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(Forsythia) 21&2 =
&ote HWdEoln 8ol ofg o= AMEE AL St =
N2l [Forsythia koreana (Rehder) Nakai],
2] [E saxatilis (Nakai) Nakai], T¥2|8} (F ovata Nakai),
Aute)d} [F nakaii (Uyeki) T.B.Lee], 21A70vte] (F
viridissima Lindl) 5°] 2 &X33 3, 71E} @iy

Kwan Su Kim'’ and Si Hyung Park?

ABSTRACT

Background: Forsythia species is used as an herbal medicine and landscape plant. The fruit set-
ting rate, floral morph (distyly), and morphological characteristics and lignan components of leaves
in Uiseong local Forsythia germplasm were investigated to select the elite lines for fruit setting.
Methods and Results: A total of 23 Forsythia germplasm were collected in Uiseong area, Korea.
Each germplasm planted in Uiseong was investigated for the rate of fruit set in March and October,
floral distyly; pin (long-styled morph) and thrum (short-styled morph), in March, and stem color,
leaf length, leaf width, petiole length and leaf serration in July. Additionall, lignan components
(matairesinol, pinoresinol, arctigenin, phillygenin and their glycosides) in leaves of each germ-
plasm were analyzed using HPLC-MS. Two leaf types, Leaf I and Leaf II of Forsythia germplasm,
were grouped based on fruit set, distyly, leaf shape, chromatogram of lignan components and stem
color. Leaf IT germplasm had longer ovate leaves with lesser serration and more lignan components
than Leaf I germplasm. Most of Leaf II plants had successful fruit set, a pin flower, and green stem.
Conclusions: We confirm that Leaf I germplasm is Forsythia koreana (Rehder) Nakai and Leaf II
germplasm is Forsythia viridissima Lindl., consistent with previous results.

Key Words: Forsythia spp., Distyly, Fruiting Habit, Leaf Shape, Lignan Component, Uiseong
Local Germplasm

o v oF vl debAl A ()] 719 A=
olm, AujE IS Hele FLoF (HHgE)CRE ARSI 3L
ok olgriviEle] dufel] $HrE ot AR FE WU, &
s}, B, 2t A T2 Bt e AeR BuEy
At (Rho, 1975; Lee and Keum, 1988; Yang and Choe,
2011; Eom et al., 2019).
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Ao] Yot (Kim ef al., 1999), FXERFZEL0] =

Fom FFHIo| HA| &S Aot

o 7ivE, JivE, "rive] S deivk ele gad
(lignan) &S Z matairesinol, pinoresinol, arctigenin,
phillygenin 53 2|2 A S 2 matairesinoside
(matairesinol glucoside), pinoresinol glucoside, arctiin,
phillyrin 5°] 2Z3=o] A3, flavonoid 22 rutin}
phenylethanoid B 1 forsythiaside, acteoside 5°] -5
o o el driukelsl Frivele] sle] el AR A
Zpol7t Aokl BAEAT} (Kitagawa et al., 1984; Kitagawa
et al., 1988).
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arctiin, matairesinol, arctigenin 522 FA3 Hi7}
(Choi et al., 2003). B3 o372, 9 (dretium lappa
L)), &M A28} (Centaurea scabiosa 1.)2] Evl 2
¥ matairesinoside, arctiin, pinoresinol, matairesinol,
phillygenin, arctigenin, methylarctigenin 5= HPLC-ESI-MS
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Fig. 1. Distyly in Forsythia flowers. A; thrum (short-styled
morph), B; pin (long-styled morph). Style in thrum (A) is
not seen because the style is short and under the anther.
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Fig. 2. Measurements of leaf morphological characteristics.
LS; length of serrated part of leaf margin, T; teeth on 1 cm
of serrated leaf margin, WU; width of upper part of leaf,
WL; width of lower ﬁart of leaf, P; petiole length, L; leaf
length, W; leaf width.
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formance liquid chromatography (HPLC)E ©]-8-3le] % s}
Sk S 1%k BFEA arctigenin® Avention Co., Ltd.
(Incheon, Korea)ollA] T+Jalon, UYmx] AHEEL HPLC-
ESI-MS ~#|E& 3} HPLC-DAD AZrtE1#d] that 7]

