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Palynotaxonomic Study on the Korean Pyrolaceae

Chung, Gyu Young*, Gi-Hum Nam and Myung Soon Park
School of Bioresource Science, Andong National University, Andong 760-749, Korea

Abstract - Pollen grains of seven taxa on the family Pyrolaceae, known to be distributed in Korea (Pyrola dahurica
(Andreses) Kom., P. incarnata (DC.) Fisch. ex Kom., P. japonica Klenze ex Alefeld, P. minor L., P. renifolia Max.,
Orthilia secunda (L.) House, Chimaphila japonica Miq.), were examined by the light and the scanning electron
microscope in order to evaluate their taxonomic significances. The pollen units of genus Pyrola, Orthilia, Chimaphila
were tetrad, monad, polyad respectively. This characteristics was good character for delimiting the genus, and Orthilia
secunda (L.) House was more proper scientific name than Pyrola secunda L. based upon this character. Pollen size,
tricolporate length, surface sculpturing pattern were different slightly among the treated taxa, and surface sculpturing
patterns of Pyrola dahurica, P. incarnata, P. renifolia, Chimaphila japonica were different from previous reports.
Evolutionary trends of pollen grains in Pyrolaceae were inferred from the pollen units and aperture shapes.

Key words - Pyrolaceae, Pollen unit, Monad, Tetrad, Polyad, Orthilia secunda

N o

S IHfamily Pyrolaceae)= Chimaphila, Moneses,
Orthilia, Pyrola®] 4422 T35 484 thdx B v
RSt BE/Ad o2 A, S ERbF FA]0) 300)F0] H2dh= A
o= UA °‘E}'(Airy Shaw, 1973; Heywood, 1993), £3}o]
£3= Orthilia$2 Pyrola%:2] 3 A(section)2 HFH7I=
3l Moneses& % Pyroladiol EFAZI7IE 3l &5 A
of ulz}l A7} Aoldt Aot Cronquist, 1981; Iwatsuki
et al, 1993; ©], 1996; ©l, 2003).

L 2dhte) 43l ERTE9 FU EE= Nakai(1911), g
(1949), A 5(1949), Nakai(1952), 8+1974), ©](2003), ©]
(1996) 5] AlEw7t AEZ] EX £7to] Pyrolato] T@
29YHP, renifolia), =59 (P, japonica), o|7]|:=F4HP,
deticulata), M7\ =P, secunda), T=F(P. dahurica),
B3 w2UKP incarnata)® 6259} Monesesso EEL2
9H(M. uniflora) loTr, Chimaphila% 9] w3k 2 (C.
Japonica) 1 57 5, % 8 B0l Xl A2 dHA Y

* W MAXKE-mail) : gychung@andong.ac.kr

o} sfAEurt gy
“golsitt,

A G7HA] & 2 o] o)=9] £78H4] AT=+= Haber and
Cruise(1974)°f &J3t & ShAoff ojgt A, Takahashi(1993)°ﬂ
oJgt FA1e] FE|} o] 52 R H§ 5, FE AEFH|TH
Al A7t FHE olFo] o, H—.—E‘rzﬂi’—it Katomina
(1999)f 95t 2 9] Fud)oll EXdhz 229 E3lof| ofgt
AT 9 3}st- 2 2= Harborne and Williams(1973)0] 2J3t
919] flavonoids®} simple phenol 43%-<f TgF A7} ATt

shaoll WHdAE= Tkuse(1956)7) REAME ARZ Feot
3718 BN A 02 Takahashi(1986, 1988)ol ¢}3t
Pyrola%:9] SHEFHie} £RH FoZo et A7t gle
o, FHARE FF3 72 F(1986)9] 23 =2 1579
Ferdn A A EFo] 7A=Y QS Bog =Rl Ao
et} FARARIERAE o] 85 FY A= HESH Aol
=3

W 3| g, BRAF Sl 9j7o]

L29tvlol] £31= Pyrola japonica 52 SA|xe} dto] A
27h Aol A AHF = el 7‘7l(ber1ber1) 5ol ol g=l= okg =

