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Figure 2-1 EFA# K 2 TREE

3 e

3.1 BinEiESEt

ETFTHUOFIFMER, FIATRPOYFHEIEETHES . BXITYIIRERE RGO THER, RERKERE,
EENT SR AP B R NEBEELIEZRBF (stop codon) MIARBINEHNERBTFEED . BT HEDITHNYFHZMELREE
WT&R:

Table 3.1-1 Zr¥Fh{s B4

ITh ISR IR T LB [RIGBE SRERENK
- - 54288 46773
- - 33078 28165
- - 33456 27525
- - 25985 25811
- - 37969 31807
- - 28143 25056
- - 40142 40105
- - 38478 32701
- - 28881 24890
- - 41359 38255
- - 28400 26600
- - 60286 39968

- - 37729 37729



TIRRTEFR YIRPRL T SCRFR [RIGEEER SIEEEEK

- - 47491 36862
- - 27433 27433
- - 41330 33559

3.2 ER RS

ERFERRA— T EEERN—AER. BERRKENEE, BHUITPREENAR. BIRRERNRENERKENE
ESH, UURHSENERRGNSENERARR, XERKFEVMZEEZLRRTH, JRTFYMEREXRNIT. &
ER LS EMMSENERMEKE, SITREMIYMBSREREEX. INERTLMENERE KT R AR,

3.2.1 BRERKFRE

EFOrthoFinder[11H 3 A T 16 MR TERERERE S, BEERESITEINERHFITHE, HSIEFIFREEH
BRI, EROT: HRQRARSHHBERYM, SREPENER (Single) 5301, 148 (unique) EHAE1,326%, =X
BZE (uncluster) EEF1,7621, WMIESEE (unclusterfuniqueEE&H) 3,088, BfFkLERINKTable 3.2-1 (BEDER
Table 3.2-14%E, Single, Multi, Unique, OtherARIEZFHEETT, Unclustered IER &I AR BHITERENETT),

H—SETFTable 3.2- 140 HERBFTEF BN, BELERIFigure 3.2-1,

Table 3.2-1 B ERKELXENEFBE ST

Species Single Multi Unique Other Unclustered
- 530 15,643 6,844 12,289 1,556
- 530 14,982 4177 5334 2,502
- 530 14,486 709 8,846 319
- 530 15,354 6,876 12,514 2,455
- 530 26,996 1,379 16,218 1,650
- 530 14,709 1,326 7,484 1,762
- 530 20,705 1,988 10,748 4,284
- 530 15,580 3,902 11,864 825
- 530 16,286 1,132 13,146 713
- 530 15,958 6,470 15,900 1,110
- 530 15,604 275 10,174 850
- 530 17,231 1,924 13,176 698
- 530 15,536 293 9,990 251
- 530 16,565 6,824 11,510 4,676
- 530 15,630 263 11,433 309
- 530 13,540 2,505 7421 1,060
BieA:

Species: ¥IF&TE;
Single: ERREHFIEYMFERNEA1HRE;



Mutil: FRE¥IMNMEERR A0, EEDE—MIFAT1895KIE;
Unique: FREIS¥IMSL, HR¥IMIA0;

Other: BEATO0, HRYHHAEN0, BRELE—THONEKIE;
Unclustered: ERRBMEMYIFESL, BEWEHERE,

40000 -

30000 -
—
-é I Uncustered genes
E [ omerormologs
© [ Unique paraiogs
& 20000- | Muitpie-copy orologs
S [ single-copyortrolags

10000~

0-
A G

Figure 3.2-1 B AERE FKIEEE 53K E

ETERARBEAITER, ATEMEWM T BERKESE, $HERRESMERBRUREAEXSAIT. By, EHEE
258111 &R, BAREREHSEI5,641MERRK, HAPB399MNEAREAMIMISENERARE, ((NWERTTWIRTFAEE
ERIEEE /24,049, TATENEREKE 1,762, FHENRIEEE154TMER, #HMER I Table 3.2-2,