# %289 Az (Choi et al, 2003; Milder et al., 2004;

AR

91

Boldizsar et al., 2010; Cho et al., 2011;
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Won et al.,

AER o= AT

B Aol A2 HPLC (Agilent 1100 Series, Agilent
Technologies Inc., Santa Clara, CA, USA)®] 7]7] A&
oA} Z+<] Sunfire C18 (5 m, 4.5 mm x 150 mm, Waters
Co., Milford, MA, USA)YS ALojA ALE3I0SL, UV HE7]
(Agilent 1100 Series, Diode Array Detector)s= 280 nm oJ|A]
ZA3l= 201U °5/2 30% methanol £94-2 30 &
59t 70% methanol £0 2 FI7MAF = Z27olH, AL&H
O] 5L 0.5% acetic acid7} E§HE g-o|dt). o]FH 5
2 0.7 m/mine| AL A AEH 10 45 HPLC] 915k
o, AE T BA A7k 2 AlE AIZRS 238l F 60
o2 sk

HPLC-MS £+ Dionex UltiMate 3000 UHPLC
(Thermo Fisher Scientific Inc., Sunnyvale, CA, USA)?} LTQ
XL Orbitrap Mass Spectrometer (Thermo Fisher Scientific
Inc., Waltham, MA, USA)E ARg-aFitt. 71710l “d2te 24
& ogAtel Kinetex (1.7 g, 2.1 mm x 100 mm, Phenomenex
Inc., Torrance, CA, USA)°|3 A-2o|r A3} o5
< 30% methanol 8N4 30 & &<t 70% methanol £
og I7PIIE 240, AREE olF S 0.1% formic
acid7t 23 go]r}. o]Fd F4-2 0.15 m/min® = A
AT B4 EAL electrospray WHEOE o] L3IAIZ] mi
300 - m/z 800 HY A Yol R==Z HE3} mass

spectrum= A Th

3. SN=M
oA Adel Hase] A%

(means + SD)E YEPY, 237 7} A8 QPSS i
23 (IBM SPSS Statistics, Ver. 27, IBM Co., Armonk,
NY, USA)S AMEstach Ads 7He] FA A vlue

Duncan’s Multiple Range Test (DMRT) W'HOZ 5% £
FoA FAA frelde AREAT (p < 0.05).
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Table 1. Fruiting habits and morphological characteristics of leaves in Forsythia lines (n = 23) collected from Uiseong area.

Line Fruit  Leaflength  Leaf width WIL ratio” Leaf area UL ratio? Petiole LS ratio? NTY

set (cm) (cm) (cn) length (cm)

