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B3} (Oleaceae Hoffmanns. & Link)= A AlAH
o7 °F 25 & 600 FoE FAEM, FFAES AL &

o B A9 odn) W

o o rr

F europaea Degen & Bald= 5
2njole]] A oR FxsH, U] FE2 FF Al 4

A7 RE Rl E¥Ea}
Rog 47 vl v} (Wallander and Albert, 2000). ©]
% NUelE (Forsythia Vahlye- frEbrole] 2|9, &
555 obAlote}l B filel] sk glom, oF 11 F
AMAslar QAL ghkwell= 6 Fo] AAshe Z10= Bl

E vk ok (Kim, 1999; Kim, 2018). /AvE]E W R =

Ah Hyeon Eum', Yeonchan Kang’, and Jun-Ho Song®’

ABSTRACT

Background: Forsythia koreana (Rehder) Nakai (family Oleaceae) is a perennial shrub that may
be considered as a substitute for F. suspensa and F. viridissima in Korea, which are sources of For-
sythiae Fructus. This study was conducted to confirm sexual dimorphism in two F. koreana morphs
by analyzing their sexual system (distyly or heterostyly) and pollen viability for effective fruit set.
Methods and Results: Floral structure, pollen size, and pollen viability were studied by micro-
scopic analyses. Sepal, petal, and leaf epidermal cells were observed using a scanning electron
microscope, which confirmed sexual dimorphism in F. koreana. The thrum flowers were signifi-
cantly larger and had higher pollen viability than the pin flowers. The micromorphological traits of
sepals, petals, and leaves were not significantly different between the two morphs.

Conclusions: F koreana, with its distyly characteristics, sexual dimorphism, and fruit production,
has the potential to be an alternative source of Forsythiae Fructus. However, comprehensive analyt-
ical studies of the specific bioactive compounds in this species are essential to confirm their pharma-
cological suitability compared with those of F suspensa and F. viridissima, which are widely used.

Key Words: Forsythia koreana (Rehder) Nakai, Distyly, Floral Dimorphism, Pollen Viability,
Scanning Electron Microscope

o A BEshs 2o 4#A Atk (Kim and Kim, 2011).
Mgl &S 21 (capsule)d! Ewll, &o] Wl E7]9] 4
(pith), W=7hao] 224 Fo] Jejetx] A sl =FHVH
o] g &5 FEEY (Tae e al, 2005). T3 7y
& BERTAME o854 (distyly, heterostyly)o 2 F&ti7t
FEiEt 71 e 53} (pin type, long styles)e} #-&
Fefel @3} (thrum type, short styles)?] HH3F F 71|
FHE 7= 27139 o195} (dimorphism)e] 2
t} (Kim and Kim, 2004; Oh, 2018). 38 o|3l5A S 3
221479 (herkogamy)2] 3+ HEZ 27315 (self-incom-
patibility)®] 5/3°] Ueht EPES U SX1ehs 2E9
A2 Aoz LA Atk (Barrett, 1990; Lloyd and Webb,

= flel hiobst A
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1992).

MUl [F koreana (Rehder) Nakail= SHIHE FH-ol|lA 7]
IS A2 FHE = =2 thdAd #E (shrubeld, =
°I7F 1 m - 3 moll &3P, A= Holu} A} 34 o

Z H3, 35 (lenticel)o] e YEh = SHo = & 4
o2 ERad PEE (Lee, 2014; Kim, 2018). 22 ek
Aolar, sl (corollay ZAl 49= ZepAH, 7} L
Elg3oltt ZuAe g2 7R, Sdoln, TR
(glabrous)o]th. 12 A3, 323 (lanceolate) B I

EFIE (ovate-oblong), lF (acute)]™, A (cuneate)Z i
ZHEe . JAo] Fof ool dAlAHA (serrate)’} YA A<
A (entire)o]Th (Lee e al, 1982; Lee, 1984 Lee, 2014;
Oh, 2018).

Mg EF7 5 NYE] [E suspensa (Thunb.) Vahl]
2 MU (F viridissima Lindlye siE3 sl &35
Yele A3 (A2Y: Forsythiae Fructus)e] 71¥9Fo2 <&
H7 v} o™ (Sun er al, 2018), F=FlE U9
A== HuelE ARk 2e® BiE B Utk (Sun e
al, 2018). ¥, g E3 dujely FEF ad
(lignans)2 FHF 8o 37 e Aoz ByE vl 9l
I (Lim ef al., 2008; Kim et al, 2019), Qolx 53 o
A 2 (essential oily> A 21F WHEAZM] 7FsAol
A A€ bl ATt (Yang et al., 2015).

A& u] 7 (electron microscope)s 83k m]A| e &1
A2 3P E U gket 57 AlFelr] L 27 -8
do] AFE wvh vk (Wilkinson, 1979). 7Hua]&at wlAdvh-
& (Abeliophyllum Nakai)2 2 % 7lUz2]S (Forsythieae
H. Taylor ex L. Johnson) WjollA] <Al LR Q] 3] wjA|g
Beha o] IHFHRA vlg- F-8&3 AR IRIFIYL
(Song and Hong, 2013), 3R&sks A2 iuvg]s oA
BHA AR S Q8] EEATE (Lee, 1984).