Table 3.2-2 BERMKHEEKS

Uni
. Genes Genes number Unclustered genes Family n“_]l,‘e Average genes
Species . . Families A
Number in families number number number per family
number
- 36,862 35,306 1,556 16,233 805 2.17
- 27,525 25,023 2,502 14,419 897 1.74
- 24,890 24,571 319 15,794 121 1.56
- 37,729 35,274 2,455 17,063 636 2.07
- 46,773 45,123 1,650 16,797 234 2.69
- 25,811 24,049 1,762 15,641 399 1.54
- 38,255 33,971 4,284 16,682 599 2.04

- 32,701 31,876 825 16,217 401 1.97



Species Genes Ge'nes m.lr.nber Unclustered genes Family
Number in families number number
- 31,807 31,094 713 16,469
- 39,968 38,858 1,110 16,544
- 27,433 26,583 850 16,530
- 33,559 32,861 698 16,565
- 26,600 26,349 251 16,105
- 40,105 35,429 4,676 18,657
- 28,165 27,856 309 16,171
- 25,056 23,996 1,060 15,052
BiEA:

Species: ¥IFEH;

Genes Number: ZWF05E Rz S RIEF L

Genes number in families: RZEHERERBE;
Unclustered genes number: REEZERIEREZEL;
Family number: BRI,

Unique Families number: 3585 EREKIEE;

Average genes number per family: SN RIEEFE

3.2.2 HRARREREERE

Unique
Families
number
271
640
88
402
59
1,787

83

413

Average genes
number per family

1.89

2.35

1.61

1.98

1.64

1.90

1.72

1.59

ETFOrthoFinder1|MERH#TERFFREENEE (BREAERTAMEEE), BEERINZIYMHERRREERAHITSR

it, FIUHERRTE.
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BT ERNBENERANYHSER#TRITEE, $HEMMINERDRERPRFNRELERATHRIT, HP
ERDHRIRG T 530 T RENERRRER, BN THISEEETTSN, HRET3,088MIRER (XXERBTEL
EEN . AFEERTE,

é
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> max N2¢ Single: 530 544 Vigr

2622
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Figure 3.2-3 B AR N EF S5 FHFEEREIRE
BEA: Single: SEIETIERER; Ml EMETF: RRMZZYFuniqueMunclustered EE#Z M,

3.24 YR EEEES T

BEAREDINERD, EEYIZEFunique gene Munclustered geneXTEEFMAYFEISER, HXMFRERBITHR
it, BERSTHERI TR

Table 3.2-3 ¥4 R ERE 241t
Species Unique Gene Unclustered Unique and Unclustered Gene
i} 1,326 1,762 3,088

3.2.4.1 GOEENR

BT ERDH A AR RERMITCOREN M, RiTable 32-3=MLEFH#ITHN, AFERITE EEANZENE
10BMVERMET, FAER IR ).

1. Unique BEEIGOEENIFLER:



plant epidermis development .‘

innate immune response

p.adjust
immune response

plant epidermal cell .
differentiation

regulation of innate immune @
response

root hair elongation @

obsolete cofactor catabaolic
process @ O

cysteine metabolic process [ ] O 30

jasmonic acid and
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resistance

negative regulation of auxin
mediated signaling pathway

0025 0050 0075 0400 0125
GeneRatio
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p.adjust
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root hair elongation

fEti
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Count
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Figure 3.2-4 Unique EEGOE£E
WiRR:

BB HE45ARIch Factor, RNEE LHNERGERINERNE O, MLIFRTEELNEE,;, RPKAKNNKRREELN
EREMK, iR TpadjustiEA/N, padjustEHEHEEE.

HIRE: AR AEEIIGORKE EMERMNL, NLIFHNGO%E,
2. Unclustered EFGOEESITER:
FIMEIUnclustered BEERIGOEEDITLER (Figure 3.2-5 Unclustered EEIGOEEEIR4ER)

3. UniquefllUnclustered B EIGOEE DL R :



immune system process d

innate immune response

immune response . p.adjust
plant epidermis development @ 50207
1.0e-06

root hair elongation @
induced systemic resistance @ Count

O 1w

obsolete cofactor catabolic o (O

process O =

negative regulation of auxin
mediated signaling pathway
jasmonic acid and
ethylene-dependent systemic
resistance, ethylene

induced Syaimc 1L BRI
ethylene mediated signaling
pathway

O
5

0.025 0.050 0.075
GeneRatio

innate immune response

plant epidermis development

immune response

padjust
negative regulation of auxin
mediated signaling pathway 2607
4207
immune system process o

obsolete cofactor catabaolic
process

induced systemic resistance

jasmonic acid and
ethylene-dependent systemic
resistance, ethylene
mediated signaling pathway

=
r
[=1

10 30 40

Count

Figure 3.2-6 UniquefllUnclustered BEGOE£E
WiRR:

BB HE45ARIch Factor, RNEE LHNERGERINERNE O, MLIFRTEELNEE,;, RPKAKNNKRREELN
EREMK, iR TpadjustiEA/N, padjustEHEHEEE.

