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ABSTRACT: Traditionally, the Oleaceae has been divided into subfamilies Oleoideae and Jasminoideae. In the

present paper, the taxonomical results so far made on the family were reviewed on the basis of palynology. The

subfamilial classification is not well supported palynoligically, because both Myxopyrum of Jasminoideae and

Comoranthus of Oleoideae having foveolate surface are well distinguished from the rest of the family having

reticulate surface. The recent subfamily Nyctanthoideae (Takhtajan, 1977) including the monotypic Nyctanthus,

was suggested to be included within the Jasminoideae although its closest relative on the palynological basis is

different from that on the molecular basis. Tribal classification systems of the Jasminoideae are not well supported

palynologically on the basis of surface character: presence or absence of bands on the mural ridge surface of the

reticulum. On the basis of palynology, tribe Forsythiae including Abeliophyllum, Fontanesia, and Forsythia is

monophyletic, and Fontanesia is well distinguished from the rest two. Korean species of Forsythia is divided

into two: Forsythia koreana group and F. ovata-nakaii-saxatilis group. Recent discovery of F. saxatilis at a

locality of F. ovata raised a question if the distinction between the two species on the basis of hairiness would be

right. In the recent molecular studies, F. saxatilis var. lanceolata seems to be identified as F. saxatilis. Molecular

studies showed that F. saxatilis (seemingly var. lanceolata or var. pilosa) is close to F. koreana. The fact in

which the molecular result showed a close relationship between F. saxatilis varieties and F. koreana, is contro-

versial to the result by floral and vegetative morphology. An intensive taxonomic study of these taxa would be

needed. 

Keywords: Oleaceae, palynology, Forsythieae, Forsythia, Myxopyrum, Comoranthus

The Oleaceae (Hoffmansegg and Link, 1813-1820) consists

of about 30 genera and 600 species. The family is characterized

by woody habits with opposite or rarely alternate (Jasminum

species) leaves; hypogynous, tetramerous, gamopetalous,

sometimes apopetalous (Fraxinus spp.) or rarely apetalous

(Forestiera and Fraxinus spp.) flowers with two or rarely four

(Hesperelaea and Tessarandra) stamens on the floral tube;

syncarpous ovary with two carpels; loculidical or septicidal

capsule, berry, drupe, schizocarp, or samara (Cronquist, 1981). 

The family is considered monophyletic based on external

morphology (Dahlgren, 1980; Green, 2004). However, the

opinion of Hutchinson (1948) is different, as he mentioned "the

family is an unnatural assemblage, and the dimerous

androecium may have misled authorities into assuming a

common origin for the taxa." He considered Fraxinus to be

more closely allied to the Sapindaceae and Ligustrum to the

Loganiaceae. Recently, a molecular systematics study based

on RPS16 and TRNL-F genes using three species of the

Verbenaceae as outgroups, supported the monophyly of the

family (Wallander and Albert, 2000).

Possibly because of Abeliophyllum, a Korean endemic genus,

and several endemic taxa of Forsythia, much attention to the

family was paid by many Korean plant taxonomists including

the present author (Lee and Park, 1982a, 1982b, 1984; Han,

1981). Since neither reviews nor critiques have been made on

these studies, there seem to be problems in which many studies

made some mistakes and confusions. An extensive palynological

study made by Han (1981) was not published and its valuable

contributions to the taxonomy of the Oleaceae have been

neglected. In this paper, the taxonomic studies of the family

with special emphasis on genus Forsythia (tribe Forsytheae)

were reviewed, the palynological results will be used to

evaluate the previous studies, and the issues awaiting solution

were be discussed.
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Taxonomic problems on the subfamilial 
classification

 The classical taxonomy of Oleaceae divided the family into

subfamilies Jasminoideae and Oleoideae (Bentham, 1876). The

system was supported on the basis of the number and attachment

of ovules and the presence of constriction at the apex of the

fruit (Knoblauch, 1895), and on the basis of chromosome number,

i.e., the Jasminoideae n = 11−14 and the Oleoideae n = 22−23

(Taylor, 1945). The subfamilial system has been followed by

many taxonomists (Johnson, 1957; Engler, 1964; Lawrence, 1970).