FV2 None” 10.1%1.7°% 3.1+0.5®  0.31+0.03% 15.9+4.6® 0.79+0.078 1.78+0.21>¢ 0.60+0.09" 3.0+0.8>
FV5 High®  9.6+0.8°" 2.4x03"  0.25+0.02¢ 11.4%2.6" 0.96+0.08" 1.43+0.18'  0.44+0.09%% 2.2+0.7%
FV6 Low” 10.9+1.5¢ 2.6=x0.5%  0.24%0.03 14.3+4.7*° 0.90+0.05"° 1.58=0.18" 0.41+0.08°8 3.1=0.7"¢
FV7-1 High  11.3+1.0* 2.6+03%  0.23+0.01 14.8+2.8*¢ 0.92+0.07*¢ 1.63%0.20" 0.37+0.08% 2.2+0.8%
FV8 Low 9.8+1.0% 26+0.2%  0.26+0.03° 12.6=1.8"" 0.92+0.08"¢ 1.44+0.10° 0.42%0.07°8 2.6+1.1°¢
FV10 High 9.6+1.5°" 2.2+04"  0.23+0.02" 10.6+3.6 0.98+0.11° 1.47+0.28% 0.40+0.11% 2.7+0.9°¢
FV11 Low  10.0%1.3%8 2.4+0.3%  0.24+0.02¢ 12.0=3.1°" 0.89+0.04"" 1.52+0.17% 0.41+0.07°% 2.3+1.0%
FV12 None  6.5%1.3  2.2%0.5 0.34=0.04" 7.1+3.1%  0.81+0.05% 1.34+0.30" 0.60+0.07"" 4.4%2.17
FV12-1  Low  11.0%1.8*° 2.7+0.58  0.25+0.01 14.7+4.9* 0.91+0.06"° 1.53+0.14% 0.37+0.07% 2.4+0.7%
FV12-2  High  11.1+0.8"Y 2.6+0.3%  0.23+0.02° 14.4+2.4>° 0.88+0.04"8 1.49+0.05*" 0.42+0.07°% 2.8+0.6"°
FV12-3  Low  10.0%1.2°% 24+03"  0.2420.02¢ 11.8+2.8°" 0.88+0.04"" 1.44=0.25" 0.46+0.11%" 2.0+0.8°
FV13 High ~ 12.0+1.0° 2.9=03*! 0.24+0.02 17.2%2.9* 0.88+0.04"8 1.54=0.12*" 0.52+0.09"° 2.9+0.8"°
FV13-1  Low  10.5%1.5¢ 2.4=+03%"  0.2320.02¢ 12.6+3.2"" 0.83+£0.04%8 1.50=0.27% 0.41+0.10°8 2.8+0.4>°
FV14 High  11.5+£1.4® 27204  0.24+0.02¢ 15.8%3.6® 0.93£0.05* 1.46=0.18'  0.48+0.10“" 2.0+0.8°
FV16 None  9.5+0.8°" 3.1+0.4*° 0.32+0.02"¢ 14.8%3.2*% 0.90+0.13* 1.83+0.21" 0.64=0.09" 3.2+0.6™¢
FV17 None  7.9+14" 29+0.5* 037+0.03° 11.4+3.4%" 0.83+0.08%% 1.53+0.49% 0.57+0.10*° 2.2+0.6%
FV20 High 9.0+0.6" 2.6+0.3%  0.29+0.03“ 11.7+1.4%" 0.82+0.13%8 1.50+0.38% 0.56=0.12* 3.6+0.9*°
FV20-2  Low 8.8+1.28" 23+0.4 0.26=0.05¢ 10.0+2.7%  0.90+0.08"¢ 1.40+0.25" 0.32+0.13%8 2.2+1.3%
FV26 None  9.8x1.2% 32204  0.33+0.03" 15.9+3.5" 0.88+0.08"" 2.1720.42* 0.58+0.05*° 3.8+1.0%
Fv27 High  10.4+1.5" 23+04%  022+0.03" 11.9+3.5 0.88+0.10"" 1.52+0.17" 0.36+0.18% 2.6+1.2°°
FV30-1  None  8.4=1.6" 2.8=05"¢ 0.34=0.02" 11.7+4.2°7 0.84+0.03°% 1.76+0.23"¢ 0.67+0.16* 2.3+0.7%
FV30-2  None  8.9=+1.18" 2.7+0.6" 0.30+0.04¢ 11.8+3.7°" 0.91+0.12*¢ 1.92+0.34> 0.55*0.15* 2.6+0.9°¢
FV35 None  8.3=1.0" 27+0.3% 0.32+0.03"¢ 11.0+2.5 0.88+0.09" 1.78+0.26"¢ 0.61+0.04" 4.3+1.4
Mean - 9.8+1.3  2.6=0.3 0.27+0.05 12.8%€2.4  0.88=0.05 1.59+0.20 0.49+£0.10 2.8+0.7

WL ratio; ratio of leaf width to leaf length, ?U/L ratio; ratio of WU (width of upper part of leaf) to WL (width of lower part of leaf), ?LS ratio;
ratio of LS (length of serrated part of leaf margin) to leaf length, “NT; number of teeth on 1 cm of serrated leaf margin, *None; no or almost not
fruit set, “High; relatively high rate of fruit set, ”Low; relatively low rate of fruit set. Means with the same letters in a column are not significantly
different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 2. Differences of morphological characteristics of leaves by fruit set characteristics in Forsythia lines collected from Uiseong area.

