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Genetic diversity and population structure of Robinia pseudoacacia provenances

from middle Europe
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Forest Genetics and Forest Tree Breeding, Federal Research Centre for Forestry and Forest Products, D-15377 Waldsiversdorf, Germany ). Acta

Ecologica Sinica,2004,24(12) :2700~2706.

Abstract; The seeds from 18 provenance populations of Robinia pseudocacia distributing in the middle Europe and the United
States were collected and planted in a nursery in Waldsiversdorf, Germany. Using the leave from the two years old seedlings as
materials, the genetic diversity and population genetic structure of the provenances were studied. Using starch gel and
polyacrylamide gel electrophoresis, 7 enzyme systems (Amylase, Fluorescent esterase, l.eucine aminopeptidase, Isocitrate
dehydrogenase, Malate dehydrogenase, 6-Phosphogluconate dehydrogenase and Shikimate dehydrogenase) that could make the
genetic analysis were tested. Twelve of the 14 loci studied showed detectable polymorphism. There were significant differences
among the polymorphism loci. The number of alleles per locus (A/L) and the number of genotypes per locus(G/L) changed
from 1.56 t03. 67 and 1. 61 to 7. 11, respectively. The effective number of alleles per locus (Ae) ranged from 1. 02 to 2. 50 and
the expected heterozygosity (He) from 0. 02 to 0. 56. Among the allele frequencies, some biggish differences were found in the
same locus. At many loci, some genes in some provenance populations appeared with very low frequency or they did not

appear.

Large genetic differences existed in different provenance populations. The mean number of alleles per locus, the mean
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effective number of alleles per locus and the mean expected heterozygosity were relatively less in 8 Germanic provenance
populations. However, among different provenance populations big differences and evident changes in these population genetics
parameters occurred, indicating that in the 8 Germanic provenance populations, the genetic differentiation within the groups
was relatively less, whereas among the groups was relatively greater. In contrast, in the 8 provenance populations from
Hungary and Slovakia, these population genetics parameters within the groups were relatively greater, but differences among
the groups were relatively less. The allele frequency per locus changed accordantly among the groups of the provenance
populations, and this made it clear that the differentiation within the groups of the provenance populations was more biggish
compared with that among the groups.

No evident geographic patterns of the Robinia pseudocacia seed sources happened and the difference between provenance
populations from Europe and the United States was not observed. The Hardy-Weinberg equilibrium test indicated that 88. 41%
of loci had no significant deviations from H-W genetic equilibrium. The allele and the genotype frequencies remained ég relatively
high stability among each groups. The mean coefficient of gene differentiation (Gst) was 0. 052, suggesting that 5. 2% of the
allozyme variability was attributed to the differentiation among the provenance populations while the remaining 94. 8 % resided
within the different provenance populations. We may conclude that the potential in improvement of Robinia pseudocacia is great
and the initial selections in the breeding programs should concentrate on intrapopulational variation.
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§ #8 (Robinia pseudoacacia L. )R T £ E &R K Appalachian,Ouachita i Ozark il X' HEEH A FIFZERE R 17
2 RS ABME . AR RAEEAMVA. EREARYREEHERT1.34 hn’, FTEZSHERBEKRI . £ Brandenburg
M, 1997 F R ERER T 7200hm’, BRI BRIV I, EERBRHFEHEHE L. MBEEENEA WG XEEBEAR
WAWENMTFRATERAME HBEARERARBEARRNEEFER . GO0ARKBAI LR M BEE RS, #EE
HHE AR EERR R T, Z£EE 8B B A BRALE 3R A R R, B BA B & # I8 6 #7450
o EXMEAKMTFESEERI, ARBX HRBEFEFEERKRERYY. 2001 FEH5H 8 B AR 3% T 58 BT A BX3H ] 4
FELAXEERRET 1S TMHBRERERFARET2EHAFPRAR, FROMBIBEKXERBENEREI I ELERM E
AT IR AR RN R

%N B (allozyme) B[R —HEEM A WA RSN ER RGN —FBRARER ENSHWERRE N Y, RZLERY
. F% DNA 4+ FK¥F LWL, RPREMERZTUWFE. FUBHBEENREIEFELERER, B LA FE O HE A
RESELIW NBEIE L TUEES T RINERBEIINEMNER, BTSN ARARMERMRREH-FRED
HRAANREHESHTIFEHBEBRB TREZGEED Y. SN FEETHRABHNREASH . EREEERE D RREME
i ERRBEELESMNEETR. A XMASMERRICHEAR X 18 -k B BR#H H #8152 [E &9 R 4 Fh 51 F L BE A 15 55 1 A
ZREPEHAT T HES , MR R R 6 Fh TR A2 7 R0 R TR 1 PR R AL PR 18 K 48
1 #MHEHAZE
1.1 SLBH e