Mol A AAl] Bg AFE= Tstet WSt Afeld]
sl gl slale] oS wele dE B A4S A
(Han and Kim, 1999), 33} ¢] 9F-gejsts] 4 Aol&
Wele BEFE A7t IgE vk Ak (Lee et al, 1982).
SRk, oFA, sht Bl 9l o] vk 73S AIEEER S
2 A8 A, o|skadel wiet HEEE ES A
st A3 AAlel wE olFs S Hlwgh A= 4Rl vt
ST

2 A7E AU st 3 dste] oRgeeE 8l
nAEE e FES A, #F AHE vHeE F &
o] FollM Yehte o3RS 7IAlsk Z2ARE F
Astazr FREAT Yok 43 o]FstE Q1 dF Apo]
2 2 A E BlRE B3 olsAdS vEiie A AAT
Agol2e] X1t GAIRIA] arzkstarat skt

¥

=

L

92

104X

<t

AR
[SYLE

al

J1 UpH
=

oug

M=

1. 972 M2

Ne7] 3Lyl iUElE sk A7 e sislem,
zbzb 5yE JHAESE APE Asiel wgske] dRE
70% ethanol -§-ol] AYFE O 2 A251 L, YiA] AEA]
= AY9REoE AgsiGnh A AlE 3 ¥ ARe v
<3 72t} [pinl; Korea, Chungcheongbuk-do, Cheongju-si,
23. Mar. 2024. Eum 150 (CBU, herbarium acronym), pin2;
26. Mar. 2024. Eum 154 (CBU), thruml; 26. Mar. 2024.

Eum 153 (CBU), thrum2; 26. Mar. 2024. Eum 155 (CBU)].

2. S

Muz]e] AejrRlS 2rLESE (iPhone 12, Apple, Cupertino,
CA, USA)e = #Fsisitt. 3o @S dA-ArA (SI9D,
Leika, Wetzlar, Germany)S2 ZHasIN, AJ27]1d4} Foj
9 Fxpe] o F JHE T AAEAH R s & B
A2 33 (digimizer version 6.3.0, MedCalc Software,
Ostend, Belgium)g- ©]&3] Zo|& =43}t

3. 8k2o| UM 2 37|

shie] APES 43 S8l £ g AT
8 7N9] 9 1% aniline blue SN2 10 £7
A Lefo|= vpAo R AZele] FUS @ 3
sint. skl 55 Aol ¥ Arre] AHS 5P|
lugol's solution &2 HAs|] FEHu7 (DM750, Leika,
Wetzlar, Germany)ye S3l Zs|HTt. =71 F7g0 ARME-gh

gl

SHES A7 B shes 25 2dste] F291= 30 A
oIS At BE st w TS 45 4

&l acetocarmine 840 & HMalo] FA3 FeFn|Ho R
Zapoitt.
4. OMIRZE

FE7IE B AR nAEE e dds dEbl] 9
3l YA Ax7] (SPI-13200J-AB, SPI Supplies, West Chester,
PA, USAYE AH&sle] ¢ AxAzler, Sk A A%
AFle AAe AHE AR X A8 A7 95 mm dF
¥ ZFEE (01501-BA, SPI Supplies, West Chester, PA,
USA) #Joll 7Relo]z2 1Asle] o] F27] (QI150T ES
Plus, Quorum Technologies Ltd., Laughton, England)E ©]
8o W (PYo 45 27F ole 27 aiddr). 7t @
1 7Me] AEE AzRelgom, A7 3e AAWESE FAA
ZFdu]7d (Ultra Plus, Carl Zeiss, Jena, Germany)2 &3l 7}
29t 3 kV, 2H5 A (working distance) 5.0 mm - 5.7 mm oA
ANEE FFEAA, FENEH A FAREAAYA

el
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(EM30+, COXEM, Daejeon, Korea)ys 53l 7MY 5 kY,
25 7g] 54 - 6.0 mmolx] A EE AFsT)

5. SAEAM

AT A3} dolHe= Hd + BFHA (means + standard
deviation)= FAISIAL, FFstet TslollA] sk YR
& 2ol SPSS 28.0 (SPSS Inc., Chicago, IL, US.A)S
o]g3l] Student’s r-tests FsIF o™, EAH FoHS A
Elrv=g

a2

1. 2335}, ©Fs10| 31 P

W] (E koreana)®] 32 73578} (pin) 2 W53} (thrum)
o] F YFelolA] BT ARRAOlAL, AP FolH, dste] i,
gk e =3t e o] AFEUT (Fig. 1A-D).

Arstel @3} Afolo] s e 3t e AololA
Pe A Zpol7t kgt Ao IRIFGT} (Fig. 1C-D). 2H<]
Aol AF3lo)M 450 + 046 mn, TF3}A 457 £ 0.37
mn 2 FEE A, oBAe] HH|= Aol A 245 £ 0.26 mm,
dstoll Al 2.81 £ 027 mn 2 FHEEICH (Table 1). 3 4
Hol Zol= AFslolA 1492 + 0.54 mm, TESlol|A 14.40
£ 141 m2 JFHEAY, s GHe] vl A5slolA 8.26
+ 0.84 mm, TSl A 872 + 040 mm 2 AEEQom sl

al
=

A4 Ofislsiat

Table 1. Measurements for dimorphism of reproductive organs of
F. koreana in three studied populations.

