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1. FFif

E FEEDIH LWL EMITEEERE VI RFKIESNVTHEREINTEY . £48
OIS U CEEEERITRE S Bio T D, ZOEHIT DNA 2SR E+T57 /7 A
(genome) & KiTAv. 7/ AREMDOE T DA% RFHBAZRD TS, FEAEMDOT ) L
X, TOMELOBMBETRELSEMLTETEY, ZhPBBAFEMO SR EZ AT L T
Do —MIT, BERAEWYT ) AREYLERIZ N SIS ESR DNA Th L oIck LT, M
7 EOFRAEY T ) MIBRPIAEED DNA TH D, BUE, ZNOHEBEMD T ) Kk i,
T L REEAEY 2 5T DN EERICHEIT Lo D, NCBI 7 — X _X— X[ &
NE, B FEEDEEAY T 12,000 22 2AEMTED 7 ) AREERHI N TS, =
Azt UCU AR ClEse i Si=7 /7 A9 Tl 250, 000 A% Elnl-> T b,
BERAMIAFIET DA S U RNFEEAEW T 7 DITEE A LWz, JREEm T
A TITBEGEFORESPHENES Lo TWn5D, 29 LIS DAEMETREICEONT
WDT ) BT =B EMRNTTHZLIZE0, BT ERND LR TET,

A O FPIITRFEEEZ TR T HONRE ML TWD A, ZOREMITEEFOEB{bE
OB ERTES SN LD TH D, LN T, HEMED NS 5B TR
FICEAL L CE BB T ERIET 2 2 LB TEIUE, REMERBEO L AZH LI TE
5o 9 LB F ORI Z RS - 02id, BFEEMD S ) K xRty s
LT DRE RN % RET D, Thebb, EILORENIEY — 7 ¢ o OIRIE LTz B AR
RTHH=D, Y ) MMENTIZ L > TIEDO HSRZEIR (positive selection) Z5ZiT 7218
famitd 5,

- EREEE R o BAARIRDYIE

ary GCT—GCC dN/ds > 1 IEDRER
dN/dS = 1 Hiif

7=/& Ala—Ala

dN/ds < 1 BE0ER
- IFAIREREE R

2k~ GCT—=>GAT
722 Ala—Asp

X1 HEIEEAIZE(L &t
WEESN DN AL LT, FRRES N AT 2 VAL LW RIEEEER (dS) B kT 5 FkEFEFE
B (dN) D, ZDIN L dSDIICE > T, EOBREIRZBHET S,



ZOFETIE, oM A L EERINCE BT 52, HERINE L THH
MENDT I /BRI ELLYGE GEFFZER : dN) EEDbLRWGA (FKREH : dS) 2
bb, TV BNEDLIEFRFBERNFEHEE CRE BB L. 7T IV BRREREET
FELTETVWSILEZERLTEY, EOHRER (IEORER) MNEZZ L 2Ry
% (K1), ZORFBIZHES T, dN & dS Dtk (dAN/dS) & FEVEIC L CIEDO@IRE 52 1) 7o s
THEBRHTHZENTES, TLT, EOBRRBMBNTND T I BREHE 1, 3 <
fELTELESTH D LRIFEZ, ZDOEE I E > THHRBEOHSICEE 2H/rTh b
EHEETED (M2), Lo T, WFEMEZ R THAEY O 2 FHR 72 B HARRIRIT,
ZOWAEYORFERFRLENICD PO LB FOWEICFHHATE L2 22 b, £/2, M
4% (recombination) HIRAEMNHET D ECEERFEN ) E/Z2-> TS, Az &
X, BB R 2 B L LTl Z D L 1B 0 | A H R T D8O —
MILTEANEDD L IICENTLEETHD, TODHIZ, ITWEROBLE T &KL
2B, DAY T IR IZRE ZRESNEANRO B,

' \ {

(E2:8R) 8 ORIR /L EORIR
\ { {

FE2 B = EE
{ {

5T .

[#4t) {

2 HAREIR &L BIR

BIEFICEE BN EELR (ADBREN) TholeBa ., BEROEFENEEE LS 2o v FEF) O R
FENTNL,, PIUER L AREFRIIRERIAAR T 2 2 LAARET, TOHTHEORFUIEHPICE
HICHEE L, ORISR R RE 2 LS E 5,

FEITZ < DA DI T, IEDOBR &AM 2 (T D BB R MEE S v 2
%[1, 2], 5K & Stanhope © O KIGEHFFE[S], Urwin & [4]X° Andrews & [5] DBl BT,
Smith & ® Pseudomonas aeruginosa #F%t[6]. ¥ X O Stanhope © @ Streptococcus
pneumoniae FFFE[TIO X 512, MAEWHREMRIC T 2I8RMERE T ORI, EOZRN



HET DI L a2RmET2MENL, LI, MEHDT ) LR TEDRRZFH~ DM
gelE. BEERRFROMEICEE T 2 A SR 2 RRICERL L TE 72[8-10], ZFoHiciX, A
Bk R (11], Salmonella miE%[12]), KGE (18], Mycobacterium tuberculosis [14].
Botrytis spp/15]. Trypanosoma cruzi[16]. 72 E OMENEENTND, 29 LIS
WFFEN D BRECHEIN T 5 72 DI AR e L2 [FE T 5 IEOBRINE, BT 0t 2Dk
b & 15 RIS B QP & 5 [l 7 OBLRIC W T BER QSRR ES OB FR Tl
b EERJFE &z 5(17],

ARWSE CIEH L7 Bacteroides fragilis 137 7 LAEMHIEMEETH O . & hO@EOEN
M 5 O BT Ch D, BESBERD B. fragilis OEAFRIRIEIL, oM
Bacteroides J&DFEAEMMIELD 10~100 40D 1 FRETH 5 5[18], MEHRYL, ag, &
K OUMIR D & B b BHE S0 Bl S 40 D99 R EBRSUME R Cdo 5 (19, 201, B, fragilis DHRJFMEIC
X, B2, 22], rT T —ER[23]1B L O B. fragilis 1524172 ERBE LTS LD
RN SN TND, Fio, BEMNEIIEICT ST HE(EA b LR g E~OIEGIHER 1 #
HEINTWSI[25], ZNOOERIIFFEIEICE > THEETHD EEX LN TE N, B
TIXEN S O T HEOREITMONTE LT, MOAERAD=ALEEE LT
T B0,

Y 77 X< Toxoplasma gondii 1%, 7 ¥ =27 L7 YPICJET 2 MEMRERTE R
a7 VU LEERTH D, T gondii 132 < OBWAEHYB L OFHITEGL, & MIAE
HSmIRYYIE 2 5 S 2 97[26], EAREOE ETIIMEZH R L, FrEROEEERLS LT
DR EE ORAERE LR S 527, £Oa=—7 RN IR, EEERN T
BIERIZDP LV ERET AT IT 4/ A4 M LTAEEEDZETHD, T gondii 1%, F
ME EOMBRICHTFET DEIET T T 4 VA B L O ORKEFIC L » THElt S 285
Mt A — 3 A b OB KRR T D AlietE 3 & 5 (28], 70 gondii JE&G: D A9 ) A 71
S ALNIEFOTHIESNTEY . SWFF—ER DS I AMERK T MRARICE
TR EZ RIoT 2 PRI TWA[29], F7o, ks /) AMENTICE D, s v E
DEEOZEICHF S L TWEZ ELHLMIERTWS[30, 31], LRI, T
gondii DIFIFMEIZE STEETHD EBZZ LN THWDHEN, T gondil D% TOEIHZ
FALORREIIARHATH Y | IO R & DZERIZONTHBETLILERD D,

AWFFETIL, FRIEMEMAED O 720 CHREEAEY & U CBNMIED B. fragilis, 1= B %4W
L LT T gondii 3N, ZN5HD7 ) Lk HAWTIEDHRER 2K HT 5 720 O AT
EiTo72, EOHEKRIROMBEICIT, &7 2 /B A hOME(LRH Tl % (2 HIRIRO K
HS IR 2R e BRI K D iz AV, HEMEO B E 2L L2 FE L, £,
EDBHRBRMBILSNTZT I YA MTHOWT, Z U7 BEOSEHEE L ToRE%
AT L, & 280 ERE E OREA B LTz,



I. #Peke ik
I—1. BFCANWES ) 27 =&y b
Bacteroides J& 8 EHFED 7 7 LAFcHIL. FASTA 7 4+ —~ v N THREMEW 7 7 & (IMG)
T —H#~_—2A (http!//img.jgi.doe.gov/cgi-bin/w/main.cgi) HHX 7 a— KL=, £z,
9 %MD T gondii LD Neospora caninum, Hammondia hammondi 77 7 AEEFIIE,
ToxoDB database (http:/toxodb.org/toxo)/»H X 7 v— R LTz, A4/ Y a7 Ol
ElX, OrthoMCL (v1.4) [32]%{£H L C, BLASTEffDOH v b A7 1058 LN 1.5 D
AT b= a N T A=A —=TE T LI, Bk = R E721350 =2 Ko L0 EWELS
ERIOBIEIL. TOBROSHN LR LTz, RV KX, Vennerable R /Xy 7 —
(http://r-forge.r-project.org/projects/vennerable ) TIERL L 7=,

I—2. BETI7A VAV b, MABIBH, 3 X UREM DOIER

RV T7AZ—IZTNV—TbEnizaTBarAnvy a7, 7 v 22 5 MUSCLE [33]
HDHUE, PRANK [84]% 7 7 4V FRETHER LT, 2ET 74 AV MaedTo0, &7
TA A MER R LVTEM L, £, 7 BRELYI) B HE RS~ DA
PAL2NAL V7 b7 =7 /3y r— P &l L1=[35],

FAAMLZ 232 T T B AR AR O L & 1T E Bl H|NF — R DT, IEDOERRR
OB OHEE B L 52 5 Z ERRBEEIN TS [36]l, D7, HyPhy 7'r 75
2 [37, 38]% v 7= Single break point (SBP) f##7. & % % GARD algorithm % Fv»
T, MMz DR ZEIT - 72,

KB DHALRKBER ZHEE T 27201, aT@s 7 7 A X —) L 2 & is 1
I TAR—FRANT D LTI VER SN AN Y a T I TGRS —DT T A N
—ORINTHEAE LT, R E L TH LN ERSE AR Z T, PhyML (Phylogenetic
Estimation Using Maximum Likelihood) 7’7 7 7 A[39, 401% GTR+ v L E#H £ L
DT TFEIT L2, 7T FHAR— KL, PhyML 70 7' J ACEESNTZ ) 3T A b
U7 T - BRI (SH #20 O RILERBE (aLRT) ZEH L TR L,

0—3. EDHRBROKM

B b5 % 72 PAML version 4.5 & % WM version 4.7 [41]® codeml 7' & 75 A%
LTV ZET 74 A b6 BREROBR 21T - 72, #EEITHW T IRERE T LI,
site model & branch-site model T& %, site model (%, RHEEEKIZONTT I EEYA b
T LICEORROBHEIT S HiETH D [42], BB L Tix, ke T v (Mla
model) & IEOZERET /L (M2a model) DENZEI TR ZFAT L, Wi O LR 2 Mg L
T x *BEZTT 9, branch-site model Tix, KM LDOH S5 1 DOMLRRIKIZIIT D HR
FIROMBH 2 A[REICT D720, TArdE(LET /L (Al model) & IEDERET /L (A model)
DFFEZ B LT x "REXTT I HFiETHD [43],



]%MLT@\:@%ﬂ%ﬂ@%%»ﬂobf@ﬁ@ﬁ&ﬁ%méhémf\:m&%mw
TRELREZITV pEAFHHER L, pEOFEIZIZ, PAML BT % chi2 7'r 7T A
R L7z, BAREIRORE (BINE) 1%, R %?ﬁ/ﬂ SEfL (AN/dS=w) TERIIL,
oN1EXYREVE (0>1) TIHEOERZZITTEY ., 02 1O (0=1) IFP3ntfl,
0P 1 RVPEVEE (0<1) FAOBRREZITCND I EE7RT [44], PAML TiX, 20
o DPIE S ZNENDET MG L THEE SN D, FEFED codeml 7' 1 77 L0 chi2 7
177 ADFATTIE, RTCOEBTFDOLET 74 Ay M L T T 20N B 5
722, Perl TRZ U T 7T MEER LT, &7 00T AEEkIAT LT,

L EREAM LI, Benjamini & Hochberg [45112 L » THIE SN -FIEEZEHA L. gffiix
R 7n 77 A0 QVALUE =MW CHI L=,
(https!//www.bioconductor.org/packages/release/bioc/html/qvalue.html)

OI—4. EQOBRBREZZT1-T I/ BY A FORE LT

codeml 7' 7' J A CIEORINZ AIHEIZT 5 ET L DY;4A . Bayes Empirical Bayes 7 7
P—FEMHA LT, &2 RUBEOBRO T Tk L7z Fikies (PP) MiHHE S5 (46],
w>17 T RACHETDHET X JBENTPP BRI WT I JRIL, EOHKRERNZZITT
T LHEEEND, AFETIE. PP>0.95 DB v bATEEMA LT, Zhll ko PP 1%
RTT R BEEORIRTOT I ke LTRELE,

IEDERZ 2T 127 X B OB FRINER D221, TreeSAAP 3.2 7w 7' L&A H]
LCHEE LT2[47], 207 a7 T 2, RO 7T I BEIZE S # v X7 oW
M%%@h%m%%mb\&O#@#E%E o TH NI ERIEA~DE BB )N
T 5 HERREL UL, GRF 31 OfENS TOVE(LFNT 2 /BB EO LR B RE S,
1~8DAaTNEZBND, AaT 8 Nk bBEERE(T, AT, BRARZHEER
FIIMEENZEN (Trbb, 2a7 6~8) T 7TV —0D7 I ) BELD I % Bt
L7,

I—5. %37 EO 3RFTELIERERT

EOBRREZ R LEBETICEsTa—NahieZ X7 B0 =%t (3D) HiEET V%
HEELT 57212, Phyre2 (Protein Homology / analogY Recognition Engine) #—/3—

(http : //www.sbg .bio.ic.ac.uk / phyre2 / html / page.cgi ?id = index) [48]Zf#f L CT7~
EFro—E7 U T ELITo -, AL TiE multi template T17 9 intensive mode DFFHE S
HEHW, ZOFHREHETIE, —HMOMEEIT ab initio B X > THEESNLH R, Z X
JEOPMEEEH/DL LN TE D, HEE I FEEIT, — ARSI TWD o FRAR
7'u 77 5T PyMOL (https://pymol.org/2)2 X » TFR LT=,

& X7 IZHOW TR, EDRAS R AL OHEEERIT T2, T RAA FRNZIE
B A N Z v Fo#E » B IZIT 2 5 PRED-TMBB % %] H L 7=



(http://bioinformatics.biol.uoa.gr/PRED-TMBB/), & 5 #L7- KA A VEEDO T — X 1%,
TOPO2(http://www.sacs.ucsf.edu/TOPO2/) T, 7 2 /B Z L 123K L post script 7 7 A /L
WRTE LT,

I—6. BEFAY baP—BIOT ) vF A MET

IEOERPB M SN B s OEM PR Z BT 572010, BinFAr hed— (B
BFER) Lx2DT U v F A MENTZAT o Tz, ATV B FIERT — 213,
Bacteroides | 2o\ Clix, COG (Clusters of Orthologous Groups) H¥BE/FAIZ K 2 E 5T
HEREZ IMG 7 — 2 _X—Z2A LG L THWE, % COG 2% T %85 11X. Perl script
THRE-FEL, =V vF A2 bOFEMT HRE CHE Lz, ToxoplasmalZ>\\T
IZ. GO 7 = U —o BP (Biological Processes) ™4 > k1 ¥ —5—4 |22\ T, ToxoDB

(http://toxodb.org/toxo/) NHEftd 2R FERY —VEZHEH LT, 77— X—Z L TfE
Wra 52kt L7=[49], GO 73V —D %> b U —27 FRiX, Cytoscapel5017° 7 71 >
Enrichment Map[51]1ZfiH LT, GO »7 2V —[ CHA SN DE BT DOEITFE SN TH
HIZEET 51y NU—7 B LT, x>y hU—7TIX, GOH T TV —F/— K& LT
AE, SRRV 7Ty VR, BaFREAICL o TERINIZGO BT T —D
7 aAh—27 &2F#K7T[62],

O—7. ERELMENT

ARFIETIT - 72 < OFHELEH L, VMware player EIZ#ZE L 72 Linux BRETH D
CentOS THEIT L=, £ CHOAZ VS Far/F A, Perl 5 Citat L, Linux ET%E
1T L7z, ¥£7z. HyPhy <° codeml 72 E D RICERHAZET 57 07 T A%, HERIFEE
PG TERL DN FIFHE Y — N — (24 CPU) F 72134 B AHHREE Y & — 2 E L
FH Y AT 053 BAESIR Linux HAE Y — (HX600) ZFIH L7z, 2 b OFHHEHE T,
AIREZR S AITIT MPT XS & 2 B Z2AT o 7=, (I AFFETHUW =327 Perl 27
V7 N&fgd L7z (Appendix 1),

Il. Bacteroides fragilis \Z 2o\ T DHFFERRE

I — 1. Bacteroides|B=7 7" ) LDWEASHT

A58 CHW = Bacteroides J& 8 HFED 7 ) NIHOWTC, K 11Z/8 L7z, Bacteroides J&
T LD A X (HEEEE) 1L BEAYORMEE KB L THA) NS U B a
— T 28I 3,436~4,917T Th o7z,



1 eIV Bacteroides J& 8 HfED /7 ) A

Bacteroides strain GenBank No. of Genome size GC%
accession No. CDS (Mbp)
B. fragilis 638R NC 016776 4,417 5.373 434
B. fragilis NCTC9343 NC 003228 4,403 5.241 43.1
B. fragilis YCH46 NC 006347 4,730 5.310 43.2
B. helcogenes P36-108 NC 014933 3,436 3.998 44.7
B. salanitronis DSM18170 NC 015164 3,838 4.308 46.5
B. thetaiotaomicron VPI-5482 NC 004663 4,917 6.293 42.9
B. vulgatus ATCC8482 NC 009614 4,195 5.163 422
B. xylanisolvens XB1A FP929033 4,466 5.976 41.9

CDS: Coding sequence; ~ GC%: Guanine plus cytosine content.

