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Supplementary Table 1 Topological tests to determine the best input tree for PAML analyses. The

result revealed that the exon tree could not reject better tree topology reconstructed by intron
sequences.

Rank Item obs au np bp pp kh sh wkh  wsh
1 introntree  -49.4 0.797 0.845 0.842 1.000 0.849 0.849 0.849 0.849
2 extrontree 494 0.203 0.155 0.158 4.00E-22 0.151 0.151 0.151 0.151

au, P-value of the approximately unbiased test.

np, bootstrap probability of the selection.

bp, same as np but calculated directly from a set of replicates with r,=1, where ry is the scale for K sets
of replicates.

pp, Bayesian posterior probability (PP) calculated by the BIC approximation.

kh, P-value of the Kishino-Hasegawa (KH) test.

sh, P-value of the Shimodaira-Hasegawa (SH) test.

wkh, P-value of the weighted Kishino-Hasegawa (WKH) test.

wsh, P-value of the weighted Shimodaira-Hasegawa (WSH) test.



Supplementary Table 2 Topological tests for two evolutionary hypotheses of Scutellaria DFR. The
result showed that the hypothesis “speciation after duplication” was the best scenario, and the
hypothesis “duplication after speciation” was rejected by all tests (P<0.05).

Rank Item (Hypothesis) obs au np bp pp kh sh wkh  wsh

1 H1: Speciation after -436.7 0.994 0.995 0.996 1.000 0.993 0.993 0.993 0.993
duplication
2 H2: Duplication after ~ 436.7 0.006 0.005 0.004 2E-190 0.007 0.007 0.007 0.007

speciation

au, P-value of the approximately unbiased test.

np, bootstrap probability of the selection.

bp, same as np, but calculated directly from a set of replicates with r,=1, where ry is the scale for K sets
of replicates.

pp, Bayesian posterior probability (PP) calculated by the BIC approximation.

kh, P-value of the Kishino-Hasegawa (KH) test.

sh, P-value of the Shimodaira-Hasegawa (SH) test.

wkh, P-value of the weighted Kishino-Hasegawa (WKH) test.

wsh, P-value of the weighted Shimodaira-Hasegawa (WSH) test.



Supplementary Table 3 Summary of codon-based model analyses of PAML for DFR of Scutellaria

species.
Model np L ® Parameters 2AL P
MO 136 -3008.326  0.199%4 ®=0.19940 107.168 0.007
Free-ratio 269 -2954.742
M1la 137  -2960.644  0.2156 ®0 =0.08135 (p0 = 0.85384) 25.101  1.77E-06
o1 =1.000 (pl =0.14616)
M2a 139  -2948.094  0.2642 ®0 =0.08323 (p0 =0.84611)
ol =1.000 (pl = 0.14990)
®2 =11.00179 (p2 = 0.00398)
M7 137  -2963.044 0.2183 a=0.21788, B =0.77395 28.835  2.74E-07
M8a 138  -2960.352  0.2009 a=0.61415, B =4.81459 23.451  3.33E-07
p0 = 0.89683
pl =0.10317; ®1 = 1.000
M8 139 -2948.626  0.2408 a=027724,3=1.10158

p0 = 0.99600
pl =0.00400; o1 = 10.85527

L, Log-likelihood of the data; ®, Mean dN/dS ratio for the entire gene.
Both M2a and M8 suggest that the codon at site 253D (considering gaps) was positively selected
[Pr(w>1) = 1.000] using Bayes Empirical Bayes (BEB) analysis.



Supplementary Table 4 Inferred conserved motifs identical to the cis-acting elements in DFR introns

in Scutellaria. The average numbers and standard deviations of the putative cis-acting elements are

shown.

