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Abstract: Phylogenetic relationships of Scrophulariaceae s. 1.(sensu lato) and the closely related groups were explored
with 129 plastid genomes representing 107 genera. Plastome sequences were downloaded from the GenBank. Based on
coding sequences (CDS) , phylogenetic trees were reconstructed using maximum likelihood ( ML) and Bayesian inference
(BI) approaches. The ML and BI analyses shared the same topology and the main clades were consistently recovered
with high support. Of the 129 total nodes, 123 were supported by ML bootstrap value =70%. The result were as follows:
(1) Scrophulariaceae s. 1. was confirmed as polyphyletic. Fifty-one species with representatives of 37 genera from the
Scrophulariaceae s. 1. were assigned to seven families. These were Orobanchaceae, Paulowniaceae, Wightiaceae,
Mazaceae, Linderniaceae, Scrophulariaceae s. s.(sensu stricto), and Plantaginaceae. (2) Scrophulariaceae s.s. was a
monophyletic group. In addition to the recognition of eight genera ( including Bontia, Calamphoreus, Diocirea,
Eremophila, Glycocystis, Leucophyllum, Scrophularia and Verbascum ) comprised primarily of former members of
Scrophulariaceae s.l., Buddleja which was originally placed in Loganiaceae, and Myoporum, traditionally placed in the
Myoporaceae had been demonstrated to belong to this clade. (3) The Lamiales was monophyletic. Fourteen well-
supported monophyletic clades were obtained corresponding to each family ( Wightiaceae and Pedaliaceae for which only
one species had been contained were not included). The relationships among the families were well resolved. Oleaceae
formed a well-supported clade that was distinct from core Lamiales. Within the core Lamiales, four clades
( Gesneriaceae, Plantaginaceae, Scrophulariaceae, and Linderniaceae) diverged before the remaining families grouping
in two sister clades. Within one clade, two moderately to highly supported subclades were recovered. Lentibulariaceae
was resolved as sister group to Acanthaceae, and Pedaliaceae was sister to Verbenaceae + Bignoniaceae. The other clade
contained six families, with Lamiaceae, Mazaceae, Wightiaceae + Phrymaceae, and Paulowniaceae successively sister
to Orobanchaceae. The results of our analyses indicate that the traditional Scrophulariaceae are an unnatural assemblage
of plants distributed throughout the phylogenentic tree of Lamiales. Phylogenomics analyses based on plastid organelle
have shown good potential for phylogenetic inference in Scrophulariaceae, more taxonomic sampling are needed to
enhance our understanding of phylogenetic relationships of Scrophulariaceae in future studies.

Key words: Scrophulariaceae sensu lato, phylogenomic, plastid genome, Lamiales
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Table 1  Samples included in study, with summary of GenBank accession numbers and plastome statistics

