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e Z 7B & Gilliamella sp. G0441 7755
EERERE T

B2 5 Bl KRagS, RUEY, FLOEY
(L AR AR 20 G250 RN 350002; 2. [ RARFEBANITIIII, |44 S5 15 vessm i i
KIS, RETAESNVR SRA AR E, M 5102605 3. ERL KRBT, M 510640)

WE . HEEREEH AR MR AR, E5FEFAW. SRR RS ETHRIFEEEH. &
LN — K B AL E W Apis cerana cerana THEJ7TE N BIk——G0441 HEAT T 73 B5 . %€ AR HI A /04T .
G0441 WA RETY, BAY 1 mm, REDGH, FE&EY; PRREAEK. FET 16S rRNA ERH 741 7 iras R
AR GO441 EHKJE TyRIZEA, Orbaceae £, HERITHIEZ AN A Gilliamella J&Y)Fh. G0441 FEFIZA K
/NN 2.6 Mb, & GC ErEEUE N 35%; SERA Y 2 350 ANEEN, HA s 2299 MEAGMIBEER, &AM
IDEE T A E N 85%. Xt EE A4mD AL AT COG ThAE /i RE, 4R IR HEM LI ARE .
oK E WS A BRI SR A gt El-EH- 125 . 40 RE/4H iR QAR )
EETRERANB R EEEE. HAh, M G041 ERAHIEERIGFE 159 MEHFET. 77 MHZER. 22
MG YIS IR 255 FiEa R E . 565 MEREEER . 201 METIRE R ER A Z A RE AR
ZIERH TR 7E 6 FhE SRR I RIVEIER fr, f77E 145 DI IER (core gene) 17 190 AMFFA % A
(specific gene) , FHH1, G0441 & F 221 MEAHERE. HT core HH% N F A HEFH SNP 17 211 RSt
BLAE TR B . G0441 5 Gilliamella sp. ESLO441 B kR4 R NIRRT . AR B IHFEET —Hp
SR TIE T Gilliamella WRE (/v %8 Gilliamella sp. G0441) o A FE3RAF 10 B AR IE R 4145 ot — DR
& Gilliamella sp. G0441 FI3ThRE 24 2 FE A .

KB hREE, WIERRE: Gilliamella; FEH 531
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Isolation, identification, and genomic analysis of Gilliamella sp.
G0441 from the intestinal tract of Asian honey bees, Apis cerana
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Abstract: The gut microbiota of honey bees consists of a specialized group of bacteria that are
essential for host nutrition metabolism, immune regulation, and detoxification. In this study, a
bacterial strain designated G0441 was isolated from the intestinal tract of worker bees of the Asian
honey bee Apis cerana cerana. This strain was subsequently identified and subjected to genome
analysis. The colonies of G0441 exhibited a circular morphology, measuring approximately 1
mm in diameter, with a smooth and translucent surface. Optimal growth of the G0441 was
achieved under strict anaerobic conditions. Phylogenetic analysis of the 16S rRNA gene sequence
placed G0441within the order y-Proteobacteria and the family Orbaceae with the closest relatives
being members of the Gilliamella genus. The genome of G044 1measures 2.6 Mb in size and has a
GC content of 35%. It encodes a total of 2350 genes, including 2299 protein-coding genes, which
account for 85% of the genome’s total length. Functional annotation of the protein-coding genes
using the Cluster of Orthologous Groups (COG) database revealed significant enrichment in
several key categories, including amino acid transport and metabolism, carbohydrate transport and
metabolism, translation-ribosomal structure and biogenesis, transcription,
replication-recombination-repair, and cell wall/membrane/envelope biogenesis. Additionally,
genome annotation of G0441 identified 159 virulence factors, 77 antibiotic resistance genes, 22
carbohydrate-active enzymes, 255 transporter proteins, 565 transmembrane protein genes, 201
signal peptide protein genes, and multiple lipoproteins genes. Pan-genome analysis of six closely
related strains revealed 145 core genes and 7190 strain-specific genes, with G0441 containing 221
unique genes. Phylogenetic analysis, based on both core single-copy genes and whole-genome
SNPs, consistently demonstrated that G0441 is most closely related to the Gilliamella sp.
ESL0441 strain. This study successfully isolated and identified a strain of Gilliamella bacteria,
designated as Gilliamella sp. G0441, from the intestinal tract of A. cerana. The genomic data
obtained in this study provide a foundation for further investigation to  the functional
characteristics of Gilliamella sp. G0441.
Key words: Asian honey bee; gut microbiota; Gilliamella; genomic analysis

