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Supplemental Figure 2. An outline for gene selection procedures for multiple gene sets. 

① ��� 2*V ③ ����6&26V



/HQJWK�������ES�	�
����VSHFLHV�FRYHUDJH

����2JV


)RU���VSHFLHV�GDWDVHW�
6SHFLHV� FRYHUDJH� �� ���2*V�
DYHUDJH�FRSLHV����������

② ����2*V

)RU����VSHFLHV�GDWDVHW��
'LVFDUGLQJ�JHQHV�ZLWK�FRQIOLFWLQJ�
WRSRORJLHV��)LJ��6��%�

④ �����2*V

⑤ ����2*V ⑥ ����2*V

⑦ ����2*V

/HQJWK�������ES�	�
����VSHFLHV�FRYHUDJH

⑨ ����2*V
'LVFDUGLQJ�FRQIOLFWLQJ�WD[D�ZLWKLQ�
HDFK�JHQH��)LJ��6��&��DQG�JHQHV�
FRQWDLQLQJ�OHVV�����VSHFLHV�
FRYHUDJH

⑧ ����2*V

/HQJWK��������ES�	�
����VSHFLHV�FRYHUDJH

5HPRYLQJ�RYHUODSSLQJ�RQHV

5HPDLQLQJ

5HPDLQLQJ

(XSDWRULHDH
3HULW\OHDH
&KDHQDFWLGHDH
%DKLHDH
0DGLHDH
7DJHWHDH
-DXPHD� FDUQRVD
0LOOHULHDH
*XDUGLROD� WXORFDUSXV�
3RO\PQLHDH�
+HOLDQWKHDH
&RUHRSVLGHDH
1HXURODHQHDH
(Q\GUD
+HOHQLHDH
$WKURLVPHDH
,QXOHDH
*QDSKDOLHDH
$VWHUHDH
&DOHQGXOHDH
$QWKHPLGHDH
6HQHFLRQHDH
$EURWDQHOOD
'RURQLFXP
&RU\PELHDH
&LFKRULHDH
:DULRQLD
9HUQRQLHDH
/LDEHDH
$UFWRWLGHDH�$UFWRWLGLLQDH
*D]DQLD� ULJHQV
+HWHUROHSLV�DOLHQD
*\PQDUUKHQHDH
'LFRPHDH
&DUGXHDH
7DUFKRQDQWKHDH
2OGHQEXUJLHDH
3HUW\HDH
+HFDVWRFOHLGHDH
*RFKQDWLHDH
:XQGHUOLFKLHDH
0XWLVLHDH
1DVVDXYLHDH
2QRVHULGHDH
+\DOLGHDH
6WLIIWLHDH
)DPDWLQDQWKHDH
%DUQDGHVLHDH
&DO\FHDUDFHDH
*RRGHQLDFHDH
0HQ\DQWKDFHDH

�H[FOXGLQJ�*XDUGLROD�

�H[FOXGLQJ�(Q\GUD�

�H[FOXGLQJ�$EURWDQHOOD�
��	�'RURQLFXP�

�H[FOXGLQJ�:DULRQLD�

�H[FOXGLQJ�-DXPHD�

Asteroideae

Asteraceae

$JHUDWXP� KRXVWRQLDQXP
0LNDQLD� PLFUDQWKD Eupatorieae

Madieae

Heliantheae

Helenieae

&HQWURPDGLD� SXQJHQV�
(ULRSK\OOXP� VS��
+HOLDQWKXV� WXEHURVXV�
;DQWKLXP� VWUXPDULXP�
+HOHQLXP� DXWXPQDOH�
*DLOODUGLD� SXOFKHOOD�
3OXFKHD� LQGLFD
3HQWDQHPD EULWDQQLFXP Inuleae
+HOLFKU\VXP� SHWLRODUH
3VHXGRJQDSKDOLXP� DIILQH Gnaphalieae
*ULQGHOLD� LQWHJULIROLD
6\PSK\RWULFKXP� VXEXODWXP Astereae
2VWHRVSHUPXP� MXFXQGXP
7ULSWHULV� YDLOODQWLL Calenduleae

Senecioneae(XU\RSV� SHFWLQDWXV
6HQHFLR� YXOJDULV
/DFWXFD� VHUULROD
6RQFKXV� DVSHU Cichorieae
9HUQRQLD� JLJDQWHD Vernonieae
*D]DQLD� ULJHQV
$UFWRWKHFD� FDOHQGXOD Arctotideae
$LQVOLDHD� DSWHUD
3HUW\D� JODEUHVFHQV Pertyeae
&DUGXXV� QXWDQV
&HQWDXUHD� VROVWLWLDOLV Cardueae
+\DOLV� DUJHQWHD
1RXHOLD� LQVLJQLV Hyalideae

Mutisieae�

1assauvieae

Barnadesieae

0XWLVLD� VXEXODWD
*HUEHUD� î�K\EULGD
$FRXUWLD� PLFURFHSKDOD
3URXVWLD� FXQHLIROLD

'DV\SK\OOXP�GLDFDQWKRLGHV�
1DVWDQWKXV�YHQWRVXV Outgroup

$

% &
⑩ ����2*V ⑪ ����2*V

5HPDLQLQJ

$UQDOGRD�PDFEULGHDQD



3	

Supplemental Figure 3. A coalescent phylogeny of Asteraceae using 847 nuclear genes (set 1 as shown 

in Supplemental Figure S1). 
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Supplemental Figure 4. A coalescent phylogeny of Asteraceae using 177 nuclear genes (set 2). 
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Supplemental Figure 5. A coalescent phylogeny of Asteraceae using 175 nuclear genes (set 3). 

1

96

49

82

93

26

26

92

68

83

73
99

3UD[HOLV�FOHPDWLGHD
&KURPRODHQD�RGRUDWD
$JHUDWXP�FRQ\]RLGHV
$JHUDWXP�KRXVWRQLDQXP
$GHQRVWHPPD�ODYHQLD�var��ODWLIROLXP
2SKU\RVSRUXV�WULDQJXODULV
(XSDWRULXP�FKLQHQVH
(XWURFKLXP�SXUSXUHXP
/LDWULV�VSLFDWD
%ULFNHOOLD�FDOLIRUQLFD
6WHYLD�UHEDXGLDQD
+RIPHLVWHULD�XUHQLIROLD

48 0LNDQLD�PLFUDQWKD
$JHUDWLQD�DOWLVVLPD
(XWHWUDV�SDOPHUL

88 3HXFHSK\OOXP�VFKRWWLL
%DKLD�DPEURVLRLGHV
&KDHQDFWLV�FDUSKRFOLQLD

69

'HLQDQGUD�DULGD
&HQWURPDGLD�SXQJHQV
0DGLD�VDWLYD
$UQLFD�PRQWDQD
$UQLFD�FKDPLVVRQLV
(ULRSK\OOXP�VS�
/DVWKHQLD�FDOLIRUQLFD
+XOVHD�KHWHURFKURPD
9HQHJDVLD�FDUSHVRLGHV

47

57
73

26

*XL]RWLD�VFDEUD
*XL]RWLD�DE\VVLQLFD
6LJHVEHFNLD�SXEHVFHQV
6PDOODQWKXV�VRQFKLIROLXV
7ULGD[�SURFXPEHQV
*DOLQVRJD�TXDUGULUDGLDWD
(Q\GUD�IOXFWXDQV
(Q\GUD�VHVVLOLV
*XDUGLROD�WXORFDUSXV
3RO\PQLD�FDQDGHQVLV
7K\PRSK\OOD�WHQXLORED
7DJHWHV�HUHFWD
3RURSK\OOXP�UXGHUDOH
)ODYHULD�ELGHQWLV
)ODYHULD�EURZQLL
-DXPHD�FDUQRVD

95

59

86

99

74
$PEURVLD�WULILGD
$PEURVLD�DUWHPLVLLIROLD
;DQWKLXP�VWUXPDULXP
3DUWKHQLXP�DUJHQWDWXP
,YD�DQQXD
+HOLDQWKXV�WXEHURVXV
+HOLDQWKXV�DQQXXV
(QFHOLD�FDOLIRUQLFD
)ORXUHQVLD�WKXULIHUD

91 =LQQLD�KDDJHDQD
=LQQLD�HOHJDQV
6DQYLWDOLD�SURFXPEHQV

67 (FKLQDFHD�DQJXVWLIROLD
(FKLQDFHD�SXUSXUHD
+HOLRSVLV�KHOLDQWKRLGHV
$FPHOOD�ROHUDFHD��
$FPHOOD�ROHUDFHD��
5XGEHFNLD�IXOJLGD
9HUEHVLQD�GLVVLWD
6LOSKLXP�ODFLQLDWXP
%HUODQGLHUD�O\UDWD
(FOLSWD�SURVWUDWD
:HGHOLD�PRVVDPELFHQVLV
&RUHRSVLV�JUDQGLIORUD
%LGHQV�IURQGRVD
&RVPRV�ELSLQQDWXV
'DKOLD�K\EULGD

88
96 *UHHQPDQLHOOD�UHVLQRVD

1HXURODHQD�OREDWD
&DOHD�WHUQLIROLD
+HOHQLXP�DXWXPQDOH
*DLOODUGLD�SXOFKHOOD
+\PHQR[\V�VS�
&HQWLSHGD�PLQLPD
&DUSHVLXP�OLSVN\L
'XKDOGHD�FDSSD
,QXOD�OLQDULLIROLD
3HQWDQHPD�EULWDQQLFXP
3XOLFDULD�G\VHQWHULFD
%OXPHD�VS�
3OXFKHD�LQGLFD
.DUHOLQLD�FDVSLD
/DJJHUD�DODWD

56

96

79

98
6\PSK\RWULFKXP�VS�
6\PSK\RWULFKXP�VXEXODWXP
*ULQGHOLD�LQWHJULIROLD
*ULQGHOLD�KLUVXWXOD
(XU\ELD�GLYDULFDWD
+HWHURWKHFD�JUDQGLIORUD
(XWKDPLD�RFFLGHQWDOLV
6ROLGDJR�JLJDQWHD
(ULJHURQ�EUHYLVFDSXV
(ULJHURQ�VWULJRVXV
%DFFKDULV�SLOXODULV�subsp. FRQVDQJXLQHD
$VWHU�EDUEHOODWXV
%HOOLV�SHUHQQLV
&HOPLVLD�VHPLFRUGDWD

96 &DVVLQLD�YDXYLOOLHUVLL
2]RWKDPQXV�OHWRSK\OOXV
$PPRELXP�DODWXP
5KRGDQWKH�FKORURFHSKDOD�subsp. URVHD
5DRXOLD�VXEVHULFHD
$QWHQQDULD�GLRLFD
/HRQWRSRGLXP�VPLWKLDQXP
$QDSKDOLV�PDUJDULWDFHD
3VHXGRJQDSKDOLXP�DIILQH
+HOLFKU\VXP�SHWLRODUH
6WRHEH�SOXPRVD
$FKLOOHD�PLOOHIROLXP
$FKLOOHD�DFXPLQDWD
7DQDFHWXP�SDUWKHQLXP

99 *OHELRQLV�VHJHWXP
*OHELRQLV�FRURQDULD
/HXFDQWKHPXP�YXOJDUH

94
&KU\VDQWKHPXP�î�PRULIROLXP
&KU\VDQWKHPXP�LQGLFXP�
$MDQLD�SDUYLIORUD
&URVVRVWHSKLXP�FKLQHQVH
$UWHPLVLD�DQQXD
$UWHPLVLD�FKDPDHPHOLIROLD
8UVLQLD�DQWKHPRLGHV
/HSWLQHOOD�VFDULRVD
&RWXOD�IDOOD[
6ROLYD�DQWKHPLIROLD
7ULSWHULV�YDLOODQWLL
&DOHQGXOD�RIILFLQDOLV
2VWHRVSHUPXP�MXFXQGXP

