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Abstract
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Background: Biological classification, the hierarchical arrangement of scientific names of organisms, constitutes the
core infrastructure of biological databases. For an efficient management of biological databases, adopting a stable
and universal biological classification system is crucial. Currently in Taiwan Biodiversity Information Facility (TaiBIF;
http://taibif.tw/), the national portal website that integrates Taiwan's biodiversity information databases, angiosperms
are arranged according to Cronquist’s System of Classification, which is not compatible with current trend of the
Angiosperm Phylogeny Group (APG) classification. To consolidate the function and management of the database,
TaiBIF is moving to adopt the APG IV classification and Christenhusz et al. (Phytotaxa 19:55-70, 2011)’s classification of
gymnosperms, which we summarize as the Phylogenetic Classification of Seed Plants of Taiwan.

Results: The Phylogenetic Classification of Seed Plants of Taiwan places gymnosperms in five families [vs. eight
families in the Flora of Taiwan (FOT)] and angiosperms in 210 families (vs. 193 families in FOT). Three FOT gymnosperm
families are synonymized in current treatment. Of the 210 APG IV families, familial circumscriptions of 114 families are
identical with FOT and 50 families are recircumscription of FOT, with 46 families newly added. Of the 29 FOT families
not included in current classification, two families are excluded and 27 families are synonymized.

Conclusions: The adoption of the Phylogenetic Classification of Seed Plants of Taiwan in TaiBIF will provide better
service and efficient management of the nation’s biodiversity information databases.

Keywords: Angiosperm Phylogeny Group classification, APG IV, Big new biology, Data cleaning, Flowering plants,

Background
Biological classification, the hierarchical arrangement of
scientific names of organisms, provides keywords and
links to catalogue and organize biological information
(Patterson et al. 2014). Biological classification consti-
tutes the core infrastructure of biological databases (Pat-
terson et al. 2010, 2014). Adopting a stable and universal
biological classification system not only is crucial for the
users but also fundamental for the efficient management
of the databases.

TaiBIF (Taiwan Biodiversity Information Facility;
http://taibif.tw/) is the national portal website that inte-
grates Taiwan’s biodiversity information (Shao et al.
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and indicate if changes were made.

2013) through TaiCOL (Catalogue of Life in Taiwan;
http://col.taibif.tw/), TaiEOL (Taiwan Encyclopedia of
Life; http://eol.taibif.tw/), TaiBOL (Cryobanking Pro-
gram for Wildlife Genetic Material in Taiwan; http://
cryobank.museum.biodiv.tw/), and TELDAP (Taiwan
e-Learning and Digital Archives Programs; http://core.
teldap.tw/). As an associate participant of GBIF (Global
Biodiversity Information Facility; http://www.gbif.org/),
TaiBIF also functions as a national node of GBIF (Shao
et al. 2013). The initiation of TaiBIF started in 2003 with
the establishment of TaiBNET (Taiwan Biodiversity
National Information Network; http://taibnet.sinica.
edu.tw), providing “Taiwan species checklist” and the
list of local taxonomic experts (Shao et al. 2013). Cur-
rently in TaiCOL, the successor of TaiBNET, the flower-
ing plants are arranged according to Cronquist (1968)’s
System of Classification (Shao et al. 2008), replacing A.
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Engler’s Syllabus der Pflanzenfamilien that was adopted
in the Flora of Taiwan (FOT), 2nd edition (Huang 1994).
Although Cronquist’s System was highly influential and
had been followed by several major floras such as Flora
of North America (Reveal 1993) and Flora of Australia
(Kanis et al. 1999), much of the content of Cronquist Sys-
tem is not compatible to the current trend of the APG
classification.

The Angiosperm Phylogeny Group (APG) classification
of the orders and families of flowering plants, now in its
fourth edition (APG IV), is a collaborative effort of plant
molecular systematic community worldwide (The Angi-
osperm Phylogeny Group 1998, 2003, 2009, 2016), pro-
viding the greatest stability and predictability regarding
biodiversity information of flowering plants (Mayr 1981;
Wearn et al. 2013). Although APG classification has not
been adopted officially in Taiwan, families circumscribed
by molecular phylogenetic studies and summarized by
APG have been increasingly accepted by both academic
(Hsu et al. 2011, 2016a, b; Wu et al. 2015) and citizen
scientists (e.g., Nature Campus http://nc.biodiv.tw/bbs/
index.php).

As an official provider of biodiversity information of
the country, the classification systems followed by Tai-
COL has deep and profound influences. In an effort to
consolidate the function and management of TaiBIF that
shall result in stable and better services of the websites,
it is inevitable for TaiCOL to adopt classification systems
that are constructed based on results of robust molecular
phylogenetic analyses. This article outlines phylogenetic
classification of families of the seed plants of Taiwan
summarized based on Christenhusz et al. (2011)’s clas-
sification of gymnosperms, APG IV, and subsequent
studies. To facilitate the transition toward APG IV, we
also provide the spreadsheet of the classification schema
for all seed plant genera that will be adopted by TaiCOL
(Additional file 1: Appendix S1). This spreadsheet will be
updated constantly and can be downloaded through Tai-
COL. A brief note is provided for families of which cir-
cumscription has been changed between the treatment of
FOT and APG IV classification.

Methods

The database of seed plants of Taiwan was compiled
from “a checklist of the vascular plants of Taiwan” of the
Flora of Taiwan (Boufford et al. 2003), “Illustrated Guide
to Aquatic Plants of Taiwan” (Yang et al. 2001), Wu et al.
(2010) that summarized naturalized and invasive flora,
subsequently published native (e.g., Hsu et al. 2011; Wu
et al. 2015) and naturalized (e.g., Liang et al. 2011; Wang
et al. 2016) species, and the flora of Tongsha (Pratas)
Island (Huang et al. 1994; Lin et al. 2005). The checklist
was then imported into relational PostgreSQL database
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as a basis for migrating process. The migration process
applied a ‘data cleaning framework’ to improve our data
set quality through diagnosing, detecting, and correcting
procedures. The data cleaning procedure included three
major stages: (1) error type defining, (2) error instance
identifying, and (3) error correcting (Maletic and Mar-
cus 2000). Furthermore, we followed the data cleaning
principles and methods suggested by Chapman (2005)
when processing nomenclature data. In the initial stage
of migration, instead of constructing a name-based data-
base, a taxon-based database, which includes a unique
taxonomy identifier (taxon ID) and several attributes
such as family, genus, scientific names and vernacu-
lar names, etc., was constructed. In order to reduce the
redundancy of the database and improve the data qual-
ity and integrity, we adopted relational database normali-
zation to parse the raw data table into a second normal
form schema. Through the normalization process, poten-
tial errors such as duplicate entries, misplaced taxa, etc.,
could be eliminated efficiently. In the second stage, we
automated a python script to cross-validate our data
base with Missouri Botanical Garden’s Tropicos (http://
www.tropicos.org/) and International Plant Names
Index (IPNI, http://ipni.org), identifying unmatched or
unfound names for manual checking. In the third stage,
three major possible errors or problems: (1) illegitimate
or invalid names, (2) misspelled names, (3) different taxo-
nomic treatment, were corrected after cross-validation.
We adopted Ruggiero et al. (2015) for the higher level
classification of seed plants (Subphylum Spermatophy-
tina and above). For gymnosperms (Superclass Gymno-
spermae), Christenhusz et al. (2011)’s classification was
followed, though caution was taken for the uncertainty
of the phylogenetic position of gnetophytes (Lu et al.
2014; Wang and Ran 2014). For angiosperms (Superclass
Angiospermae), major clades recognized as superorders
in Chase and Reveal (2009) and the classification of The
Angiosperm Phylogeny Group (2016) was adopted, with
the exception of Boraginales in which Luebert et al
(2016)’s new familial classification was followed. For
orders and families of which vernacular names are lack-
ing in the current literature of the flora of Taiwan, the
names proposed by Liu et al. (2015) were followed.

