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A Study of Plant DNA Polymorphism Experiments for Students
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Advances in molecular biology are being made in the fields of science, medicine, and pharmacy. The majority of
students graduating from pharmaceutical university departments will be required to have knowledge of molecular biolo-
gy techniques. Although it is not difficult to perform DNA experiments in a laboratory, they involve a series of opera-
tions. Therefore it is difficult to include such experiments in the curriculum for students at our university because of safe-
ty concerns and the experimental equipment and time required. This paper introduces a convenient experiment on plant
DNA polymorphism using a polymerase chain reaction-restriction fragment-length polymorphism (PCR-RFLP)
method that we developed. This experiment enables each student to handle DNA safely. Total DNA is extracted from a
piece of leaf derived from Aconitum carmichaeli or Aquilegia flabellate, the nuclear 5.8S rRNA region is amplified by
PCR, and the PCR product is digested by restriction enzymes. Different polymorphisms in the plants can be visualized
on electrophoregrams. The total time required for the experiments is 2 days (about 4 h per day). In the field of phar-
macognosy, authentication of herbal medicine using genetic analysis is increasingly important. Plant DNA polymor-
phisms required the same knowledge and techniques as genetic analysis and are part of the course content in medicinal
plant science. The PCR-RFLP experiment proposed here is a suitable method to acquire molecular biological knowledge
and techniques.

Key words——plant DNA polymorphism; convenient experiment; 5.8S rRNA gene; polymerase chain reaction-restric-

tion fragment-length polymorphisms; Aconitum carmichaeli; Aquilegia flabellata
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Polymerase Chain Reaction (PCR) jEZEHANTE
513 EDHE T DNA 29 5 Z S ICTHEEDE S
HMTh5. BURTIIAEENS 2 DNA 2T 5%
W12 CTAB A RIED RHETIE, © RO F v Fia &
ERALTVS, LMhLINSOHETIEINTND
—HEORIEICEH, —MRHRF Y BT IR
ZFL, M L7=4% DNA ORI & NEIC/R5, £
FoRIRZE T mR EEREE T &2 B 9 D O BEas e &
MLEERD, FERBITBT L2 H,
KO HFI O T OREIRE N FHRINS.

AHAETIIINS OMERERE R, FEFEEIC
PRF T & 2 B3R O DB AR T 2 BRI I B e Y
WIS R ERA L2, RETT 21047208
BLEAIZROBEDTHS.

(D DNA it 5 #5722 BT IC K 5 FEEHE
EET, ~HORBRNTESI L.

Q@ HEEETHDIENOHEBERNEON
% &5, DNAMHMENIAERE TRHEMET 5.
ZAUIAEZEF O DNA TWHILL TWAEHENH
D, FESEIZDNADPHETES LIRS0V ED T
H5.

@ BEHERRZETOEERI 1 #4445 300 4 TH
D, EETIEINZ275FL TI50 4 Tiro. 150
$HETSHTD2IN—TOFEFEL, KEEVHK
M52 HM (1 B 4ER#E]) TRTTEHNATDH
5 &,

@ TEDEFRE, RS ZEH LR,

® DNA fiHicidiik® DNA iiF v k& ff
AL, ERETITA 2562 5.

ZOXRORZEREAZ, EHITHEL MHEY DE
T, MR X AR S DR e OB R T 2 TR
Wik zmat L.

5 &

1. EEMH  EERREEAEYEIRE S
N5 Aconitum carmichaeli Debeaux ()NF kU 517

~) X&U Aquilegia flabellata Sieb. et Zuce. (F4<
F) EEBRICHWE.

2. #BERUAE —HOERIHEHLLHE
FUOKERS - 4 70X w4 — (Nichipet EX
NPX-1000, NPX-200, NPX-20, NPX-2), il s
XUV F 2 7 o MD-16N, MILLIPORE F
%), Y14 »0F2—7 (1.5ml BIO-BIK, 0.2
ml Thermo-Tube ABgene).