72

94
97

6HQHFLR�DHWKQHQVLV
6HQHFLR�FKU\VDQWKHPLIROLXV
6HQHFLR�YXOJDULV
.OHLQLD�IXOJHQV
*\QXUD�DXUDQWLDFD
3DFNHUD�DXUHD

85 (PLOLD�SUDHWHPLVVD
6HQHFLR�VFDQGHQV
-DFREDHD�YXOJDULV�subsp.�GXQHQVLV
(XU\RSV�SHFWLQDWXV
2WKRQQD�FDSHQVLV
&UHPDQWKRGLXP�VWHQRJORVVXP
/LJXODULD�ILVFKHUL
3HWDVLWHV�K\EULGXV
5ROGDQD�SHWDVLWLV
%UDFK\JORWWLV�î�MXEDU
$EURWDQHOOD�WULFKRDFKDHQLD
$EURWDQHOOD�QLYLJHQD
'RURQLFXP�VWHQRJORVVXP
'RURQLFXP�DOWDLFXP
&RU\PELXP�YLOORVXP
&RU\PELXP�JODEUXP

18

89

/DSVDQD�FRPPXQLV
7DUD[DFXP�RIILFLQDOH
<RXQJLD�MDSRQLFD
6RQFKXV�DVSHU
/DFWXFD�VHUULROD
/DFWXFD�VDWLYD
3DUDSUHQDQWKHV�VRURULD
/HRQWRGRQ�VD[DWLOLV
7ROSLV�EDUEDWD
3LORVHOOD�FDHVSLWRVD
&LFKRULXP�LQW\EXV
&LFKRULXP�SXPLOXP
7UDJRSRJRQ�SRUULIROLXV
7UDJRSRJRQ�GXELXV
6FRU]RQHUD�KLVSDQLFD
:DULRQLD�VDKDUDH

49

78 (OHSKDQWRSXV�WRPHQWRVXV
&HQWUDWKHUXP�SXQFWDWXP
9HUQRQLD�JLJDQWHD
6WRNHVLD�ODHYLV
*\PQDQWKHPXP�FRORUDWXP
/LDEXP�LJQLDULXP

90
$UFWRWLV�VWRHFKDGLIROLD
$UFWRWKHFD�FDOHQGXOD
*D]DQLD�ULJHQV
+HWHUROHSLV�DOLHQD
&DYHD�WDQJXHQVLV
*\PQDUUKHQD�PLFUDQWKD
'LFRPD�DQRPDOD

86
88

86

&HQWDXUHD�VROVWLWLDOLV
&HQWDXUHD�MDFHD
&\DQXV�VHJHWXP
&DUGXQFHOOXV�SLQQDWXV
&DUWKDPXV�WLQFWRULXV
3VHSKHOOXV�VLELULFXV
5KDSRQWLFRLGHV�NDVDNRUXP
.ODVHD�FHQWDXURLGHV
6DXVVXUHD�QLYHD
6DXVVXUHD�LQYROXFUDWD
-XULQDH�PXOWLIORUD
&RXVLQLD�DIILQLV
$UFWLXP�PLQXV
&DUGXXV�QXWDQV
&DUGXXV�DFDQWKRLGHV
6LO\EXP�PDULDQXP
&LUVLXP�DUYHQVH
&LUVLXP�YXOJDUH
&\QDUD�FDUGXQFXOXV
6\QXUXV�GHOWRLGHV
2OJDHD�ORPRQRVRZLL
6WDHKHOLQD�GXELD
(FKLQRSV�VS�
&DUGRSDWLXP�FRU\PERVXP
&DUOLQD�DFDQWKLIROLD
$WUDFW\ORGHV�ODQFHD
7XJDULQRYLD�PRQJROLFD
%UDFK\ODHQD�QHULLIROLDL
7DUFKRQDQWKXV�FDPSKRUDWXV
2OGHQEXUJLD�JUDQGLV
$LQVOLDHD�JUDFLOLV
$LQVOLDHD�DSWHUD
3HUW\D�JODEUHVFHQV
+HFDVWRFOHLV�VKRFNOH\L

79
83 1DKXDWOHD�K\SROHXFD

*RFKQDWLD�DUHTXLSHQVLV
&QLFRWKDPQXV�ORUHQW]LL
3HQWDSKRUXV�IROLRORVXV
:XQGHUOLFKLD�PLUDELOLV
&KLPDQWDHD�KXPLOLV

97

/HLEQLW]LD�DQDQGULD
2UHRVHULV�GHODYD\L
*HUEHUD�î�K\EULGD
$GHQRFDXORQ�KLPDODLFXP
0XWLVLD�DFXPLQDWD
0XWLVLD�VXEXODWD
$FRXUWLD�PLFURFHSKDOD
3HUH]LD�ODQLJHUD
3URXVWLD�FXQHLIROLD
7UL[LV�FDOLIRUQLFD

32 2QRVHULV�ZHEHUEDXHUL
$SK\OORFODGXV�GHQWLFXODWXV
+\DOLV�DUJHQWHD
,DQWKRSDSSXV�FRU\PERVXV
1RXHOLD�LQVLJQLV
/HXFRPHULV�GHFRUD

97 6WLIIWLD�FKU\VDQWKD
+\DORVHULV�FLQHUHD
)DPDWLQDQWKXV�GHFXVVDWXV
'DV\SK\OOXP�GLDFDQWKRLGHV
$UQDOGRD�PDFEULGHDQD
%DUQDGHVLD�VSLQRVD
%DUQDGHVLD�MHOVNLL
1DVWDQWKXV�DJJORPHUDWXV
&DO\FHUD�KHUEDFHD
$FLFDUSKD�VSDWKXODWD
6FDHYROD�DHPXOD
0HQ\DQWKHV�WULIROLDWD

Carduoideae II

Pertyoideae

Wunderlichioideae I

Famatinanthoideae

Wunderlichioideae II

Barnadesioideae

Outgroup

Stifftioideae

Mutisioideae

Hecastocleidoideae
Gochnatioideae

Carduoideae I

Cichorioideae II

Gymnarrhenoideae

Corymbioideae
Cichorioideae I

Asteroideae

Corymbieae

Cichorieae

Vernonieae

Liabeae
Arctotideae

Gymnarrheneae

Cardueae

Tarchonantheae
Oldenburgieae

Pertyeae
Hecastocleideae
Gochnatieae

Wunderlichieae

Mutisieae

Nassauvieae

Onoserideae

Hyalideae
Stifftieae

Famatinantheae
Barnadesieae

Calycearaceae
Goodeniaceae

Menyanthaceae

Dicomeae

Eupatorieae

Perityleae
Bahieae

Madieae

Millerieae I

Neurolaeneae II
Millerieae II3RO\PQLHDH

Tageteae

Heliantheae

Coreopsideae

Neurolaeneae I

Helenieae
Athroismeae

Inuleae

Astereae

Gnaphalieae

Calenduleae

Anthemideae

Senecioneae

Doroniceae

Chaenactideae



6	

Supplemental Figure 6. A coalescent phylogeny of Asteraceae using 1087 nuclear genes (set 4). 
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Supplemental Figure 7. A coalescent phylogeny of Asteraceae using 649 nuclear genes (set 5). 
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Supplemental Figure 8. A coalescent phylogeny of Asteraceae using 438 nuclear genes (set 6). 
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Supplemental Figure 9. A coalescent phylogeny of Asteraceae using 384 nuclear genes (set 7). 
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Supplemental Figure 10. A coalescent phylogeny of Asteraceae using 265 nuclear genes (set 8). 
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Supplemental Figure 11. A coalescent phylogeny of Asteraceae using 202 nuclear genes (set 9) 
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Supplemental Figure 12. A coalescent phylogeny of Asteraceae using 192 nuclear genes (set 11). 
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Supplemental Figure 13. A coalescent phylogeny of Asteraceae using 192 nuclear genes with 800-1000 

bp (set 10). 
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Supplemental Figure 14. A Maximum Likelihood phylogeny of Asteraceae using 192 genes (set 11) 
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Supplemental Figure 15. Summary of support values from multiple phylogenies. 
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Supplemental Figure 16. Divergence times estimated using r8s (set 1). 
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Supplemental Figure 17. Divergence times estimated using BEAST (set 1). 
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Supplemental Figure 18. Divergence times estimated using r8s (set 2). 
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Supplemental Figure 19. Divergence times estimated using BEAST (set 2). 
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Aphyllocladus_denticulatus-Onoserideae-Mutisioideae

Cirsium_arvense-Cardueae-Carduoideae

Abrotanella_trichoachaenia-Senecioneae-Asteroideae

Adenostemma_lavenia_var_latifolium-Eupatorieae-Asteroideae

Hyaloseris_cinerea-Stifftieae-Stifftioideae

Peucephyllum_schottii-Bahieae-Asteroideae

Gerbera_îBK\EULGD-Mutisieae-Mutisioideae

Carthamus_tinctorius-Cardueae-Carduoideae

Helianthus_tuberosus-Heliantheae-Asteroideae

Silybum_marianum-Cardueae-Carduoideae

Acicarpha_spathulata-outgroup-Calyceraceae

Cremanthodium_stenoglossum-Senecioneae-Asteroideae

Doronicum_altaicum-Doroniceae-Asteroideae

Hieracium_caespitosum-Cichorieae-Cichorioideae

Heterolepis_aliena-uncertain-Cichorioideae

Gynura_aurantiaca-Senecioneae-Asteroideae

Perezia_lanigera-Nassauvieae-Mutisioideae

Ozothamnus_letophyllus-Gnaphalieae-Asteroideae

Rhaponticoides_kasakorum-Cardueae-Carduoideae

Glebionis_coronaria-Anthemideae-Asteroideae

Senecio_aethnensis-Senecioneae-Asteroideae

Flourensia_thurifera-Heliantheae-Asteroideae

Euryops_pectinatus-Senecioneae-Asteroideae

Stokesia_laevis-Vernonieae-Cichorioideae

Cynara_cardunculus-Cardueae-Carduoideae

Duhaldea_cappa-Inuleae-Asteroideae

Gymnanthemum_coloratum-Vernonieae-Cichorioideae

Guardiola_tulocarpus-Millerieae-Asteroideae

Sonchus_asper-Cichorieae-Cichorioideae

Packera_aurea-Senecioneae-Asteroideae

Saussurea_nivea-Cardueae-Carduoideae

Cinnamomum_camphora

Grindelia_hirsutula-Astereae-Asteroideae

Guizotia_abyssinica-Millerieae-Asteroideae

Achillea_millefolium-Anthemideae-Asteroideae

Ammobium_alatum-Gnaphalieae-Asteroideae

Berlandiera_lyrata-Heliantheae-Asteroideae

Staehelina_dubia-Cardueae-Carduoideae

Wunderlichia_mirabilis-Wunderlichieae-Wunderlichioideae

Gynura_crepidioides-Senecioneae-Asteroideae
Jacobaea_vulgaris_subsp_dunensis-Senecioneae-Asteroideae