HHp B
NCBI %% ? }{2 gﬁﬁ%w NCBI %45 JPol gﬁ‘ﬁ%[ﬁ
YyRh 4 Tk GenBank S Yyl 2 7K GenBank  Sequence
Species accession Sequence Numhf?r of Species accession  length Numl)(?r of
number length protein- number  (bp) protein-
(bp) coding coding
genes genes
5% %} Orobanchaceae 2| Bignoniaceae
$53K Aeginetia indica MN529629.1 86 212 38 Adenocalymma pedunculatum MG008313.1 158 103 85
Aphyllon, epigalium subsp. MH050786.1 103 932 36 Amphilophium carolinae MK163625.1 163 515 97
notocalifornicum
A. fasciculatum MHS80292.1 104 153 34 Anemopaegma acutifolium MF460826.1 168 987 98
Brandisia swinglei % MK381315.1 155 344 87 Dolichandra cynanchoides MG831874.1 158 110 85
Boulardia latisquama HG514460.1 80 361 47 Neojobertia candolleana MGO008316.1 158 409 85
Castilleja paramensis % KT959111.1 152 926 84 Pleonotoma albiflora MG831876.1 159 488 86
RACHA R MW262988.1 147 655 83 Tanaecium tetragonolobum KR534325.1 153 776 79
Centranthera grandiflora %
A MR#E Cistanche deserticola KC128846.1 102 657 31 W R T Tecomaria capensis MG831880.1 153 263 84
C. phelypaea HG515538.1 94 380 50 O¥FERl Verbenaceae
Conopholis americana HG514459.1 45 673 21 Aloysia citrodora KY085903.1 154 699 87
Epifagus virginiana M81884.1 70 028 25 B3R Duranta erecta MW525381.1 149 869 83
SN/ INKBE Euphrasia regelii % MKO070895.1 153026 76 Glandularia tenera MW538952.1 153 383 86
Lathraea squamaria KM652488.1 150 504 50 Lippia origanoides MK248831.1 154 310 85
Lindenbergia philippensis % HGS530133.1 155 103 85 LLHIEL Verbena officinalis MW328640.1 153 491 83
Melampyrum koreanum % MW463054.1 143 865 72 ARl Pedaliaceae
WP AL M. roseum % MNO075942.1 143 896 78 WK Sesamum indicum JN637766.2 153 324 87
Neobartsia inaequalis KF922718 151 349 82 BA# Acanthaceae
Orobanche austrohispanica KT387721.1 81 994 29 ZE00FE Andrographis paniculata  KF150644.2 150 249 87
0. crenata HG515537.1 87 529 36 Aphelandra knappiae MH909777.1 152 457 86
Pedicularis hallaisanensis % MG770330.1 143 469 70 BEWEAE Clinacanthus nutans MH778102.1 151 669 83
P. ishidoyana % KU170194.1 152 571 77 WAL MF490441.1 151 336 85
Echinacanthus lofouensis
Phelipanche purpurea HG515536.1 62 891 30 Wi Strobilanthes cusia MG874806.1 144 133 84
P. ramosa HG803180.1 62 304 27 JB2 7%l Lentibulariaceae
Phelypaca coccinea MK922354.1 66 616 26 Genlisea aurea MF593121.1 140 010 80
¥A#; Phiheirospermum japonicum  MN075943.1 153 397 86 Pinguicula ehlersiae HG803178.1 147 147 72
FEIHE Rehmannia elata % KX636161.1 153 772 87 Utricularia foliosa KY025562.1 150 851 88
HHE R. glutinosa % KX636157.1 153 622 87 #E#| Linderniaceae
Schwalbea americana HG738866.1 160 910 82 B A MK789686.1 153 526 87
Torenia benthamiana %
B4 5L Siphonostegia chinensisk  MK113828.1 148 961 85 PRI T, concolor k MK789685.1 153 853 87
Triaenophora shennongjiaensis % MHO071405.1 155 319 87 Z 2%} Scrophulariaceae
Triphysaria versicolor MNO75944.1 152 583 86 Bontia daphnoides % MNO44637.1 153 946 88
J84@7%} Paulowniaceae A EEA R Buddleja alternifolia MN623351.1 154 280 87
Paulownia coreana % KP718622.1 154 545 87 KAEBEAORE B, colvilei MH411147.1 154 225 88
LA P. tomentosak KP718624.1 154 540 87 Calamphoreus inflatus % MNO44643.1 151 631 86
FEEBEF Phrymaceae Diocirea violacea % MNO044644.1 151 900 86
Erythranthe lutea KU705476.1 153 150 84 Eremophila gibbifolia % MNO44640.1 148 717 86