@Al Zo| k(Shibata, 1957), EFTE 2 2| A& L &
T F2 AEske S Xﬂt}li spetsof 9lA| gfot g
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50 2.80) Zeso] ghonl, ebd & U F& TR F
£ FAS] it A5H ATE T3l 43 B A T
ke, Fohel BESHe BRaECl the e skt 25
a1 9118 AYste} Fefsks Aol WY 2 THT Gek

£ d7olx HFshus ok s YHHom g 2R
ahd YRS AUL Qo] ERZY 78 L AT FYshey
F85P 01853 Slek wepd B GRS o) 2}
£ = 2uate) chopt BRHH $9L wjelsto] Yok 43
AT WA TSP 2% YBO2A, Bpe] FehE
Yorang U FAAEn| 02 W] 7 RS A
olH& TOISIT, BRAHOE UW 4 A iRB w
ofshanz} sheic

a

A=

Ao AgH QB = FEisha EEIHANH), SEdistw
HETHCHB), FYTEY TEIHKH)Y AEREEE o] &3¢
on ol& XX o YA EE Table 17} Z},

3y

ShE-2 2hAs] St oA k& AL, HE 2
acetolysis?H3(Erdtman, 1971 ; Rodford et al, 1974)0& t}
a2 HPAA o2& S ARESHET 15ml conical
centrifuge tubefl AFHE k& €2 T acetolysis mixture

Table 1. Materials and voucher specimens of Pyrolaceae for this study.

(anhydride : sulfuric acid = 9 : D& ¥ 80ClA < 10&
7t = FE3E oS, 1500~1800rpm 2 2 1087 A4 A7)
I ASHe Wk I ¥ glacial acetic acidZ 23], &<,
30%, 50%, 70% alcohol &A= Zt 134 Hojdl & 70%
alcohololl sttt Fetdun| 3 W fisto] Rtg A=
E A&FH3A slide glassHoll ¥32, AB7F uk27] #Hof
glycerin jelly(Erdtman, 197D)2 B3t g ZY eSS
=Lt o]& FaEn|H o2 7 BRa 20704 ol S =
238191, A7]+& Cursor generator(Ver. 2.0 ; Tokyo Elect—
ronic Industry Co)Z2 ZXsIHFig. 1. FAPHAERF L
29| TEE 3= dh7] FollA A2 3HE-S ion sputter
(Cressington sputter coater 108)2 gold—coating ¥, A}
A& ]| A Hitachi ; S—2500C, Japan ; 15kv ; working
distance 20mm) 2.2 HA3I Tt
SR
SHE 9 AT

2 A-tollA HFE TERTY A=t 3 FAGHE 9
(monad), AH(tetrad), % (polyad) 22 2= .

@™ (monad): 453t sHio| GYPoR A= = AL
2, M7= Orthilia secunda (L.) House]oflA] 2= Tt
(Plate 1-6, 13, Plate 2-6, 13),

A (tetrad): 353 SHE 4717} 31 D9I2 A =0} glow,
S Aol AMAA HE (tetrahedral) ¢l o2 2P,

Taxa L .
Scientific name Korcan name collection site and date Voucher specimen

Pyrola L.
P. dahurica (Andres) Kom. S 2er Russia : Sakhalin Region, Sakhalin Island, = Doudkin R. U. & Gorobets K. U.

Poronaysky, (Jul 30, 2000)
China : Gillimseong Andohyeon

P.incarnata (DC) Fisch. exKom. £Z -S4t

1063383(KH)
B. U. Oh et al,, 0406128(CBU)

Ssangmokbong, (Jun 12, 2004)

P. japonica Klenze ex Alefeld 2 Korea : Gyeongsangbuk-do, G. Y. Chung er al., 0406238 (ANH)
Cheongsong-gun, udong-myeon,
Mt. Mupo, (Jun 23, 2004)

P. minor L. T2 =24 Russia : Sakhalin Region, Sakhalin Island,  Doudkin R. U. & Gorobets K. U.
Kordakousky,(Jul 30, 2000) 1063425(KH)

P. renifolia Max. FZ =29 Russia : Primorye, Mt. Eldorado, B.Y.Sun& D.O.Kim & J.K. An,
(Jul 26, 2002) 1065039(KH)

Orthilia Raf.