3. HE¥YH L% DNA O, PCRIZICK D
5.8S rRNA GE{R FREB D IR R OBUKENE(C L
DIIBEMOER R—N—NCF TRV
WY OFEERE, WG (—2000) LEKRTY
URF I T L7312 F v &+ (REDExtract-N-
Amp Plant, SIGMA) Z#Af X #1 T % Extraction
Solution % /il Z &7k H 10 /3 iz L, Dilution So-
lution 2N x7-. DWT, Fv MNMIHEMEINTNWSD
REDExtract-N-Amp PCR ReadyMix, 4 DNA #
Hi#k, 5.8S-5F (0.25uM), 5.8S-5R (0.25 um) J X
WEAKZMA (28 20.0u), BEETHEELSE
(TaKaRa Dice) ICX DB IS &EfT>72. 751
< — 5.8S-5F J UX 5.88-5R |3 Aconitum J& it ¥ ®
5.8S rRNA BZ T OB H) 2 HICFkE Lz, 7
FJAR— (LtfEE AT LA X) OEHNIT
Table 1 {2, PCR O4f:1% Table 2 IZ/RL 7z, 4%
7HO—Z4 ) (Agarose S, F13¥£) 12 PCR D
RO ZE#E AN, 7 < 2RSS vkE) % E
(NIHON EIDO NC-1010, ISEP-1010) Tyk#Ehz1T
o7 150V, 10min), Y H O —Z7)LiZiddH 5 H»
U % Ethidium Bromide (f1¢, 4 M) #inzx
THBW/e., kE/Ny 77 —130.5% TAE )N v 7
7 —Z& ML 7z, #®#1Z 2-Amino-2-hydroxymethyl-
1,3-propanediol (F1Y¢, Afb2#H), Eelg (Fot,
%), EDTA-2Na (DOJINDO) #fiH L, 4T
£~ — 71— (AmpliSize Molecular Ruler 50—2000
bp Ladder, BIO-RAD) % [RIRFIZIkEN L /=, kENTE,
THA=AT )& Ty TiElH, I A

Table 1. Primers Used in This Study

Name Sequence (5'—3") Length (bp) Tm® Tm?
5.8S-5F AAC GAC TCT CGG CAA CGG 18 69.1 58
5.8S-3R GCG TGA CGC CCA GGC AGA 18 73.6 62

a) Melting temperature (Tm) calculated by GC content method. b) Tm calculated with the formula: 2°C X (A

+T) +4°CX (G+C).
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Table 2. PCR Conditions to Search Optimal Amplification
Hot start Denature Annealing Extention Number Final extention Time
(94°C) (94°C) (62°C) (72°C) of cycles (72°C) required
Condition 1 2 min 30 sec 30 sec 30 sec 30 2 min 94 min
Condition 2 2 min 30 sec 30 sec 30 sec 25 2 min 79 min
Condition 3 2 min 10 sec 10 sec 10 sec 30 2 min 64 min
Condition 4 2 min 10 sec 10 sec 10 sec 25 2 min 54 min
Condition 5 2 min 5 sec 5 sec 5 sec 30 2 min 57 min
Condition 6 2 min 5 sec 5 sec 5 sec 25 2 min 48 min
Condition 7 2 min 3 sec 3 sec 3 sec 25 2 min 46 min
*—%— (ECX-15.C) THIEL, XN AIAT Frozen leaf
(COOLPIX5000) Tatdkl 7z (Zo&E7HO— Fresh leaf Dried leaf
Z4), kEIFERN O TAE /N v 7 7 —IiZ1Z Ethidium f \ ( ]
Bromide 2312 5 T % 7z Okt FF Tl /x M 1 2 3 4 5 6
NWE2IZ9 %),
4. 3% 5.8S rRNA ELFDIBEECHI OEMNT (bp)
PCR 2 ¥4l ~ (QIAquick PCR Purifica-
tion Kit) THHL7=DB, BA 7L —4 > A e
st (ABI PRISM BigDye Terminator v1.1 Cycle 50

Sequencing Kit) & U7 51 < — (5.8S-5F X
5.88-3R) AL THA I N =4 > A %&iToD
%, ABI PRISM 377 DNA Sequencing System {Z &
0 HEEECY & AT U7z,

5. HIREERRIC EEBUKENEIC K DIHEEDD
R PCR EY) 5.0 ul 12 DW\WT 2 F85E O il PR
FI AT > /=, T 212 Eco 1301 (Sty I) (Fermen-
tas) 0.5ul, RATSHNTWS 10X Buffer OF 1.5 ul
T OEEE K 8.0 ul (428 15.0 ul) Z A TRISZAT
>7=. [FAfEIZ Mly 1 (NEW ENGLAND BioLabs)
0.5ul, WAEIN TS 10X NEBuffer 4 1.5 ul, 100
XBSA 0.15 ul e OEER K 7.85 ul (28 15.0ul) %
MATRINZTT> 7=, i TaKaRa Dice % f# f
L, 37°C, 5 Wil (Eco 1301) i 2 Bff] My I)
Tiio7. KInBIZ PCRIZEFEEIC 4% Y O —
AT INVELKEEITY, FI AN IR—F—T
L 7.

