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Abstract. Pollen morphology of four species belonging to four genera of the tribe Cymbarieae and two species of Lindenbergia of the
tribe Lindenbergieae (Orobanchaceae) was studied using light and scanning electron microscopy. Pollen grains in Lindenbergieae
are 3-colporate (rarely 2-colporate), prolate, spheroidal and oblate-spheroidal, small-sized, with reticulate exine sculpture.
Pollen grains in Cymbarieae are 3-colpate, rarely 4-colpate, prolate, spheroidal and oblate-spheroidal, medium-sized. Exine
sculpture in Cymbarieae is retipilate and rugulate-retipilate. Pollen characters of Cymbarieae and Lindenbergieae are compared
with pollen patterns in Paulowniaceae and crown clades of Orobanchaceae. The earliest-branching clade of Orobanchaceae
(Lindenbergieae) is palynomorphologically similar to Paulowniaceae (the clade sister to all Orobanchaceae) and to Wightia.
These palynomorphological findings confirm the phylogenetic patterns recently revealed in basal Orobanchaceae and their
closest relatives. It is concluded that the colporate (most probably 3-colporate) type of pollen grains could be ancestral in
Orobanchaceae. Pollen diversity in crown clades of Orobanchaceae evolved on the base of a few pollen types and subtypes, which
were peculiar to hypothetical ancestors of Orobanchaceae and are probably preserved in the extant taxa of Paulowniaceae and
Lindenbergieae.

Keywords: Cymbarieae, Lindenbergieae, Orobanchaceae, pollen evolution, pollen morphology, phylogeny, taxonomy

Introduction The genus Lindenbergia Lehm. is represented by
non-parasitic taxa and includes 12— 15 species occurring
its current circumscription includes six or seven genera mhostlyhm tr(;lplcal r;:glons},l from n:r.the?Stiné _Afnﬁa
and ca. 14 species of root hemiparasites (Fischer, 2004; t roug southern an §out eastern Asia (including the
Bennett, Mathews, 2006; Reveal, 2012; McNeal et al., | Himalayas) to Philippines (Mabberley, 1997; Stevens,

2013; Olmstead, 2016). The genera currently included in 2001—0nv.vards; Flscher, 2004; Olmstead, 2016). )

the tribe are Bungea C.A. Mey. (2 species, southwestern In earlier variants of thﬁ,’ system of A.L. Takhtajan
and Central Asia and China), Cymbaria L. sensu lato (1987, 19_97) the .mentloned. genera  Schwalbea,
(4 species, southeastern Europe, Central and eastern Bungea, Siphonostegia, Cymbaria, and Monochasma

Asia; many authors also include here Cymbochasma were included (with many other genera) in the tribe

(Endl.) Klokov & Zoz), Lesquereuxia Boiss. (1 species, Rh{nantheqe Lam. & DC. of Scrop @ular taceae subfam.
. . oo . . . Rhinanthoideae. In the latest version of his system,

L. syriaca Boiss. & Reut. = Siphonostegia syriaca (Boiss. Takhtai 200 laced  th Sehwalb

& Reut.) Boiss., Eastern Mediterranean; most probably a taja.m ( 9), placed the genera we wa e.a,

nested in Siphonostegia: see McNeal et al., 2013), Cymbaria (including Cymbochasma), Siphonostegia,

Monochasma Maxim. ex Franch. & Sav. (4 species, East éesqger?uxza, IB””SZ;” Monotc;zasma n thed gllb_e
Asia), Schwalbea L. (1 species, S. americana L., eastern ymbarieae (also with some other genera), an eir

North America), and Siphonostegia Benth. (2 species: ?ml}lllal ar;c(l)gzbfe.lmllhzl Ic)ila.cerrgnt;err.lamed. the same:
S. chinensis Benth. and S. laeta S. Moore, East Asia; Slshc elrb ( (,)’ HZC u' ed m | )(;m arzege le hgenera.
or 3 species, if S. syriaca is included) (Fischer, 2004; chwalbea, Cymbaria  (including  Cymbochasma),

Bennett, Mathews, 2006; Takhtajan, 2009; McNeal Sip honost?gia, Lesquereuxiq, ?ungea, and Mgnochasmq.
et al., 2013; Olmstead, 2016). Takhtajan (1987, 1997) initially placed Lindenbergia

in Scrophulariaceae subfam. Scrophularioideae trib.
© Z.M. TSYMBALYUK, S.L. MOSYAKIN, 2018 Gratioleae Benth. In 2009 he moved that genus to the

The tribe Cymbarieae D. Don (Orobanchaceae Vent.) in
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tribe Stemodieae Reveal, which was positioned in his
system close to Gratioleae, in the same subfamily. Fischer
(2004) placed Lindenbergia in Scrophulariaceae trib.
Stemodieae. Now the genus is placed in Orobanchaceae
trib. Lindenbergieae T. Yamaz. (= Lindenbergiaceae
Doweld, 2001).

Many authors studied and discussed pollen
morphology of representatives of Scrophulariaceae and
Orobanchaceae in general (Minkin, Eshbaugh, 1989),
or specifically Rhinantheae (Inceoglu, 1982; Lu et al.,
2007; Tsymbalyuk, Mosyakin, 2017), and its taxonomic
and evolutionary significance (see also Tsymbalyuk,
Mosyakin, 2013a, b; Mosyakin, Tsymbalyuk, 2015a, b,
2017 and references therein). However, there are only
a few publications reporting data on pollen of taxa now
placed in Cymbarieae; these publications provide some
data based on light and scanning electron microscopy
(Inceoglu, 1982; Minkin, Eshbaugh, 1989; Lu et al.,
2007). Pollen grains of two species (Bungea trifida and
Lesquereuxia syriaca) currently placed in Cymbarieae
were also studied using transmission electron microscopy
(Inceoglu, 1982). However, no comprehensive analysis
of palynomorphological peculiarities of Cymbarieae in
its updated phylogeny-based circumscription has been
done until now.

Prijanto (1969) provided the following information
about pollen grains of Lindenbergia: "Pollen grains
small, 3-colporate, rarely 2-colporate, oblate spheroidal
to prolate spheroidal (polar axis 12—19 pm long,
equatorial diameter 13—18 pm; apocolpium diameter
3—5 pum; exine about 0.8—1.5 um thick, sexine as thick
as nexine, reticulate”. However, no images of pollen
grains were published by Prijanto (1969). Hjertson
(1995) updated the information of Prijanto (1969) and
provided SEM images of pollen grains of L. muraria
(Roxb. ex D. Don) Briihl and L. grandiflora (Buch.-
Ham. ex D. Don) Benth. He concluded that "pollen
grains in Lindenbergia are tricolporate, oblate to prolate
in shape, with a 12—19 um long polar axis and an
equatorial diameter of 13—18 pm. The exine as well
as the sexine is about 1 pm thick, and the surface is
reticulate”.

Molecular phylogenetic evidence indicate that
Cymbarieae is one of the early-branching (basal)
lineages of Orobanchaceae, most probably its second-
branching clade, following the basalmost clade of
Lindenbergia (Orobanchaceae trib. Lindenbergicae =
Lindenbergiaceae) (McNeal et al., 2013; Cusimano,
Wicke, 2016; Schneider et al., 2016; Schneider, Moore,
2017, etc.). According to molecular phylogenetic
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studies (Bennett, Mathews, 2006; McNeal et al.,
2013), the clade of Cymbarieae is subdivided into
two subclades: one of these clades includes Bungea,
Cymbaria (including Cymbochasma), and Monochasma;
the other houses Siphonostegia (including Lesquereuxia)
and Schwalbea.