As Nyctanthes of the family Nyctanthaceae or the Verbenaceae

was transferred to the Oleaceae, the third subfamily Nyctanthoideae

was added (Takhtajan, 1997). However, Wallender and Albert

(2000), based on the chloroplast DNA sequences, did not support

this treatment but included Nyctanthes within tribe Myxopyreae

of subfam. Jasminoideae. They did not assign the tribes of the

subfamily Jasminoideae because it is paraphyletic in their

phylogenetic tree. It is thought that on the basis of their

phylogenetic tree, there would be no problem to accept the

subfamily Jasminoideae even though the tribes of the Jasminoideae

are paraphyletic. It is because of the matter of philosophical

issue of taxonomy, as asserted in a conservatism concept of

taxonomy in which not only monophyletic but also paraphyletic

group should be accepted as a taxonomic group (Cronquist, 1987;

Alexander, 2011). The infrafamilial systems by several authors are

summarized in Wallander and Albert (2000) and Han (2001).

Disregarding the issue whether we accept the paraphyletic

group or not, the molecular systematics study of the Oleaceae

(Wallander and Albert, 2000) well supports the preveious

treatments and the subfamilial classification except the

Nyctanthoideae of Takhtajan (1997) because Nyctanthus is

nested with Dimetra within the tribe Myxopyreae of the

subfamily Jasminoideae. According to the molecular study, the

Jasminoideae is a heterogeneous group contrast to the

homogeneous Oleoideae, and the latter was regarded be

originated from the former as suggested by an allopolyploidy

(Taylor, 1945), and a serological data (Piechura and

Fairbrothers, 1983).

Contributions of pollen morphology to 
the subfamilial classification

A pollen morphology of the Oleaceae (Han, 2001; Han et

al., 2002) was observed under the direction of the present

author. The pollen morphology of the family showed that the

aperture type is tricolpate, tricolporate or tricolporoidate, and

the surface is generally reticulate to micro-reticulate or

foveolate. Foveolate aperture type is not known within the

family (Erdtman, 1971; Kiew, 1984; Nilsson, 1988), but it was

due to limited sampling of genera. The palynological results

dealing with 52 species of 24 genera (Han, 2001) did not

support both subfamilial and tribal systems and several specific

points are discussed as follows.

The pollen morphology revealed that Myxopyrum of the

Jasminoideae and Comoranthus of the Oleoideae (Taylor, 1945;

Wallander and Albert, 2000) having foveolate surface are

closely related to each other and distinguished from the rest

of genera having reticulate to micro-reticulate surface. A

dispute might be possible, if this character is not important

enough to distinguish the infrafamilial taxa. On the basis of

the present author's short insight, however, it is suggested that

this character can be applied to evaluate the subfamilial

classification of the family. Is this pollen character really strong

enough to raise such a suggestion? It may not be so, if this

character is variable within the family. But having the foveolate

surface is very rare within the family in which the reticulate

surface is most common. The foveolate surface is more

primitive than the reticulate surface (Walker, 1974; Walker and

Doyle, 1975; Ji, 1989), and this character would be expected

to give an important base to understand the phylogeny among

the tribes and genera within the family as well as to evaluate

the subfamial classification. Regardless of the above corollary,

isn't it enough to raise the same suggestion only from the fact

in which both Myxopyrum and Comoranthus belonging to the

Jasminoideae in Johnson (1957) but to the different subfamilies

(Taylor, 1945; Wallander and Albert, 2000)? On this regards,

the treatment of the Oleaceae without dividing subfamilies but

with dividing tribes by Fernald (1950) and Green (2004) would

be understood.

How about the position of Nyctanthus of the third subfamily

Nyctanthoideae (Takhtajan, 1997)? The molecular result (Wallander

and Albert, 2000) revealed that Nyctanthus is nested with

Myxopyrum and Dimetra within the Myxopyreae. The pollen

morphology of Nyctanthus is the closest to that of Schrebera

within Schrebereae of the subfamily Jasminoideae (Johnson,

1957; Engler, 1964; Takhtajan, 1997). This relationship was not

supported by Wallander and Albert (2000) in which Schrebera

is included subtribe Schrebereae of tribe Oleae. Since the

tectum of reticula in both Nyctanthus and Schrebera is quite

thick and large, the two genera are well distinguished from the

rest genera without such a surface. In the sense in which

Nyctanthus and Schrebera show the close affinity palynologically,

the treatment of Nyctanthus as a member of Myxopyreae

including Myxopyrum with the foveolate pollen surface, seems

to be also problematic.
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Taxonomic problems on the tribal 
classification