Characteristics Pin (mm) Thrum (mm) p" <
Sepal length 450046  4.57%0.37 0.5
Sepal width 2.45+0.26 2.81x0.27 0.001

Corolla lobe length  14.92+0.54  14.40%1.41 0.01

Corolla lobe width  8.26+0.84  8.72%+0.40 0.005

Corolla tube length  4.64=0.18  5.68=0.40 0.001
Style length 6.26+1.02  1.83+0.75  0.001

Stigma length 0.57+0.14  0.46+0.09  0.007
Stigma width 1.01x0.21 1.16x0.15 0.001

Stamen length 4.61x=0.29 6.42+0.21 0.001

Values indicate means = standard deviation (n = 60). "p; p-value
was calculated using the student’s t-test by comparing the pin flower
to thrum flower.

EXe] Zoj= AFslolA 464 + 0.18 mm, TF3I)A 568
+ 040 mmZ A AT} (Table 1). 352 Zole AF3lolA
626 + 1.02 mm, T3kl 1.83 £ 0.75 mmZ FZEAN,
F59] Zol= AFslollA 057 + 0.14 mm, B30l 046
+ 0.09 mmE AFEom, 7] HH|= AFstolA 1.01 +

0.21 mm, T=3lollA 1.16 + 0.15 mm & FZ=| Tt (Table 1).
0] ol AF3oA 461 + 029 nm, T3 642
+ 021 mm 2 FF= ST} (Table 1).

Fig. 1. Photographs of the F. koreana. A-B; Habit, C-D; Photographs using stereo microscope (SM), A; Pin flower, B; Thrum flower, C;
Longitudinal section of pin flower, D; Longitudinal section of thrum flower.
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S AFslo) A 37.08 = 1591 %, T3t
7859 + 10.61 %= FEEATH (p < 0.001, Table 2 and Fig.
2A-B). S%2] Zo] (P, polar viewy= FFslollA 28.64 +
3.98 m, TE3OA 34.63 £ 2.87 mmE FFE T, A=A
2173 (E, equatorial view) FAF38lollA] 2872 + 4.18 ym,
FEstol A 3672 £ 229 mmE FEEHAT (p < 0.001 and
Table 2).

Astel TrslollA] sht 257 ©9 (monad)e] 3, SHE

R

104

L

S
o] Fel= TS (tricolporate)0 & PAE 0™ PE H|&
o] AF=slollA 1.00 £ 0.07 /m, T=FE3A 094 + 0.04 m =
AHwo] 1Y (oblate-spheroidal) A & (spheroidal)$]
Ao R RIFrE FH | FA= AFstolA 158 + 027 g,
stoll A 1.53 + 0.17 m= ARE L, FUFH = B3
(reticulate)O 2 EFI= T} (Table 2 and Fig. 2C-D).

3. OfF, Si FUlo| OMITE

oo lul EAM ] RS PF}el Ul wE

Table 2. Measurements for dimorphisms of pollen grains (um) of . koreana in three studied populations.

Pin Thrum
Pollen grains viability p? <
mean s.D.” n? mean S.D. n
Viability percentage (%) 37.08 15.91 40 78.59 10.61 40 x
Pin Thrum
Pollen grains size p? <
mean S.D. n mean S.D. n
Polar |ength (P) 28.64 3.98 30 34.63 2.87 30 *x
Equatorial diameter (E) 28.72 4.18 30 36.72 2.29 30 *x
P/E ratio 1.00 0.07 30 0.94 0.04 30 -
Exine thickness 1.58 0.27 30 1.53 0.17 30 n.s.

YS.D.; standard deviation. ?n; number. ¥p: p-value was calculated using the student’s t-test by comparing the pin flower to thrum flower (- not

applicable, n.s. not significant and “p < 0.001).

Fig. 2. Light microscope (LM) and field emission scanning electron microscope (FE-SEM) micrographs of the pollen grains of F.

koreana. A-B; Aniline blue stained

flower. Black arrows indicate unviaﬁle pollen grains.

94
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Fig. 3. SEM micrographs of the sepal of the F. koreana. A-B; Outer side, C-H; Inner side, A, C-D, G; Pin flower, B, E-F, H; Thrum

flower.
S8 (isodiametricy} B33 (irregular)o] FAo =
A3, 559 (anticlinal wall) 248 (straight)s} 3413

(curved)e] “sAlol FHFEHAOH,
= (convex)stsial, ZuFol=
3A-B).

el WA oM 2= A5skel dslolA
I Bt @o] FAlol AFEJAL, 75 AN
o] FAlol AFE o, HIHL ESSINY, 295
FH7F #&=E AT (Fig. 3D, F).