Our earlier studies and analysis of pollen morphology
in basal clades of Scrophulariaceae sensu stricto allowed
us to outline the main trends of morphological pollen
evolution in the family in its new circumscription and
to hypothesize on possible ancestral pollen types in the
group (Mosyakin, Tsymbalyuk, 2015, 2017). Because
of that, we may expect that a comprehensive analysis
of pollen morphology in early-branching clades of
Orobanchaceae could bring comparable results and shed
light on main trends of pollen evolution in that group
as well.

The purpose of the present research was to study and
analyze the morphological features of pollen grains of
representatives of Cymbarieae and Lindenbergieae in
the updated taxonomic circumscriptions of these tribes,
and to compare the pollen patterns with existing systems
and molecular phylogenetic data.

Materials and methods

Pollen of four species belonging to four genera of
Cymbarieae (Bungea, Cymbaria, Cymbochasma, and
Siphonostegia) was sampled in the National Herbarium
of Ukraine (KW — herbarium of the M.G. Kholodny
Institute of Botany, National Academy of Sciences of
Ukraine, Kyiv, Ukraine). Pollen grains of two species
of Lindenbergia were sampled in the herbarium of the
Missouri Botanical Garden (MO; St. Louis, Missouri,
USA). Data of the studied specimens are cited
exactly according to the label information, in English
translation and in original languages.

In general, the methods used in the present study
are essentially the same as those we used earlier (see
Mosyakin, Tsymbalyuk, 2015a, b, 2017). Pollen
morphology was studied using light microscopy and
scanning electron microscopy. For light microscopy
studies (LM, Biolar, x 700), the pollen was acetolyzed
following Erdtman (1952). For size determinations,
20 measurements were taken along the polar (P) and
equatorial (E) axes for each species. For scanning
electron microscopy (SEM, JSM-6060LA), pollen
grains were treated with 96%-ethanol, then these
samples were sputter-coated with gold and investigated
at the Center of Electron Microscopy of the

Ukr. Bot. J., 2018, 75(2)



M.G. Kholodny Institute of Botany. The micrographs
were minimally edited with Adobe Photoshop 6.0 to
enhance the images.

Terminology used in descriptions of pollen grains
mainly follows the glossaries by Tokarev (2002) and Punt
et al. (2007) with some necessary minor adjustments.

General description of pollen grains

Lindenbergieae

Pollen grains in monads, radially symmetrical,
isopolar, 3-colporate (rarely 2-colporate, according
to Prijanto, 1969), prolate, spheroidal or oblate-
spheroidal; mainly small-sized: P = 13.3—18.6 um
(12—19 pm, according to Prijanto, 1969), E = 13.3—
18.6 um. Outline in polar view 3-lobate, in equatorial
view elliptical or circular. Colpi long, narrow, 1.3—
2.7 pm wide, with mainly indistinct (sometimes
distinct) more or less strict margins, with acute ends.
Endoapertures mainly indistinct, circular, 2.4—
2.7 um long and wide. Exine 0.7—1.6 pm. Tectum
nearly equal to infratectum. Columellae indistinct or
distinct, thin, or exine layers invisible. Exine sculpture
reticulate. Colpus membrane smooth.

Cymbarieae

Pollen grains in monads, radially symmetrical,
isopolar, mainly 3-colpate, rarely 4-colpate, prolate,
spheroidal, or oblate-spheroidal. The outlines in
equatorial view elliptical or circular, in polar view
sub-circular, circular, and sub-triangular; medium- or
large-sized: P =22.6—47.9 um (up to 50 um, according
to Lu et al., 2007), E = 25.3—43.9 um. Colpi long or
medium-length, narrow, medium-width to wide, 1.3—
6.6 um wide, with indistinct, uneven margins, and
blunt, acute, or indistinct ends. Exine 0.7—3.3 pm.
Tectum nearly equal to infratectum, columellaec mainly
indistinct or thin and arranged more or less regularly.
Exine sculpture retipilate, rarely rugulate-retipilate.
Capita (pila heads) arranged in circle in most or all
regions of pollen surface. Caput of pila 0.16—0.67 um
(up to 0.90 pm, according to Lu et al., 2007). Colpus
membrane granulate.

Pollen types and subtypes

Based on their aperture types, pollen grains of the
studied species belong to the same basic pollen types.
The second type (3-colpate) contains four subtypes
segregated according to their exine sculpture, pollen
size, details of colpi, and thickness of the exine.
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Type I — 3-colporate

Sculpture reticulate.

P=13.3-18.6 um, E=13.3—18.6 um.

Colpi long, narrow, 1.3—2.7 um wide, with acute
ends.

Endoapertures mainly indistinct, circular, 2.4—2.7
pum long and wide.

Exine 0.7—1.6 um. Lindenbergia philippensis,
L. sinaica.

Type II — 3-colpate

Subtype 1. Sculpture retipilate. Caput of pila 0.17—
0.33 um.

P =38.6—47.9 um, E = 34.6—43.9 um.

Colpi long, medium-width, 2.4—3.3 um wide, ends
acute.

Exine 1.3—3.3 um. Bungea trifida.

Subtype 2. Sculpture retipilate and rugulate-
retipilate. Caput of pila 0.41—0.67 pum.

P =37.2-47.9 ym, E = 33.2—42.6 um.

Colpi medium-length, wide, 4.0—6.6 pm wide, ends
blunt, sometimes acute.

Exine 1.6—2.7 um. Cymbaria dahurica.

Subtype 3. Sculpture retipilate. Caput of pila 0.17—
0.25 ym.

P =29.3-33.2 um, E = 30.6—35.9 um.

Colpi medium-length, medium-width, 2.7—5.3 um
wide, ends blunt, indistinct.

Exine 0.7—1.3 um. Cymbochasma borysthenica.

Subtype 4. Sculpture retipilate. Caput of pila 0.16—
0.25 pm.

P =22.6-29.3 um, E =25.3-29.3 um.

Colpi long, narrow, 1.3—2.4 pm wide, ends blunt.

Exine 1.3—2.4 um. Siphonostegia chinensis.

Descriptions of pollen grains

Genus Lindenbergia Lehm.

Lindenbergia philippensis (Cham.) Benth. (Fig. 1,
a—c; Fig. 4, a—d)

LM. Pollen grains 3-colporate, oblate-spheroidal
and spheroidal, occasionally prolate, in polar view
3-lobate, in equatorial view elliptical and circular. P =
13.3—17.3 um, E = 14.6—18.6 um. Colpi long, narrow,
1.3—2.7 um wide, with indistinct (some distinct) more
or less strict margins, tapering to acute ends; colpus
membrane smooth. Endoapertures indistinct, circular,
2.4-2.7 ym wide, 2.4—2.7 um long. Mesocolpium =
9.3—10.6 um, apocolpium = 2.7—4.0 (5.3) um. Exine
1.1—1.6 um thick. Tectum nearly equal to infratectum.
Columellae indistinct or distinct, thin. Exine sculpture
indistinct or distinct, microreticulate.
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SEM. Sculpture reticulate. Colpus membrane

smooth.
Specimen investigated: Philippines; Mountain
Province; Bontoc Municipality; Bontoc territory;

Caluttit; 17°05’' N, 120°58" E; 1000 m elev. 17 November
1982. C.C. Bodner. No 131 (MO).