MEE QFH B EREINTRREESHRWNEREEES X EERET 18 MRIERBEMNTF. Kb, 1~85%
¥ BEENAME, EESMIEEE RIS AKX ;9,10 AR E MR, oA e BRI 11~16 2K B @ F FI#H IR,
Hp 111213 S0 A AR TR P, 14.15.16 FHEKREE; 17,20 SRR BEBME, S AEEELRT . K EBKME 16 NFHE
WA FREBEHRERE.HFEZ23ZL0-REREH .2 MREMTE N RARIRGBEE . BRI BT E 8 & RN —2
MR & E A ATE 80~150m, F FIBRE 8. 2~10. 5 CAEFLHEWE 503~690mm. NEMEHFRFREXZIREANFHF, T
2001 “EHEFh TREE A RE X B 40 X 2B EM K Wardesiversdorf ¥ B H,AFE 18 MFEFEARMNA,2002 FRFLEKIT
GRET,H HREF BN A FE, RIRBER . ATEMBETH. B TRERE 50 MR, QTHlE T 900 TMREE,

1.2 RKEH®

(DERERSELABEEK ATHRMET TIMBRE. SHBEREEAERRER 1. TEXRMKEFDRIEHRERBIKTSE.

(OB R B R 25 0. 5g, A 600p] HREUE M, BN  MABKRZGmmX11mm), 8% 10min 5, 8K5)
¥, A& LR B 42 O 4 a0 F - 50ml BEBR & vk (pH7.0),2. 2g HLHhMAR, 2. 2g PVP,150mg DIECA, A NaOH # %
pH 7.0. FBTE ER B 3ml, ip AHi 2 L BF 30ul,
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Table 1 Isozyme system analyzed in the experiment

HRHE MR | FhL

——————t——ti e A, .

g Hhr&S
Wakide RE - Isozyme atidom EENK 3k
Isozyme system Abbreviation  EC No. Characteristic
locus Allele
¥ & Amy 3.2.1.1 A £ 7 Polymorphism 5 RN BB K
Amylase B £ 7 Polymorphism 3 Polyacrylamide gel
P Y A A Fe 3.1.1.X A #E L1 iR %] Bad identification — TE BRI R 4 110
Fluorescent esterase B % & Polymorphism 4 Starch gel System III
C £ 7% Polymorphism 4
REAKRAEKE Lap EC 3.4.11.1 A £ 2 Polymorphism 4 EREBE RS I
Leucine aminopeptidase B % & Polymorphism 4 Starch gel System II
=358 30 % Idh EC 1.1.1. 42 A , 4 EMEER R ]
: %2 7% Polymorphism
Isocitrate dehydrogenase Starch gel System 1
3 BRG i = K Mdh EC1.1.1.37 A 4 7% Polymorphism 3 MRS ]
Malate dehydrogenase B 4 7% Polymorphism 3 Starch gel System 1
G-I R B B B AR AR S A 6-Pgd EC 1.1.1.44 A B Monomorphism 1 IEMBKRSE
6-Phosphogluconate dehydrogenase B % 72 Polymorphism 2 Starch gel System I
C 2 2 Polymorphism 2

FEMIRAM SKdh EC 1.1.1.25 A 2 72 Polymorphism 3 TEMERKEARSG ]
Shikimate dehydrogenase Starch gel System I

(VEM BB & R DK AR 68 FRER 30g K 75 1 08 By A1 3g TEWE , 0 A 250ml % JBe 27 e o, A 86 0 0 ) L VR M0 B IBE . L 97
BIBARTE OSA BB KM THIK 4h. BEAF B TREREF  RASTBEKERR, 230 Tris-fr#EBR oH7. 5, R D . R &
/Tris(pH8. 1, R4 ID MBI BRH1/Tris(pH8. 2, R4t 11D, HIKG R G, BUT B AR , A B BB AR A1 30 12 5 85 AR /K T 1 i 31 59 /Y
i~6 B LA —EHFEAH EENBREM R AR R PEERAITRADT,

TR W SR O 9 40 O P B B L 0K, L 9K 7 3 S PR Hereel R BEE 7 85

(WOFMNEEST BRERCEERARF EEREEABEKEFHITMAAE, RoMNSHFAKREER, X90T 71TMRAE2E
WA S MBRLE, IIEREAmy) RXBRE(Fo) . REAREAEKE (Lap) . RITHRR A8 (Udh) 2R BRI B8 (Mdh) | 6-Fi %
BRI S B8 (6Pgd) . FFE B A B (Skd) .

