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Abstract: Authors made approach to genetic variability and genetic structure of 20 clonal populations of Arundinella hirta in
northeastern Song Nen steppe in China using enzyme electrophoresis and isozome analysis. Qur study obtained the following
results: means of P, A, AP, Ho and He in 30 populations were 17.00%, 1.17, 2.03, 0.103 and 0. 063, respectively at the
population level. The population with highest allelic diversity possessed 38. 719 of the total allelic diversity in our sample. All
of the alleles encountered in this study can be found in eight populations, including six with unique alleles and two others (RY3
and AS1). These populations appeared in all geographic arcas. At the population level, average expected heterozygosity was
0. 063. Observed heterozygosity 0. 103 and ranging from 0. 030 to 0.184. When genetic distances among all population pairs
inhabiting the same large population and all pairs inhabiting the small population in the same region were compared, we found
no significant relationship between genetic and geographic distances (?>>0. 56), and no significant difference between the two
categories (P2>>0.89). Genetic diversity, including allelic richness, % polymorphic loci, obeserved heterozygosity. differed
signifcantly between large population and small population (P>>0. 21). In 15 small populations, 57 of the 63 recorded alleles
were found, in 15 large populations, 57 of the 63 alleles also were found. Levels of genetic variation did differ, however,
among geographic areas within the study area (P>>0.04). More than 40% genetic variation (Gsy=0. 410) may be attributed to
the variation among populations. Clonal reproduction and obligate outcrossing of Arundinella hirta complicated identification of
other sources of variation. Observed levels of heterozygosity within populations were greater than have been expected if ramets
were the products of random sexual reproduction. Values of total inbreedings, which compare observed heterozygosity within

population with expected heterozygosity based on random mating within the entire study region. Higher Fst vallues for all loci
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indicated significant genetic differentiation at the population icvel. and the values ranged [rom 0. 0890 to 0. 8849. Populations
were differentiated from onc another within areas roughly to the same extent as they were differentiated within the entire study
region. Calculations of gene fiow indicated low levels of migration among pc}pulatiuns of Arundinella hirta. Estimates of Nm<<
1 showed that gene flow between populations was inadequate to counter the effects of genetic drift in local populations.
Measured values of genetic variation of Arundinella hirta population in this paper were morce or less approximate to values
estimated by Hamrick and Godi. Wolf ez al. However. changes in genetic diversity ol Arundinella hirta populations differed
from other reports in genetic variations among populations, within populations in more or less extent. This variations occurred
not only among populations, but occurred also within ones. (Gene flow herween populations was low, not only between small
populations but also between large populations. Population in small area dod not appear 1o be impoverished compared with
populations in large area although small populations were separated into innumerable small populations, often disturbed by
grazing and human activities. This fact illustrated that losses of genetic diversity through the combined effects of genetic drift.
inbreeding, and local selection was no more severe in small populations than in large populations. We must point out that the
importance ol clonal reproduction and somatic mutation for plant population genetics deserves considerable future study, and
this study may provide important insights into the longer term evolutionary diversification of Arundinella hirta and other long-
lived clonal plant species.
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HEEABET L AL ABZN  EEEATERREYF AR ABO ., X EEWIT T EE (Carex duriuscala) ,
T F (Calumagrostis epigeios), B 3k B8 ¥ B (Thalictrum simplex) . & & B F (Potentilla flagellaris) . o 8 (Sanguisorba
afficinlis) . ¥ ZE B B (Cynanchum amplexicaule) . B 35 2R ) & 35 (Heteropuppus altaicus)  JE B I (Innla britannica) ¥ FOm &=
(Spodiopegon sibiricus) 5
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(1 Fh A4 B A S A I B TR AL
HIE Wolf %, 78 2001 £ 8 A 30 T EF B MBS BN ICM 30 MO HE 4 e, — L B /DA B (150~
200m®) , B — LR B KFEBE(500~1000m) ", B B 11 B . SOLFRRGHE 10 788, BEHRK 9
B 1.
FAKEFERT AR EEER LR EMRBE KD, A TH