The subfamilial and tribal classification systems by several

authors are not congruent to each other as well as to the

molecular data (Wallander and Albert, 2000). Pollen morphology

raises another question about this matter on the basis of mural

ridge character of the pollen surface reticula (Han, 2001; Han

et al., 2002). It was found that there are two kinds of mural

ornament among the species with reticulate pollen surface: one

psilate and another banded at the top of the ridges of reticular

muri. Such a distinction has never been recorded within the

family. There are some incongruities between the mural

ornament and the subfamilial as well as tribal systems.

Let's compare the pollen morphological data with the system

of Wallander and Victor (2000): Psilate mural surface are found

in most tribes of subfamily Jasminoideae such as Jasmineae

(Jasminum and Menodora), Forsytheae (Forsythia and

Abeliophyllum), Schrebereae (Schrebera), and Myxophyleae

(Nyctanthes). However, tribes Ligustrinae (Syringa and Ligustrum),

Fraxineae (Fraxinus), and some Oleeae genera of the subfamily

Oleoideae (Picconia, Henianthus, Forestiera, and Priohymnanthus)

are also psilate, whereas the banded surface found in the rest

of tribe Oleeae of the subfamily Oleoideae (Notelaea, Olea,

Hesperelaea, Phillyrea, Noronhia, Osmanthus, Chionanthus

and Nestegis) and the tribe Fontaneieae (Fontanesia) of the

Jasminoideae. Thus, the palynological results does not support the

subfamilial system and suggests especially a revision of the

tribe Oleoideae in which both psilate and banded muri coexists.

Before proceeding to the next discussion, there is one more

thing to mention. Jasminum and Mendodora belong to the tribe

Jasmineae. Pollen morphology of both genera suggests two

points. First, the pollen morphology is not enough to distinguish

the two genera and supports the position of Menodora nested

among Jasminum species of the molecular phylogenetic tree

(Wallander and Albert, 2000) as well as the identity of gene

relocation pattern within chloroplast genomes by multiple,

overlapping inversions (Lee et al., 2007). Thus, a suggestion

to merge the two genera would be possible. Second, their lumen

surface and winding pattern of muri are more similar to those

of Abeliophyllum and Forsythia than to those of Ligustrum

and Syringa, and support the classical subfamilial separation

if above mentioned problems are disregarded.

 

Circumscription and origin of the tribe 
Forsythieae

Let's focus on the tribe Forsythieae which include Forsythia

and Abeliophyllum. The monotypic position of Abeliophyllum

separated from Forsythia (Nakai, 1920) is evident and doubtless

(Kim and Kim, 2004). In the 20th century taxonomy,

Fontanesia was treated as its own tribe Fontanesieae being

separated from Forsythieae (Johnson, 1957), whereas Fontanesia

and Abeliophyllum were treated as the tribe Fontanesieae being

separated from the Forsythieae including Forsythia only

(Taylor, 1945). The pollen morphology (Han, 2001) and

molecular results (Wallander and Albert, 2000) well support

the close relationship between Forsythia and Abeliophyllum

(Johnson, 1957).

Palynologically, the Korean endemic genus Abeliophyllum

would be thought to be originated from the common ancestor

with Forsythia (Han, 2001). Furthermore, pollen morphology

implies that Forsythia might have been derived from

Abeliophyllum or its ancestor because pollen surface pattern

of Forsythia shows frequently very small reticula inserted

among large reticula. This hypothesis is supported by the

molecular results as well (Wallander and Albert, 2000; Tae et

al., 2005).