FhAE B W& Apis cerana cerana TRIFR I, J&) V2 A T IRIE 1 4 J7 %W Apis cerana TFf .
ALy X A TG 0 3 B R 2 —, JE TR A9 K0 400 J3RE (LI AI
LA 2019) , RRR B MR sk, BN T LI R e R (7
BEORA IR H RS RG R E M IRIE NN (Stein er al., 2017) .

RN LM I AR, EEASIIVEME, 52 Snodgrassella alvi.

Gilliamella apicola Lactobacillus Firm-4. Lactobacillus Firm-5. Bifidobacterium. Frischella



perrara. U IRIBAKE Bartonella apis. Parasaccharibacter apium ¥V PEFF 8 Gluconobacter
HUREE 1 — MR <Alpha 2. 17, 29 5 ST ) 95%~99.99%. &2 4H B t1— 4HAH S 41 i 20
B e B A B E . IS AR AT e RE (Martinson ef all, 2012) o B
e S AF-E [ P A 8 22 I BA I 1 42 Snodgrassella alvi F1 Gilliamella apicola, "4 1# @ T2 1
'] Proteobacteria. Snodgrassella alvi J& T %% 2 B F| Neisseriaceae, & — & L A A B
Gilliamella apicola J& Orbacea £, BEACH BN A THERM T . HIOAERZ R EZR
BH 14 1 1 1 )& BE 14 1] Firmicutes [ ¥ A~ ,  Lactobacillus Firm-4 I Lactobacillus Firm-5
(Babendreier et al., 2007; Martinson et al., 2011), A& RBHEATIEE, HEKZH
RAE T Wi vt 2 B0 T @ T T T 1 Bifidobacterium asteroides (Scardovi et al., 1969;
Bottacini et al., 2017) o b3k 5 MR RL | H G TE A TE . Bt 2 HME &gl E 2
B Frischella perrara. Bartonella apis. Parasaccharibacter apium (Martinson et al.
2011; Engel etal, 2013; Corby-Harris et al., 2014; KeSnerové etal., 2016) . ZW&[l7iE
FERETT LA Bh s 2 A T 5T . WA 22 MR s G B S 8, AT R0 T i 23 4 B A R
(Wang et al., 2018) .

Gilliamella 7% W 38 b BARZ O R AR S B s, O o 8 B £ 2547 (Bottacini er al.
2012; Yunetal, 2014; Kwongetal., 2018) . Zhang Z5 A (2022) @il #ff 5T ANI A1 GTDB
SIENAFHILT, ¥ Gilliamella J&HE 5 27 AN Horh, FIF A SR 3 B 921 16S rRNA
A E R, CE%EE T 50 Gilliamella # F : Gilliamella apicola- Gilliamella intestini-
Gilliamella bombicola. Gilliamella bombi F! Gilliamella mensalis (Kwong et al., 2013; Prae et
al., 2017). {EFEWEMIEWN, Gilliamella "EKAE Snodgrassella alvi ) 1757, FEREUE AW
JE (Zhengeral., 2019) . Gilliamella 1% 5 €N T 5 AN R DX 48, %F RS AR F 4 32 2 1]
P S BIRYKIEE IS, BN G. apis F1 G. apicola AR T X EH TWMiE: G. apis
SREER T, G. apicola EAEAE R A E ARy BT IR KAl T i,
X535 G. apis M1 G. apicola Bi#kF IR FEAEATEAEM B IEA —3 (Lieral, 2022) .
W IE Gilliamella WAEH R EYITEZR . B IRV A G LK W T A R AR
F, Horb a5 2R 5 VR AN R Z- KA SRR (1 R 8% (Engel eral., 2012) o F%
22 W W 2 ) B G, R R I B SRR, SRR AN A 22 i Y A T LS O T
W BRI, H Gilliamella REWS W I FIA HIX e/ 4 (Zheng et al., 2016) .
RIS Gilliamella 7E 22 WEARHIFIR] FLHE A R 77 TR B Z 861 (Zhang et al., 2020)
TE1G F M Gilliamella FIKIAY FIBEAEFE b, AN [ B RO B K AL S 0 IV FE AR 5 AR K
REREIIFK . BhAh, IXEEEERIE T A RE AR 0 0 AT A B, EE e 2 % . RMEfE
[Fl— Gilliamella RS FIAEZ 8], BOKAGE D)0 AR GE 1B AT BE AN (Zhang et al.
2022) WKW, Gilliamella H B IK AT REAE AR 5 HABRLAE YA 28RS 5 (Zhang
etal, 2022) o AFEEEFE Gilliamella i) EEF W KAMIE . X Gilliamella WK ) HEEL