B 8 Cenzyme ), FH tfF 5k T #6218 Wendel #) Parks #5 7 B2 B 28
o R 0BT R AR AR B TR TR i b AR 4% (chromatography RUSSIA
wick) . £ —70C F R T ok o,
1.2 B vk AR D AR s

A PR 02 4 5 e (L0 %6 U8 49 8 e ) oL T K A 4G L3t £ 2B B e o A
ML SRR 20 M EE O AE P OB RS R AR BEE o
18 g H B (locus), 4r B 2 W B 8% # 8 (amino acid CTIITI& ® Chengehur
transferase ) (AAT.2 “NEFE E), R T # H £ ¥ 88 B (uridine
glucose pyrophosphatase) (UGPP,2 4~ Z H B ) . 6-4% f8 7 b5 86 ﬂﬁﬁ HORTH
H% €L B (6-phosphogluconase dehydrogenase) (6PGD,1 4~ & K ® ® oA
B ), B BR # 4F B ) B8 (phosphoglucose isomerase ) (PGI, 3 P & B:L[.Ejig Dalian SOUTH
ESl B ) | I 15, Sk % % Caconitase ) (ACO, 2 4~ 2 BE K5 ), B o R 0 500 km e
2, B (isocirrate dehydrogenase) (IDH, 1 3L B 8 ) . B 2508 % B | |
B (MNR, 2 B ) EEEBE (florescent esterase ) (FE,2 4~ &t

Al HrRMXE

A B ) . colormetric 5 B§ (colormetric esterase) (CE,1 4~ &
BE ) | 9 55 3% B8 55 ¥ B (triose-phosphate isomerase) (TPI.2 4~ &

| . A - (18]
B . # Solis FHBMATR AR . Ranghulu area; ) {L 25 & B H 5 X 45 11 2 FH#E O represents

1.3 Ziita i 11 populations in the Green Grassland Pasture area; @ R EIER 0
WE T &AM EE T W) G2 H %S5 FHK T A~#¥; @ represents 9 populations in the Anda area
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2.1 HEERH
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203, - HEMHMHHAHFHHEB(DOR 117, 241 EEEFTH 63 MSHEE .0 h - RASHRELNKE Y
38 1. 63 N HFNUEEP 6T BRE—MBAGEN Y THEESMER,

B 1R EMBRE L, PLAAP H. # H, F¥HES 858 17.00% 1. 17% .2. 03.0. 103 1 0. 063,

FLAH B G L2 9 2 R AR o R P R A (B R R 38,71 % (3846—32)/(63—32), BEBESMEER 64
fE# AHLLAA2 . GY4,GLLLRL2 H RR2 S TR ESUEEN 0% . 78RR, 6 B4 5 %5 a0 o

Fig.1 A map of study site
@ AFILFAREM 108 E; © represents 10 populations in the
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HETRB(RYIH ASDHOf A ABAF BN A SRR, xERBTAXZTHRHE KBRS,
ERBERKFEL EHREF(HOR0.063(E 1), BRBWRN K FHZEELPES THRIB-BOMBTEE,FR 0103, %

FNTE 0. 03(RX2)F 0. 184(AS2)Z 8] (F 1),
2.2 MEBEBEABEES

MREREA . AEEBEIHRTHEXAFEHERESERS
yih T B A 3€ (r=0. 18, °<C0. 002), A £ X fh 5% B B %59, I
o #t B 7 (considerable scatter) T fir 7 #b # R FE 49 #0 8% ([H
3), TEHEARE AU — S fn] — A TR (KW 24 Fp B S50
Mantel 3. A&t LW BEFETSHEER 4B EMX
(r=0.12,P<0.03=,fEd - H X/ PpFRBEEO>HEH—i#
HHE B 5B E K Mantel S ES T U BEHK, X4
BEERER - KHBGE K RSB MAERER -
KAMBOMEESHBEZ R #EHEER.. R REER
M HpERE YR LCHEXRWP>0.56), MEZHBLEEFX
B (P>0.89).
2.3 RBEMAKHBEPIHBRETR