On this regards, the former hypothesis in which Abeliophyllum

would have been derived from Fotanesia (Lee and Park,

1982a) is wrong. This hypothesis was made based on a cladistic

study of exomorphology of the Korean Oleaceae showing that

the samara of Abeliophyllum is more similar to the shortly

winged flat fruit of Fostanesia than to the capsule of Forsythia,

and this fruit shape was implied Fotanesia to be intermediate

between Forsythia and Abeliophyllum. A previous pollen study

(Lee and Park, 1982b) also made the same hypothesis based

on the aperture morphology showing a pore type of Fontanesia

(tricolporoidate) intermediate between Forsythia (tricolpate)

and Abeliophyllum (tricolporate). The intermediate position of

Fontanesia between Forsythia and Abeliophyllum was proven

to be erroneous on the basis of later pollen study (Han, 2001)

and molecular study (Wallander and Albert, 2000) of the

Oleaceae. Needless to say, it was evident that the scanning

electron microscopic observation is more accurate than the light

microscope observation of the surface character.

The aperture type evolution has been regarded important in

constructing main phylogenetic lines in many families such as

Acanthaceae (Scotland, 1992), Boraginaceae (Liu et al., 2008),

Leguminosae (Graham et al., 1980), Proteaceae (Feuer, 1990),

Scrophulariaceae (Argue, 1980), etc. However, this may not

be true in the Oleaceae as well as many other families such

as Campanulaceae (Lee et al., 1988), Compositae (Perveen,

1999), Euphorbiaceae (Park and Lee, 1988), Lauraceae (Van

der Merwe et al., 1990), Liliaceae (Kosenko, 1999), Polygonaceae

(Hong et al., 1987), Ranunculaceae (Lee and Blackmore, 1992),
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etc. In the family the aperture evolution from trocolpodoidate

to tricolporate types appear in various lineages (e.g., Menodora,

Abeliophyllum, Ligustrum, Hesperelaea, Osmanthus, and Picconia)

and do not match with the tribal systems. Such an apertural

evolution seems to be convergently arisen.

On the other hand, Tae et al. (2005) reported that Fontanesia

and Jasminum as an outgroup, come at the base of Forsythia

and Abeliophyllum. They might have thought that all three

genera of Fontanesia, Forsythia, and Abeliophyllum belong to

the tribe Forsythieae and interpreted that the tribe is monophyletic,

even though there has been no such treatment (Fontanesia has

never been included in the Forsythieae). Of course, their

interpretation on the monophyly is taxonomically possible. But

pollen morphology shows that Fontanesia having small reticula

and banded ridge of the muri, is quite different from both

Forsythia and Abeliophyllum having large reticula and smooth

ridge of the muri (Han, 2001). It would be natural that the two

tribes Fontanesieae and Forsythieae are sister group derived

from a common ancestor as suggested from Wallander and

Albert (2000).

Relationships among Forsythia taxa and 
misidentification problems

Forsythia belonging to the tribe Forsytheae consists of about

10 species. Species are distributed mainly in the east Asian

temperate region. In Korea there were four endemic species

reported. F. koreana is distributed throughout the peninsula. F.

ovata was reported from Mt. Soraksan, Kangwondo and later

the present author found at several other localities (Dukhangsan

and Taebaeksan) in Kangwondo. F. nakaii was reported from

Mt. Changsoosan, Hwanghaedo; few individuals were planted

but disappeared in Hongneung Arboretum; many individuals

were widely planted importing back from the United States.

F. saxatilis was reported from Mt. Bukhansan, Kyoungkido,

but was never found anymore. During the present author sought

this species, two varieties of F. saxatilis were found: var.

lanceolata from Mt. Bukhansan, Kyoungkido, and var. pilosa

from Jinchunkun, Choongchungbookdo. F. saxatilis var. pilosa

was found from Imsilgun, Chollabukdo later, but its name was

erroneously reported as F. saxailis (Cultural Heritage Administration

website). Beside these endemic taxa, F. viridissima was introduced

from China and widely cultivated in Euisungkun, Kyungsangbukdo

for a medicinal purpose. F. suspensa was also introduced from

China and cultivated for an ornamental purpose (Lee, 1984).