O. secunda (L.) House M7 =5 Russia : Sakhalin Region, Sakhalin Island, ~ Doudkin R. U. & Gorobets K. U.
Nogliksky, (Aug 21. 2000) 1063422(KH)

Chimaphila Prush

C. japonica Miq. M3} 23 Korea : Gyeongsangbuk-do Cheongsong-gun, G. Y. Chung et al,, 0406250 (ANH)

Budong- myeon, Mt. Mupo, (Jun 23, 2004)

-194 -



A e 29I Pyrolaceae) ] SHEELFEH AT

SED 2F )
r 3\
TPL SPL e=tin: —T-CW SPL PD CL
| i -
L
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Fig. 1. Mlustration of the pollen characters for measurement.
TLP: Tetrad Polar Length, TED: Tetrad Equatorial Diameter, SPL: Single grain Polar Length, SED: Single grain Equatorial Diameter, 2F: Concurrent
Copli, CL: Colpus Length, CW: Colpus Width, PD: Pore Diameter.

-~
1 3 20/m

Plate 1. LM photographs of pollen grains on Korean Pyrolaceae (1-6: polar view, 8-13: equatorial view).
1, 8: Pyrola dahurica, 2,9: P. incarnata, 3, 10: P. japonica, 4, 11: P. minor, 5, 12: P. renifolia, 6, 13: Orthilia secunda, . Chimaphila japonica.
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i
SRR T

Plate 2. SEM photographs of pollen grains on Korean Pyrolaceae (1-7: polar view, 8-13: equatorial view).
1, 8: Pyrola dahurica, 2, 9: P. incarnata, 3, 10: P. japonica, 4, 11: P. minor, 5, 12: P. renifolia, 6, 13: Orthilia secunda, 7, 14: Chimaphila

Jjaponica.

dahurica (Andres) Kom.], 3P incarnata (DC)
Flsch ex Kom.], 2P, japonica Klenze ex Alefeld),
L3P, minor L), 3 =P, renifolia Max.)ollA &
QH AtHPlate 1-1~5, Plate 2-1~5).
tH(Polyad): A58t o] E7i= 2|57 i 34 3l
= Aeg osl=F9NChimaphila japonica Mig.)o)A &
=] lcHplate 1-7, Plate 2-7).

el 37

Algle| a7|

35um ©): AFgdel AI7t 35um oAl ALeR swT
(41.940.3X41.4+0.6um : Plate 1-1, 8, Plate 2-1, 8), =&
‘3—__1'(40 8+0.8x38.2+0.8un : Plate 1-3, 10, Plate 2-3, 10),
L=22H43,0+0,4%x 42,510 5un : Plate 1-5, 12, Plate

2-5, 12)0114 WEE AHTable 2).
35um BT ARHQ) 27)7F 35um wigkel AoR BElL-fut
(33 0+0.2X32,4+0.4im : Plate 1-2, 9, Plate 2-2, 93} &
1=24K30.7+0.2X30.2+0.2um : Plate 1-4, 11, Plate 2-
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ghatat w28k Pyrolaceae)d SHEEFEA A

Plate 3. SEM photographs of the aperture and surface sculpturing of pollen grains on Korean Pyrolaceae [1-7: aperture, 8-14: surface sculpturing (8-1, 9-

1, 10-1, 11-1, 12-1: polar view, 8-2,9-2, 10-2, 11-2, 12-2: equatorial view).