] R

1. EHN 52 DNA O Y DAREEE L
T, RELIFEBOEZ N FTHBHWEZH D,
INOFTHBRWEH D EHEHE (—20°C) THREF
LTBWEHD, NOFTHBERW =D Z g

Fig. 1. Agarose Gel Electrophoresis of PCR Products in 5.8S

rRNA Gene Regions Using the Leaves in Three Conditions

Lane M: 50—2000 bp ladder (BIO RAD), lanes 1, 3, and 5: Aconitum
carmichaeli, lanes 2, 4, and 6: Aquilegia flabellata.

SUNTINTEHBRLEZBOZEHL TENTNE
DNA Ot z17>7=. ZDfER % Fig. 1 ITR7.
I RTITHBWTHK 160 bp 13T 1T R4 72 5 R 2 i 2
TE . 2O s ERAWYEITHEN DTSN FR i
DEETH SN UDMHENIEL TH I EITKD
MBI ORENHRETH B T ENH LN ETE D /.

2. #%5.8S rRNA $85 D PCR %(C & 2 #igR &
Table 1 IZ 7~ L 7= Melting Temperature (Tm) 7% %
ZIZL, oy =—V U REERG Lz, Ok
R (Fig. 2), M LAZRETIZIZEAEENAS
NTITRTORE CHEIEENPHATE . 22T
HEVKETRNVNE2CEY Z—U > THEELT
FJE L=, RIT, RIGSM7% Table2 DXL ST 7
MR E LMIEOEZ LN THEZ. T OSSR Fig. 3
IZRT K DITEY DNA HERW 2R TE
Condition 5 & s & L7z,
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3. #%5.8S rRNA BB DEERS|DM@EYT  DNA
= Y —THERS &t U7z ks R (Fig. 4),
Aconitum carmichaeli i T8 Aquilegia flabellata & %
K7 o914~ —%25042E 162bp THD, 5.85-5F
DSEKE1EZEHE LU EE, Ac carmichaeli 13
122 ZEHMN G, 128 ZHHM 5 131 ZHH/N ATTA TH
5DIZH U Aq. flabellata T 122 ZHMN T, 128 &
Hns 131 ZFHMN TTCT Th oz, ZDOMODEF]
WOWTIEIRTHRATH > 2. I78bbliHEITIT
Bat4 pTOEEBNEREI N, BB, ZIT
fRHT U 7= ifE D 5.8S rRNA i {2 T 5§ 0 M HL i 571

123 45678 910

e T T e —_———

Fig. 2. Agarose Gel Electrophoresis of PCR Products in 5.8S
rRNA Gene Regions Amplified at Various Annealing Tem-
peratures

Total DNA extracted from Aconitum carmichaeli was used in PCR. The
reaction condition were: hot start at 94°C for 2 min, followed by 30 cycles at
94°C for 30's, 54.5—64.4°C for 30 s, and 72°C for 30 s, and final extension at

72°C for 2 min. Annealing temperatures (°C): lane 1: 54.4, 2: 55.1, 3: 56.2,

4:57.5,5: 58.8, 6: 60.1, 7: 61.4, 8: 62.8, 9: 63.9, and 10: 64.4.

1 10

13 DDBJ I8 &k L, &K HI1TZZ N Aconitum
carmichaeli;  AB188501,
AB188502 TH 5.

4. HIPREEER I Figure 4 OEHNICED = 2
fl DIFREE 5 2 IR U 7. WECS Z Y)W d 5 B
Miy 1 & Aq. flabellata DEEH| D H % Y)W 9 % Eco
1301 (Sty I) T 5. WilFsEOEKECY] & U)W &
2 Fig.5OBOTHD. BEKINET DR
(Fig. 6) , Mly T T\ i 34 g Wy - 23 U)W = 1, Eco
1301 Tl Ag. flabellata O HEIGET F D A A1 E) I S
2. ZORERMNS, BOIHERLZY > T Inng
NOEMNFRETED I EMRIN.

Aquilegia  flabellate;

12 3 45 6 7

Fig. 3. Agarose Gel Electrophoresis of PCR Products on
5.8S rRNA Gene Regions Amplified under Various Reaction
Conditions

Total DNA extracted from Aconitum carmichaeli was used in PCR.