HE=Ho z}zg}_,] QI HA 25 <k7F H&T‘s} 710

2 AFEHAL, dFshllie E53 2o AFEIdY (Fig.
3A, B, D, F). 43}, @3} BT o] 7Rt o] vl
T (simple unicellular non-glandular trichome)”} 4HY 3191
3, B0 FH2 vl (smooth) AOoE HHEQTH (Fig.
3C, E, G H). 43}, @3te] ot 715 53A= ¢H
W BFoA 7]go] AL, 71FEFA] FEl=

W9 (periclinal wally> £

=547t #EE A (Fig

rE

=y
T SR
3l
=413

N off oft

Ol

R
-

A

95

FA03  (anomocytic type)o& ZHEE AT} (Fig. 3A, B, D,
F).

sre] Zole st deslel] Hlgte] 71 AoR e
1ow (Fig. 4A, D), 79| Wl @5t 458l vlst
of FA vehd Zow AFFIIL (Fig. 4B, B), &53h, &
3} 3o EM mE 71Fe] Feivk BAFAG (Fig
4C, F).

shte] o FIMEE Tkl dFslelr] mE
o] AAAZFE (rectangle)o.E HAEUN, FEHL A3
(undulate)© 2 FEEom, WL 33 (flayd, Z9)F

ol X7 BFEAT (Fig. 4G, 1) 3hte] W 34 E
= AFslox S AxE o BATA T, Gl
A Bitdgos AFEIT (Fig. 4K-L). AF3lolr sk
U F=He gpPgygollon, HEHe o7k 2317 7ty
E5H7E FEEAT (Fig. 4K). DstollA] shuke] )

]}‘\jgog = %ﬁﬁéo]‘}igﬁ, Hg%t@lg 7(01—‘2!‘3:]'9’]'

Hol-

% o

ON oﬂ, ot
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Fig. 4. SM and SEM micrographs of floral details of the F. koreana. A-F; Pistil, A, D; Pistil (SM image), B, E; Stigma, C, F; Style (SEM

image), G-J; Outer side of the petal, K-L; Inner side of the petal, H, J; Clandular trichome, A-C, G - H, K; Pin flower, D-F, |-, L;

Thrum flower.

Yl o E5Y, AuSede EFHIE #EEAT
(Fig. 4L). 33}, @3} 27 shuko] ojwzt WiHox waf
& AR (subsessile/peltate glandular trichome)7} ¥2HE]0
o, T4 (capitate)?] TAAEE 37flM 7hE YERTH
(Fig. 4H, and J).

4.  HUO| OMIR2E

Arstel @epste] <le 71 EdATE v RE Exsk=
°|H71E3 (hypostomatic type)S = HWHAE|TE (Fig. 5A-B,
G-H). 453t} &3] 71359 138 FAd s a4
=08 (Fig. 5G-H), 3HAZS] 7= A3l 21.63
+ 285 x 1460 + 239 (L x W) um, ©F3}ollA 2182 + 2.12
x 1536 = 1.45 ym 2 HZ= ST} (Table 4).

o FEH A EE At dslelA BF U
o7 FFEJL, 5 A FHAFP o] Al HEE
Reow, WEHe E5aL, ZHSlle 77 2=

96

’

t} (Fig. 5A-B). 3}, &3} 25 o] g=roA] Holg
ME7b AFE o, T FANEE oA SHE El
ST} (Fig. 5C, E). 53fellnt <lo] g=miolr 7PdAte]ol
2o T X TRyt et 289 THS wjd Hoz
#z= T} (Fig. 5D, F).
o] wiEH B E= AFsie}l gslela] 25 B
A48 (sinuate)e] FEEAC

Fog AFAHJL, TS

m, BESHL ot BESIG Y, ZAujFole EFH7t BEEA
t} (Fig. 5G-H). &3}, T3} o] vjEHolA Wy
Ar7l AFERom AEE oA i =)

5. A ZUMIZS] oM
Al AR (Fig. 6A), T A ZaoR BaH9,
e AHEE (reniform)ol| A BFIAIE (ellipsoid) o2 215

ATt (Fig. 6B-C). FA] A7) Ao 1.56 = 0.19 mm, ¥
0.66 + 0.09 mn Z ZAE|UC} (Table 5). TAF EHFHE &
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Table 3. Micromorphological characteristics of the sepal and the petal of the F. koreana.

Pin Thrum
Outer Inner Outer Inner
<Sepal>
Stomatal complex type Anomocytic Anomocytic Anomocytic Anomocytic

Epidermal cell Isometric and irregular Isometric and irregular Isometric and irregular Isometric and irregular
Anticlinal wall Straight and curved Straight and curved Straight and curved Straight and curved
Periclinal wall Slightly convex with striation  Slightly convex with striation  Convex with striation Convex with striation
Trichome type Simple (unbranched) Simple (unbranched) Simple (unbranched) Simple (unbranched)

<Petal >
Epidermal cell Isometric rectangle Isometric rectangle Isometric rectangle Irregular
Anticlinal wall Undulate Undulate Undulate Straight / curved
Periclinal wall Flat with striation Slightly convex with striation Flat with striation Slightly convex with striation

Glandular trichome type Subsessile / peltate Subsessile / peltate Subsessile / peltate Subsessile / peltate

Fig. 5. SEM micrograAJhs of the leaf adaxial and the abaxial surface of the F. koreana. A-F; Adaxial surface, G-H; Abaxial surface, A,
C-D, G; Pin flower, B, E-F, H; Thrum flower.