Lindenbergia sinaica Benth. (Fig. 1, d—f; Fig. 4, e—h)

LM. Pollen grains 3-colporate, prolate and
spheroidal, occasionally oblate-spheroidal, in polar
view 3-lobate, in equatorial view elliptical and circular.
P = 14.6—18.6 um, E = 13.3—17.3 um. Colpi long,
narrow, 2.0—2.4 um wide, with indistinct (occasionally
some distinct) more or less strict margins, tapering to
acute ends; colpus membrane smooth. Endoapertures
indistinct, more or less circular, 2.7 um wide, 2.4—
2.7 um long. Mesocolpium = 7.9—10.6 pm, apocol-
pium = 4.0 um. Exine 0.7—1.1 um thick, exine layers
invisible. Exine sculpture indistinct, foveolate.

SEM. Sculpture reticulate. Colpus membrane
smooth.

Specimen investigated: [Ethiopia]. About 150 km.
SW of Assab [Eritrea], along road to Kombolcha
[Ethiopia]. Alt.: 400 m. Dry, rocky slope. 18.1 1966.
W. de Wilde. No 9771 (MO).

Genus Bungea C.A. Mey.

Bungea trifida (Vahl) C.A. Mey. (Fig. 2, a—c; Fig. 5,
a—d)

LM. Pollen grains 3-colpate, prolate and occasionally
spheroidal, in polar view sub-triangular and/or circular,
in equatorial view elliptical and circular. P = 38.6—
47.9 um, E=34.6—43.9 um. Colpilong, medium-width,
2.4-3.3 pym wide, with indistinct, uneven margins,
tapering to more or less acute or indistinct ends; colpus
membrane granulate. Mesocolpium = 26.6—34.6 um,
apocolpium = 6.6—13.3 um. Exine 1.3—3.3 um thick.
Tectum nearly equal to infratectum. Columellae
invisible. Exine sculpture indistinct, microreticulate.

SEM. Sculpture retipilate. Caput of pila 0.17—
0.33 um. Colpus membrane granulate.

Specimens investigated: 1. Armenian SSR [now
Armenia], Vedi District [now in Ararat Province],
right slope of the Vedi River, between Azizkend and
Daynaz villages, phrygana. 27.V 1960. A. Takhtajan, E.
Gabrielian, L.I. Mulkijanian (KW) [Label in Russian:
ApMm. CCP, BenuHckuil p-H, npasblii 60pT p. Beau,
c.c. AsmskeHn X [laitHas, ¢pwurana. 27.V 1960.
A. Taxragxsan, 9. Tabpuanan, JI.U. MynkumkaHsaH].
2. Turkey. B 10 Kars: Pamuk Dag, 20 km from Igdir to
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Dogubayazit. 1600 m. Pastures. Perennial. Flower flava
[sic!]. 30 May 1966. Davis, No 43867 (KW).

Genus Cymbaria L.

Cymbaria dahurica L. (Fig. 2, d—f; Fig. 5, e—h)

LM. Pollen grains 3-colpate, prolate and occasionally
oblate-spheroidal, in polar view sub-triangular, in
equatorial view elliptical. P =37.2—47.9 um, E = 33.2—
42.6 um. Colpi medium-length, 4.0—6.6 pm wide, with
indistinct, uneven margins, tapering to blunt, sometimes
acute ends, colpus membrane smooth and granulate.
Mesocolpium = 26.6—33.2 um, apocolpium = 10.6—
19.9 pm. Exine 1.6—2.7 um thick. Tectum nearly equal
to infratectum. Columellae indistinct. Exine sculpture
indistinct, sometimes distinct, microreticulate.

SEM. Sculpture retipilate and rugulate-retipilate.
Caput of pila 0.41-0.67 um. Colpus membrane
granulate.

Specimens investigated: 1. Khakassian Autonomous
Region [now Republic of Khakassia, Russian
Federation], Altai District, near Ochury village.
Southern rocky slope, fine-turfgrass steppe. 30 June
1969. A. Koroleva (KW) [Label in Russian: Xakacckast
aBT. 001., AnTaiickuii p-H, okp. ¢. Ouypbl. FOxHBII
KaMEHMCTBI CKJIOH, MEJIKO-ICPHOBUHHAS CTellb.
30.VI 1969. A. Koponesa]. 2. Transbaikalia [now
Zabaykalsky Krai, Russian Federation]. On dry
mountain slopes and in steppes near Nerchinsk,
abundant. June 1898. Coll. Gubelman and Migunov
(KW) [Label in Russian: 3a6aiikanbe. Ha cyxux
CKJIOHAXTOP U B CTETISIX 0K0JI0 HepunHCcKa B M1300MIMH.
Hionb 1898; Cobp. Iy6eabman u MuryHos|.

Genus Cymbochasma (Endl.) Klokov & Zoz

Cymbochasma borysthenica (Pall. ex Schlecht.)
Klokov & Zoz (Cymbaria borysthenica Pall. ex Schlecht.)
(Fig. 3, a—c; Fig. 5, i—I)

LM. Pollen grains 3-colpate, occasionally 4-colpate,
oblate-spheroidal, in polar view sub-circular, in
equatorial view elliptical. P =29.3—33.2 um, E = 30.6—
35.9 um. Colpi medium-length, medium-width, 2.7—
5.3 um wide, with indistinct, uneven margins, tapering
to blunt, indistinct ends, colpus membrane smooth
and granulate. Mesocolpium = 22.6—26.6 um,
apocolpium = 6.6—9.3 um. Exine 0.7—1.3 pm thick.
Tectum nearly equal to infratectum. Columellae
indistinct. Exine sculpture indistinct, sometimes
distinct, microreticulate.

SEM. Sculpture retipilate. Caput of pila 0.17—
0.25 um. Colpus membrane granulate.
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Fig. 1. Pollen grains of Lindenbergia (scanning electron microscopy): a—c — L. philippensis, d—f — L. sinaica; a — polar and
equatorial view; e — equatorial view; b—d, f — reticulate exine sculpture
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Fig. 2. Pollen grains of Bungea and Cymbaria (scanning electron microscopy): a—c — B. trifida; d—f — C. dahurica; a, e —
equatorial view; b, ¢ — retipilate exine sculpture; d, f — rugulate-retipilate exine sculpture
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Fig. 4. Pollen grains of Lindenbergia (light microscopy): a—d — L. philippensis; e—h — L. sinaica; a, b, e, f — equatorial view;

¢, d, g, h — polar view. Scale bars: 10 um

Specimens investigated: 1. Ukrainian SSR [now
Ukraine], Kherson Region, Kakhovka District,
between Lvovo [Lvove] and Kozatskoye [Kozats'ke]
villages, slopes of a large ravine of western exposition,
petrophilic steppe area, on limestone. 24 April 1972.
B.V. Zaverukha, No. 058169 (KW) [Label in Russian:
YCCP, Xepconckasi o6i1., KaxoBckuii p-H, MexXiIy
ceramu JIbBoBo — Ko3zaikoe, CKIOHBI OOJBIIONM
OaJKyi 3amagHOKM HSKCIIO3ULMM, CTEIMHON Yyd4acTOK
neTpoUIbHOIO X-pa, Ha u3BecTHsKax. 24.1V 1972.
b.B. 3aBepyxa. No 058169]. 2. [Ukraine] Mykolayiv
Region, Snigurivka town, limestone slopes at the
Ingulets River. 20 April 1972. L. Krytzka, No. 040211
(KW) [Label in Ukrainian: MukonaiBcbka o007I.,
M. CHirypiBKa, BaIlHSIKOBi CXuiau Ha p. IHryIenp.
20.1V 1972. JI. Kpuiiska. Ne 040211].