A B.fragilis NCTC9343 B B.fragilis NCTC9343

B.fragilis 638R m

B.fragilis YCH46
B.vulgatus ATCC 8482 g ctaiotaomicron VPI-5482

C B.fragilis NCTC9343

N

B.salanitronis BL78

B.xylanisolvens XB1A

3 Bacteroides B OBI&T-IH



OrthoMCL #ff LT, Z4 5 8 D0 Bacteroides 7/ L2 TITAFAET 5 1,275 H DA
vy a 7B EFHEREL, INOOEEFHEa TS Lk Lz, KIZ, OrthoMCL H
L > THLNLEBBETOaL T YT —7 I ESWT, 8 WO BIR TR O R %
a7z, ) 310 & 912, B fragilis ® 3 SO [FRFEOEER TlE. B85+ D% 75% (3,282
) ZHF L Cunizdy, MR o i T3t A & FIIEac oot £72, B
fragilis & BB T 29551 Bacteroides #Céh 5 B. vulgatus 3 X B.
thetaiotaomicron [19]0 3 HH TO LTI, 2,004 8O I@B A2 W2 sz (X3
B), Ziuzkt L. B. fragilis & FEIRIFNED Bacteroides ¥ T# 5 B. xylanisolvens &\ B.
salanitronis WO EE T, HBiEE 1340 72< 1,497 CTH -7 (K3C), 9 Lizdk
BEETEORY — 0%, R R 2 2 RICIE R L TR NI &

(4 4). EEE TORIE%ORFFRLSOBER ORRENTFRIND, JREMEZ 85 L72E
FEM CIE, MRS M ER BRI B OBE FME DN T D AREE S H 5,
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— B fragiliz YCH48
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4 Bacteroidesis J& 8 T D 34 itst

Tfast BIR U233 o EfetE 232 L TR Y, 1.00 XIEIE 100% DiERE2 R,



51%. 8 DD Bacteroides 7/ LA TCOBIG DAL R L TCWD, 7/ LAEBIEFD
46%I1X 1 DDF ) AORFELTEY . TROIRRBRENELE T CTH D, RFFFRY
BT OWIZZ DL, 8 DD Bacteroides 77 /) L& TICHA SN TWHEIEFT, 7/ A
BRIEFD 13% % EDD, ZNEN 12T HO=aT 7 5Thsd (M5), a7 5 Aid,
Bacteroides J& CHAH THUIEEIEICE D> TWD LHEE SN D, 7. R RNES
FME L RNWZSD Z &L, Bacteroides J& D H TR & 2 WX FEKE OMRE L E LW 2
LR LTV D,

5000

46%

4500
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3000

2500

Number of genes

2000
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1000

500 |

12% 13%
I i l
2 3 4 5 6 7 8

Number of genomes

5  Bacteroides J&F] T D@15 4
Bacteroides S BFE DB FZ IR L, @ T2 BIGF A7 T AGT LIz, —BEIT 1 DOBEBEDHIIF
ETABETTHD, —BAIORLESHEEETCUIFELEZ 127585752377 /) Lk L,

a7 ) NEfA Ry NNORIR X F IR S TAREDSRFHEE S L ONE DRI
fRHT I B4 5 AT REME 2 HEM 4 5 7212, HyPhy [38] T#%E & u7= SBP fi##rks KOV KH 7
A N&EMFEH LU, Bacteroides i[O 27 77 ) N&In T OFHLZ OF IOV TN, 2
DHFETIE, B—DMBZ T L —0 RA v N RET D EEET NV &, MMz 2 0E L
WET LRSS 5, HyPhy 98 Tk, 1,275 HO =27 7 ) A\ IaFD 595 61 HOHRT p
f<0.05 DFE ML 7 L — 27 RA v b3 S, 2D O/ BIE 1T, @E O
IEDFRFENT OBIE TV A RO OIFEBRA L=, ez 7 L— 27 R A F&BICL T2
OBETWITHEI L, Blx 2 ED BRI A 3141 L=



Il— 2. Bacteroides DIED BRZBIR O

8 DD Bacteroides T DO HELHIBIR Z FN 5 72 DIT, X Blo F AR B SN2 7T
7 DBIGFICEDSW TR A HEE L. (M4), ZoRFMZERNL T, PAML /Ny 7
— VT S U7z branch-site model TIED HSRBR O 2 FAT L7 [43], &k & LT,
EDERIL 4T D Bacteroides J& D RN 0T > TR OENTZN, B TEHE LWIEHDE N
bolo (£2), EOBRBREZZ I BB P ROEBMEHINIZOIX, ENEh B
salanitronis & B. vulgatus ~%E5H#ELRFETH 7=,

# 2 4 Bacteroides FE~ZE 2 /LR KE TR S IED B AR

No. of genes with

Percentage in total core

Lineage evidence for.' positive genome genes (%)
selection
B. fragilis * 52° 3.8
B. helcogenes P36-108 88 6.9
B. salanitronis DSM18170 167 13.1
B.thetaiotaomicron VPI-5482 10 0.8
B. vulgatus ATCC8482 164 12.9
B. xylanisolvens XB1A 7 0.5

a : B. fragilis 3 ff~ & 2 2 HEALRRI
b : fHAHE BB T E BRI LB R T2 ST

B. salanitronis ~OHECREEE TIEDOERAHH S 472 167 M OB F1X. I E £
a7y ) MBI TFD 13.1%I2E L T L TCWe, £72. Bxylanisolvens & B.
thetaiotaomicron i C, TEDERDR éﬂf:ﬁ{fx%éﬂwi‘%d\’@&)ofcc TN ORER
(T, SRS EICIEDEIR FIZH 5 BInF ORI 6 OFFFHIIZIFRAI L T D 2 L x
RLTWD, LER-T, EDOEREZ% 7‘7’:@43?@%(75)9@% B. xylanisolvens & B.
thetaiotaomicron O ZFEIIHEL OB N BN =D THDH EEZ HNS,

WIZ. B. fragilis DIRIFM & BRERIROBE# A 50T 572012, B. fragilis ~- £ 5

MR CIE DRI H S T2 18 T DO FE 72 fi#HT 21T - 7=, branch-site model & K3
HE (FDR <2%) IZHASNWT, Git 48 OBIE TR IEDRIN FIZH D L RFE SNz, S

Do, Mz BIE T2 7 L— 7 KA v M THE L/’Cﬁﬂﬁ LTRSS 4 DOFHE 2 s T
DIEDOBIR G R S AL, BB 52 [HDOBIE FIZIEOBRB B Sz (F2),

10



# 3 B fragilis ~OH#ELRE CTIEDORR A M L7- 52 Eis1

Cluster
1))

170
462
697
269
471
787
1083
169
644
1136
268
726
745
168
832
189
978
535
904
1205
851
973
340
1059
465
770
1206
596
626
117
163
1114
180

COoG
a
category

[S]

[P]
(P]
[S]

[S]

(P]

[S]

(Ul
[H]
[E]

Gene annotation
tetratricopeptide repeat protein
acyl-CoA dehydrogenase
two component system sensor histidine kinase
lipoprotein
ferredoxin oxidoreductase
hypothetical protein
TonB dependent receptor
TonB dependent receptor
membrane protein
alkaline phosphatase
hypothetical protein

two-component system, sensor kinase

Na'translocating NADH-quinone reductase subunit F

DNA topoisomerase [

dipeptidase

polyribonucleotide nucleotidyltransferase
hypothetical protein

amidohydrolase

oxalate/formate antiporter

formyl transferase
O-succinylbenzoate-CoA ligase
glyceraldehyde 3-phosphate dehydrogenase
phosphoglucomutase

DNA polymerase III alpha subunit
aminopeptidase C

RNA-binding protein

acyl carrier protein
amidophosphoribosyltransferase
glucose-1-phosphate adenylyltransferase
outer membrane protein/Omp85
protein-export transmembrane SecDF protein
riboflavin biosynthesis protein

aminopeptidase
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24InL "
37.49512
33.69269
31.02918
29.99908
24.33866
24.30007
23.01494
2220886
20.10175
19.83070
19.71620
19.15439
17.71081
17.14196
16.41834
16.28441
15.82599
15.75123
15.67711
15.66830
15.61942
15.58608
15.48465
14.90654
14.77003
14.30354
13.54749
13.52283
13.49570
13.38540
13.23510
13.17641
12.93830

q-value ‘
1.16E-06
3.47E-06
9.65E-06
1.24E-05
0.00015903
0.00015903
0.00026584
0.00035391
0.00094479
0.00094577
0.00094577
0.00116340
0.00229070
0.00286911
0.00381506
0.00381506
0.00396907
0.00396907
0.00396907
0.00396907
0.00396907
0.00396907
0.00401333
0.00523281
0.00540919
0.00643397
0.00893195
0.00893195
0.00893195
0.00917682
0.00964147
0.00965289
0.01014399



1153 [O] peptidyl-prolyl cis-trans isomerase 12.92560 0.01014399

361 M] hypothetical protein 12.64840 0.01145469
1245 [E] dipeptidyl peptidase IV 12.57262 0.01162270
788 [P] sulfate adenylyltransferase subunit 1 12.44627 0.01166327
702 [M] penicillin-binding protein 1A 12.42766 0.01166327
399 (1] cardiolipin synthetase 12.30724 0.01215106
868 [O] META domain protein 12.12239 0.01311172
611 [E] aminopeptidase 11.98312 0.01334565
311 [V] ABC-2 type transporter 11.97787 0.01334565
816 [M] transmembrane glycosyltransferase 11.96647 0.01334565
423 [M] hypothetical protein 11.80581 0.01424485
1013 [C] NADH-quinone oxidoreductase chain C/D 11.71577 0.01464575
506 [U] signal recognition particle protein 11.61612 0.01514261
915 [U] tetratricopeptide repeat protein 11.35812 0.01705632
946 (1 YegS//BmrU family lipid kinase 11.09953 0.01922939
186 ¢ [R] hypothetical protein 25.71775 0.00011435
176°€ [F] phosphoribosyl aminoimidazole carboxylase 14.93504 0.00523281
1095 € [V] ABC transporter 13.62999 0.00859239
1192°€¢ [1] translation initiation factor IF-2 13.64192 0.00859239

a: X6 TRLECOGAT I —4%H
b+ L FERRAE OREEHE
¢ : MR BB FITB W TIEORRZ M LI T

K 3ITRT XL HIC, B fragilis ~& 5L CIEOBRD T S vz 52 HOBE T
(T, ZARABEREICEE > TH D . 20 @ COGHEREH DO WY LT D, K61
X, & COG H CEDERREZ T IZEE T E2EBE TN EDLELER LT, B fragilis %
W CIEDEIR 25 1F 721815 11, [Lipid transport and metabolism|. [Intracellular
trafficking, secretion and vesicular transport], [Defense mechanisms| ® 3->2® COG
7T —IZELEFENTEY, 2EETORERE KL TRIPVIZEAEE T2
Bl —IERE p<0.05), —J7.COG # 7 = U —ICell wall/ membrane / envelope biogenesis |
TIHEOBRRZZ T BETHAEEICSZWDEITE A0, BEFERN MO COG 77
TR T BB CORAEMEIET 2 NV Bha— RT 52 ENRRBISN5HE
LFiEZ (£3), XIOBIEFERND, 52 DIEDOBRIRP M S/ Bs DT 17
il (33%) OBInTNRIME/MHEICBIET D Z L BHEE S/, TR D ORRIE, EDE
Raez Tl o2 o7 EhaRmc g L SUIRERIZRET 5 2 & 2 LI LAET
DY) BT A RHFFEE —E LT 513, 53, 54], AHFIE TR L2 IEDFERIR A 5 T 7=
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Jel 2 /M B U 7= 8 5 1%, B fragilis 77t b OSSN CHLOME & AT 5720
5 L7 HRIES0, 18 LD v AT A~OH)G 78 EI2FE LT D afRerE2s K & W [55, 56],
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COG Function Category

X6 COGHBES A
EAONIEGFRIAD N T TV =54 T, FAITEOERZBE L 52 Bl FOh T IV —S a2 7T,
% BIRTEEROSAM LI LT, 52 BT CIEDBREARICHRE LT IV —%

Il— 3. Bacteroides % > 737 B D 3 IRTTILBIEERRHT
IEDBRPRTZTHENC SOV T LD ZL DIREZ/[TL 70T, 4 "7 ED 3D ET /LT
EOBRREZF 2T I 7 ifiEd~y ¥y 7 Lic, MilRKRm/MEICEL B8R T DL NIE
DERZ R LT=D T, B. fragilis DAMNEIZJFIET D 2 DOREM 70X 7 HITEREY
<7 7121, Phyre2 4 —R—%ZfHL7=FAERrV—FT Y U JIZESV 2, TonB
dependent receptor (& 3 @ Cluster ID 1083) # & O) Outer membrane protein/Omp85
(3% 3 ® Cluster ID 1117) @ 3D #i&iZ R L7c, WD X /37 HE B AL UEEZ b
DIENFEETHY . ZO/NIWV gENDIRVIEDBIRZZ T TND Z NS (K3),
Bayes Empirical Bayes 7 7 v —F & | L7-fi##r 7> 5. TonB dependent receptor @ 9 -
DY A b 212L, 267P, 391M, 424R, 473S, 537Q. 561R, 575P, 610L /X, branch-site
model O F TEWHZHESE (PP>0.95) Tw>1DEDRIRAEZIT-2 L3MHEE Sz, =
N6 9507 X B A k% TonB dependent receptor @ 3D #i&E LIz~ v B 7§25 &,
TOOT I @AM —TITAE LT e (KTA), BENO BEERICHE T 2571
$. 2 ODOIEOBIRZZ T 72T X BRI EEDO B DMIE LTz, 81213, TonB dependent
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receptor DRI R A A » EIEDBIRZZ 1F7-27 X/ a2 EIoR L TV 5, Omp85 T
1L, B—0D7 I BEERAL 829A DA TIEDFR IR S 417z, Omp85 D IE DRI &
faskL— 71 hE LTz (K 7B),

7 TonB dependent receptor (A) & Outer membrane protein/Omp85 (B) @ 3D Sz {A#iE
EOEIRE M U727 I/ BRA 66T 3D MR BICR R LT,

HI/EE T2, HME D TonB dependent receptor D EE/2&KE L LT, FePE# I Big
7 ERE e IR B ROEBR I EY IARICED D T E MBI BT I TV B [57], TR
DIEFEHRTOELFIE, HEEBET 2870 EORBRELEST HRENITEKTT H7-0[58],
TonB dependent receptor (FJEJFIEIZ & > THEETH 5 AlREMEN B 5 [59], BIOWFIE Tix,
B. fragilis ® TonB dependent receptor 2’ME~7 7o x 7 F o LFEATH Z EREN
TRV, 5 EMkE OEES T & L THEBIE L TV D AlEMEARIZ STV 5 [60], AAFFET
7~ L7z TonB dependent receptor O IEDEIR X, ME NS/ L BT D MlasioL— 7 Tz
FETWe, Lo T, EORREZITLT I/ BRIT. MENMREA, BT DEOMFE
70 528 38 DRIRAE T~ D ICHE RN R T 2 L b RPICTREND, &
HIZ, REHUFEE LTD Omp85 1&, 15 R EHHEMEM L, RIGE TIEDOBERA M &
noZEndEsnTnd, (61,
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8 TonB dependent receptor MHENI K A A >