Phryma leptostachya subsp. asiatica MK381317.1 153 167 84 E. oppositifolia % MNO44645.1 151 715 86
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g&1
T EAEA
NCBI %= E?A 9”"13% NCBI 4% JPHIK g”"ﬂ%
LY GenBank -~ LY AN GenBank  Sequence
Species accession S(;grl:;r;lce N:;Ez)eei;_d Species accession length N;;:::;;_Of
number (bp) coding number (bp) coding
genes genes
EMHAR} Wightiaceae Glycocystis beckerik MN044639.1 151 763 86
ST Wightia speciosissimak MK381318.1 153 621 87 Leucophyllum frutescens % MNO44638.1 154 253 88
HREFR Mazaceae i W Myoporum bontioides MNO044642.1 151 742 86
SRR Dodartia orientalis % MW238404 154 252 86 M. laetum MNO44641.1 151 725 86
Lancea hirsuta % MG551489.1 154 045 83 Scrophularia buergeriana % KP718626.1 153 631 87
L. tibetica % MF593117.1 153 665 85 WIFZ 2 S, dentata MF861202.1 152 600 87
TR Mazus pumilus % MG642817.1 153 149 84 kRS MT610040.1 153 618 87
Verbascum chinense %
EFA Lamiaceae KEHAL V. phoeniceum * MN893301.1 153 348 87
Ajuga reptans KF709391.1 149 963 84 ZRI%l Plantaginaceae
WALEEER Callicarpa nudiflora MK783316.1 154 080 87 Antirrhinum majus % MW877560.1 152 606 85
SEIE Caryopteris mongholica MF346535.1 151 707 86 Aragoa abietina % MW877561.1 150 320 85
Dracocephalum palmatum KU958581.1 150 510 87 A. cleefii % MW877562.1 150 285 85
Galeopsis tetrahit KY562586.1 151 690 88 B 2558 Bacopa monnieri % MN736955.1 152 495 87
Haplostachys haplostachya KU724133.1 150 130 88 IKE Y Callitriche palustris MW774642.1 150 138 88
FIARETZ K Lamium album KY562589.1 150 505 89 Digitalis lanata % KY085895.1 153 108 85
FAK . Lavandula angustifolia KT948988.1 153 448 88 TR MN383191.1 152 700 86
Hemiphragma. heterophyllum %
25 FEEE Leonurus japonicus MG673937.1 151 610 87 KM ¥ Hippuris vulgaris MW044609.1 152 763 88
WRHEF] Mentha longifolia KU956042.1 152 041 87 SRR Lagotis brevituba¥ ~ MW182582.1 152 967 85
B 227 M. spicata MG256495.1 152 132 87 RAREEL L. yunnanensis * MN752238.1 152 789 86
B ¥ Ocimum basilicum KY623639.1 152 407 84 WIZE A, Linaria vulgaris % MT984536.1 28 450 13
45 JX880022.1 151935 86 Littorella uniflora MW877563.1 130 833 74
Origanum vulgare subsp. vulgare
Perilla citriodora KT220690.1 152 602 88 W MK986819.1 152 642 81
Neopicrorhiza scrophulariiflora %
Phyllostegia velutina KU724134.1 150 131 88 W 4200 Plantago maritima  KR297244.1 158 358 90
IK I Pogostemon stellatus KP718620.1 151 824 87 ALZERT P. mediak KR297245.1 164 130 94
FIELE Premna microphylla KM981744.1 155 293 87 Veronica nakaiana % KT633216.1 152 319 88
KR Prunella vulgaris MG589640.1 151 342 87 BT A BESEEN V. persica % KT724052.1 150 198 86
AL Rosmarinus officinalis NC_027259.1 152 462 86 JEELL Veronicastrum axillare % ~ MW244757.1 152 691 85
BB Salvia japonica KY646163.1 153 995 87 BRI RN Ve. sibiricum % KT724053.1 152 930 86
F}2: S. miltiorrhiza HF586694.1 151 332 88 EEEH Gesneriaceae
#E Scutellaria baicalensis MF521632.1 151 824 87 Boea hygrometrica JN107811.1 153 493 85
Stachys byzantina KU724141.1 149 749 88 Chirita eburnea MF177038.1 152 963 88
Stenogyne bifida KU724132.1 150 129 88 KRR} Oleaceae
AR Tectona grandis HF567869.1 153 953 88 Abeliophyllum distichum KT274029.1 155 982 87
Teucrium mascatense MH325132.1 150 499 88 Chionanthus parkinsonii MG255752.1 155 436 88
Forsythia suspensa MF579702.1 156 404 86