Osteospermum_sp-Calenduleae-Asteroideae

Dicoma_anomala-Dicomeae-Carduoideae

Erigeron_strigosus-Astereae-Asteroideae

Rivina_humilis

Heterotheca_grandiflora-Astereae-Asteroideae

Leibnitzia_anandria-Mutisieae-Mutisioideae

Zinnia_haageana-Heliantheae-Asteroideae

Saussurea_involucrata-Cardueae-Carduoideae

Menyanthes_trifoliata-outgroup-Menyanthaceae

Inula_linariifolia-Inuleae-Asteroideae

Helianthus_annuus-Heliantheae-Asteroideae

Smallanthus_sonchifolius-Millerieae-Asteroideae

2UHRVHULV_delavayi-Mutisieae-Mutisioideae

Barnadesia_jelskii-Barnadesieae-Barnadesioideae

Lactuca_sativa-Cichorieae-Cichorioideae

Pertya_glabrescens-Pertyeae-Pertyoideae

Nandina_domestica

Scaevola_aemula-outgroup-Goodeniaceae

Ambrosia_artemisiifolia-Heliantheae-Asteroideae

Acmella_oleraceaB�-Heliantheae-Asteroideae

Rhodanthe_chlorocephala_subsp_rosea-Gnaphalieae-Asteroideae

Stoebe_plumosa-Gnaphalieae-Asteroideae

Chaenactis_carphoclinia-Chaenactideae-Asteroideae

Raoulia_subsericea-Gnaphalieae-Asteroideae

Kleinia_fulgens-Senecioneae-Asteroideae

Vernonia_gigantea-Vernonieae-Cichorioideae

Arnica_chamissonis-Madieae-Asteroideae

Gymnarrhena_micrantha-Gymnarrheneae-Gymnarrhenoideae

Hulsea_heterochroma-Madieae-Asteroideae

Symphyotrichum_subulatum-Astereae-Asteroideae

Gochnatia_arequipensis-Gochnatieae-Gochnatioideae

Cornus_wilsoniana

Brachylaena_neriifolia-Tarchonantheae-Carduoideaei

Hydrangea_macrophylla

Silphium_laciniatum-Heliantheae-Asteroideae

Eriophyllum_sp-Madieae-Asteroideae

Gaillardia_pulchella-Helenieae-Asteroideae

Antennaria_dioica-Gnaphalieae-Asteroideae

Grindelia_integrifolia-Astereae-Asteroideae

Tarchonanthus_camphoratus-Tarchonantheae-Carduoideae

Leucomeris_decora-Hyalideae-Wunderlichioideae

Xanthium_strumarium-Heliantheae-Asteroideae

Enydra_fluctuans-Neurolaeneae-Asteroideae

Iva_annua-Heliantheae-Asteroideae-Heliantheae-Asteroideae

Carpesium_lipskyi-Inuleae-Asteroideae

Liabum_igniarium-Liabeae-Cichorioideae

Eschscholzia_californica

Tripteris_vaillantii-Calenduleae-Asteroideae

1DKXDWOHD_hypoleuca-Gochnatieae-Gochnatioideae

Flaveria_bidentis-Tageteae-Asteroideae

Euthamia_occidentalis-Astereae-Asteroideae

Lasthenia_californica-Madieae-Asteroideae

Atractylodes_lancea-Cardueae-Carduoideae

Corymbium_villosum-Corymbieae-Corymbioideae

Heliopsis_helianthoides-Heliantheae-Asteroideae

Jaumea_carnosa-Tageteae-Asteroideae

Leontopodium_smithianum-Gnaphalieae-Asteroideae

Hofmeisteria_urenifolia-Eupatorieae-Asteroideae

Hecastocleis_shockleyi-Hecastocleideae-Hecastocleidoideae

Arctotheca_calendula-Arctotideae-Cichorioideae

Othonna_capensis-Senecioneae-Asteroideae

Jurinae_multiflora-Cardueae-Carduoideae

Echinops_sp-Cardueae-Carduoideae

Anaphalis_margaritacea-Gnaphalieae-Asteroideae

Cavea_tanguensis-Gymnarrheneae-Gymnarrhenoideae

Guizotia_scabra-Millerieae-Asteroideae

Centratherum_punctatum-Vernonieae-Cichorioideae

Laggera_alata-Inuleae-Asteroideae

Emilia_praetemissa-Senecioneae-Asteroideae

Solidago_gigantea-Astereae-Asteroideae

Phytolacca_americana

Madia_sativa-Madieae-Asteroideae

Roldana_petasitis-Senecioneae-Asteroideae

Nouelia_insignis-Hyalideae-Wunderlichioideae

Helienium_autumnale-Helenieae-Asteroideae

Petasites_hybridus-Senecioneae-Asteroideae

Calycera_herbacea-outgroup-Calyceraceae

Pluchea_indica-Inuleae-Asteroideae

Solanum_lycopersicum

Artemisia_chamaemelifolia-Anthemideae-Asteroideae

Calea_ternifolia-Neurolaeneae-Asteroideae
Greenmaniella_resinosa-Neurolaeneae-Asteroideae

Stevia_rebaudiana-Eupatorieae-Asteroideae

Polymnia_canadensis-3RO\PQLHDH-Asteroideae

Klasea_centauroides-Cardueae-Carduoideae

Platanus_acerifolia

Cousinia_affinis-Cardueae-Carduoideae

Doronicum_stenoglossum-Doroniceae-Asteroideae

Ageratina_altissima-Eupatorieae-Asteroideae

Verbesina_dissita-Heliantheae-Asteroideae

Mirabilis_jalapa

Zinnia_elegans-Heliantheae-Asteroideae

Lactuca_serriola-Cichorieae-Cichorioideae

Centipeda_minima-Athroismeae-Asteroideae

Abrotanella_nivigena-Senecioneae-Asteroideae

Encelia_californica-Heliantheae-Asteroideae

Onoseris_weberbaueri-Onoserideae-Mutisioideae

Elephantopus_tomentosus-Vernonieae-Cichorioideae

Mentha_canadensis

Brickellia_californica-Eupatorieae-Asteroideae

Tugarinovia_mongolica-Cardueae-Carduoideae

Venegasia_carpesoides-Madieae-Asteroideae

Olea_europaea

Echinacea_angustifolia-Heliantheae-Asteroideae

Eutetras_palmeri-Perityleae-Asteroideae

Adenocaulon_himalaicum-Mutisieae-Mutisioideae

Gazania_rigens-Arctotideae-Cichorioideae

Tagetes_erecta-Tageteae-Asteroideae

Pseudognaphalium_affine-Gnaphalieae-Asteroideae

Bahia_BNCSPTJPJEFT-Bahieae-Asteroideae

Thymophylla_tenuiloba-Tageteae-Asteroideae

Olgaea_lomonosowii-Cardueae-Carduoideae

Nastanthus_agglomeratus-outgroup-Calyceraceae

Arctotis_stoechadifolia-Arctotideae-Cichorioideae

Wedelia_mossambicensis-Heliantheae-Asteroideae

Cyanus_segetum-Cardueae-Carduoideae

Artemisia_annua-Anthemideae-Asteroideae

Centaurea_jacea-Cardueae-Carduoideae

Pentaphorus_foliolosus-Gochnatieae-Gochnatioideae

Chimonanthus_praecox

Litsea_cubeba

Solanum_tuberosum

Nelumbo_nucifera

Tanacetum_parthenium-Anthemideae-Asteroideae

Senecio_vulgaris-Senecioneae-Asteroideae

Centaurea_solstitialis-Cardueae-Carduoideae

Stellaria_media

Paraprenanthes_sororia-Cichorieae-Cichorioideae

Galinsoga_quardriradiata-Millerieae-Asteroideae

Bidens_frondosa-Coreopsideae-Asteroideae

Cirsium_vulgare-Cardueae-Cardueae

Ambrosia_trifida-Heliantheae-Asteroideae

Warionia_saharae-Cichorieae-Cichorioideae

Cotula_fallax-Anthemideae-Asteroideae

Trixis_californica-Nassauvieae-Mutisioideae

Glebionis_segetum-Anthemideae-Asteroideae

Leontodon_saxatilis-Cichorieae-Cichorioideae

Ainsliaea_aptera-Pertyeae-Pertyoideae

$FPHOODBROHUDFHDB�-Heliantheae-Asteroideae

Coreopsis_grandiflora-Coreopsideae-Asteroideae

Eupatorium_chinense-Eupatorieae-Asteroideae

Pulicaria_dysenterica-Inuleae-Asteroideae

Cassinia_vauvilliersii-Gnaphalieae-Asteroideae

Arctium_minus-Cardueae-Carduoideae

Philadelphus_incanus

Dasyphyllum_diacanthoides-Barnadesieae-Barnadesioideae

Ophryosporus_triangularis-Eupatorieae-Asteroideae

Carlina_acanthifolia-Cardueae-Carduoideae

Cuscuta_reflexa

Ainsliaea_gracilis-Pertyeae-Pertyoideae

Proustia_cuneifolia-Nassauvieae-Mutisioideae

Mutisia_acuminatD-Mutisieae-Mutisioideae

Arnica_montana-Madieae-Asteroideae

Achillea_acuminata-Anthemideae-Asteroideae

Sigesbeckia_pubescens-Millerieae-Asteroideae

Dahlia_hybrida-Coreopsideae-Asteroideae

Blumea_VS-Inuleae-Asteroideae

Porophyllum_ruderale-Tageteae-Asteroideae

Hymenoxys_sp-Helenieae-Asteroideae

Cninothamnus_lorentzii-Gochnatieae-Gochnatioideae

Chromolaena_odorata-Eupatorieae-Asteroideae

Crossostephium_chinense-Anthemideae-Asteroideae

Cosmos_bipinnatus-Coreopsideae-Asteroideae

Soliva_anthemifolia-Anthemideae-Asteroideae

Sanvitalia_procumbens-Heliantheae-Asteroideae

Brachyglottis_x_jubar-Senecioneae-Asteroideae

Psephellus_sibiricus-Cardueae-Carduoideae

Parthenium_argentatum-Heliantheae-Asteroideae

Helichrysum_petiolare-Gnaphalieae-Asteroideae

Youngia_japonica-Cichorieae-Cichorioideae

Stifftia_chrysantha-Stifftieae-Stiffitioideae

Leucanthemum_vulgare-Anthemideae-Asteroideae

Ianthopappus_corymbosus-Hyalideae-Wunderlichioideae

Calendula_RIILFLQDOLV-Calenduleae-Asteroideae

Ajania_parviflora-Anthemideae-Asteroideae

Aster_barbellatus-Astereae-Asteroideae

Ursinia_anthemoides-Anthemideae-Asteroideae

Ageratum_houstonianum-Eupatorieae-Asteroideae

Taraxacum_officinale-Cichorieae-Cichorioideae

Synurus_deltoides-Cardueae-Carduoideae

Enydra_sessilis-Neurolaeneae-Asteroideae

Meliosma_parviflora

Deinandra_arida-Madieae-Asteroideae

Ageratum_conyzoides-Eupatorieae-Asteroideae

Seguieria_aculeata

Neurolaena_lobata-Neurolaeneae-Asteroideae

Famatinanthus_decussatus-Famatinantheae-Famatinanthoideae
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Supplemental Figure 20. Divergence times estimated using r8s (set 3). 
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Supplemental Figure 21. Divergence times estimated using BEAST (set 3). 
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Supplemental Figure 22. Divergence times estimated using r8s (set 4). 
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Ageratina_altissima-Eupatorieae-Asteroideae

Erigeron_breviscapus-Astereae-Asteroideae

Centipeda_minima-Athroismeae-Asteroideae

Atractylodes_lancea-Cardueae-Carduoideae

Kleinia_fulgens-Senecioneae-Asteroideae

Venegasia_carpesoides-Madieae-Asteroideae

Cyanus_segetum-Cardueae-Carduoideae

Scaevola_aemula-outgroup-Goodeniaceae

Laggera_alata-Inuleae-Asteroideae

Cavea_tanguensis-Gymnarrheneae-Gymnarrhenoideae

Calycera_herbacea-outgroup-Calyceraceae

Heliopsis_helianthoides-Heliantheae-Asteroideae

Echinops_sp-Cardueae-Carduoideae

Inula_linariifolia-Inuleae-Asteroideae

Paraprenanthes_sororia-Cichorieae-Cichorioideae

Ozothamnus_letophyllus-Gnaphalieae-Asteroideae

Cremanthodium_stenoglossum-Senecioneae-Asteroideae

Senecio_aethnensis-Senecioneae-Asteroideae

Silybum_marianum-Cardueae-Carduoideae

Philadelphus_incanus

Enydra_fluctuans-Neurolaeneae-Asteroideae

Olgaea_lomonosowii-Cardueae-Carduoideae

Heterotheca_grandiflora-Astereae-Asteroideae

Smallanthus_sonchifolius-Millerieae-Asteroideae

Ajania_parviflora-Anthemideae-Asteroideae
Chrysanthemum_x_morifolium-Anthemideae-Asteroideae
Chrysanthemum_indicum-Anthemideae-Asteroideae