1, 8: Pyrola dahurica, 2, 9: P. incarnata, 3, 10: P. japonica, 4, 11: P. minor, 5, 12: P. renifolia, 6, 13: Orthilia secunda, 7, 14: Chimaphila

Jjaponica ’

4, 194 T2 QI cHTable 2).

chglel 37|

25um ©4F: ©e] A7|7} 25um o] HeE Tl
(80.2+0.2x29.2+0.4um, P/E = 1.03 : Plate 1-1, 8, Plate
2~1, 8), =F13H26.7+0.3%26.2+0.3um, P/E = 1.03 : Plate
1-8, 10, Plate 2-3, 10), 43 (26.3+0.2x25.5+0.5
m, P/E = 1.02: Plate 1-4, 11, Plate 2-4, 11), S22t

(29.0+£0.2%29.5+0.5um, P/E = 0.98 : Plate 1-5, 12, Plate
2-5, 12)ollA I = A cKTable 2),

25um ajgk: G e} I717} 25um Pigkel Aog BELdt
(23.5+0.2%22.8+0.3um, P/E = 1.03 : Plate 1-2, 9, Plate
2-2, 9), M71=F¥H21.040.2%18.9+0.3um, P/E = 1.13:
Plate 1-6, 13, Plate 2-6, 13)°llA TA=Qict wjsh= ke
7% o7} 26,5+0.2um, YHI7} 21,140, 2um(Plate 1-7, Pate
O-NEAM 25mE 71202 FEER|E UUTtHTable 2).
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drol o] g

£ dtoA HEd EFTEY e ot ATy
(tricolporate)o] .1, E3] Ao} Hell Pyrolado) wo}
T A% SEH 359 Wolt(concurrent copl)E B/d 5}
I ASict, ‘E’—J°HL-°4 dole AHY o] B8 359 ot s, tY
I g o] A shte] Holts &4 oni(Fig. 1, 53H
drolL= Zlojofl 2J3f 2groupL 2 FEI 4= 9iiet,

20um ©)A4}: Wohte] Zojrt 20um oAl Ao Fl-Fuk
(25.9+0.3um : Plate 3-1), FEX=F2H25.6%0.4un : Plate
3-5)oll 4 L= AHTable 2).

20im ©] g Bropte] Zo]7} 20um Bigel Ao 7 B 2ak
(18.0£0.4un : Plate 3-2), =F%(18.9£0.4un : Plate 3-3),
FHLTH(15.240.2im : Plate 3-4), A7)=F2(17.1+0.2
um : Plate 3-6), 3 =S(11.6+0.3un : Plate 3-7)oflA &
ZE e} 53] mighe o] Fe oE ERTET 9 4
(colpus)®] Zoj7} F5io] g9ren - pore)7t FHETH &
Ei7} S8k, AA o] & 4] AlgltHTable 2).

wy 7y

2 dFoA HEd EFTEY 39 BHE dAA4
(rugulate), FP A (verrucate), 7| HAHscabrate) 22 FLEE
it

i rugulate): o] AFo2 AZH £719) Mol &+

Table 2. Measurement of pollen grains of Pyrolaceae in this study

2514 wigd
(Plate 3-10-1~2), 4
Ak,

g (verrucate): EHof| Anty 2] 27 & E717F AU
= 78 FI-FulPlate 3-8-1~2), FL=FU(Plate 3-
12-1~2), M7= (Plate 3-13)oll 4 =t

)Y/ scabrate): ol 1moldte] 29 717 = A
oz tishe29h(Plate 3—14)oll4 A AT

Ao2 FHEL-F9HPlate 3-9-1~2), k7t
L 29HPlate 3-11-1~2)ol|A] THahg]

3

1

E AN HEE £ sHEE g9 (pollen unit)E
Pyrola%®] 3\=F9HP dahurica (Andres) Kom ], 2%
WHP incarnata (DC.) Fisch. ex Kom.], =58P, japonica
Klenze ex Alefeld), FHX=FHP, minor L.), TZ=FHP,
renifolia Max.)oll A= APl (tetrad), Orthiliass2] Aj7| =St
[O. secunda (L.) HouselolX &= @™ (monad), Chimaphilass
o] w3}k 28HC japonica Miq.)o A= AFEE9] ‘—4‘-;}7" =2
o th(polyady& BAsH= AR HAEL} ol T2
Sl o3t 3HEY gl B &§& RS '5‘49-3} 3
ZAE B ol AR T o Fo] 7R R
9] AL 0](1996)2} ©](2003)0 23t Pyrola secunda L. 2]
Sty R b Twatsuki et al (1993)7} AME3F Orthilia secun—