ZREU EAXRBERNIABZEBEEEZEHECE

HEFEE HoULEEERE AN ESLHEEER
(P>0.21).7E 156 /N, R B4R Y 63 P FH F
BT ELBAABRBEPLERA 3 NEMERPE 57 14,
REMRHE BRI B BEERKFREFEER (P
0.04), 5 H &, LXK (AS2 1 AS3) #I ik # B X (RLI #0
RLOBEMBHEHEERFEENHBREEARMEN P.AP M H,
(F D EBEMRBFWR M RXDIFEREEHBEES
#EP.AAP M H, B/ (FE 1),
2.4 FPREE] R EF

WX FHBEETRG.=0. 41008 HE FM B R 4 7,
B E RN T %2 B X (obligate outcrossing ) #E I
BHAHERERNER S, BTEEE TPi2 M Ugpl Bi4h, 2
AERA BT BEREENELRER (F)<(E 2. XE
MRS EENEFREEN =S, WHRBARRNNEE
KFRTHEREEAKT . SREWBEERTHN Ffl. Fy
B T 8% PN UL 3 22 & BE AT LA 1 BF 9 b X B 01 36 B R 2 B Y
SHEBREHHAOMU M., X2 PR EEREERE Fofi
2 M BK RS LB, HEEZT 0. 089 F 0. 8849
b, RX—ERroSREHX b EBE (E 2, K283
FIR/DHHIME RS 2. B A H W UEH FE.Z
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Tahle 1 Genetic diversity statistics in 30 populations of Arundinella

hirta
HE HEXAN P A AP H., H.
FPopulation  Population size

Ryl X Large 3.80 1.21 2.3 0.102 (. 064
RY?2 A Large 12,80 1.03 2.3 0.104 0.050
RY3 X Large 12.90 1.03 2.1 0.0686 0.062
RXI F Large 11.05 1.14 2.0 0.086 0.050
RX2 x Large 14.85 1.14 1.% 0.030 0.015
RX3 X Large 16.70 1.03 1.8 0.065 (. (068
RRI X large 16.70 1.24 1.8 0.068 ©.03)
RR2 X Large 24.40 1.24 2,2 0.118 0.044
RLI * Laree 26.50 1.20 2.1 0.146 0.034
RL2 X Large 26.50 1.18 2.3 0.178 0.082
GX1 . Laree 11.90 1-20 2.0 0.146 0.088
GX2 K Large 2.78 1.19 1.8 0.088 0. 044
GX3 K Large 10.08 1.12 1.8 0.148 0,082
GLI A Large 16.50 1.22 2.0 0.160 0.109
(512 K Large 20,80 1.25 2.0 0.080 0.032
GL3 v Small 20.80 1.20 1.8 0.080 0.034
GL4 71 Small 12.00 1.16 .8 0.090 0.118
Gyl M Small 12,00 1.26 2.0 0.144 0,085
GY2 7 Small 17.50 1.24 2.3 0.084 0.030
GY3 I Small 17.50 1.24 2.0 {.083 (.044
GY4 /I Small 27.40 1.16 2.4 0.052 0.046
AS1? #|s Small 23.50 1.16 2.3 0,064 0.107
AS2 /N Small 23.50 1.22 2.0 0.184 0.180
AS3 7y Small 35.09 1.20 1.8 0.168 0.048
AAl /N Small 90 1.14 1.8 0.176 0.090
AAZ /5 Small .40 1.09 2.1 0,118 0. 041
Ahl 7)s Small 9.40 1.09 2.1 0.08B6 0.088
AHZ 7\ Small 18.20 1.09 2.0 0,088 0.088
AHEL /J» Small 18.20 1.14 2.0 0.074  0.04D
AHE? AN Small 13.09 1.20 2.0 0.031 0.026
S Mean 17,00 1-17 2.030.103 0.063