Carduncellus_pinnatus-Cardueae-Carduoideae

1DKXDWOHDBK\SROHXFD-Gochnatieae-Gochnatioideae

Alternanthera_philoxeroides

Arctotheca_calendula-Arctotideae-Cichorioideae

Abrotanella_trichoachaenia-Senecioneae-Asteroideae

Arctotis_stoechadifolia-Arctotideae-Cichorioideae

Rhodanthe_chlorocephala_subsp_rosea-Gnaphalieae-Asteroideae

Helienium_autumnale-Helenieae-Asteroideae

Peucephyllum_schottii-Bahieae-Asteroideae

Lactuca_sativa-Cichorieae-Cichorioideae

Nastanthus_agglomeratus-outgroup-Calyceraceae

Achillea_acuminata-Anthemideae-Asteroideae

Coreopsis_grandiflora-Coreopsideae-Asteroideae

Carlina_acanthifolia-Cardueae-Carduoideae

Rivina_humilis

Neurolaena_lobata-Neurolaeneae-Asteroideae

Famatinanthus_decussatus-Famatinantheae-Famatinanthoideae

Pertya_glabrescens-Pertyeae-Pertyoideae

Helianthus_tuberosus-Heliantheae-Asteroideae

Anaphalis_margaritacea-Gnaphalieae-Asteroideae

Petasites_hybridus-Senecioneae-Asteroideae

Bellis_perennis-Astereae-Asteroideae

Taraxacum_officinale-Cichorieae-Cichorioideae

Ammobium_alatum-Gnaphalieae-Asteroideae

Menyanthes_trifoliata-outgroup-Menyanthaceae

Senecio_vulgaris-Senecioneae-Asteroideae

Seguieria_aculeata

Centromadia_pungens-Madieae-Asteroideae

Flaveria_bidentis-Tageteae-Asteroideae

Packera_aurea-Senecioneae-Asteroideae

Roldana_petasitis-Senecioneae-Asteroideae

Heterolepis_aliena-uncertain-Cichorioideae

Ainsliaea_aptera-Pertyeae-Pertyoideae

Vernonia_gigantea-Vernonieae-Cichorioideae

Euthamia_occidentalis-Astereae-Asteroideae

Sanvitalia_procumbens-Heliantheae-Asteroideae

Praxelis_clematidea-Eupatorieae-Asteroideae

Parthenium_argentatum-Heliantheae-Asteroideae

Echinacea_angustifolia-Heliantheae-Asteroideae

Ainsliaea_gracilis-Pertyeae-Pertyoideae

Orobanche_aegyptiaca

Tarchonanthus_camphoratus-Tarchonantheae-Carduoideae

Aphyllocladus_denticulatus-Onoserideae-Mutisioideae

Greenmaniella_resinosa-Neurolaeneae-Asteroideae
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 Supplemental Figure 23. Divergence times estimated using BEAST (set 4).
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Arctotis_stoechadifolia-Arctotideae-Cichorioideae