FEIRE: MATHEEZIGORE EMER M, NLIFNGORE,
3.2.4.2 KEGGEERIR

BT EROWHESINMSRERR#ITKEGGRED T, KiRTable 3.2-3M9=MAF#HITHN, AFERITE (EANEE
AT+ IRVERMET, ¥R IS MR ),

1. UniqueEEKEGGE E 5 thLER:



Porphyrin metabolism
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sugar metabolism

Sphingolipid signaling pathway .
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nt

g
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@ e w

Brassinosteroid biosynthesis @
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GeneRatio
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Figure 3.2-7 Unique B EKEGGE RS E
WiRA:

BB 45 ARIch Factor, RNEE LHNER G ERINERNE S, MLIFRTEELNEE,;, RPKXNNKRREELN
EREMK, R TpadjustEA/N, padjustEHEHEEE.

HIRE: BTN EE EpathwayBIEEME, NLIFAIKEGG pathway 3%,
2. Unclustered BEEIKEGGE E N LR
FEMEIUnclustered EEMIKEGGEEDLER (Figure 3.2-8 Unclustered B AKEGCEEEIRER) o

3. UniqueflUnclustered BEIKEGGEE S HF4ER
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sugar metabolism

Cysteine and methionine . p.adjust
metabolism oMo
005
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0025
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Count
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) 125
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Figure 3.2-9 UniqueflUnclustered EEKEGG E & = El
WiRA:

BB HE45ARIch Factor, RNEE LHNERGERINERNE O, MLIFRTEELNEE,;, RPKAKNNKRREELN
EREMK, iR TpadjustiEA/N, padjustEHEHEEE.

HRE: #EEARAEE Epathway VB E ML, MELIRAKEGG pathways3E,

3.3 MERGLZEH

EOMEF ERERFRKETLER (Table 3.2-2) PHBEENEREFEERE, B, EAMAFFTRIRGHITILHBIEZELZFEY
EEXdEIEEE (protein-MSA); Ex, FFAPAL2NALBIE M, 15EIprotein-MSARTIZAY CDS FFILb3f#kiESE, BICDS-MSA; &/,
BT IQ-TREE[AIRIFIRIBRIEIRE!, KARAMLNGEIIEWERFLEN, FHSNFigtreelXF4RiE, R Vitis viniferalERIMEE
rerooti#F{TRRI0T:
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Figure 3.3-1 Tz

3.4 {hE 57156 (a]

DI EEERIEUE—RELBFNLRIERFNZRR, BEERFTENDUIZE LRSS FHREERRIEE D X857
BRAE % EBIHBERELEHN EE N RBRERE, MIHETEXZER R IRE B R E BRI 72 1A 8],

PAMLIGIEAFHFEIMCMCTree @ R A A F B RAA R BN LEN T AN EZERE, MCMCTreelS b 3WIFHIIZEAT R AFSIF1&ZE
HEERENRAREN, ERRD FHIRET, FANMHEEMGEEDEERE, ZHSHITNEERFESHNEGING BEMA
mcmctreectl) o TEADH, FALERRARFLEHRIHPERIICDS-MSALURNANESIFENRALEN (WAERIE
TIMETREE(http://www.timetree.org/) ik &) , MMEEIYIFF{(}5Glycine_max?E51.09 T BRERIAE S IR, HEAKLERNT:

Table 3.4-1 Z#H LML AIRER
L Fh2 HaiE(EHEF)(Min) HaIE(EREF)(Max)
Vitis_vinifera Arabidopsis_thaliana 109.8 124.4
BER: ERNTIMETREEFRE AN ERMLAIRICHE,
>
Figure 3.4-1 THMH AT RE



Aral

Ara

— 112.71(101.78-123.76)

74.48(58.75-90.79)

64.69(50.48-80.04)

Lupi

Trif.