Reaction conditions were as listed in Table 2. Lanes 1—7 correspond to con-

ditions 1—7, respectively.

20 30 40

Aconitum carmichaeli |AACGACTCTC GGCAACGGP\T ATCTCGGCTC TTGCATCGAT

|AACGACTCTC GGCAACGGhT ATCTCGGCTC TTGCATCGAT
5.85-5F [/

50 60 70 80

GAAGAACGTA GCGAAATGCG ATACTTGGTG TGAATTGCAG
GAAGAACGTA GCGAAATGCG ATACTTGGTG TGAATTGCAG

Aquilegia flabellata

20 100 110 120

v
AATCCCGTGA ACCATCGAGT CTTTGAACGC AAGTTGCGCC

AATCCCGTGA ACCATCGAGT C'I'I'TGXACGC AAGTTGCGCC
Miy |

130 140 150 160
CGAGGCCATT AGGTCGAGGG CACGECT GCC TGGGCGTCAC GC|

Y CTAGGCCTTC TGGTCGAGGG CACGTCTGCC TGGGCGTCAC GC|
?S.SSJR

Eco1301

Fig. 4. Nucleotide Differences in 5.8S rRNA Gene Regions of Aconitum carmichaeli and Aquilegia flabellata
The numerals in italics on the sequences indicate the aligned nucleotide position from the 5" end of the forward primers, 5.8S-5F. The squares indicate the
primer positions. Underlining indicates the recognition sites of the restricted enzymes. ¥ sites cut by the restriction enzymes.
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Eco130I

v yuy
5 cicrree 3
33— 6 G AACC—FB5
/-r A/T f

5——GAGT CNNNNNN—3
3——CTCAGNNNNNN—Z&

Miy |

Y
A

Fig. 5. Recognition Sites and Cut Sites of Eco 130I and My I

N, A, C,G,orT.

Eco130I
Before reaction After reaction
A
M1 2 3 4

(bp)

200 —
100 —
50 —

Miy |
Before reaction  After reaction
)
M1 2 3 4

Fig. 6. Agarose Gel Electrophoresis of PCR Products before and after Reactions by Eco 1301 and Mly I
Lane M: 50—2000 bp ladder (BIO RAD), lanes 1 and 3: Aconitum carmichaeli, lanes 2 and 4: Aquilegia flabellata.

£ F o #

1. AETSHEWMME  Aconitum carmichaeli
(INF U BT ) X Aquilegia flabellata (F 4
XF) OAEDE, W LZEXEII Y AL Tk
U7=%.

2. pEHERUHEEZ 1 /0ERyS—
(100ul MEND DD L 2u—15u NEND D
D), RIJUREHRADIA 7 OEXy Y —HF v T
rzo—Fv7) KOFvITIvr, xq470F
1—7NT, RJIUREEADOIA 7 O0F 2 —7
(1.5ml, 0.2ml), ¥ Z70Fa2—7 (1.5ml) HF
vy IOyl X470Fa—7 (1.5m) 70—
r, X=NX—=N>F, Kig (IZ95°CITHRT %
ZEMTEDDHO), ErTHEEEE 0.2ml <1
ryaFa—7/), KERYHO—XEXKEE
&, NG, TvT, NI AN I F—F—
(& 254 nm, SUIEESR T > ), T2 F IV A
J (ELKIKEHER DR LB R E).

3. pEEIK REDExtract-N-Amp Plant PCR

Kits (SIGMA, v k@ HiZi Extraction Solution,
Dilution Solution % ?X REDExtract-N-Amp PCR
ReadyMix @ 3 DA E MR TN TWND), 5.8
rRNA fE 7 51 ~—t v ~ (5.88-5F: 5-AAC
GAC TCT CGG CAA CGG-3" %1\ 5.85-3R: 5-GCG
TGA CGC CCA GGC AGA-3), 7HnO—2x,
Ethidium Bromide, DNA H {1 X~ — 51 —, Eco
1301 (i Sty D), Miy 1.

4. IR

(1) ZARKZEZARK[EEL, WEKZEIERT S.

(2) ESIKEIH 0.5X TAE buffer 25T 5.

(3) Ethidium Bromide /Ki&#& (1 mg/ml) 7% 3
I D (NEARE).

4) T —% 1.25 uM |[THELS D IRBRIRTE).