Gaillardia_pulchella-Helenieae-Asteroideae

Tarchonanthus_camphoratus-Tarchonantheae-Carduoideae

Rivina_humilis

Ainsliaea_gracilis-Pertyeae-Pertyoideae

Cichorium_pumilum-Cichorieae-Cichorioideae

Abrotanella_nivigena-Senecioneae-Asteroideae

Tolpis_barbata-Cichorieae-Cichorioideae

Chrysanthemum_x_morifolium-Anthemideae-Asteroideae

Praxelis_clematidea-Eupatorieae-Asteroideae

Olea_europaea

Ligularia_fischeri-Senecioneae-Asteroideae

Chimonanthus_praecox

Enydra_fluctuans-Neurolaeneae-Asteroideae

Glebionis_coronaria-Anthemideae-Asteroideae

Nastanthus_agglomeratus-outgroup-Calyceraceae

Perezia_lanigera-Nassauvieae-Mutisioideae

Saussurea_involucrata-Cardueae-Carduoideae

Olgaea_lomonosowii-Cardueae-Carduoideae

Silybum_marianum-Cardueae-Carduoideae

Stokesia_laevis-Vernonieae-Cichorioideae

Heterotheca_grandiflora-Astereae-Asteroideae

Carduus_acanthoides-Cardueae-Carduoideae

Achillea_acuminata-Anthemideae-Asteroideae

Symphyotrichum_subulatum-Astereae-Asteroideae

Porophyllum_ruderale-Tageteae-Asteroideae

Vernonia_gigantea-Vernonieae-Cichorioideae

Seguieria_aculeata

_hypoleuca-Gochnatieae-Gochnatioideae

Thymophylla_tenuiloba-Tageteae-Asteroideae

Barnadesia_spinosa-Barnadesieae-Barnadesioideae

Eriophyllum_sp-Madieae-Asteroideae

Elephantopus_tomentosus-Vernonieae-Cichorioideae

Nouelia_insignis-Hyalideae-Wunderlichioideae

Pulicaria_dysenterica-Inuleae-Asteroideae

Tripteris_vaillantii-Calenduleae-Asteroideae

Wedelia_mossambicensis-Heliantheae-Asteroideae

Glebionis_segetum-Anthemideae-Asteroideae

Cynara_cardunculus-Cardueae-Carduoideae

Ageratum_conyzoides-Eupatorieae-Asteroideae

Cirsium_arvense-Cardueae-Carduoideae

Erigeron_breviscapus-Astereae-Asteroideae

Ozothamnus_letophyllus-Gnaphalieae-Asteroideae

Leucomeris_decora-Hyalideae-Wunderlichioideae

Bidens_frondosa-Coreopsideae-Asteroideae

Gymnarrhena_micrantha-Gymnarrheneae-Gymnarrhenoideae

Centaurea_solstitialis-Cardueae-Carduoideae

Greenmaniella_resinosa-Neurolaeneae-Asteroideae

Acicarpha_spathulata-outgroup-Calyceraceae

Leucanthemum_vulgare-Anthemideae-Asteroideae

Roldana_petasitis-Senecioneae-Asteroideae

Hyalis_argentea-Hyalideae-Wunderlichioideae

Polymnia_canadensis- -Asteroideae

Proustia_cuneifolia-Nassauvieae-Mutisioideae

Parthenium_argentatum-Heliantheae-Asteroideae

Arnica_chamissonis-Madieae-Asteroideae

Ianthopappus_corymbosus-Hyalideae-Wunderlichioideae

Euryops_pectinatus-Senecioneae-Asteroideae

Flaveria_brownii-Tageteae-Asteroideae

Neurolaena_lobata-Neurolaeneae-Asteroideae

Ainsliaea_aptera-Pertyeae-Pertyoideae

Ophryosporus_triangularis-Eupatorieae-Asteroideae

Cassinia_vauvilliersii-Gnaphalieae-Asteroideae

Helichrysum_petiolare-Gnaphalieae-Asteroideae

Youngia_japonica-Cichorieae-Cichorioideae

Silphium_laciniatum-Heliantheae-Asteroideae

Grindelia_hirsutula-Astereae-Asteroideae

Othonna_capensis-Senecioneae-Asteroideae

Dicoma_anomala-Dicomeae-Carduoideae

Solidago_gigantea-Astereae-Asteroideae

Litsea_cubeba

Leibnitzia_anandria-Mutisieae-Mutisioideae

Platanus_acerifolia

Eupatorium_chinense-Eupatorieae-Asteroideae

Lapsana_communis-Cichorieae-Cichorioideae

Crossostephium_chinense-Anthemideae-Asteroideae

Leontopodium_smithianum-Gnaphalieae-Asteroideae

Tridax_procumbens-Millerieae-Asteroideae

Ajania_parviflora-Anthemideae-Asteroideae

Eurybia_divaricata-Astereae-Asteroideae

Doronicum_stenoglossum-Doroniceae-Asteroideae

Psephellus_sibiricus-Cardueae-Carduoideae

Brachyglottis_x_jubar-Senecioneae-Asteroideae

Gynura_aurantiaca-Senecioneae-Asteroideae

Dasyphyllum_diacanthoides-Barnadesieae-Barnadesioideae

Madia_sativa-Madieae-Asteroideae

Ursinia_anthemoides-Anthemideae-Asteroideae

Tragopogon_porrifolius-Cichorieae-Cichorioideae

Grindelia_integrifolia-Astereae-Asteroideae

Eutrochium_purpureum-Eupatorieae-Asteroideae

Pluchea_indica-Inuleae-Asteroideae

Encelia_californica-Heliantheae-Asteroideae

Cavea_tanguensis-Gymnarrheneae-Gymnarrhenoideae

Synurus_deltoides-Cardueae-Carduoideae

Mirabilis_jalapa

Karelinia_caspia-Inuleae-Asteroideae

Stifftia_chrysantha-Stifftieae-Stiffitioideae

Artemisia_chamaemelifolia-Anthemideae-Asteroideae

Hecastocleis_shockleyi-Hecastocleideae-Hecastocleidoideae

Liabum_igniarium-Liabeae-Cichorioideae

Galinsoga_quardriradiata-Millerieae-Asteroideae

Gazania_rigens-Arctotideae-Cichorioideae

Abrotanella_trichoachaenia-Senecioneae-Asteroideae

Gymnanthemum_coloratum-Vernonieae-Cichorioideae

Tugarinovia_mongolica-Cardueae-Carduoideae

Arctotheca_calendula-Arctotideae-Cichorioideae

Erigeron_strigosus-Astereae-Asteroideae

Scaevola_aemula-outgroup-Goodeniaceae

Hymenoxys_sp-Helenieae-Asteroideae

Cirsium_vulgare-Cardueae-Cardueae

Ercilla_volubilis

Guizotia_scabra-Millerieae-Asteroideae

Klasea_centauroides-Cardueae-Carduoideae

Osteospermum_sp-Calenduleae-Asteroideae

Laggera_alata-Inuleae-Asteroideae

Cinnamomum_camphora

Ambrosia_trifida-Heliantheae-Asteroideae

Blumea_ -Inuleae-Asteroideae

Cyanus_segetum-Cardueae-Carduoideae

Celmisia_semicordata-Astereae-Asteroideae

Doronicum_altaicum-Doroniceae-Asteroideae

Lactuca_sativa-Cichorieae-Cichorioideae

Raoulia_subsericea-Gnaphalieae-Asteroideae

Jaumea_carnosa-Tageteae-Asteroideae

Gochnatia_arequipensis-Gochnatieae-Gochnatioideae

Centipeda_minima-Athroismeae-Asteroideae

Soliva_anthemifolia-Anthemideae-Asteroideae

Carthamus_tinctorius-Cardueae-Carduoideae

Cremanthodium_stenoglossum-Senecioneae-Asteroideae

Jurinae_multiflora-Cardueae-Carduoideae

Mutisia_subulata-Mutisieae-Mutisioideae

Baccharis_pilularis_consanguinea-Astereae-Asteroideae

Peucephyllum_schottii-Bahieae-Asteroideae

Chromolaena_odorata-Eupatorieae-Asteroideae

Jacobaea_vulgaris_subsp_dunensis-Senecioneae-Asteroideae

Meliosma_parviflora

Staehelina_dubia-Cardueae-Carduoideae

Wunderlichia_mirabilis-Wunderlichieae-Wunderlichioideae

Ambrosia_artemisiifolia-Heliantheae-Asteroideae

Nandina_domestica

Centratherum_punctatum-Vernonieae-Cichorioideae

Trixis_californica-Nassauvieae-Mutisioideae

Brickellia_californica-Eupatorieae-Asteroideae

Ammobium_alatum-Gnaphalieae-Asteroideae

Menyanthes_trifoliata-outgroup-Menyanthaceae

Eutetras_palmeri-Perityleae-Asteroideae

Arnica_montana-Madieae-Asteroideae

Eclipta_prostrata-Heliantheae-Asteroideae

Taraxacum_officinale-Cichorieae-Cichorioideae

Stellaria_media

Enydra_sessilis-Neurolaeneae-Asteroideae

Ageratum_houstonianum-Eupatorieae-Asteroideae

Senecio_chrysanthemifolius-Senecioneae-Asteroideae

Alternanthera_philoxeroides

Brachylaena_neriifolia-Tarchonantheae-Carduoideaei

Cotula_fallax-Anthemideae-Asteroideae

Cninothamnus_lorentzii-Gochnatieae-Gochnatioideae

Adenocaulon_himalaicum-Mutisieae-Mutisioideae

Orobanche_aegyptiaca

Cardopatium_corymbosum-Cardueae-Carduoideae

Hyaloseris_cinerea-Stifftieae-Stifftioideae

_delavayi-Mutisieae-Mutisioideae

Arctium_minus-Cardueae-Carduoideae

Adenostemma_lavenia_var_latifolium-Eupatorieae-Asteroideae

Emilia_praetemissa-Senecioneae-Asteroideae

Famatinanthus_decussatus-Famatinantheae-Famatinanthoideae

Artemisia_annua-Anthemideae-Asteroideae

Zinnia_haageana-Heliantheae-Asteroideae

Hydrangea_macrophylla

Tagetes_erecta-Tageteae-Asteroideae

Saussurea_nivea-Cardueae-Carduoideae

Corymbium_glabrum-Corymbieae-Corymbioideae

Carduncellus_pinnatus-Cardueae-Carduoideae

Rhaponticoides_kasakorum-Cardueae-Carduoideae

Zinnia_elegans-Heliantheae-Asteroideae

Scorzonera_hispanica-Cichorieae-Cichorioideae

Solanum_tuberosum

Anaphalis_margaritacea-Gnaphalieae-Asteroideae

Centaurea_jacea-Cardueae-Carduoideae

Bahia_ -Bahieae-Asteroideae

Acourtia_microcephala-Nassauvieae-Mutisioideae

Nelumbo_nucifera

Helianthus_tuberosus-Heliantheae-Asteroideae

Mutisia_acumina -Mutisieae-Mutisioideae

Ageratina_altissima-Eupatorieae-Asteroideae

Leptinella_scariosa-Anthemideae-Asteroideae

Sonchus_asper-Cichorieae-Cichorioideae

Cosmos_bipinnatus-Coreopsideae-Asteroideae

Calycera_herbacea-outgroup-Calyceraceae

Hieracium_caespitosum-Cichorieae-Cichorioideae

Antennaria_dioica-Gnaphalieae-Asteroideae

Flaveria_bidentis-Tageteae-Asteroideae

Smallanthus_sonchifolius-Millerieae-Asteroideae

Pertya_glabrescens-Pertyeae-Pertyoideae

Sanvitalia_procumbens-Heliantheae-Asteroideae

Sigesbeckia_pubescens-Millerieae-Asteroideae

Guardiola_tulocarpus-Millerieae-Asteroideae

Leontodon_saxatilis-Cichorieae-Cichorioideae

Hulsea_heterochroma-Madieae-Asteroideae

Duhaldea_cappa-Inuleae-Asteroideae

Tanacetum_parthenium-Anthemideae-Asteroideae

Venegasia_carpesoides-Madieae-Asteroideae

Onoseris_weberbaueri-Onoserideae-Mutisioideae

Flourensia_thurifera-Heliantheae-Asteroideae

-Heliantheae-Asteroideae

Lactuca_serriola-Cichorieae-Cichorioideae

Aster_barbellatus-Astereae-Asteroideae

Solanum_lycopersicum

Petasites_hybridus-Senecioneae-Asteroideae

Guizotia_abyssinica-Millerieae-Asteroideae

Lasthenia_californica-Madieae-Asteroideae

Hofmeisteria_urenifolia-Eupatorieae-Asteroideae

Mentha_canadensis

Senecio_vulgaris-Senecioneae-Asteroideae

Stoebe_plumosa-Gnaphalieae-Asteroideae

Mikania_micrantha-Eupatorieae-Asteroideae

Gerbera_ -Mutisieae-Mutisioideae

Chimantaea_humilis-Wunderlichieae-Wunderlichioideae

Heliopsis_helianthoides-Heliantheae-Asteroideae

Cichorium_intybus-Cichorieae-Cichorioideae

Berlandiera_lyrata-Heliantheae-Asteroideae

Bellis_perennis-Astereae-Asteroideae

Paraprenanthes_sororia-Cichorieae-Cichorioideae

Cornus_wilsoniana

Phytolacca_americana

Tragopogon_dubius-Cichorieae-Cichorioideae

Pseudognaphalium_affine-Gnaphalieae-Asteroideae

Echinacea_purpurea-Heliantheae-Asteroideae

Helienium_autumnale-Helenieae-Asteroideae

Inula_linariifolia-Inuleae-Asteroideae

Xanthium_strumarium-Heliantheae-Asteroideae

Rudbeckia_fulgida-Heliantheae-Asteroideae

Coreopsis_grandiflora-Coreopsideae-Asteroideae

Packera_aurea-Senecioneae-Asteroideae

Euthamia_occidentalis-Astereae-Asteroideae

Barnadesia_jelskii-Barnadesieae-Barnadesioideae

Cuscuta_reflexa

Oldenburgia_grandis-Oldenburgieae-Carduoideae

Warionia_saharae-Cichorieae-Cichorioideae

Carlina_acanthifolia-Cardueae-Carduoideae

Achillea_millefolium-Anthemideae-Asteroideae

Symphyotrichum_sp-Astereae-Asteroideae

Chaenactis_carphoclinia-Chaenactideae-Asteroideae

Acmella_oleracea -Heliantheae-Asteroideae

Pentaphorus_foliolosus-Gochnatieae-Gochnatioideae

Kleinia_fulgens-Senecioneae-Asteroideae

Cousinia_affinis-Cardueae-Carduoideae

Liatris_spicata-Eupatorieae-Asteroideae

Carpesium_lipskyi-Inuleae-Asteroideae

Philadelphus_incanus

Echinops_sp-Cardueae-Carduoideae

Deinandra_arida-Madieae-Asteroideae

Eschscholzia_californica

Atractylodes_lancea-Cardueae-Carduoideae

Senecio_aethnensis-Senecioneae-Asteroideae
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Supplemental Figure 24. Divergence times estimated using r8s (set 5).
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 Supplemental Figure 25. Divergence times estimated using BEAST (set 5).
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Supplemental Figure 26. Comparing ages with calibration sets 1 and 2 using r8s. 
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Supplemental Figure 27. Comparing ages with calibration sets 1 and 2 using BEAST. 
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Supplemental Figure S28. Net diversification rate shift analyzed by MEDUSA under mixed model. 
 

 
  

Clade ΔAIC model Rate 
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Supplemental Figure 34. Identification of nodes in BAMM analyses. 

Chimantaea humilis−Wunderlichieae−Wunderlichioideae�
Wunderlichia mirabilis−Wunderlichieae−Wunderlichioideae
Acourtia microcephala−Nassauvieae−Mutisioideae
Perezia lanigera−Nassauvieae−Mutisioideae
Proustia cuneifolia−Nassauvieae−Mutisioideae
Trixis californica−Nassauvieae−Mutisioideae
Gerbera î�K\EULGD−Mutisieae−Mutisioideae
2UHRVHULV delavayi−Mutisieae−Mutisioideae
Leibnitzia anandria−Mutisieae−Mutisioideae
Adenocaulon himalaicum−Mutisieae−Mutisioideae
Mutisia acuminatD−Mutisieae−Mutisioideae
Mutisia subulata−Mutisieae−Mutisioideae
Aphyllocladus denticulatus−Onoserideae−Mutisioideae�
Onoseris weberbaueri−Onoserideae−Mutisioideae
Ianthopappus corymbosus−Hyalideae−Wunderlichioideae�
Hyalis argentea−Hyalideae−Wunderlichioideae
Leucomeris decora−Hyalideae−Wunderlichioideae
Nouelia insignis−Hyalideae−Wunderlichioideae
Stifftia chrysantha−Stifftieae−Stiffitioideae
Hyaloseris cinerea−Stifftieae−Stifftioideae
Famatinanthus decussatus−Famatinantheae−Famatinanthoideae
Barnadesia jelskii−Barnadesieae−Barnadesioideae
Barnadesia spinosa−Barnadesieae−Barnadesioideae
Arnaldoa macbrideana−Barnadesieae−Barnadesioideae�
Dasyphyllum diacanthoides−Barnadesieae−Barnadesioideae�
Nastanthus agglomeratus−outgroup−Calyceraceae
Calycera herbacea−outgroup−Calyceraceae
Acicarpha spathulata−outgroup−Calyceraceae
Scaevola aemula−outgroup−Goodeniaceae
Menyanthes trifoliata−outgroup−Menyanthaceae

Pentaphorus foliolosus−Gochnatieae−Gochnatioideae
Cninothamnus lorentzii−Gochnatieae−Gochnatioideae
Gochnatia arequipensis−Gochnatieae−Gochnatioideae

Youngia japonica−Cichorieae−Cichorioideae
Sonchus asper−Cichorieae−Cichorioideae
Cichorium pumilum−Cichorieae−Cichorioideae
Cichorium intybus−Cichorieae−Cichorioideae
Hieracium caespitosum−Cichorieae−Cichorioideae
Tolpis barbata−Cichorieae−Cichorioideae
Tragopogon porrifolius−Cichorieae−Cichorioideae�
Tragopogon dubius−Cichorieae−Cichorioideae
Scorzonera hispanica−Cichorieae−Cichorioideae
Warionia saharae−Cichorieae−Cichorioideae
Elephantopus tomentosus−Vernonieae−Cichorioideae�
Centratherum punctatum−Vernonieae−Cichorioideae
Vernonia gigantea−Vernonieae−Cichorioideae
Stokesia laevis−Vernonieae−Cichorioideae
Gymnanthemum coloratum−Vernonieae−Cichorioideae�
Liabum igniarium−Liabeae−Cichorioideae
Arctotheca calendula−Arctotideae−Cichorioideae
Arctotis stoechadifolia−Arctotideae−Cichorioideae
Gazania rigens−Arctotideae−Cichorioideae
Heterolepis aliena−uncertain−Cichorioideae
Cavea tanguensis−Gymnarrheneae−Gymnarrhenoideae�
Gymnarrhena micrantha−Gymnarrheneae−Gymnarrhenoideae
Dicoma anomala−Dicomeae−Carduoideae
Centaurea solstitialis−Cardueae−Carduoideae
Centaurea jacea−Cardueae−Carduoideae
Cyanus segetum−Cardueae−Carduoideae
Carduncellus pinnatus−Cardueae−Carduoideae
Carthamus tinctorius−Cardueae−Carduoideae
Psephellus sibiricus−Cardueae−Carduoideae
Rhaponticoides kasakorum−Cardueae−Carduoideae
Klasea centauroides−Cardueae−Carduoideae
Saussurea nivea−Cardueae−Carduoideae
Saussurea involucrata−Cardueae−Carduoideae
Jurinae multiflora−Cardueae−Carduoideae
Arctium minus−Cardueae−Carduoideae
Cousinia affinis−Cardueae−Carduoideae
Carduus acanthoides−Cardueae−Carduoideae
Carduus nutans−Cardueae−Carduoideae
Silybum marianum−Cardueae−Carduoideae
Cirsium arvense−Cardueae−Carduoideae
Cirsium vulgare−Cardueae−Cardueae
Cynara cardunculus−Cardueae−Carduoideae
Olgaea lomonosowii−Cardueae−Carduoideae
Synurus deltoides−Cardueae−Carduoideae
Staehelina dubia−Cardueae−Carduoideae
Echinops sp−Cardueae−Carduoideae
Cardopatium corymbosum−Cardueae−Carduoideae
Carlina acanthifolia−Cardueae−Carduoideae
Atractylodes lancea−Cardueae−Carduoideae
Tugarinovia mongolica−Cardueae−Carduoideae�
Tarchonanthus camphoratus−Tarchonantheae−Carduoideae�
Brachylaena neriifolia−Tarchonantheae−Carduoideaei
Oldenburgia grandis−Oldenburgieae−Carduoideae
Ainsliaea gracilis−Pertyeae−Pertyoideae
Ainsliaea aptera−Pertyeae−Pertyoideae
Pertya glabrescens−Pertyeae−Pertyoideae
Hecastocleis shockleyi−Hecastocleideae−Hecastocleidoideae�
1DKXDWOHD�hypoleuca−Gochnatieae−Gochnatioideae

Lapsana communis−Cichorieae−Cichorioideae
Taraxacum officinale−Cichorieae−Cichorioideae
Leontodon saxatilis−Cichorieae−Cichorioideae
Paraprenanthes sororia−Cichorieae−Cichorioideae
Lactuca sativa−Cichorieae−Cichorioideae
Lactuca serriola−Cichorieae−Cichorioideae
Corymbium glabrum−Corymbieae−Corymbioideae
Corymbium villosum−Corymbieae−Corymbioideae

Blumea VS−Inuleae−Asteroideae�
Pluchea indica−Inuleae−Asteroideae�
Karelinia caspia−Inuleae−Asteroideae
Laggera alata−Inuleae−Asteroideae

Wedelia mossambicensis−Heliantheae−Asteroideae�
Eclipta prostrata−Heliantheae−Asteroideae
Bidens frondosa−Coreopsideae−Asteroideae�
Coreopsis grandiflora−Coreopsideae−Asteroideae�
Dahlia hybrida−Coreopsideae−Asteroideae
Cosmos bipinnatus−Coreopsideae−Asteroideae�
Calea ternifolia−Neurolaeneae−Asteroideae
Greenmaniella resinosa−Neurolaeneae−Asteroideae
Neurolaena lobata−Neurolaeneae−Asteroideae
Hymenoxys sp−Helenieae−Asteroideae
Helienium autumnale−Helenieae−Asteroideae�
Gaillardia pulchella−Helenieae−Asteroideae
Centipeda minima−Athroismeae−Asteroideae
Carpesium lipskyi−Inuleae−Asteroideae
Duhaldea cappa−Inuleae−Asteroideae
3HQWDQHPD britanQLFXP−Inuleae−Asteroideae
Inula linariifolia−Inuleae−Asteroideae
Pulicaria dysenterica−Inuleae−Asteroideae