Results and discussion

Based on Christenhusz et al. (2011), APG IV (2016), and
Luebert et al. (2016)’s familial classification of Boragina-
les, the “Phylogenetic Classification of Seed Plants of Tai-
wan” is presented below. Of the four classes (I-1V), eight
orders (A—H), and 12 families of gymnosperms in Chris-
tenhusz et al. (2011)’s classification, five families in four
orders of two classes are naturally distributed in Taiwan.
Compared to the treatment in FOT, current classification
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includes Taxodiaceae in Cupressaceae and expands Taxa-
ceae to include Amentotaxaceae and Cephalotaxaceae.
Of the 16 superorders (A-S), 64 orders, and 427 families
currently circumscribed (Luebert et al. 2016; APG IV
2016; Thulin et al. 2016), 210 families in 53 orders of 15
superorders are recorded in the flora of Taiwan (Fig. 1;
Table 1).

The adoption of APG IV affects 79 (64 in dicotyledons
and 15 in monocotyledons) of the 193 families (152 in
dicotyledons and 41 in monocotyledons) recorded in
FOT (Boufford et al. 2003), including changes in familial
recircumscriptions in 50 families (41 in dicotyledons and
9 in monocotyledons), synonymization of 27 families (21
in dicotyledons and 6 in monocotyledons), and two fami-
lies not present in Taiwan (i.e., Rafflesiaceae and Hydro-
phyllaceae). Circumscriptions of 114 (59.1%) families [88
(57.9%) in dicotyledons and 26 (63.4%) in monocotyle-
dons] of FOT remain unchanged. A total of 46 families are
added under current classification. Table 1 summarizes
current status of the families recorded in FOT (Boufford
et al. 2003), newly added families (46), and frequently cul-
tivated families not recorded in FOT (20).

The adoption of APG IV inevitably results in changes
in statistics of the flora of Taiwan. For examples, Euphor-
biaceae s.l. (89 species in 27 genera), Scrophulariaceae
s.l. (73 species in 26 genera), and Liliaceae s.l. (48 spe-
cies in 21 genera) were ranked as the 8th, 10th and 18th
most species-rich families in FOT (Hsieh 2003); how-
ever, under APG IV classification, Euphorbiaceae reduces
to ca. 60 species in 17 genera, Scrophulariaceae to only
4 species in 3 genera, and Liliaceae to ca. 8 species in 2
genera. Saxifragaceae is another case of drastic changes,
reducing from 25 species in 13 genera to 7 species in 4
genera. On the other hand, families such as Malvaceae,
Plantaginaceae, and Orobanchaceae expand greatly,
increasing from eight, one, and four genera to 26, 16, and
14 genera, respectively.

In the Classification outlined below, codes composed
of alphabet and number(s) are applied to each family to
denote its ordinal (and superordinal) classification. For
gymnosperms, Christenhusz et al. (2011)’s alphabetical
(A-H) and numeric (1-12) codes for Orders and Fami-
lies are adopted. For angiosperms, the numeric codes of
APG IV families (1-416) are followed, with the addition
of alphabetical (A-S) code for superorders and numeri-
cal (1-64) codes for orders modified from Chase and
Reveal (2009). For example, “F14.60. Liliaceae H&H”
indicates Superorder Lilianae (F), Order Liliales (14), and
Family Liliaceae (60). Code designations of superorders
and orders are outlined in Fig. 1. The numeric family
codes used in the Flora of Taiwan (Boufford et al. 2003)
are also listed in parentheses after the Chinese vernacu-
lar family name to aid an easy comparison to families
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circumscribed in FOT. For examples, “(=IIA.1)” in Cyca-
daceae indicates Family 1 of Gymnosperma (IIA) in Bouf-
ford et al. (2003), “(= [IBa.35)” of Nymphaeaceae denotes
Family 35 of Dicotylendons (IIBa), and “(= IIBb.7)” of
Zosteraceae stands for Family 7 of Monocotyledons
(IIBb), while the sign “=” indicates unchanged familial
circumscription between FOT and current treatment.
For those families of which circumscription has been
changed, the number of genera in FOT and current treat-
ment are also provided. For examples, “F14.60. Liliaceae
HAR (1IBb.9; 21/2)” indicates 21 genera included in
Family 9 of Monocotyledons (IIBb) in FOT, while only
2 genera are included in current classification. A state-
ment is followed to denote newly added genera and/or
genera excluded. For examples, current classification of
“F18.89. Zingiberaceae ¥} (1IBb.35; 5/5)” includes the
genus Curcuma 7% & based on Wu et al. (2010), while
the genus Costus of FOT is moved to F18.88 Costaceae,
resulting in a total of five genera as recorded in FOT (5/5).
For newly added families, genera included are listed with
references to previous classification. For newly recorded
families, the number in parentheses after the Chinese
vernacular name indicate the number of genera included.
For families whose circumscription remain unchanged
(e.g., Lauraceae, Asteraceae, Fabaceae, Orchidaceae, etc.),
the full list of genera included is summarized in Addi-
tional file 1: Appendix S1. The Chinese vernacular names
for all scientific names of taxa are adopted from FOT
and/or names proposed when published (e.g., Chung
et al. 2010b; Hsu et al. 2011). For newly added taxa not
published by Taiwanese authors, the Chinese names pro-
posed by Liu et al. (2015) are adopted. Although not offi-
cially recorded as parts of the flora, current treatments
of 21 frequently cultivated plant families in Taiwan not
recorded in FOT (marked with *) are also included.

Conclusions

Phylogenetic Classification of Seed Plants of Taiwan
Kingdom Plantae fE#) %, Subkingdom Viridiplantae #%
EREY LI FY, Infrakingdom Streptophyta §fi B AH ¥ 1K 7,
Superphylum Embryophyta B A4 "], Phylum Tra-
cheophyta #E% AHAEYIM, Subphylum Spermatophytina
Fl R R (Ruggiero et al. 2015)

Superclass Gymnospermae #TFHEYIHA] (= gymno-
sperms in Chase and Reveal 2009 and Christenhusz et al.
2011)

Class I. Cycadopsida #f#4H, Subclass Cycadidae fif$#
o 4
A. Cycadales #if$% B
A.1. Cycadaceae #f 8 (= 11A.1)
*A.2. Zamiaceae UKL (B2 REVE ) B
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Ordinal Phylogeny of Angiosperms and APG IV Classification
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Fig. 1 Ordinal phylogeny of angiosperms and APG IV classification, with notes on familial classification of angiosperm families of Taiwan
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Table 1 Current taxonomic status of the families recorded in the Flora of Taiwan (FOT), 2nd ed. (Boufford et al. 2003)
and newly added families to the flora of Taiwan based on APG IV

FOT families excluded (2) IIBa.43 Rafflesiaceae and I1Ba.125 Hydrophyllaceae

FOT families synonymized (27) IIBa.7A Cecropiaceae, IIBa.20 Chenopodiaceae, 11Ba.26 llliciaceae, [IBa.48A Fumariaceae, 11Ba.70 Acer-
aceae, lIBa.7 1A Bretschneideraceae, I1Ba.81 Leeaceae, [1Ba.83 Tiliaceae, 11Ba.85 Bombacaceae, 11Ba.86
Sterculiaceae, 11Ba.89 Flacourtiaceae, I1Ba.101A Trapaceae, I1Ba.103 Theligonaceae, 11Ba.104 Alangi-
aceae, IIBa.109 Pyrolaceae, 11Ba.111 Myrsinaceae, 11Ba.122 Asclepiadaceae, 1Ba.128 Callitrichaceae,
IIBa.137 Myoporaceae, IIBa.140 Valerianaceae, I1Ba.141 Dipsacaceae, IIBb.6 Zannichelliaceae, 1Bb.8
Najadaceae, 1IBb.11 Agavaceae, [IBb.28(A) Taccaceae, I1Bb.30 Lemnaceae, and 11Bb.33 Sparganiaceae