A gt o g o]FofRl WY (reticulate)> 2 HAE WA 81249 £ 243.02 mrE A FUTh (Table 5 and
, B8 (muri)e] FAIE 972 £ 1.32 mm, 7 (lumen)2] Fig. 6D-E).

&
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Table 4. Micromorphological characteristics of leaves of the F. koreana.

Characteristics Pin Thrum
Adaxial Abaxial Adaxial Abaxial
Stomatal complex - Anomocytic - Anomocytic
Stoma length (1m) - 21.63+2.85 - 21.82+2.12
Stoma width (um) - 14.60x2.39 - 15.36x1.45
Epidermal cell arrangement Isometric Irregular Isometric Irregular
Anticlinal wall Straight and curved Sinuate Straight and curved Sinuate
Periclinal wall Convex with striation Slightly convex with Convex with striation Slightly convex with
striation striation
Glandular trichome Subsessile / peltate Subsessile / peltate Subsessile / peltate Subsessile / peltate

Fig. 6. SM and SEM micrographs of the seed of the F. koreana. A; Fruit (SM image), B; Seed (SM image), C; Seed (SEM image), D-E;
Detailed seed surface (SEM image). S; Seed.

Table 5. Seed morphological and micromorphological characteristics of the £ koreana.

Seed length (mm) Seed width (mm) n" Muri thickness (um) Lumen area (um) n
F. koreana 1.56+0.19 0.66+0.09 10 9.72+1.32 812.49+243.02 30

Values indicate means = standard deviation. "n; number.

L

1]

He] ol Al vlal] @gslolla] ozt AA Yehd, 7]

F9] AT (Lee et al, 1982)2h= AJo)g Aoz UL}
B AT Mue]e] S5 dols AFslolld dFstEnt e ol fOEE S0%E FHE @oE 2 AgelA o

A JeRtar, o] dole Wil AFsiRn A o He Aol ASsle} ©sl Afolo] Ajolvt BAHSE fo

Efom, o= BAXOE wig fou|gt FeH oz & wEkx] @irhal AT (p < 0.5).

=AY} (p < 0.001). 9 O Ao £xshe P BFToE AR &4
o] oA BlFe] Mol ATl 645 + 009 mm, T S FEA, o] o) fol7) $FA 2lel 2]Fk Wo|dxA],

FalollA] 1.89 £ 0.07 nm, FETe] Lol AFslolA] 234 =+ o3 Aol wWE o|FFANUR] EFSHA, AeEE A7t

0.06 mm, T31olA 440 + 0.11 mm E FZEo] (Lee ef al, 2o Aow AztHT)

1982), & A A} dRjehs slo= gRlErt. ot o shEe] AL Tt i) A SERIEIA, SHEe]

LR
mr

98
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7] B3k @Est st SA] BEEe] FAX SR b
T freuEk AelE Yeplle Ze® SR1ET (p < 0.001).

thFet AsprEollA shtdo] AE wie 3 4ol 9
UA7F dastm, she] Zdoleh shite] 7] Alojoll= 4
FBBAZE Jokar ABE B A} (Lee, 1978; Ganders, 1979;
Cruden and Lyon, 1985). &3} olsl5-d<] /4 AAE A=
218 tiEollx ©este] shio] A=Estel] s =7)7F =A
#AFE = Ao 4wzl vb At} (Pailler and Thompson,
1997).

B AeA] A SR A7) Alole TSl skl
Agste] 11 5wt Agshes HolA Aste] SHEE
o o B2 oUAIE 8 F 7] wol wsle] sHE 2]
7F B A #EEe o= et

SHA, FSIEREH SASIRE olojR= Ao 7t dsk
Bt Wollxe] sk AaRdelm, olu] 42 o|dsklds F
Hel= 2o ' AIQKE B Utk (Ashman, 2009).

2 AT A, she] 77t A4, A Eel
7t Zslel]l sl §44e] 7lsel A Ao M,

B BRI BAE 0|5 e AgolFre] U5 B
A 37 B Zow 2Tk FF olsFH] whe

grle] AUE Mg o) ©F @ 4FHe] 34 ¥ A
of 7ist el Balel that A7} Faslolor & Ao A
Zhany.

o}s] oA Feh 4TI wFselA 2 AfolS
1g % itk Thek, $EME Rzt Rl B W
s} AFshnn BEe o dREY. 458, vl
OFRSIA 71 FEIAE P B EAGOW, 71 3ETA

o Fe= TR FEEAT. B3 53}, G5 B

o o
o

ol el 7HgAlE] o] TAIE ©Ert ARSI, Bge] HHS
njgk Aow ], £l ofHo R JAG o]xe] 4
7} (Lee, 2014)9F “dolaidict. 5 thdgt AM2A1e] /S
2 A5 e Bl el B8 fF7F AR wE
ole] A B WS BRI At 2o Fo=

A7},

shee] Aol & st dFstel Hlgte] 71 Zlow
HHEAY, FF2] JHle @it AFsto] st & A
o7 Ao, AFst B T3} S50 FjolA] BF
715 ezt AT AE AFellA EFEvTatl
&st olstFA ol Ustde mAYUT (dbeliophyllum
distichum Nakaiy= 3¢ @58t} 58l A sl5=2] Zo]
7F 2 Aoz SRIFEAA, 715 U4l (stomata-like nectary)
o] 315 7oA #ZH ¥} vk (Hong and Han, 2002).