5. ErI%EE

(1 HH DT #iH)

(1) RELHEHOIEN S RX—)N—/)\ > F THHE
BEFT B EGLNRNEDITLTHLS FTbiknk
EERMBHOUIE L GG F LT TET
o THEL).
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(2) Eco 1301 )& : Eco 1301 0.5 ul (5U), 10X
buffer 1.5ul, JFEK 8.0 ul Z et > T IV E D5
BIEFRAG LU OKFREFELTH 10ul/1 N).

(3) My Ik : Mly 10.5ul (5U), 10X buffer
1.5ul, 100XBSA 0.15ul, JEK 7.85 ul % Ky
STNEOHEZFREG L OKFHREL THL< 10
ul/1N).

4) TR (1.25uM) Z IR LK IR
FLTHL.

(5) 4% 7 HO—ZAT ) EERL THL. flAK
7 Ho—2Z 2.0g % 0.5 X TAE buffer 50 ml |Z it
L T f# L, Ethidium Bromide 7K & 5.0 ul /il
A5b. DLWELEZOSL, BIZHKUAAI—LEE
9 (PCR OMIZ/ERRL THI W),

(6) 7KivHDKZEFE I THL.

(2 A HO#iH)

(7) 4% 7HO—Z7)ZERL THL.

6. SEER¥R(E

6-1. £DNA D 1 BEDOFELY) &
BETHIUTHE T 28 > TIVINES S OREW 7D
520nEDITLTHEL.

(1) 15mlAYA 7 O0F 2—TITR=)N\—=/)\>F
TH B W% | #t A, Extraction Solution %
100Ul INA % (ZDEZENT R TERITEN D K
D129 5).

2 M7 Fa—TJZFryvrsOvy, JO—
k2P TTE IS KHIZ 10 Zr AN S.

(3) ¥%gEE<5E.0 L, Dilution Solution % 100 ul
AT 5.

6-2. PCR (C & %1% 5.8 rRNA fHIB DR EE
SUKENE(C & 2 IBTRED DR

(4) 0.2ml i~ 7 OF 2 — 72 REDExtract-N-
Amp PCR ReadyMix % 10.0 ul, 5.8S-5F (1.25 um)
% 4.0ul, 5.85-5R (1.25um) % 4.0 ul ZOHIHIL 7=
4 DNA % 2.0ul Nz % (£820.0ul).

(5) HEHLTGELLEZDD, ExTHiEEEICE
v b9 5 (10K, 2O, &y hXA&—h
EBZTO70hoNUDEEE 94 CITMEAL TH
<.

(6) MISKE TH, KIBHED 5.0ul 2 4% 7 10—
AT I)VELKIKENZTMT S (150V, 10 47, DNA 51
A —H—H R IKENT ).

(7) KEBRTHO—=ZATI)INETy T TEH T

DAAIN I = —ETHIEEY 2l T5 (TH
0 — Z 4 )12 Ethidium Bromide 23 A > TW 5 D
TS T FREEMHT ).

6-3. HIRBRRIG EBEIUKENEICK DRISED
DR

(FIREEE N DOMERET 1 HHOFRITKD S
B5. BRENIAY vy I7N2HEHETIZITY, 2
HEHIRINEDY > T IV E)ET).

(8) £ &4 160 bps DIFEAFER TE /Y > 7L
Ik U CHIFREBE R ) 217 5. PCR O KGRiKE 5.0
ulZ 02ml <A 7 0F 2 —7 2 RiZENZTHN
A5, 5121 AKIZ1F Eco 1301 [ ik 10.0 ul, &
5 1 ARI21E My 1 |isig 10.0 ul iz, 37°C, 5 Kifi
(Eco 1301) 3iZ 25 My ) 1 > F a2 X—h7
5. (ZBE15.0ul, A >F 2 X— MNIISELETHIE
HEEZMHT D).

9) KRk, ThENRINEROe2E (15.0u) 12
DNTA% 7 O —AT ) EKIKEZ{TS 150V,
10 73, DNA H 1 XX — 71— B ERFITIKEIT 5).

10 WKEET T O—ZXT IV ETy T TaUHR, ~F
AN F—F —HETRICEY ZHRT 5.

() KBEIZICTHZ OY > 7 )LD Aconitum
carmichaeli 3. Aquilegia flabellata @\ 317 [
ET 5.