Mea

Pisu

Cice

Lotn

— 117.06(109.79-124.38)

55.9(42.88-70.05)

51.09(38.75-64.42)

Indi

Caje

Glye
Vigr

9.78(6.39-13.64)
— Vigr

5.05(2.9-7.5)

Vigr

Pha.

Viti:

Figure 3.
BB EFRVitis_viniferaA9hEE; B R EEHERRES BRI (RGN E FEMillion years ago, Mya)o
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AFRYHNERREEERET ANELY KHWEEEERR, NMETXEYTAAZRNEAERED. RACAFEERE, B

16 MIFERREKEFHEE XM MCMCtreefSRIMNBE M IR R ST EIIME,

R KR EE R ERERO KMgroupE 1,712, U4EHIgroup’ 8,053,

MIMSEIFEMIMES MO ERE
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p.adjust
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2808
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Count

Figure 3.5-2 ZE KREEEGOEER=E
e

BB #AATARiCh Factor, RTEELNERSERINERANE DL, IEFRFEELNFE;, RRNNEREELN
BRI, BERTRpadjustEAN, padjustEB#EBEE,

HRE: BLITNEEDGORE LNERML, ILITHGOFRE,
2. BEWERIEEEGOEE D :

secondary metabolic process .‘
active transmembrane .
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primary active transmembrane .
transporter activity p.adjust
1e-07
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activity 3807
4807
sesquiterpene metabolic ® 52.07
process 6e07
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process Count
B O
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Figure 3.5-3 EEZWAEREEEGO 7 LT KE

=

BiRE:

BB #AATARiCh Factor, RTEBHELNERSERINERANE DL, IEFRFEELNFE;, RRNNERREELN
BRI, BERTRpadjustEAN, padjustE#EBEE,

HRE BLITNEEIGORE LNERML, ILITHGOFRE,

3.5.2 { KGR R IE B EKEGGEE DR

RIB_ LR KSR DTSR, EEMMPEIT KNKENERRE. BEEFARAEEZPEETMNERERE (viterbi
p<=0.05EBfamily-wise p<=0.05) #H{TKEGGEED, AT EHFNERER, EREEZEEFT108IKEGG Pathway #H{TINTFEE (¥
HZE R DT RIS o

1. EEV K RIEEFEKEGGEENITER:
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25007
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Figure 3.5-4 BEH KKFEFEKEGGERE = E
e

BB AR AIRICh Factor, RNBEHE LNERGERINERNT L, AUIMRTEELNEZE,; SHNANKRTEE LN
BERMY, BERTpadjustiEAD, padjustE{EHEE,

HRE: #ELIRAEE B pathway I ERE ML, NEARAIKEGG pathways3 2,
2. BEWESTEEEKEGGEE DTG R:
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Owidative phosphorylation . 000012
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Figure 3.5-5 B E WA R EEEKEGGS EATIKE

=P

BiRE:

BB #AATARiCh Factor, RTEELNERSERINERANE DL, IEFRFEELNFE;, RRNNEREELN
BRI, BERTpadjustEAN, padjustEB#EBEE,

HRE!: #ELIRAEE B pathway I ERE ML, NEARAIKEGG pathwaysr 2,

3.6 IEXEFER 2

BAFNYMRBENEFA LD NEATH. Y— P EERHIMEBRS MIEFHREENRER, EHZREERNMER
LEHENMSETESHNTFNR, MERVERSKKEBNEERY Y, XMEFMAELZE, MAUSEREF EPHIEEERN,
EHREERN MBI AEFE DB EREMMEETEL, g,

RIBEAERIEI (Natural selection) FHMH# KIS (NeutralTheory of Molecular Evolution) , M F4mI3EHNER, IEENX
BiZE (nonsynonymous substitution rate , Ka) SEIXEHEZE (synonymous substitution rate , Ks) BILLIE (Ka/Ks) #IZHANR
WNERREREEZRER. MRKa/Ks =1MWIANBPERE; MRKa/Ks > 1MWANMHERNBHEIIZZE T EmESE; MNR
Ka/Ks < 1, MIAARRE T R, BARENERENTBN, FIH PAMLGIRHEFRNcodemldi<RADZURERE (branch-site
model) RITEQOR EEFEES, SEEZEENEZMRARHIRE (P-value <=0.05) #H{TI0M, EREREXEFEERES
1, TRETRASEEZFERZER (FRERDIRRERHE)