From the study of Korean Forsythia (Lee, 1984), the present

author understood that the endemic taxa were found to be

grouped into two: F. koreana complex including F. koreana

only and F. nakaii complex (this term was not used in the

original paper) including F. nakaii, F. ovata, and F. saxatilis

and its varieties. The former is characterized by long petiole

(although slightly overlapping with the latter complex), more

yellowish petals, broad floral tube and lobes, long sepals (above

the half of the floral tube), and reddish and 4-ridged twigs,

whereas the latter by short petiole, whitish yellow petals,

narrow floral tube and lobes, short sepals (shorter than a quarter

of the floral tube), and grayish and round twigs. Pollen

characters of the former is congruent with morphological

groupings by having thin muri, many minute reticula inserted

among big reticula, and many granules on the lumen bottom,

whereas those of the latter by thin to thick muri, few or no

minute reticula inserted among big reticula, and few or no

granules on the lumen bottom. The introduced species from

China such as F. suspensa and F. viridissima can be included

within the F. koreana complex based on exomorphological and

pollen characters.

Among the F. nakaii complex, F. nakaii was regarded to be

the most primitive because it has somewhat erect habit. The

primitive nature was also found from the thick muri of the

reticulate pollen surface. By the studies on Forsythia conducted

later by many authors, the above hypothesis was never proven,

mainly because F. nakaii was not included and in many studies

F. saxatilis was probably mis-identified. For example, Lim and

Ko (1989), Kim (1999), and Lee et al. (2011) did not include

F. nakaii and F. saxatilis; what they used is dubious since the

present author has never seen the type species of F. saxatilis

var. saxatilis (autonym) except its varieties, F. saxatilis var.

lancolata and var. pilosa. Possibly the misidentification is

thought to be made in Kim and Hong (1984) and Yeam et al.

(1984) in the same reason. They mentioned F. saxatilis was

collected at Kwanak Arboretum but the present author has

never seen F. saxatilis there. It is guessed that materials the

above authors used may be F. saxatlis var. lanceolata or less

probably var. pilosa.

What is the problem in the identification of F. saxatilis? F.

saxatilis var. saxatilis described from Mt. Bukhansan (Nakai,

1921) has broadly ovate to cordate leaves with hairs beneath.

The present author verified the type specimens of F. saxatilis

at Tokyo University (TI). Since the beginning of the present

author's study of Forsythia, he has never seen the type species

in the field as well as in the botanical garden, but found and

described two varieties: var. lancolata and var. pilosa. Both

has the same shape of flower as F. saxatilis var. saxatilis, but

their leaves are lanceolate. The difference between var. lancolata

and var. pilosa is that the latter has more hairs. Somebody may

ask if the hairiness of the two varieties are continuous. Believe
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or not, the difference between the two are so obvious and there

is no way to be confused each other. In addition, their

distribution is different: var. lancolata at Bukhansan and

possibly Kwanaksan and var. pilosa at Jinchun and Imsil.

Kim and Kim (2011) included F. nakaii and obtained the

result in which F. nakaii is a sister to F. ovata, and F. japonica

comes at their base. The present author agrees to this result,

because F. japonica has also broadly ovate to cordate leaves

(Makino, 1914) and F. saxatilis (Nakai, 1942) was originally

reported as F. japonica variety (Nakai, 1919), i.e. all belonging

to the F. nakaii complex on the present author's criteria. But

the present author doubts the result in which F. saxatilis is

nested with F. koreana and F. suspensa in the same clade. F.

koreana and F. suspensa have common features well distinguished

from F. nakaii complex including F. saxatilis. As mentioned

above, F. koreana and F. suspensa belong to the F. koreana

complex and F. nakaii to the F. nakaii complex. Since the

present author thinks that as far as F. saxatilis is obviously

distinct from F. koreana, their identification is dubious and the

result (Kim and Kim, 2011) is not easily acceptable.

A new discovery and challenges to the 
Forsythia studies 

The present author and his colleagues in the laboratory of

plant molecular systematics at Sungkyunkwan University,

found F. ovata at another locality besides Mt. Sorak, and F.

ovata again living along with F. saxatilis var. saxatilis in the

other locality. F. saxatilis var. saxatilis is marvelously alive! It

was really astonishing to see F. saxatilis var. saxatilis, because

the author has thought it was extinct. However, the coexistance

of the two taxa raised a new question what is the difference

between the two except the hairiness. Since they belong to the

same F. nakaii complex, other characters except the hairiness

are the same, at least to the present author. The hairiness of F.

nakaii complex is common but does not seem to be requisite.

Therefore, it would need an intensive study to differentiate the

two or merge them to one if not differentiated. Molecular

techniques would be helpful to contribute for the elucidation

of the problem.

