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Intraspecific Variations of Rubus oldhami
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ABSTRACT

Taxonomic studies on morphological, principal component analysis (PCA), palynological,
RAPD and PCR-RFLP analysis were conducted to intraspecific relationships of Rubus
oldhami. Three types of Rubus oldhami based on the flower characters such as petal length
and number were used in this study. Among the 14 morphological characters, perianth
length, calyx lobe length, apical leaflet shape and leaflet length were used to distinguish for
each type. The pollen characters such as shape, aperture number, surface sculpture were
showed very similar among three types. Eight primers out of 20 arbitrary primers were
screened for three types, and were revealed 33 (60%) polymorphic bands. The phenogram
by RAPD data showed incongruent with morphological analysis. Even though ten restriction
endonucleases produced 20 restriction sites, polymorphic bands were not observed. Based
on the results, three types of Rubus oldhami divided well by morphological characters, but
pollen and DNA data were not supported. Therefore, type 1 and 2 which different from type
3 by flower characters considered as a temporary hybrid or ecotype because of their similar
habitats.
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Table 1. Collection data of Rubus oldhami used in this study

Q297 (Rubus oldhami)® ZU¥io]

o eaestd a5 P AL 200397 H
20043 74A ABANAM FE BAARSL T
Adgw FEA(KWNU) &FH de A
AEEe Aesdon AWA FHE Table 1
3 2o Ry g4 JAol AH&F e
Jones®t Luchsinger(1986)% wWsow £
T go]& 0](2002)F FFsI Tt

FME BN FAE BN Ry A
A AL 167HA19 FEEAE ol&std Jix
2} & & =2 SAS

stEsts HE 3RS A 2 AgEEY FA
°F(anther)¥& A4 & Erdtman(1952)
W 7H%*I} Livingstone® (Kim and
Lee, 1978)& uwa} zAE&| (acetolysis) &
T N8R AEsEY. 3edn 4 (Olympus
Vanox) #Zg AdM = glycerin jellyel
BS njEAA dF FES UE F 4353 AH
o HES FPHEE 2070 olFE 100W =&
40002 B SHsgon, Ee W w4
Tz BZL IV 2ATGAYATY FHELSS
AZFAAAEZ (LVSEM, Hitachi S-

Type Species Collection site Collection date Collector
1 Rubus oldhami GW : Mt. Daeduk May 18,2003 Ki-Oug Yoo
GW : Mt. Daeduk May 18, 2003 Ki-Oug Yoo
GW : Mt. Daeduk May 18, 2003 Ki-Oug Yoo
2 GW : Mt. Daeduk May 20, 2004 Ki-Oug Yoo
GW : Mt. Daeduk May 20, 2004 Ki-Oug Yoo
GW : Mt. Daeduk May 20, 2004 Ki-Oug Yoo
GW : Mt. Daeduk May 20, 2004 Ki-Oug Yoo
3 GW : Chuncheon May 22,1976 Woo-Tchul Lee
GW : Soguemgang May 8, 1988 Woo-Tchul Lee
GW : Mt. Yeonyeob May 3,1997 Woo-Tchul Lee
GW : Mt. Odae May 20, 2004 Ki-Oug Yoo

*GW : Gangwon-do.
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3500N)& Ar&stth. SEFe ol ALEE 8o
© Faegri®}t Iversen(1964), z2lm $e|g
§ol= Lee(1978) & upsit}