$FPHOOD�ROHUDFHDB�−Heliantheae−Asteroideae
Acmella oleraceaB�−Heliantheae−Asteroideae
Rudbeckia fulgida−Heliantheae−Asteroideae
Verbesina dissita−Heliantheae−Asteroideae
Berlandiera lyrata−Heliantheae−Asteroideae
Silphium laciniatum−Heliantheae−Asteroideae

Cremanthodium stenoglossum−Senecioneae−Asteroideae�
Petasites hybridus−Senecioneae−Asteroideae
Brachyglottis x jubar−Senecioneae−Asteroideae
Abrotanella nivigena−Senecioneae−Asteroideae
Abrotanella trichoachaenia−Senecioneae−Asteroideae�
Doronicum altaicum−Doroniceae−Asteroideae
Doronicum stenoglossum−Doroniceae−Asteroideae
Ageratum houstonianum−Eupatorieae−Asteroideae
Ageratum conyzoides−Eupatorieae−Asteroideae�
Chromolaena odorata−Eupatorieae−Asteroideae
Praxelis clematidea−Eupatorieae−Asteroideae
Ophryosporus triangularis−Eupatorieae−Asteroideae�
Adenostemma lavenia var latifolium−Eupatorieae−Asteroideae�
Eutrochium purpureum−Eupatorieae−Asteroideae�
Eupatorium chinense−Eupatorieae−Asteroideae
Liatris spicata−Eupatorieae−Asteroideae
Brickellia californica−Eupatorieae−Asteroideae
Stevia rebaudiana−Eupatorieae−Asteroideae
Hofmeisteria urenifolia−Eupatorieae−Asteroideae
Ageratina altissima−Eupatorieae−Asteroideae
Mikania micrantha−Eupatorieae−Asteroideae
Eutetras palmeri−Perityleae−Asteroideae
Bahia BNCSPTJPJEFT−Bahieae−Asteroideae
Peucephyllum schottii−Bahieae−Asteroideae
Chaenactis carphoclinia−Chaenactideae−Asteroideae
Arnica montana−Madieae−Asteroideae
Arnica chamissonis−Madieae−Asteroideae
Centromadia pungens−Madieae−Asteroideae
Deinandra arida−Madieae−Asteroideae
Madia sativa−Madieae−Asteroideae
Venegasia carpesoides−Madieae−Asteroideae
Eriophyllum sp−Madieae−Asteroideae
Lasthenia californica−Madieae−Asteroideae
Hulsea heterochroma−Madieae−Asteroideae
Tagetes erecta−Tageteae−Asteroideae
Thymophylla tenuiloba−Tageteae−Asteroideae
Porophyllum ruderale−Tageteae−Asteroideae
Flaveria bidentis−Tageteae−Asteroideae
Flaveria brownii−Tageteae−Asteroideae
Jaumea carnosa−Tageteae−Asteroideae
Guizotia abyssinica−Millerieae−Asteroideae
Guizotia scabra−Millerieae−Asteroideae
Sigesbeckia pubescens−Millerieae−Asteroideae
Smallanthus sonchifolius−Millerieae−Asteroideae
Tridax procumbens−Millerieae−Asteroideae
Galinsoga quardriradiata−Millerieae−Asteroideae
Enydra fluctuans−Neurolaeneae−Asteroideae
Enydra sessilis−Neurolaeneae−Asteroideae
Guardiola tulocarpus−Millerieae−Asteroideae
Polymnia canadensis−3RO\PQLHDH−Asteroideae
Iva annua−Heliantheae−Asteroideae−Heliantheae−Asteroideae�
Parthenium argentatum−Heliantheae−Asteroideae
Ambrosia artemisiifolia−Heliantheae−Asteroideae
Ambrosia trifida−Heliantheae−Asteroideae
Xanthium strumarium−Heliantheae−Asteroideae
Helianthus tuberosus−Heliantheae−Asteroideae
Helianthus annuus−Heliantheae−Asteroideae
Flourensia thurifera−Heliantheae−Asteroideae
Encelia californica−Heliantheae−Asteroideae
Zinnia elegans−Heliantheae−Asteroideae
Zinnia haageana−Heliantheae−Asteroideae
Sanvitalia procumbens−Heliantheae−Asteroideae
Heliopsis helianthoides−Heliantheae−Asteroideae
Echinacea angustifolia−Heliantheae−Asteroideae
Echinacea purpurea−Heliantheae−Asteroideae

Ligularia fischeri−Senecioneae−Asteroideae
Roldana petasitis−Senecioneae−Asteroideae
Othonna capensis−Senecioneae−Asteroideae
Euryops pectinatus−Senecioneae−Asteroideae
Gynura crepidioides−Senecioneae−Asteroideae

Tanacetum parthenium−Anthemideae−Asteroideae
Glebionis coronaria−Anthemideae−Asteroideae
Glebionis segetum−Anthemideae−Asteroideae
Leucanthemum vulgare−Anthemideae−Asteroideae
Ajania parviflora−Anthemideae−Asteroideae
Chrysanthemum x morifolium−Anthemideae−Asteroideae�
Chrysanthemum indicum−Anthemideae−Asteroideae Crossostephium 
chinense−Anthemideae−Asteroideae
Artemisia annua−Anthemideae−Asteroideae
Artemisia chamaemelifolia−Anthemideae−Asteroideae
Ursinia anthemoides−Anthemideae−Asteroideae
Cotula fallax−Anthemideae−Asteroideae
Leptinella scariosa−Anthemideae−Asteroideae
Soliva anthemifolia−Anthemideae−Asteroideae
Gynura aurantiaca−Senecioneae−Asteroideae
Kleinia fulgens−Senecioneae−Asteroideae
Senecio chrysanthemifolius−Senecioneae−Asteroideae
Senecio aethnensis−Senecioneae−Asteroideae
Senecio vulgaris−Senecioneae−Asteroideae
Packera aurea−Senecioneae−Asteroideae
Jacobaea vulgaris subsp dunensis−Senecioneae−Asteroideae�
Emilia praetemissa−Senecioneae−Asteroideae

Achillea millefolium−Anthemideae−Asteroideae
Achillea acuminata−Anthemideae−Asteroideae
Osteospermum sp−Calenduleae−Asteroideae

Symphyotrichum subulatum−Astereae−Asteroideae�
Symphyotrichum sp−Astereae−Asteroideae
Heterotheca grandiflora−Astereae−Asteroideae�
Solidago gigantea−Astereae−Asteroideae
Euthamia occidentalis−Astereae−Asteroideae
Erigeron breviscapus−Astereae−Asteroideae
Erigeron strigosus−Astereae−Asteroideae
Baccharis pilularis consanguinea−Astereae−Asteroideae
Aster barbellatus−Astereae−Asteroideae
Bellis perennis−Astereae−Asteroideae
Celmisia semicordata−Astereae−Asteroideae
Tripteris vaillantii−Calenduleae−Asteroideae
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Supplemental Figure S28. Net diversification rate shift analyzed by MEDUSA under mixed model. 
 

 
  

Clade ΔAIC model Rate 

1 yule 0.0583054	 

2 55.7643 yule 0.106572 

3 20.4807 yule 0.116042	 

4 19.6213 yule 0.157049 

5 12.8476 yule 0.0970837	 

6 6.2668 yule 0.232435 

7 4.3971 yule 0.136909 

8 3.2117 yule 0	 
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Supplemental Figure S28. Net diversification rate shift analyzed by MEDUSA under mixed model. 
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Supplemental Figure S29. Net diversification rate shift analyzed by MEDUSA under birth-death 
model. 
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Supplemental Figure S29. Net diversification rate shift analyzed by MEDUSA under birth-death 
model. 
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Supplemental Figure S29. Net diversification rate shift analyzed by MEDUSA under birth-death 
model. 
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Supplemental Figure 30. Shift configuration of net diversification rates with the highest maximum a 

posteriori (MAP) probability (“the best shift configuration”) as a result of BAMM analyses. 
(a) Time-constant algorithm
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Supplemental Figure 30. Shift configuration of net diversification rates with the highest maximum a 