HFHEMAE 0o P SEEARES L AP. B2 58
HEEVERNTHEE A B - BHESNMEENTH®E :H,.
MW Fa B H  ERE-RERBRRAGTOHAL WS E 30
ramets were sampled from each population P; % population loci:
AF: mcan number of alleles per polymorphic locus; A mean number
of alleles per locus; H,; observed heterozygosity and H,: unbiased

hetorozygosity expected under Hardy-Weinberg assumptions

{1 FRAAENE For, B0E0. KNMEEEMEEZR TRENEBEINHRBE RS NERE, Y2 E5HRKAEL
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IENEE Wolf F48 HAYARREL Y, R BEMOGEE AR TR A SMZERSEAR, BHE—FTMHAERLE DK
R —RERR ¥ LA, (%550 M Mnr2 595 18 R 3 7] BTS2 (32 3). 3 3 e R BORRRE L2 3 1) 3/3 ;5
HE. HELDHE IR0 R 2/3.70 4/3 IR#BE 3,

A B4 A 0 T B B0, B A SRR B (] 2 N R R K PR . Wrrithe TR T4t Nom—0. 34 CIfERE . N {ER R Fsy
{H & . RLFFA %5 0 2 B O 26 Rl 00 5 B8 99 1 5 5 000 48 oy 0 25 OB G 985 R S A8 (8 (om = 0. 053) , 2 B Nom<<1 T4 25 3IF B B 30 1) 84

] 2 LAAE IR RS SR R AR B Y i R AR
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4 Bl 5 2 o B B e Table 3 Genotype frequencies at locus Mar2 for 30 random selected
E% 10 + Ubiquitous alleles ramets in 30 populatiens of Arundinella hirta
E Mg e o - Sk S EEBHEE
=L Private alleles The number of ramats with genotype
- Population Population size
Z H n 2/3 3/3 4/3
0 HH nﬂ ﬂﬂ” H [L___nll n RY1] X Large 0 30 0
2 4 6 8 10 12 14 36 18 20 22 24 26 28 30 £ )
B H A S Number of sites RY2 K Large 0 30 ]
RY3 * Large 0 30 {}
RX1 & Large 0 30 0
Mz SRE I~ HEERMBMASLUERB BN TH RX?2 * Large a 30 0
Fig. 2 Distribution of the number of alleles which exist in 1~ 30 RX3 K Large 30 Y G
, : _ RR1 X Large 0 30 0
Arundinella hirta populations RR2 % Large q og 0
BAMSLAENEAARNEAEN MELOSCERERAEL D, RL1 X Large 0 8 22
WA S A (X B B PR, TR RS (3 % B B A 30 4 RL2 X Large o 30 0
GX1 K Large ( 0 30
#h BF Rare alleles occur on the left side of figure, while common (X2 K Large QO 30 0
alleles occur on the right side; Private allelels exist only in a single GX3 K Large 0 30 0
_ _ o . . GL1 K Large ¢ 30 (}
population, while ubiquitous alleles occur in all 30 populations GL2 /s Small 0 30 3
E2 NMBFHNMEDESERNEANRENKT GL3 7 Smali 4 25 0
Table 2 Population genetic statistics for polymorphic loci among 30 GL4 /v Small 0 30 0
- GY1 /)7 Small 2 18 10
populations of Arundinella hirta GY? /N Small 0 2 03
B H \ \ . . . GY3 7N Small 0 30 {}
Locus Fis Frr Fsr Fso Fox GY4 /Iy Small Q0 30 G
Aatl  —0.6342 —0.0100 0.3540  0.3850  0.2784 AS1 A Small 12 18 0
AatZ  —0.9678 —0.0390 0.4803  0.4500  0.2693 ASZ /s Smali 18 0 17
Ugpl 0.3016 0.8000 0.7004 0.7342  —0.1030 AS3 /+ Small 30 0 0
Ugp?  —0. 2980 —0. 0830 0.4334  0.4430  —0.1140 AAl /I Small 3o 0 0
6Pgd  —0.8675 —0.0200 0.2704 0.2678 —0.0204 AA? /s Small 6 24 0
Pgil  —0.3094 0.0500 0.3245 0.3290  0.0400 AH1 /I Small 0 30 0
Pgi2  —0.5330 —0.0850 0.4240 0.4112 0. 0780 AHz /I Small : 27 0
Pgi3 ~ —0.8754 —0.5800 0.3412 (.3433  0.0601 AHEI /I Smal) 0 30 0
Acol  —0.5025  0.1012 0.4245 0.4242  —0. 0601 _AHEZ /I Smmall 0 30 0
AcoZ  —0.7644 —0.0180 0.4341 0.4338 —0.0723
Idh —0-5833 —0.0153 0.1800 0.1795  0.0411
Mnrt  —0.9124 —0.0360 0.3214 0.3237  0.0089
Mnr2  —0.8784 —0.0758 0.3152 0.3006 0. 2830
Fel ~0.5852 0 0.0890  0.0878  0.1214
Fe? —0.6774 —0.0024 0.4312 0.4401 0. 0162
Ce —0.5840  0.1230 0.5794 0.5780 0. 0780
Tpil  —1.0000 0.0030 0,5004 0.5001 —~0. 1278 0 100~ 200 300 400 500
Tpiz 1.0000  1.0000 0.8849  0.8076 0. 1348 3 ¥ Geographic distance (kam)
Mean — 0. 5375 0. 0180 0. 398% 0. 4183 0. 0504