If this problem is solved, the next question arises if there is

other differences except the leaf shape between F. saxatilis var.

saxatilis and its two varieties. The present author described the

two varieties because they have hairs on the lower surface of

leaves, although their leaf shape is lanceolate. Thus an arising

question is if broadly ovate-leaved F. saxatilis var. saxatilis

and F. ovata are distinct from lanceolate-leaved F. saxatilis var.

lanceolata and var. pilosa.

It would be interesting to study further on the Forsythia

taxonomy as follows: Is F. nakaii a basal group of Forsythia

species? F. nakaii is thought to be primitive because of an erect

habit and the small and homogeneous reticula with thick muri.

In the plant taxonomy, there is a general rule in which a

common character is primitive (Estabrook, 1977; Frohlich,

1987). In Forsythia, the stems of most species are not erect

but first ascending and later bending down, and the somewhat

erect habit of F. nakaii is thought to be primitive. As a

palynologist the present author thinks that the pollen surface

character is an important basis to assume primitive to derived

states. Because the widely reticulate surface more efficiently

facilitates the absorption of stigmatic fluid and the penetration

of pollen tube through stigma and style (Lee, 1978, 1988,

1989), the direction toward reticulation would be favored and

thus F. nakaii is primitive. Further studies to verify the

primitiveness of F. nakaii would be necessary.

If F. nakaii is proven to be the most primitive among the

species of Forsythia, Korean peninsula becomes known as

another center of origin of the genus. It was found that Korean

peninsula is the center of origin of Lycoris (Lee and Kim, 1987),

but many people, even plant taxonomists, do not recognize this

fact well. It would be wonderful to see a phylogeny of Forsytia

starting from a Korean endemic F. nakaii at the base of the

tree someday.

As reviewed above, in spite of numerous researches of the

Oleaceae, there are still left many issues to be solved in the

phylogeny and taxonomy of the subfamilies and tribes of the

family and Korean taxa of Forsythia. It is suggested that the

correct identification of the species be needed to elucidate the

relationships especially among the Forsythia species as well

as the above levels. Whatever the levels are studied, more

samples and more techniques should be used than ever used.

Taxonomists should continuously search for evaluating the

phylogeny and amending the infrafamilial classification systems

of the family until a natural system, if there is (Lorch, 1961),

is made, although we do not know when the dream comes true

(Cronquist, 1969).

 

Literature Cited

Alexander, N. S. -L. 2011. Fallacies and false premises. A critical

assessment of the arguments for the recognition of paraphyl-

etic taxa in botany. Cladistics on line version 8 JUL 2011.

Argue, C. L. 1980. Pollen morphology in the genus Mimulus (Scro-

phulariaceae) and its taxonomic significance. Am. J. Bot. 67: 68-87.

Bentham, G. 1876. Oleaceae. In Genera Plantarum Vol. 2.

Bentham, G. and J. D. Hooker. London. Pp. 672-680.



Korean J. Pl. Taxon, Vol. 41, No. 3

180 Sangtae Lee

Cronquist, A. 1969. On the relationship between taxonomy and

evolution. Taxon 18: 177-187.

Cronquist, A. 1981. An Integrated System of Classification of

Flowering Plants. Columbia Univ. Press, New York.

Cronquist, A. 1987. A botanical critique of cladism. Bot. Rev. 53:

1-52.

Cultural Heritage Administration Website. http://www.cha.go.kr/

korea/heritage/search/Culresult_Db_View.jsp?mc=NS_04_03_01&

VdkVgwKey= 16,03880000,35 (accessed August 12, 2011)

Dahlgren, R. M. T. 1980. A revised system of classification of the

angiosperms. Bot. J. Linn. Soc. 80: 91-124.

Engler, A. 1964. Syllabus der Pflanzenfamilien. Gebruder Born-

traeger, Berlin- Nikolass.

Erdtman, G. 1971. Pollen Morphology and Plant Taxonomy.

Hafner Publ., New York.

Estabrook, G. F. 1977. Does common equal primitive? Syst. Bot.

2: 36-42.

Fernald, M. L. 1950. Gray's Manual of Botany. 8th ed. American

Book Co., New York.