. . . Dupl Dup2
Cis-acting elements Motif Average S Average S
-10PEHVPSBD TATTCT 0.545 0.498 1.000 0.500
2SSEEDPROTBANAPA CAAACAC 1.000 0.426 1.000 0.500
AACACOREOSGLUB1 AACAAAC 0.000 0.000 1.000 0.707
ABRELATERD1 ACGTG 1.091 0.514 0.125 0.331
ABRERATCAL MACGYGB 1.091 0.514 0.000 0.000
ACGTABOX TACGTA 0.000 0.000 0.750 0.968
ACGTATERD1 ACGT 3.091 1.781 2.500 1.323
AMYBOX1 TAACARA 0.000 0.000 0.375 0.484
AMYBOX?2 TATCCAT 0.818 0.386 0.000 0.000
ANAERO1CONSENSUS AAACAAA 0.000 0.000 0.125 0.331
ARR1AT NGATT 4,727 1.135 7.750 1.299
ASFIMOTIFCAMV TGACG 0.000 0.000 0.375 0.484
BIHD10S TGTCA 0.091 0.287 1.750 0.661
BOXIINTPATPB ATAGAA 0.818 0.386 0.625 0.484
BOXLCOREDCPAL ACCWWCC 0.091 0.287 0.000 0.000
CAATBOX1 CAAT 2.818 0.386 7.500 1.581
CACTFTPPCAl YACT 8.364 0.771 12.750 0.968
CANBNNAPA CNAACAC 1.091 0.668 1.000 0.500
CAREOSREP1 CAACTC 1.727 0.445 0.625 0.696
CARGCWSGAT CWsG 0.000 0.000 0.500 0.866
CATATGGMSAUR CATATG 1.818 0.575 1.500 0.866
CBFHV RYCGAC 1.000 0.000 1.500 0.500
CCAATBOX1 CCAAT 0.000 0.000 0.250 0.433
CIACADIANLELHC CAANLATC 1.091 0.287 1.000 0.500
CPBCSPOR TATTAG 1.000 0.000 1.125 0.599
CTRMCAMV35S TCTCTCTCT 0.364 0.481 0.000 0.000
CURECORECR GTAC 2.000 0.853 1.750 1.854
DOFCOREZM AAAG 3.000 0.000 4.250 1.479
DPBFCOREDCDC3 ACACNNG 0.727 0.617 1.750 0.433
EBOXBNNAPA CANNTG 5.273 1.763 7.000 2.236
EECCRCAH1 GANTTNC 4.000 1.128 4.500 0.500
ELRECOREPCRP1 TTGACC 0.000 0.000 0.125 0.331
GAREAT TAACAAR 0.000 0.000 0.375 0.484
GATABOX GATA 5.000 1.128 5.625 0.696
GT1CONSENSUS GRWAAW 5.273 0.750 6.250 1.090
GT1GMSCAM4 GAAAAA 0.909 0.287 1.750 0.433
GT1MOTIFPSRBCS KWGTGRWAAWRW 0.455 0.498 0.625 0.484
GTGANTGI10 GTGA 2.727 0.750 3.875 0.331
IBOX GATAAG 0.909 0.287 0.125 0.331
IBOXCORE GATAA 2.000 0.739 0.250 0.433
IBOXCORENT GATAAGR 0.909 0.287 0.125 0.331
INTRONUPPER MAGGTAAGT 0.000 0.000 0.375 0.484
MARABOX1 AATAAAYAAA 0.000 0.000 0.125 0.331
MARTBOX TTWTWTTWTT 0.182 0.575 0.875 0.331
MYB1AT WAACCA 0.182 0.386 0.375 0.484
MYB2AT TAACTG 0.000 0.000 0.250 0.433
MYB2CONSENSUSAT YAACKG 0.364 0.481 0.250 0.433
MYBCORE CNGTTR 0.455 0.498 1.125 0.599
MYBCOREATCYCB1 AACGG 0.364 0.481 0.000 0.000
MYBGAHV TAACAAA 0.000 0.000 0.375 0.484
MYBPLANT MACCWAMC 0.182 0.386 0.000 0.000
MYBPZM CCWACC 0.091 0.287 0.000 0.000
MYBST1 GGATA 1.000 0.603 0.125 0.331
MYCATERD1 CATGTG 0.182 0.386 1.000 0.866
MYCATRD22 CACATG 0.182 0.386 1.000 0.866