Genus Siphonostegia Benth.

Siphonostegia chinensis Benth. (Fig. 3, d—f, Fig. 5,
m—p)

LM. Pollen grains 3-colpate, oblate-spheroidal,
spheroidal, occasionally prolate, in polar view circular,
in equatorial view circular. P = 22.6—29.3 uym, E =
25.3—29.3 um. Colpi long, narrow, 1.3—2.4 um wide,
with indistinct, uneven margins, tapering to blunt ends,
colpus membrane granulate. Mesocolpium = 18.6—
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22.6 um, apocolpium = 5.3—9.3 pym. Exine 1.3—2.4 um
thick. Tectum nearly equal to infratectum. Columellae
distinct, thin, arranged more or less regularly. Exine
sculpture distinct, microreticulate.

SEM. Sculpture retipilate. Caput of pila 0.16—
0.25 pm. Colpus membrane granulate.

Specimen investigated: [Russia, Russian Far
East] Primorye Province, near Khabarovsk city, in
sands. 11 July 1910. N. Desoulavi (KW) [Label in
Latin and Russian: Herbarium Florae Rossicae.
Prov. Primorskaja, pr. urb. Chabarowsk, in arenosis.
11.VII 1910. H. lecynasu].

Original and published data on quantitative and
qualitative pollen characters of representative of
Cymbarieae and Lindenbergieae are summarized in
Tables 1 and 2.

Comparative pollen morphology of genera of
Cymbarieae and Lindenbergieae

In general, our data are in good agreement with the
results of previous studies (Inceoglu, 1982; Minkin,
Eshbaugh, 1989; Luetal., 2007). Analysis of our original
palynomorphological data and literature records
demonstrated that pollen grains of representatives of all
genera of Cymbarieae are characterized by the 3-colpate
type of apertures, mainly with retipilate sculpture
(Table 2).
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Fig. 5. Pollen grains of Bungea, Cymbaria, Cymbochasma, and Siphonostegia (light microscopy): a—d — B. trifida; e—h —
C. dahurica; i—I — C. borysthenica; m—p — S. chinensis. a, b, e, f, i, j, m, n — equatorial view; c, d, g, h, k, [, 0, p — polar view.
Scale bars: 10 pm.
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Table 1. Summary of pollen morphometric features

Taxon Polar axis | Equatorial axis | Colpi width | Mesocolpium | Apocolpium Exine (um) Reference
(um) (um) (um) (um) (um)
Lindenbergia philippensis 13.3-17.3 14.6—18.6 1.3-2.7 9.3-10.6 2.7-4.0 (5.3) 1.1-1.6 original data
Lindenbergia sinaica 14.6—18.6 13.3—-17.3 2.0-2.4 7.9—10.6 3.3-4.0 0.7-1.1 original data
Bungea trifida 38.6—47.9 34.6—43.9 24-3.3 26.6—34.6 6.6—13.3 1.3-3.3 original data
Bungea trifida 35 39 = — 7 1.1 Inceoglu, 1982
Cymbaria dahurica 37.2—-47.9 33.2-42.6 4.0-6.6 26.6—33.2 10.6—19.9 1.6-2.7 original data
Cymbaria dahurica 32.5-42.5 27.5-35.0 — - — — Lu et al., 2007
Cymbaria mongolica 37.5-50.0 30.0—40.0 — — — — Luetal., 2007
Cymbochasma borysthenica 29.3-33.2 30.6-35.9 2.7-5.3 22.6-26.6 6.6—9.3 0.7-1.3 original data
Monochasma savatieri 32.5-43.8 27.5-41.3 — — — — Luetal., 2007
Siphonostegia chinensis 22.6-29.3 25.3-29.3 1.3-24 18.6—22.6 5.3-9.3 1.3-24 original data
Siphonostegia chinensis 22.1 22.4 — - - - Minkin, Eshbaugh, 1989
Siphonostegia chinensis 22.5-30.0 23.8-32.5 - — — — Luetal., 2007
Siphonostegia syriaca 24 24 - - 11 0.8 Inceoglu, 1982
(Lesquereuxia syriaca)
Schwalbea americana 27.2 27.2 — - — — Minkin, Eshbaugh, 1989
Original data are those reported here and in 7able 2; "—" means no data reported.
Table 2. Summary of pollen morphological characteristics
Taxon Apertures Shape Polar view Colpi Colpus Exine sculpt.u re/ Reference
membrane caput of pila
Llr.u.ienberigza 3-colporate obl.ate-sphermdal, trilobate long, narrow, smooth reticulate original
philippensis spheroidal (some prolate) acute ends data
L.md.enbergta 3-colporate prolate, sphermda.ll (some trilobate long, narrow, smooth reticulate original
sinaica oblate-spheroidal) acute ends data
. . sub-triangular, | long, medium-width, retipilate, original
Bungea trifida 3-colpate | prolate (some spheroidal) circular acute ends granulate 0.17—0.33 data
, . . coarsely .. Inceoglu,
Bungea trifida 3-colpate oblate-spheroidal semi-angular long, acute ends eranulate retipilate 1982
. . prolate (some oblate- . .med1um—leng1h, reupﬂat.ei original
Cymbaria dahurica | 3-colpate . sub-triangular | wide, blunt or acute | granulate | rugulate-retipilate,
spheroidal) data
ends 0.41-0.67
. X . wide at equator and with retipilate, Luetal.,
-col 1 - 1
Cymbaria dahurica | 3-colpate subprolate sub-triangular narrow near poles granules 0.45-0.90 2007
. . . narrow, long and with retipilate, Luetal.,
Cymbaria mongolica | 3-colpate subprolate sub-triangular sunken granules 0.16—0.40 2007
3-colpate medium-length, . .
1 1
Cymbocha.sma (some oblate-spheroidal sub-circular medium-width, granulate retipilate, origina
borysthenica I 0.17-0.25 data
4-colpate) blunt, indistinct ends
Monochasma prolate, spheroidal (some . wide at equatorand | with fine retipilate, Luetal.,
L. 3-colpate . circular
savatieri oblate-spheroidal) narrow near poles granules 0.19—0.39 2007
Siphonostegia spheroidal, oblate- . long, narrow, blunt retipilate, original
3-colpat It lat:
chinensis co'pate spheroidal (some prolate) cireutar ends granuiate 0.16—0.25 data
Siphonostegia Minkin,
e . 8! 3-colpate spheroidal — — — retipilate Eshbaugh,
chinensis
1989
Siphonostegia . . wide at equator, but | with coarse retipilate, Luetal.,
chinensis 3-colpate spheroidal cireular not narrow near poles | granules 0.18—0.31 2007
Siphonostegia syriaca .
(Lesquereuxia 3-colpate rolate, spheroidal circular long, acute ends coarsely retipilate Inceoglu,
; 4 P P 5P g granulate P 1982
syriaca)
Minkin,
Schw?lbea 3-colpate spheroidal — — — retipilate Eshbaugh,
americana
1989
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Pollen grains in Cymbochasma borysthenica are
3-colpate and occasionally 4-colpate (Tsymbalyuk,
2011). They have the thinnest exine (0.7—1.3 pm)
among pollen grains of the studied species of the tribe.
Pollen grains of Cymbochasma borysthenica are smaller
as compared to pollen of Cymbaria dahurica and
C. mongolica, and also differ from species of Cymbaria
sensu stricto in the pollen shape and outline (see
Table 2). Thus, pollen characters may provide additional
evidence in favor of recognition of Cymbochasma as a
separate genus.