Table 3.6-1 IEiEREE R IhEE

Postive site ) )
Group P-value Gene Swissprot function
number
0G0013983  0.000122108 15 g25706.t1 Putative pentatricopeptide repeat-containing protein At1g74580
OS=Arabidopsis thaliana (Mouse-ear cress) OX=3702

GN=At1g74580 PE=3 SV=1

0G0014173  0.000137212 6 g10334.t1 Protein PGR OS=Arabidopsis thaliana (Mouse-ear cress) OX=3702
GN=F28116.80 PE=2 SV=1

0G0014357  0.000025712 9 g866.t1 Pentatricopeptide repeat-containing protein At2g17525,

mitochondrial OS=Arabidopsis thaliana (Mouse-ear cress)
OX=3702 GN=At2g17525 PE=2 SV=2
0G0014745  0.000000000 13 g17671.t1 -
0G0014749  0.000008889 7 g7621.t1 -

BiEA:
Group: HRRIREM,;



P-value: pfd;
Postive site number: IEBEIR(IE%L;
Gene: EERZ;

Swissprot function: ESwissprot#iBERRERLER.

3.6.1 IEFEEEGOEES R

RIE EREEFEDTER, REEEEREFRERHRAITTCOEED T, NEFNRETER, EEEZEEA1009GO termi#fT
MTEE,

p.adjust
0004177085
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Count
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GeneRatio

p.adjust

endonuclease activity 00041
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Count

Figure 3.6-1 IEIEFEE GO E&HEE
BiRR:

BURE: 45 ARIch Factor, RNEE LHERGERINERNE S, MLIFRTEELNEZE,;, RPKXNNKRREELN
EREMK, iR TpadjustEA/N, padjustEHEHEEE.

HRE!: #ELIRAEE B pathwayIERE ML, NEARAIKEGG pathways3 2,

3.6.2 IEixFEFEKEGGEE DR

FKIEMEIEERBEFEKEGCEENTER (Figure 3.6-2 IEMEIRER KEGG ZSEBIFRER) -



3.7 2BRAEFI DR

SERFAME (Whole Genome Duplication, WGD, X#M£EBERASHIHLERNALZEN) REWECE ENEEEHS, T
iR, ERAT KEFEEEERN. KELREIAANZIY. BE. MEMEY. LEREN—EBN#ENK. AEEQE
HBNWGDEH, FATE KA Blast MBS 5B SHTREALLY, REMFA MCScanX(8] 10llB S EFERIHLMXE, &
EHEHRANREZE Ks E, BE%E Ks BENDHREER UL S ERAMEHEN Ks EI1£[9),
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4.1 $iEIE

BTHRH LSRR, AT RESERNOEIE, TEMFOTHEIEHITINE, AT #EI TN ERARETISHE
(FASTAREZC) FIEREFERMH (GFFE) #TRE, FREAZHMEEHTESS T, EREAREEETSSHERREE
LEESLAHRE, H#MSRELFMELINEEHT, FAUESHHIBRESREERASITIHYEETRIEM, ATEREERER
MR, ERRKNERERTEES . MIABHNREKERAEFFIBRCDS (coding sequence) AZPFEELIEERF (stop
codon) BKCDSKEIEIMMEHMFES, HTREERDIRBYIFMNZIBFR (standard genetic code) EIEMEBRFYI, BER
ENEBRRIERTREERKED .

4.2 BEFEDR

BERZERIR (Homology) XRAMNEEMFHRITERMFHEUMNSHEMEXEE, FERREENAET SAI8EFEERRE
oo MEMMNEREEELERE, BIBRENIAERIREYE (Homologous), B /MR, BEIREEREZEINXRBI RIS i
Bl: (1) ERRABFEEE (orthologous gene), BIEME—RALBEMHVRIER, HEW, —MELYFD L= EMFIYIH,
BAXHHIYTHEREENRXMELYMHSEA T RNERRIFAERBRRER; Q) SRREFRERE (paralogous gene), Eis



