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GENETIC DIVERSITY AND POPULATION DIFFERENTIATION
OF CATHAYA ARGYROPHYLLA IN BAMIAN MOUNTAIN
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Abstract Genetic diversity and population differentiation of the endangered plant Cathaya argyro-
phylla Chun et Kuang were studied in three populations in Bamian Mountain using the method of
horizontal starch gel electrophoresis. Allozyme data for 25 loci of 13 enzymes indicated low level of
genetic variability in this region with P =0.28,4 =1.36 and He =0.100. In contrast, there exist-
ed high degree of population differentiation among the three populations with Ggr value as high as
0.26, which was very different from the published results of other coniferious species. The low in-
trapopulationed variability and strong interpopulational heterogeneity of C. argyrophylla in Bamian
Mountain could be the impacts from several factors including stochastic processes such as genetic
drift, and restricted gene flow between populations.
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1.1 REXHmitE

PEFWMARTN AR SR =B R4 /\E WL, 25 5 8 LB Sk, 842 ( Cathaya
argyrophylla Chun et Kuang) JLAN 3R 38t 2 1 K P B AR 09— 4bo 76 /N T 1L 2R Ab U 52 Bk ¥ 4R
1100~1350 m UM F3 . FTHRAMES H, RE T LEF WAR /DML 474
SRS B/ NBR , R 2 KR B SIS S EC A R, 19934 10 A,
M ERIX Bk R EERE, B GG BASHFET O CEARFEM. TR
KA BRBR, /MERBASUR D 2 % MERKIRE , MR BGE— 28 7. K 3 DB
O SRBERR IS B . 2B 5F 12 Bk, AR 17 #RFILIL 10 #%o
1.2 MHEXR v

BREMAKNFH T REABETHEFIFRMA 10 d 2 L, RSHBUER, (AEHK),
F0.2 mL BB (pH 7.5)5% , B A 7 mm x 3 mm M4/NRABER SR, EREK.
KRR ER R IKEAR, BT AKBIER I EE Sigma 2 87 & (5S4 501) , T Bk
BER12%, RA3IHEREWREN 18 HEBRERTRNM, KB BHERAEHL 2SI %
RIRERIE(F 1) AR E R GBI Soltis Z IR MM R: [ . citrate/histidine
(pH7.0); II . sodium-borate(pH 8.6)/tris-citrate(pH 7.8) ; IIl . histidine-citrate (pH 5.7) . ¥
R4 S e Bk 1 L SRR (6,7 ] .

1.3 SRR BELE

B—MEEST T~ 15 B TRIL(BRFER)URHEEMERR, S0
MM EFNFE, ELCR8]. FMNMUSEMNERNFTE2UT - BREEFFARE
MEL, ETFRHENBFRERROSR, ARERMALEUR/DROBEFRR MNR—ALR
e, e B A () &K 100, e (S AL £ E ) N AT 8% R
ERRYwEREE,

WS R DB ML £ B0 A L% (P) (proportion of polymorphic loci) % fi7 2 B 5F 1
$(A) (Average number of alleles per locus) 351 88 %% & FE ( He ) (average expected heterozy-
gosity) FIWL 2 244 & ( Ho ) (average observed heterozygosity) X E B, H Neil®) iy 3£ B 43 4L R
¥ ( Gsy) (coefficient of gene differentiation ) Fl 18t f&—+— 3 B (I) (genetic identity) R 45 & H {4 Z 1]
BIEMMEBI RN, M L& 85 3 BA R OB B3 WC#R(9,10],
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BEE B AR DT R RS 2 . R R G P 2 R ISR R 3 B A BT i
BERZMRGEELER |, ~EBRBRMARESUAKNBIKETEIRERERT .

£1 BEAMNFTARRE AREHRENUSBE
Table 1 The enzyme systems and electrophoretic data

MRS BE W XRB SMRE A E

Enzyme system Abbreviation EC No. Gel buffer No. of loci
RABMMEM Aspartate aminotransferase AAT EC2.6.1.1 1 3
Z MR AW Alcohol dehydrogenase ADH EC1.1.1.1 I 1
AL L34 Diaphorase DIA EC1.6.2.2 I 3
M B BYRE M Fructose-bisphosphate aldolase . FBA EC4.1.2.13 I 2
SR E AW Isocitrate dehydrogenase IDH EC1.1.1.42 I 2
FAMA LM Leucine-amino peptidase LAP EC3.4.11.1 i 2
¥R BB A Malate dehydrogenase MDH EC1.1.1.37 m 2
FHRMW Malic enzyme ME EC1.1.1.40 m 1
B2 M B 2 Phosphogluconate dehydrogenase PGD EC1.1.1.44 1 1
WM A H M Phosphoglucoisomerase PGI EC5.3.1.9 I 2
BB WAL Phosphoglucomtase PGM EC2.7.5.1 1 2
FEEE B MM Shikimate dehydrogenase SKD EC1.1.1.25 il 1
REAER AN Tn isomerase TPI EC5.3.1.1 JIf 3