. . . Dupl Dup2
Cis-acting elements Motif Average S Average S
MYCCONSENSUSAT CANNTG 5.273 1.763 7.000 2.236
NAPINMOTIFBN TACACAT 0.182 0.386 0.000 0.000
NODCON1GM AAAGAT 0.000 0.000 0.125 0.331
NODCON2GM CTCTT 0.364 0.481 1.000 0.500
NTBBF1ARROLB ACTTTA 0.545 0.498 0.750 0.433
OSE1ROOTNODULE AAAGAT 0.000 0.000 0.125 0.331
OSE2ROOTNODULE CTCTT 0.364 0.481 1.000 0.500
POLASIG1 AATAAA 0.182 0.575 1.000 0.500
POLASIG3 AATAAT 0.091 0.287 1.375 0.484
POLLEN1LELAT52 AGAAA 5.818 0.386 5.500 1.581
PREATPRODH ACTCAT 0.091 0.287 0.375 0.484
PRECONSCRHSP70A SCGAYNRN;sHD 0.091 0.287 0.875 0.331
QARBNEXTA AACGTGT 0.909 0.287 0.000 0.000
RAV1AAT CAACA 1.909 0.514 3.375 0.992
RAVI1BAT CACCTG 0.000 0.000 0.125 0.331
RBCSCONSENSUS AATCCAA 0.727 0.445 0.000 0.000
REALPHALGLHCB21 AACCAA 0.909 0.287 0.375 0.484
ROOTMOTIFTAPOX1 ATATT 2.636 0.481 3.500 1.500
S1FBOXSORPS1L21 ATGGTA 0.000 0.000 0.125 0.331
SEBFCONSSTPR10A YTGTCWC 0.000 0.000 0.875 0.331
SEFIMOTIF ATATTTAWW 0.000 0.000 0.625 0.484
SEF3MOTIFGM AACCCA 0.091 0.287 0.000 0.000
SEFAMOTIFGMT7S RTTTTTR 1.182 0.575 0.750 0.433
SITEIHATCYTC TGGGCY 0.182 0.386 0.000 0.000
SORLIP1AT GCCAC 0.000 0.000 0.125 0.331
SORLIP5AT GAGTGAG 0.000 0.000 0.625 0.484
SP8BFIBSP8BIB TACTATT 0.909 0.287 0.000 0.000
SREATMSD TTATCC 0.182 0.386 0.000 0.000
SURE2STPAT21 AATACTAAT 0.000 0.000 0.250 0.433
SV40COREENHAN GTGGWWHG 0.182 0.386 0.000 0.000
T/IGBOXATPIN2 AACGTG 1.091 0.514 0.000 0.000
TAAAGSTKST1 TAAAG 1.000 0.426 1.125 0.781
TATABOX2 TATAAAT 0.000 0.000 0.750 0.433
TATABOX3 TATTAAT 0.091 0.287 0.125 0.331
TATABOX4 TATATAA 0.182 0.386 0.000 0.000
TATABOX5 TTATTT 0.182 0.575 1.250 0.829
TATCCACHVAL21 TATCCAC 0.000 0.000 0.125 0.331
TATCCAOSAMY TATCCA 1.000 0.603 0.125 0.331
TATCCAYMOTIFOSRAMY3D TATCCAY 0.818 0.386 0.125 0.331
TGTCACACMCUCUMISIN  TGTCACA 0.000 0.000 0.875 0.331
WBBOXPCWRKY1 TTTGACY 0.000 0.000 0.125 0.331
WBOXATNPR1 TTGAC 0.000 0.000 0.625 0.696
WBOXHVISO1 TGACT 0.000 0.000 1.000 0.500
WBOXNTERF3 TGACY 0.818 0.386 1.875 0.599
WRKY710S TGAC 0.909 0.514 4.000 0.866




91 lochroma loxense DFR JN583312.1
lochroma loxense DFR JN593313.1
lochroma calycinum DFR JN583314.1
lochroma cyaneum DFR GUS95064 1
lochroma baumii DFR JNB93317 1
lochroma calycinum DFR1 KJ084357 1
lochroma fuchsioides DFR JN593316.1

1 lochroma fuchsioides DFR JN593315.1
—% lochroma gesnerioides DFR GU5S95063 .1
“Dunalia brac yacantha DFR JN593319.1
lochroma umbellaum DFR JN593321.1
lochroma umbellatum DFR JN593322 1
I‘othmma parvifolium DFR JN583318.1
Dunalia solanacea DFR JN593320.1

Supplementary Fig. 1 Phylogenetic analysis of angiosperm DFR.
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,— Narcissus tazetta cultivar Baihua DFR JX310697 .1

ENarmssus tazefta culfivar Huanghua DFR JX310696.1
Narcissus tazetia cultivar Jinzhanyintai DFR JX310698.1

Ginkgo biloba DFR KCB847053.1

0.05

Scutellaria tashiroi TAS 202 1
Scutellaria playfairii PLA 112 2

Scutellaria playfairii PLA 11233

i Daucus caroia DFR1 AF184271.1

Lobelia erinus DFR AB221076.1
63 HieraciumG;gloseila DFR EUS61013.1

rbera jamesonii DFR KF734583 1
Chrysanthemum x morifolium DFR2 JF346165.1
a9 ?