2 Aol AFE TFe] FErt 71 EAY FleE
e, 5 sHRxN #REe 713 fAke 2Tt
of" ks Fash=A] e, Aeishy A77F xsE o
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0]: [oi3 Zi_g_i /\gz}-‘i_]_];].
T Shrke] oA Wy AEor A
HRow, FAY TAAIE oA iR AFER S,
o] o FIMEE FFslel TdFsloA] Zfo|7t AAEA] oF
kot sletke] Ui ZIMEE ASslellx SEe] AAE
o2 AFEUL, FFHE PR AFEUT v, o
FslollA skt e FoA 27t Bt oR AEElon,
ToHE Y e FHAFoE FAH Y AFsle) AolE
B uglse] 4 BERa2 250 7S wivliske A
o7 dHF v} 9Jou (Chung er al, 2013), HHT AE
S 7 28 958 ME (conical cel)E 7F EHT}H

=279 Whto] A& o= gl vt Sirt (Glover and Martin,
1998). A, =gk 22 HE W Wk opE e RS

UV 39S 7L glom, o= i
o2 4#zl vk Yt} (Papiorek et al.,

P

7} Afje] o]5-S
2016).

webd sfuele]l s wuA e Fejroks, sl o
Eue =3 A4 FREAPIAE feste A Ay
Re Aoz AASILh Tk, suelel FEAVIRR] 5
£ BE Ro] AFsr] wjiel, 5 FEujfxte}l Anst
A eHa] A7t FaEojof & ZAog A7t
Agsliel dste] 9L 73BT viEA T EAEhs
oH7lFPoZ HAFYL, 7FETA P FAFeE &
Ao, FEMEe] A7E AFslA] 21.63 £ 2.85 x
14.60 + 239 ym, TEslo|A] 21.82 + 2,12 x 1536 + 145 /m
2 AFEA) Ao = FaM Ee AFEske g4
BE o R AFHAN, FEHES
Alel] #FE oM, WS-

=

£

7b #F= At
A3}, Wl B 9lo] S ey ARvE 3
Hon, FAe] TAAIE oA 8 ME el et F
Fslol|et Qo] g=reA 7Pkl 2 WA TEIF U
Bl 28] e wjizd oz AL} 2eo] 7
G e o] Aol EstEAY e AT gEtEE -
7F B3 vl 91710 (Metcalf and Chalk, 1979), 5% G
st A9 2 AFYA7E DElst] AEE ek, oo B
F7E §lolo] FRIA], olslgAdel wE A olF st R
A, By Ade 25 A ad Aoz Az
B AFolA Fxe] A& 156 + 0.19 x 0.66 + 0.09 mm
2 ZAHALE oA AFollM = 4.67 - 533 x 144 - 1.83 mm
2 719 vl 2o (KNA, 2017), £ A A7} uf$- Aol

@ Zloz AlHT. & 4% T DA A o) el

218 28R oI5 9] Aok AN T g
wol X F5 T NAE R ATE Aol ¢
Aolth. it 4% FolE B AU ATE WAL 5



flo] 5 T2 24dE 4 29 4A vl AFE S8 Boh
HEsl Aol zfolE Aol & Aot}

TAF] FRAFEE EArAd o oR FAE IR eR
ARE A APE AeA sHde] Y] T4 T E 75
4} (colliculate) = 4 (reticulate)>Z 71A|E v} Sk
(KNA, 2017; Ghimire ef al., 2018). ¥ A7= =3 7iv}e]
o] & 80l ofd o= yes] 7)A|sl= vlelth.

EAe) e A%, TE, £E 5o 834 weel 498
A3 LR woluiek ofeh, 44 A1) whe g

ol FFE W & AUtk BarEo] Ut} (Ramirez-Valiente,
2009). ¥HA Expo] FHFYE 4% QS Hlwz 7(-]7-"

O Q.

ol RS Fase UH‘T 83 FEE dHA 2
(Barthlott, 1984). ©]oll, 3% HeFx o7 tjeksl A% ‘3—2 3

RS I |

% M8 R SRS Bl 4T, vasle] F4 e 2
7 8 %3 SHele] Wel AjolE FHY Wast ek

24 #38 AFolA Ay
2 AFsp AREAon, A I P AE
Aolgkal A|AIE BE ATH (Lee, 1984; Kim and Park, 2022).
T3k g Aol Leaf 1§38 vehd 7ive] Al =
oAz 22 v Aok (Kim and Park, 2022). 3kA]%F
a5 B8 AdEle

A7VESPI S LERRA,
©s} A Al §

3}
AL B Gul] AYilo] 7R=gr

golsiatt. Ik uee A7HEESRAS B8 A7 A
A dhAlEl= 2ok AkaF vhe 9 A tiekAe] vhe
323 5 9lo], =& A TS AT F Ye Aol

