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Yasuyuki WaTano* : Preliminary Investigation on Mating System and

Population Genetic Structure of Botrychium ternatum (Thunb.) Swartz

ABSTRACT : Predominant inbreeding in homosporous ferns is so far reported only in
two species of Bolrychium. In order to test the generality of inbreeding in Botrychium,
selfing rate was estimated in the natural population of B. fernatum in Botanic Garden of
Karj‘gzawa University by polyacrylamide gel electrophoresis of 8 enzyme systems. Mean
self;hg rate calcuiated at 3 polymorphic loci (Aat, FPgm-2, 6Pgd) was 0.98. This value
suggests that B. fernalum is also predominant inbreeding species. In this population,
significant correlations of allele frequencies arnong polymorphic loci were also detected.
This genetic disequilibrium of population may be caused by extreme inbreeding in the
population.
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EIFIAF o S BT, £ OEBRILAIEL A £ 1T 1 RPN IS ERESS & iRas
DOWH DEFEBFZTHT 5, ZOEF L, BRSNS E—RERORET & MO ZHEA
MeEE % b, BESHICEWTEERETIBT ERre GRENICE—THD 25, FRE
LTELZRTRIEIECHBEBTEICBVWTEMEEE - TLE ), 22 ) 1H#ATELY
WMREELT & 2 (Klekowski, 1979), Klekowski & Baker (1966} (2, Z O BfE0 L 5
Wbz 5 T2 &I oW TRIERERZ TV, TRk 2 T34 RO D T,
FOWEBROEITA 7 8 11T v & (Haufler, 1987 ; Soltis & Soltis, 1987).

MEHRANLNLZRY TR, KEFORERT - IS HMERTH L AP LI,IIL-T
v2 2 (Soltis & Soltis, 1987), F % H T, FHENHHTH 557 7 © R (Botrychium) 11,
ME—1009% 236V HERSRSER 32 R RE L 7 V—7 T 5 (B. dissectem, McCauley et al., 1985
1 B. virginianum, Soltis & Soltis, 1986). Botrychium (3P ERBEERLIFORTH LY, TN
HE D EEFEEF LS TERIC > T AEBEL R TS (Tryon & Tryon,
1982).

AR TIZ, Botrychium DEEHERICOWTELIZHMREHEPL, ZOBIE W THBEMEE

*TO0 HIRHTANMN 1 — 1 SIRKEFEFEE M=  Department of Biology, Faculty of Science, Kanaz-
awa University, Kanazawa 920, Japan.
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P ERTIRTHAONE I RELH B8, 7/ T 5K (B fernatum) 122\ T,
FAVHAL LE2BETFe—H—& LTEEREROBIT 21T 72,

wOE o H &

BOE B

SRAFEELETBHEYRMC I, BRI LERMRIRINTEY), ZORKIZI72
SIS, THAFTIE, XA FTFEED Botrychium B LT3, £0 5 5,
BLEGENEVW T/ ~AFTIERHEICILE, 25 0ER0EKRE, WAL 72/
FTSETE, BFLY 72T T FCMEBRETRT (i, 5.
TRk

FH KT LIREL, 77 AFy 2o FICAN, 4 CORRETRE L ES KB
Lize ZORETS » FISBRBFECELERON TV, BXLBERER, TATX BT
3/ LTy RT727—¥(AAT), ~%x V2 F+—¥HK), 1V 71 BT E Fayi—%
(DH), 4> 7 3 /RTF5—% (LAP), RAKIAT LS —F (PGM), 6—HRAKT I
2 vEETE Fuy+—+ (6PGD), &% 18Tk Yo+ —+ (SkDH), b Ud—2z3) 84 Y
A7 —% (TPD) » BFE¥E % i~ 1o KFECEARA A ) 7 7 Y VT 3 Fo VERBKE THAT £
iT-729% B#i3 Watano & Iwatsuki (1988) # ZRNZ &, BERAFEENTHORMEEIL,
0.1M | ) 2—tEEs Ny 77— pH7.5,0.5% F A3 E+ + ) 724, 0.5%L o EHgEE S b
)74, 4%PVP, 10mME{ke7A 74, ImMEDTA, 0.5%2—ALA7 b1y /—
WThd, YNBEWBE Ny 77 —i2F LITTL 2, EHERENI Soltis et al. (1983) icfit-
2o