TonB dependent receptor (Cluster ID 1083) ®7 I /B4 i ~T, MEBEOFEAHEAL Lz, FW»
HIZIEORIRZRH L7272/ BERT, HATHRO EABSMIEs <, ATRO THRRY 77 XA, AT
BROHFER Gy S IMEN % 77 T,

IV. Toxoplasma gondii \Z- 2o\ T DRFFRRRE

V—1. T gondii LiTEE2T 5 /) b O HLBSRIT

AFFETHWZ 9 %KD T gondii & 2 EFFED T ) MTONWT, K AIR LT, T gondil
L OTAFIRD 7 ) WA X (HEH0 13, R D Bacteroides 77 7 M H~T 10 {52
FEREL, ZonyBea— 28678 7,122~10,122 Th o7,

LI OWFFE 31, 62, 63]. Neospora caninum & Hammondia hammondi 1%, T gondii
BRI LB TH Y, ML bIct M L TIHREMETH D 2 LN LM
INTWS, £Z T, 320 Toxoplasma %t T 5 T gondiiMEA9, T gondii GT1, T
gondii VEG |Z Neospora caninum & Hammondia hammondi %N 2T, &7t 5 FEOR
07 W W TRIEE T gondi i~ DAL EE TIEDER 2 2 1 7o 8 s 7 O 217
o7, AN OrthoMCL 2 LT, 5 5D5 /) AR TUHHET % 5,788 fHD A/ Y 1 27
Bl FZRE LT, 612, ZhbaTy /) LBy NN TOMEZ 23 IEORER T
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B h 5 2 DRt 2 HEBR 5 72912, GARD algorithm % W CRLAME 2 O HH 21T
S72, 5,788 HD T 7 ) ABERTD 9 H 1 D7E1F T pfE<0.05 @ﬁ%f;ﬁéﬂ}ﬁi?v~7 I
A v BB SN, ZOMBZEE L, 32— FESIREEZ R U7 IEOSBRAENTIC
BENTHRY, Fo, BB FEZRE{K SN2 T 7 ABEFITESNT, 59
DR ORMH A HEE Lz (K9),

F4  WFERICHWT Toxoplasma & TigFO 11 7 ) A

Species Protein-coding genes Genome size (Mbp)

Neospora caninum Liverpool 7,122 59.10
Hammondia hammondi H.H.34 8,003 67.70
Toxoplasma gondii GT1 8,460 63.95
Toxoplasma gondii ME49 8,322 65.67
Toxoplasma gondii VEG 8,410 64.52
Toxoplasma gondii ARI 9,958 64.69
Toxoplasma gondii FOU 10,117 64.53
Toxoplasma gondii p89 9,701 64.16
Toxoplasma gondii RUB 10,027 64.96
Toxoplasma gondii TgCatPRC2 10,121 64.19
Toxoplasma gondii VAND 9,255 64.27
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X9 S5FEBEORMER Gk
Fffiht EIZoR L7z 100 &0 D #etid, DO EfEEE R LT D
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Z OFA A LT, PAML /Ny 77— U232 72 site model & branch-site model
20> T, IEDOBIRDOENT 21T > 7=, Site model TiL, ¢fiE?D 0.05 ZFKEHEL L CHIE L=
fEa, EOBIR 22 T -8 a1 & LT 261 OBIGFMNEE Sz, 261 OEEFD4TIE,
Appendix 2 |28 L7c, 2RO EDQBRMP R SN ZBIEFI%, 5,788 ©a 7T 7/ MEs+
T—HEy D 4.5%IZFY L7z, XHRAJIZ, branch-site model TITIEDEIRD R S 4
7oA 113 site model 1ZE L o7y, R TRESEBH L Tz (K 10), ED
BIR FI2H D8I+ 0EIE. H. hammondi (X 10, Hh) B X O 7! gondii (X 10, N - T)

ICEDELRIBICI > TIRR TH > 72, il ORFETIEDERIR FIZH 5 32 (HD#E{x 1 (Hh)
EBLHEDOEET N-T) X, a7 5/ L %%@11%Lmé¢5(memx3uLﬁ
FUANERLE), DETIEH LD, T gondil RHEN ﬂﬁfxijtﬂ’f HIEDEIREZ T 128
sy wtémto_ﬂ%@ﬁﬁi\ﬁm_t®E®ERT % B I5F DEITHE LR
BOEIIIZIFEE#E LB (X 9. T. gondil A#EWVCIE@@?R B O DD 72
W DI ORI N E N D THDH Z EER LTV D,

Hh : 32 H. hammondi HH34

Tgg : 4

T. gondii GT1

- 31

192 1 gondii VEG

G-VM:1

19M:2 T gondii ME49

N. caninum LIV
Site model : 261

10 5 R RO R & A HELRREE TOIEDOBIUR K
BRI O TEIL, EOBRRZBH LIZEGFETh 5, ZORBHE, LR 2 B L TUVZ2Ru,

IV—2. EDOERT TOREGT OBRERN ST

IEDRIN %52 1T 1218161 & Toxoplasma Ji)FMEE OREH Y ZH ENCT 572012, IEDiE
RErmTBETIVANDOBTAF L IrY—2x2 U vF A MENT 21T - 72, Site model
T, EOBERZZITTZBIEAI1E, 36 DEMFHI T mrv A, 43 O FHEEE. 2 DOMEK
DEGULEF 8L OGO W T A Y —IZHEICEEL T\ Z LA -7 (Appendix 4), £
Wy 7 A0 EAL 5 5D GO 717 2V —|d, regulation of metabolic process (GO :
0019222) . macromolecule modification (GO : 0043412) . regulation of catalytic activity

(GO : 0050790) , regulation of molecular function (GO : 0065009) 5 & O regulation of
macromolecule metabolic process (GO : 0060255) T o7, W THEREDK b EE 72 GO
#17 =2Y —|Z, transferase activity. transferring phosphorus-containing groups. catalytic
activity, phosphotransferase activity, alcohol group as acceptor. DNA-directed DNA

polymerase activity 35X U nucleic acid binding transcription factor activity T -7
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(Appendix 4), Branch-site model ® 7 gondii ~%E % N - T #{t#K (31 Eiz+) DO
BT 8 POEMFHT mE A L 1T Do fHRe L BTGt 25 © GO 77 41 —7T, 1IE
WIRIRENTZ BT ARICEE L WD Z L 2MiE-7- (Appendix 5),

GTPase mediated signal transduction

Biological function hydrolase activity

RNA biosynthetic process regulation

11 Site model TO GO HT IV —F v hU—Z7[X
Site model CIEDERZME LB TFD GO HT Y —RNED L HITEHEL THANIZONT, X v
FU— 27 K CFRLT,

EICERIRS N BB L AW TFRREE & OBEZ L0 @RI R T 72®12, Enrichment
Map # W T GO B 7 3V —DBb Y #E£ T3y hU—7 XE2#EL L 7-[51], Site model
T SNIZBGFIZONT, K11 T Y —HOBREZ R L TWD, 4 DORERY
TAZ =D S, & GO A7 TV —[HTRIE IR Y OEENBIE SN, TKRKD
7 IAZ—=TE 14 O GO BT AV =g EN, TH D% < IE RNA A AT B L
TWe, 2FHDOZ ZAZ—IZ1IX9250D GO B 73V —nE Fi, GTPase /- L= 7 )
MEEEIZIR B E G LT, 3FR L 4FRA DY 72X —IZiE, TNEHINKSfREESR

18



G & & 78 VEBERIZED S GO BT TV —NEE N/, —J . branch-site
model @ 7! gondii ~% HHE(LFREE TIL (N-T), ¥ >/ 7 B0V ER{HES & il 5 115
ERT2OD/NERT FAZ=NEKRISNT (K12), ZNHD 7 TAZ—DHTIE,
PRI LSy 7B GTPase 72 Sl Lo T s b v 7 vinEic BiET 5 GO
AT IV —PEETHDZENRDL, BRENZ LIZ, 29 Ly TP RE#ie s a9
HHUNTED1OTHDLHE NI EX T —ER Tgondu 2ME EIR AT HERICEE 2%
BERETZEABESNTNS[64], Lizaio T, EOBRIRIC L > CREICHE L TE T
BIRTREE. T gondii O 7 IMMEEEIZED > TWDH & L BT, 21D DWW DM E E-
JEHBAAAER VAT DOBHEELRERN TH S et RS,

Protein phosphorylation medification Regulation molecular activity

12  Branch-site model T» GO h T IV —x% v hU—7
Branch-site model TIEDEIRZHMH L7-BETD GO AT TV —NED L HIZBEE L TWD DD
WT, Ry NU—ZRTHERLT,

V—3. T gondii 27 %/ LA TOIED BRBROBRH

T gondii N CIED HIREINEZ X 5| Cﬁiﬂﬁ R T 572912, 95D T gondii il %
MDT 7 baBRL (F£4), 97/ DETIHET S 5364 HOA /LY v VBInF 2R E
L7, Ao GARD algorithm & KH 7 A M &M LT, 92D T gondii 7/ LM TEIE
FHROFMBRNZ ST LT, MR DT LHEE SN D BIn T, 5364 =277/ L
BIETH O 86 T, pfEi<0.05 THEMBMMZ 7L —2 KA MeMmtiLiz, 2 b il
i 2 &5 1 Z BRI L7=7%. branch-site model % T 9 2D T gondii ZHZE DK EL
FPRBEATID o T IEDIEIROfRHT 2 F i L7z, A L2 RBBHE, 27 7 L0 6 2 8 R
FEBRWEHERESIOHEE L, 1 EH LT D (BRI 2 L7z (X 13),

AR O TIE, ¢ fl<0.05 DT T, & T. gondil FAEIZE 5 LRI CIEOREIR A
LT T EHEE S D 2~20 OB FBFFE SN (R 5), EOBREZM LI-EEFIC X
S>Ta— RENDHX X7 EEMIZIL, secretory pathogenesis determinants (SPD) [30]
EXiEng, RS T gondil OFFYEIZEES Z ERNMBNTWAEL L DFUMH /X7
BEIIEmSY RXTENEGENTZ126], T gondii © 9 RHITEDETOENEKITHB W
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T, D7 Eb 120 SPD BIEFRIEDBRIRFIZHD Z LML (£5), £OMODIE
DR ZZ 1 -8 in 7 & LTE, 18 ERABSIC B ORRE66] T b O El %2 Fi-9 2
E DB LTV D plant-like AP2 transcription factor <° oocyst wall protein (£ 5) & &
BEIZRWE ST, 2O OMAEI, IEOBRIRN S F I F 2MAEM O RYER-F Dk
[CHERERZ R L, BERREBEOERERA D =ALTH D Z & 2R LIZURTO S
JBTA RWgEL —BL TV 2[67-69], s o RV EEFRES R EEea— T
LA OIEDORIN E 27 bix, T gondii NMEETHDH e MOBEE2ELIEFIER
RIHICZET 2 BREICHEIE LEAT 272OICEETH L EE LB D[26],
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13 9FEMHD T gondii il BT T D RMAs
% o EOERMHIZH W 9 DO LI
Rt EIZ7R L7 100 &0 ) #eid, DO EREEE R LTV 5D,
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#£5 T gondii ® 9 R/ TIEDRIR %25 ) 7851

No. of ith evi . ok
Lineage o0 genAeAS " ev1flence No. of SPD Positively Selected SPD and Pathogenicity related Genes
for positive selection genes
g -value < 0.2* | p -value < 0.01 p <0.01
o —. SAG-related [SAG-related
Toxoplasma gondii GT1 8 24 3 RO!:‘])(’)P sequence
SRS54 SRS16C
AP2 domai
MIC2- SAGHrelated [SAG-related [SAG-related - S9!
Toxoplasma gondii ME49 14 32 4 iated | sequence sequence factor w
protein M2AP  |SRS38A SRS59T SRS53D AP2VIILS
AP2 i
Toxoplasma SAG-related |AP2 domain- trans&:?n:ii):
Toxoplasma gondii VEG 11 32 2 gondii family A 1! o factor ’
protein SRS591 protein AP2X-2
rhoptry .
AP2 d
Toxoplasma microneme  [SAG-related |kinase SAG-related oocyst wall  |transe 9"::::
Toxoplasma gondii ARI 3 42 5 gondii family A |protein, sequence family sequence rot};in fac torrAlpPZX
protein putative SRS35B |protein SRss3D [P )
ROP37
SAG-related  [SAG-related [SAG-related Lwal | AP2 domain- ?PZ d‘?"t'f“"
Toxoplasma gondii FOU 2 24 3 1 1 d] Qooc‘):inwa containing t;i?i:r:];;l]]x
SRS30C SRSS3B  |SRSS4 o protein
rhoptry AP2 domain
kinase family |tr: ipti
Toxoplasma gondii p89 20 54 2 toxofilin e Eeely | e s
protein factor
ROP39 AP2XI-2
SAG-related :;zsjr‘f“t';':
Toxoplasma gondii RUB 14 53 1 sequence P!
SRS30C sl
AP2XII-2
AP2 i
pS L oocyst wall transi?“:;):
Toxoplasma gondii TgCatPRC2 5 43 1 sequence PN ks
SRSST protein factor
AP2VIIa-3
rhoj rotein G oocyst wall
Toxoplasma gondii VAND 11 49 2 Py P sequence bu
ROP18 SRS16C protein

% : Benjamini& Hochberg O #ifi IEAE
* % SPD : pWAFEMEDORER T (FHhDKE)
oocyst wall protein Z#& {4, plant-like AP2 transcription factor % fkt T~ L7z,

IV— 4. Toxoplasma % > 737 B D 3 RIT B EMRT

IEDBRRNZ X7 EONARFEE I RETHEZRA ST 5720, 92D T gondii %
TR ST EOBINE 21T 72 B An 1D 725> Toxofilin IZ7F B L7, Toxofilin i% 7!
gondii p89 AL TIEDERINBRI X TEY, SPD DI/ NV—TIZET D, £7-. Lee HD
HEIERFZEITONC L0 . SWRITEHEEDRNRE SN TR Y, 5 DDHfE Liza~Y v 7 AL
RIS L7277 FURS G2 T T 2 Z E NEIES N TV D, ABFFETO Bayes
Empirical Bayes 7 7'm —F i L 72 fi##r1C L AUE, Toxofilin ® 4 SO 7 X/ fHA b,
43A. 115V, 1661, 179F |Z. branch-site model ® F CTEWHF#%MHE=R (PP>0.90) Tw>1
DIEDERZZ T2 EPHEES NIz, (6., X 14A), Toxofilin OfEmIEEILT 7 F
LR b SN2 T R BRREIR 69-196 IZ DWW T ORI ST\ 5 728 ([70], Toxofilin @
SBDHE LOZ DT X VBERICEEND 2ODEORREZ T T I /YA Mae~vy e
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Y7 L7 (K14), M 14B 2268600 K512, 2 DOIEIRIRS =T I VYA b,
115V B L1661 1%, 3BEHBLOSFZEHD e~ v 7 ATAIE LT, KIS, EOR
RO ST OB E RIS OWTOIRREEZH LTI, 7 X BEROY LT
BIRFED AL DB E HETET 5 TreeSAAP 70 7' 7 A& L7247, iER+~_& Z kic,
PAML |2 X » TRE &7z Toxofilin D& THOIEDEREZT 27 I VYA M.
TreeSAAP (2 & o THELFHIRHED R E RO FITH LD Z LS/ (£6), T
72t T gondii p89 AN EDHEALIWME TR E 57 I VBEHRICH LT, ZhbDT 2
YA MIATT 6~8 TRERWEHULFRIRMELEL A R T Z LB BN o T,

#6 Toxofilin CIEDEIRZZF7-7 I /YA b &WE L FARME 2L

o values Positively TreeSAAP properties
(Proportion)” selected sites”

Amino acid Radical changes in

(Posterior

changes physicochemical

probability) properties®
0 =0, w1 =1.0, 43A (0.998) S—A Pa, Pc, Pt
=999.0
(o = 0.68488, p; = 115V (0.914) I-V pK'
0.29001,  p2 = 1661 (0.974) Lol PK’
0.02511)

179F (0.976) Y—>F F

a: p~mifowo~w:DLFEELRT

b EQBREM U727 I /YA b L2 OFERREER

¢ : TreeSAAP (Z & » T Sz 7 X/ BRFIEDZ L (6~8 7 F U —)

Pa, alpha—helical tendencies; Pe, coil tendency; Pt, turn tendencies;  pA” , equilibrium

constant (ionisation COOH); /4 mean r.m.s. fluctuational displacement.