SRR, REWE Gilliamella VPR 1A ZUBE R G TH A A% A2 GRS 1, T R FH BTz A
Bl H R ARBER R R BRI REE 7> 22k (Zhang er al., 20200 o #WEW Gilliamella T
Pk L RE W AH O B Pk 75 B 2208 FH &SRR IR B IR, (BRI ATIIN) Gilliamella T R HT R AT 36 G i R
[ B fR B ) 35 Kl (Zhang et al., 2020)

H A0 T Gilliamella J& W8T 58K 2 5U8E HAE Gilliamella JEFEETIY 85 50 85 W 1 1
AT NI R T e B T 55, M0 X Gilliamella J& 43 5 B AR 3EAT 3 R 4L KT 9 B 2 W AT
SRIFTEAR KA R o TEARRF T, 1 RN i T il v b 73 25 %58 13- 81— #k Gilliamella
W k——Gilliamella sp. G0441. X5, 46 CEKEN Gilliamella JEIERN AR Frischella J&
BRI, I B AR R 2H 0 T WA T AR AR IR 20 S, 0 e A DR R R i DRI 2 v T R
SHZBE MR GO COG. KEEP Mg/ ii ke, HhZmskia . WZTRe. ki
BN TERE . R S AR ST T .

1 MRS
1.1 EFEHIE

A 5% viv BRI REK G R R R 7R 5 (TSA) Hil#& 77iER: B 20g
JERS K G R B IR R 953 T8 (TSA, Difco BD), ¥ T 500 mL TEH/K, mEHEKKE 121°C,
20 min, fREEMEE 55°CLEAN, AN 25 mL BHEEAF4ER AL FI (FERFHYD #5)5
(LR
1.2 g THERE

M ZRABFEE B BRI 7C T S e e b e A R R A, FHARBE T BEHIRAE 10 Sk g Tk
Erp. TN 4°CHIUKAE BRI 10~15 min.

1.3 EIBESaA

il 75% B0 RE IR CIESRTH 1 min, FRAHCEKMESS, FRIEIEAUET 2 RK50
el LAE G, ToR AR BT BT 22338, P JC B 7 o L R s, e A i iE
(EFEERE. 50l Tt Bl BIRER/NVE S, 105 10 kpE T F—%, IMATRE 1 mL
1xPBS WIEEIRAT, IR %232 1 min, TERM BT 1xPBS WK IR FRFE 103,
104, 105 ZANKREE, SHUFRFER 100 pL 73 HIRTE TSA 3593k b (F 5% ELF4EE A1) |
FEANREEM 3 ANEE . IRAT PR E E3 BN PR R4, 7E 35°C, 60%RH %41 T
iR 3de HREUEE. 6l CRIEMREE ST AL, AT RIZGE T 3 Ak 515 3
ARk
1.4 BIHRIRER

L] 20% ) H . B 4 mL 100% 5 H i, 2855 16 mL XWZA/KIREHS), B T &E
K 121°CKE 1h, BIG0%5ET 1.5 mL 808+ . FER IR/ BRI C 26k ) 5 8 bR
NZEFT 20%00 H Il i) 1.5 mL B0 i, I d O B0 8 OB kTS 3, e K R
F|-80°CHAT IRAT -