posteriori (MAP) probability (“the best shift configuration”) as a result of BAMM analyses. 
(a) Time-constant algorithm
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Osteospermum_sp−Calenduleae−Asteroideae
Achillea_acuminata−Anthemideae−Asteroideae
Achillea_millefolium−Anthemideae−Asteroideae
Tanacetum_parthenium−Anthemideae−Asteroideae
Glebionis_coronaria−Anthemideae−Asteroideae
Glebionis_segetum−Anthemideae−Asteroideae
Leucanthemum_vulgare−Anthemideae−Asteroideae
Ajania_parviflora−Anthemideae−Asteroideae
Chrysanthemum_x_morifolium−Anthemideae−Asteroideae�
Chrysanthemum_indicum−Anthemideae−Asteroideae�
Crossostephium_chinense−Anthemideae−Asteroideae
Artemisia_annua−Anthemideae−Asteroideae
Artemisia_chamaemelifolia−Anthemideae−Asteroideae
Ursinia_anthemoides−Anthemideae−Asteroideae
Cotula_fallax−Anthemideae−Asteroideae
Leptinella_scariosa−Anthemideae−Asteroideae
Soliva_anthemifolia−Anthemideae−Asteroideae
Gynura_aurantiaca−Senecioneae−Asteroideae
Kleinia_fulgens−Senecioneae−Asteroideae
Senecio_chrysanthemifolius−Senecioneae−Asteroideae
Senecio_aethnensis−Senecioneae−Asteroideae
Senecio_vulgaris−Senecioneae−Asteroideae
Packera_aurea−Senecioneae−Asteroideae
Jacobaea_vulgaris_subsp_dunensis−Senecioneae−Asteroideae�
Emilia_praetemissa−Senecioneae−Asteroideae
Gynura_crepidioides−Senecioneae−Asteroideae
Euryops_pectinatus−Senecioneae−Asteroideae
Othonna_capensis−Senecioneae−Asteroideae
Roldana_petasitis−Senecioneae−Asteroideae
Ligularia_fischeri−Senecioneae−Asteroideae
Cremanthodium_stenoglossum−Senecioneae−Asteroideae�
Petasites_hybridus−Senecioneae−Asteroideae
Brachyglottis_x_jubar−Senecioneae−Asteroideae
Abrotanella_nivigena−Senecioneae−Asteroideae
Abrotanella_trichoachaenia−Senecioneae−Asteroideae�
Doronicum_altaicum−Doroniceae−Asteroideae
Doronicum_stenoglossum−Doroniceae−Asteroideae
Ageratum_houstonianum−Eupatorieae−Asteroideae
Ageratum_conyzoides−Eupatorieae−Asteroideae
Chromolaena_odorata−Eupatorieae−Asteroideae
Praxelis_clematidea−Eupatorieae−Asteroideae
Ophryosporus_triangularis−Eupatorieae−Asteroideae�
Adenostemma_lavenia_var_latifolium−Eupatorieae−Asteroideae�
Eutrochium_purpureum−Eupatorieae−Asteroideae
Eupatorium_chinense−Eupatorieae−Asteroideae
Liatris_spicata−Eupatorieae−Asteroideae
Brickellia_californica−Eupatorieae−Asteroideae
Stevia_rebaudiana−Eupatorieae−Asteroideae
Hofmeisteria_urenifolia−Eupatorieae−Asteroideae
Ageratina_altissima−Eupatorieae−Asteroideae
Mikania_micrantha−Eupatorieae−Asteroideae
Eutetras_palmeri−Perityleae−Asteroideae
Bahia_BNCSPTJPJEFT−Bahieae−Asteroideae
Peucephyllum_schottii−Bahieae−Asteroideae
Chaenactis_carphoclinia−Chaenactideae−Asteroideae
Arnica_montana−Madieae−Asteroideae
Arnica_chamissonis−Madieae−Asteroideae
Centromadia_pungens−Madieae−Asteroideae
Deinandra_arida−Madieae−Asteroideae
Madia_sativa−Madieae−Asteroideae
Venegasia_carpesoides−Madieae−Asteroideae
Eriophyllum_sp−Madieae−Asteroideae
Lasthenia_californica−Madieae−Asteroideae
Hulsea_heterochroma−Madieae−Asteroideae
Tagetes_erecta−Tageteae−Asteroideae
Thymophylla_tenuiloba−Tageteae−Asteroideae
Porophyllum_ruderale−Tageteae−Asteroideae
Flaveria_bidentis−Tageteae−Asteroideae
Flaveria_brownii−Tageteae−Asteroideae
Jaumea_carnosa−Tageteae−Asteroideae
Guizotia_abyssinica−Millerieae−Asteroideae
Guizotia_scabra−Millerieae−Asteroideae
Sigesbeckia_pubescens−Millerieae−Asteroideae
Smallanthus_sonchifolius−Millerieae−Asteroideae
Tridax_procumbens−Millerieae−Asteroideae
Galinsoga_quardriradiata−Millerieae−Asteroideae
Enydra_fluctuans−Neurolaeneae−Asteroideae
Enydra_sessilis−Neurolaeneae−Asteroideae
Guardiola_tulocarpus−Millerieae−Asteroideae
Polymnia_canadensis−3RO\PQLHDH−Asteroideae
Iva_annua−Heliantheae−Asteroideae−Heliantheae−Asteroideae�
Parthenium_argentatum−Heliantheae−Asteroideae
Ambrosia_artemisiifolia−Heliantheae−Asteroideae
Ambrosia_trifida−Heliantheae−Asteroideae
Xanthium_strumarium−Heliantheae−Asteroideae
Helianthus_tuberosus−Heliantheae−Asteroideae
Helianthus_annuus−Heliantheae−Asteroideae
Flourensia_thurifera−Heliantheae−Asteroideae
Encelia_californica−Heliantheae−Asteroideae
Zinnia_elegans−Heliantheae−Asteroideae
Zinnia_haageana−Heliantheae−Asteroideae
Sanvitalia_procumbens−Heliantheae−Asteroideae
Heliopsis_helianthoides−Heliantheae−Asteroideae
Echinacea_angustifolia−Heliantheae−Asteroideae
Echinacea_purpurea−Heliantheae−Asteroideae
$FPHOODBROHUDFHDB�−Heliantheae−Asteroideae
Acmella_oleraceaB�−Heliantheae−Asteroideae
Rudbeckia_fulgida−Heliantheae−Asteroideae
Verbesina_dissita−Heliantheae−Asteroideae
Berlandiera_lyrata−Heliantheae−Asteroideae
Silphium_laciniatum−Heliantheae−Asteroideae
Wedelia_mossambicensis−Heliantheae−Asteroideae
Eclipta_prostrata−Heliantheae−Asteroideae
Bidens_frondosa−Coreopsideae−Asteroideae
Coreopsis_grandiflora−Coreopsideae−Asteroideae
Dahlia_hybrida−Coreopsideae−Asteroideae
Cosmos_bipinnatus−Coreopsideae−Asteroideae
Calea_ternifolia−Neurolaeneae−Asteroideae
Greenmaniella_resinosa−Neurolaeneae−Asteroideae�
Neurolaena_lobata−Neurolaeneae−Asteroideae
Hymenoxys_sp−Helenieae−Asteroideae
Helienium_autumnale−Helenieae−Asteroideae
Gaillardia_pulchella−Helenieae−Asteroideae
Centipeda_minima−Athroismeae−Asteroideae
Carpesium_lipskyi−Inuleae−Asteroideae
Duhaldea_cappa−Inuleae−Asteroideae
3HQWDQHPD_britanQLFXP−Inuleae−Asteroideae
Inula_linariifolia−Inuleae−Asteroideae
Pulicaria_dysenterica−Inuleae−Asteroideae
Blumea_VS−Inuleae−Asteroideae
Pluchea_indica−Inuleae−Asteroideae
Karelinia_caspia−Inuleae−Asteroideae
Laggera_alata−Inuleae−Asteroideae
Corymbium_villosum−Corymbieae−Corymbioideae�
Corymbium_glabrum−Corymbieae−Corymbioideae
Lactuca_serriola−Cichorieae−Cichorioideae
Lactuca_sativa−Cichorieae−Cichorioideae
Paraprenanthes_sororia−Cichorieae−Cichorioideae
Leontodon_saxatilis−Cichorieae−Cichorioideae
Taraxacum_officinale−Cichorieae−Cichorioideae
Lapsana_communis−Cichorieae−Cichorioideae
Youngia_japonica−Cichorieae−Cichorioideae
Sonchus_asper−Cichorieae−Cichorioideae
Cichorium_pumilum−Cichorieae−Cichorioideae
Cichorium_intybus−Cichorieae−Cichorioideae
Hieracium_caespitosum−Cichorieae−Cichorioideae
Tolpis_barbata−Cichorieae−Cichorioideae
Tragopogon_porrifolius−Cichorieae−Cichorioideae
Tragopogon_dubius−Cichorieae−Cichorioideae
Scorzonera_hispanica−Cichorieae−Cichorioideae
Warionia_saharae−Cichorieae−Cichorioideae
Elephantopus_tomentosus−Vernonieae−Cichorioideae�
Centratherum_punctatum−Vernonieae−Cichorioideae
Vernonia_gigantea−Vernonieae−Cichorioideae
Stokesia_laevis−Vernonieae−Cichorioideae
Gymnanthemum_coloratum−Vernonieae−Cichorioideae�
Liabum_igniarium−Liabeae−Cichorioideae
Arctotheca_calendula−Arctotideae−Cichorioideae
Arctotis_stoechadifolia−Arctotideae−Cichorioideae
Gazania_rigens−Arctotideae−Cichorioideae
Heterolepis_aliena−uncertain−Cichorioideae
Cavea_tanguensis−Gymnarrheneae−Gymnarrhenoideae�
Gymnarrhena_micrantha−Gymnarrheneae−Gymnarrhenoideae�
Dicoma_anomala−Dicomeae−Carduoideae
Centaurea_solstitialis−Cardueae−Carduoideae
Centaurea_jacea−Cardueae−Carduoideae
Cyanus_segetum−Cardueae−Carduoideae
Carduncellus_pinnatus−Cardueae−Carduoideae
Carthamus_tinctorius−Cardueae−Carduoideae
Psephellus_sibiricus−Cardueae−Carduoideae
Rhaponticoides_kasakorum−Cardueae−Carduoideae
Klasea_centauroides−Cardueae−Carduoideae
Saussurea_nivea−Cardueae−Carduoideae
Saussurea_involucrata−Cardueae−Carduoideae
Jurinae_multiflora−Cardueae−Carduoideae
Arctium_minus−Cardueae−Carduoideae
Cousinia_affinis−Cardueae−Carduoideae
Carduus_acanthoides−Cardueae−Carduoideae
Carduus_nutans−Cardueae−Carduoideae
Silybum_marianum−Cardueae−Carduoideae
Cirsium_arvense−Cardueae−Carduoideae
Cirsium_vulgare−Cardueae−Cardueae
Cynara_cardunculus−Cardueae−Carduoideae
Olgaea_lomonosowii−Cardueae−Carduoideae
Synurus_deltoides−Cardueae−Carduoideae
Staehelina_dubia−Cardueae−Carduoideae
Echinops_sp−Cardueae−Carduoideae
Cardopatium_corymbosum−Cardueae−Carduoideae
Carlina_acanthifolia−Cardueae−Carduoideae
Atractylodes_lancea−Cardueae−Carduoideae
Tugarinovia_mongolica−Cardueae−Carduoideae�
Tarchonanthus_camphoratus−Tarchonantheae−Carduoideae�
Brachylaena_neriifolia−Tarchonantheae−Carduoideaei�
Oldenburgia_grandis−Oldenburgieae−Carduoideae
Ainsliaea_gracilis−Pertyeae−Pertyoideae
Ainsliaea_aptera−Pertyeae−Pertyoideae
Pertya_glabrescens−Pertyeae−Pertyoideae
Hecastocleis_shockleyi−Hecastocleideae−Hecastocleidoideae�
1DKXDWOHD_hypoleuca−Gochnatieae−Gochnatioideae�
Gochnatia_arequipensis−Gochnatieae−Gochnatioideae�
Cninothamnus_lorentzii−Gochnatieae−Gochnatioideae�
Pentaphorus_foliolosus−Gochnatieae−Gochnatioideae�
Chimantaea_humilis−Wunderlichieae−Wunderlichioideae�
Wunderlichia_mirabilis−Wunderlichieae−Wunderlichioideae�
Acourtia_microcephala−Nassauvieae−Mutisioideae
Perezia_lanigera−Nassauvieae−Mutisioideae
Proustia_cuneifolia−Nassauvieae−Mutisioideae
Trixis_californica−Nassauvieae−Mutisioideae
Gerbera_îBK\EULGD−Mutisieae−Mutisioideae
2UHRVHULV_delavayi−Mutisieae−Mutisioideae
Leibnitzia_anandria−Mutisieae−Mutisioideae
Adenocaulon_himalaicum−Mutisieae−Mutisioideae
Mutisia_acuminatD−Mutisieae−Mutisioideae
Mutisia_subulata−Mutisieae−Mutisioideae
Aphyllocladus_denticulatus−Onoserideae−Mutisioideae�
Onoseris_weberbaueri−Onoserideae−Mutisioideae
Ianthopappus_corymbosus−Hyalideae−Wunderlichioideae�
Hyalis_argentea−Hyalideae−Wunderlichioideae
Leucomeris_decora−Hyalideae−Wunderlichioideae
Nouelia_insignis−Hyalideae−Wunderlichioideae
Stifftia_chrysantha−Stifftieae−Stiffitioideae
Hyaloseris_cinerea−Stifftieae−Stifftioideae
Famatinanthus_decussatus−Famatinantheae−Famatinanthoideae�
Barnadesia_jelskii−Barnadesieae−Barnadesioideae
Barnadesia_spinosa−Barnadesieae−Barnadesioideae�
Arnaldoa_macbrideana−Barnadesieae−Barnadesioideae�
Dasyphyllum_diacanthoides−Barnadesieae−Barnadesioideae�
Nastanthus_agglomeratus−outgroup−Calyceraceae
Calycera_herbacea−outgroup−Calyceraceae
Acicarpha_spathulata−outgroup−Calyceraceae
Scaevola_aemula−outgroup−Goodeniaceae
Menyanthes_trifoliata−outgroup−Menyanthaceae
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(b) Time-variable algorithm
 

