D. zeae F N BRI AL 4 ALAR KA
B EoT RS A R M BEAESE LA O, iR YK
et 1) TR PR AE HE AR AR 23 A v Rl SR A B B A [] B — /N
X FEAFMRMRIAKFEFEK D. zeae
PRI & B[R] 4T L, EL KRS T Rk R B0 1 5
FORBE TR, FEMEEhE P AR &
P, SKIEAK) 6 4 D. zeae HAKMIEL /LT
HEMMETFERPESZCREM; EAEFEKRE
AR B 5 AL TR AR MSL AT MS2 FSEZ R R
B, N5 BN 3K FEREE B T 25 558
KPR FEM . FIL, R T [F—HE(™ 4R)
KRR F(EEFEMEERN I, KM
6 Nk, HIELEILR A0 TR S5aF £ 0
YEFISCH) D. zeae PPy I I A st A& 4 A AL HA
B A R S5 TR, 2 A TR 2 s T
D. zeae CE1l 5&FFHELE XA . WKL LR
I3 R R BT )9 D TR ) £ B 3 oA, AT SR s
TR T R AT A A DRURS: T A I R 2 e
WA

DI B 6 AT ARWEHRISE R R, 24K
FEHTE 6 DEREIB LR 3); dHE W R
4. ¥MiT. MuNZRE. CRISPR 48 BEUK N 1M
KEERTFFARG R, (RENEHRIAR. OF
583, T3SS. T4SS. T5SS A fuff Dickeya ik
U 7E N 1Y Pectobacteriaceae R4 B 1) 5 B H0h
TR ki, AMFSTABLT3SS, T4SS, T5SSTE
#B3 D. zeae IWHIEHR N, WIKFIRPL EC2 Bk
3 MRS, WHATFEK CEL Gtk T3SS Fl
TASS, FFRHEREE MS2 WHkAE T KE 5 T4SS JE
B, X 3 Nl RGFHIEE D. zeae HtKkIZ G
A AT AL, T3SS. T4SS. T5SS 7E
D. paradisiaca FEPRHHLIE A SRERAC Y . A,

T1SS. T2SS #il T6SS 7£ 6 K UETF T 4 D. zeae
WRR e, BAEE NCBI B EE AT
D. zeae Fl Py Al B Bk 11 Ik PR 4 o tho 2 AR ST 1
T1SS 43WhRY 4 26 (1 1 32 B0 A TR A0 Bk 2
1855 1 4 WA A T AR B0 2SS )
3 WATIT 43 i R A0 240 B 11 240 e e e i Y, i e
200 Y 64 A I AP D AR R BF 7 A OB E AR
BT, Bk, T1SS. T2SS %
Qe 2F EAEYIT P A OB AR B B BUR N, X
Al Bt T1SS, T2SS £ D. zeae Pl BERE IR ST AT
TER SR PR # Dickeya J& ol i B bk
T1SS. T2SS FEHAMMAEFI P E IR TR, ffhHk
42T T3SS. T4SS. T5SS A D. paradisiaca Fl,
T6SS W2 &5 2 PGB 1 BT v e 7 B 2 7 1 40 W 3R
G AR R, %0 Wb R G AE A 22 R
BB TE R BRI 7R, 5 Dickeya JE 4N
T6SS HHCMWFFY, HET{ILFIRLN & 1 (Rhs) A
9¥, AFIE R Rhs 2 (11 C-ui B M5 B HAT 1%
T Tt P L AT 400 1 K A0 0 A B, i 5 A
5 ¢ BT VIR 43 W6 22 45 T 415 40 7 1) 435 B L ol B0 2
—3y, B, BT T1SS 1 T2SS ml/EHTAEY)
MM RE I 7= BRI RE R Sh,  T6SS 7E D. zeae Btk
] PR AT RE A2 R T 32 4 T 19 SOh R R 5 2 At A
[ 3~ T1SS F1 T2SS MVEHIBLMI, LAB) Tl e
A RCERE . G5 OB I 2 35 N BT R BT
TE LAk e 4l B 1) B O N, i o
WA FR G AE T 2SR TR B 38 U5 1) 1A ik b I R e B
B L G, MAPZEILE R CRISPR J741[H]
PR AR R B0k, A 8B —SH%5T LT
B DR e 22 A1 B9 5 R L A6 i A AN ] 25 78 T e ) st
1534k, ABFFE LI, 80 ANKLIRJE (M AE E R 4L
R 1, 42 ADNIERURKRE AR TR 1, 1
DCLE R IL R A3 PR U A A Y, I
FE AT REAT A AE R S L SE R D RE . 7E B A
MEERP R T 2 ERE, 56 14 HER
() 3 ANFEPEIES AT ekt b 5 e i - BV E ARG
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THREFER, Horp fabF 4ifd B-FRAGEE ACP 4 i,
T 2 A0 BRI U TR A A 1 TP DG R, WA
KBk 3-FRRGIME ACP A B . BEMIE & AR
AHTH R EE LA IRTIRE, IR TR A AN At A e
BRI A ARG, HABUREM S520E AL FHAR
A5 S FAEE M T4 AR 4 fabF
I AT BE S S0 A I R T R AL A, TR ) e
A P AR IE B RE 1O, 55 2 IR FE R 1Y
TIREAS R — 2, BT BE 55 40 B 1 B A4 JE N A
Ko FEURIER N ZR G T IR A 0 D DA 0 ik I 1 3R
Kewg IR A7 A F A3 A5, WNHE Dickeya J& 4 1A
W2 AT AR B TE 3 5 22 24 R Y 1 (acylhomoserine
lactone, AHL)FEIAERNY RSGE F 2 H 4t AHL 5 A%
FiEE R luxt F1 AHL 55 324K 1 luxR JERF AL, %15
5 FR G0 KR 40 A M A TR T A B st L Al
T A W TR B A R B0 S R e XA
FERBNLE S REAHCHFERIEHE R, vanR &
J&F LuxR & I 5 G s R R 7, JE R Dy Re il
I 3¢ BA 27 5 TR AT R 55 U2 4 28 5 R AN T A W i
M, I H AT BE S0 R - AR ARG
HEEY . HERKREER COG kg
Z T A — e T RE A A TR, KR A Pk A S 2
Kl COG Tife s ZHu F Ak KAk & s Fif
i, 1% COG LREFTAL & ML i A /K A B AR R
SEILIRE 29k 36% (15/42). FH4h, 19% (8/42)
7K TR e B4 R S B DR 0 e K A B T A
el , B AT HOU b 2O T T A A A
T HE PR AR S IE T (5 (G LA, X 9% (7/80)1
FEEATEXF o DA RSSIREN, 5ok s
12 VA I G Ay S5 DR A B 78 7K e DA PR R 2 3 B
() RIS A EZAME, T ELEB 45 2 DR mT G
oK iE R DG, Hb yulB-rbsA2-rbsC-
IsrD-alsE-alsK-rbsK 21 25k [K Hh 1 — 4~ HL 7 BL[A]
#. FAILE Type I-E CRISPR fO4RH0I S R T
3 NSRS A K R AR R S 2 K . CRISPR J¥47)
JEH AR DNA SR TSI cas JEHFHILL,