%2 /\HUBEEEKET SO LHEERE
Table 2 Allele frequencies at seven polymorphic loci in the three populations
of Cathaya argyrophylla in Bamian Mountain

/MK Population
fir s E2ie. 3i) w s BB
Locus Allele %% L2t n Total
Simaoping Jiaopenliao Jiushan
Aat-2 100 0.900 0.875 1.000 0.914
108 0.100 0.125 0.000 0.086
Fba-1 100 0.786 0.933 0.750 0.844
110 0.214 0.067 0.250 0.156
1dh-1 100 0.813 0.875 0.857 0.853
115 0.187 0.125 0.143 0.147
Lap-1 100 0.813 0.531 0.786 0.677
112 0.187 0.469 . 0.214 0.323
100 0.937 0.969 0.000 0.711
Mdh-2 95 0.063 0.031 0.000 0.032
145 0.000 0.000 1.000 0.257
Me 100 0.812 0.406 0.833 0.632
105 0.188 0.5% 0.167 0.368
100 0.875 0.625 0.143 0.572
Pgi-2 112 0.125 0.344 0.857 0.414
106 0.000 0.031 0.000 0.014
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2.1 BETERY

S A\ LB BRI 2B, R R 25 NSO ERE 7 MR
EEHE 22U ESAEE) (B L,6~10), HA 18 i (Aat-1,Aat-3, Adh. Dia-1,
Dia-2. Dia-3-Fba-2.Idh-2. Pgd Mdh-1, Mdh-3. Pgi-1. Pgm-1. Pgm-2. Skd. Tpi-1. Tpi-2. Tpi-3) 3%
HAEMA(RA ISR (BRI, 1~5,7~10), PR LN 0.280, £2H
ERTAEZEBMLENSAERMERIRE 3 AN/PREHEEFHEE, BR2TR,7
ABHALEPHRA Mdh2 F P2 A 3 NS ER, HASEMERA 2 MEFMER, #
32 PR E B R P RILMERII TR 3. BRI TR, AFRUENMMERA
K AR TR DL\ LR AR B0, G MK TR LR, B8R RN
0.280, He A3t 0.100, EhHEBEHH AR LR SHSPELRMEY, ZRFBE, ¥E
EHRW F EHEET 0, kA% BEKT '

#£3 NELRYARENBRETRIERE"
Table 3 Genetic variability in the three populations of Cathaya argyrophylla in Bamian Mountain™

P'J‘#] ‘* P . He Ho T F
£ E 5 Simaoping 0.280 1.28 0.071 0.066 0.070
MER Jisopenliso 0.280 1.32 0.084 0.092 -0.095
Ju 1l Jushan 0.200 1.20 0.059 0.058 0.017
BRHE Total 0.280 1.36 0.100 0.077 0.230

* HRIELHE 25 MR KM, Calculations based on all 25 loci.

2.2 BE&SMEKRM
% 3 BRI, 5% A \E R M 1, B A KF BB Rt B 1R, XA
EHY—RMRETREETILMREZE, Hit, RAZEEMERBORNEHEZ
LK/ (ER 4), BR AT, /MEERMERSCREK G =0.26, LK
BIEER T, H 26%WERGFET/NRER, TMBHMAEF,F 3 MR EHFUER
BREREZ A BENME. Hb Mdh-2 R REETHARRGEE, Ll EER
£4 ERSAESTRBEAILHRFERE "

Table 4 Analysis of gene diversity and degree of differentiation
at seven polymorphic loci among the three populations™

I{%o}i Hy Hg Dgr Gsr 2
Aat-2 0.157 0.152 0.005 0.032 2.24
Fba-1 0.263 0.250 0.013 0.049 3.43
Idh-1 0.251 0.250 0.001 0.004 0.28
Lap-1 0.437 0.401 0.036 0.082 5.74
Mdh-2 0.427 0.061 0.366 0.857 119.98* * *
Me 0.465 0.379 0.086 0.185 12.95**
Pgi-2 0.501 0.350 0.151 0.301 2.14""

38 Mean 0.100 0.074 0.026 0.260

* Hy Hg M DtV N9 25 MR TFE; CoFHE s Hy Hs M Dol FIET BB Co = (Hr - H)/
Hy]o Means of Hy, Hgand Dg; are averages of all 25 loci; Mean for Gs-,-iscaq;medﬁqmthememvaluesfor Hy, Hgand Dgr.
* % P<0.01; * * *_ P<0.001.
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LfEE 145 WAA R (B T ,10b) , XS MEEES 2 MMREPAFEE2). /b
BARBZ B 15500 0.980( £ BB %) .0.92(ZEFMILIL) IR 0.934
(MZFERILL), JLULBES S 2 AP E T ERE, XEAREICEEFET L
ISR E/NEEZE,

3w
SAIMEHRKE AR B ARG SRRV LR T, TR TFHY MR LS TR
Bhirmay 22—, Hamrick A1 Godt!' BT 80 B FHYFMMARNS