Taxa Pyrol.a P.incarnata  P. japonica P. minor P. renifolia Orthilia Cfumap. hila
Chracter dahurica secunda Japonica
Polar 40.5-43.1 32.1-338 38.841.7 29.5-31.7 41.2-455
Tetrad Length (419+03) (330+02) (400£08 (30.7+02) (43.01£04)
Equatorial 40.2429 31.0-34.3 36.7-39.8 29.0-31.7 400450
Diameter (414+0.6) (324+04) (382+08) (302+02) (425%0.5)
Polar 29.3-31.2 229-24.5 25.2-28.1 257-27.1 27.9-30.0 20.2-22.4 25.2-26.7
Single Length (302+02) (235402) (267+£03) (263%£02) (290+02) (21.5+02) (26510.2)
Equatorial 27.4-30.5 20.7-23.6 25.2-279 23.8-274 274-329 17.6-20.0 20.2-21.7
Diameter (292+04) (228+03) (262+£03) (255%+05) (295+05) (189+03) (21.1+02)
P/E 1.03 1.03 1.03 0.98 1.13 1.25
Length 24.0-26.9 16.7-20.2 17.4-20.7 14.3-16 4 23.6-274 164-18.3 10.5-13.1
aperture Col (259+03) (180+04) (189+04) (152£02) (25.6+04) (17.1£02) (11.6%0.3)
pus Width 24-36 2.9-3.8 24-3.6 1.7-1.8 2.6-3.6 2.1-3.1 4876
(3.0£0.1) (3.3£0.1) (3.0+0.1) (1.7£0.0) (3.1+0.1) (2.6£0.1) (63£0.3)
Pore Diameter 2.1-3.1 2.1-33 24-3.1 1924 24-36 19-29 5.0-6.0
26=x0.1) (2.7£0.1) (27%0.1) (2.1£0.1) (2940.1) (23£0.1) (5.5+0.1)
. 2431 2.1-29 2.1-33 2.1-26 2.1-26 2.1-26 2433
Wall Thickness (26+01) (24+01)  (26201) (23401  (25+01) (23201  (2820.1)
Surface Sculpturing verrucate rugulate rugulate rugulate verrucate verrucate scabrate
Min-Max
(Mean + S.D)
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da (L.) House?) t80] e}t A 02 H7t=|qict,

ojQlof| 39 Aot Wolgrel A7), ®Y FY oA ERT
7ol tha: Aol YERRSIT o)F 3HEQ) A7 7|E 23
(3, 1986; Tkuse, 1956; Takahashi, 1986)T} Th Atols}A|
TEERlen ol Mo A7)7) acetolysisAE I, B¢
2 o] FRol webME ¥ghhs AM(L 5, 1990)T) T0)
U Ao £EEC

dholto] 71 wfjshi-Fate] o7t 71 Hot T EF
w53 F3lo]) TRt Takahashi(1986)& =2u3}e] it
O FEE T (pore)2] |7} &t 2R (colporoidate)
22 Tkuse(1956), Erdtman(1971)2 7% (colporate) .2
B 1%}t vt 9lon Takahashi(1988)= Chimaphilas:2] ‘2ot
TE At tricolpate) 2.2 8l vl Qlot B d A 745
YR 9] sHEEA F7F A Hol= Wolrt A= 3t
Ak, JRES F4o eyt Fo) YEtdeg 343
(colporate) 0.2 Hi= Ao e}g3t 202 A= it