Toxofilin |Z 7! gondii @ rhoptry organelle |25 £ TV | 15 EHIE~DIR AR 75 Us
b [71], Toxofilin I3f5 EMildD T 7 F 2 EfEA L, Actin 7 4 7 AV hD X — 2 F—
— & - IWET S 2 E b TV S[72)0 Ee ALEAINL TO Toxofilin i FIFE
BUd.~A27u7 4T A bE Actin A VAT 7 A R—D¥ERETZ ENRES LT
5[72], 2 b0 EIE, Toxofilin 2MEFED Actin ML E 2 MIEE L, BT OFBROR
ANERETE D LEREBLTN5([T73], Lee 5 OWFFEIZ X 4UZ[70], Toxofilin @ o~V v
7 A 3~b 1%, Actin #5G KA A VAL TV D, ARIFECITbIL Mo L v |
Toxofilin D~V v 7 A 3BLUONY v 7 A 5 IZIEORINEZZ T2 2 5O7 2 /@A R
FFIET 2 Z MR ENT (K 14A), S5I2, ~Y v 7 2 3 DIEISER ST I /[ 115V
I%. Actin ® Toxofilin #5&H & BEICHAL L Tz (K 14B), 26 DOFERIT, EOEER
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ZR2 377 2 eI Toxofilin L1817 7 F 2 & ORYRAYZAR EAERICEIGR LTV 5 Al ferE:
R LTWD, LR - T, IEOERIT Toxofilin-Actin- i & ZWERHE T 5 Z LT &
- T Toxoplsasma DI AT 0 A Z@EICELI T2 L b RFITEZDILD,

A

MAQYKSRPLAAFLLLITVGSLLTASESVQLSEGMKRLSMRGREPSPKRGRFESGDEGTSTMSPSV 65

AARQQELGLLRPEERLIAGQAKAAALQTVHQLGAVVLTPEQAKAALLDEWMLRATQNLDLKKYENL 130

NTEQQKAYEQVQKDLSQLS PETKALLIENQRKEKSD.EKAKKLFQRRHH—IVTRQAALAGQILNEQ 195

RDASGALQSGAVKTAIQRANEQYNVAEEDKNFNEEQHAAQLKKVGAMP 243

14  Toxofilin & Actin ® 3D ZiAAEE

A : Toxofilin @7 X / MBS T, ~V v 7 ZHE L EOBIRZZ 727 I/ BRONE 2 F£R,

B : Toxofilin & Actin OF§EIRIEICISIT £ 3D MfktiE, Toxofilin 1V AR ET /LT, Actin (34rF3Kif
EFNANTRR LI, EOBRREBI LT I /78 (115V, 1661) ZHE TR LT,
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V. ¥

JFEAY DET )V E LT, Bacteroides D7 ) LT A NI K Y 320D B. fragilis
JRMEREE B de Bacteroides J& D a7 7 ) NEFAFFE LTz, 2 NUET VERAIEICHES
W, SRR IEDEINE 27 5 ) AL IRIE L. Bacteroides DA DBIA+ A3 IE
DODARBREZZIT WL L aR L, E0biF, RRMICEEST L% XV EEa— K
T HEGE T CIEDOERRNEE TH Y . il 21X TonB dependent receptor I L ¥ Outer
membrane protein/Omp85 72 EBXIEDEIN D EH IR THh D, ZIUHDIEDERZZ 1T
TOBAR T OBIGZEIT, 18 EOREB LY AT LML o> THE R Z SN 8R40
HAERICBEE LT IREMEDY B D,

HEAYDET IV E LT, Neospora caninum & Hammondia hammondi ® 2 5D IEN{
FEMRE A & de, JRIRME Toxoplasma D27 7 ) NBIR & EFR LT, 2 KRBT /VERAEIEIC
IZHEASNWT, 2O OO LFPHOBIE T TT X /YA b I L ORMRF A 72 1IEDEIR
ERFEL, EOEBRD INOMAEMOHEIZHESG LIz Z L& LTz, FFIZ, secretory
pathogenesis determinants (SPD) % =2— R$ 58 {x 172 £ OFFEMEIZET D 5 Bis 1O 1E
OFIL, T gondii DFHRMENTEL AniZans-, SPD OREMNELETD 1 > ThHD
Toxofilin TlT, MG L~ TOBIGHEDHEE STz, T HDIEDRREZZ T2
I+ DI EAIE. Toxoplasma D&Y L OYRFMREH 7 0 v X LBEBEICEb->TEBY .,
T E-R R BAEH OERIC KRE S B L TELZ R I,

A & BEAWIZOWT, TNENOEORREZ Z T -8\ in 1138k~ Th > 7203,
MR W TRIFEPEICED 585 FDZ < DIEOBBREZZIT T, [EOBIRAZBE T
FTWDEEFOFITIR, HESDRA, BERICEEL THRET X "7 EEa— LT
WD HDHEN, 9 LIEAFERRIE, BEMDIRIRIEMEH~DOT 7 —FD—>L LT,
Ll AT L D IEO BARBIROMHN AN THH AR LTS, 5. 25 L
7o 7 FHEACIRNT DFERIZFE S W TEBRMRGEZ F O L S LIZED L Z L2k, 4
W OIRIEVEIZ DU T K0 FRM 72 7 FHERE DR S IR T & 5,

24



VI.

10.

11.

12.

13.

14.

SCHR

Aguileta, G., et al., Rapidly evolving genes in pathogens:' methods for detecting
positive selection and examples among fungi, bacteria, viruses and protists. Infect
Genet Evol, 2009. 9(4): p. 656-70.

Perfeito, L., et al., Adaptive mutations in bacteria’ high rate and small effects.
Science, 2007. 317(5839): p. 813-5.

Suzuki, H. and M.J. Stanhope, Functional bias of positively selected genes In
Streptococcus genomes. Infect Genet Evol, 2012. 12(2): p. 274-7.

Urwin, R., et al.,, Phylogenetic evidence for frequent positive selection and
recombination in the meningococcal surface antigen PorB. Mol Biol Evol, 2002.
19(10): p. 1686-94.

Andrews, T.D. and T. Gojobori, Strong positive selection and recombination drive the
antigenic variation of the PIIE protein of the human pathogen Neisseria
meningitidis. Genetics, 2004. 166(1): p. 25-32.

Smith, E.E., et al., Evidence for diversifying selection at the pyoverdine locus of
Pseudomonas aeruginosa. J Bacteriol, 2005. 187(6): p. 2138-47.

Stanhope, M.J., et al., Positive selection in penicillin-binding proteins 1a, 2b, and 2x
from Streptococcus pneumoniae and its correlation with amoxicillin resistance
development. Infect Genet Evol, 2008. 8(3): p. 331-9.

Cao, P, et al., Genome-Wide Analyses Reveal Genes Subject to Positive Selection in
Pasteurella multocida. Front Microbiol, 2017. 8: p. 961.

Rasigade, J.P., F. Hollandt, and T. Wirth, Genes under positive selection in the core
genome of pathogenic Bacillus cereus group members. Infect Genet Evol, 2018. 65: p.
55-64.

Yu, D., et al., A genome-wide identification of genes undergoing recombination and
positive selection in Neisseria. Biomed Res Int, 2014. 2014: p. 815672.

Lefebure, T. and M.J. Stanhope, FEvolution of the core and pan-genome of
Streptococcus:’ positive selection, recombination, and genome composition. Genome
Biol, 2007. 8(5): p. R71.

Soyer, Y., et al., Genome wide evolutionary analyses reveal serotype specific patterns
of positive selection in selected Salmonella serotypes. BMC Evol Biol, 2009. 9: p. 264.
Petersen, L., et al., Genes under positive selection in Escherichia coli. Genome Res,
2007. 17(9): p. 1336-43.

Zhang, Y., et al., Genes under positive selection in Mycobacterium tuberculosis.

Comput Biol Chem, 2011. 85(5): p. 319-22.

25



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Aguileta, G., et al., Genes under positive selection in a model plant pathogenic
fungus, Botrytis. Infect Genet Evol, 2012. 12(5): p. 987-96.

Flores-Lopez, C.A. and C.A. Machado, Differences in inferred genome-wide signals
of positive selection during the evolution of Trypanosoma cruzi and Leishmania spp.
lineages: A result of disparities in host and tissue infection ranges? Infect Genet Evol,
2015. 33: p. 37-46.

Toft, C. and S.G. Andersson, Evolutionary microbial genomics: insights into bacterial
host adaptation. Nat Rev Genet, 2010. 11(7): p. 465-75.

Salyers, A., Bacteroides of the human lower intestinal tract. Annual Reviews in
Microbiology, 1984. 38(1): p. 293-313.

Finegold, S., Anaerobic infections in humans. 1989: Access Online via Elsevier.
Snydman, D.R., et al., National survey on the susceptibility of Bacteroides fragilis
group’ report and analysis of trends in the United States from 1997 to 2004.
Antimicrob Agents Chemother, 2007. 51(5): p. 1649-55.

Kasper, D.L., A.B. Onderdonk, and J.G. Bartlett, Quantitative determination of the
antibody response to the capsular polysaccharide of Bacteroides fragilis in an animal
model of intraabdominal abscess formation. J Infect Dis, 1977. 136(6): p. 789-95.
Onderdonk, A.B., et al., The capsular polysaccharide of Bacteroides fragilis as a
virulence factor: comparison of the pathogenic potential of encapsulated and
unencapsulated strains. J Infect Dis, 1977. 136(1): p. 82-9.

Duerden, B.1., Virulence factors in anaerobes. Clin Infect Dis, 1994. 18 Suppl 4: p.
S253-9.

Sears, C.L., et al., The C-terminal region of Bacteroides fragilis toxin 1s essential to
its biological activity. Infect Immun, 2006. 74(10): p. 5595-601.

Sund, C.J., et al.,, The Bacteroides fragilis transcriptome response to oxygen and
H202: the role of OxyR and its effect on survival and virulence. Mol Microbiol, 2008.
67(1): p. 129-42.

Hunter, C.A. and L.D. Sibley, Modulation of innate immunity by Toxoplasma gondii
virulence effectors. Nat Rev Microbiol, 2012. 10(11): p. 766-78.

Pappas, G., N. Roussos, and M.E. Falagas, Toxoplasmosis snapshots: global status of
Toxoplasma gondii seroprevalence and implications for pregnancy and congenital
toxoplasmosis. Int J Parasitol, 2009. 39(12): p. 1385-94.

Blader, I.J. and J.P. Saeij, Communication between Toxoplasma gondii and its host:
impact on parasite growth, development, immune evasion, and virulence. Apmis,
2009. 117(5 - 6): p. 458-476.

Melo, M.B., K.D. Jensen, and J.P. Saeij, Toxoplasma gondii effectors are master

26



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

regulators of the inflammatory response. Trends Parasitol, 2011. 27(11): p. 487-95.
Lorenzi, H., et al., Local admixture of amplified and diversified secreted
pathogenesis determinants shapes mosaic Tboxoplasma gondii genomes. Nat
Commun, 2016. 7: p. 10147.

Reid, A.J., et al., Comparative genomics of the apicomplexan parasites Toxoplasma
gondii and Neospora caninum- Coccidia differing in host range and transmission
strategy. PLoS Pathog, 2012. 8(3): p. e1002567.

Li, L., C.J. Stoeckert, Jr., and D.S. Roos, OrthoMCL: identification of ortholog groups
for eukaryotic genomes. Genome Res, 2003. 13(9): p. 2178-89.

Edgar, R.C., MUSCLE: multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Res, 2004. 32(5): p. 1792-7.

Loytynoja, A. and N. Goldman, Phylogeny-aware gap placement prevents errors in
sequence alignment and evolutionary analysis. Science, 2008. 320(5883): p. 1632-5.
Suyama, M., D. Torrents, and P. Bork, PALZNAL: robust conversion of protein
sequence alignments into the corresponding codon alignments. Nucleic Acids Res,
2006. 34(Web Server issue): p. W609-12.

Anisimova, M., R. Nielsen, and Z. Yang, Effect of recombination on the accuracy of
the Ilikelihood method for detecting positive selection at amino acid sites. Genetics,
2003. 164(3): p. 1229-36.

Kosakovsky Pond, S.L., et al., GARD: a genetic algorithm for recombination
detection. Bioinformatics, 2006. 22(24): p. 3096-8.

Pond, S.L., S.D. Frost, and S.V. Muse, HyPhy- hypothesis testing using phylogenies.
Bioinformatics, 2005. 21(5): p. 676-9.

Guindon, S., et al., New algorithms and methods to estimate maximum-likelthood
phylogenies: assessing the performance of PhyML 5.0. Syst Biol, 2010. 59(3): p.
307-21.

Guindon, S. and O. Gascuel, A simple, fast, and accurate algorithm to estimate large
phylogenies by maximum likelihood. Syst Biol, 2003. 52(5): p. 696-704.
Yang, Z., PAML 4 phylogenetic analysis by maximum likelihood. Mol Biol Evol, 2007.
24(8): p. 1586-91.

Nielsen, R. and Z. Yang, Likelihood models for detecting positively selected amino
acid sites and applications to the HIV-1 envelope gene. Genetics, 1998. 148(3): p.
929-36.

Zhang, J., R. Nielsen, and Z. Yang, Evaluation of an improved branch-site likelithood
method for detecting positive selection at the molecular level. Mol Biol Evol, 2005.
22(12): p. 2472-9.

27



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Yang, Z. and J.P. Bielawski, Statistical methods for detecting molecular adaptation.
Trends Ecol Evol, 2000. 15(12): p. 496-503.

Benjamini, Y. and Y. Hochberg, Controlling the false discovery rate’ a practical and
powerful approach to multiple testing. Journal of the Royal Statistical Society.
Series B (Methodological), 1995: p. 289-300.

Yang, Z., W.S. Wong, and R. Nielsen, Bayes empirical bayes inference of amino acid
sites under positive selection. Mol Biol Evol, 2005. 22(4): p. 1107-18.

Woolley, S., et al., TreeSAAP: selection on amino acid properties using phylogenetic
trees. Bioinformatics, 2003. 19(5): p. 671-2.

Kelley, L.A. and M.J. Sternberg, Protein structure prediction on the Web: a case
study using the Phyre server. Nat Protoc, 2009. 4(3): p. 363-71.

Gajria, B., et al., ToxoDB: an integrated Toxoplasma gondil database resource.
Nucleic Acids Res, 2008. 36(Database issue): p. D553-6.

Shannon, P, et al., Cytoscape’ a software environment for integrated models of
biomolecular interaction networks. Genome Res, 2003. 13(11): p. 2498-504.

Merico, D., et al., Enrichment map- a network-based method for gene-set enrichment
visualization and interpretation. PLoS One, 2010. 5(11): p. e13984.

Isserlin, R., et al., Enrichment Map - a Cytoscape app to visualize and explore
OMICs pathway enrichment results. F1000Res, 2014. 3: p. 141.

Orsi, R.H., Q. Sun, and M. Wiedmann, Genome-wide analyses reveal lineage specific
contributions of positive selection and recombination to the evolution of Listeria
monocytogenes. BMC Evol Biol, 2008. 8: p. 233.

Xu, Z., H. Chen, and R. Zhou, Genome-wide evidence for positive selection and
recombination in Actinobacillus pleuropneumoniae. BMC Evol Biol, 2011. 11: p. 203.
Duerkop, B.A., S. Vaishnava, and L.V. Hooper, Immune responses to the microbiota
at the intestinal mucosal surface. Immunity, 2009. 31(3): p. 368-76.

Massari, P, et al., The role of porins in neisserial pathogenesis and Iimmunity.
Trends Microbiol, 2003. 11(2): p. 87-93.

Schauer, K., D.A. Rodionov, and H. de Reuse, New substrates for TonB-dependent
transport: do we only see the 'tip of the iceberg'? Trends Biochem Sci, 2008. 33(7): p.
330-8.

Miethke, M. and M.A. Marahiel, Siderophore-based iron acquisition and pathogen
control Microbiol Mol Biol Rev, 2007. 71(3): p. 413-51.

Koebnik, R., TonB-dependent trans-envelope signalling: the exception or the rule?
Trends Microbiol, 2005. 13(8): p. 343-7.

Pauer, H., et al., A TonB-dependent outer membrane protein as a Bacteroides fragilis

28



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

fibronectin-binding molecule. FEMS Immunol Med Microbiol, 2009. 55(3): p. 388-95.
Fitzpatrick, D.A. and J.0. Mclnerney, Evidence of positive Darwinian selection in
Omp85, a highly conserved bacterial outer membrane protein essential for cell
viability. J Mol Evol, 2005. 60(2): p. 268-73.

Su, C., et al., Recent expansion of Toxoplasma through enhanced oral transmission.
Science, 2003. 299(5605): p. 414-6.

Walzer, K.A., et al., Hammondia hammondi, an avirulent relative of Toxoplasma
gondii, has functional orthologs of known T, gondii virulence genes. Proc Natl Acad
Sci U S A, 2013. 110(18): p. 7446-51.

Lourido, S., et al., Calcium-dependent protein kinase 1 is an essential regulator of
exocytosis in Toxoplasma. Nature, 2010. 465(7296): p. 359-62.