The two studied species of Cymbaria sensu stricto are
similar in their pollen size, shape, and outline; however,
they differ in their colpi structure and exine sculpture.
In pollen grains of Cymbaria dahurica, colpi are
medium-length, wider than in C. mongolica, and exine
sculpture is retipilate (caput of pila 0.41—0.90 pm) or
rugulate-retipilate, while C. mongolica has narrower and
longer colpi (as compared to those in C. dahurica) and
retipilate exine sculpture (caput of pila 0.16—0.40 um)
(Luetal., 2007, and original data).

In general, pollen grains of Bungea trifida and
Cymbaria mongolica (Lu et al., 2007) are similar in
their shape, outline, size, and exine sculpture; however,
Bungea trifida has colpi wider than those in C. mongolica,
and the thickest exine (1.3—3.3 um) among all studied
species.

The smallest sizes are characteristic of pollen grains
of Siphonostegia chinensis (Table 1). This species also
has the narrowest colpi among all studied species.
Columellae in all species studied here are mainly
indistinct, while in Siphonostegia chinensis those are
distinct, thin, and arranged more or less regularly.

Pollen grains of Siphonostegia syriaca (Lesquereuxia
syriaca) (Inceoglu, 1982) and S. chinensis are similar in
their shape, outline, size, exine sculpture, and length of
colpi; however, in S. syriaca the colpi ends are acute,
while in S. chinensis they are obtuse (with blunt ends).

Pollen grains of Schwalbea (Minkin, Eshbaugh,
1989) are similar to those of Siphonostegia in their
outline, size, and exine sculpture. Unfortunately, the
characters reported by Minkin and Eshbaugh (1989) are
insufficient for a more detailed comparative analysis.

The two studied species of Lindenbergia are similar
to each other in having the 3-colporate aperture
type, reticulate exine sculpture, and long and narrow
colpi. They, however, differ by the exine thickness:
in L. philippensis the exine is 1.1—1.6 um thick,
the tectum is nearly equal to the infratectum, and
columellae are indistinct or distinct, while in L. sinaica
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the exine is thinner (0.7—1.1 um thick), and exine layers
are invisible (indistinct).

Comparison of palynomorphological and molecular
phylogenetic evidence

According to molecular phylogenetic studies
(Bennett, Mathews, 2006; McNeal et al., 2013), the
clade of Cymbarieae is subdivided into two subclades.
The subclade that includes Bungea, Cymbaria,
Cymbochasma, and Monochasma is characterized by
larger pollen grains and wider colpi, as compared to the
subclade of Siphonostegia (including Lesquereuxia) and
Schwalbea.

The earliest-branching clade of Lindenbergia is
sister to the clade containing all other members of
Orobanchaceae. Small-sized 3-colporate pollen grains
with reticulate exine revealed in all studied taxa of
Lindenbergia are similarto pollen of some representatives
of Plantaginaceae, in particular, those of Gratioleae
(Tsymbalyuk, Mosyakin, 2013a, 2014; Tsymbalyuk,
2016). In our opinion, that superficial similarity does
not reflect direct phylogenetic relationships of these
taxa, but rather some recurrent patterns (plesiomorphic
characters) appearing is several clades of Lamiales.

The genus Paulownia Siebold & Zucc. is
currently placed phylogenetically as a group sister to
Orobanchaceae (Olmstead et al., 2001; Oxelman et al.,
2005; Bennet, Mathews, 2006; Schéferhoff et al., 2010;
McNeal et al., 2013). Pollen grains of Paulownia are
3-colporate, with reticulate exine (Erdtman, 1952;
Chen, 1983; Tsymbalyuk, 2014). In these characters,
Paulownia is rather similar to Lindenbergia. However,
Paulownia differ from Lindenbergia in having
small- and medium-sized pollen grains (small in
Lindenbergia), trilobate and sub-triangular in outline
(only trilobate in Lindenbergia), with distinct orae
(indistinct in Lindenbergia) and the colpus membrane
smooth and granulate (only smooth in Lindenbergia).
Some similarity with pollen of Paulownia and
Lindenbergia is also observed in pollen grains of the
phylogenetically still problematic genus Wightia Wall.
(Zhou et al. 2014), which also has 3-colporate pollen
with reticulate exine sculpture (Wei, 1989; Tsymbalyuk,
2014, 2016). However, in Paulownia and Lindenbergia
orae are circular and colpi are tapered to acute ends,
while Wightia has eliptical orae and colpi expanded to
rounded ends.

Thus, the earliest-branching clade of Orobanchaceae
(Lindenbergieae) is palynomorphologically similar to
the clade sister to all Orobanchaceae (Paulowniaceae)
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and to the currently phylogenetically unplaced (?)
genus Wightia. These palynomorphological findings
confirm the phylogenetic patterns currently revealed in
basal Orobanchaceae and their closest relatives.

Main trends of pollen evolution in early-branching
Orobanchaceae

We may conclude that the colporate (most probably
3-colporate) type of pollen grains could be ancestral
in Orobanchaceae. This type is peculiar to members
of Clade I (sensu McNeal et al., 2013) that includes
Lindenbergia (3-colporate pollen with reticulate exine
sculpture and indistinct orae). Then, the colpate
type probably evolved by reduction of orae; this type,
with retipilate exine sculpture, is characteristic of
representatives of Clade II, including Siphonostegia,
Schwalbea, Monochasma, Cymbaria, Cymbochasma, and
Bungea. A sculpture type transitional between reticulate
and retipilate exine could be the rugulate-retipilate type
observed in Cymbaria dahurica. In the large and diverse
Clade III, which includes holoparasitic members
of Boschniakia C.A. Mey. ex Bong., Xylanche Beck,
Kopsiopsis (Beck) Beck, Epifagus Nutt., Conopholis
Wallr., Mannagettaea Harry Sm., Cistanche Hoffmanns.
& Link, Diphelypaea Nicolson, Orobanche L.,
Phelipanche Pomel, and the recently resurrected genus
Aphyllon Mitch. (Schneider, 2016; Schneider, Moore,
2017), a greater diversity of aperture and exine sculpture
types and patterns is observed (Tsymbalyuk, Mosyakin,
2013b, c; Zare et al., 2014; Piwowarczyk et al., 2015;
Tsymbalyuk, 2016).

Thus, available palynomorphological data are
well consistent with the phylogenetic patterns in
early-branching Orobanchaceae (Lindenbergieae and
Cymbarieae) and their relatives, which are currently
revealed by molecular phylogenetic evidence (Bennett,
Mathews, 2006; McNeal et al., 2013). The considerable
pollen diversity in crown clades and subclades of
Orobanchaceae evolved on the base of a few pollen
types and subtypes, which were peculiar to hypothetical
ancestors of Orobanchaceae and are probably preserved
until now in the extant taxa of Paulowniaceae and
Orobanchaceae trib. Lindenbergieae.

Data on pollen morphology also confirm the updated
phylogeny-based taxonomic circumscription of
Cymbarieae as outlined by Fischer (2004) and Olmstead
(2016).

134

Acknowledgements

The authors express their gratitude to James C. Solomon,
Head Curator of the Missouri Botanical Garden Herbarium
(MO; St. Louis, Missouri, USA), Tatyana V. Shulkina, and
other staff members of MO, and to Nataliya M. Shyian, Head
Curatorofthe National Herbarium of Ukraine (KW; herbarium
ofthe M.G. Kholodny Institute of Botany, National Academy
of Sciences of Ukraine), for their cooperation and assistance
in extracting pollen samples from herbarium specimens.
Kind help and cooperation of Dmytro O. Klymchuk, Head
of the Center of Electron Microscopy, and Vitaliy I. Sapsay,
SEM operator (M.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine), is greatly appreciated. The
authors are grateful to anonymous reviewers for their detailed
review of the manuscript, valuable comments and suggestions.