FOT families circumscription changed (50) IIBa.3 Salicaceae, 11Ba.6 UImaceae, IIBa.7 Moraceae, I1Ba.8 Urticaceae, 11Ba.9A Olacaceae, 11Ba.10 Santa-
laceae, IIBa.11 Loranthaceae, I1Ba.14 Phytolaccaceae, IIBa.18 Portulacaceae, l1Ba.21 Amaranthaceae,
IIBa.25 Schisandraceae, 11Ba.45 Theaceae, 11Ba.46 Clusiaceae (= Guttiferae), 11Ba.48 Papaveraceae,
IIBa.49 Capparaceae, IIBa.51 Hamamelidaceae, 1Ba.53 Saxifragaceae, I1Ba.61 Euphorbiaceae, 11Ba.71
Sapindaceae, 11Ba.75 Celastraceae, I1Ba.78 Icacinaceae, 11Ba.80 Vitaceae, 11Ba.84 Malvaceae, I1Ba.95
Lythraceae, 11Ba.105 Cornaceae, 11Ba.106 Araliaceae, 11Ba.107 Apiaceae (= Umbelliferae), I1Ba.110
Ericaceae, 11Ba.112 Primulaceae, 11Ba.119 Loganiaceae, IIBa.120 Gentianaceae, l1Ba.121 Apocynaceae,
IIBa.123 Rubiaceae, 11Ba.126 Boraginaceae, 1Ba.127 Verbenaceae, I1Ba.129 Lamiaceae (= Labiatae),
[IBa.131 Scrophulariaceae, I1Ba.133 Acanthaceae, I1Ba.135 Orobanchaceae, 11Ba.138 Plantaginaceae,
IIBa.139 Caprifoliaceae, IIBb.1 Alismataceae, I1Bb.2 Hydrocharitaceae, I1Bb.4 Potamogetonaceae,
IIBb.9 Liliaceae, 1Bb.12 Amaryllidaceae, I1Bb.14 Dioscoreaceae, 11Bb.29 Araceae, I1Bb.33 Typhaceae,
and IIBb.35 Zingiberaceae

FOT families circumscription unchanged (114) IIBa.1 Myricaceae, lIBa.2 Juglandaceae, IIBa.4 Betulaceae, I1Ba.5 Fagaceae, 11Ba.9 Proteaceae, 11Ba.10A,
Opiliaceae, IIBa.12 Balanophoraceae, 11Ba.13 Polygonaceae, [1Ba.15 Nyctaginaceae, l1Ba.16 Mol-
luginaceae, IIBa.17 Aizoaceae, IIBa.18A Basellaceae, IIBa.19 Caryophyllaceae, I1Ba.22 Magnoliaceae,
IIBa.23 Annonaceae, 1Ba.24 Myristicaceae, 11Ba.27 Lauraceae, IIBa.28 Hernandiaceae, 11Ba.29 Trocho-
dendraceae, 11Ba.30 Ranunculaceae, 11Ba.31 Berberidaceae, [1Ba.32 Lardizabalaceae, 11Ba.33 Menisper-
maceae, I1Ba.34 Nelumbonaceag, 11Ba.35 Nymphaeaceae, I1Ba.36 Cabombaceae, 11Ba.38 Ceratophyl-
laceae, 1IBa.39 Saururaceae, 11Ba.40 Piperaceae, IIBa.41 Chloranthaceae, I1Ba.42 Aristolochiaceae,
1IBa.44 Actinidiaceae, IIBa.47 Droseraceae, 11Ba.50 Brassicaceae (= Cruciferae), 11Ba.52 Crassulaceae,
IIBa.54 Pittosporaceae, 11Ba.55 Rosaceae, [IBa.56 Connaraceae, I1Ba.57 Fabaceae (= Leguminosae),
IIBa.58 Oxalidaceae, I1Ba.59 Geraniaceae, 11Ba.60 Zygophyllaceae, 11Ba.62 Daphniphyllaceae, 11Ba.63
Rutaceae, lIBa.64 Simaroubaceae, [IBa.65 Meliaceae, 11Ba.66 Malpighiaceae, IIBa.67 Polygalaceae,
1IBa.68 Coriariaceae, 11Ba.69 Anacardiaceae, IIBa.72 Sabiaceae, I1Ba.73 Balsaminaceae, IIBa.74 Aquifo-
liaceae, IIBa.76 Staphyleaceae, IIBa.77 Buxaceae, 11Ba.79 Rhamnaceae, 11Ba.82 Elaeocarpaceae, 11Ba.87
Thymelaeaceae, 11Ba.88 Elaeagnaceae, 11Ba.90 Violaceae, 11Ba.91 Stachyuraceae, l1Ba.91A Passiflo-
raceae, 11Ba.92 Elatinaceae, 11Ba.93 Begoniaceae, [1Ba.94 Cucurbitaceae, 11Ba.96 Myrtaceae, [1Ba.97
Lecythidaceae, I1Ba.98 Melastomataceae, 11Ba.99 Rhizophoraceae, 11Ba.100 Combretaceae, [1Ba.101
Onagraceae, 11Ba.102 Haloragaceae, 11Ba.108 Diapensiaceae, IIBa.113 Plumbaginaceae, I1Ba.114
Sapotaceae, I1Ba.115 Ebenaceae, [1Ba.116 Styracaceae, I1Ba.117 Symplocaceae, IIBa.118 Oleaceae,
IIBa.124 Convolvulaceae, 11Ba.130 Solanaceae, 11Ba.132 Bignoniaceae, IBa.134 Gesneriaceae, [1Ba.136
Lentibulariaceae, IIBa.142 Campanulaceae, IIBa.142A Sphenocleaceae, 11Ba.143 Goodeniaceae,
IIBa.144 Asteraceae (= Compositae), IIBb.3 Aponogetonaceae, IIBb.5 Ruppiaceae, lIBb.7 Zosteraceae,
IIBb.9A Petrosaviaceae, 1IBb.10 Stemonaceae, 11Bb.13 Hypoxidaceae, 11Bb.15 Smilacaceae, I1Bb.16
Pontederiaceae, IIBb.17 Iridaceae, 11Bb.18 Burmanniaceae, 11Bb.19 Philydraceae, I1Bb.20 Juncaceae,
IIBb.21 Commelinaceae, IIBb.22 Xyridaceae, 1IBb.23 Eriocaulaceae, 11Bb.24 Flagellariaceae, 11Bb.25
Cyperaceae, IIBb.26 Poaceae (= Gramineae), [IBb.27 Arecaceae (= Palmae), IIBb.28 Cyclanthaceae,
[IBb.31 Pandanaceae, IBb.34 Musaceae, [IBb.36 Cannaceae, [IBb.37 Marantaceae, 1Bb.38 Orchi-
daceae, and 11Bb.39 Triuridaceae

Newly added families (46) F9.27 Acoraceae, F10.41 Cymodoceaceae, F12.43 Nartheciaceae, F14.53 Melanthiaceae, F14.56 Col-
chicaceae, F15.72 Asphodelaceae, F15.74 Asparagaceae, F18.88 Costaceae, N27.123 Altingiaceae,
N27.127 Iteaceae, N27.128 Grossulariaceae, 030.141 Surianaceae, O31.149 Cannabaceae, 036.184
Calophyllaceae, and 036.186 Hypericaceae, 036.189 Putranjivaceae, 036.208 Linaceae, 036.211
Phyllanthaceae, 041.234 Dipentodontaceae, 043.245 Muntingiaceae, 044.254 Akaniaceae, 044.257
Caricaceae, 044.269 Cleomaceae, Q46.278 Schoepfiaceae, R47.281 Tamaricaceae, R47.306 Petiver-
iaceae, R47.314 Talinaceae, R47.317 Cactaceae, $48.320 Hydrangeaceae, $49.332 Pentaphylacaceae,
$49.345 Mitrastemonaceae, S52.351 Garryaceae, S54.357B Coldeniaceae, S54.357C Cordiaceae,
S54.357D Ehretiaceae, S54.357E Heliotropiaceae, $56.363 Hydroleaceae, S57.373 Linderniaceae,
S57.384 Mazaceae, 557.385 Phrymaceae, S57.386 Paulowniaceae, $58.388 Stemonuraceae, 558.389
Cardiopteridaceae, S58.391 Helwingiaceae, $59.400 Menyanthaceae, and $63.408 Adoxaceae

Additional cultivated families (20) A2 Zamiaceae, B.3 Ginkgoaceae, G.8 Araucariaceae, F14.55 Alstroemeriaceae, F18.82 Strelitziaceae,
F18.84 Heliconiaceae, F19.91 Bromeliaceae, M26.120 Dilleniaceae, 032.156 Casuarinaceae, 036.181
Ochnaceae, 036.197 Chrysobalanaceae, 042.238 Burseraceae, 043.250 Bixaceae, 043.253 Diptero-
carpacea, 044.255 Tropaeolaceae, R47.311 Didiereaceae, 548.318 Nyssaceae, $49.329 Polemoni-
aceae, $52.350 Eucommiaceae, and $57.376 Pedaliaceae
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Class II. Ginkgoopsida SR #74i, Subclass Ginkgooidae
SRAT ni 4
B. Ginkgoales $R 7 B
*B.3. Ginkgoaceae $R 7 &}