BATTAT AR 20 TR AS A2 A 0 B R s A D85k A
RIGVERIYA, B T %% BE 24k, CRISPR &%t
WSS T HAF 2 EE AR, g
IR LE MBI i CRISPR T hE S
R4 A0 B 0 L TR 2L AR A ST A S e T P
B H AT ) CRISPR ¥4I E T 5L R 20 s HE - Beiy
DA I, %62 T Type I-E CRISPR i1 5tkb
(49 7K A AT AR S 56 DR 2 1) T B 75 5 0 S I - 28
HAEM ARG — L IRAGET

i 9 RSP EE FR IR HIAE R PRIE A 3ok
TR AR Z [ B (gene flow) 73 HT, 45 R FHH
KRN B Fst=0.259 33, /NT 0.33, FRHIFHAF
SR YA R AL AR S S R A i O Rk
PR 2SN ) 3 3 S U5 1) Rk 1] R B A7 72 A 26 1 2 1A
Y, T A —2E2F TR IR A T AR Z [ P A1 R 22
APERAR, ©ATZ 6] R B N % A7 A Y
Lo XL PR AT RECR IR TAH R B #H e, FE 54
YA R AR R A A D R AR i . ASBIFSR
TEWI SN [R) 27 R R TR R A RE S B A o B, &
BT — e 55 i R A A B E AR OB A TR
PRI DR 2 X B S R B SR I, AT AT RE 2N
JREE SHEY EAES RN, HEENNE
KIIREA T F—2 5.

A BB FHUtEEsR P IR |, O T B AL 2 U
RAEMMER D, )7 HREN, D. zeae fHE G
TR FAESHAM A FIHEY N HER L . Y
HHTRPER T D. zeae 755 AW 3F £ HAERS v 68
oxp AR 3 AR IE R AR HORR L B8 3E E BILTR 5 55—
AT, EAE RN A A2 SRV E Y38 & i W AR O R
JElRl—H, MEACE | YIS BB,
XU HE R T A EZ ) D. zeae fGE ) EE A
R, AT S5 R 0] 8 e A H A Y a5t
PEFSE, SIEA T EXNZRHE MR, A5 T
A X T B A B D R
XKy o, SHEE . KREEEEY RS RREN
R IAVEY) nl REBAFAEZ D. zeae i J5 B = YL i XL
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