Wang, J., et al., Lysine acetyltransferase GCNbb interacts with AP2 factors and is
required for Toxoplasma gondii proliferation. PLoS Pathog, 2014. 10(1): p. e1003830.
Fritz, H.M., et al., Proteomic analysis of fractionated Toxoplasma oocysts reveals
clues to their environmental resistance. PLoS One, 2012. 7(1): p. e29955.

Chen, S.L., et al., Positive selection identifies an in vivo role for FimH during
urinary tract infection in addition to mannose binding. Proc Natl Acad Sci U S A,
2009. 106(52): p. 22439-44.

Matute, D.R., et al., Evidence for positive selection in putative virulence factors
within the Paracoccidioides brasiliensis species complex. PLoS Negl Trop Dis, 2008.
2(9): p. €296.

Rojas, T.C.G., et al., Genome-Wide Survey of Genes Under Positive Selection in
Avian Pathogenic Escherichia coli Strains. Foodborne Pathog Dis, 2017. 14(5): p.
245-252.

Lee, S.H., et al., Toxofilin from Toxoplasma gondii forms a ternary complex with an
antiparallel actin dimer. Proc Natl Acad Sci U S A, 2007. 104(41): p. 16122-7.
Bradley, P.dJ., et al., Proteomic analysis of rhoptry organelles reveals many novel
constituents for host-parasite interactions in Toxoplasma gondii. J Biol Chem, 2005.
280(40): p. 34245-58.

Poupel, O., et al., Toxofilin, a novel actin-binding protein from Toxoplasma gondii,
sequesters actin monomers and caps actin filaments. Mol Biol Cell, 2000. 11(1): p.
355-68.

Delorme-Walker, V., et al., 7oxofilin upregulates the host cortical actin cytoskeleton

dynamics, facilitating Toxoplasma invasion. J Cell Sci, 2012. 125(Pt 18): p. 4333-42.

29



P

ARWFTEDZAT R OGm L OERIZ H T2V . 2R THREZBH Y £ LR RS
REFZFEES B ERG AT TR SRS BRSO LV EHW T LET,

Flo. KXz THRWEEE, Z2<OZWEEB Y £ LI2BR R RFR
EARPREREROT7ER M ERE 2%, KEEKRR HERICEHR L
e

WHIEEtED D12 H 720 | FECR CRFBADMHE ORI E LANREN ) & 720 |
Mt e £ LAHERE Lic, FHOREFES AT, ERBERETO
denm 2 U CARMIZEOBRATRD 5 Z LN TE 2 L AW LET, £z,
ATV ZWTZ 2 TOBERITL I VEEHHR L B £,

30



Appendix

Appendix 1 #FFED 72 OIZ/ERL, EH L7 Perl Script.

1—1 pret rev_2.pl FASTA 7 7 A VORI S 2T T A

#!/usr/bin/perl -w

#

BECH DO RITALEE

BV b T 4L NUIZHD ori_pep WO T 7 A )LVEMEE —HERIT sp_pep
(ZRAT

# =7 7 A% FLEFITBRWIZHO)

#

@bn = qw (B_fragilis_YCH46 B_thetaiotaomicron_ VPI-5482
B_vulgatus_ATCC8482) ;

#5007 X /U T ORI ZRIN L TT 7 A JWZERAF

$n = 1;

print “¥n”, “***kDelete short sequences: < 50 aa*¥x”, "¥n”;

foreach $name (@bn) {
open (IN, “<”, “ori_pep/”. $name. ”. fas”) || die “cannot open :$!¥n”;
open (OUT1, ”>”, “tmp_pep/”. $name. ”. fas”);
open (OUT2, ”>”, $name.”.del”);

print $n, 7) 7, $name, “¥n”;

$sc = 77,
while (<IN>) {
it (/>/) |
if ($sc ne ””7) {
$scd = §sc;  HZZMB5H50T7 I /LU EDOTF
3:3757&&ﬂ%

$scd = s/¥s//g; BAN—ADRE
if (length ($scd) <50) {

print OUT2 $sn;
!

else {
print OUT1 $sn, $sc;
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$sn = §_;
S50 = 77
}
else {
$sc .= $_;

#ictk D 1 BlA O JLER
$scd = §sc;  HIIBHH5 07 X VB EDOT = v 7 AL
$scd = s/¥s//g; BAR—RDRE
if (length ($scd) <50) {
print OUT2 $sn; # 507 3 /UL T OEH| 2 E & H

}

else {
print OUT1 $sn, $sc;

close (OUT1) ;
close (OUT2) ;
close (IN) ;
++$n;

#STOP = Ko D & HECH # AT 5

$n = 1;
print “¥n”, “#*x*Delete sequences with multiple STOP codons¥*”, “¥n”;
foreach $name (@bn) {

open(IN, “<”, “ori_nuc/”. $name.”. fas”) || die “cannot open :$!¥n”;

open (OUT1, ”>”, “tmp_nuc/”. $name.”. fas”);
open (OUT2, ”>”, $name.”. stop”);

print $n, 7) 7, $name, “¥n”;
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$SC — ”n”n

$sn = 77,
while (<IN>) {
it (/>/) |
&fstp($sn, $sc) if(§sc ne 77);
$sn = §_;
$sc = 7"
}
else {
$sc .= §_
}
}

#I5c % D 1 BLAI D L
&fstp($sn, $sc);

close (OUT1) ;
close (OUT2) ;
close (IN) ;
++$n;

sub fstp { # A by 7a KUK
my $snd = shift @_;
my $scd = shift @_;
my $bf = $scd;
$bf =" s/¥s//g; # SUTERE
$bf =" s/ ([atgel (3})§//i; # Hefk=a RUFrE

while (§bf="s/" ([atge] (3})//1) { # B/ D 1 = R T 2HD H L
next unless($1="/(taa|tag|tga)/i); # A b v 7 3 R LISME
i)
print OUT2 $snd; # STOP = K> D& HELH| % H & HiT

return 1;
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print OUT1 $snd, $scd;

return O;

# HIELAN T 7 A WAL T D Z XV ERINO B ZFR LT, Z R E T 7
A e UTRAT
B ZHUIT_TOX R TERSINGZS T HI1LT
$n = 1;
print “¥n”, “#x*Extraction of common sequences#¥¥x”, “¥n”;
print “——Protein sequences*¥*”, “¥n”;
foreach $name (@bn) {
open (IN1, “<”, “tmp_pep/”. $name. ”. fas”) || die “cannot open :$!¥n”;
open (IN2, ”“<”, “tmp_nuc/”. $name. ”. fas”) || die “cannot open :$!¥n”;
open(OUT1, ”>”, ”sp_pep/”. $name.”. fas”) ;
open (OUT2, ”>”, $name.”_pep. diff”);
print $n, 7) 7, $name, “¥n”;
# HEEROYIHE R IA I~
undef %dp;
while (<IN2>) {
if (/" >(¥s]H /) |
$dp{$1}=1; # AL EPEX D

}
close (IN2) ;

2RI ESGEAAR L EEHL
$of = 0;
while (<IN1>) {
if (/" >([¥s]H) /) |
if (exists $dp{$1}) {
$of = 1; # ®IST HEHNN BV A
delete $dp{$1}; # 1 BRIy L7 bEMITFF 7

else {
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$of = 0;

}
}
print OUT1 $_ if(§0f>0);
}
close (IN1) ;
close (OUT1) ;

# 2T ESIHRICIST D b DR Do T2 B AL

# tRNA FEDOBIBAFNEET D

print OUT2 “#**Nucleotide sequences not present in Protein sequence
Filewss”, “¥n”, "¥n’:

foreach $key (keys %dp) {

print OUT2 $key, “¥n”;

}

close (OUT2) ;

++$n;

BE LRI T 7 A WAAAET DRSO H 258 LT, MRS 7 7 A0 & L
TIRAT

$n = 1;
print “¥n”, “s*kExtraction of common sequences¥¥x” “¥n”;

print “——Nucleotide sequences*#¥*x” “¥n”;
foreach $name (@bn) {
open (IN1, ”<”, “tmp_nuc/”. $name. ”. fas”) || die “cannot open :$!¥n”;
open (IN2, “<”, “sp_pep/”. $name. ”. fas”) || die “cannot open :$!¥n”;
open (OUT1, ”>”, ”“sp_nuc/”. $name.”. fas”) ;
open (OUT2, ”>”, $name.”_nuc.diff”);
print $n, 7) 7, $name, “¥n”;
# 7 BERAIRE AR IA A
undef %dp;
while (<IN2>) {
it (/" >("¥s]) /) |
$dp{$1}=1; # BlAIHZ¥EX D
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}
close (IN2) ;

# HEARLAIRE AR L EEH L
$of = 0;
while (KIN1>) {
if (/" >([C¥s]4) /) |
if(exists $dp{$1}) {
$of = 15 # XS HESNN HIVUTH T4~
delete $dp{$1}; # 1 M) L= EEITHF I 72

else {
$of = 0;

}

print OUT1 $§_ if($01>0);
}
close (IN1) ;
close (OUT1) ;

# HEILECHIPICKHN T D b DN Te X X7 BRI
# oL oxT
print OUT2 “#**Protein sequences not present in Nucleotide sequence
Filessx”, "Yn”, "¥n”;
foreach $key (keys %dp) {
print OUT2 $key, “¥n”;

}
close (OUT2) ;
++$n;

}

exit;

die ”“The Unhappy End”;
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1—2 aablst_co.pl ANV Tl I S5REXOER 0T L

#!/usr/bin/perl -w

#

# 77 A% —fk: Core gene T. 1HfE 1 EBIFDHLDY TAXEED

#

B fEA4=T 7 A N4

@n = qw(B_fragilis_NCTC  B_fragilis_YCH46 B_helcogenes_P36-108
B_salanitronis_DSM18170 B_thetaiota_VPI-5482 B_vulgatus_ATCC8482) ;

# 72 RS, BAAA AT R R
undef @tn;
undef %dp;
$n = 1;
foreach $sn (@bn) {
open(IN, ”<”, ”sp_pep/”.$sn.”. fas”) || die “cannot open :$!¥n”;
open (OUT, ”>”, $n.”.fa”);
print $n, 7) 7, $sn, “¥n”;
while (<IN>) {

chomp;
if(s/™>//) A
$vl = $_;
s/¥s.+8//;
$ky = §sn . "@" . $_;
die if exists $dp{$ky}; # HEF = v 7
$dp {$ky} = $v1;
print OUT 7>” . $ky . “"¥n”;
}
else {
print OUT $_ . "¥n”;
}
}
close (OUT) ;
close (IN) ;
push (@tn, $n.”.fa”);

++$n;
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# orthoMCL 1T

# perl orthomel. pl —mode 1 —fa_files
"B_fragilis_NCTC. fa, B_fragilis_YCH46. fa, B_helcogenes_P36-108. fa, B_sala
nitronis_DSM18170. fa, B_thetaiota_VPI-5482. fa, B_vulgatus_ATCC8482. fa”
print “¥n”;

system(“per]l orthomecl.pl —mode 1 —fa_files ¥””. join(”,”, @tn). "¥"”);

# 7T AXIERER
open(IN, ”<”, ”“all_orthomcl.out”) || die “cannot open :$!¥n”;
open (OUT, ">”, “oc.tsv”); # 7 T AXIEGR T 7 A /v
while (KIN>) {
chomp;
next unless s/ ORTHOMCLY¥d+¥ (¥d+ genes, ¥d+ taxa¥): //s
@gm = split(/ /);
undef %hs;
undef @ed;
$i = 0;
foreach (@gm) {
s/YCHD$//5 & 7 7 A NAHIBR=ETFITIR D CEEREE
@ed = split(/@/);
next if exists $hs{$ed[0]};
$hs {$ed[0]} = 1;
$i++;
}
next unless(§i>$#bn); # £FEDH Y
next unless($tgm==$tbn); # 1 EHME 1 B+ ThHHZ &
print OUT join("¥t”, @gm), "¥n”;
}
close (OUT) ;
close (IN) ;

exit;
die ”“The Unhappy End”;
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1—8 proc_l.pl ARZEERITRAZORES T F A

#!/usr/bin/perl -w

#

#Hv o b7 407 BUIZ 0c. tsv' BE X, sp pep WICH U NNIE T 7 A )V EaE
<

#5123 9 cluster &2 7oc_mod. tsv”IZH )

BB 7Ry cluster (X 7cluster. del “I2H A

#
# A= 7 A NV4
@bn = qw (B_fragilis_NCTC B _fragilis_YCH46 B_helcogenes_P36-108

B_salanitronis_DSM18170 B_thetaiota VPI-5482 B_vulgatus_ATCC8482) ;

8 27 I BEAIEGAIAL (BTDT 7 A MZDONT)
undef %lp;
foreach $sn (@bn) {
$vl = "7,
open(IN, ”<”, ”sp_pep/”.$sn.”. fas”) || die “cannot open :$!¥n”;
while (<IN>) {
chomp;
if(s/™>//) |
$1p {$ky} = length($vl) if($vl); # BLHIE

s/¥s.+8//;
$ky = §sn . "@" . $_;
Syl = ””;
}
else {
$vl .= $_;
}
}
close (IN) ;

$1p {$ky} = length($vl);

# 7T AZAEE
$bf — Va4 ;
open(IN, ”<”, “oc.tsv”) || die “cannot open :$!¥n”; # 7 T A ZIEHRT 7
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%
open (OUT1, ”>”, “oc_mod. tsv”);
open (OUT2, ”>”, ”cluster.del”);

while (<IN>) {

chomp;

@gm = split (/¥t/);
$max = 0;

$min = 0;

foreach $ky (@gm) {
die $ky unless exists $1p{$ky};
$max = $1p{$ky} if ($max<$1p{$ky});
$min = $1p{Sky} if ($min>$1p{$ky} || $min==0);
}
if ($max/$min<1.5) { # EIHIED 1.5 AR
print OUTL $_, “¥n”;
}
else { # BOFIEDS 1.5 20l B b7
$bf .= $_ . “¥n”;

}
close (IN) ;
close (OUT1) ;

print OUT2 $bf;
close (OUT2) ;

exit 0;
die ”“The Unhappy End”;
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1—4 clst.pl MUSCLE ZEEFIT 51 A hDVERL

#!/usr/bin/perl -w

#

# 77 AZMITEEEINET 74 A ML TT 7 A UITHT 5

#

B fEA4=T 7 A N4

@n = qw(B_fragilis_NCTC  B_fragilis_YCH46 B_helcogenes_P36-108
B_salanitronis_DSM18170 B_thetaiota_VPI-5482 B_vulgatus_ATCC8482) ;

R T S | L SYSZ
undef %dn;
foreach $sn (@n) {
$vl = "7,
open(IN, ”<”, ”sp_nuc/”.$sn.”. fas”) || die “cannot open :$!¥n”;
while (<IN>)
chomp;
if(s/™>//) A{
$dn{$ky} = $v1 if(§vl);
s/¥s.+8//;
$ky = $§sn . "@" . $_;
$vl = 7>7 . $ky . "¥n”;
}

else {

$vl .= §_ . "¥n”;

}
close(IN);
$dn{$ky} = $vi;

# 27 X BEAIGEAIAZ < NEBHE LTz 0320

undef %dp;

foreach $sn (@bn) {
$vl = "7,
open(IN, ”<”, ”sp_pep/”.$sn.”. fas”) || die “cannot open :$!¥n”;
while (<IN>) {
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chomp;

if(s/™>//) {
$dp {$ky} = $v1 if(§vl);
s/¥s.+$//;
$ky = $sn . "@” . $_;
$vl = ">7 . $ky . "¥n”;

}
else {
$vl .= $_ . "¥n”;
}
}
close (IN) ;
$dp {$ky} = $v1;
}
# 77 AHZNH
$n = 1;

open(IN, “<”, “oc_mod. tsv”) || die “cannot open :$!¥n”; # 7 7 A X {EH
77 A
while (<IN>) {

chomp;

print “¥n”, $n, 7 ...¥n";

@gm = split(/¥t/);

# 7 ERdsEIHL
open (OUT, ”>”, “tmp. fas”) || die;
foreach $ky (@gm) {
die $ky unless exists $dp{$ky};
print OUT $dp {$ky} ;
}
close (OUT) ;

B 7 BESTTA A

system(”. /muscle —in tmp. fas —out tmp.aln”);

# RS EH L
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open (OUT, ”>”, “tmp. fas”) || die;
foreach $ky (@gm) {
die $ky unless exists $dn{$ky};
print OUT $dn{$ky};
}
close (OUT) ;

B 7T4 A MW

$ff = sprintf (“oc_nuc/oc%04d. fas”, $n);

system(“perl pal2nal.pl tmp.aln tmp. fas —output fasta > 7. $ff); #
FASTA THEZH L

++$n;
}
close (IN) ;

print “Done all alignments¥n”;

exit;
die ”“The Unhappy End”;
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1—5 clst_prank.pl Guidance-Prank ZEEF|T T4 A v bDIER T 1/
7 A