Class 1. Gnetopsida & /KB4, Subclass Gnetidae H
R o 5 4

C. Welwitschiales — #£45 B

D. Gnetales = kBB

E. Ephedrales ik # B

Class IV. Pinopsida 24, Subclass Pinidae ¥ G 4
E. Pinales #A B
E7. Pinaceae A&} (= I1A.6)
G. Araucariales F§¥EAZ B
*G.8. Araucariaceae g FEAZ R
G.9. Podocarpaceae ZE AR (= IIA5)
H. Cupressales H B
H.11. Cupressaceae A%t (IIA.8; 3/5)
Including 1IA.7 Taxodiaceae (Cryptomeria 1
K&, Cunninghamia KB and Taiwania %
V).
H.12. Taxaceae 4L A28} (IIA.2; 1/3)
Including IIA.3 Amentotaxaceae (Amentotaxus
FEAEAZ ) and 11A 4 Cephalotaxaceae (Cephalo-
taxus FIAE)E).

Superclass “Angiospermae” # ¥4, Class Mag-
noliopsida R4, Subclass Magnoliidae AR
OHAW (= angiosperms in Chase and Reveal 2009; APG IV
2016)

Amborellanae #4558 B
Al. Amborellales i B

B. Nymphaeanae i B
B2. Nymphaeales ;i B
B2.3. Cabombaceae E &} (= I1Ba.36; 1/2)
Adding Cabomba TEH#J& (Yang et al. 2001).
B2.4. Nymphaeaceae [} (= 11Ba.35)

C. Austrobaileyanae AR (- #it%) # B
C3. Austrobaileyales Ak (Bt Hif%) B
C3.7. Schisandraceae FE-FH} (IIBa.25; 2/3)
Including 11Ba.26 Illiciaceae (Illicium )\ FaJ&).

D. Magnolianae ARiitE B
D4. Canellales B#% (BE)) B
D5. Piperales ##f{ B
D5.10. Saururaceae = H & #} (= [1Ba.39)
D5.11. Piperaceae ##I#} (= 11Ba.40)
D5.12. Aristolochiaceae F§ 23R (= 11Ba.42)
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D6. Magnoliales AR B
D6.13. Myristicaceae A% 5 B (= 11Ba.24)
D6.14. Magnoliaceae KR #} (= 11Ba.22)
D6.18. Annonaceae %7 £ 8 (= 11Ba.23)

D7. Laurales 1% B
D7.23. Hernandiaceae 5% # i %} (= 11Ba.28)
D7.25. Lauraceae 18} (= [I1Ba.27)

E. Chloranthanae 432558 B
E8. Chloranthales 4525 B
E8.26. Chloranthaceae 43R &} (= IIBa.41)

E Lilianae &8 B (Trias-Blasi et al. 2015)
F9. Acorales & i B
F9.27. Acoraceae & j# %} (1)
Acorus B8 (1IBb.29 Araceae).
F10. Alismatales %5 B
F10.28. Araceae K 2§} (11Bb.29; 16/20)
Adding Syngonium & RFE (Wu et al. 2010);
excluding F9.27 Acoraceae (Acorus); including
1IBb.30 Lemnaceae [Landoltia (= Spirodela
punctata) B KB (Les and Crawford 1999),
Lemna 7518, Spirodela V% &, and Wolffia
F10.30. Alismataceae 5%} (IIBb.1; 3/5)
Including Limnocharitaceae (Hydrocleys 7K %8
S8 and Limnocharis ¥{c#i; Yang et al.
2001).

F10.32. Hydrocharitaceae 7K # %} (11Bb.2; 7/10)
Adding Egeria 7KZE & (Wu et al. 2010) and
Limnobium FEEIE4HE (Wu et al. 2010);
incluidng 11Bb.8 Najadaceae (Najas & i &).

F10.34. Aponogetonaceae 7K ZE %} (= 11Bb.3)

F10.37. Zosteraceae H %} (= 1IBb.7)

F10.38. Potamogetonaceae R 7%} (11Bb.4; 1/3)
Adding Stuckenia (= Potamogeton pectinatus)
BEslR 7328 (Lindqvist et al. 2006); includ-
ing IIBb.6 Zannichelliaceae pro parte (Zanni-
chellia FAR ).

F10.40. Ruppiaceae M &F %t (= 11Bb.5)

F10.41. Cymodoceaceae #1445} (3)

[IBb.4 Potamogetonaceae pro parte (Cymo-
docea #FK3iEJE and Syringodium $3EFE)E;
Lin et al. 2005) and IIBb.6 Zannichelliaceae
pro parte (Halodule —%j7#)E). Based on
Ko (2004), the photographs of Lin et al. (2005;
Fig. 5a, b) identified as Thalassodendron cili-
atum are likely misidentification of Cymodocea
serrulata.
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F11. Petrosaviales #2JF 3 (#E3E58#) B
F11.42. Petrosaviaceae PEFFEL (M E
1IBb.9A)

W) B (=

F12. Dioscoreales 2 75 B
F12.43. Nartheciaceae 3 &1t (#17532) & (1)
Aletris #7650 J8 (1IBb.9 Liliaceae)
F12.44. Burmanniaceae 7k £ %8l (= 1IBb.18)
F12.45. Dioscoreaceae 2 E &} (1IBb.14; 1/2)
Including 11Bb.28(A) Taccaceae (Tacca 3 35
&)

F13. Pandanales #& %45} B
F13.46. Triuridaceae Z 58} (= 1IBb.39)
F13.48. Stemonaceae H &%} (= 1IBb.10)
F13.49. Cyclanthaceae L EZ 5 HIR} (= 11Bb.28)
F13.50. Pandanaceae #& 58} (= 1IBb.31)

F14. Liliales & B

F14.53. Melanthiaceae 218} (5)
Ypsilandra (Y $51€)8; Hsu et al. 2011) and
1IBb.9 Liliaceae pro. parte (Helonias SHRAL)E,
Paris CIE—NAC)E, Trillium JEE S, and
Veratrum 225 J&).

*F14.55. Alstroemeriaceae H & 7JQ1IJJ ST B

F14.56. Colchicaceae FK7kfili %} (1
Disporum T 168 (1IBb.9 Liliaceae).

F14.59. Smilacaceae 35 # %} (= IIBb.15)

F14.60. Liliaceae H & &} (11Bb.9; 21/2)
Lilium (ABE) and Tricyrtis (MEEJE);
excluding F14.53 Melanthiaceae (Helonias,
Paris, Trillium, and Veratrum), F14.56 Col-
chicaceae (Disporum), F15.72 Asphodelaceae
(Dianella and Hemerocallis), F15.73 Amarylli-
daceae pro parte (Allium), and F15.74 Aspara-
gaceae pro parte [Asparagus, Aspidistra, Dis-
poropsis, Liriope, Ophiopogon, Peliosanthes,
Polygonatum, Rohdea (= Campylandra), Scilla
(= Barnardia), Smilacina (= Maianthemum),
and Thysanotus).

F15. Asparagales K[']4 H

F15.61. Orchidaceae B %} (= 1IBb.38)

F15.66. Hypoxidaceae flliI %%} (= 11Bb.13)

F15.70. Iridaceae B R (= 1IBb.17)

F15.72. Asphodelaceae 45 {1t (2 &) &t (2)
IIBb.9 Liliaceae pro parte (Dianella 1% 1# 5 5
and Hemerocallis E % E).

F15.73. Amaryllidaceae 178+ (1IBb.12; 2/3)
Including Allium % J& (IIBb.9 Liliaceae).