RTHESMEELE P=0.709, FHPBELEE He=0. 173, BER LR K Gy =
0.068, WRAR YL, FHRKE , B THYPEEL T1%RBEEM SN EBAKR,17% 8K
HbEk BERERBRR EERETREN 6.8%, X—FREXH, UREBEIENR
FRYSHENTHRAETHEDHLEL, BAHB = FHRETR NS/ B ER S
wheel HFRTFHYERE RERERR SXBEA REAXHAE, T2EHTH
FREAT-HR R AE AT B A E 02, Btk EERANR A EEN, BT
HYBRELSESENMYHTRANKES REER, XEHFZNEZRY I BB
HE3E, #10, El-Kassaby il Sziklail *J5R F 27 4% 3% B§ 031 5 X 25 BE#S ( Pseudotsuga menziesii )
ANKRFEERBEIL 2 N BBRHET TR, 45 P=0.540, He =0.171, Ggr = 0.068; Lin-
hart 204154 75 # (P, ponderosa )6 A4S /N BRI S A BRI M Z B, P =0.95, He =
0.289, Gy =0.037; M LR 5 MESRRMABIFBE P =0.645, He =0.216, Gy =
0.024157, '

ABAEMLERER, \HIL—HILRERZ/DBEREERKFRMECP =0.200
~0.280, He = 0.059 ~ 0.100) (3% 3), 5L DA B AS T 1 82 A2 Ak ok 6, F 8t 15 2 B K F
(P=0.273,He =0.103) L RE R THY T HEK 1/3~2/3, TiH,X 3 MPEFEMER
HILAR, BRESMEREMEE, REMLBR,26% B RFET /MREAZE, R LR
IARPHRERA S~ 105, BRBETFHYTFHENIFEE, XBKREENALULUX—K
WHH AL, BEREZRAINERNRBAR, AREUEFBEZRHE—,

MR TFHEDBANREY MR RN, FARYHREERKFARERES
WEMRKER, nEEMMETBRRA R & 1A (Pinus torreyana ) R4 R A KA EE 280
km BIBEIK,59 SN BN ST R, BARZZARAEMERAELE, MA M HENE
Ef 2 A LB T ARMSMER, X2EMFEXF AL T ESRETRERN
ZEIE /N, AT S B0™ B i 1 38 BE (bottleneck effect) , 48 BT H B 18 15 75 5 9 35 2 A BE 4K
44608, 33T 7 F AL ZMBRIS (P. resinosa ) BB T 3 BA , 5535 1t vk )11 35 b & 4 2% A
S5 T EERRBTBN , REERKBEX, HRLERNNRBHEGADLEE MR R
HTIBENY K THAGEE, RS REDRBFERER AT E(P=0.111)1,
ML R, ERFE YRS AT S SR BESHEERBAREEHWHBART -
KREFBTFHEY . ACHTHRE M/ ILREREEKTRRESREENES M IEL
b, BB ENH LT REL, BEAOMARNTR, ZLES=C, BEES
HTFRSEEAFEART NEARSHE, T H BT E S FEREILNRHBA,HE
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AXHEHABNER ERHBRRUEA G BN, SERIAREENRBFEOTR
U AR VU vk BRI, A UK 3K 3 B B SRR AL A KGE B, 43 A R AR
B, MR RS/ DLA S SRS LEE, HERERBRBEER N T RM
BRI B L. B2 X SR AS i 15 2 B PR AN B AR 5 G5 1 RO B 9 IEZE i
fizd, BEER, LERFUE BT ERERAREB LT LML S, T A%
Syt vt RS SR B AR o 458 ORI AR AP AR B2 4K R o
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BT 1-~5. 8 NAARLAMNHRAE, N 2 MRS 7RR s R FREI K BRIk, 6. ZHA R Me KN
SRR, FA Rk 2 MEAAEE 100 F 105 A (BT 7 HFUS S AR E 2 A RRAMEK). 7~ 10. B _BME
SR8 (FBA) . By W45 B8 2 O % (PGI) . S H ME B 16t 08 (IDH) 71 32 SR BRI 20 B (MDH )4 B R 4 5 — M B A AL & (Fba-
1.Pgi-2.Idh-1 F1 Mdh-1) 71—~ B4 4% (Fba-2 Pgi-1.1dh-2 1 Mdh-2) KT B§354> B 088 (a #1 b O Mdh-1 65 LAY 100 71
145 FEE),

Explanation of Plate

Piate [ Figs. 1~5. Band pattems of 14 or 15 megagametophytes from two individuals at the eight monemorphic loci. Fig. 6.
Band segregation at Me locus, showing alleles 100 and 105 (former seven and other eight megagametophytes of two heterozygotes, re-
spectively) . Figs. 7 ~ 10. Band pattems of one polymorphic locus (Fba-1,Pgi-2.Idh-1 and Mdh-2) and one monomorphic locus
(Fba-2.Pgi-1.1dh-2 A1 Mdh-1)at each of fructose-bisphosphate aldolase (FBA) , phosphoghucoisomerase (PGI) , isocitrate dehydro-
genase (IDH) and malate dehydrogenase (MDH), respectively (a,b. alleles 100 and 145, respectively, at Mdh-2 locus) .
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of Cathaya argyrophylla in Bamian Mountain Plate I
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See explanation at the end of text