1.5 E#REE

MO B b Bk B C 44k i B VK AT PCR P88 . 4 P 4 Bl 51 (27F,
5-AGAGTTTGATCMTGGCTCAG-3’; 1492R, 5-GGTTACCTTGTTACGACTT-3") ¥ 1 16S
rRNA R #1746 % . PCR ¥4 R MAK & A: 2xTaq HiFi PCR mixenzymes 25 pL, {514
LpL, U549 1 pL, DNA iR 10 L, 217K 13 pL. PCR /7 4: 95°CTALME 5 min,
94°CAEME 30's, 60°CIB/K 30s, 72°CIEMH 30 s. H IGHEIAECH 35, 72°CHREF 10 min. FH 1%
8 I R I LKA 25 PCR P2 B H I 4 U [0S J5 36 25 U 7 o %o 0 3 T A% 1
F A LE NCBI 848 P gt AT HUxS . %€ .
1.6 EEHEY 15

XA S (1) GO441 BERRIEATY 5 . ARG G0441 B H TC /KRR RE 103 £, EURG RS
A 100 uL 70 AR TE TSA ¥4k B (F 5% £ 4l H 1D , RJETHRELE 35°C, 60% RH
(IR S B 7R T R 9% 7 ds
1.7 4AEHEZREINAF
1.7.1 DNA Jiks

AN E RO BT . RS IE AN B T 2 B0 . 10 000 g 20 1~3 min YEEAH
PR AR, [ IS S ) 1xPBS AT IB Y, V120 2B 44 T4 A 180 pL Buffer STE Plus,
30 pL Lysozyme 1 5 uL RNase A 40 ITIE .

e B AN, IR EHE 10~20 min. I\ 200 mg BEER ZFE S, B R eV 2] 5~10 min
B P RURAME, FE 1 min, HEREREHEOES. 10000 g 250 1 min WEEEE
(¥R, N 500 pL Buffer BD, fE%iR%5), IR E 2 min. 2 mL B 0E EEML /128
W B 5 min, /NOWFE EEVEWR, JEHFEIF. TO 600 uL Buffer AW1, EFIRS]. HE LR
J1%2 5min, FF Ei&E. A 600 uL 80% ethanol, JREIWIFk. FUEAERHE)IZR 5 min, 37 Eik.
HES FRERAE— R PR B, T2 S A P RS T3S 7T e 22 1 R B 0 A YA
¥ 2 mL B OETE 55°C BT, AR 782 #E K . I 50 pL Elution Buffer 3 &5 008
1, RO IRS, 65°C 4 J&¥ 10 mine #4148 M 5 min, /NOIREL I DNA WK 25T
1) 1.5 mL B OE . MH 1% SR CEE: 200 V, BE: 30 min) #2ill DNA 5e#4E,
Qubit 5 E KM DNA AR .
1.7.2  JE[KIZH DNA 26 g A e

FIF Qubit™ dsDNA HS Assay Kit % J 8 41 i BE RS ff o &, DA A SO A 2 T N 114
DNA it il % 4 N B BE A 500 bp A2 47 1 SCJEE , W46 DNA S5 2974 500 ng. {§ ] Elution
Buffer 4 DNA FiR 3] 130 uL, %A 0.5 mL [1J Covaris DNA & . {#H Covaris 1X &,
12 [ 8220 #RAE S HUHAT Bk

5t DNA B Batb AT R siE . CRImHNTRT 375600 A ) FRESRsk, RIG ek
AR W), A AT SCPEY AN AL .



T 2% 35 IR BRI L PRI SCPE R /N o SCEEVRBENISE = R T 45 B35 5 KRR AN &
JR R 8, {4 H Thermo Qubit 4.0 %¢ Y 1 B AXGHEAT ST M B I 5

7t Sangon Biotech (FF[E ) [ Illumina NovaSeq “F- & % &% SCEHEAT I
1.8 EFEEHHEMEYERFES
1.8.1 i dE vl S mids

P ) R 46 B 38 Fastp AT Siit DL BT E AL, BN AT BT E BT, 45304
X HERA AT RO -
1.8.2  FE[RIZ 42

{81 F SPAdes (Anton ez al., 2012) Hf4 — Al 7 %4 . R GapFiller (Marten and Walter,
2012) XHPHEE B contig #b GAP. FIH Pilon #HATFHIHFIE, & IEHHE I RE 1) BT 4R 452
Fo i BRI, R SE R R 2B (Table S2)
1.8.3 FRA ot