F15.74. Asparagaceae K[']4%} (16)

Including 1IBb.11 Agavaceae (Agave ¥t &R
J&, Cordyline K#:J&, Dracaena WIS,
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and Yucca A% HiJE) and 1IBb.9 Liliaceae pro.
parte [Asparagus K['1% 8, Aspidistra Wk
&8, Barnardia (= Scilla sinensis) 4h2 5L )&,
Disporopsis 8152 {CJE, Heteropolygonatum
B8 (Chao et al. 2013), Liriope 2514 &,
Maianthemum JESERG (FERSE) J&, Ophiopo-
gon WSPEELJE, Peliosanthes ¥X1-¥%.J&, Polygo-
natum FEES, Rohdea (= Campylandra) &
F3HJE (Yamashita and Tamura 2004), and
Thysanotus 2T JE].

F16. Arecales £#4E B
F16.76. Arecaceae (= Palmae) 2488} (= 1IBb.27)

F17. Commelinales T&#i & B
F17.78. Commelinaceae T5#i &%} (= 11Bb.21)
F17.79. Philydraceae H ZE{#} (= 11Bb.19)
F17.80. Pontederiaceae i ATtH} (= IIBb.16)

F18. Zingiberales # B
*F18.82. Strelitziaceae Jit AR
*F18.84. Heliconiaceae R (Hi#E) &
F18.85. Musaceae &Rl (= 11Bb.34)
F18.86. Cannaceae 3£ AR (= 1IBb.36)
F18.87. Marantaceae 7T ¥ # (= IIBb.37)
F18.88. Costaceae HI#HE R (1)
Costus F%H# & (1IBb.35 Zingiberaceae).
F18.89. Zingiberaceae # %} (IIBb.35; 5/5)
Adding Curcuma H#E3)E (Wu et al. 2010);
excluding F18.88. Costaceae (Costus).

F19. Poales A4~ B

F19.90. Typhaceae & (11Bb.33; 1/2)
Including 1I1Bb.33 Sparganiaceae (Sparganium
SHE).

*F19.91. Bromeliaceae E\Z1 %}

F19.93. Xyridaceae B HL &} (= 1IBb.22)

F19.94. Eriocaulaceae BUfE 58l (= 1IBb.23)

F19.97. Juncaceae B& /O ER} (= 1IBb.20)

F19.98. Cyperaceae 3 #. %} (= 11Bb.25)

F19.100. Flagellariaceae #fERH} (= 11Bb.24)

F19.103. Poaceae (= Gramineae) AR (=

IIBb.26)

G. Ceratophyllanae 4 f& #H B
G20. Ceratophyllales % f4 % B
G20.104. Ceratophyllaceae 41 # %} (= 11Ba.38)
H. Ranunculanae EE#H B
H21. Ranunculales & B
H21.106. Papaveraceae 28 5¢%} (11Ba.48; 3/5)
Including 11Ba.48A Fumariaceae (Corydalis %%
¥ 8 and Fumaria BRERELEE).
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H21.108. Lardizabalaceae AJEH} (= [1Ba.32)
H21.109. Menispermaceae Bh @ %} (= 11Ba.33)
H21.110. Berberidaceae /N5ER} (= 11Ba.31)
H21.111. Ranunculaceae HEE R} (= I1Ba.30)

L. Proteanae LLIBEHREE B

122. Proteales 11 FEIR B
122.112. Sabiaceae & AR} (= 11Ba.72)
122.113. Nelumbonaceae £ &} (= I1Ba.34)
122.115. Proteaceae LIHEHRE} (= 11Ba.9)

J. Trochodendranae E.A### B

J23. Trochodendrales EA# 1 B
J23.116. Trochodendraceae EH#EIE} (= 11Ba.29)

K. Buxanae #1583 B

K24. Buxales #it5 B
K24.117. Buxaceae ##5 %8 (= 1IBa.77)

L. Myrothamnanae #8535 B

L25. Gunnerales KE ¥ (7 {1%E) B

M. Dillenianae i #kiE B

M26. Dilleniales =5tk B
*M?26.120. Dilleniaceae 5 kRt

N. Saxifraganae % H- 5. B

N27. Saxifragales j& H- 1% B

N27.123. Altingiaceae Eifsf (&) & (1)
Liquidambar W& (1IBa.51 Hamameli-
daceae).

N27.124. Hamamelidaceae 4#E#§Rl (IIBa.51;

6/5)
Excluding Liquidambar (N27.123).

N27.126. Daphniphyllaceae B %t (=

11Ba.62)

N27.127. Iteaceae % (1)
Itea FJ& (11Ba.53 Saxifragaceae).

N27.128. Grossulariaceae 25 T-8 (1)
Ribes %1 J& (11Ba.53 Saxifragaceae).

N27.129. Saxifragaceae & H- 58} (11Ba.53; 13/5)
Astilbe JE#IRE, Chrysosplenium 5 VLR
B, Mitella "AIWHE, Saxifraga JRE- &
&, and Tiarella ¥7K¥5J&; excluding S$48.320
Hydrangeaceae (Cardiandra, Deutzia, Hydran-
gea, Pileostegia, and Schizophragma), N27.127
Iteaceae (ltea), N27.128 Grossulariaceae
(Ribes), and Parnassia (034.168).

N27.130. Crassulaceae 3 K F} (= [IBa.52)

N27.134. Haloragaceae /> il &} (= 11Ba.102)

O. Rosanae & 7i#8 B

028. Vitales #i%j B
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028.136. Vitaceae i % &} (11Ba.80; 6/7)
Including 11Ba.81 Leeaceae (Leea ‘K fAi 151 )&).

029. Zygophyllales #5%2 B
029.138. Zygophyllaceae #<# %} (= 11Ba.60)

030. Fabales Z. B
030.140. Fabaceae (= Leguminosae) 2.8} (= 11Ba.57)
030.141. Surianaceae ¥#F A&} (1)
Suriana # A5 (Huang et al. 1994).
030.142. Polygalaceae iz E R} (= 11Ba.67)

O31. Rosales %7 B

031.143. Rosaceae %18} (= I1Ba.55)

031.146. Elaeagnaceae #A%H 7 &} (= 11Ba.88)

031.147. Rhamnaceae 2%} (= 11Ba.79)

031.148. Ulmaceae ¥i#} (11Ba.6; 5/2)
Ulmus ¥iJB and Zelkova HEE; excluding
031.149 Cannabaceae pro parte (Aphananthe,
Celtis, and Trema).

031.149. Cannabaceae K%} (4)
Humulus 75L& (11Ba.7 Moraceae) and 11Ba.6
Ulmaceae pro parte (Aphananthe He3ERH)E,
Celtis #} )8, and Trema 111 55 HR)E).

031.150. Moraceae %} (IIBa.7; 8/7)
Excluding Hummulus (031.149).

031.151. Urticaceae % ik ¥} (IIBa.8; 21/22)
Including IIBa.7A Cecropiaceae (Poikilosper-
mum HESHIRE ).

032. Fagales 5%} B

032.153. Fagaceae 7%} 8} (= 1I1Ba.5)

032.154. Myricaceae #1§8} (= 11Ba.1)
Morella (= Myrica) ¥%#3/E (Herbert 2005;
Huguet et al. 2005).

032.155. Juglandaceae ##kE (= [1Ba.2)

*(032.156. Casuarinaceae 7 bk 5 &}

032.158. Betulaceae #EARF} (= 11Ba.4)

033. Cucurbitales # & (JI) B
033.162. Coriariaceae 53} (= 11Ba.68)
033.163. Cucurbitaceae #iE& (JA) B (= 11Ba.94)
033.166. Begoniaceae fkifF 5 &} (= 11Ba.93)

034. Celastrales 7 B
034.168. Celastraceae # 7 &l (1IBa.75; 6/6)
Including Parnassia Mi{t )& (1IBa.53 Saxi-
fragaceae); excluding Perrottetia (041.234).

035. Oxalidales fif:4F 51 B
035.170. Connaraceae 412 Rl (= 11Ba.56)
035.171. Oxalidaceae FEHEEL R (= 1IBa.58)
035.173. Elaeocarpaceae fL# R (= 11Ba.82)
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036. Malpighiales ##5{t (&% %) B

036.179. Rhizophoraceae AL 1%} (= 11Ba.99)
*036.181. Ochnaceae 4 3E AR
036.183. Clusiaceae (= Guttiferae) BEER}
(I1Ba.46; 4/1)
Garcinia #a /K J8; excluding 036.184 Calophyl-
laceae (Calophyllum) and 0O36.186 Hyperi-
caceae (Hypericum and Triadenum).