#!/usr/bin/perl -w

#

# 77 ARSI ET 74 A LTI 7 AT T D

# Guidance-PRANK |(Z K AT 7 A4 > A b, Residue confidence — tempDir |Z
TRAF

# Original Alignment — gp_nuc |[Z{R1F

# maskLowScoreResidues. pl T~ A% 7 WLEE

# masked alignment — mask_nuc 7S/ A IZARTE

BYHEfH - sp_nuc_mod IZYE KLEIA] 7 7 A L
BYE(E : oc. tsv IZY T AR T — X
#EFLT 7 A VOB CD i)

#t T, HA=7 7 A V4, 1. PR 7 7 A VAN Z T, oc. tsv FDFEL
E—EHEHEs,

# MAL=7 7 ANV

@n = qw(TgondiiME49 d TgondiiGT1_d TgondiiVEG_d  TgondiiARI_d
TgondiiFOU_d Tgondiip89_d TgondiiRUB_d TgondiiTgCatPRC2_d
TgondiiVAND_d) ;

#7417 MU OERR

if (1-d ”./gp_nuc”) {
mkdir ”./gp_nuc”;

}

else

print “Directory already exists!¥n”;

if (!1-d 7. /mask_nuc”) {
mkdir 7. /mask_nuc”;

}

elsef

print “Directory already exists!¥n”;
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# AR ILBLAHEARA P
undef %dn;
foreach $sn (@bn) {
$vl = "7,
open (IN, ”<”, ”sp_nuc_mod/”. $sn. ”. fas”) || die “cannot open :$!¥n”;
while (KIN>) {
chomp;
if(s/™>//) A{
$dn{$ky} = $v1 if(§vl);
s/¥s.+$//;
$ky = $sn . 7@ . $_;
$vl = 7>7 . $ky . "¥n”;

}
else {
$vl .= $_ . "¥n”;
}
}
close (IN) ;
$dn{$ky} = $vl;
}
B 77 AHZNH
$n = 1;

open(IN, ”<”, “oc.tsv”) || die “cannot open :$!¥n”; # 7 T A ZIEHRT 7
A v
while (<IN>) {

chomp;

print “¥n”, $n, 7 ...¥n";

@gm = split(/¥t/);

#ERERSEET L
open (OUT, ”>”, ”tmp. fas”) || die;

foreach $ky (@gm) {
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die $ky unless exists $dn{$ky};
print OUT $dn{$ky};

}

close (OUT) ;

# Guidance-PRANK Y JERCAIT Z A o A 2 b

system( perl “/apli/guidance. v2. 02/www/Guidance/guidance. pl
——program GUIDANCE ——seqFile tmp. fas ——msaProgram PRANK ——MSA_Param ¥¥¥-F
¥¥¥-codon ——seqType codon ——outDir tempDir ——outOrder as_input

——bootstraps 100’ ) ;

#t directory Z&te 7 7 A VA DHERL
$ff = sprintf (“gp_nuc/oc%04d. fas”, $n);
$mm = sprintf ("mask_nuc/oc%04d. fas”, $n);

# Original Alignment — gp_nuc (Z{RTF
system(C sh’, “—c’, “cp tempDir/MSA.PRANK. aln. Sorted. With_Names
$T7) 5

# maskLowScoreResidues. pl T~ A% Z4LFE

system("perl
~/apli/guidance. v2. 02/www/Guidance/maskLowScoreResidues. pl
tempDir/MSA. PRANK. aln. Sorted. With_Names
tempDir/MSA. PRANK. Guidance_res_pair_res.scr 7. $mm.” 0.9 nuc”);

)

system(C sh’, "—¢’, “rm —rf tempDir”);

++$n;
}
close (IN);

print “Done all alignments¥n”;

exit;
die ”“The Unhappy End”;
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1—6 cont.pl PAML DEHEFEST (Branch-Site model) v /' J A
#!/usr/bin/perl -w

#

# JE5E PAML

# A-Al

#
$i
$n

1; # BR%G
$i-1+253; # #& 1<588 il

NS R R 1
open (OUT2, ”>”, “res.tsv”);

# 77 AL —"

for(; $i<=$n; ++§i) {
$ff = sprintf (“oc_nuc/oc%04d. fas”, $i);
open(IN, ”<”, $ff) || die “cannot open :$!¥n”;

# seq 7 7 A NLYEfH
$In = 0; # B
$ns = 0; # BECHIEK
$sq = 77 # EA
$buf = ””; # FASTA {77
undef %hs;
while (KIN>) {
chomp;
if(s/™>//) {
die if($1n && $1n!=length($sq));
$1n = length($sq);
@ed = split(/@/);

if(exists $hs{$ed[0]}) { # 1 FE 1 BLAILL BT I

print $i, ”7) over spec!¥n”;
$ns = 0;
last;

}

$hs{$ed[0]} = 1;

$buf .= 7>7 . $ed[0] . "¥n”; # 4L CTEMZ
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”n”n

$sa =77

++$ns;
}
else {
$buf .= $_ . "¥n”;
$sq .= §_;
}
}
close (IN) ;

next unless $ns>0;

# PAML JEKD seq 7 7 A L EEH L
open (OUT, ”>”, ”“A/bac.seq”) || die;
print OUT $ns, “¥t”, $ln, "¥n¥n”;
print OUT $buf;
close (OUT) ;
system(’ sh’, "—c’, “cp A/bac.seq Al/7);

# PAML 21T
system(’sh’, "—c¢’, “cd A; codeml”);

system( sh’, —¢’, “cd Al; codeml”);

BOLERWHL
open(IN, ”<”, “A/mlc”) || die “cannot open :$!¥n”; # RFSZAKGR
while (KIN>) {

next unless
/" 1nL¥ (ntime:¥s+¥d+¥s+np:¥s+ (¥d+) ¥) :¥s+ (¥-2¥d+¥. ¥d+) /;
$npl = $1;
$111 = $2;
}
close (IN) ;

open(IN, “<”, “Al/mlc”) || die; # JRAEGZHL
while (KIN>) {

next unless
/" 1nL¥ (ntime:¥s+¥d+¥s+np:¥s+ (¥d+)¥) 1 ¥s+ (¥-?¥d+¥. ¥d+) /;
$np2 = $1;
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$112 = $2;

}

close (IN) ;

print OUT2 $i, "¥t”, $npl, "¥t”, $np2, "¥t”, $111, "¥t”, $112, "¥n”;
}
close (OUT2) ;
exit;

die “The Unhappy End”;

1—7 cont_s.pl PAML OE#EST (Site model) Fm 7T A
#!/usr/bin/perl —w

#

# JHfe PAML

# M2a-Mla

#

$i = 1; # BHLA

$n = $i-1+253; # #&T<588 il
t Hh7rAn

open (OUT2, ”>”, “res.tsv”);

t 77 AN —7

for (5 $i<=$n; ++$i) {
$ff = sprintf (“oc_nuc/oc%04d. fas”, $i);
open(IN, ”<”, $ff) || die “cannot open :$!¥n”;

# seq 7 7 A VU
$In = 0; # FAIE
$ns = 0; # FECHIEK
$sq = 775 # BLA
$buf = ””; # FASTA {77
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undef %hs;
while (<IN>) {
chomp;
if(s/™>//) |
die if($1n && $1n!=length($sq));
$1n = length($sq);
@ed = split(/@/);
if (exists $hs{$ed[01}) { # 1F& 1 ELSILL LI HEAR
print $i, ”7) over spec!¥n”;
$ns = 0;
last;
}
$hs {$ed[0]} = 1;
$buf .= ">" . $ed[0] . "¥n”; # FHA TEHLZ

Ssq =
++$ns;
}
else {
$buf .= §_ . "¥n”;
$sa .= §_;
}
}
close (IN) ;

next unless $ns>0;

# PAML T ND seq 7 7 A VEEH L
open (OUT, ”>”, ”M2a/bac.seq”) || die;
print OUT $ns, “¥t”, $ln, "¥n¥n”;
print OUT $buf;
close (OUT) ;
system(’sh’, "—c’, “cp M2a/bac. seq Mla/”);

# PAML 217

system( sh’, "—¢’, “cd M2a; codeml”);

system( sh’, "—¢’, “cd Mla; codeml”);
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# OBV L
open (IN, ”<”, "M2a/mlc”) || die “cannot open :$!¥n”; # XS K3
while (KIN>) |

next unless
/ InL¥ (ntime:¥s+¥d+¥s+np:¥s+ (¥d+) ¥) : ¥s+ (¥-?¥d+¥. ¥d+) /;
$npl = $1;
$111 = $2;
}
close (IN) ;

open(IN, <", “Mla/mlc”) || die; # JmHE{RN
while (KIN>) {

next unless
/" 1nL¥ (ntime:¥s+¥d+¥s+np:¥s+ (¥d+) ¥) : ¥s+ (¥-7¥d+¥. ¥d+) /;
$np2 = $1;
$112 = $2;
}
close (IN) ;
print OUT2 $i, “¥t”, $npl, “¥t”, $np2, "¥t”, $111, "¥t”, $112, "¥n”;
}
close (OUT2) ;
exit;

die ”“The Unhappy End”;

51



Appendix 2 5B DR T site model @ F TIEDFIRFH S -8Bl F.

Gene ID Gene annotation 24InL p-value g-value
TGME49 306300 hypothetical protein 55.032796 | 1.12E-12 6.483E-09
TGME49 255180 ubiquitin carboxyl-terminal hydrolase 51.092634 | 8.04E-12 2.327E-08
TGMEA49 242415 histone lysine-specific demethylase 50.006526 1.38E-11 2.662E-08
TGME49 293820 calpain family cysteine protease | 42.690486 | 5.37E-10 7.77E-07
domain-containing protein
TGME49_211440 hypothetical protein 41.172498 | 1.15E-09 1.331E-06
TGME49 318770 aurora kinase(incomplete catalytic triad) 36.753874 | 1.05E-08 1.013E-05
TGME49 206450 autophagy-related cysteine peptidase atg4, | 36.264678 1.33E-08 1.1E-05
putative
TGME49 268370 non-specific serine/threonine protein kinase 35.812474 | 1.67E-08 1.208E-05
TGME49 257770 histone lysine methyltransferase SET2 35.000816 | 2.51E-08 1.574E-05
TGME49 318190 phosphoglycerate mutase family protein 34.842016 | 2.72E-08 1.574E-05
TGME49 210781 ubiquitin carboxyl-terminal hydrolase 34.435116 | 3.33E-08 1.752E-05
TGME49_304910 hypothetical protein 33.528072 | 5.24E-08 2.527E-05
TGME49_306020 hypothetical protein 33.268628 | 5.97E-08 2.567E-05
TGME49 219650 transporter, small conductance | 33.19015 6.21E-08 2.567E-05
mechanosensitive ion channel (MscS) family
protein
TGME49 202880 carrier superfamily protein 31.963116 1.15E-07 4.437E-05
TGME49 203830 FHA domain-containing protein 30.96752 1.89E-07 6.837E-05
TGME49_304720 hypothetical protein 30.30081 2.63E-07 8.954E-05
TGME49_ 203520 hypothetical protein 29.477158 | 3.97E-07 0.0001163
TGME49_266830 Sec7 domain-containing protein 29.46186 0.0000004 | 0.0001163
TGME49_280800 SWI2/SNF2 SRCAP/Ino80 29.452414 | 4.02E-07 0.0001163
TGME49 206430 formin FRM1 29.181944 | 4.61E-07 0.0001271
TGME49_211350 CBS domain-containing protein 28.612416 | 6.12E-07 0.0001578
TGME49_232080 hypothetical protein 28.565984 | 6.27E-07 0.0001578
TGME49 223985 serine/threonine specific protein phosphatase 27.499772 1.07E-06 0.000258
TGME49_309910 hypothetical protein 27.270802 | 0.0000012 | 0.0002778
TGME49 216070 hypothetical protein 27.073618 | 1.32E-06 0.0002939
TGME49_250680 TBC domain-containing kinase (incomplete | 26.980674 | 1.38E-06 0.0002958

catalytic triad)
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TGME49 294730 hypothetical protein 26.705648 | 1.59E-06 0.0003287
TGME49 203910 TBC domain-containing protein 26.461796 1.79E-06 0.0003573
TGME49 223970 translation elongation and release factors | 26.207674 | 2.04E-06 0.0003936
(gtpases), putative
TGME49 295710 HECT-domain (ubiquitin-transferase) | 25.729274 | 2.59E-06 0.0004739
domain-containing protein
TGME49_219640 hypothetical protein 25.703878 | 2.62E-06 0.0004739
TGME49_261850 helicase, putative 25.428536 | 3.01E-06 0.0005279
TGME49 275410 Proteasome/cyclosome repeat-containing | 24.729786 | 4.27E-06 0.0006946
protein
TGME49 318240 Tubulin-tyrosine ligase family protein 24.6702 0.0000044 | 0.0006946
TGME49 281910 hypothetical protein 24.649578 | 4.44E-06 0.0006946
TGME49 254135 hypothetical protein 24.608802 | 4.53E-06 0.0006946
TGME49 272550 hypothetical protein 24.59423 4.57E-06 0.0006946
TGME49 288940 hypothetical protein 24.545146 | 4.68E-06 0.0006946
TGME49 211340 hypothetical protein 24.374584 | 0.0000051 | 0.000738
TGME49 255220 AP2 domain transcription factor AP2VIIb-3 24.223076 | 0.0000055 | 0.0007764
TGME49_307860 hypothetical protein 24.015288 | 0.0000061 | 0.0008406
TGME49_253800 ribosomal protein L15, putative 23.880896 | 6.52E-06 0.0008695
TGME49 310950 AP2 domain transcription factor AP2XI-3 23.853416 | 6.61E-06 0.0008695
TGME49_253750 PLU-1 family protein 23.653626 | 7.31E-06 0.000921
TGME49_216500 tRNA synthetase, putative 23.65063 7.32E-06 0.000921
TGME49 229630 elF2 kinase IF2K-A (incomplete catalytic triad) | 23.44353 8.12E-06 0.001
TGME49 237830 DNA polymerase I domain-containing protein 23.2946 8.74E-06 0.0010477
TGME49 265190 Ulpl protease family, C-terminal catalytic | 23.266874 | 8.87E-06 0.0010477
domain-containing protein
TGME49 310190 PIK3R4 kinase-related protein (incomplete | 23.083232 | 9.72E-06 0.0011252
catalytic triad)
TGME49 214960 AP2 domain transcription factor AP2X-8 22.833608 | 0.000011 0.0012355
TGME49_292330 hypothetical protein 22.815622 | 0.0000111 0.0012355
TGME49_202070 hypothetical protein 22.509676 | 0.0000129 | 0.0014088
TGME49 220910 HEAT repeat-containing protein 22.319972 | 0.0000142 0.001522
TGME49 282030 hypothetical protein 22.257006 | 0.0000147 | 0.0015435
TGME49 203665 hypothetical protein 22219718 | 0.000015 0.0015435
TGME49 207180 indole-3-glycerol phosphate synthase | 22.193006 | 0.0000152 0.0015435
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domain-containing protein

TGME49 226890 hypothetical protein 22.09297 0.0000159 | 0.0015628
TGME49_227350 hypothetical protein 22.065898 | 0.0000162 | 0.0015628
TGME49_318480 SWI2/SNF2-containing protein RADS 22.0583 0.0000162 | 0.0015628
TGME49_247440 hypothetical protein 21.740016 | 0.000019 0.0018028
TGME49_221230 hypothetical protein 21.687072 | 0.0000195 | 0.0018204
TGME49_227450 hydrolase, NUDIX family protein 21.647178 | 0.0000199 | 0.0018283
TGME49_289050 FIKK kinase, putative 21.597654 | 0.0000204 | 0.0018449
TGME49 224070 hypothetical protein 21.443862 | 0.0000221 | 0.0019679
TGME49_253580 CMGC kinase, CDK family 21.101438 | 0.0000262 | 0.0022977
TGME49 310910 WD domain, G-beta repeat-containing protein | 21.01209 0.0000274 | 0.0023483
TGME49 264670 DNA polymerase family B protein 20.969106 | 0.000028 0.0023483
TGME49_273595 hypothetical protein 20.958778 | 0.0000281 | 0.0023483
TGME49 280390 HEAT repeat-containing protein 20.93809 0.0000284 | 0.0023483
TGME49 237410 protein phosphatase 2C domain-containing | 20.751798 | 0.0000312 0.0025435
protein
TGME49_209000 HECT-domain (ubiquitin-transferase) | 20.54183 0.0000346 | 0.0027751
domain-containing protein