Bl sl RE Sy 77— ok

System Electrode buffer Gel buffer Examined enzyme
No. 1 0.039M LiOH 0.100M tris AAT, HK, IDH,
0.263M boric acid 0.0237M citric acid” LAP, 6PGD, TP1
0.078M LiOH
0.0526M boric acid
No.2 0.039M LiOII 0.050M tris PGM

0.263M boric acid Adjust to pH7.2 with
drv powder of citric acid
No.3 ~  0.400M citric acid 0.020M Histidine - HCI SkDH
1.0M HCI to pH7.0 1.0M NaOH to pH7.0

sy 7 r— 2 F 41 E 21 Soltis et al. (1983) > No. 72 LEE L 2.
75y 77— A5 A 311 Soltis et al. (1983) » No, L » LEEL 72,

120 EE T, EROBEFEZRNAT 4 V4 200 ENEE, BEobLO,
LIEICER A4, 72 & 213 Pom-1, Pgm-2 9 &5 cBInFEICEAR R TIT 2, 4.
PNOBEFENT oA Alz0owTit, BEH S5 a bETA7 72~y P TRELR,
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BERSBENHE
FIIAT & S 0B, EHEE (S) 3RO TE 2 Hh b (McCauley et al., 1985).
S=1—-H/He
H 3R T BREAKOEENREM, Held 7 Foaiifiz HEL e R
AREEEDORFET 2pq (p B & O qIZLRIZTFHE) TRENS.

& ES

AL S BRI OWT, 12815 FEE (Aat, Hk, Idh, Lap, Pgm-1, Pgm-2, 6Fgd, Skdh-1,
Skdh-2, Skdh-3, Tpi-1, Tpi-2) Hald iz, £D 56, SRHRHENZDIE Aat, Lap,
Pgm-2, 6Pgd, Tpi-1 D 5 BIZFETH 5. Pgm-1 TIHBEFEENZHEEDNE 2K F
A BN OMEFETIRETOEMEI LA FRERL, BREIL»-72, Lap (H2)Tix
28y FOBEIEICEbIE T WATEE O { 7L IEF 12T 2 4 7 (null phenotype) @ 2
pH B, FLMEBET > TATLHOBETIHERICEL L nwize, 0 Lap @ 2 B3R
HLDTHDEEZLND, 2I5RIEN L RRCEEEL 20, BEEDHEICIIEDL L -7,
Tpil b, ZORLTHEL CERL v, METFEMAWE L T b & Bbn s8R <>
Foe9—3 %Rt 1 OREH e RIR DSk 2 A0 - 72, Aat, Pgm-2, 6Pgd (R1, 3, 4) T,

1 Aat O 4 E7F 2. A, Cldbb. B, D, Eld aa DftEFE T
®2 Lap &4 £ F 4, C D it null phenotype 2R7,

M3 Pgm-2 042755, Aldbb, Bizab, C,D,Elfaa OMETRETT .
(4 6Pgd A €774, A B, C Didaa. Eldbb DMEFRETT.
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FREN L2 DOFILEGEFHENT 0¥ 4 L0HET B, Ihb SBETELE- THEREN
HELIT- 7,

30N ETRETEICE TS, ABERTOREGTE, NIGEETIHEE, BERICZONTE
R2IERERLL, SBEFELLESTRUBEAKYS S (, W— Pom-2 T1EEKR"
Mol2NABTHDL, XOFERFWICEHGCAMELTRL, 3MATETHOTFHEI0.98THE, =
nZ i, ZHEROBRCRFEIEESHEIILVEERESAL EEERT L, TNk, 7
2/ 77, TTicBES N T3 Botrychium @ 28 (B, dissectum, B. virginignum)
&R, EEEIERET S B TEREEATE V.