REFERENCES

Bennett J.R., Mathews S. Phylogeny of the parasitic plant
family Orobanchaceae inferred from phytochrome A.
Amer. J. Bot., 2006, 93: 1039—1051.

Chen Zhiyan. Preliminary study of the pollen morphology
of Paulownia. J. Wuhan Bot. Res., 1983, 1: 144—146.

Cusimano N., Wicke S. Massive intracellular gene
transfer during plastid genome reduction in non-
green Orobanchaceae. New Phytol. 2016, 210: 680—693.
https://doi.org/10.1111/nph.13784.

Doweld A. Prosyllabus Tracheophytorum: Tentamen sys-
tematis plantarum vascularium (Tracheophyta). Moscow:
GEOS, 2001, Ixxx + 110 pp. [In Russian and English:
Hoyanbn  A.b. Prosyllabus  Tracheophytorum: onvim
cucmemwvt cocyoucmutx pacmenuii (Tracheophyta). M.:
T'EOC, 2001, Ixxx + 110 c.].

Erdtman G. Pollen morphology and plant taxonomy. Angio-
sperms. Stockholm: Almqvist & Wiksell, 1952, 539 pp.
Fischer E. Scrophulariaceae. In: The families and genera of
vascular plants. Ed. K. Kubitzki. Berlin; Heidelberg; New

York: Springer, 2004, pp. 333—432.

Hjertson M.L. Taxonomy, phylogeny and biogeog-
raphy of Lindenbergia (Scrophulariaceae). Bot. J.
Linnean Soc., 1995, 179: 265-321. https://doi.
org/10.1016/S0024-4074(95)80002-6.

Inceoglu O. Pollen grains in some Turkish Rhinantheae
(Scrophulariaceae). Grana, 1982, 21: 83—96. https://doi.
org/ 10.1080/00173138209427684.

Lu L., Wang H., Blackmore S., Li D.-Z., Dong L.-N. Pollen
morphology of the tribe Rhinantheae (Orobanchaceae)
and its systematic significances. P/ Syst. Evol., 2007, 268:
177—198. https://doi.org/10.1007/s00606-007-0562-x.

Mabberley D.J. The plant-book: a portable dictionary of the
vascular plants. Ed. 2, Cambridge: Cambridge Univ.
Press, 1997, 858 pp.

Minkin  J.P, Eshbaugh W.H. Pollen morphol-
ogy of the Orobanchaceae and  rhinanthoid
Scrophulariaceae. Grana, 1989, 28: 1—18. https://doi.
org/10.1080/00173138909431007.

Ukr. Bot. J., 2018, 75(2)


https://doi.org/10.1111/nph.13784
https://doi.org/10.1016/S0024-4074(95)80002-6
https://doi.org/10.1016/S0024-4074(95)80002-6
https://doi.org/10.1080/00173138209427684
https://doi.org/10.1007/s00606-007-0562-x
file:///F:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0/Botany%20journal/MEGA/2018-2/2-2018%20Folder/Links/Tsymbalyuk%2cMosyakin%2c%20Figure_SEM/ 
file:///F:/%d0%a0%d0%b0%d0%b1%d0%be%d1%82%d0%b0/Botany%20journal/MEGA/2018-2/2-2018%20Folder/Links/Tsymbalyuk%2cMosyakin%2c%20Figure_SEM/ 

McNeal J.R., Bennett J.R., Wolfe A.D., Mathews S. Phy-
logeny and origins of holoparasitism in Orobanchaceae.
Amer. J. Bot., 2013, 100: 971-983. https://doi.org/
10.3732/ajb.1200448.

Mosyakin S.L., Tsymbalyuk Z.M. Pollen morphology of
the southern African tribe 7eedieae, an early-branching
lineage of crown Scrophulariaceae. Willdenowia, 2015a,
45: 65—75. https://doi.org/10.3372/wi.45.45107.

Mosyakin S.L., Tsymbalyuk Z.M. Pollen morphology
of the tribes Aptosimeae and Myoporeae supports the
phylogenetic pattern in early-branching Scrophulariaceae
revealed by molecular studies. Willdenowia, 2015b, 45:
209—222. https://doi.org/10.3372/wi.45.45207.

Mosyakin S.L., Tsymbalyuk Z.M. Pollen morphology of the
tribe Hemimerideae: possible evidence of ancestral pol-
len types and parallel evolution in the basalmost clade
of Scrophulariaceae s. str. Willdenowia, 2017, 47: 15-27.
https://doi.org/10.3372/wi.47.47102.

Olmstead R.G., DePamphilis C.W. Wolfe A.D.,
Young N.D., Elisons W.J., Reeves P.A. Disintegration of
the Scrophulariaceae. Amer. J. Bot., 2001, 88: 348—361.

Olmstead R. (with the help of: D. Albach, P. Beardsley,
D. Bedigian et al.). A synoptical classification of the
Lamiales. Version 2.6.2 (updated 12 April, 2016), avai-
lable at: http://depts.washington.edu/phylo/Classifica-
tion.pdf.

Piwowarczyk R., Madeja J., Nobis M. Pollen morphology
of the Central European broomrapes (Orobanchaceae:
Orobanche, Phelipanche and Orobanchella) and its taxo-
nomical implications. Pl Syst. Evol., 2015, 301(2):
795—808. https://doi.org/10.1007/s00606-014-1117-6.

Prijanto B. The Asiatic species of Lindenbergia Lehm.
(Scrophulariaceae). Reinwardtia, 1969, 7: 543—560.

Punt W., Hoen P.P., Blackmore S., Nilsson S., Le Thom-
as A. Glossary of pollen and spore terminology. Rev.
Palaeobot.  Palynol., 2007, 143: 1-81. https://doi.
org/10.1016/j.revpalbo.2006.06.008.

Reveal J.L. An outline of a classification scheme for extant
flowering plants. Phytoneuron, 2012, 2012—37: 1-221.
Schéferhoff B., Fleischmann A., Fischer E., Albach D.C.

Borsch T., Heubl G., Miiller K.F. Towards resolving
Lamiales relationships: insights from rapidly evolving
chloroplast sequences. BMC Evol. Biol., 2010, 10: 352—

374. https://doi.org/10.1186%2F1471-2148-10-352.

Schneider A.C. Resurrection of the genus Aphyllon for
New World broomrapes (Orobanche s. 1., Orobancha-
ceae). PhytoKeys, 2016, 75: 107—118. https://doi.
org/10.3897 /phytokeys.75.10473.

Schneider A.C., Colwell A.E.L., Schneeweiss G.M.,
Baldwin B.G. Cryptic host-specific diversity among
western hemisphere broomrapes (Orobanche s. 1.,
Orobanchaceae). Ann. Bot., 2016, 118: 1101—1111.
https://doi.org/10.1093/aob/mcw158.

Schneider A.C., Moore A.J. Parallel amphitropical disjunc-
tions of a parasitic plant and its host. Amer. J. Bot., 2017,
104: 1745—1755. https://doi.org/10.3732/ajb.1700181.