18] NCBI-PGAP (Zhao et al., 2012) /Prokka (Torsten, 2014) ¥EETMFEE K s+ CDS.
tRNA. rRNA 5. KH Repeat Masker %€ 2K EIME S 74, FH CRT (Bland ef al.,
2007) #EAT CRISPR T 437
1.8.4 FEPRVER

K H NCBI Blast+ (Altschul ez al., 1997) ¥E:KEEHF5]5 CDD. KOG, COG. NR.
NT. PFAM. Swissprot. TrEMBL %52 M#E R AT LLXT, 33 HIIRe RS B . RIEHEH
Y Swissprot. TTEMBL HJ7H R4S RA5 2] GO ThAEH RS B - FIFH KAAS (Moriya et al., 2007)
REFE KN KEGG {HR(E S .
1.8.5  BEPRZH s i

K F NCBI Blast+ (Altschul ez al., 1997) #4JEF & [ /¥ 415 VFDB. CARD. PHI-base
EZANEE AT IO, BRI RE E . KA HMMER3 (Eddy, 2009) ¥AEHE A
JPH5 CAZy #¥s FEdEAT LLXT, 1521 LD ReIER(E . FIH TMHMM (Steffen er al., 2001)
HEAT WS IR (9 TR0 47, Signal P (Petersen e al., 2011) #E4715 5 BKTRM >4, Lipo P #E4T
JI £ P 43 B o R Prot Camp 3EAT 25 144 M 5€ 375 47, Island Path-DIOMB(Hsiao et al.,
2003) HEATHERIAL ST 34, Phi Spy (Akhter er al., 2012) AT 1y W B AR T 23 #7 o
1.8.6 LLHHE R 4H 43 4

KH NCBI Blast+ (Altschul et al., 1997) ¥PHEAFRIRIZEF A S nt FEFATHO, HRIE
VLR /3 5 B L RVE Bk 8, I 30 M AG R BIERNS R EERFHK, HTRE
Beorir. WP BRI 16S IRNA J751, ZEFHILRT, JEME RGN . FIH Roary
R [ Y08 B Ao R 15 S A7 5k DR AL A R [ 5 5 DR 7 AT, AR [ Y035 DR g 2 R B AL,
o AEH snippy FEAT RASKTI, IFARYERAS SNP 15 M ERGRKEN .

2 HERS55h


https://xueshu.baidu.com/s?wd=author:(M%20Steffen)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

2.1 GO441 BRI E. GUESEE

k1 PR, Gl =RAMER G0441 BRI NETE, BEAR 1mm, REDGHE. Fi&
B 1-A) o BEARPERER Ik B s s GO441 BRI 40 B8 1 51 43 38 7= M0 7E 1 500 bp /2
A B S IEMT A% T (B 1-BD o X 38 P Wb AT 005 4 0, PCR 4738 )y B2 1448 bp.
BeAk, A Xt 45 5 B OR G0441 Btk 5 Gilliamella sp. ESLO441 B AU £ &N 99.58%,
I, WP G044l %58 A—M Gilliamella Tk .

A B M M2 1 2 3 4 5 6

bp
5000
3000
2000
1500
1000
750

500

250
100

Bl 1 G044l Btk/y B 5% 5E
Fig. 1 Isolation and identification of G0441 strain

E: A, G044l BHRCFAREFEA B aifk; B, GO441 k40 8 H 51409 BP9 B3k 2> #1. Note: A, Plate culture, isolation and

purification of G0441 strain; B, Electrophoretic analysis of the amplification products of universal primers from G0441 strain.
22 EEAER. ERTUNREINEEERE

FEF A A (genome survey) Z5FEIR: G0441 FEFIHAEEE R 100%, A AREEF 4
KL 2.56 Mb, Hrf, EEFHEHLAN 3.4%, FELFH L LN 96.6%. SZhrEH
HMRELE RN : G0441 FEFHK/NA 2.6 Mb, o, PHEFFIPFIKEE N 52 Kb, HKFH
KK N 500 Kb, Contig 1 H A 50 4>, N50 {54 185 Kb, F41s GC & & HAE N 35%.
M GO441 FEPR 20 b — LTS3 2 350 MR, Horh 045 2 299 M A AL 5 > rRNA
B[Rl 45 4~ (RNA [, 1 4> ncRNA Zmfd Bt . & Egmbs 5 R 7 5 5 H R 85%. b4k,
R IN 4 5 CRISPR XIHF41. G0441 R HAKFHC AL % NCBI GenBank (555
PRINA1195151) .