VA Al 4 ARdel

mloi‘lf}ﬂi -{HF

2

s

2} wesie.
U, ABERY R AR FAUATL ke 2
_l‘*rrq_-q o—r ‘rr/\]'—(ﬂ‘ E":"Q‘ 14,]:/}_141 Z‘lO]E}T_‘ 01]24_7‘31 7]—%]

ukl AlE 719 oAl oJoF Al e
AF7F AYEHI Atk (Bmst et al, 2016; Seo et al.,
2024). kel GA] oG w9 TPk SARAR @
A%EZ (monophylyy> YeM= ¥} (Ha et al, 2018), 57
AAE B Bl v Gef AL 9 Al A2 =
o dwe] AR D80l JFsuA Rl Lart

Ak

AgHoz ¥ ATE
5 @ n e Eha 3

(predictive value)°l|

32 o

o

5 A2 A7 3 ey
EEERCE N CEEREIS

3] Selsigon], gFash Bste] 49442 5o wa
Guish FAE AP AL st o2 Fal AL of

Aol 9% Wide, el dAEeeel TS

e ANE 5 Ugow, FF Guh A} 54, okE L B
§ol 3L E A7t FAslolol @ o YrE,

100

ACKNOWLEDGMENT

2 AT4eE AREs
RS-2023-00208589) 3F=+ALAcre] x]ol)
2 olo] ZAL=gUYt.

A H5A1)0] A1C =2 (Grant No.
ofsf o]Foizl 4

REFERENCES

Ashman TL. (2009). Sniffing out patterns of sexual dimorphism in
floral scent. Functional Ecology. 23:852-862.

Barrett SCH. (1990). The evolution and adaptive significance of
heterostyly. Trends in Ecology and Evolution. 5:144-148.

Barthlott W. (1984). Microstructural features of seed surfaces. In
Heywood VH. and Moore DM. (eds.). Current concepts in
plant taxonomy. Academic Press. London, England. p.95-105.

Chung MY, Chung JM, Lépez-Pujol J, Park SJ and Chung
MG. (2013). Genetic diversity in three species of Forsythia
(Oleaceae) endemic to Korea: Implications for population
history, taxonomy, and conservation. Biochemical Systematics
and Ecology. 47:80-92.

Cruden RW and Lyon DL. (1985). Correlations among stigma
depth, style length, and pollen grain size: Do they reflect
function or phylogeny?. Botanical Gazette. 146:143-149.

Ernst M, Saslis-Lagoudakis CH, Grace OM, Nilsson N,
Simonsen HT, Horn JW and Rensted N. (2016). Evolutionary
prediction of medicinal properties in the genus Euphorbia L.
Scientific Reports. 6:30531. https://doi.org/10.1038/srep30531
(cited by 2024 Dec. 20)

Ganders FR. (1979). The biology of heterostyly. New Zealand
Journal of Botany. 17:607-635.

Ghimire B, Jeong MJ, Suh GU, Heo K and Lee CH. (2018).
Seed morphology and seed coat anatomy of Fraxinus, Ligustrum
and Syringa(Oleeae: Oleaceae) and its systematic implications.
Nordic Journal of Botany. 36:e01866. https://doi.org/10.1111/
njb.01866 (cited by 2024 Dec. 20)

Glover BJ and Martin C. (1998). The role of petal cell shape
and pigmentation in pollination success in Awntirrhinum majus.
Heredity. 80:778-784.

Ha YH, Kim C, Choi K and Kim JH. (2018). Molecular
phylogeny and dating of Forsythieae(Oleaceae) provide insight
into the Miocene history of Eurasian temperate shrubs. Frontiers in
Plant Science. 9:99. https://doi.org/10.3389/fpls.2018.00099
(cited by 2024 Dec. 20)

Han IS and Kim JG (1999). Characteristics of flowers and
flowering between distyly in Korean golden-bells(Forsythia
koreana Nak.). Horticulture Environment and Biotechnology.
40:769-771.

Hong SP and Han MJ. (2002). The floral dimorphism in the rare
endemic plant, Abeliophyllum distichum Nakai(Oleaceae). Flora-
Morphology, Distribution, Functional Ecology of Plants. 197:
317-325.

Kim DK and Kim JH. (2004). Numerical taxonomy of tribe
Forsythieae(Oleaceae) in Korea. Korean Journal of Plant Taxonomy.
34:189-203.

Kim DK and Kim JH. (2011). Molecular phylogeny of tribe



22| ol R 4N Oldsfeiy

Forsythieae(Oleaceaec) based on nuclear ribosomal DNA
internal transcribed spacers and plastid DNA #rnL-F and matK
gene sequences. Journal of Plant Research. 124:339-347.

Kim KJ. (1999). Molecular phylogeny of Forsythia(Oleaceae)
based on chloroplast DNA variation. Plant Systematics and
Evolution. 218:113-123.

Kim KJ. (2018). Oleaceac Hoffmanns. & Link. /n Flora of Korea
Editorial Committee (eds.). The genera of vascular plants of
Korea. Hongreung Publishing Co. Seoul, Korea. p.1124-1129.

Kim KS and Park SH. (2022). Differences of morphological
characteristics and lignan components of leaves by distyly and
fruiting habits in Uiseong local germplasm of Forsythia spp.
Korean Journal of Medicinal Crop Science. 30:89-98.