Ammobium_alatum−Gnaphalieae−Asteroideae
Rhodanthe_chlorocephala_subsp_rosea−Gnaphalieae−Asteroideae�
Ozothamnus_letophyllus−Gnaphalieae−Asteroideae
Cassinia_vauvilliersii−Gnaphalieae−Asteroideae
Raoulia_subsericea−Gnaphalieae−Asteroideae
Antennaria_dioica−Gnaphalieae−Asteroideae
Leontopodium_smithianum−Gnaphalieae−Asteroideae�
Helichrysum_petiolare−Gnaphalieae−Asteroideae
Anaphalis_margaritacea−Gnaphalieae−Asteroideae�
Pseudognaphalium_affine−Gnaphalieae−Asteroideae
Stoebe_plumosa−Gnaphalieae−Asteroideae
Grindelia_hirsutula−Astereae−Asteroideae
Grindelia_integrifolia−Astereae−Asteroideae
Eurybia_divaricata−Astereae−Asteroideae
Symphyotrichum_subulatum−Astereae−Asteroideae�
Symphyotrichum_sp−Astereae−Asteroideae
Heterotheca_grandiflora−Astereae−Asteroideae
Solidago_gigantea−Astereae−Asteroideae
Euthamia_occidentalis−Astereae−Asteroideae
Erigeron_breviscapus−Astereae−Asteroideae
Erigeron_strigosus−Astereae−Asteroideae
Baccharis_pilularis_consanguinea−Astereae−Asteroideae
Aster_barbellatus−Astereae−Asteroideae
Bellis_perennis−Astereae−Asteroideae
Celmisia_semicordata−Astereae−Asteroideae
Tripteris_vaillantii−Calenduleae−Asteroideae
Calendula_RIILFLQDOLV−Calenduleae−Asteroideae
Osteospermum_sp−Calenduleae−Asteroideae
Achillea_acuminata−Anthemideae−Asteroideae
Achillea_millefolium−Anthemideae−Asteroideae
Tanacetum_parthenium−Anthemideae−Asteroideae
Glebionis_coronaria−Anthemideae−Asteroideae
Glebionis_segetum−Anthemideae−Asteroideae
Leucanthemum_vulgare−Anthemideae−Asteroideae
Ajania_parviflora−Anthemideae−Asteroideae
Chrysanthemum_x_morifolium−Anthemideae−Asteroideae�
Chrysanthemum_indicum−Anthemideae−Asteroideae�
Crossostephium_chinense−Anthemideae−Asteroideae
Artemisia_annua−Anthemideae−Asteroideae
Artemisia_chamaemelifolia−Anthemideae−Asteroideae
Ursinia_anthemoides−Anthemideae−Asteroideae
Cotula_fallax−Anthemideae−Asteroideae
Leptinella_scariosa−Anthemideae−Asteroideae
Soliva_anthemifolia−Anthemideae−Asteroideae
Gynura_aurantiaca−Senecioneae−Asteroideae
Kleinia_fulgens−Senecioneae−Asteroideae
Senecio_chrysanthemifolius−Senecioneae−Asteroideae
Senecio_aethnensis−Senecioneae−Asteroideae
Senecio_vulgaris−Senecioneae−Asteroideae
Packera_aurea−Senecioneae−Asteroideae
Jacobaea_vulgaris_subsp_dunensis−Senecioneae−Asteroideae�
Emilia_praetemissa−Senecioneae−Asteroideae
Gynura_crepidioides−Senecioneae−Asteroideae
Euryops_pectinatus−Senecioneae−Asteroideae
Othonna_capensis−Senecioneae−Asteroideae
Roldana_petasitis−Senecioneae−Asteroideae
Ligularia_fischeri−Senecioneae−Asteroideae
Cremanthodium_stenoglossum−Senecioneae−Asteroideae�
Petasites_hybridus−Senecioneae−Asteroideae
Brachyglottis_x_jubar−Senecioneae−Asteroideae
Abrotanella_nivigena−Senecioneae−Asteroideae
Abrotanella_trichoachaenia−Senecioneae−Asteroideae�
Doronicum_altaicum−Doroniceae−Asteroideae
Doronicum_stenoglossum−Doroniceae−Asteroideae
Ageratum_houstonianum−Eupatorieae−Asteroideae
Ageratum_conyzoides−Eupatorieae−Asteroideae
Chromolaena_odorata−Eupatorieae−Asteroideae
Praxelis_clematidea−Eupatorieae−Asteroideae
Ophryosporus_triangularis−Eupatorieae−Asteroideae�
Adenostemma_lavenia_var_latifolium−Eupatorieae−Asteroideae�
Eutrochium_purpureum−Eupatorieae−Asteroideae
Eupatorium_chinense−Eupatorieae−Asteroideae
Liatris_spicata−Eupatorieae−Asteroideae
Brickellia_californica−Eupatorieae−Asteroideae
Stevia_rebaudiana−Eupatorieae−Asteroideae
Hofmeisteria_urenifolia−Eupatorieae−Asteroideae
Ageratina_altissima−Eupatorieae−Asteroideae
Mikania_micrantha−Eupatorieae−Asteroideae
Eutetras_palmeri−Perityleae−Asteroideae
Bahia_BNCSPTJPJEFT−Bahieae−Asteroideae
Peucephyllum_schottii−Bahieae−Asteroideae
Chaenactis_carphoclinia−Chaenactideae−Asteroideae
Arnica_montana−Madieae−Asteroideae
Arnica_chamissonis−Madieae−Asteroideae
Centromadia_pungens−Madieae−Asteroideae
Deinandra_arida−Madieae−Asteroideae
Madia_sativa−Madieae−Asteroideae
Venegasia_carpesoides−Madieae−Asteroideae
Eriophyllum_sp−Madieae−Asteroideae
Lasthenia_californica−Madieae−Asteroideae
Hulsea_heterochroma−Madieae−Asteroideae
Tagetes_erecta−Tageteae−Asteroideae
Thymophylla_tenuiloba−Tageteae−Asteroideae
Porophyllum_ruderale−Tageteae−Asteroideae
Flaveria_bidentis−Tageteae−Asteroideae
Flaveria_brownii−Tageteae−Asteroideae
Jaumea_carnosa−Tageteae−Asteroideae
Guizotia_abyssinica−Millerieae−Asteroideae
Guizotia_scabra−Millerieae−Asteroideae
Sigesbeckia_pubescens−Millerieae−Asteroideae
Smallanthus_sonchifolius−Millerieae−Asteroideae
Tridax_procumbens−Millerieae−Asteroideae
Galinsoga_quardriradiata−Millerieae−Asteroideae
Enydra_fluctuans−Neurolaeneae−Asteroideae
Enydra_sessilis−Neurolaeneae−Asteroideae
Guardiola_tulocarpus−Millerieae−Asteroideae
Polymnia_canadensis−3RO\PQLHDH−Asteroideae
Iva_annua−Heliantheae−Asteroideae−Heliantheae−Asteroideae�
Parthenium_argentatum−Heliantheae−Asteroideae
Ambrosia_artemisiifolia−Heliantheae−Asteroideae
Ambrosia_trifida−Heliantheae−Asteroideae
Xanthium_strumarium−Heliantheae−Asteroideae
Helianthus_tuberosus−Heliantheae−Asteroideae
Helianthus_annuus−Heliantheae−Asteroideae
Flourensia_thurifera−Heliantheae−Asteroideae
Encelia_californica−Heliantheae−Asteroideae
Zinnia_elegans−Heliantheae−Asteroideae
Zinnia_haageana−Heliantheae−Asteroideae
Sanvitalia_procumbens−Heliantheae−Asteroideae
Heliopsis_helianthoides−Heliantheae−Asteroideae
Echinacea_angustifolia−Heliantheae−Asteroideae
Echinacea_purpurea−Heliantheae−Asteroideae
$FPHOODBROHUDFHDB�−Heliantheae−Asteroideae
Acmella_oleraceaB�−Heliantheae−Asteroideae
Rudbeckia_fulgida−Heliantheae−Asteroideae
Verbesina_dissita−Heliantheae−Asteroideae
Berlandiera_lyrata−Heliantheae−Asteroideae
Silphium_laciniatum−Heliantheae−Asteroideae
Wedelia_mossambicensis−Heliantheae−Asteroideae
Eclipta_prostrata−Heliantheae−Asteroideae
Bidens_frondosa−Coreopsideae−Asteroideae
Coreopsis_grandiflora−Coreopsideae−Asteroideae
Dahlia_hybrida−Coreopsideae−Asteroideae
Cosmos_bipinnatus−Coreopsideae−Asteroideae
Calea_ternifolia−Neurolaeneae−Asteroideae
Greenmaniella_resinosa−Neurolaeneae−Asteroideae�
Neurolaena_lobata−Neurolaeneae−Asteroideae
Hymenoxys_sp−Helenieae−Asteroideae
Helienium_autumnale−Helenieae−Asteroideae
Gaillardia_pulchella−Helenieae−Asteroideae
Centipeda_minima−Athroismeae−Asteroideae
Carpesium_lipskyi−Inuleae−Asteroideae
Duhaldea_cappa−Inuleae−Asteroideae
3HQWDQHPD_britanQLFXP−Inuleae−Asteroideae
Inula_linariifolia−Inuleae−Asteroideae
Pulicaria_dysenterica−Inuleae−Asteroideae
Blumea_VS−Inuleae−Asteroideae
Pluchea_indica−Inuleae−Asteroideae
Karelinia_caspia−Inuleae−Asteroideae
Laggera_alata−Inuleae−Asteroideae
Corymbium_villosum−Corymbieae−Corymbioideae�
Corymbium_glabrum−Corymbieae−Corymbioideae
Lactuca_serriola−Cichorieae−Cichorioideae
Lactuca_sativa−Cichorieae−Cichorioideae
Paraprenanthes_sororia−Cichorieae−Cichorioideae
Leontodon_saxatilis−Cichorieae−Cichorioideae
Taraxacum_officinale−Cichorieae−Cichorioideae
Lapsana_communis−Cichorieae−Cichorioideae
Youngia_japonica−Cichorieae−Cichorioideae
Sonchus_asper−Cichorieae−Cichorioideae
Cichorium_pumilum−Cichorieae−Cichorioideae
Cichorium_intybus−Cichorieae−Cichorioideae
Hieracium_caespitosum−Cichorieae−Cichorioideae
Tolpis_barbata−Cichorieae−Cichorioideae
Tragopogon_porrifolius−Cichorieae−Cichorioideae
Tragopogon_dubius−Cichorieae−Cichorioideae
Scorzonera_hispanica−Cichorieae−Cichorioideae
Warionia_saharae−Cichorieae−Cichorioideae
Elephantopus_tomentosus−Vernonieae−Cichorioideae�
Centratherum_punctatum−Vernonieae−Cichorioideae
Vernonia_gigantea−Vernonieae−Cichorioideae
Stokesia_laevis−Vernonieae−Cichorioideae
Gymnanthemum_coloratum−Vernonieae−Cichorioideae�
Liabum_igniarium−Liabeae−Cichorioideae
Arctotheca_calendula−Arctotideae−Cichorioideae
Arctotis_stoechadifolia−Arctotideae−Cichorioideae
Gazania_rigens−Arctotideae−Cichorioideae
Heterolepis_aliena−uncertain−Cichorioideae
Cavea_tanguensis−Gymnarrheneae−Gymnarrhenoideae�
Gymnarrhena_micrantha−Gymnarrheneae−Gymnarrhenoideae�
Dicoma_anomala−Dicomeae−Carduoideae
Centaurea_solstitialis−Cardueae−Carduoideae
Centaurea_jacea−Cardueae−Carduoideae
Cyanus_segetum−Cardueae−Carduoideae
Carduncellus_pinnatus−Cardueae−Carduoideae
Carthamus_tinctorius−Cardueae−Carduoideae
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Supplemental Figure 30. Shift configuration of net diversification rates with the highest maximum a 

posteriori (MAP) probability (“the best shift configuration”) as a result of BAMM analyses. 
(a) Time-constant algorithm
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Supplemental Figure S31. Rate-through-time (RTT) plots of net diversification rates estimated by 
BAMM. 

(a) Time-constant algorithm
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Supplemental Figure S31. continue 

(b) Time-constant algorithm continue
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Supplemental Figure S31. Continue 

(c) Time-variable algorithm
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Supplemental Figure S31. Continue 

(d) Time-variable algorithm continue
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Supplemental Figure 32. In-depth investigation on the shift positions from BAMM 
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Supplemental Figure S33. Cohorts of net diversification rates by BAMM. 

(a) Time-constant algorithm

(b) Time-variable algorithm
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Supplemental Figure 34. Identification of nodes in BAMM analyses. 

Chimantaea humilis−Wunderlichieae−Wunderlichioideae�
Wunderlichia mirabilis−Wunderlichieae−Wunderlichioideae
Acourtia microcephala−Nassauvieae−Mutisioideae
Perezia lanigera−Nassauvieae−Mutisioideae
Proustia cuneifolia−Nassauvieae−Mutisioideae
Trixis californica−Nassauvieae−Mutisioideae
Gerbera î�K\EULGD−Mutisieae−Mutisioideae
2UHRVHULV delavayi−Mutisieae−Mutisioideae
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Calycera herbacea−outgroup−Calyceraceae
Acicarpha spathulata−outgroup−Calyceraceae
Scaevola aemula−outgroup−Goodeniaceae
Menyanthes trifoliata−outgroup−Menyanthaceae
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Supplemental Figure 34. Identification of nodes in BAMM analyses. 
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Supplemental Figure 35. A summary of detected (candidate) whole genome 
duplication event. �
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Supplemental Figure 36. Ancestral character reconstruction of habit. 
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Supplemental Figure 37. Ancestral character reconstruction of�LQIORUHscence. 
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Supplemental Figure 38. Ancestral character reconstruction of�FDSLWXOXP�VH[XDO�GLIIHUHQWLDWLRQ. 
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Supplemental Figure 39. Ancestral character reconstruction of capitulXP type. 
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Cynara
Cirsium
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Mikania
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Eupatorium
Eutrochium
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Supplemental Figure 40. Ancestral character reconstruction of corollas�LQ�D�FDSLWXOXP. 
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Supplemental Figure 4�. Ancestral character reconstruction of pappus. 
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Supplemental Figure 4�. Ancestral character reconstruction of receptacXODU�EUDFWV. 
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