FIH NR. NT. CDD. KOG. COG. PFAM. Swissprot. TrEMBL. GO fl1 KEGG %%
ANBCE R b B 1 g i BE BRI AT ThREVERE, E 20 | ANBOE BRI IR B R A H o
KT LA 99.01%. COG ThRE/r FRIEREE /R ARSI . BokLEmEiE
FARHE . BRI S A RA . k. BHl-EAAE5E . 4B/ 40 iR A &
A% COG ThRER MBI R EEHE (K2) . GO LRSS BEY . it e, A &ox



I I RS AR 2 fE, JR SEAE SRSy, 456, MRS S 7R, 2
BEEEN GO % H (K 3) . KEGG MERL Rif/rn: B35S HEIE 2 O O %,
AR KA A AT TR A | Al AN 2 AR R 58, I 683 i i B 6 2 4R (I

o JAh, B E VFDB HE AT, RILT 159 4NEEJIBEIF (Table S1) 5 @it 5
CARD %04 FEREATLUXS, 183 77 N 253K (Table S2) ;5 @i 5 CAZy FfE kAT LLXT,
U8 W 22 MR B DS TR, IX LERE 2 S ALK S YRR BT LA AE )4 i Table
S3) ; il 5 TCDB #ils FE#EAT XS, KIL T 255 Fidkic i (Table S4) o i4bh, @ik
135 565 NFEIEEE 1 5ER (Table S5) , 201 ME 5 KA FEF (Table S6) o XfARHE kT
FERERIL 1694/ CYT BUREEH, 195 4> Spl BUAEE A, 101 4> SpIl AL fig & A A1 309 4~ TMH
Mg E A (Table S7) .

A:RNA processing and modification RNAINTS5{&tH
175 B:Chromatin structure and dynamics $&EEH SIS
C:Energy production and conversion @454,

150 4 E:Amino acid transport and metabolism &EEEEHIST

F:Nucleotide transport and metabolism #ZEEsEEIEFIM ST

G:Carbohydrate transport and metabolism Bkt S4pEEFIE

iss] H:Coenzyme transport and metabolism i5EsSEEFNIE!

I:Lipid transport and metabolism fgRtsEFIE

J:Translation, ribosomal structure and biogenesis i, ZIEREHIFNEYIERL
K:Transcription &5

L:Replication, recombination and repair &%, EEMES

M:Cell wall/membrane/envelope biogenesis 4ijgEE/fE/ I EE AL

N:Cell motility RpEiT#

ERHE
=
o
S

Gene Number

~
o
L

P:Inorganic ion transport and metabolism FoHl B FEEEFIET

D:Cell cycle control, cell division, chromosome partitioning 4RiEEHAES). MIESESHhEERDK

O:Posttranslational modification, protein turnover, chaperones EiZ/EEM. BREIRIND FHEE

50 4 Q:Secondary metabolites biosynthesis, transport and catabolism JREEEADED SR, ETFIORRACE

R:General function prediction only —fRThaEFmN
S:Function unknown sANTHEE
25 ] I T:Signal transduction mechanisms {ZE4S4/14%]

I I V:Defense mechanisms B4

RN BN REN HFEENNRRNCRE W:Extracellular structures fgpsti
A B C D E F G H I J K L M N O PQRSTUVWYZ Y:Nuclear structure st
Function Class Z:Cytoskeleton #RigE%42

ThaESRI

K2 Go441 FE[FH 11 COG Tfg s KITRE
Fig.2 COG functional classification annotation of G0441 genes