ATERSHM~ENRRERER, BEREYMS UL (Speciation) MEREHIEHUKRMENRE, — MERATLUEME—E
EZKE (Gene family)e BEAEENE, EERXEPEENRISRFTESELEEBNEMMKETEX (ELIER K)o
Itt, #TEARREEENERRKRNETE REEDTHEITR,

EARARA, OrthoFinder[JHFATFERAREEE. OrthoFinderfEFADIAMOND#ITIEER, FHEBENERER, BEFERK
ENRKRBEENSHITINEN, BIRBNHSHERIRARFTBMENEE, WEERREIREAE (orthogroup graph), =AM
MCLMERH#ITERE, MOERBERE,

REEHNREENEREREREATEINRAN (REHUTE. EEIIEE),

4.3 MBRKL BT

T BTN ARG R EXREHRCEMENIZODRTZ —, LEFRRZSEYFEAANGIR. WERALEHIERELRLE
TEFBRIEMER (homologous trait) (FIEIMSAFRBIE—FI(IR) KREVREIRZE (homologous state) HEETIEIIRZS (anceteral
state) RYIEFE,

LRI RER, MRS FHRIBOEMMAZAENIEZR2NEESE: (1) ZFFILL3T (protein multiple sequence
alignment, protein-MSA), BMIRATHEIRIRR, BE, FAMAFFTRIRGNERRGEEELERPRENERFRFERNER
FH#HITZ RIS, ER, FIAPALNALIRY, BEARFTILLXER AT EZAICDSFEFILLIS (CDS-MSA). FAREMtrimAI[10]3R
fFxtprotein-MSAIHITRIE, ERAGblock[1113RHFITCDS-MSAIITIRIE, ERLEREBENMS; () RARKBNEE, FRABE
BERWH ARG 2N ERBIREEMNLE SR RIEE—IE, EAIQTREE4], RAXML-NGSIZEMIFHERTYIFM (species tree); &
&, EERBIRT S RFigtreeBIMEGAZ AR # 1 T4R 1R

4.4 {553 15 Ai8]

53IsBYiE) (divergence time) EBEERIEUE—RERBNLARERFNSRA, BIEEFTIEIND HEE UKD FRskGEERE
RIBENZEDIBIENG %, EBIHBERALKEH LM RBORENE, MIHEETEXSEE AR B R E B2 AT
Be MR R T ATimeTreelBTLEARBRRIGH, BFABNATESE, EitHAEYFNRIEHREES, HiEEd
B RMEE . SRR UTimeTree ERIDIRBSEINSER, EAPAMLIEIRAEHFMCMCTreeiZ FHBTASA BN LE T
T RBY5 AT EL

4.5 BRERRY IKEW4E9 R

YFMER NI IETETSISMERES, BERSHIY KANKENISR, BEMERKENEE UK SE SRR,
AUBEREYHNERRERS K E T AMBENYT KRWEEEER, FEMEMSNBEAERTEH, BeRTORT K5 KES
FREIER 4 2 CAFE[7]o

XA, ERACAFEIREATERRGY KEWEH T, BFdE: (1) E&ERAXG, EEREESMIMTRKRE,
5 REAFTE R OrthoFinder 24t i1 2], BEEN, HPRKRRDIXIE, HFiERMCMCTreelRE]; (2) RIBEIRMAEN
— MBI EFZE TN, MNTRFUUAEMMES DD X EERERR KRS R,

4.6 IEEFEE D

BANYMREHEERZEAUNHEATRM, H— M EPEINEBREMMEFNIREUENRTN, BEZERNMER
HREMETESHFA, MREERKAETBEMBHEDY B, XMEFEFHIELERE, MASRREREPLIEEERN, #
HRERN MR AEFE DB LR EMMEETEL, Hug ks,

IRIBEAEFIEIL (Natural selection) 4 #KiE (NeutralTheory of Molecular Evolution) , 3 F4RIBERMIER, IERNX
B#E (nonsynonymous substitution rate , Ka) SEIMEH#EZE (synonymous substitution rate , Ks) BILL{E (Ka/Ks) #I5ZzithFEE
WNERSEZENEZRER. WRKa/Ks = 1,MEIAARHMRE; 0RKa/Ks > 1,MARLERE WIS EZ T EmERE,; miiR
Ka/Ks < 1, MEAABZET %,