Stevens P.E. Angiosperm Phylogeny Website. 2001 —onwards,
Version 14, July 2017 [and more or less continuously

Ykp. 60T. kypH., 2018, 75(2)

updated since], available at: http://www.mobot.org/MO-
BOT /research/APweb/, accessed 12.03.2018.

Tank D.C., Beardsley P.M., Kelchner S.A., Olmstead R.G.
Review of the systematics of Scrophulariaceae s. 1. and
their current disposition. Austral. Syst. Bot., 2006, 19:
289—307. https://doi.org/10.1071/SB05009.

Takhtajan A.L. Systema Magnoliophytorum. Leningrad:
Nauka, 1987, 439 pp. | Taxramxksa AJ1. Cucmema maeno-
auogumos. J1.: Hayka, 1987, 439 c.].

Takhtajan A.L. Diversity and classification of flowering plants.
New York: Columbia Univ. Press, 1997, 663 pp.

Takhtajan A. Flowering Plants. Berlin: Springer Verlag, 2009,
xlv + 871 pp. https://doi.org/10.1007/978-1-4020-9609-9 .

Tokarev P.I. Morphology and ultrastructure of the pollen grains.
Moscow: KMK Scientific Press, 2002, 51 pp. [Toka-
peB I1.1. Mopgoroeus u yaempacmpykmypa nolavuyegnix
3epen. M.: T-Bo Hayu. uzn. KMK, 2002, 51 c.].

Tsymbalyuk Z.M. Ukr. Bot. J., 2011, 68(1): 45—57. [Uumba-
moK 3.M. [lopiBHsIIbHE TTaTiHOMOP(OIOTIYHE AOCTiI-
XeHHsT aesakux poniB Orobanchaceae biaopu YkpaiHu.
Ykp. 6om. ucypn., 2011, 68(1): 45—57].

Tsymbalyuk Z.M. Ukr. Bot. J., 2014, 71(6): 660—664.
[Lumbamok 3.M. @inoreHeTUYHE IOJIOXKEHHS pPOIY
Paulownia: NopiBHSUIbHUI aHai3 najgiHoMopdosioriy-
HMX CBimueHb. Ykp. 6om. acyph., 2014, 71(6): 660—664].
https://doi.org/10.15407 /ukrbotj71.06.660.

Tsymbalyuk Z.M. Palynomorphological peculiarities of rep-
resentatives of the order Lamiales s. l.: phylogenetic sig-
nificance and main trends of evolution: Dr. Sci. Diss.
Kyiv, 2016, 449 pp. [Humbantok 3.M. [lasinomopgono-
eiuni ocobausocmi npedcmagnukie nopsoxky Lamiales s.l.:
hinoeenemuure 3HaUeHHs Ma HANPAMKU eBOAIOUIT: TUC. ...
n-pa 6ios. Hayk: creir. 03.00.05 "Boranika”, Kuis, 2016,
449 c.]. https://doi.org/10.13140/rg.2.2.17133.79843.

Tsymbalyuk Z.M., Mosyakin S.L. Atlas of pollen grains of
representatives of Plantaginaceae and Scrophulariaceae.
Kyiv: Nash Format, 2013a, 276 pp. [Lum6amok 3.M.,
Mocsxkin C.JI. Amaac nuakosux 3epen npeocmasHuKie
pooun Plantaginaceae ta Scrophulariaceae. Kuis: Ha
dbopmat, 2013a, 276 c.]. https://doi.org/10.13140/
RG.2.2.16968.11527.

Tsymbalyuk Z.M., Mosyakin S.L. Ukr. Bot. J., 2013b,
70(5): 600—609. [Llmmbanok 3.M., Mocskin C.JI.
[Maxinomopdoorist BuniB Orobanche L. subgen. Phe-
lipanche (Pomel) Tzvelev (Orobanchaceae) dnopu
Vkpaiuu. Ykp. 6om. xcypu., 2013b, 70(5): 600—609].
https://doi.org/10.15407 /ukrbotj70.05.600

Tsymbalyuk Z.M., Mosyakin S.L. Ukr. Bot. J.,2013c, 70(6):
723—731. [LHumbamok 3.M., Mocsikin C.JI. IlaniHo-
Mopdodoris BumiB Orobanche L. minmpomy Orobanche
(Orobanchaceae) bnopu Yxpainu. Vkp. 6om. oucyph.,
2013c, 70(6): 723—731]. https://doi.org/10.15407/
ukrbotj71.04.442.

Tsymbalyuk Z.M., Mosyakin S.L. Ukr. Bot. J., 2014, 71(4):
442—448. [Llumbamok 3.M., Mocskin C.JI. EBomoliii-
HO-TIaJTiIHOMOPGOIOTIUHMIT aHaITi3 IeSTKUX TPUO pOIVHU
Plantaginaceae. Ykp. 6om. scypn., 2014, 71(4): 442—448].
https://doi.org/10.15407 /ukrbotj71.04.442.

135


http://www.mobot.org/MOBOT/research/APweb/
http://www.mobot.org/MOBOT/research/APweb/
https://doi.org/10.1071/SB05009
https://doi.org/10.1007/978-1-4020-9609-9
https://doi.org/10.13140/rg.2.2.17133.79843
https://doi.org/10.3732/ajb.1200448
https://doi.org/10.3732/ajb.1200448
https://doi.org/10.3372/wi.45.45107
https://doi.org/10.3372/wi.45.45207
https://doi.org/10.3372/wi.47.47102
http://depts.washington.edu/phylo/Classification.pdf
http://depts.washington.edu/phylo/Classification.pdf
https://doi.org/10.1007/s00606-014-1117-6
http://dx.doi.org/10.1016/j.revpalbo.2006.06.008
http://dx.doi.org/10.1016/j.revpalbo.2006.06.008
https://dx.doi.org/10.1186%2F1471-2148-10-352
https://doi.org/10.3897/phytokeys.75.10473
https://doi.org/10.3897/phytokeys.75.10473
https://doi.org/10.1093/aob/mcw158
https://doi.org/10.3732/ajb.1700181

Tsymbalyuk Z.M., Mosyakin S.L. Ukr. Bot. J., 2017, 74(4):
310—325. [Humoaniok 3.M., Mocskin C.JI. IlaniHo-
MOpP®dOJIOTiYHI  0COOJMBOCTI TIPEICTaBHUKIB TpUOHU
Rhinantheae (Orobanchaceae) y CBiTIi MOJIEKYISIPHO-
dinoreHeTHYHUX naHuX. Ykp. 6om. xcypu., 2017, 74(4):
310—325]. https://doi.org/10.15407 /ukrbotj74.04.310.

Wei Zh.X. Pollen morphology of Wightia and its taxonomic
significance. Acta Bot. Yunnan., 1989, 11(1): 65-70.
[In Chinese, with English abstract].

Zare G., Donmez A.A., Donmez E.O. Pollen morphology
and evolution in the genus Orobanche L. s. 1. and its
allied genera (Orobancheae/Orobanchaceae) in Turkey.
Pl. Syst. FEvol., 2014, 300(5): 783—802. https://doi.
org/10.1007/s00606-013-0919-2.

Zhou Q.-M., Jensen S.R., Liu G.-L., Wang Sh., Li H.-Q.
Familial placement of Wightia (Lamiales). PI. Syst. Evol.,
2014, 300(9): 2009-2017. https://doi.org/10.1007/
s00606-014-1029-5.

Recommended for publication Submitted 10.02.2018

by D.V. Dubyna

Humbamok 3.M., Mocskin C.J1. I1aninomopdooriuni
0c00IMBOCTI MpeacTABHUKIB TpUO Lindenbergieae i
Cymbarieae Ta eBoIOLIs MIIKY B 02a3aIbHUX KJIaJaX
Orobanchaceae.