U:Intracellular trafficking, secretion, and vesicular transport fERizt. 2 WHIREHEE
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K4 G0441 S£[H KEGG hig s ik RE
Fig.4 KEGG functional classification annotation of G0441 genes
23 ZERBESMMRZELER
R b 4R B R G0441 H 6 Fhilt & B Mk« Gilliamella apicola wkB1
(GCA_000599985.1) . Frischella perrara PEB0191 (GCA_000807275.1) . Gilliamella sp
ESL0443 (GCA _019469165.1) « Gilliamella sp ESL0441 (GCA_019469185.1) . Gilliamella
sp ESL0405 (GCA _019469205.1) #l Gilliamella sp B3022 (GCA _028751545.1) (K5 .
FE 6 P 2 AR IR [RIE BE R v, AR 7E 145 AN FAT [ (core gene)F 7 190 AMRFA £ K] (specific
gene) , HH, G0441 54 221 MFAERR (K5 o 2A3ET core HLdE LI KA1 4= 5 K 21
SNP 17 fiff) R G AL 0 M ¥ B . G0441 5 Gilliamella sp. ESL0441 T kSR 2% R N
i (6 M7 .

[ cossn

Gilliamella sp. B3022
- Gilliamella sp. ESL0405
[0 Giliamella sp. ESL0441

Gilliamella sp. ESL0443
| Frischellaperrara PEB0191

Gilliamella apicolawkB1

K5 [RIVREERIAEME A
Fig. 5 Petal map of homologous genes
VE: JEOFR T WARESE 1 ortholog cluster (RILAT 3K core gene) , FEIMFT RN EEANFI MR 1) ortholog cluster (BIAFAT %A
specific gene ) . Note: The flower center represented the ortholog cluster shared by all strains (common core gene), and the petal

represented the ortholog cluster unique to each strain (specific gene).
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Fig. 6 Phylogenetic tree based on core single copy genes
##: L Neighbor-joining KM 773, MWE RS #H AL H . Note: The phylogenetic tree was constructed by

Neighbor-joining clustering method.
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Fig. 7 Phylogenetic tree based on whole genome SNPs
VE: LA Neighbor-joining SIS M 2 R Gk . Note: The phylogenetic tree was constructed using Neighbor-joining clustering.
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B WENIE N, Gilliamella FKAE Snodgrassella alvi 1] £ 5, 3% & W R B Rk 10 42 K 5
(F 7E B AR S R 23 B8 AN A (R A e, R A DA e A S0 A R T S R 9 o e X 4 FF
Ko M SCHR (Kwong and Moran, 2013) iR, Snodgrassella alvi & HEE M, 1E 5% CO,
ST R IR IRIG A K, e BUREFM T EARKBAEKARE ST, 1528 =5 B
Gilliamella sp. G0441 & fE 58 2 IRA M AT N B0, WERFFRFMEA—FE, BaRE%



PEREIRRFEEE BB IE T Snodgrassella alvi WA . HiK, Snodgrassella alvi 15 FAR FAEK 2 d
JEIEEOGHE, B, BE, B4 1 mm KEE. 1 Gilliamella sp. G0441 i BAEK 2d
JEROEE, EY, BEJY, BERY 1 mm WEE. FL, R EKISEA—FE, WIRE
A XAy TFsk. (R fE, &t 2~3 faith 2 5, TRIIEEEEEE, EW, B,
HARZ) 1 mm NHE, BH KNS Snodgrassella alvi FHERI V% o

It 5 v B P B 1K e, DNA J7 31 43 BT £ A 48 B 73 8 SUEAN P Bk (K — 843
T 16S tRNA [, 2@ 7 ,AT5 5 21 G0441 Bk IR Gilliamella sp. ESL0441
(Ellegaard er al., 2020) HISEZK R, MBI T FIAH UL Identities 4 99.86%. Xf
GO441 THHEIEAT LB R 8T, TERMKE | G441 15 145 ML R, 2 983 /N & 2
IR 7 190 MFH K« MIFEPEIE cluster /£ AT LA H, G0441 5 Gilliamella sp.
ESL0441 M Frischella perrara PEB019 %5 k54 1] orthologs cluster £t H 4 145, G0441 ¢
A 1] orthologs cluster L H 221, LA EE A Ui G0441 5 Gilliamella sp. ESL0441 A~
] — AR R