RAPD®} PCR-RFLP 24 : A& Algd DNAY

2 AHR3Ith. PCR2 Williams £(1990)¢] W
He wgtoen, DNA TZ%2 DNA Thermal

Cycler (Biometra, Whatmam Co.)2 &3}
Rtt. RAPDE $18 primert OperonAte)
AH&3tR T, PCR
£31& 94¢ColA 5%3F pre-denaturation, 94
Tl 1#3t denaturation, 35ColA 1#37F
annealing, 72CoA 283t extensionste] 40
3 grES & 72TCoA 1083 o fAAAG
ZH DNA<= 1.1% agarose geld A7]9%
¥ UVstilA polaroid camera® &3t
4% ¥nE 9% markerZ2% 100 bp

random primer 20FR/E

S ofy

719% 89, UVetdls bandg stz
polaroid camera® &3t ExF vlus

$13 marker2% 100 bp Plus DNA Ladder
£ A&36 . RAPD®} PCR-RFLP ZA#Z
B3 FABARELE #9E gel AIRNE AR
= Zkzy e PwFEH (0TU,
operational taxonomic unit)2 FHg3dlo Zt
Zto| the AaE(data matrix) S Y

=
LLRA=E=2

o FEHA 4L 9F FAEE similarity
coefficient #<= o]&3For, {FHAEHL
NTSYS-pc(version 2.02], Applied

Biostatistics, Setauket, New York, USA)
g At&sRn, HI7tF4AE W (UPGMA,
unweighted pair-group method using
arithmatic average) 22 384t}

DNA ladder$ 100 bp Plus DNA Ladder® E7|(stem) : 7= BEAHYLZ o2 2m oA
Abget9 . PCR-RFLPE Demesure % Z2A Wy 4 glew HAd g2 77
(1995)9 i< wek 9% E9 cpDNA non- o Ze R e &2 Yol B9 FMUtRER ¢
coding region® W22 FH3Hom PCR oq At 2719 FHdL FIEE A7 9
21L& 92¢AA 183t denaturation, 55¢Cel =% '
A 1% 7 annealing, 72CeoA 28zt
extension3dt453] ¥HES T 72°¢ColA 1083 Z(flower) : B=287]9 37k /¥ Zd 3
o FAXNA FAS FEE DNAE 1071419 87HA ddE 54 ¢ #AT A}E Table 2
Al & & & (Mspl, Taql, Hinfl, Dral, o Zrh 2L dREE 3 AE deln G sA
HindIll, Pstl, Xhol, BamHI, Xbal, FE= 3, 54 AN EE SEA Lol
EcoRV)E A3 F 1.5% agarose gelol A 7|2 3oy Eo AA A= type27t 7HY
Table 2. Flower mesurements of Rubus oldhami
Type Peduncle Petal Calyx lobe No. of
length(mm) Length(mm) Width(mm) L/W*  Length(mm) Width(mm) L/W calyx lobe
1 292-434-746** 8.1-17.1-209 3.1-79-96 218 79-98-119 183344 2095 5-6
2 21.5-54.8-105.0 162-21.1-270 65-99-174 214 90-11.1-130 2.0-3.1-3.5 357 5-6
3 19.6-38.0-62.0  10.7-13.1-18.0 394665 284 60-82-120 0.7-28-46 294 5

*<=Length/Width, **=Minimum-Average-Maximum.
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”[:ablc 3. Leaf mesurements of Rubus oldhami
Apical leaflet Leaflet Leaf
Type | cngth(mm)  Widih(mm)  L/W*  Length(mm) Width(mm)  L/W axis(mm)
1 21.6-30.5-41.8%* 16.0-209-272 145 142-19.7-28.1 9.7-142-19.1 1.39 559-89.7-133.3
2 21.5-37.1-54.8 17.5-310-56.7 1.19 15.1-25.6-43.7 13.0-20.1-304 128 86.3-95.7-169.2
3 224-29.3-453 140-20.5-326 144 123-17.7-249 6.6-11.7-21.8 1.52 56.2-949-1219
*=Length/Width, **=Minimum-Average-Maximum.