*2. FRRFEHMPEAN 72/ T enARERIBTE, BESHEN

HEE
Genotypes Allele frequencies
Locus Selfing rate
aa ab bb a b

ﬁgm-2 15 1 24 0.388 0.612 0.95

at 35 ] 5 0.875 0.125 1.00
6Ppd 36 0 4 0.900 0.100 1.00
Mean 0.98

®I. FRAFEEHEN 72 2~ o 2ol BIEHCHTS, IlETFETORETH

Name of Loci
Sample Pgm-2  Aat 6Pgd .
KANI1**" bb aa aa 21* bb bb aa
P hdl bb . aa aa 22 aa aa bb
3 bb aa aa ' 23 bb aa aa
i bb aa aa 24 bb aa aa
pra» aa aa aa 25 bb aa aa
6* bb bb aa 26* bb bb aa
7* bb bb aa 27 bb aa aa
grer bh aa aa 28" bb bb aa
geas bl aa aa 29 bb aa aa
10** aa aa bb 30 bb aa aa
11 bb aa aa 31 aa aa aa
12 ab aa aa 32 aa aa aa
13** aa aa bb 33 aa aa aa
14** aa aa bb 34 aa aa aa
15 aa aa aa 35 bb aa aa
16 bh aa aa 36me* bb aa aa
17 aa aa aa 37 bb aa aa
18 aa aa aa 38 aa aa aa
19 bb aa aa 39 bb aa aa
20 aa aa aa 40 aa aa aa

Aatiz v Tbh, 6Pgd 2B Thh, ZL T Lgp Tnull phenotype # Lo+ Efkiz 2 nE "2+
EYP ORI,

ZoBHTIE, BEEELST T (RRTREANOREMBE L RIBE 2, K3z, B~
f2&{BR) Pgm-2, Aaf, 6Ped I2 B 5BETHERLLY, BENREFHNAESLEIE
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I Edthirdo Aat Thb &V MUATRE L OEKIL 5 A S B A, TN 5D Pom-2, 6Pgd
TOMBTHIILET, €N FNDD, aa TH5, %72 6Pgd Tbb DiEkiz 4 Bk, =4
7 Fgm-2, Aat TORMTRIZLT, W ¥ aa, aa TH, Lap T null phenotype 7 L
7z TAEMKIT, 1784k (KANS) 28 %, 27 Pom-2, Aat 6FPgd #F F L F4L bh, aa, aa TH 5,
NI L3, BETEMORETHEEICHAMES H 52 L 2TBL Tyna, - 0MEMORER R
LV RTHLDbENBH (A, 1978), ¥ OERIRLIIT L, #4 ARBEIC LD,
Fgm-2 & Aat, Pgm-2 ¥ 6Pgd ORI AR LHEATET L2 L 2hhd, 20k 5%, &
BRI 81T 5 R T EM ORI, TS Avena barbata % Hordeum vielgare TH
HE TV 5 (Allard, 1975 ; Clegg et al., 1978),

4. 3BETEEIICE T AHEFHENHEED

EZ(R)
Pom-2 Aal 6Pgd
Pom.2 — 0.301* —0.419*
Aatl — — —0.126n, s.

Y, DXRKETEE ns, BETHEY,

& i

Botrychiwm HBRED T 0—7"Th B 5 & v SR, FUZEBEAHFETH 57O
TFTOBBIBIT LN THA I LV IHAT L S TS (Tryon & Tryon, 1982), L L,
[ U AL iR 2 ORI T o SR T ) b5, Equisetum (Soltis et al., 1988) %
Lycopodium (Soltis & Soltis, 1988) T HIHITERH LT Wik, £ 2 Botrychivm OB
FETE I RAEER & 3RS T, MOBERAEE L T A TR E W EZ 2 LR b,

BEFEMOEEIC >V TE, Z0EFAE T 2ES TEVEES L Tvwb L BbA
o BHEEMEIT) & 1N THABIKIZL 2, FOFHRIE SICHESWEETIBE, =
LR EENIC I REREr BREE AL T, AULEBETHOBE 7 o—FLici; 52 &
Euhe ZORENHE, I VoLABTMLL 7 v —F LR N, HEEE-T1o0
BEEBHL T B EMRTE D, L LAMERETHL XY, £k 2 SEET L Adts
BIGbNTWIUTIREDETER £ 58\, TR & IC R TR OAER LR LRIz %
Ch-TLEI, LirL, Botrychium [3—R12/ 54 A = FHA U 2 H010, BOBOnE
Fig—8H% 0T, #L THEMNLFHGEL Twivnob b Lk,

i, BETEMOMEENE, BVl TyW A RETEBRTEES A, ST TH (inkage
disequilibrium) &MHEN D, 72/ F T T D Pom-2, Aal, 6Pgd sl TwWaHES»
i, ZOMDEBENERIERTH B0, EE L LpHLFERF v, 12052 0HT
AR A% 7295 (2n=90, Nishida et al., 1964), FHPEkKIZF - TV BN HHE .