X GO441 bR EAT BB R AL i ke, AT LSNIE GO441 ZEDRETRI . AR
iz 5 MR BHLRGEThRE AR G i, BB LT RE T AR 1E 0K
IR BEIIEE R . HAME COG ThEE /> SER A KEGG Thfig 288, w1 LUR BITKAL &4
BRI BOK AR B L A H i 2, IXUEe g I —J7 T 5 2 i A Fi 45 SR —
., B Gilliamella 7 % fFA% B AAER BT S oKL G Y00 = B4 B, >k B AR A [F 15 &
WA I BE AR R AR K AL B I R e UANIE] (Zheng et al., 2019)

G0441 Btk & H T6SS TSI, XFRL 1 ANRLNHEDR o W 7038 B Vi 2 58 e Jy 1 400 1 465 v
i = FEORST (1 T6SS MM, IXULILIR/E 5 B 1s - 45 G I i AA7E, IR 2 HR A2 4
AR IR EE . T6SS ik 518 F AN B TLAA Ko W FUR I 0 7 Fh R F A 6] (¥ 2 2 AR R
ZREAHLE], IE EAFI RN R AT I 2 58 42k 25 T6SS, IX T it UK LU B N SE S B B 10 AR
4. (Steele and Moran, 2021) . T6SS /- IHH U A X T~ B 38 rh i Fh A 58 4+ P R AR
B, (EEWEE T, A FE YR R S 2 54 (Kwong and Engel, 2014) , F A Ab
A REYEFP (] 5 4 R AFAE R o [RIE, T6SS 7E 3 Al kA0 B BF 2 1] A 5 1) 5% 4 1 6 42 S0 25 0
o B R S5 KN4 (Russell er al., 2014; Coyne etal., 2016) .

GO441 TN 2 F1 40 A 2 A0 AP TU SR R Pk AR A BB 2 5 LR & POIR R A
IR R (KINEEEIIA T 72U E K1 Feill p S m i /il 2677 2 5 mfd e %
W7 3 B SR I TE A HE (Nogrado et al., 2019) o FTBAFEANIE & I DUR R B AE R A
WHEEETLA: ZIRIT GO441 B R 51 S TR 251

GO441 BERATBE T /K R IX B AL & VS PERE . W SR ILEFLRR 1A T R I VE 2 1,
BN 2T e B 141 4 R B ARE L K AR, mT DALE 3504 58 dr b R AR & R ) BB B (Lee et al,

)



2015; Leeetal, 2018) o GO441 BEFRAAEE /KRG, Fr AT DAAENNX AR B ARG F1) T %
SEIF R AR B R R

FEIE B U EE IR TR AL AR = IR TS DA B AS 5 e 355 2 IR 20 M V& ) v ke 4 A 2 11
EH - i A hREE R R G0441 BERILA 255 Mgia s H, HA&H ABC HiZHEH 84
Ao SERTIIETE R, ABC #ia B FITESH B A= B T8 ilorh i EEZE4E A (Vanderlinde e al.
2010; Powell eral., 2016) o FTLAHEN, AEWE T AT RETS S A= A5 AL 70 A ARG ML AN GO441
PR A E I JE DR (B A0 55 ABC #1214

G0441 THIEF 556 MBI, HAEAN 24.58%, ZHIMIHFF L O &R FESIEE A7E
PRI A . AR G B2 AL b B R B S A ThAE CREERSE, 2021) o FAMESHKE
WA SAMIEGE . WoE . TBEZ MG, EFERAEKEE TRBIZ A ENEH
(RTTZES, 2015) o XAAefdniX seis It F A B T Go441 TERRETE AR K. A%
P2 AL b R 5 2 B B R AR T RE

G0441 WAk B, MR A AW S He . SR AT IR TR B IR B O 2 3 AR
WAS (—PFhidid X Gt fA i i 1 PEGE AL PR ) Ik CD8 I NK 20 it 58 J5 i 1 G 28 S I
B RIS, 1998) , IXTIRESE/N GO441 B ARLEIRTT IR R I oy S be o il LAUR SEAE

A TR FH AN B AE 28 B R AT T GO441 AR IIER R, 3R18 T KEFIIE R, Xt
FIBMFEFHATHHE S 0, 5 AIEEREREER & A Eexs, A7 R R ) R R
BE R A v G R AN LU TR 2 43 M o 2 200 T HE B2 S0 R 4 J5 TR N AR 98 GO441 B bk $i
7 RERE B RIE, WS IRATH 5T E B EY) Gilliamella JEIRHES % .
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