Fruit set

Leaf length

Leaf width

Leaf area

u/iL

Petiole length

LS

Q) (cm) (cm) WL ratio” (cif) ratio” (cm) ratio” NT*
None” (8) 8.7+1.2°  2.8+0.3? 0.33£0.02°  12.4%3.0° 0.86+0.04> 1.76+0.25* 0.60=0.04* 3.2+0.9°
Low” (7) 10.1+£0.6*  2.3%0.2° 0.2420.01°  12.6+1.6° 0.89+0.03" 1.49+0.63" 0.40=0.04> 2.5x0.4"
High” (8) 10.6+1.1°  2.5+0.2°  0.24%0.02° 13.5%£2.4% 091+0.05° 1.51+0.06° 0.44+0.07° 2.6+0.5®

WL ratio; ratio of leaf width to leaf length, ?UJL ratio; ratio of WU (width of upper part of leaf) to WL (width of lower part of leaf), *LS ratio;
ratio of LS (length of serrated part of leaf margin) to leaf length, “NT; number of teeth on 1 cm of serrated leaf margin, *None; no or almost not
fruit set, “Low; relatively low rate of fruit set, ”"High; relatively high rate of fruit set. Means with the same letters in a column are not significantly
different by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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2. OFEXY U] TR HPLC I=01E3
2o MR X0

o)A Jivke] ] Blad s AR 216k
HPLC #41& atal A5 A=vETHS v st

#4¥ HPLC 3352 MS #43 HPLC A=2rtET8S
71¥ XHIE (Choi et al, 2003; Cho et al., 2011; Won et
al., 2011)#} Blaste] zh gy} 2 wigA] s 548t
At} Matairesinoside®} pinoresinol glucoside®] 3}&H2] &
CoHpOp 2 Aol Fd s Fxo|dAA ol st
nominal masse 520.1939°]3 o] T =2] mass spectrum
e [M+Na]” FEIZ miz 543.18489014 AZHAT (Fig
4A-1).

Arctiin®} phillyrin®] 3}8H]2 CyH340;, 2 nominal mass
£ 53420961 [M+Na]" FEIZ m/z 557.1997°04 HE
= AT}t (Fig. 4A-2). Matairesinol3} pinoresinol®] 3}8}2]-&
CyHpOs®E nominal mass= 358.1411°]3 mass spectrum
4= Nat adducts ©lF m/z 381.1322004 HEH AT
(Fig. 4A-3).

Arctigenin®} phillygenin®] 3}8F42 CyHy062-Z nominal
mass= 372.1567°]2L mass spectrum®l A= m/z 395.1473]
A AZEAT} (Fig. 4A-4). 22 38R S 7= glad A

52 ETFH vaEAY ol HiE AZrfE e
AEE A9 ESI-MS ~HERS vl 9 3Rlsle] FA3)
At} (Fig. 5).

HPLC &4 Z7dx A& gd 859

LR TIYT

W0 i

Leaf | type (FV26)

Leaf Il type (FV6)

Fig. 3. Leaf shapes of Leaf | type (A) and Leaf 1l type (B) among Forsythia lines collected from Uiseong area. Leaf | type; FV26 line

with no fruit set, Leaf Il; FV6 line with low fruit set.
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Fig. 4.

Total ion chromatograms (TIC), UV chromatograms and extracted ion chromatograms (EIC) obtained from Forsythia

leaves. A; Leaf | type, B; Leaf Il type. Matairesinoside, pinoresinol glucoside, arctiin, phillyrin, matairesinol, pinoresinol,
arctigenin and phillygenin were identified by MS-MS spectra of HPLC peaks (280 nm).
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26.8 #-°lth (Fig. 6).
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Fig. 5. Full scan MS and MS-MS spectra of lignans and lignan glycosides in Forsythia leaves.
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Fig. 7. HIZLC chromatogram of arctigenin. Chromatogram of Z 2370 A% = 17 /) A% olgslAe s T+
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Table 3. Fruiting habits, arctigenin contents, distyly, leaf types, and stem color in Forsythia lines (n = 23) collected from Uiseong area.