Kim TW, Shin JS, Chung KS, Lee YG, Baek NI and Lee KT.
(2019). Anti-inflammatory mechanisms of Koreanaside A, a
lignan isolated from the flower of Forsythia koreana, against
LPS-induced macrophage activation and DSS-induced colitis
mice: the crucial role of AP-1, NF-xB, and JAK/STAT
signaling. Cells. 8:1163. https://doi.org/10.3390/cells8101163
(cited by 2024 Dec. 20)

Korea National Arboretum(KNA). (2017). Seed atlas of Korea.
Sumeunkil Publishing Co. Seoul, Korea. p.640.

Lee ST, Kim MY and Hong SP. (1982). A taxonomic study of
Forsythia koreana Nakai and F. saxatilis Nakai. Korean Journal
of Plant Taxonomy. 12:51-62.

Lee ST. (1978). A factor analysis study of the functional
significance of angiosperm pollen. Systematic Botany. 3:1-19.

Lee ST. (1984). A systematic study of Korean Forsythia species.
Korean Journal of Plant Taxonomy. 14:87-107.

Lee TB. (2014). Coloured Flora of Korea. Hyangmunsa. Seoul,
Korea. p.426-428.

Lim H, Lee JG Lee SH, Kim YS and Kim HP. (2008). Anti-
inflammatory activity of phylligenin, a lignan from the fruits of
Forsythia koreana, and its cellular mechanism of action.
Journal of Ethnopharmacology. 118:113-117.

Lloyd DG and Webb CJ. (1992). The evolution of heterostyly. In
Barrett SCH. (eds.). Evolution and function of heterostyly.
Monographs on theoretical and applied genetics. Springer.
Berlin, Germany. p.151-178.

Metcalfe CR and Chalk L. (1979). Anatomy of the dicotyledons.
Systematic anatomy of leaf and stem, with a brief history of
the subject. Clarendon Press. Oxford, England. p.40-53.

Oh SH. (2018). Forsythia Vahl. In Flora of Korea Editorial
Committee (eds.). Flora of Korea, Asteridae: Loganiaceae to

101

Oleaceae. Junghaengsa. Seoul, Korea. p.136-138.

Pailler T and Thompson JD. (1997). Distyly and variation in
heteromorphic incompatibility in Gaertnera vaginata(Rubiaceae)
endemic to La Reunion Island. American Journal of Botany.
84:315-327.

Papiorek S, Junker RR, Alves-dos-Santos I, Melo GAR,
Amaral-Neto LP, Sazima M, Wolowski M, Freitas L and
Lunau K. (2016). Bees, birds and yellow flowers: Pollinator-
dependent convergent evolution of UV patterns. Plant Biology.
18:46-55.

Ramirez-Valiente JA, Valladares F, Gil L and Aranda 1. (2009).
Population differences in juvenile survival under increasing
drought are mediated by seed size in cork oak(Quercus suber
L.). Forest Ecology and Management. 257:1676-1683.

Seo YS, Song JH, Kim HS, Nam HH, Yang S, Choi G, Chae
SW, Lee J, Jung B, Kim JS and Park 1. (2024). An
integrative study of Scrophularia takesimensis Nakai in an
ovalbumin-induced murine model of asthma: the effect on T
helper 2 cell activation. Pharmaceutics. 16:529. https://doi.org/
10.3390/pharmaceutics16040529 (cited by 2024 Dec. 20)

Song JH and Hong SP. (2013). The systematic consideration of
leaf epidermal microstructure in the tribe Forsythieae and its
related genera(Oleaceae). Korean Journal of Plant Taxonomy.
43:118-127.

Sun L, Rai A, Rai M, Nakamura M, Kawano N, Yoshimatsu
K, Suzuki H, Kawahara N, Saito K and Yamazaki M.
(2018). Comparative transcriptome analyses of three medicinal
Forsythia species and prediction of candidate genes involved in
secondary metabolisms. Journal of Natural Medicines. 72:867-
881.

Tae KH, Kim DK and Kim JH. (2005). Genetic variations and
phylogenetic relationships of tribe Forsythieae(Oleaceae) based
on RAPD analysis. Korean Journal of Plant Resources. 8:135-
144.

Wallander E and Albert VA. (2000). Phylogeny and classification
of Oleaceae based on rpsi6 and #nlL-F sequence data.
American Journal of Botany. 87:1827-1841.

Wilkinson HP. (1979). The plant surface(mainly leaf). /n Metcalfe
CR. and Chalk L. (eds.). Anatomy of the dcotyledons.
Clarendon Press. Oxford, England. p.97-165.

Yang XN, Khan I, and Kang SC. (2015). Chemical composition,
mechanism of antibacterial action and antioxidant activity of
leaf essential oil of Forsythia koreana deciduous shrub. Asian
Pacific Journal of Tropical Medicine. 8:694-700.



	연교 약재 후보 자원, 개나리 (물푸레나무과)의 이화주성 및 성적 이형화현상 연구
	ABSTRACT
	서언
	재료 및 방법
	결과
	고찰
	REFERENCES