Saussurea involucrata DFR JN092126.1
Centaurea maculosa DFR FJ376591.1

25 Ghycine max DFR2 ABB72216.1
Giycine max DFR2 EF187612.1
Glycine max DFR2 ABET2215.1

51 Malus x domestica cuftivar M3 DFR AY227728.1
Malus x domestica cqlﬂ\rar Weirouge DFR AY227729.1

Fragaria vesca cufivar Alexandria DFR KC894048 1
Fragaria vesca culivar Red Wonder DFR KC884053 .1
oe|— Fragaria x ananassa culfivar Elzsanta DFR KCB894054 1
—{ Fragaria vesca cultivar Alexandria DFR KC294051 1
Fragaria vesca culfivar Alexandria DFR KCB894050.1

w Rosa multifiora cultivar Duohua DFR KP 1375491
71| Fragaria vesca cultivar Alexandria DFR KCB94043.1
=47 Fragaria vesca culivar Red Wonder DFR. KCB94045.1
Fragaria vesca culiivar Alexandria DFR. KC894042 1
Fragaria vesca cuitivar Alexandria DFR KCE94044 1
Fragaria vesca cultivar Red Wonder DFR. KC894046.1
Fragaria x ananassa DFR AY695813.1
Fragaria x ananassa culiivar Elsanta DFR KC894047 1
Fragaria x ananassa cufivar Albion DFR JX134094 1
Fragaria x ananassa cufiivar Ekanta DFR KC894048.1
Fragaria x ananassa DFR AYG595812.1
Fragaria x ananassa DFR AF02965:
Fragaria x ananassa DFR AY575057.1
Fragaria x ananassa DFR AY780884 .1
Fragaria x ananassa FrOFR AB201759.1

Oncidium Gower Ramsey DFR AY953430,
| Cymbidium hybrid culivar DFR KM186174.1
! Cymbidium hybrid DFR AF017451 1

99 |: Phalasnopsis equestris DFR1 KFTE5462 1
X Doritaenopsis hybrid cultivar DFR KF263660.1
HC412558 1

Tulipa fosteriana cultivar Shangn0n1g Zaoxia DFR JX4012191

Aegilops longissima Ae=loDFR-51 AB276104 1
Aegl sharonensis AeshDFR-51 AB276105.1

Tritcum monococcum subsp. aegilopoides ThDFR-A1 AB276088 .1
Aegilops spelloides AespDFR-52 AB276093.1

geg speloides A2spDFR-S3 AB A

S g rt0|des AespDFR-S5 AB276096.1
%bp pe f F AB27609

Scutedlaria playfairii PLA 138;31 PLA 3132

Scutefiaria ausvotaimnenﬁs AUS 3041

Scutelaria austrotaiwanensis AUS 202 1

Scutellaria austrotaiwanensis AUS 202 3
Scuteliaria ausirotaiwanensis AUS 304 2 AUS 306 1
Scutellaria ausirotaiwanensis AUS 201 3
Scutellaria austrotaiwanensis AUS 2011
Scutellaria austrotaiwanensis AUS 306 2

Eustoma grandiflorum EgDFR ABO7B958 1

Chrysanthemum x morifolium DFR EF094835.2

Chrysanthemum x morifolium DFR GU324579.1

hrysanthemum x morifolium culivar Shenyun DFR1 JF346164.1
|—9 Chrysanihemum x n‘nnfoigg:ﬁ 52F$ EF094936.2

Helianthus annuus DFR EL0S5849.1
Dahlia pinnata DFR AB591829 1
oo Dahlia variabiis DFR FJ216425.1
99 Cyc?amen graecum CoraDFR1 AB517921.1
Cyclamen graecum CgraDFR2 AB517922.1

s = — Vaccinium macrocarpon dfr1-1 AF483835 1
L o ——— Vaccinium macrocarpon dir2-1 AF483836 1
Garcinia man ostan'z( DFR FJ157130.1
g5 Gossypium hirsutum cultivar Xincaimian DFR KF749429.1
99 Gossypium hirsutum DFR FJ712480.1