T YRR T XX,

Note: % indicates the species is originally placed in Scrophulariaceae s. 1.
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AR EE AL 51 K /N AR 144 ~ 168 kb i [H
W o Hrh g1 R i 4 b B D2 R /N A2 A e R R
TE 45~160 kb Z [0], X 5 5] 4 B} 4 9 19 A= 06 > 1
FHOC, P 0 A S JERE L IR A 3K i 5 A2 2
B, T H5EEE A S8 3 £ 2% (Cusimano &
Wicke, 2016) , ffif53 HIL K 21 /N, R ) CDS 4
H e, mifdEsth FIHE R M ndh SEH %
& (Wicke et al., 2013) , FE AT T A FRISHEM
FR/N,FE 140~ 150 kb Z [8], CDS %% H #F 72 ~ 88
Z I,

2.2 EREER

AR ALFE Y 132 D4 AP, CDS U H <50
FIIRECE Ry 14 A, o 13 S FR R 51 S R
B, HiAy 118 4~ (89.39%) W Fh Ay CDS £t H ¥ =
70, FEAE B 2 SR O A W, — 2R B
MPEH , TR R B Y e, SR AL EE CDS
KA R G K B RE, AT LA b i B
R ERENG =85 = & €N i N S D N E DS R A
HEHBD, WMANRERRNEWERZERE W
B, R LA B0 o /0N T e 2R 50 L 9 A0 1 R 2
T, B R AR B AR LR TR L (80%
5% 90% ) ISR BcdE B T R AR B S B E 1)
B A RE S BT MR IR R R R R B LR,
WG & R %k B R R % (Roure et al.,
2013; Tripp et al., 2017) ., L, A #F 58 4 2 46
B4, ) R R0  W F B 45 388 CDS , 33X b 5 1k 78 e A5 78
T X 2 I 1 B v S S g A A A B i Ok
P AT TR K B, BT CDS i Et iy
FERE 1O 183 488 bp, Hoh 48 S 4 s % H o
55152 (30.06%) , 15 B i & £ H K 32 932
(17.95%) , B R E 4 L8R 60.83% .,
23T NZEZBHRMNRELEN

FF ML K BI 43 #1, AR Wi e T X
SRLEMREH M RRE KT LR, 58] T HINE
Mt HEXXHRRE MR EREW, R I7,
ML A, S S8 H O 129 A, SCHE R
( bootstrap support, BS) =95 ) 43 SZ 8 H M 112
(86.82%), X R =70 W4 L% H M 123
(95.35% ), X FF R <50 W4 L ECH LN 3
(2.33%) , &R0 T30 4R,

AN T, ) XX SRR — R R
BECED) SRIB T LXSR ST AR (37 J8)

SYECT A0 EBE AR S A A i R R R
B SCE SRR/ RE, Hoh 8 JR I B LK
ZR, 29 BN XX SR BN, RILER
( Brandisia ) . ‘K ¥4 5 J& ( Castilleja ) . 1 R 5 )&
( Centranthera) . /K ¥ J& ( Euphrasia ) | B %5 )&
( Lindenbergia) .11 % 1L J& ( Melampyrum) | 5575 J&
( Pedicularis ) , ¥ & J& ( Phtheirospermum ) | i ¥ &
( Rehmannia) B 17 5 J& ( Siphonostegia ) Fl % 1 2%
J& ( Triaenophora) 3£ 11 J& NI )™ L X S L E 251
UBL, WHE ( Paulownia) NJ™ X X SR W, 1h
SELRARY, SEHRJE (Wightia) NI~ XX ZFH#
th, Al Sz o SE A R, BF SRR IR ( Dodartia) | AR
& (Lancea) i 3R 5 )& (Mazus) W)~ XX S FE
Rt i SR R, W R R R ( Torenia) T X
XZR M I AR Antirrhinum  Aragoa | %
L5 Wi )& ( Bacopa ) B ML ¥ & ( Digitalis) | $E+T 55
K& ( Hemiphragma) % B-5L)& ( Lagotis) Ml % i
J& ( Linaria) . Littorella 51 %5 % J& ( Neopicrorhiza) | %4~
A& ( Plantago ) . % Y& 9 J& ( Veronica) | JI§ 7K B )&
( Veronicastrum) 3£ 12 J& N ™ X Z 2B # i & 4
B Fk,

WL SR AR ZEEE(BS=100,PP=1.00)
(K1), 5510 J& 15 M BRIk E T XX
Z R Bontia . Calamphoreus | Diocirea . Eremophila |
Glycocystis , Leucophyllum . % 2 J& ( Serophularia ) il
EE LB (Verbascum) Fb, 6 6L F6 T B¥ 11 5 )5
( Buddleja ) F15AR W5 J& ( Myoporum)) , e | i ff B
JE IR JE T 52 Bl (Loganiaceae ) , 77 Al 1 J& Ji SR
J& T ¥ FH ( Myoporaceae ) ,