x 32 I MO R RO R K R K A4 BE B9 B T These
values in rable Z represent effect of inbreeding, area and region on
heterozygosities; Wright ST Frs TP AL BB S5,
Fr Bl XEHEBREE;; Fer . B EHE Fso. ERMHABBE L
B;For, X (BHRMBEINERXHBEHSE Writht” s F Statistics
is as al lows: FIS. inbreeding within subpopulations; Fr, total
inbreeding; Fsr,fix tation index; Fyu,the expected heterozygosity
within popularions within areas; Fox,the expected hetegozyzosity in

areas within regions (total study region)

B3 30 MEFe&y EMBEETE 240 - % Fh B b 1R PE B 0 K 45 55 >
B} ) & F#
Fig. 3 Relationship between geographic and genetic distances for

all 240 pairwise comparisons of 30 populations of Arundinella hirta

3 i

B E#ELR N E HER LD HIF 2 F Hamrick Fi

Godi . Wolf FRfE#ES"-, BR . B HEMRB RS SEENT
WESLBHEPEELTRRATFHBEE L TREEM. PR ANRE
BRMWRE. XTI AR BN IRy,

VR I 50 R B, B 1) A (L7 /N P ¥ 1] T _EL 7 AC e 8 1) 25 R O R AR /D R — S B R AT 40 R L MR 1 IR B AN A R B
WHENEBRARKIEHM TR EHSEBAMNMBEL BERANRBULEEREFRS . XK S RER . E
RMRMERNEZECHFEBRESHEENRRPHBRA L CHB™E,

SRR X RRAD L BRIE, FRITER, ABRBERGHE BB, B 2558 F o AT o a5
REFF A BBEHT N B R B EERARB . kA EER. EEENARIH TEBEFATEERLYT R
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esfa), B AN IE AP AE . ERMEE ST BAER BT 2 km M 6 km Z 18], {84 B S8R B 4R 8 AF 68 & o o) 2 5 il
R EENH . BRI Lk, XERIMX _MEBKER ETUMEEAXTFENHBSHERCHLIFHFER
ARk, {HR L IF 0 Wolf B s g0 GRAE 40 A, Bl 0¥ — 9 S IR AR FESE B9, B R ST R BRI P2 AR M b AR 0 #h SEAFRBE . 3
BERFHFERLPRPAEATFHEDSHE. RFERARE T BEYHFMBEHFREAISAHRARE.

FEAMESH T EMERELSHEENIBAERT A RN U EEAK S RENEMRR T SHNMH I RE
LA B 86 B BT R E R R (NeD R E B M AT RS N AR EAYEHFN - HE G EREREHIER.
EREASFH PR IR GEUBHE BRI ST T EEREI R TRERREERBTES . HEEME
PRBRE P ARG ARERTNHFRES  UAF N EAREKREGREEYAH R LR EE
WA
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