TGME49_292300 DNA-directed RNA polymerase III RPC8 20.51978 0.000035 0.0027751
TGME49_ 268010 hypothetical protein 20.459946 | 0.0000361 | 0.0028236
TGME49_306410 hypothetical protein 20.423446 | 0.0000367 | 0.0028323
TGME49 211480 GTP-binding protein engA, putative 20.344698 | 0.0000382 | 0.0029092
TGME49_316150 ULK kinase 20.308644 | 0.0000389 | 0.0029241
TGME49 272040 WD domain, G-beta repeat-containing protein 20.240498 | 0.0000403 0.0029905
TGME49 312875 hypothetical protein 20.150082 | 0.0000421 0.0030845
TGME49_271030 AP2 domain transcription factor AP2VIII-6 20.03767 0.0000446 | 0.0032268
TGME49 281980 phosphatidate cytidylyltransferase 19.858826 | 0.0000487 | 0.0034658
TGME49_311230 hypothetical protein 19.823636 | 0.0000496 | 0.0034658
TGME49_264090 hypothetical protein 19.820296 | 0.0000497 | 0.0034658
TGME49_288440 NEK kinase 19.555284 | 0.0000567 | 0.0039069
TGME49_290990 HEAT repeat-containing protein 19.513842 | 0.0000579 0.0039103
TGME49 212735 hypothetical protein 19.507364 | 0.0000581 | 0.0039103
TGME49 209520 WD domain, G-beta repeat-containing protein 19.435598 | 0.0000602 0.004005

TGME49 224610 GYF domain-containing protein 19.41402 0.0000609 0.0040056
TGME49 247700 AP2 domain transcription factor AP2XII-4 19.198256 | 0.0000678 | 0.0044093
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TGME49 305020 hypothetical protein 19.142436 | 0.0000697 | 0.0044825
TGME49 262900 hypothetical protein 19.086286 | 0.0000717 | 0.0045604
TGME49_247290 hypothetical protein 19.031074 | 0.0000737 | 0.0046367
TGME49_227000 hypothetical protein 18.922096 | 0.0000778 | 0.004842
TGME49_223880 zinc finger, C3HC4 type (RING finger) | 18.875822 | 0.0000797 | 0.0048802
domain-containing protein
TGME49_309890 hypothetical protein 18.86472 0.0000801 | 0.0048802
TGME49 264840 ATP-dependent DNA helicase, RecQ family | 18.726036 | 0.0000858 | 0.005173
protein
TGME49_206580 formin FRM2 18.634468 | 0.0000899 | 0.0053643
TGME49 203950 Myb family DNA-binding domain-containing | 18.598382 | 0.0000915 | 0.0054041
protein
TGME49_208550 hypothetical protein 18.542716 | 0.0000941 | 0.0055015
TGME49 223060 MORN repeat-containing protein 18.473266 | 0.0000974 | 0.0056375
TGME49 252210 pentatricopeptide repeat domain-containing | 18.392652 | 0.000101 0.005788
protein
TGME49 219450 WD domain, G-beta repeat-containing protein 18.238722 | 0.00011 0.0061776
TGME49 243610 C-5  cytosine-specific  DNA  methylase | 18.23799 0.00011 0.0061776
superfamily protein
TGME49 289710 AP2 domain transcription factor AP2IX-5 18.213928 | 0.000111 0.0061776
TGME49 233810 Sell repeat-containing protein 18.165896 | 0.000114 0.0062841
TGME49 315760 AP2 domain transcription factor AP2XI-4 18.101466 | 0.000117 0.0063289
TGME49 228660 Sec7 domain-containing protein 18.09988 0.000117 0.0063289
TGME49 267370 kinesin motor domain-containing protein 17.941938 | 0.000127 0.0068063
TGME49 202550 NLI interacting factor family phosphatase 17.827044 | 0.000135 0.0071686
TGME49_293280 cyclin protein 17.789962 | 0.000137 0.0072087
TGME49 248240 leucine rich repeat-containing protein 17.751436 | 0.00014 0.0072734
TGME49_318390 hypothetical protein 17.740294 | 0.000141 0.0072734
TGME49_295658 zinc finger in N-recognin protein 17.716932 | 0.000142 0.0072734
TGME49 277990 OTU family cysteine protease 17.636488 | 0.000148 0.0075142
TGME49_291940 hypothetical protein 17.548454 | 0.000155 0.0078012
TGME49_309000 hypothetical protein 17.395956 | 0.000167 0.0083327
TGME49 205200 hypothetical protein 17.374388 | 0.000169 0.0083604
TGME49_246060 DNA-dependent RNA polymerase 17.310236 | 0.000174 0.0085348
TGME49 232010 protein phosphatase 2C domain-containing | 17.189814 | 0.000185 0.0089982
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protein

TGMEA49 254950 RNA cap guanine-N2 methyltransferase 17.154498 | 0.000188 0.0090679
TGME49 229370 AP2 domain transcription factor AP2VIII-1 17.113554 | 0.000192 0.0091843
TGME49_225280 hypothetical protein 17.06572 0.000197 0.0093462
TGME49_218400 NEK kinase 17.015046 | 0.000202 0.0095055
TGME49_314890 ThiF family protein 16.958834 | 0.000208 0.0096775
TGME49_294860 hypothetical protein 16.943944 | 0.000209 0.0096775
TGME49_269290 hypothetical protein 1691124 0.000213 0.0097845
TGME49 272270 radical SAM domain-containing protein 16.752458 | 0.00023 0.0104822
TGME49_306550 hypothetical protein 16.737208 | 0.000232 0.0104908
TGME49 213300 hypothetical protein 16.68723 0.000238 0.0105675
TGME49 245720 SWI2/SNF2-containing protein 16.6764 0.000239 0.0105675
TGME49_320150 elongation  factor Tu  GTP  binding | 16.670452 | 0.00024 0.0105675
domain-containing protein
TGME49 275420 histone lysine-specific demethylase | 16.657984 | 0.000241 0.0105675
LSD1/BHC110/KDMA1A
TGME49_225230 hypothetical protein 16.5743 0.000252 0.0108043
TGME49 243590 endonuclease/exonuclease/phosphatase family | 16.57355 0.000252 0.0108043
protein
TGME49 219738 hypothetical protein 16.569342 | 0.000252 0.0108043
TGME49 273800 WD domain, G-beta repeat-containing protein 16.520564 | 0.000259 0.0110227
TGME49 311730 hypothetical protein 16.500274 | 0.000261 0.0110268
TGME49 321450 Myb family DNA-binding domain-containing | 16.484996 | 0.000263 0.0110308
protein
TGME49 221180 hypothetical protein 16.397978 | 0.000275 0.0113693
TGME49_241140 DEAD/DEAH box helicase domain-containing | 16.395786 | 0.000275 0.0113693
protein
TGME49_235490 hypothetical protein 16.364826 | 0.00028 0.0114939
TGME49_292950 hypothetical protein 16.31507 0.000287 0.0116974
TGME49_225105 hypothetical protein 16.296548 | 0.000289 0.0116974
TGME49_204360 subtilisin SUB4 16.190784 | 0.000305 0.0122593
TGME49_ 254860 hypothetical protein 16.131082 | 0.000314 0.012534
TGME49_316680 RNA pseudouridine synthase superfamily | 16.06354 0.000325 0.0127966
protein
TGME49 255300 hypothetical protein 16.061832 | 0.000325 0.0127966
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TGME49 274000 hypothetical protein 15.973616 | 0.00034 0.0132352
TGME49 209590 hypothetical protein 15.96936 0.000341 0.0132352
TGME49 226810 histone lysine methyltransferase SET1 15.95396 0.000343 0.0132352
TGME49_316350 hypothetical protein 15.863078 | 0.000359 0.0137609
TGME49 253170 zinc carboxypeptidase, putative 15.844874 | 0.000363 0.0138227
TGME49 318275 peptidyl-prolyl cis-trans isomerase, FKBP-type | 15.797162 | 0.000371 0.014035
domain-containing protein
TGME49_311220 hypothetical protein 15.756952 | 0.000379 0.0141899
TGME49_229010 rhoptry neck protein RON4 15.751196 | 0.00038 0.0141899
TGME49 277550 UvrD/REP helicase domain-containing protein | 15.682004 | 0.000393 0.0145813
TGME49 278730 guanine nucleotide-binding protein, putative 15.669034 | 0.000396 0.014599
TGME49 314340 Sodium:neurotransmitter ~symporter family | 15.621116 | 0.000405 0.0148363
protein
TGME49 232530 hypothetical protein 15.516402 | 0.000427 0.0155439
TGME49 212880 surface antigen repeat-containing protein 15.430038 | 0.000446 0.0161341
TGME49 288420 hypothetical protein 15.385668 | 0.000456 0.0163116
TGME49 271350 bifunctional protein FolC subfamily protein 15.382804 | 0.000457 0.0163116
TGME49_225720 hypothetical protein 15.363426 | 0.000461 0.0163116
TGME49 291930 RNA recognition motif-containing protein 15.352578 | 0.000464 0.0163116
TGME49_215300 hypothetical protein 15.346394 | 0.000465 0.0163116
TGME49_ 215100 PP-loop family protein 15.297162 | 0.000477 0.0166318
TGME49_208910 hypothetical protein 1523773 0.000491 0.0170174
TGME49 226470 hypothetical protein 15.154428 | 0.000512 0.0176396
TGME49_236930 hypothetical protein 15.084096 | 0.00053 0.018079
TGME49_285530 ribosomal protein RPL35 15.080152 | 0.000531 0.018079
TGME49_244680 hypothetical protein 15.061358 | 0.000536 0.0181425
TGME49_228750 calcium dependent protein kinase CDPK7 15.037968 | 0.000543 0.0182004
TGME49_284620 hypothetical protein 15.03205 0.000544 0.0182004
TGME49 211600 hypothetical protein 14.990432 | 0.000556 0.018495
TGME49 262935 hypothetical protein 14.959112 | 0.000565 0.018687
TGME49 258450 hypothetical protein 14.874698 | 0.000589 0.0191748
TGME49 316430 target of rapamycin (TOR), putative 14.870874 | 0.00059 0.0191748
TGME49 285200 cleavage and polyadenylation specifity factor | 14.866018 | 0.000591 0.0191748
protein
TGME49 285540 DNA-directed DNA polymerase 14.86107 0.000593 0.0191748
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TGME49 203780 hypothetical protein 14.838062 | 0.0006 0.0192933
TGME49 260840 hypothetical protein 14.80224 0.000611 0.0195385
TGME49 304955 serine/threonine specific protein phosphatase 14.786938 | 0.000615 0.0195584
TGME49_230990 hypothetical protein 14.73817 0.00063 0.0199259
TGME49_264120 Myb family DNA-binding domain-containing | 14.726408 | 0.000634 0.0199295
protein
TGME49_210700 hypothetical protein 14.717812 | 0.000637 0.0199295
TGME49_225960 STE kinase 14.696964 | 0.000644 0.0200402
TGME49 230140 vacuolar  sorting  protein 9 (vps9) | 14.672144 | 0.000652 0.0201806
domain-containing protein
TGME49 316620 WD domain, G-beta repeat-containing protein 14.658084 | 0.000656 0.0201964
TGME49 247270 hypothetical protein 14.558982 | 0.00069 0.0211308
TGME49 271270 hypothetical protein 14.48697 0.000715 0.0217812
TGME49 274010 hypothetical protein 14.418558 | 0.00074 0.0223984
TGME49_235950 subtilisin SUB8 14.410316 | 0.000743 0.0223984
TGME49_285895 AP2 domain transcription factor AP2V-2 14371998 | 0.000757 0.0227022
TGME49_267540 AGC kinase 14321354 | 0.000777 0.0231817
TGME49 233030 gliding-associated protein GAP70 14.310064 | 0.000781 0.0231817
TGME49 287230 inorganic anion transporter, sulfate permease | 14.28988 0.000789 0.0232695
(SulP) family protein
TGME49 305980 pyruvate dehydrogenase complex subunit | 14.281332 | 0.000792 0.0232695
PDH-E31
TGME49_265090 hypothetical protein 14.26333 0.000799 0.0233566
TGME49_224870 hypothetical protein 14.21068 0.000821 0.0238791
TGMEA49 216430 TBC domain-containing protein 14.16552 0.00084 0.0242408
TGME49_288280 hypothetical protein 14.155348 | 0.000844 0.0242408
TGME49_273380 ion channel protein 14.150498 | 0.000846 0.0242408
TGME49_258990 bromodomain-containing protein 14.103186 | 0.000866 0.0246917
TGME49_298010 hypothetical protein 14.055322 | 0.000887 0.0251665
TGME49_287180 hypothetical protein 14.025788 | 0.0009 0.0254107
TGME49_306040 CHY zinc finger protein 14.010178 | 0.000907 0.0254841
TGME49 223920 rhoptry neck protein RON3 13.949306 | 0.000935 0.0261439
TGME49 251450 hypothetical protein 13.935686 | 0.000942 0.026213
TGME49 315190 CAM kinase, SNF1 family 13.714026 | 0.00105 0.0290785
TGMEA49 213392 surface antigen repeat-containing protein 13.707132 | 0.00106 0.0292156
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TGME49 264820 RbAp48 13.614396 | 0.00111 0.0304487
TGME49 200410 hypothetical protein 13.543116 | 0.00115 0.0312498
TGME49 260250 cyclin domain protein, cyclin H family protein | 13.530528 | 0.00115 0.0312498
TGME49_250850 CMGC kinase, putative 13.512908 | 0.00116 0.0313742
TGME49_259920 Nitric-oxide synthase 13.489556 | 0.00118 0.0317667
TGME49_278030 hypothetical protein 13.462356 | 0.00119 0.0318876
TGME49 211310 hypothetical protein 13.403198 | 0.00123 0.0328076
TGME49_257110 hypothetical protein 13.372538 | 0.00125 0.0331881
TGME49 221330 DNA gyrase/topoisomerase IV, A subunit | 13.23519 0.00134 0.0351973
domain-containing protein
TGME49_236850 hypothetical protein 13.233778 | 0.00134 0.0351973
TGMEA49 270210 kinesin motor domain-containing protein 13.220844 | 0.00135 0.0351973
TGME49 201820 hypothetical protein 13.215406 | 0.00135 0.0351973
TGME49 288240 hypothetical protein 13.176536 | 0.00138 0.0356582
TGME49 228100 hypothetical protein 13.176024 | 0.00138 0.0356582
TGME49_258590 hypothetical protein 13.113012 | 0.00142 0.0363671
TGME49_206540 hypothetical protein 13.111046 | 0.00142 0.0363671
TGME49_282170 hypothetical protein 13.084234 | 0.00144 0.0367168
TGME49_308060 hypothetical protein 13.057304 | 0.00146 0.0370635
TGME49 248290 WD domain, G-beta repeat-containing protein 13.014482 | 0.00149 0.0376599
TGME49 308000 Gpil6 subunit, GPI transamidase component | 12.995486 | 0.00151 0.0379995
protein
TGME49 268320 hypothetical protein 12.949854 | 0.00154 0.0385867
TGME49 291120 trafficking protein mon1 subfamily protein 12.909308 | 0.00157 0.0391688
TGME49 271200 AP2 domain transcription factor AP2VIII-5 12.904782 | 0.00158 0.0392491
TGME49_239830 TBC domain-containing protein 12.828434 | 0.00164 0.0405655
TGME49_313630 hypothetical protein 12.817528 | 0.00165 0.0406392
TGME49 213310 hypothetical protein 12.804966 | 0.00166 0.0407122
TGME49_249560 DNA-directed RNA polymerase alpha chain | 12.73349 0.00172 0.0420057
IpoA
TGME49_ 230905 hydrolase, alpha/beta fold family protein 12.694178 | 0.00175 0.0425588
TGME49_250690 zinc finger (CCCH type) motif-containing | 12.685414 | 0.00176 0.0426229
protein
TGME49 299070 pyruvate kinase PyKII 12.658296 | 0.00178 0.0428741
TGME49_246600 ABCI family protein 12.651246 | 0.00179 0.0428741
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TGME49 232590 glutamate-cysteine ligase, catalytic subunit | 12.63773 0.0018 0.0428741
domain-containing protein
TGME49 289950 hypothetical protein 12.63667 0.0018 0.0428741
TGME49 269760 'chromo' (CHRromatin Organization MOdifier) | 12.61431 0.00182 0.0430571
domain-containing protein
TGME49_218570 Nin one binding (NOB1) Zn-ribbon family | 12.610514 | 0.00183 0.0430571
protein
TGME49_305470 hypothetical protein 12.603592 | 0.00183 0.0430571
TGME49_243290 hypothetical protein 12.598846 | 0.00184 0.0431171
TGME49_275430 hypothetical protein 12.574034 | 0.00186 0.04341
TGME49_244010 hypothetical protein 12.46046 0.00197 0.0454277
TGME49 314280 AAR?2 protein 12.457496 | 0.00197 0.0454277
TGME49 264200 hypothetical protein 12.457174 | 0.00197 0.0454277
TGME49 265280 hypothetical protein 12.41392 0.00202 0.0462584
TGME49_259600 hypothetical protein 12.402188 | 0.00203 0.0462584
TGME49 223610 hypothetical protein 12.395154 | 0.00203 0.0462584
TGME49_268330 hypothetical protein 12.3409 0.00209 0.0472536
TGME49_245500 dipeptidyl peptidase iv (dpp iv) n-terminal | 12.338838 | 0.00209 0.0472536
region domain-containing protein
TGME49_ 312430 hypothetical protein 12.327032 | 0.00211 0.0475202
TGME49 292170 histone lysine methyltransferase, SET, putative | 12.299858 | 0.00213 0.0477847
TGME49_320260 hypothetical protein 12.27919 0.00216 0.0482706
TGME49 271120 endonuclease/exonuclease/phosphatase family | 12.218964 | 0.00222 0.0494206
protein
TGME49 320680 AP2 domain transcription factor AP2IV-2 12.192712 | 0.00225 0.0498966
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Appendix 3 Hh & NT;%#% C Branch-site model ® T CIED®EIRDV R S Lz Bim 1.