YKp. 60T. XypH., 2018, 75(2): 123—136.

Inctutyt 60Taniku iMm. M.I. Xonognoro HAH Ykpainu
ByJ1. TepelieHkiBebka, 2, Kui 01004, Ykpaina

3 BUKOPHMCTaHHSIM CBIiTJIOBOI Ta CKaHYBaJbHOI €JICKTPOH-
HOI MIKpOCKOTMIi JOCTiIKEeHO MOpP@OJIOrilo TMUIKOBUX
3epeH YOTUPhOX BUIIB 3 YOTUPHOX pomaiB Tpubu Cymba-
rieae Ta 1BOX BUMIB pony Lindenbergia Tpuow Lindenbergieae
(Orobanchaceae). BctaHOB/IEHO, 110 MUJIKOBI 3epHa TpUOU
Lindenbergieae 3-60po3H0-0pOBi (3pinka 2-60po3HO-0pOBi),
eJincoinanabHi, cepoinanbHi a00 CILTIONIEHO-CcdepoinaabHi
3a (hOpMOIO, APIOHMX PO3MIpIB, 3 CITYACTOIO CKYJIBIITYPOIO
ek3uHu. [Tunkosi 3epHa Tpubu Cymbarieae 3-60po3Hi, 3pin-
Ka 4-00po3Hi, efincoinaabHi, chepoinaabHi a00 CILTIOIEHO-
chepoinanbHi 3a hopmoro, cepeiHiX a00 BEJTMKUX PO3MIpiB,
3 CiT4acTO-ITaTMYKOBOI0 ab0 3MOPIIKYBaTO-CiTYaCTO-TIa-
JIMYKOBOIO CKYJIBITYPOIO €K3UHU. OCOOIMBOCTI MUIKOBUX
3epeH MpeacTaBHUKIB Tpub Cymbarieae i Lindenbergieae
MOPIiBHIOIOThCS 3 TaKUMU B Paulowniaceae i BepXiBKOBUX
knamax Orobanchaceae. bazanbHa kinama Orobanchaceae
(Lindenbergieae) 3a naniHoMopdhOJOTiYHUMHU OCOOJIUBOCTSI-
MU nofioHa 1o Paulowniaceae (ceCTpUHCBHKA KJlama J0O BCiX
Orobanchaceae) i Wightia. TlaninHoMopdosioriyHi BUCHOBKH
MiATBePIKYIOTh (hiTOTeHETUYHI 3aKOHOMIipHOCTI, $SIKi BH-
aBJieHI y OaszanbHux Orobanchaceae Ta IXHIX HaOIVKIMX
ponuuiB. 3po0JIeHO BUCHOBOK, 1110 OOPO3HO-OpOBHUil (iiMO-
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BipHO, 3-00pPO3HO-OPOBHUIA) TUI TMWJIKOBUX 3€PEH MOXe
OyTU MpenkoBuM y poauHi Orobanchaceae. Pi3HOMaHITHICTb
MMJIKOBUX 3€PEH Y BepXiBKOBUX Kiafnax Orobanchaceae eBo-
JIIOLIIOHYBAaJIa Ha OCHOBI JEKIiIbKOX TUITIB i MiATUITIB MUJIKY,
BJIACTUBMX TilIOTeTUUYHUM mpenkam Orobanchaceae; Taki
TUTHU, WMOBIpHO, 30€peryIncs B CydacHUX MPEACTaBHUKIB
Paulowniaceae Ta Lindenbergieae.

KmouoBi cioBa: Cymbarieae, Lindenbergieae, Orobanchaceae,
€BOJTIOLLISI MTUJIKY, MOP(OJIOTist TUIIKY, CUCTEMAaTHUKa,
(inoreHis
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HMucrutyt 6oTanuku uM. H.Im Xonoagnoro HAH Ykpannbt
yi. Tepemenkosckas, 2, Kues 01004, YkpanHa

C MOMOIIbIO CBETOBOWM M CKaHUPYIOUIEH 3JeKTPOHHOM
MMKPOCKOTIMA WM3YYCHBI TIBLUIBLICBBIC 3¢PHA UYETHIPEX BU-
JIOB M3 YeThipex poaoB Tpubbl Cymbarieae W NBYX BHUIOB
pona Lindenbergia Tpubnl Lindenbergieae (Orobanchaceae).
YCcTaHOBIIEHO, UTO TIBUTBIICBEIC 3¢pHA TPUOKI Lindenbergieae
3-060po31HO-0pOBbIe (M3peaKa 2-00pO3IHO-OPOBbIE), 3J-
JITICOMIAIbHBIE, CcheporTalbHble WU CIUTIOIIeHO-Che-
poupanbHble TIO0 (opMe, MEIKMX pa3MepoB, C CeTda-
TOM CKYJBITYpOi 5K3uHBI. [IblUIblieBble 3epHa TPUOBI
Cymbarieae 3-60po3nHble, uspenka 4-00po3aHbIe, DJUIUII-
coupaibHble, chepoumaabHble WM CILTIOLIEHO-C(hepou-
JajibHble 110 (opMe, CPeIHUX WM OOJBLIUX Pa3sMEpoB, C
CETYATO-MAJIOUKOBOM WJIM MOPIIMHHUCTO-CETYACTO-TaI0U -
KOBOI CKyJBNTYpOii 3K3WHBI. OCOOEHHOCTHM TBLIBLIEBBIX
3epeH mpenactaBurteneit Tpud Cymbarieae i Lindenbergieae
CpaBHMBAIOTCSI C TAKOBLIMU Y Paulowniaceae 1 TepMUHAIb-
HbIX Kian Orobanchaceae. bazanbHas Kiaga B CeMEMCTBe
Orobanchaceae (Lindenbergieae) 1o mamriHoMopdoioruye-
CKHUM OCOOEHHOCTSIM cxofHa ¢ Paulowniaceae (cecTpuHcKas
KJIajga 1o oTHoleHuto K Orobanchaceae) n Wightia. T1amu-
HoMOpP(dOJIOrnyecKre JaHHbIE OATBEPXKIAIOT (PUIOTeHETH -
YeCcKUe 3aKOHOMEPHOCTH, BBISIBICHHBIC B HACTOSIIIIEE BpEMsI
y 6azanbHbIX Orobanchaceae v X OIVKAUIIINX POICTBEHHU-
KoB. C/ieJ1aH BBIBO/I O TOM, YTO OOPO3THO-OPOBbII (BOZMOX-
HO, 3-00pO3THO-OPOBBI) THUIT TMBUIBLIEBBIX 3€PEH MOXKET
OBITh NMPEAKOBBIM B ceMelicTBe Orobanchaceae. Pa3Ho-
oOpa3sue nbLiblibl Orobanchaceae pa3BUIIOCh HA OCHOBE He-
CKOJIbKMX TUITOB Y TIOATUIIOB, KOTOPbIE ObITN CBOMCTBEHHBI
TUTTOTeTUYECKUM Tipenkam Orobanchaceae n, BEpOSITHO, CO-
XpaHWINCh Y COBPEMEHHBIX MpeacTaBuTeneil Paulowniaceae
u Lindenbergieae.

Kunrouessie cinoBa: Cymbarieae, Lindenbergieae,
Orobanchaceae, 3BOOLIMS TIbUIbLIBI, MOP(MOJIOTHUS MbLIbIIBI,
cucremMarvka, GuaoreHus
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