1.3 BEHH

0 900 52 1) 900 AN HE A 7 7] Bt B 57 4 8 R 780 48 S 47 6 3 40 47, AR 8 Hattermer 2505501 F o =01 R (i 4 7 25 3185 45 0 B
REEFEEMEBREEER - B MM ESMERARA/LD . SNARFERG/L) EMAREMREEFTREE (4e) . FHNEHR
MERSREG ,SMIATRPEAE (HO R N WEFLHEUSH (S RENEESHEE H B RENERZHEE Hr . &
HAERMEEEZEE Do EEIRR G A TR XK A SAS Kit KEFE TR LK.

2 GRE5SW
2.1 BUAEMNEEHELR
Zi THBAGHEN, KRG 14 NENBENE  HP 12N EEHLNE . S 2B UM AFUNERRBY FE 2. £FEEN

AEMEREAR,EMKFELEEAE 2B 5 ZE,. KPR, Any-A ZEERHAR  ERMKELE 5 NEMERBEARREH
AbhHEkTLER, FHEMBERBIUN 2.94, Fe-B.Fe-C.Lap-A . Lap-B. Idh & 5§ 4 M ENMNER , Amy-B.Mdh-B.Skd 85
E3NEMNBEE ,Mdh-A.6Pgd-B.6Pgd-C B EFEF 2 PNEMNER,HP Mdh-A Z2SHEERAHBE . EEMAEMERES.H 81TH
BERK., ARMEREENEE—-—CER RAREN S A MEFEOA~8 5, FHBMNARFMNEREHEMK. H2.68,{H3 5
MEGIS. XARTF . FEETH S ITFHIRO~16 SOMEEMN 2 MMHERMBELHEMA/ASFUNERBIEH .. 758 2. 82
2.91, AR AMTFFA 6 MFFEA1~16 5), FHEMNERKE AR ERZ/L LD
2.2 BUNRSMNERNAFHRHHEHER
FHBMANEMERBBAE2E RS MEFRMBBER AR AP O EZE, 0 — 0SB RFRBME, ENTER
EHBRELSHPHEEER/DBEESMERNEEHPRAR. MEBENTHNANFMNERAREH oORBR T ERESTEERAOFA
EHME . AR HAREEHSTEAFEEZE/EARA. EEH AN ZIHMNAP . SN AFMENEHEAB ZHLE 1. 02~2.50 14,
Fe-B.Idh #l S le (B & T Mdh-A Bfi. NER3IAERUFL, 18 MHRFABRFEHBEMER, S MMEEBEMN Ae
FHEBMK, N 1. 61, HEKRMZRER B MGT RS 8 MFRHIEA Ae FERMER S, 1. 75, HEF R R Z RIR /D