Feuer, S. 1990. Pollen aperture evolution among the subfamilies

Persoonioideae, Sphalmioideae, and Carnarvonioideae (Pro-

teaceae). Am. J. Bot. 77: 783-794.

Frohlich, M. W. 1987. Common-is-primitive: A partial validation

by tree counting. Syst. Bot. 12: 217-237.

Graham, A., G. Barker, and M. F. da Silva. 1980. Unique pollen

types in the Caesalpinioideae (Leguminosae). Grana 19: 79-

94.

Green, P. S. 2004. Oleaceae. In K. Kubitzki (ed.), Families and

Genera of Vascular Plants. Vol. 2. Springer-Verlag, Berlin. Pp.

296-306.

Han, B. W. 2001. The Palynological Study of the Oleaceae. M. S.

thesis of Sungkyunkwan University, Suwon. 

Han, B. W., S. Lee, K. -I. Heo, and K. -J. Kim. 2002. The palyno-

logical study of the family Oleaceae. Proceeding, Bot. Soc.

Am. 2002. Abstract. 

Heywood, V. K. (ed.). 1991. Flowering Plants of the World. May-

flower Books, Inc., New Work.

Hoffmansegg, G. F. and J. H. F. Link. 1813-1820. Oleaceae. Flora

Portuguesa 1: 385.

Hong, S. P., D. H. Chung, and S. Lee. 1987. A palynotaxonomic

study of the Korean Persicaria species. Korean J. Pl. Taxon.

17: 1-12 

Hutchinson, J. 1948. British Flowering Plants. P.R. Gawthorne,

Ltd., London. 374pp.

Ji, S. D. 1989. Pollen Aperture and Exine Structure Evolution

along with Angiosperm Evolution. M. Ed. thesis of

Sungkyunkwan Univ., Suwon.

Johnson, L. A. S. 1957. A review of the family Oleaceae. Contrib.

from the N. S. W. National Herbarium 2: 395-418.

Lorch, J. 1961. The natural system in biology. Philos. Sci. 28: 282-

295.

Kiew, R. 1984. A preliminary pollen study of the Oleaceae in

Mayasia Gard. Bull. Singapore. 37: 225-230. 

Kim, D. -K. and J. -H. Kim. 2004. Numerical taxonomy of tribe

Forsythieae (Oleaceae) in Korea. Korean J. Pl. Taxon. 34:

189-203.

Kim, D. -K. and J. -H. Kim. 2011. Molecular phylogeny of tribe

Forsythieae (Oleaceae) based on nuclear ribosomal DNA

internal transcribed spacers and plastid DNA trnL-F and matK

gene sequences. J. Plant Res. 124: 339-347.

Kim, J. K. and B. W. Hong. 1984. Studies on anatomical proper-

ties of Forsythia in Korea. Wood Sci. & Tech. 12: 31-35.

Kim, K. -J. 1998. A new species of Fontanesia (Oleaceae) from

China and taxonomic revision of the genus. J. Plant Biol. 41:

141-145.

Knoblauch. E. 1895. Oleaceae. In Die Natrlichen Pflanzenfami-

lien IV. 2. A. Engler (ed). Pp. 1-16. 

Kosenko, V. N. 1999. Contributions to the pollen morphology and

Taxonomy of the Liliaceae. Grana 38: 20-30.

Lorch, J. 1961. The natural system in biology. Philosophy of Sci-

ence 28: 282-295.

Lawrence, G. H. 1970. Taxonomy of Vascular Plants. MacMillan

Co., New York. 

Lee, H. -L., R. K. Jansen, T. W. Chumley, and K. -J. Kim. 2007.

Gene relocations within chloroplast genomes of Jasminum and

Mendodora (Oleaceae) are due to multiple, overlapping inver-

sions. Mol. Biol. Evol. 24: 1161-1180.

Lee, S. 1978. A factor analysis study of the functional signifi-

cance of angiosperm pollen. Syst. Bot. 3: 1-19.

Lee, S. 1984. A systematic study of Korean Forsythia species.

Korean J. Pl. Taxon. 14: 87-107.

Lee, S. 1988. Studies on the hydration function of the angiosperm

pollen aperture. Res. Bull. Nat. Sci. Sungkyunkwan Univ. 3:

29-46.

Lee, S. 1989. Some functional aspects of angiosperm pollen.