AW PSR Y A S TR LK SR 4
%, Buddlejeae 1 & B¢ o B J& 2 > ¥ Fl,
Scrophularieae f1 5 Z 2 )& 2 MM AT EIL)E 2
) Fi, Leucophylleae 1 45 Leucophyllum — 4~ %)
fl, Myoporeae 1 & T F| & M 6 J&. K&
Leucophylleae ({LALFE—-4F) 4, Fo 4y 3 W h
¥ Z (BS = 100, PP = 1. 00), Buddlejeae il
Scrophularieae H. 24 4H #k ¥, Leucophylleae #l
Myoporeae X ZRFIT , IHIRAF
24 EREENEBRBRZLZEXRST

[ H —A ¥ % (BS=100,PP=1.00), H
T T 14 A SRR R B ER 03 3, W NET 14
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Nodes are labeled with maximum likelihood bootstrap support( BS) (the first value) and Bayesian posterior probability (PP) (the second value) ;

nodes with 100% bootstrap support in the maximum likelihood analysis and 1.00 posterior probability in the Bayesian analysis are unlabeled; %

indicates the species was originally placed in Scrophulariaceae s. 1.
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Fig. 1 Phylogenetic tree of Scrophulariaceae and the closely related groups based on the protein-coding genes



1812 |1 I G/

43 %

RBE A REL AR OB IE B ; o0
JEI H M B2 (BS=100,PP=1.00) , 25 #E 4Lk
PR EER ERR e X E SR B H A
MIRHE L 2 A SRR 5 1 K 48 32 (BS =100, PP =
1.00) , Hopr—AN Koy 2446 5 AR, LRk S i
RIS FRRHE B 45 SRR — A4 L (BS =
88,PP=1.00) , H:H L B} | i B RL 56 R AR,
AR ; B OR AL+ Rl IR A 55 R A —
My X (BS=74,PP=0.99) ; 55— K43 L ALHE T
6 BH(F M BL i B A TRk 3% WA R 8 R
TRV IERL) X — 3, fi o ik Ok i 2 B
JERIER, Hok O R R 4k > A R+
AN AR AR, 510 24 B+ Y AR 8 A AL IR B Ay e e 1k
IR

3 W54 #

3 TXZXERNES RERERELEE

ARG H T 5T AL R 20 B8, A X SR
HARCERE M R KT KR, RAG 5 SCFR R &R
GRBRLGREVT L X SRR Z REWE, HT
IR 7/ G R T = VR R S NS TR T S
B BERRL B KX SRR RTR, 5T
SR A P B S B TR B 9 235 SR AR — B ( Olmstead
et al., 2001 ; Oxelman et al., 2005 ; Rahmanzadeh et
al., 2005; Tank et al., 2006; Liu et al., 2020) ,

g e, 5 B FF A AR K RE, AT
FH L HRIE T XX SR 11 88T 50 4R
iy Hrp R JE AR SRR O A IR e [ 2
THERAYIEFRERE 5 Albach % (2009) KT
SRR BB e ITS 7 5 ) 45 S — 3, Olmstead %5
(2001) 5T 3 ASnt AR Fr Be i Wk sx 45 S R 1,
RS KIARE LR A S e )T
2R 25248, Bennett Al Mathews (2006 )
FET I PHYA BT R4S SRR IR (B T 5
J& /N Ry S JE T8 24 R, McNeal %5 (2013)
BT 2 AR R B M 2 MR SER S R e T
W R 55 7E 21 S RN B R GEALE

JETF AR J& (9 B 5T, Olmstead %5 (2001) f) F
HEREY] EWEAE T X SR 5 E AL
ARR, IFFHIL M — ISR

XTSI A B AURFSE , Liu %5 (2020) 2T 6 4>
MR AR EE DY B0 E 1 SE N R TR IR R H AL E, JF

AT ST AR

PR S e P10 S e S 2 A3 A T M Y AR
FIZRFE &8 , 7£ Beardsley il Olmstead (2002 ) A4 B 5%
o B X I BN X SRR I, JF A R
B, B E P — A% ( Mazoideae ) 3 Z )5 , Albach 4
(2009) F& T PUA R 4K Fr BE K TS Jy 81 B 25 51 3%
B, PR T A SR AT T N 35 o RS 5 4
Z,Deng i (2019)%?”1‘2%14&&&%&%25
BESPHENSCN SN (BSEEy  2 d  N TE  S ES
T Jg | 3E SR B RN TS R R U