Hh Lineage
Gene ID Gene annotation 24InL p-value g-value
TGME49 315860 EF hand domain-containing protein 74.28532 0 0
TGME49 255180 ubiquitin carboxyl-terminal hydrolase 34.790804 3.67E-09 1.0621E-05
TGME49_304910 hypothetical protein 28.298498 1.04E-07 0.00020065
TGME49_313630 hypothetical protein 23.163054 0.00000149 | 0.00215603
TGME49_306410 hypothetical protein 21.873524 0.00000291 | 0.00336862
TGME49_306300 hypothetical protein 21.453326 0.00000363 | 0.00350174
TGME49 224070 hypothetical protein 20.7454 0.00000525 | 0.004341
TGME49 213310 hypothetical protein 20.30014 0.00000662 | 0.00478957
TGME49 247440 hypothetical protein 19.643808 0.00000933 | 0.00600023
TGME49_294860 hypothetical protein 18.97734 0.0000132 0.00764016
TGME49 223060 MORN repeat-containing protein 18.152334 0.0000204 0.01073411
TGME49 311080 transporter, cation channel family protein 17.547356 0.000028 0.01349049
TGME49_309000 hypothetical protein 17.401996 0.0000303 0.01349049
TGME49_274000 hypothetical protein 17.16837 0.0000342 0.01413926
TGME49 239830 TBC domain-containing protein 16.581376 0.0000466 0.01798139
TGME49_290950 clathrin heavy chain, putative 16.43982 0.0000502 0.01815985
TGME49 257730 methionine aminopeptidase, type i, putative | 16.08873 0.0000604 0.02056442
TGME49 315760 AP2 domain transcription factor AP2XI-4 15.73817 0.0000727 0.02337709
TGME49_203780 hypothetical protein 14.902872 0.000113 0.03032912
TGME49 223970 translation elongation and release factors | 14.885202 0.000114 0.03032912
(gtpases), putative
TGME49_224700 hypothetical protein 14.809528 0.000119 0.03032912
TGME49 259640 nucleoporin autopeptidase 14.790066 0.00012 0.03032912
TGME49_295658 zinc finger in N-recognin protein 14.757518 0.000122 0.03032912
TGME49 208430 serine proteinase inhibitor PI-2, putative 14.697516 0.000126 0.03032912
TGME49 214830 hypothetical protein 14.62579 0.000131 0.03032912
TGME49 233810 Sell repeat-containing protein 14.370484 0.00015 0.03253255
TGME49 247290 hypothetical protein 14.302866 0.000156 0.03253255
TGME49_ 254860 hypothetical protein 14.22778 0.000162 0.03253255
TGME49 304720 hypothetical protein 14.212738 0.000163 0.03253255
TGME49 267020 hypothetical protein 13.795738 0.000204 0.0393584
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TGME49 292950 hypothetical protein 13.587528 0.000228 0.04256981
TGME49 227300 hypothetical protein 13.493502 0.000239 0.04322913
N-T Lineage
Gene ID Gene annotation 24InL p-value g-value
TGME49 255180 ubiquitin carboxyl-terminal hydrolase 41.700256 1.06E-10 6.1353E-07
TGME49 306300 hypothetical protein 24.68538 6.75E-07 0.00195345
TGME49 306410 hypothetical protein 22.183192 0.00000248 | 0.00478475
TGME49 213310 hypothetical protein 21.106606 0.00000434 | 0.00627998
TGME49 268370 non-specific serine/threonine protein kinase | 20.195134 0.00000699 | 0.00677196
TGME49 224070 hypothetical protein 19.878192 0.00000825 | 0.00677196
TGME49_247440 hypothetical protein 19.643794 0.00000933 | 0.00677196
TGME49_292950 hypothetical protein 19.241104 0.0000115 0.00677196
TGME49_313630 hypothetical protein 19.217028 0.0000117 0.00677196
TGME49 239830 TBC domain-containing protein 19.21024 0.0000117 0.00677196
TGME49_304910 hypothetical protein 18.587966 0.0000162 0.00852415
TGME49 223060 MORN repeat-containing protein 17.53794 0.0000282 0.0136018
TGME49 220360 FAD binding domain-containing protein 17.253414 0.0000327 0.01455905
TGME49_ 235710 hypothetical protein 16.587596 0.0000465 0.01922443
TGME49_310300 hypothetical protein 16.429092 0.0000505 0.01948627
TGME49 314280 AAR?2 protein 16.258274 0.0000553 0.01950896
TGME49 253580 CMGC kinase, CDK family 16.191166 0.0000573 0.01950896
TGME49_306550 hypothetical protein 15.780186 0.0000711 0.0228626
TGME49 275420 histone lysine-specific demethylase | 15.440466 0.0000852 0.02595461
LSD1/BHC110/KDMA1A
TGME49 236930 hypothetical protein 15.288214 0.0000923 0.02671162
TGME49 246170 ARID/BRIGHT DNA binding | 15.151752 0.0000992 0.02734141
domain-containing protein
TGME49 315760 AP2 domain transcription factor AP2XI-4 14.961742 0.00011 0.02894
TGME49 313640 hypothetical protein 14.811376 0.000119 0.02994661
TGME49 312370 RNA pseudouridine synthase superfamily | 14.655614 0.000129 0.03032912
protein
TGME49_295658 zinc finger in N-recognin protein 14.63252 0.000131 0.03032912
TGME49_294730 hypothetical protein 14.298044 0.000156 0.034728
TGME49 310190 PIK3R4 kinase-related protein (incomplete | 14.112446 0.000172 0.0368717
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catalytic triad)

TGME49_271350 bifunctional protein FolC subfamily protein | 13.805836 0.000203 0.041963

TGME49_211310 hypothetical protein 13.571576 0.00023 0.04590483
TGME49_304720 hypothetical protein 13.332014 0.000261 0.04910465
TGME49_314920 hypothetical protein 13.320852 0.000263 0.04910465

63




Appendix 4 NT %#t T Branch-site model @ F CTIEDIRIRA R H S 7B In 1
DGOHT Y —.

Biological
Process
ID Description # # Genes | p-value FDR g-value
Genes | in
in GO | Overlap
G0:0019222 | regulation of metabolic process 123 13 0.000143058 0.005150095
GO:0043412 | macromolecule modification 294 19 0.001657531 0.020878166
GO:0050790 | regulation of catalytic activity 27 5 0.00215551 0.020878166
GO:0065009 | regulation of molecular function 28 5 0.002481643 0.020878166
GO0:0060255 | regulation of macromolecule metabolic | 102 9 0.004923199 0.020878166
process
GO0:0050789 | regulation of biological process 232 15 0.005277944 0.020878166
GO0:0006464 | cellular protein modification process 256 16 0.005409738 0.020878166
G0:0036211 protein modification process 256 16 0.005409738 0.020878166
GO0:0043087 | regulation of GTPase activity 21 4 0.005580684 0.020878166
GO0:0006468 | protein phosphorylation 167 12 0.005799491 0.020878166
GO:0051336 | regulation of hydrolase activity 22 4 0.006447988 0.021102506
GO:0010468 | regulation of gene expression 89 8 0.007171287 0.02151386
GO0:0031323 | regulation of cellular metabolic process 95 8 0.010198225 0.022671558
GO:0046578 | regulation of Ras protein signal | 4 2 0.011921425 0.022671558
transduction
GO:1902531 | regulation of intracellular  signal | 4 2 0.011921425 0.022671558
transduction
GO:0032012 | regulation of ARF protein signal | 4 2 0.011921425 0.022671558
transduction
GO:0051056 | regulation of small GTPase mediated | 4 2 0.011921425 0.022671558
signal transduction
GO:0080090 | regulation of primary metabolic process 98 8 0.012027602 0.022671558
GO:0065007 | biological regulation 256 15 0.012141137 0.022671558
GO0:2001141 regulation of RNA biosynthetic process 83 7 0.015857994 0.022671558
GO:0051252 | regulation of RNA metabolic process 83 7 0.015857994 0.022671558
GO:1903506 | regulation of nucleic acid-templated | 83 7 0.015857994 0.022671558

transcription
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GO:0006355 | regulation of transcription, | 83 7 0.015857994 0.022671558
DNA-templated

GO:0016310 | phosphorylation 193 12 0.016285982 0.022671558

GO:0019219 | regulation of nucleobase-containing | 85 7 0.017724577 0.022671558
compound metabolic process

GO:0009889 | regulation of biosynthetic process 87 7 0.01974158 0.022671558

GO:0051171 regulation of nitrogen compound | 87 7 0.01974158 0.022671558
metabolic process

GO:0031326 | regulation of cellular biosynthetic | 87 7 0.01974158 0.022671558
process

GO:0010556 | regulation of macromolecule | 87 7 0.01974158 0.022671558
biosynthetic process

GO:2000112 | regulation of cellular macromolecule | 87 7 0.01974158 0.022671558
biosynthetic process

GO:0010646 | regulation of cell communication 6 2 0.021412027 0.022671558

GO0:0048583 | regulation of response to stimulus 6 2 0.021412027 0.022671558

G0:0023051 regulation of signaling 6 2 0.021412027 0.022671558

G0:0009966 | regulation of signal transduction 6 2 0.021412027 0.022671558

GO0:0043170 | macromolecule metabolic process 937 37 0.045243969 0.046536654

GO0:0050794 | regulation of cellular process 204 11 0.049699442 0.049699442

Molecular

Function

ID Description # # Genes | p-value FDR g-value

Genes | in
in GO | Overlap

GO:0016772 | transferase activity, transferring | 354 22 0.001115347 0.023682619
phosphorus-containing groups

GO:0003824 | catalytic activity 1779 69 0.003330536 0.023682619

GO:0016773 | phosphotransferase activity, alcohol | 224 15 0.003872025 0.023682619
group as acceptor

GO:0003887 | DNA-directed DNA polymerase activity | 19 4 0.004087329 0.023682619

GO:0001071 | nucleic acid binding transcription factor | 47 6 0.004229852 0.023682619
activity

GO:0003700 | transcription factor activity, | 47 6 0.004229852 0.023682619

sequence-specific DNA binding
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G0:0034061 | DNA polymerase activity 20 4 0.004795009 0.023682619
GO:0046592 | polyamine oxidase activity 2 2 0.004956827 0.023682619
GO:0016647 | oxidoreductase activity, acting on the | 2 2 0.004956827 0.023682619
CH-NH group of donors, oxygen as
acceptor
GO:0005096 | GTPase activator activity 21 4 0.005580684 0.02369415
GO:0030695 | GTPase regulator activity 22 4 0.006447988 0.02369415
GO0:0003674 | molecular_function 3207 106 0.006612321 0.02369415
GO:0004672 | protein kinase activity 173 12 0.007517676 0.024866159
GO:0008047 | enzyme activator activity 24 4 0.008441231 0.025926639
GO:0060589 | nucleoside-triphosphatase regulator | 25 4 0.00957363 0.027444407
activity
GO:0005086 | ARF guanyl-nucleotide exchange factor | 4 2 0.011921425 0.028570648
activity
GO:0005085 | guanyl-nucleotide  exchange  factor | 4 2 0.011921425 0.028570648
activity
GO0:0003682 | chromatin binding 14 3 0.01249343 0.028570648
GO0:0098772 | molecular function regulator 43 5 0.01262424 0.028570648
GO:0016301 | kinase activity 239 14 0.015333314 0.032966624
GO:0003677 | DNA binding 175 11 0.019758622 0.040458131
GO0:0030554 | adenyl nucleotide binding 514 24 0.021501104 0.04125678
GO:0000166 | nucleotide binding 687 30 0.02302704 0.04125678
GO0:1901265 | nucleoside phosphate binding 687 30 0.02302704 0.04125678
GO0:0017076 | purine nucleotide binding 610 27 0.027071111 0.044048591
GO:0016740 | transferase activity 671 29 0.028906383 0.044048591
GO0:0036094 | small molecule binding 703 30 0.030452177 0.044048591
GO0:0005524 | ATP binding 506 23 0.03198916 0.044048591
GO0:0032559 | adenyl ribonucleotide binding 507 23 0.03261623 0.044048591
GO0:0044877 | macromolecular complex binding 39 4 0.036366807 0.044048591
G0:0004721 phosphoprotein phosphatase activity 59 5 0.038873052 0.044048591
GO0:0035639 | purine  ribonucleoside  triphosphate | 602 26 0.03911222 0.044048591
binding
GO:0032550 | purine ribonucleoside binding 603 26 0.039793711 0.044048591
GO:0001882 | nucleoside binding 603 26 0.039793711 0.044048591
GO:0001883 | purine nucleoside binding 603 26 0.039793711 0.044048591
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GO0:0032549 | ribonucleoside binding 603 26 0.039793711 0.044048591
G0:0032555 | purine ribonucleotide binding 603 26 0.039793711 0.044048591
GO0:0032553 | ribonucleotide binding 605 26 0.041183728 0.044048591
GO:0016779 | nucleotidyltransferase activity 81 6 0.041690443 0.044048591
GO:0016881 | acid-amino acid ligase activity 41 4 0.041999819 0.044048591
GO0:0030234 | enzyme regulator activity 41 4 0.041999819 0.044048591
GO0:0016645 | oxidoreductase activity, acting on the | 10 2 0.04675282 0.047865982
CH-NH group of donors
GO:0097367 | carbohydrate derivative binding 614 26 0.047897903 0.047897903
Cellular
Component
ID Description # # Genes | p-value FDR g-value
Genes | in
in GO | Overlap
GO0:0070258 | inner membrane complex 37 4 0.031199998 0.031199998
GO0:0020039 | pellicle 37 4 0.031199998 0.031199998
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Appendix 5 Site model @ N TIEDRIRD T SNTZBEFD GO AT T Y —.

Biological
Process
ID Description # # Genes | p-value FDR g-value
Genes in
in GO Overlap
GO:0006468 | protein phosphorylation 167 10 0.015069889 0.044639517
GO0:0043087 | regulation of GTPase activity 21 3 0.022873057 0.044639517
GO:0051336 | regulation of hydrolase activity 22 3 0.02551487 0.044639517
GO:0016310 | phosphorylation 193 10 0.035270037 0.044639517
GO:0050790 | regulation of catalytic activity 27 3 0.041067925 0.044639517
GO0:0036211 | protein modification process 256 12 0.041661441 0.044639517
GO0:0006464 | cellular protein modification process 256 12 0.041661441 0.044639517
GO0:0065009 | regulation of molecular function 28 3 0.044639517 0.044639517
Molecular
Function
ID Description # # Genes | p-value FDR g-value
Genes in
in GO Overlap
GO:0008047 | enzyme activator activity 24 4 0.005338645 0.044960493
GO:0060589 | nucleoside-triphosphatase regulator | 25 4 0.006071857 0.044960493
activity
GO:0016773 | phosphotransferase activity, alcohol | 224 12 0.0173886 0.044960493
group as acceptor
GO:0004672 | protein kinase activity 173 10 0.018666113 0.044960493
GO:0005096 | GTPase activator activity 21 3 0.022873057 0.044960493
GO:0030695 | GTPase regulator activity 22 3 0.02551487 0.044960493
GO:0016772 | transferase activity, transferring | 354 16 0.026206337 0.044960493
phosphorus-containing groups
GO0:0030234 | enzyme regulator activity 41 4 0.027838337 0.044960493
GO:0005509 | calcium ion binding 85 6 0.029151037 0.044960493
GO:0030554 | adenyl nucleotide binding 514 21 0.029726782 0.044960493
GO:0004709 | MAP kinase kinase kinase activity 9 2 0.031254489 0.044960493
GO:0098772 | molecular function regulator 43 4 0.032054273 0.044960493
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G0:0004540 | ribonuclease activity 25 3 0.034381553 0.044960493
GO0:0004871 | signal transducer activity 27 3 0.041067925 0.049031756
GO:0005524 | ATP binding 506 20 0.045367304 | 0.049031756
GO0:0032559 | adenyl ribonucleotide binding 507 20 0.046147536 0.049031756
GO0:0043167 | ion binding 1052 36 0.04993126 0.04993126
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