Table 4. The first three principal components expressed as correlations between characters and individual components
from Rubus oldhami

Characters PRIN1 PRIN2 PRIN3

Length of peduncle (PCL) 0.0904 -4410* -.5348
Width of perianth (WP) 0.3155% -.2223 0.0713
Length of perianth (LP) 0.3116* -.2316 -.0387
LP/WP -.2635* 0.2376 -.2926
Width of calyx lobe (WCL) 0.0693 -4680* 0.5506
Length of calyx lobe (LCL) 0.3207* -.0848 0.2351
LCL/WCL 0.2919* 0.2742 -.1591
Length of apical leaflet (LAL) 0.2721* ' 0.2997 0.0197
Width of apical leaflet (WAL) 0.3112* 0.1711 -0924
LAL/WAL -.2396% 0.1696 0.2467
Length of leaf axis (LLA) 0.2927* 0.2695 -0026
Length of leaflet (LOL) 0.2850* 0.2407 0.1779
Width of leaflet (WOL) 0.3138* 0.0946 -.0031
LOL/WOL -.1970 0.2385 0.3693*
Eigen value 8.5961 2.6383 1.1706

Proportion 0.6140 0.1884 0.0836

Cumulative 0.6140 0.8025 0.8861

32 B2 5% H=we HlEo] 1.29- A2Ae M AR HA E3uH.

1.312 ob%7¥ (subporate)ol &3 A4

< HiZgoltt. ol e VME FFTHolH RAPD % PCR-RFLPEA4

T FHFO npgE Fdo] HlIEo] wmzE RAPD primerd¥d € AVIEF £4:d
PAggoh, FHFEHE %d"‘oi A FEstn 22719 37HA /FEE /A E48E AT
Hlwd Aol Fo] & @At type 3 primer 23 A3} 127404 DNA FZ uvt$
< %zt 9A vEigrh. ®9 «1 A olgfdle & < Bon, o]F 8i%te] ZAME 37MA /¥
T A AL Fo] EA3tt. 3o Wi & o] 570A HA A ¥gE EAH(Table 6).

A Se v =(2001)9 A9} IdxIgon, dwta o2 random 10-mer primere

.\.4

od
O o - =
FHHEZ = T 2ol & HolA] o} EF/H Z1ME % guanine(G)¥ cytosine(C)e &
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Fig. 1. Plot of the principal component analysis of Rubus oldhami three types based on 14 morphometric characters. (a :

type 1,b : type 2, ¢ : type 3).

Table 5. Pollen measurements of Rubus oldhamii

Type Polar length(um) Equatorial diameter(um) P/E ratio
1 15.5-21.8-27.5 12.5-17.1-22.5 1.29
2 18.0-23.5-29.5 14.0-17.7-23.5 1.33
3 20.0-23.8-27.5 15.0-17.9-22.5 1.31
o] PCR £&d B2 4%¥Z "Ae A= & 3 M=+ 271 (OPA-11, OPC-02, 07, 11)
HA e (Fritsch &, 1993), & dAFolA oA FH 971 (OPC-09)2 trFaten, B¢
= BEFT AdACdAM wEol dojdt 87h 9 e = 6.97A7 .

primerol= G¢ C9 F7F 60% ©]4 ZE=
AR, FZFH DNA 9¥H =7+ 0.1-2.0kb
FatAl vElsten £=2 0.5-1.5kb A}
AstH L AR FLI}AY AR o E
E“U}(Fig 3). 5AHA AA A
% 8702 primerE FE % 55719
dErHALH, o F vFA
olymorphism) & XHole W=+E 3371(60%)
primer ¥ /N3 HAT 4109 9FF W=
Holg Ao=® veyts, ve A 2270(40%)
543 et S 29t Primerd o3

P &
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PCR-RFLPE % primerd® 2 A7
9% 'E‘ﬁ”’éixﬂ DNA ¢ 97 non-

coding A9<& FF% 23 37 primer pair

oA BFEE Bt 37<]°ﬂ°ﬂ/\’] ZZH <F 6.78
kbe] DNA Ztztel diste] 1071419 A3aL s
A2)g 23 & 8719 restriction siteE LY

Agt B 22 FAE Ho WHolrt gle Aoz
Uelgd o (Fig. 4). Demesure et al. (1995)<)
ot FEA DNAYSY non-coding regiondl

& universal primer pairg ©]&3% RFLP
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Fig. 2. Shape of pollen grains. (A:type 1, B: type 2, C: type 3).