. . Arctigenin No. of plants No. of plants Stem color (%)

Lines Fruit set (mgg/ 9 with thrur?n” ©%)  with pirrw)” %) Brown Croon Leaf type
Fv2 None” 0.91+0.30° 27010 0(0) 10(100) 0(0) Leaf |
FV5 High®" 4.89+3.25P 0(0) 40(100) 0(0) 10(100) Leaf Il
FV6 Low” 3.79+1.94b 2(7) 28(93) 0(0) 10(100) Leaf Il
FV7-1 High 6.20+1.55 0(0) 3(100) 0(0) 10(100) Leaf Il
FV8 Low 4.54+2.37" 0(0) 10(100) 0(0) 10(100) Leaf Il
FV10 High 13.62+6.06 0(0) 20(100) 0(0) 10(100) Leaf Il
FV11 Low 18.06=5.00° 0(0) 25(100) 0(0) 10(100) Leaf Il
FV12 None 1.26+0.39" 10(100) 0(0) 6(100) 0(0) Leaf |
FV12-1 Low 5.11+4.88" 0(0) 20(100) 0(0) 0(100) Leaf Il
FV12-2 High 3.64%2.23 0(0) 23(100) 0(0) 10(100) Leaf I
FV12-3 Low 3.20+3.35° 0(0) 25(100) 0(0) 10(100) Leaf Il
FV13 High 2.89+1.96" 0(0) 15(100) 0(0) 10(100) Leaf Il
FV13-1 Low 3.42+3.39" 0(0) 20(100) 0(0) 10(100) Leaf Il
FV14 High 2.80+2.71° 0(0) 20(100) 0(0) 10(100) Leaf Il
FV16 None 1.02+0.64" 40(100) 0(0) 10(100) 0(0) Leaf |
FV17 None 1.58+0.45" 10(100) 0(0) 7(70) 3(30) Leaf |
FV20 High 1.92+1.19° 5(50) 5(50) 9(90) 1(10) Leaf |
FV20-2 Low 4.01£2.96 0(0) 10(100) 0(0) 10(100) Leaf Il
FV26 None 0.83+0.33" 0(0) 20(100) 10(100) 0(0) Leaf |
Fv27 High 4.84+4.33P 2(12 15(88) 1(10) 9(90) Leaf Il
FV30-1 None 1.14%0.16" 18(90) 2(10) 7(100) 0(0) Leaf |
FV30-2 None 1.03£0.17° (75) 5(25) 5(50) 5(50) Leaf |
FV35 None 1.60%0.34" 20(100 0(0) 10(100) o<o> Leaf |
Mean 4.01+4.11 6.5(31. 9 13.3(68.1) 3.3(35.6) 4(64.4)

"Thrum; short-styled morph, ?Pin; long-styled morph, *None; no or almost not fruit set, “High; relatively high rate of fruit set, *'Low; relatively
low rate of fruit set. Leaf | type is shown in lines with no fruit set and Leaf Il type is shown in lines with high or low fruit set. FV27 line had one Leaf
| type and two Leaf Il types among three replicates. Means with the same letters in a column are not significantly different by Duncan’s Multiple
Range Test (DMRT, p < 0.05).
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Table 4. Differences of arctigenin contents, distyly, leaf types, and stem color by fruit set characteristics in Forsythia lines (n = 23) collected

from Uiseong area.

Fruit set Arctigenin

Percentage of plants

Stem color (%)

A5 Leaf
(n) (meg) with pin" (%) cattype Brown Green
None? (8) 1.17+0.29° 16.9+34.7° Leaf | 90.0% 10.0°
Low? (7) 6.02+5.35 99.0+2.6 Leaf Il 0.0 100.0°
High® (8) 5.10%3.71 92.3+17.6 Leaf Il 12.5P 87.5°

YPin; long-styled morph, ?None; no or almost not fruit set, ?Low; relatively low rate of fruit set, “High; relatively high rate of fruit set. Leaf | type
is shown in lines with no fruit set and Leaf Il type is shown in lines with high or low fruit set. Means with the same letters in a column are not
significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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