EARFRD, FAPAMLGIH T codemlds< KL Ka/Ks(omega) ZIHERI FAYE, codeml@p$ M T ZASMER: (1)
site-Models(iL iR, BEHVEREEZBFHEREFR—E, (2) branch-Models(DHHER), BEFHUREESHLDZH
A—#, (3) branch-site-Models(A X LML), BEHCRFAZSHUOENEZBFIREPHLA—1F, ERINODTFIEER
branch-site-Models, FAEHIFE 2899 k2 72 branch-site-Models Bl BE BT & SLFR15 o 7Ebranch-site-Models®, B Lk
BBE—"omegafl, HEFRBSREE—MMEENomegall, RAEBENESERUS, M TEARAREHTHER: (1) F—HRE
Amodel = 2, omegafENMi<1. =1. >1M=Z, fElalternative model; (2) FE-MER5E —FER—7, D2 omegalE
EMT, fEAnull model, LEEFMMEEHMAER, BAHAEARKITEEP-value, REWFIEHIP-valuelE£ B RMETERNH#T
FDRIRIE. fiktHFDRIE/NF0.05MEREN R EIMEEEEFER,

4.7 2 BRHEEH SR

2HERAME (Whole Genome Duplication, WGD, XiF&ERASHIHEERALEN) BEMENE LNEEEH, 1Y
iR, BERAT KEFEEEEEN. KEHUFFAANZHY. BER. MEMEY. LEREY— I EBNHKEI.
4DTV(four-fold synonymous third-codon transversion) BB X B ZEKs o] AT SR ET R ESERA S HEH[12],



HepKsATLUB I #2FKaKs_Calculator2 01 B1G2I[9]. #AfE, EAREFLHIEMIFRIADTVHIKSZERLZE, MR HK
SEhERRESEFRAEFEN, FRELZYMEHEYTO I ERELERAT U BHA R L £ 2 ERA S FIEX a0 R
(13

2ERASHIOWHEMKDIE: (1) ERRMEBlastpZWiHITEEEZALLY; Q) BRIFNLLNLER, FERRYE
McScanX[8]SRIEHAMKXER; (3) fFMAKaKs_Calculator2 O[9HERINEIRE (Ks) H; 4) FHBHMAITEADTY; (5)
ERRIEFAFI4ADTVIIKSHZE R HRE,

4.8 BEESR

EAXARSP, RERREDMHRINREER. EEKKY K5 WED Py KK ERNREERE LR IEEEFE DT RAIIELE
BER#HITGOMKEGCEE 1o

4.8.1 GOE&E S

Gene Ontology (f&#GO) B—1EFMTENNEREINGED LXER, RET —ENSEMMAREIRICR (controlled vocabulary)
SkemEmEREMEPERMER~YNEME. GOZHEE="ontology (&fF), HFHHAREMNDFINEE (molecular function). Ff
SBIARBENIE (cellular component) . B5894E332 (biological process) GOMIEZE(IRterm (H%. Tm), T termFExt
R —Fh el — R E I TIAE,

GOMBEBEUEENMTALSERAE S, EERRAERTEESEMNGOAERE, MNMALHERREAERSHLEY
PR EER, ZPNELEFREESRIAEEEGene Ontology#8iEE (http://www.geneontology.org/) BIZMtermBRst, it
HEMermMERKE, ABNAEARRIERAKRK, HHSENERASSMEL, EESRRAERATEZEEENCOEKH,
BILaRkitE A

2
Hep, NAFMEERPEBGOEERNERE,; nAINFERRAERNHE; MARBERFIRAEREGO termMIEREK
B; mAEFBRAENEGO termERKIEXERIME,. HEBEIMP-valuei®BiIBonferroniiRIEZ G, Llg-value<0.05AE(&E, HEILL
E1HMGO termEX NEERRIAER T EZEEMGO term, BT GOMRER B EENTHEREERRIAERTHENEEEYFI

ak,
BEo

oSG

4.8.2 KEGGEE SR
KEGG (Kyoto Encyclopedia of Genes and Genomes) BRLDTERMEAMTANRUNRZE (Pathway) UBIXEEE=4)Th
BEMEBAHEIRE, FIBKEGGRILUH—SMREREENFE LHNERITH.