Olmstead %5 (2001) B9 BF 52 45 5 b, BOKE
Antirrhinum B30 5 J8 SR BEN T L X SR
JE i Veronicaceae; #& F It B 5¥ 45 2, Albach %5
(2005) HE— 9 WF 58 VOB Veronicaceae & 25 AY
% /i B} ( Plantaginaceae ), 1M |~ X % & B #)
Antirrhinum Aragoa B 5 W R B R HEFT
GieR)m W% g | Listorella  Z- R J& (BN & (A
JE K N SRR TR S H R R A B R
— B LR N 2 A AR 5 B AE B R 0T
FURRFE R, B R A 48 AE N, Zhang 25 (2019) Al
Cheng %5 (2020 ) 5 T I 25 14 JE PR 4 i, S H53X
PN & S8 T 4w R

X XSSP RERE LR, 5HTAMW
WF5R 45 B EL A — 2 ( Oxelman et al., 2005; Tank et
al., 2006) , Bl Buddlejeae F1 Scrophularieae ¢ F %
T , Leucophylleae F1 Myoporeae ¢ & 43T, 52 7 &
A i (BS =100, PP =1.00) , % F 7 fff 5% T B
Pe L X SRR ALALEE 8 JEH Y 4 %, W)
BB T AETE AR A
32 ERBNERENREZLREXR

AT, T XX SRR, 53 HCT 5 Y
FE AR S AR B Gl R R BE R B UK
SRMERTRE T BE, b R R B 3 b il
BETR A ZERE, Mg B JEAL R SERE, T — s R
FEE XTI XZSRMRGERENR, 5RIEH
MRS KT E B, A5 LEE H
16 Bl & FLZ I8 B OC & 5 1 N A IF ST 45 R IE A —
H, Liu 55 (2020) 2T 6 A0tk Boxt B E H 36
AR R G B AT TR OIFE A T AR
HIRGEER, LSRR KR, b 55
THAR(BS=78,PP=0.94) R TH.LOREBEH, K
5 %578l & Stilbaceae , Byblidaceae ++}: 51 £} 45 25 B
KAREGE . ABIFFE AT 5T A 35 PR 20 H0 40 345 19 &



10

FETFE T RIRENAZLIENI) XX SR RR LT 1813

SR BTN Liu %5 (2020) B #F 5845
FEAR B HAE SRR LA W AR Y SR
RH96.06, LHFHR =95 194> 315 86.82%, =70
953 2 5 95.35% , X HFRAKT 50 1953 S TE IR TE
AR, BHEIC RS B8 AF e A 3 4b S2HF
FART 95 143 3, 43 iR 58 B 5 D HE ) + i
FERHE BB 43 32 (BS=88, PP =1.00) | B} KBl FiH
HWARHE A 4> 32 (BS =74, PP = 1.00) Fl3# 5 2R}
Fifeix—4r 3% (BS=82,PP=0.99) , HRALK LK HF X
FA TR — 5T

SE k.

ALBACH DC, MEUDT HM, OXELMAN B, 2005. Piecing
together the “new”
92(2): 297-315.

ALBACH DC, YAN K, JENSEN SR, et al., 2009.
Phylogenetic

Plantaginaceae [ J ]. Amer J Bot,

placement  of  Triaenophora ( formerly
Scrophulariaceae) with some implications for the phylogeny
of Lamiales [ J]. Taxon, 58(3) . 749-756.

BEARDSLEY PM, OLMSTEAD RG, 2002.
Phrymaceae: the placement of Mimulus, tribe Mimuleae,
and Phryma [J]. Amer J Bot, 89(7) : 1093-1102.

BENNETT JR, MATHEWS S, 2006. Phylogeny of the parasitic
plant family Orobanchaceae inferred from phytochrome A
[J]. Amer J Bot,93(7) : 1039-1051.

CHENG JP, ZHANG YM, QIAN ZG, et al., 2020, Complete

chloroplast genome sequences of Lagotis yunnanensis

Redefining

(Scrophulariaceae) ; an endangered species endemic to the
Hengduan Mountains region [ J]. Mitochondrial DNA Part B,
5(1) . 897-898.