036.184. Calophyllaceae #ffi (41 JZ7%) & (1)
Calophyllum A8 (11Ba.46 Guttiferae).

036.186. Hypericaceae 44k R} (2)

[1Ba.46 Guttiferae pro parte (Hypericum %%
BB and Triadenum =R & 4500 E).

036.189. Putranjivaceae JEMIZRAKR (FZRAK)

B
Drypetes (including Liodendron) )&
(IIBa.61 Euphorbiaceae).

036.191. Elatinaceae 7 Z4£ %} (= 11Ba.92)

036.192. Malpighiaceae # 5/t (&ERE) B (=

11Ba.66)

*036.197. Chrysobalanaceae A] Al %% (&7 %) &

036.200. Violaceae % %} (= 11Ba.90)

036.202. Passifloraceae P47 # Bl (= [IBa.91A)

036.204. Salicaceae # M1 F} (1I1Ba.3) (1/7)

Salix MJ&; including 11Ba.89 Flacourtiaceae
(Casearia G AREE, Flacourtia #HERRE,
Homalium REKJE, Idesia \LAT &, Scolo-
pia EALRE, and Xylosma FEARR).

036.207. Euphorbiaceae A&} (11Ba.61; 27/17)
Acalypha #3558, Alchornea \WHKIEIE,
Claoxylon 5385 )&, Croton 5 J&, Euphor-
bia (including Chamaesyce) K&, Excoe-
caria T YUTEE, Homonoia IKGHEIE, Maca-
ranga MHJE, Mallotus B JE, Melanolepis
8RB, Mercurialis \WEEE, Homalanthus
(= Omalanthus) EIZEIMARNE, Ricinus B
J#RJE, and Sapium SifJE, and Suregada
(including Gelonium) B1I&; adding Mani-
hot K*E B and Vernicia (including Aleurites
montana; Wu et al. 2010) WHAE; exclud-
ing O36.189 Putranjivaceae (Drypetes and
Liodendron) and 036.211 Phyllanthaceae
(Antidesma, Bischofia, Breynia, Bridelia, Flu-
eggea, Glochidion, Margaritaria, Phyllanthus,
and Synostemon).

036.208. Linaceae & ik F} (1)

Linum B5 ik B (Chao et al. 2017).
036.211. Phyllanthaceae % T Zk&} (8)
[IBa.61 Euphorbiaceae pro parte (Antidesma
B HXE, Bischofia EFAKE, Breynia
(including Synostemon) \LIE ¥ &, Bridelia +-
W KB, Flueggea BIERMIE, Glochidion 855
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RIE, Margaritaria 3£ )&, and Phyllanthus
A ).

037. Geraniales &4 51 B
037.212. Geraniaceae &2 L & (= 11Ba.59)

038. Myrtales Bk 41 B

038.214. Combretaceae fEFE T (= 1IBa.100)

038.215. Lythraceae T J#3Z#} (11Ba.95; 5/6)
Including 11Ba.101A Trapaceae (Trapa 32)%)
and *Punicaceae.

038.216. Onagraceae I ZE 5} (= 11Ba.101)

038.218. Myrtaceae Bk &R} (= 11Ba.96)

038.219. Melastomataceae B4 S8} (= 11Ba.98)

039. Crossosomatales ik T (81 AK) B
039.226. Staphyleaceae 44 i i1 B (= 11Ba.76)
039.228. Stachyuraceae £ {£%} (= 11Ba.91)

040. Picramniales EME A B

041. Huerteales IRHUST (+#54t) B
041.234. Dipentodontaceae +#5{t %} (1)
Perrottetia ¥% T KB (1IBa.75 Celastraceae).

042. Sapindales # £ T H
*042.238. Burseraceae Hj{& R}
042.239. Anacardiaceae %R} (= 11Ba.69)
042.240. Sapindaceae # & T&} (11Ba.71; 9/10)

Including I1Ba.70 Aceraceae (Acer HiJE).

042.241. Rutaceae =& F} (= 11Ba.63)
042.242. Simaroubaceae 15 A%} (= 11Ba.64)
042.243. Meliaceae tf %} (= IIBa.65)

043. Malvales #7%% B

043.245. Muntingiaceae 3L FER (75 ENFEHEHK)

B
Muntingia 76 EDFEHPEE (11Ba.83 Tiliaceae).

043.247. Malvaceae $ %%} (11Ba.84; 8/26)
Abelmoschus X348, Abutilon T8 WR)E, Hibis-
cus AHESB, Malachra %58, Malva #73%%
B, Malvastrum %388, Sida &FWIL)E,
Thespesia 4458, and Urena ¥THi{L/E; add-
ing Anoda = 47%%/8 (Li and Wang 2012) and
Modiola %% (Wu et al. 2010); including
1IBa.85 Bombacaceae (Bombax KHFH/E and
Pachira B4 5EE; Wu et al. 2010), 11Ba.86
Sterculiaceae (Firmiana ¥&ti)&, Helicteres 111
Z KB, Heritiera SREERIE, Kleinhovia SR
118, Melochia TYR&Z5JE, Pterospermum #
T, Reevesia WREEWE, Sterculia 3EYEE,
and Waltheria EAEM)E) and 11Ba.83 Tiliaceae
pro parte (Berrya /NG, Corchorus ¥ h
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&, Grewia fifa kK&, and Triumfetta FEFZE
J&).
043.249. Thymelaeaceae i & &} (= 11Ba.87)
*043.250. Bixaceae BRAEH (A1 A) &
*(Q4:3.253. Dipterocarpaceae HE I & R

044. Brassicales +F1£ B

044.254. Akaniaceae 2R R} (1)
Including  IIBa.71A  Bretschneideraceae
(Bretschneidera $E32 K JE).

*044.255. Tropaeolaceae 43# 1t (F4:5H) Bl

044.257. Caricaceae A AR} (1)
Carica ZTEARJNE (Wu et al. 2010).

044.268. Capparaceae L1 %} (11Ba.49; 3/2)
Excluding Cleome (044.269).

044.269. Cleomaceae H1£3¢ (BFAE) B (1)
Cleome Bt 8 (11Ba.49 Capparaceae).

044.270. Brassicaceae (= Cruciferae) 518

(= 1IBa.50)

P. Berberidopsidanae 4Tt (& FIE) # B
P45, Berberidopsidales 4Lt (% FIEE) B

Q. Santalanae & B
Q46. Santalales 1HZ& B

Q46.273. Olacaceae #5158} (I1Ba.9A; 2/1)
Excluding Schoepfia (Q46.278).

Q46.274. Opiliaceae LLIA#iIF} (= 11Ba.10A)

Q46.275. Balanophoraceae # 7%t (= [1Ba.12)

Q46.276. Santalaceae 1 &R} (11Ba.10; 1/3)
Thesium (H 5% J&); including 11Ba.11 Lor-
anthaceae pro parte (Korthalsella ¥ 3254 &
and Viscum Wil 25 4£)E).

Q46.278. Schoepfiaceae & Z AFt (1)
Schoepfia # i A JE (11Ba.9A Olacaceae)

Q46.279. Loranthaceae & &£ 8 (1I1Ba.11; 4/2)
Loranthus 353748 and Taxillus $iR [ HFE
J&; excluding Q46.276 Santalaceae pro parte
(Korthalsella and Viscum).

R. Caryophyllanae £ 178 B
R47. Caryophyllales £77T B

R47.281. Tamaricaceae EEHIR (1)
Tamarix FENIJE (Wu et al. 2010).