12 EE, BAMTE

% =

AWFFE CIIHEY) DR T2 TR 2 A F2 8 1THL
ARV TR TEIEZITA D X O80T, @
W, HEWN S 42 DNA 2, BELZZ05, PCR
ZiroTWwa, mHilkROF v Z2EH L T2 DNA %
ML 2SE, BENERHETHL0WMEE LT 5
IR ENEE TS, 22 TFy M
LU CTHIE B EE T E UL 720 OREREHEIC
25 EEZ, FKEEEEEETE 5EYZ RN
ZEiTU7. fEybElE U T%Y), SEMICEET
MDIFENFELIL TWB iR I N5 Aconitum
carmichaeli ()\NF MY 517 ~) & Geranium thun-
bergii (7> /ava) ZERL. ZO2HT
at U=k 5, Ac. carmichaeli 1355 5138 F2 % & 0%
L T®H PCR 2T A%l D 2 DNA it 92 Z
EMTELEMN G. thunbergii TIIATTH> . Z
ZTCREWY =R Uk R, Ac. carmichaeli &
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[ CF >R TR D Aquilegia flabellata (74 < )
TH PCRPMTASHMEDS DNA 2 Hifi T&Z 5 Z
EMMEFR T E, Ac. carmichaeli & Aq. flabellata %
R LUz, 202 MomEmmdm X35 U= KEE
DIETHHEE/RTE L FRIBRICEBR DT A D T DR
I3, WYNFIZASBNKETICHRERETH 5.

HhH 3~ M i21Z REDExtract-N-Amp Plant PCR
(SIGMA) ZEH L. ZHUIHRSOF CTRdE
il T4 DNA 2l TE5F| M E2RHD I &L
%, ZOFy hNEMHT D E TR 2lkEET
WG 5 BEMN72 <720, 2 DNA O kT
PCR @ iz ¥R D HE A 12 B9 2 W ] 2 K 12 A
HIEMTER. ESHITAF Y MTIX PCR O
WICBLZIKEFRFOBRENMA SN TNVE D, Kk
REZTOEETHO—ZAFIVITIHEATES,

PCR % T3 ¥ & {5 F T & 5 ribosomal RNA
(rRNA) fHi % %R U7z, rRNA fEEIX EYFEIC
HEUZEETH D, HWREFOHEICXDEDR
BRRZEFRDBICHHASINLIEHTH 5.9 AK
B TI3 IRNA fHIL O I/ THEWELE THEERTH
%1% 5.8S IRNA iz g L, Tl T
H, PCR OGS BRI 25 1 [T E T, BX
VKEY DIk ENRER 249 10 00 TREHET 2 2 &5
ReLlzofz. DI EIFBRIKEATICHBITZ T
O—27 )% 4% LB THHEEAEULN, ZD
FERIZD U ARBEDISRE T IVITEAT B~
A7 OERY S —DF v T TT IV EREWH DD
ZRHE, I SIEABRERBOERE WS FHICH
DN T,

ARFZE TIE 2 HUfRMT 2 PCR-restriction fragment-
length polymorphisms (RFLP) 19y Tfr>7-. PCR-
RFLP i#£i3Y > 7 )L DNA O FiE il 2 PCR T
BL7=05, HIFRESR TUIR L EXIKEE THH O
PA ZXDENERINT 5HEAMDOINWHIETH 5.
PCR-RFLP % f¥) TIT 5 72812 Ac. carmichaeli
& Agq. flabellata 12 DWW T4 [a#) 8 Tk 5.8S rRNA
B THEBOEEEYZHS ML, 202 O
H % K519 % il fREE % Mly 1 %O Eco 1301 %% 4R

U7z, ERRICEFERNRELZ@ED OfEN TSN,
il R 1% 3 St % D BRIKEY XY — >0 B Ac. car-
michaeli & Aq. flabellata ® 2 FEREETE7/-. =
72U, Fig. 6 TIIEEFHEIT X D YIS 7= 8 A3 iA
TIEBWD, ZHIERNROERENESWI &ITX
H5HDTHBHEEAZBNS.

DL EA RO ETE U 7= ) D 2 BRI 5%
TR FEEICERA LIZGE, BREORE > S
TEFIETEE DI LzL DI b. TORNFT
2 HM (I HR4ERD) EnwSilodT, %41
NI ADTHTD TEMNTELEEYNETHS. 7=
72, EBEIZIEIA 70 Ry ¥ —7in EE YD T
TLFENRRTH S0, REOHEEHIEITTER
MDHETHAS. F%, MOEMAWEDITONTHHR
AL, EENEORFEZKD 2,
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