Korean J. Pl. Taxon. 19: 289-301.

Lee, S. and S. Blackmore. 1992. A palynotaxonomic study of the

genus Trollius L. (Ranunculaceae). Grana 31: 81-100. 

Lee, S., Y. -J. Chung, and J. -K. Lee. 1988. A palynotaxonomic

study of the Korean Campanulaceae. Korean J. Pl. Taxon. 18:

115-131.

Lee, S. and M. -Y. Kim. 1987. Palynological study of some

Lycoris species (Amaryllidaceae). Korean J. Pl. Taxon. 17:

147-154. 

Lee, S. and E. -J. Park. 1982a. A cladistic analysis of the Korean

Oleaceae. Kor. J. Bot. 25: 57-64.



Korean J. Pl. Taxon, Vol. 41, No. 3

Palynological contributions to the taxonomy of family Oleaceae, with special empahsis on genus Forsythia (tribe Forsytheae) 181

Lee, S. and E. -J. Park. 1982b. A palynotaxonomic study of the

Korean Oleaceae. Kor. J. Bot. 25: 1-11.

Liu, J. -X., Y. -Z. Xi, Y. -L. Zhang, J. -C, Ning, and X. -R. Liu.

2008. Pollen morphology of Heliotropioideae in Boragi-

naceae from China and its systematic significance. J. Syst.

Evol. 46: 891-898. 

Lim, S. C. and S. C. Ko. 1989. A cytotaxonomical study on some

species of Korean Forsythia. Korean J. Pl. Taxon. 19: 229-

239. 

Makino, T. 1914. Forsythia japonica Makino. Bot. Mag. (Tokyo)

28: 105. 

Nakai, T. 1919. Forsythia japonica Makino var. saxatilis Nakai.

Bot. Mag. (Tokyo) 33:10 

Nakai, T. 1942. Forsythia saxatilis Nakai. Icon. Pl. As. Orient. 4:

375-377.

Nakai, T. 1921. Flora Sylvatica Koreana. III. no. 10: 19-24.

Nilsson, S. 1988. A survey of pollen morphology of Olea with

particular reference to O. europaea sensu lato. Kew Bull. 43:

309-315.

Park, K. R. and S. Lee. 1988. A palynotaxonomic study of the

Korean Euphorbiaceae. Korean J. Pl. Taxon. 18: 69-96.

Perveen, A. 1999. Contributions to the pollen morphology of the

family Compositae. Tr. J. Biol. 23: 523-535.

Pietura, J. E. and D. E. Fairbrothers. 1983. The use of protein-sero-

logical characters in the systematics of the family Oleaceae.

Am. J. Bot. 70: 780-789.

Scotland, R. W. 1992. Pollen morphology and taxonomic charac-

ters in Acanthaceae. Syst. Bot. 17: 337-340. 

Tae, J, -H., D. -K. Kim, and J. -H. Kim. 2005. Genetic variations

and phylogenetic relationships of tribe Forsythieae (Oleaceae)

based on RAPD analysis. Kor. J. Plant. Res. 8: 135-144.

Takhtajan, A. 1997. Diversity and Classification of Flowering

Plants. Columbia Univ. Press, New York. 

Taylor, H. 1945. Cyto-taxonomy and phylogeny of the Oleaceae.

Brittonia 5: 337-365.

Van der Merwe, J. J. M, A. E. Van Wyk and P. D. F. Kok. 1990

Pollen types in the Lauraceae. Grana. 29: 185-96. 

Walker, J. W. 1974. Evolution of exine structure in the pollen of

primitive angiosperms. Am. J. Bot. 61: 891-9902.

Walker, J. W. and J. A. Doyle. 1975. The bases of angiosperm

phylogeny: Palynology. Ann. Missouri Bot. Gard. 62: 664-

723.

Wallander, E. and V. A. Albert. 2000. Phylogeny and classifica-

tion of Oleaceae based on RPS16 and TRNL-F sequence data.

Am. J. Bot. 87: 1827-1841.

Yeam, D. Y., I. S. Han, and W. H. Yoo. 1984. Studies on the

growth and flower bud formation of Forsythia koreana N., F.

saxatilis N., and F. ovata N. J. Kor. Soc. Hort. Sci. 25: 149-

155.