EXHRES, BEERESTHREINFEER. WESY kO KAMKREERE UK SRS SRR RYHT
GOFIKEGGEE&E N,

5GOEEEM, HMNBETERDMMKEGCEENER, MAB/LARIE, HHBESENKEGG Pathway,

5 SERERIE

Identification of homeologous and orthologous gene set

To identify homologous relationships among XX and other species, we downloaded their protein sequences and aligned them
using OrthoFinder. Firstly, protein sets were collected from 10 sequenced species and the longest transcripts of each gene were
extracted, in which miscoded genes and genes exhibiting premature termination were discarded. Proteins with no homologs in the
other 10 genomes were extracted as species-specific genes including XX-specific unique genes and unclustered genes. Functional
annotation of species-specific genes and the enrichment tests were performed using information from homologs in the Gene
Ontology (http://www.geneontology.org/) and KEGG (Kyoto Encyclopedia of Genes and Genomes) database.

Phylogenetic analyses

On the basis of the identified orthologous gene sets with OrthoFinder, molecular phylogenetic analysis was performed using
the shared single-copy genes. Briefly, the coding sequences were extracted from the single-copy families and each ortholog group
were multiple aligned using Mafft. Poorly aligned sequences were then eliminated using Gblocks and the RAXML-NG was used for
the phylogenetic tree construction with 100 bootstrap replicates. The generated tree file was displayed with Figtree/MEGA. Based
on the phylogenetic tree, MCMCtree was utilized to compute the mean substitution rates along each branch and estimate the
species divergent time. Three fossil calibration times were obtained from the TimeTree database (http://www.timet ree.org/) as the
time control, including divergence times of A. thaliana (148-173 Mya), M. acuminate (90-115 Mya), and O. sativa (40-53 Mya).

Gene family expansion and contraction analysis



Significant expansion or contraction of specific gene families is often associated with adaptive divergence of closely related
species. According to the results of OrthoFinder, expansions and contractions of orthologous gene families were then detected
using CAFE which uses a birth and death process to model gene gain and loss over a phylogeny.

Genes under positive selection

According to the neutral theory of molecular evolution, the ratio of nonsynonymous substitution rate (Ka) and synonymous
substitution rate (Ks) of protein coding genes can be used to identify genes that show signatures of natural selection. We thus
calculated average Ka/Ks values and conducted the branch-site likelihood ratio test using Codeml implemented in the PAML
package to identify positively selected genes in the XX lineage. Genes with p value <0.05 under the branch-site model were
considered positively selected genes.

Screening for whole genome duplication events

Four-fold synonymous third-codon transversion (4DTv) and synonymous substitution rate (Ks) estimation were used to detect
whole-genome duplication (WGD) events in the XX genome. Firstly, protein sequences of XX were extracted and all-vs-all paralog
analysis were performed using best hits from primary protein sequences by self-BLASTp in these plants. After filtering by identity
and coverage, the BLASTP results were then subjected to MCScanX and the respective collinear blocks were thus identified. Finally,
the Ks and 4DTV were then calculated for the syntenic blocks gene pairs using KaKs_Calculator and potential WGD events in each
genome were evaluated based on their ks and 4DTv distribution.

#ILNBRBERARE, MFRTFIEXER, BRESGFASHITBEHIRESEBHN
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Software Version Parameter Website
OrthoFinder v2.5.5 default https://github.com/davidemms/OrthoFinder/releases
MAFFT v7.5.25 default https://mafft.cbrc.jp/alignment/software/
PAL2NAL v14 default https://www.bork.embl.de/pal2nal/
IQ-TREE v2.3.2 default http://www.igtree.org/
RAXML-NG v1.2.2 default https://github.com/amkozlov/raxml-ng
PAML v4.10.7 default https://github.com/abacus-gene/paml
CAFE v4.2.1 -p 0.05 -t 10 -r 10000 https://github.com/hahnlab/CAFE
MCScanX - default https://github.com/wyp1125/MCScanX
KaKs_Calculator2.0 v2.0 -m NG https://sourceforge.net/projects/kakscalculator2
trimAl v1.4.1 -automated1 https://sourceforge.net/projects/kakscalculator2
Gblocks 0.91b -t=c -b5=h http://molevol.cmima.csic.es/castresana/Gblocks.html
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