R47.282. Plumbaginaceae B EF} (= 11Ba.113)

R47.283. Polygonaceae %} (= 11Ba.13)

R47.284. Droseraceae 3 & %8t (= 1IBa.47)

R47.295. Caryophyllaceae f117 %} (= 11Ba.19)

R47.297. Amaranthaceae ®.8} (IIBa.21; 9/14)
Adding Digera &R ¥ (Wang and Chen 2013)
and Pupalia #7188 (Wu et al. 2010); includ-
ing 11Ba.20 Chenopodiaceae (Atriplex E#EJE,
Chenopodium )&, and Suaeda i &5 ).
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R47.304. Aizoaceae ARt (= 11Ba.17)
R47.305. Phytolaccaceae MIRERL (IIBa.14; 2/1)
(Wu et al. 2010)
Excluding Rivina (R47.306).
R47.306. Petiveriaceae 7 & 5.8} (1)
Rivina WIILRJE (11Ba.14 Phytolaccaceae; Wu
et al. 2010).
R47.308. Nyctaginaceae % K %} (= 11Ba.15)
R47.309. Molluginaceae 5 K# 8} (= 11Ba.16)
*R47.311. Didiereaceae Hl|#i A (FEAH) Bl
R47.312. Basellaceae 7% %% &} (= IIBa.18A)
R47.314. Talinaceae - A 228} (1)
Talinum £ AN 2:& (1I1Ba.18 Portulacaceae).
R47.315. Portulacaceae J& 15 H. R (IIBa.18; 2/1)
Excluding Talinum (R47.314).
R47.317. Cactaceae fill AR} (4)
Cereus 7NFAFEJE, Epiphyllum Z1¢JE, Hyloce-
reus BRXJNE, and Opuntia IWAEE (Wu
et al. 2010).

S. Asteranae %t B
S48. Cornales 1112584 B

*S48.318. Nyssaceae BEA R}

$48.320. Hydrangeaceae /\flli{t (4fiEk) & (2)
1IBa.53 Saxifragaceae pro parte [Deutzia 1%
bi/Band Hydrangea (including Cardiandra,
Pileostegia, and Schizophragma) )\MI{£E (De
Smet et al. 2015)].

$48.324. Cornaceae LIZKBER} (11Ba.105: 4/2)
Cornus (including Benthamidia and Swida) 111
2K 4 J&; including 11Ba.104 Alangiaceae (Alan-
gium J\FWE); excluding Aucuba (S52.351)
and Helwingia (S58.391).

S49. Ericales -5 1E B

$49.325. Balsaminaceae JELfI{t &} (= 11Ba.73)

#$49.329. Polemoniaceae £, (1. 7) &l

$49.330. Lecythidaceae E#EHt (= 11Ba.97)

$49.332. Pentaphylacaceae T 5| A%t (5)
1IBa.45 Theaceae pro parte (Adinandra ¥
B, Anneslea 3<33)&, Cleyera ALk LI, Eurya
WARJE, and Ternstroemia [EHEE).

$49.333. Sapotaceae 111 fE%} (= 11Ba.114)

$49.334. Ebenaceae ¥ Bl (= 1IBa.115)

$49.335. Primulaceae ¥j%/EH} (11Ba.112; 5/8)
Androsace BB, Lysimachia (including
Anagalis; Manns and Anderberg 2009) 2k
SR8, Primula #EE B, and Stimpsonia i ] H
J&; including 11Ba.111 Myrsinaceae (Ardisia %%
&V &, Embelia BEAWE, Maesa \LETL)E,
and Myrsine TT1CJ&).

$49.336. Theaceae Z% &} (IIBa.45; 9/4)
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Camellia W58, Gordonia KEEZKJE, Pyr-
enaria 55758, and Schima AR J&; exclud-
ing S49.332 Pentaphylacaceae (Adinandra,
Anneslea, Cleyera, Eurya, and Ternstroemia)
$49.337. Symplocaceae K AF} (= 11Ba.117)
$49.338. Diapensiaceae H 1 F} (= 1Ba.108)
$49.339. Styracaceae R E &R (= 11Ba.116)
$49.342. Actinidiaceae FBHEHL R (= 11Ba.44)
$49.345. Mitrastemonaceae {5 (IfEE55E) Bt (1)
Mitrastemon W5 & (I1Ba.43: Rafflesiaceae).
$49.346. Ericaceae SR} (11Ba.110; 6/11)
Including 11Ba.109 Pyrolaceae (Cheilotheca 7K
Eul B, Chimaphila %438, Moneses 1L
JEFEHLE, Monotropa $5KAEJ&, and Pyrola
JEE B 8 ).

S50. Icacinales 5284 B
$50.348. Icacinaceae 2K 948} (1IBa.78; 3/1)
Nothapodytes [B44611)E; excluding Gom-
phandra (S58.388) and Gonocaryum (S58.389).

S51. Metteniusales 7K 181+ B

S52. Garryales 4/4%1¢ B
*$52.350. Eucommiaceae #L{ &t
$52.351. Garryaceae /45 E R} (1)
Aucuba BREEIIE (1I1Ba.105 Cornaceae).

S53. Gentianales #EffE B
$53.352. Rubiaceae ¥ HL %} (I[Ba.123; 38/46)
Argostemma KSR &, Canthium FNEARE,
Cephalanthus AR, Coptosapelta TN
B8, Damnacanthus RA-1E/E, Dentella /)
FHJH, Diodia SHINEE, Galium FAIRELIE,
Gardenia ¥HV&J8, Geophila HALE 8, Guet-
tarda FIETEARE, Hedyotis B 58, Ixora Al
FHEE, Knoxia #IKE)E, Lasianthus FEPR
1IJ&, Litosanthes i AJE, Mitchella )%
I, Mitracarpus Z%LRE (Ling and Chen
2013), Morinda FFRBR)E, Mussaenda £ 24>
168, Neanotis ¥ H 58, Neonauclea H1~ 5
J&, Nertera {FFE2 58, OldenlandiopsistiH-
EJE (Jung et al. 2011), Ophiorrhiza TEAR &
(including Hayataella; Nakamura et al. 2006),
Paederia ¥RBEE, Pavetta V§KJE, Psycho-
tria VEIARE, Randia VE¥ERE, Richardia
BB JE, Rubia PEELJE, Serissa WK B
(Wu et al. 2010), Sherardia BEiHHEE (Wu
et al. 2010), Sinoadina K%\, Spermacoce
B EREE (includng Hemidiodia in Wu
et al. 2010), Tarenna BKAMEES, Timonius H
KRIE, Tricalysia FVEAF8, Uncaria $7JE,
and Wendlandia 7K 8718 &; including 11Ba.103
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Theligonaceae (Theligonum ¥84t% J&). Based
on Neupane et al. (2015), the genera Dimetia
VMR IR JE (F#t), Exallage & EH % JE (Fiikt),
Leptopetalum NKH-%JE (¥i#t), Oldenlandia
BEMLERE (FTHt), and Scleromitrion W 5B
are segregated from the Taiwanese species of
Hedyotis (Hsu and Chen 2017).

S$53.353. Gentianaceae HEMERL (11Ba.120; 7/7)
Including Fagraea K& (IIBa.119 Logani-
aceae); excluding Nymphoides (559.400).

S53.354. Loganiaceae F5#5%t (11Ba.119; 6/4)
Excluding Fagraea (S53.353) and Buddleja
(§57.371).

S$53.356. Apocynaceae #&FTHER} (11Ba.121; 10/24)
Alyxia  ZERBRIE,  Anodendron  SRBJE,
Cerberalti®5 RIE, Holarrhena LIRS,
Melodinus \WF& &, Parsonsia CXREEE, Rau-
volfia HEFNKJE, Tabernaemontana FSEFAE
B, Trachelospermum#& A8, Urceola (includ-
ing Ecdysanthera) K25 BJ&; adding Alstonia
HIRMB (Wu et al. 2010) and Catharanthus
EHWE (Vinca in Wu et al. 2010); includ-
ing 11Ba.122 Asclepiadaceae (Asclepias 932
B\, Cryptolepis VE{kBEE, Cynanchum 4%
JBJE, Dischidia JAAE)JE, Dregea 1B
&, Gymnema EUBEJE, Heterostemma i
BB, Hoya BRHIJE, Jasminanthes AL,
Marsdenia “F-53¢)R, Telosma WEALE, and
Tylophora W& J&).

S54. Boraginales ¥ % B (sensu Luebert et al. 2016)

S54.357. Boraginaceae X %%} (11Ba.126; 12/8)
Bothriospermum #%-T5JE, Cynoglossum
IS HLR, Lithospermum 55L&, Thyrocar-
pus JEREE, Trichodesma RHJE, and
Trigonotis Wi %L)JE; adding Myosotis 7] 5
B (Wu et al. 2010) and Symphytum FEHH
B (Wu et al. 2010); excluding S54.357B Cold-
eniaceae (Coldenia), S54.357C Cordiaceae
(Cordia), S54.357D Ehretiaceae (Carmona and
Ehretia), and S54.357E Heliotropiaceae (Helio-
tropium and Tournefortia).