- 99, Fagopyrum cymosum DFR EF522145 1
as ’—‘L_{ Fagopyrum cymosum DFR EF522146.1
U169468.1

— L Fagopyrum esculnium DFR GU1E3489.1
Dianthus gratianopolitanus DFR AF281057 1

Clitoria ternatea CtDFR AB185901.1
Onobrychis viciifolia DFR HM152979.1

Pisum sativum cultivar Courier DFR KF516484.1
— Medicagoe sativa DFR JF931173.1
L—— Medicago truncatula DFR2 AY389347.1
Aracms hygﬂgaea DFR JN572891.1
icago fruncatula DFR1 AY389346 1
_| - Medicago truncatula DFR XM 0036382131
Glycine max DFR1 AF167556.1

s alba DFR KC5214451

a7 Moru
4-| - Morus notabilis DFR KF438048.1

Pyrus communis culivar Abbe Fetel DFR AY227732. 1
Pyrus x bretschneideri cultivar Zaosu DFR KF387514.1
Pyrus communis cufivar Conference DFR AY2277311

Pyrus x bretschneideri culivar Zaosu red mutant DFR KF387515.1

ragaria ¥ ananassa culivar Elsanta DFR KC894055.1

5.1

Brassica rapa subsp. pekinensis culivar Se%uzld?gﬁ AYEETATEA

97, Oncidium Gower Ramsey DFR AY953937 1

DFR AY953938 1

" 2 5% Oryza sativa Japonica DFR1 ABD03495.1
55 _‘| ! Oryza sativa Japonica DFR ABDD3496.1

U\;s DFR EUSTEE45.1

r— Lophopyrum ponticum DFR AY208

Lophopyrum ponticum xTntn:um aesu\.um DFR AY209183.1
Aegilops tauschii x Triticum turgidum SynDFR-B1 AB276050.1
Triticum turgidum subsp. dicoccoides TdiDFR-B1 AB276092.1
Triticum turgidum subsp. durum TduDFR-B1 AB276091.1

g'Ilhcum i heevii subsp. armeniacum TaraDFR-G1 AB276007.1

egbops tauschii x Triticum turgidum S\énD;FR—m AB276100.1

5.1

Aegnops speltnides AespDFR-56 AB276095.1
Aegilops spelioides Aesp[)g%asgséﬁi?z?60991

Triicum timopheevii subsp. armeniacum TaraDFR-A1 AB276085.1
1 AB276106.1

Lophopyrum ponticum x Triicum aestivum DFR AY208959 1
Aegilops tauschii x Triticum turgidum SynDFR-A1 AB276087 .1
Thinopyrum intermedium x Triicum aestivum DFR KF780538.1

Triticum turgidum subsp. dicoccoides TdiDFR-A1 AB276084.1
Triicum aestivum TaDFR-A AB162138.1
Triticum turgidum subsp. durum TduDFR-A1 AB276083.1
Triticum aestivum DFR4 AY707919.1

Triticum rnonococcum DFR AF434703.1
Triicum urariu TuUDFR-A1 AB276086.1

Theobroma cacao DFR XM 007017525.1

Lotus Japomcus DFR1 AB162109.1

Lotus japonicus DFR3 AB16:
Lotus japonicus DFR4 AB162112 1
ag Lotus japonicus DFR4 AB162113.1

Torenia hybrida DFR ABD12924 1

Scutellaria viscidula DFR FJ605512.1
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Supplementary Fig. 2 Tree topologies of duplication hypotheses of Scutellaria DFR.
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Supplementary Fig. 3 The o values of each branch inferred by the free-ratio model of PAML using (a)

intron tree and (b) exon tree as the input user tree.
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Supplementary Fig. 4 Lineage-through-time (LTT) plots of nonsynonymous and synonymous trees of
Scutellaria DFR.
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Supplementary Fig. 5 ENC-plot depicting the effective number of codons (ENCs) plotted against
G+C content at synonymous third codon positions (GC3) of Dup1 (filled circles) and Dup2 (open

circles) of Scutellaria DFR. The curve denotes the relationship between GC3 and ENC in the absence
of selection (neutral). The inner panel zooms in on the ENC plot of Scutellaria DFR.