CUSIMANO N, WICKE S, 2016. Massive intracellular gene
transfer during plastid genome reduction in nongreen
Orobanchaceae [ J]. New Phytologist, 210(2) ; 680—693.

DENG T, LIN N, HUANG X, et al., 2019. Phylogenetics of
Mazaceae ( Lamiales ) , with special reference to intrageneric
relationships within Mazus [J]. Taxon, 68(5): 1037-1047.

KATOH K, ROZEWICKI J, YAMADA KD, 2019. MAFFT
online service: multiple sequence alignment, interactive
sequence choice and visualization [ J].
20(4) ; 1160-1166.

KUMAR S, STECHER G, TAMURA K, 2016. MEGA7:
Molecular evolutionary genetics analysis version 7.0 for bigger
datasets [ J]. Mol Biol Evol, 33(7) : 1870-1874.

LIU B, TAN YH, LIU S, et al., 2020. Phylogenetic

relationships of Cyrtandromoea and Wightia revisited: A new

Brief Bioinform,

tribe in Phrymaceae and a new family in Lamiales [ J]. J Syst

Evol, 58(1): 1-17.

MCNEAL JR, BENNETT JR, WOLFE AD, et al., 2013.
Phylogeny and origins of holoparasitism in Orobanchaceae
[J]. Amer J Bot, 100(5) : 971-983.

MILLER MA, PFEIFFER WT, SCHWARTZ T, 2010. Creating
the CIPRES science gateway for inference of large
phylogenetic trees [ C ]. 2010 Gateway Computing
Environments Workshop( GCE 2010). New Orleans; 1-8.

OLMSTEAD RG, DEPAMPHILIS CW, WOLFE AD, et al.,
2001. Disintegration of the Scrophulariaceae [ J]. Amer J
Bot, 88(2) : 348-361

OLMSTEAD RG, REEVES PA, 1995. Evidence for the
polyphyly of the Scrophulariaceae based on chloroplast rbcL
and ndhF sequences [ J]. Ann Miss Bot Gard,
82(2): 176-193.

OXELMAN B, KORNHALL P, OLMSTEAD RG, et al.,
2005. Further disintegration of Scrophulariaceae [ J]. Taxon,
54(2) ; 411-425.

RAHMANZADEH R, MULLER K, FISCHER E, et al.,
2005. The Linderniaceae and Gratiolaceae are further
lineages distinct from the Scrophulariaceae ( Lamiales )
[J]. Plant Biol, 7(1) : 67-78.

RONQUIST F, HUELSENBECK JP, 2003. MrBayes 3:
Bayesian phylogenetic inference under mixed models
[J]. Bioinformatics, 19(12) : 1572—1574.

ROURE B, BAURAIN D, PHILIPPE H, 2013. Impact of
missing data on phylogenies inferred from empirical
phylogenomic data sets [ J]. Mol Biol Evol, 30(1):
197-214.

STAMATAKIS A, 2014. RAxML version 8; a tool for
phylogenetic analysis and post-analysis of large phylogenies
[J]. Bioinformatics, 30(9) . 1312-1313.

TANK DC, BEARDSLEY PM, KELCHNER SA, et al.,
2006. Review of the systematics of Scrophulariaceae s. 1. and
their current disposition [ J]. Austral Syst Bot, 19(4):
289-307.

TRIPP EA, TSAI YH, ZHUANG YB, et al., 2017. RADseq
dataset with 90% missing data fully resolves recent radiation
of Petalidium ( Acanthaceae) in the ultra-arid deserts of
Namibia [J]. Ecol Evol, 7(19) : 7920-7936.

WICKE S, SCHAFERHOFF B, DEPAMPHILIS CW, et al.,
2013. Disproportional plastome-wide increase of substitution
rates and relaxed purifying selection in genes of carnivorous
Lentibulariaceae [ J]. Mol Biol Evol, 31(3): 529-545.

ZHANG YM, QIAN ZG, ZHANG AL, et al., 2019. The
complete plastid genome sequence of  Neopicrorhiza

scrophulariiflora ( Plantaginaceae ) ; an endangered species

endemic to the Himalayas regions [ J]. Mitochondrial DNA

B, 4(2): 2504-2505.

(REHE ZF #)