$54.357B. Coldeniaceae £ RH Rl (1)
Coldenia * R/ (11Ba.126 Boraginaceae).
$54.357C. Cordiaceae B #1 7%t (1)
Cordia 17T /& (IIBa.126 Boraginaceae).
$54.357D. Ehretiaceae /Z 5%} (1)
Ehretia  (including  Carmona) |JE7%151 /8
(I1Ba.126 Boraginaceae).
S54.357E. Heliotropiaceae XT38} (1)
Heliotropium (including Tournefortia) R3¢
J& (I1Ba.126 Boraginaceae).
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S$55. Vahliales #%4t B

S56. Solanales 7 B

$56.359. Convolvulaceae it {£ 8 (= 11Ba.124)
$56.360. Solanaceae 7} (= 11Ba.130)
$56.362. Sphenocleaceae # A5 (JiifE) &
(= [1Ba.142A)
S$56.363. Hydroleaceae HJ: k%t (1)
Hydrolea XJTH.J& (IIBa.125 Hydrophyl-
laceae)

S57. Lamiales JE/Z B

§57.366. Oleaceae AR} (= 11Ba.118)

S57.369. Gesneriaceae 77 £ & £+ (= [1Ba.134)

$57.370. Plantaginaceae HLBI &} (11Ba.138; 1/16)
Plantago HHIJE; including 11Ba.128 Calli-
trichaceae (Callitriche K555 8) and 11Ba.131
Scrophulariaceae pro parte [Antirrhinum 4 £
HiJE (Chen and Wang 2014), Bacopa &=
&, Deinostema 38, Digitalis B35 )8,
Dopatrium WHREJE, Ellisiophyllum W85
&, Hemiphragma R AL, Limnophila £k
)8, Mecardonia 18K 5 &, Microcarpaea
WMREE, Scoparia YT HFIE, Stemodia (%
4 {LJE; Liang et al. 2011), Veronica BUE4NJE,
and Veronicastrum HE/K ¥ E].

S$57.371. Scrophulariaceae % 2:%} (11Ba.131; 26/3)
Scrophularia (% 2:J&); including Buddleja
398 (11Ba.119 Loganiaceae) and I1Ba.137
Myoporaceae (Myoporum 7% 5 8% J&); exclud-
ing S57.370 Plantaginaceae pro parte (Bacopa,
Deinostema, Digitalis, Dopatrium, Ellisiophyl-
lum, Hemiphragma, Limnophila, Mecardonia,
Microcarpaea, Scoparia, Veronica, and Veroni-
castrum), S57.373 Linderniaceae (Legazpia,
Lindernia, and Torenia), S57.384 Mazaceae
(Mazus), S57.385 Phrymaceae (Mimulus),
S57.386 Paulowniaceae (Paulownia), and
S57.387 Orobanchaceae pro parte (Alectra,
Centranthera, Euphrasia, Pedicularis, Phthei-
rospermum, Siphonostegia, and Striga).

S57.373. Linderniaceae £ 5 %} (4)

[IBa.131 Scrophulariaceae pro parte [Legazpia
=B, Lindernia FFEJE, Micranthemum
E¥RELE (Hsu et al. 2016a), and Torenia {33t
BRAAJER].

*$57.376. Pedaliaceae HHFK (ZX#K) &

$57.377. Acanthaceae B3 AR} (11Ba.133; 15/20)
Adding Asystasia T &35/E (Wu et al. 2010),
Nelsonia ¥ T H#.J& (Wang et al. 2016), and
Thunbergia BMATESE (Wu et al. 2010); includ-
ing Avicennia WA JE (11Ba.127 Verben-
aceae).
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S57.378. Bignoniaceae %@ #} (= 11Ba.132)

§57.379. Lentibulariaceae 328l (= 1I1Ba.136)

§57.382. Verbenaceae & #fi R} (1IBa.127; 11/5)
Lantana S5% 5} 8, Phyla W% 8, Stachytar-
pheta KRIGHEE, Verbena IHHiHL)R; adding
Duranta BB (Wu et al. 2010); excluding
Avicennia (S57.377) and S57.383 Lamiaceae pro
parte (Callicarpa, Caryopteris, Clerodendrum,
Premna, Sphenodesme, and Vitex).

§57.383. Lamiaceae (= Labiatae) EER

(IIBa.129; 36/43)
Including 1IBa.127 Verbenaceae pro parte
[(Callicarpa RI%JE, Caryopteris 58, Clero-
dendrum WGIMNE LB, Premna FHRAKE,
Sphenodesme HHBRIE, Tectona AR (Wu
et al. 2010), and Vitex H: 77 /& ].

S57.384. Mazaceae JB R 5 &} (1)
Mazus BIEH B (11Ba.131 Scrophulariaceae)

S57.385. Phrymaceae Bl 5 5 (3% H &) B (3)
Erythranthe (= Mimulus; Barker et al. 2012) 7
IR4% 8 (11Ba.131 Scrophulariaceae), Peplidium
1518 (Hsu et al. 2016b), and Phryma Hli5¢
HJE (Jung et al. 2005).

S57.386. Paulowniaceae YA} (1)
Paulownia 7 J& (IIBa.131 Scrophulariaceae).

S57.387. Orobanchaceae %1 & #t (11Ba.135; 4/14)
Aeginetia WIIKJEB, Boschniakia WHEFY)E,
Christisonia REF9K/E, Orobanche ¥\ &;
adding Phacellanthus ¥ f&{£J& (Chung et al.
2010b); including IIBa.131 Scrophulariaceae
pro parte [Alectra B8, Centranthera
168, Euphrasia WEHE, Lathraea s
J& (Chung et al. 2010a), Melampyrumli & 4%
J& (Chen and Wang 2009), Pedicularis 55t
J&, Phtheirospermum ¥A & &, Siphonostegia [
1T% 8, and Striga N4 8.

S58. Aquifoliales %7 H

$58.388. Stemonuraceae fEA (FH&RA) & (1)
Gomphandra EEEAKE (11Ba.78 Icacinaceae)
$58.389. Cardiopteridaceae ‘0 F R E (1)
Gonocaryum 1 & (11Ba.78 Icacinaceae)
S58.391. Helwingiaceae 7 #: 2%} (1)
Helwingia 75 %¢ % & (11Ba.105 Cornaceae)
S$58.392. Aquifoliaceae &7 B (= 1IBa.74)

S59. Asterales %5 B

$59.394. Campanulaceae #5#f% (= 1IBa.142)
$59.400. Menyanthaceae HEZ2RL (1)

Nymphoides #3528 (11Ba.120 Gentianaceae)
$59.401. Goodeniaceae ELiFMF} (= 11Ba.143)
S59.403. Asteraceae (= Compositae) 268 (=
[[Ba.144)
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S60. Escalloniales 7 i (T HFR) B
S61. Bruniales #5¥k1t B
S62. Paracryphiales Z#i 1t (#E{t) B

S63. Dipsacales )I| 4& i B

$63.408. Adoxaceae BAF /LR (2)
[1Ba.139 Caprifoliaceae pro parte (Sambucus
2B ARE and Viburnum 3% 8).

$63.409. Caprifoliaceae &4t (11Ba.139; 4/6)
Abelia 7NTEARJE and Lonicera 2.4 8; includ-
ing 11Ba.141 Dipsacaceae (Scabiosa 1114 J&)
and IIBa.140 Valerianaceae (Patrinia HUEEJE,
Triplostegia ¥ 2:&, and Valeriana %% J&);
excluding S63.408 Adoxaceae (Sambucus and
Viburnum).

S64. Apiales #{/ B

S64.413. Pittosporaceaef il (= 11Ba.54)

S64.414. Araliaceae LI} (11Ba.106; 10/11)
Including Hydrocotyle RiEH¥£JE (11Ba.107
Umbelliferae).

S64.416. Apiaceae (=

(IIBa.107; 18/18)
Adding Foeniculum TH&E (Wu et al. 2010);
excluding Hydrocotyle (S64.414).

Umbelliferae) #ERH

Additional file

Additional file 1: Appendix S1. List of seed plant genera of Taiwan and
their familial classification under the Phylogenetic Classification of Seed
Plants of Taiwan.
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