FHFYo| #3}9] Takahashi(1986, 1988)E F& U=
4 A 52 SHOR FHSA, ET LIS FAA
(rugulate)® T4 verrucate), TeFE L9 FELRF
22 A, A7, F2 2L o) oS
B (psilate) 22 Bt b Qiok, ey &2 A7 A =7
o] At A7 e ske] TEAE dAsAL Qg B U
A ERdEd tEA BHEEQY & e FEFYL
B4, BT 4 e 02 A, djgie 22 u)|
AHscabrate)o]9th, Takahashi(1988)= Pyrola?:o] 7<% 2+
L ZAxj=tE YA (distal face)ollA] Y FE7t Hite 2
e S AX F8Y o|27|71R] thFstA YEerg 5
Uil sh3ict, o]fjt AEL 2 AtollA ke md 14
7t ArH el whaisto] SHO R A48 ksjixs H3ke A
= Qlol(Plate 10-1, 2), Takahashi(1988)2] R11E #¢1& 4=
AT}, webA e 2be] g fh= BRel] AlEyde
O] Z}x| Hth= A A&} K EAS vHgsts iAHo) o7
of| thgh THato] g siriar Azh= et

£ AFollA Had BAF A=t 3o AT et ot
T oA AT FEY 4= AUt Walker and
Doyle(1975)= &3 shEo] AZorels wt(monad)©] 7
Aol olY(dyad) Ex A (tetrad), tH(polyad), th
Fol(massulae), T2 (pollinia)e] A2 Wadh= XEATF
43& vebdictar stgict ¥hH Takahashi(1988)= & ¥he] ¢
A -] Vaccinioideaeol| Al AFgdo] 71 ddbdo|ny whaty
At omHE Gy ohyo] F ek g skl S 2283
v Qlrk, 3hEol JiA| DAY SRREAZERY 2ZAP}
FAE o] el ARRAllH, Ao} sl A7t =E &

o

34t 29K Pyrolacead)®] SRS 4T

Hoz = naA e dNE 4T gHE o2
Chimaphila%9] Wj3heF1o] 3¢ Al Eo| JAdsH dZ2 =
o] gl Aoj H|Zol& ul Walker and Doyle(1975)2] A&
= Takahashi(1988)¢] 73|71 elggt A o2 A= et

EHoPHMagnoliidae)E A| gt ARG 4 E9] Wol Fef
+ 373 (tricolpate)| A 3F7-H(tricolporate)E A 353
(triporate) 2 29] N3AFFFE Z+= AL=E 74 Aot
(Walker and Doyle, 1975). o1& ZAZ & o & A7olA
Y EFvEY Yo BF 337Ho, ufshesite] A
<+ g ERIETE g ot 3 ke FHE A
311 9lo] 7P XskE e 2 F5E )

ol da} ol & 1o Mk A2 Y 49 BReH A
RS Tt 48 f-8stoy, FrAAEHEE
B Y YRR T O shEe) e A= Sl ATt 3
ey YA 5o o BFsty AT 4| oo fsh
A= =% AEojoRd Ao g AR E T

H 2

T Ex3= Ao gd =23 TR s of
ste] BFEH2 7HAE websty] Hshe] Fetdn Fat FARAAk
dujFog FESgct, &3 39 d$i(pollen unit)E
Pyrola®] 3 2P dahurica (Andres) Kom ], #8837
YHP incarnata (DC.) Fisch. ex Kom.], =P, japonica
Klenze ex Alefeld), $£8x=F%HP, minor L.), 32x=F2HP,
renifolia Max )X A& (tetrad), Orthilia%l M7|w=d
[O. secunda (L.) Houseloll4 ©8{monad), Chimaphilaz:2]
i3k 29HC, japonica Miq.)o|A] AFdEol J48HA 2o ot
Hpolyad) S FASIFT), o]} o] LB Hitule] A4st 3L 9]
9l Y &8 FESke Fatt ¥R FHEgen oF
ZAZ 7| =899 Y& Pyrola secunda L. BT
Orthilia secunda (L.) HouseZ} %%t A o2 AZbx|ict 3t
19| A7)et g% (tricolporate)! Holte] 27), w9 R
= ER77 el oht ZolE veilen, S8y gk
2 £3L-2d FAL-2dko] gL 7|E ol oha
dolaiiet, £ AFoA HEd ERv=9) shie Asdt &
24 G727 AHollA G v o g dolte] §
B7} S0l FHLEY AT L 2T+ U

Ab AL

B =22 20049 P SASha mFA HAR of &
3 A= S
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