Table 6. List of PCR primers used for the RAPD analysis

No. Primer Sequence (5'—3")
1 OPA-11 CAATCGCCGT
2 OPC-02 GTG AGG CGT C
3 OPC-07 GTCCCG ACG A
4 OPC-09 CTC ACCGTCC
5 OPC-10 TGT CTG GGT G
6 OPC-11 AAA GCTGCG G
7 OPC-12 TGT CAT CCCC
8 OPC-16 CACACTCCAG

A B C D

Fig. 3. RAPD profiles by OPC-7(A), 10(B), 11(C), and 16(D) of the analyzed plants (M= Marker, Lane 1=type 1, lane
2-3=type 2, and lane 4-5=type 3).
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Fig. 4. Electrophoretic patterns of RFLP by EcoRV(A), Psf(B), MspI(C) and Xhol(D) from amplified DNA of
trnK[tRNA-Lys(UUU) exon 1]-trnK(tRNA-Lys(UUU) exon 2](M= Marker, Lane 1=type 1, lane 2-3=type 2, and lane
4-5=type 3).

BAae 21 AF(Messinger et al., 1999: YERSTH

Potokina et al., 1999: Choi and Wen,

2000)c]VF £ £ U FA8A 24 Yoo

et al., 2001)l gl AMg=EHEH £ A7d0A N
= Wolg wol: WM=g #FIA R oA

@ wl=e Aolrl YeEA gE olfe AHEE PZwriel F WolE dolBr] st E
AgE L) ZFHAE dAPdo] U ACR 7Y o A s} @3 & 37FA K sk
o] &y ket ALZ AV F A AF Ry da BA FAEEA SESH
FAE o]&3ld double digestion®d T g4 24 RAPD ¥ PCR-RFLPEXE 44
Zasirtd WoldAd S Hole polymorphic st gRFHAE Ed Y =7
site® 942 F g AR A€, ArgH 2499 A7) Fol I KBS TE

Bed F88 FAAXNT =71, &9 Hel
SARAEY 543 A BEAHL gIsiw=rt Qe AXAE, FH2 ZHo|, Ao B BEF
VElY RAPDO 93 ZAgwhe didoz 44 A 2o "ol itk 1470419 S RFH A
stdth. 8709 primerE ol &3t €2 F 55 S o] &3 FAREMNAN 371A] HolFH<=
A Mg o&3d FIYEAM A, similarity gy z ol shsstdtt. FETA FAAAE
ztoll 91 & phenogramelr AME2 AHR3 574 R, ol &£ FAFY Fd Sl
Ae FAIE Z 0.67-0.829 WA BAE © gagk dejE et o] Brbsstlth
& gAHIAT 7HA FIFEE KFHHAE RAPDEA A E 20719 primer 5 87071 &
ororch(Fig. 5). #AIE 0.828 EolA #3 & 27 AAA ¥reE BT ©]ZRE F 3370
= a8 AZo e Y (type DI type (60%)°) Tt@s M=g dAden, FHEA 2
39 & AMA7E FAH dehga veA g A 7 type 28 EHHo2 20FS FASAAT
Ae GAE 0.74 FxodA AREE FAEHA 2 2 7ix] #Wolge JMAEL MR FEEH
t}. &3 type 29 ¥ AAE KAE 0.76 T S350l Jegwgtt. PCR-RFLPEAS 53
Zd A sAHIeH, type 1% 39 <= F DNA % %39 9% 738 42 F UudAw
A% 0.67THZAA FRAHA FABAZE EA AFas A AFME oz Me=g s
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I Type3 (Mt. Odae)

Type3 (Mt. Yeonyeob)

Type2 (Mt. Daeduk)
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T
[ L]
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Fig. 5. Phenogram of Rubus oldhami based on analysis of PCR amplified fragments produced by eight arbitrary RAPD

primers.
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