L2L, 22&2RINREKRIZE> T T L, MENHEIYTHILLES, FENRETHEOM
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L HHREE 2 5B, R bk~ A% Allard (1975) 59 Avena barbate THRES LT
3. Abena DL, BEMREFIMEE HEE, HBOMNKIISL (mesic or xeric) G LT
50, HRBERLBENEGFREBESLENMERIIFEL TWE I eMREEINE, T2/
FI7S5ETLEFNL I RRELE OMEIFEET 22 E I RISBROBETH S,

Tryon & Tryon (1982) iz, Botrychium O HFEW.E, ZOTN—TDOHHEOHL & E U
Tk k5o Tw3s, “Thus a minor variation of a species may, through inbreeding,
form a colony ; or different variations may grow together without intergrading through
crossing. The resulting complex patterns of local morphological variation combined with
the relatively few characteré of the plants have made the taxonomy of the species
difficult.”, AL TIE, EEETFEMUSHOEEBENCERANTEZ LB TELr 72, LA
L, »3MEMAERNSAMICINEEL, 79—FMCBI5Z LETSCERNTSE, 20
EEASEY RS E T AR ERIZE .

ZNBETIR, P 1EAPHR-0ATH), BEEES L CEEFEMOMBE L Vo1
BHEY, FINE LN THEIER2TETEL W, SLEECDEFIz W THTL, —&E
B D Z EMETH S,

AFRNER G- 2 5 Nz SRR RS EEE R EEREER TR T 5,

3l A X ®

Allard, R. W. 1975, The mating system and microevolution. Genetics 79 : 115-126,

Clegg, M. T, A. L. Kahler, & R. W. Allard. 1978, Estimation of life cycle components of selection in an
experimental plant population. Genetics 89 : 765-792.

Haufler, C. H. 1987, Electrophoresis is modifying our concepts of evolution in homosporous pteridophytes.
Amer. ]J. Bot, 74 : 953-966. _

Klekowski, E. J. 1979. The genetics and reproductive biology of ferns. In : A. F. Dyer {ed.), The experimen-
tal biology of ferns. Academic Press, London.

. & H. G. Baker. 1966. Evolutionary significance of polyploidy in the Pterifophyta. Science 153 :
305-307.

Mccauley, D. E,, D. P. Whittier, & L. M. Reilly. 1985, Inbreeding and the rate of self-fertilization in a grape
fern, Botrychium dissectum, Amer. J. Bot. 72 : 1978-1981.

w3 1978, LEREYE. B, ER

Nishida, M. S. Kurita, & S. Niizeki. 1964. Cytotaxonomy of Ophioglossales. II. Chromosome number in
Sceptﬁdium. J. Jap. Bot. 39 : 140-144,

Soltis, D. E., C. H. Haufler, D. C. Darrow, & G. J. Gastony. 1983, Starch gel electrophoresis of ferns: a
compilation of grinding buffers, gel and electrode buffers, and staining schedules. Amer. Fern J.

73 :9-27,

. & P. S. Soltis. 1986, 'Electrophoretic evidence for inbreeding in the fern Botrychium virgintanum

(Ophioglossaceae), Amer, ], Bot. 73 : 588-592,

& , 1987. Polyploidy and breeding systems in homosporous Pteridophyta : a reevaluation.

Amer. Nat. 130 : 219-232.

. P, 5, Soltis, & R. D, Noyes. 1988, An electrophoretic investigation of intragametophytic selfing




31

in Equisetum arvense. Amer. J. Bot. 75 : 231-237.

Soltis, P. S. & D. E. Soltis. 1988. Entimated rates of intragametophytic selfing in lycopods. Amer. J. Bot.
75 @ 248-256.

Tryon, R. M. & A. F. Tryon. 1982, Ferns and allied plants. Springer-Verlag, New York.

Watano, Y, & K. Iwatsuki. 1988. Genetic variation in the fern, the 'Japanese apogamous form’ of Asplenium
untlaterale Lam, Bot. Mag. Tokyo 101 : 213.222.