Py




12 3§ BEE % BRI IR A RS R G R R 2703
K2 ENEBGEHNERUAREFAERBA/L
Table 2 Mean number of alleles per locus and per provenance population
o ¥ Army Fe Lap Mdh  6Pgd ¥
—~ Idh . Skd
Provenance A B B C A B A B B C Mean
1 3 2 3 2 3 3 3 1 2 2 2 3 2.42
2 2 2 3 3 3 3 4 1 2 2 2 3 2. 50
3 4 3 4 3 3 4 3 2 2 2 2 3 2. 92
4 3 2 4 3 3 3 4 2 2 2 2 3 2.75
5 3 2 3 4 3 4 4 1 2 2 2 3 2.75
6 3 3 3 3 3 3 4 1 2 2 2 3 2. 67
7 3 2 3 2 3 4 4 1 3 2 2 3 2. 67
8 3 2 4 3 3 4 4 1 2 2 2 3 2.75
9 3 2 3 3 3 4 3 2 2 2 2 3 2. 67
10 3 2 4 4 3 4 4 1 2 2 2 3 2.83
11 3 2 4 4 3 4 4 2 2 2 2 3 2. 92
12 3 2 4 3 4 3 4 2 2 2 2 2 2.75
13 3 2 4 4 3 4 4 2 2 2 2 3 2.92
14 3 2 4 4 3 3 4 Z 2 2 2 3 2. 83
15 3 2 4 3 3 4 4 2 2 2 2 3 2. 83
16 3 2 4 3 3 4 4 2 2 2 2 3 2. 83
17 4 2 4 4 4 4 3 1 3 2 2 3 3. 00
20 1 3 4 4 3 4 3 2 3 2 2 3 2. 83
¥ Mean 2. 94 2.17 3. 67 3.28 3.11 3. 67 3.72 1. 56 2. 17 2. 00 2. 00 2. 94
fh Species 5 3 4 4 4 4 4 2 3 2 2 3
®3 EMEBREKMEIISEMAEEEYNEE (4e)
Table 3 Effective number of alleles per locus and per provenance population
FiHR fre = Lap Idh Mdh Ped Skd Mean
Provenance A B B C A B A B B C
1 1. 84 1. 81 1. 59 1. 60 1. 61 I.33 1.76 1. 00 1. 81 1. 57 1.70 2. 77 1. 62
2 1. 79 1. 27 2. 08 1. 08 1. 77 2.26 2. 84 1. 00 1. 77 1. 68 1. 99 2.17 1. 66
3 1. 67 2.04 3. 20 1. 60 1. 90 1. 56 2.02 1. 02 1. 89 1. 63 1. 65 2. 50 1.76
4 1. 39 1.57  2.36 1.41 1. 37 1. 30 2. 31 1. 02 2. 00 1. 79 1. 42 2.15 1. 57
5 1. 81 1. 45 1. 94 1. 45 1. 79 1. 23 2.17 1. 00 1. 84 1. 70 1. 96 1. 92 1.61
6 1. 52 1. 64 1. 71 1. 25 1. 61 1. 37 2.64 1. 00 1. 87 1. 42 1. 79 2. 46 1. 58
7 1. 88 1. 96 1.15 1. 75 1. 45 1. 58 1. 28 1. 00 2. 02 1. 11 1.13 1.59 1. 41
8 1. 56 1. 84 2. 50 1. 46 1. 65 1. 36 2.53 1. 00 1. 96 1. 20 1. 69 2.53 1. 64
9 1. 20 1. 97 2.79 2.16 2.09 1. 53 2.22 1. 02 1. 94 1. 56 1. 57 2. 28 1. 73
10 1. 89 1. 86 3.15 1. 40 2.13 1. 95 2. 37 1. 00 2. 00 1. 96 1. 89 2. 36 1. 85
11 1.72 1. 87 3. 09 1. 37 1. 86 1. 59 2. 40 1. 08 1. 95 1. 74 1. 81 1. 89 1. 75
12 1. 51 1. 95 2. 89 1. 71 2. 00 1.69 2. 26 1. 02 2. 00 1. 39 1. 92 1. 96 1.75
13 1.52 1. 99 2. 67 1. 62 1.72 1.43 2. 10 1. 02 1. 92 1. 53 1. 95 2.17 1. 71
14 1. 85 1. 87 2. 47 1. 36 2. 27 1. 56 2. 20 1. 06 1. 98 1. 50 1.84 2.18 1.75
15 1. 99 2. 00 2.76 1. 48 1. 88 1. 68 2. 47 1. 02 2. 00 1.55 1.93 2. 07 1.79
16 1. 46 1.92 3. 42 1.15 1. 83 1. 75 2. 22 1. 02 1. 89 1. 39 1. 34 2. 56 1. 65
17 1. 43 1. 61 3.53 1. 62 1. 95 1. 50 2. 39 1. 00 2. 07 1. 79 1. 40 2.13 1.73
20 1. 00 1. 38 1. 63 1. 37 1. 83 2.29 2.76 1.13 2. 31 1. 27 1. 60 2. 06 1. 57
4 Mean 1. 61 1.79 2. 50 1. 49 1. 82 1. 61 2. 28 1. 02 1. 96 1.54 1. 70 2. 20
2.3 BMIAFEMEREMERF
18 MR BB ARR L S B EMEEBRI TR 4. B— A ARIEMERMEFEEZR, I Amy-B HH 3 MFMENR,

2AENERERAORERE.E 18 MK
0. 002, {NFESE 3.6 FI%E 20 SR IR FFE

A2,A3 Hi BRI

1 F TR RN AL R S
SERNFESMERBER, MEGF MM ELLE 8 T REA ] H
2.4 Hardy-Wenberg 45 £ M

SF 18 AP IEER 12 NMEE A A
L R FE N EE
=SSR Lap-A M Lap-B, 3

. KO

B] R FE LA & 1 . 2 A
g 12 MR ARIZF 0.05 BENA

4T Hardy-Weinberg 3 f&Z ¥ &I (& 5),
A 3 T

99 R B R TE

Bl R R E S FE N 0.354,B2 AU RE S EFE N 0. 644, B3 f3E H I R A
IR, Fe-B A9 4 NS0 HE P ,B2 M B3 AR Bl M B4 BB BM;;IDH F
AL BB R RAL. Skd h A1 F A2 SRS ,A3{{N 0.08, HEEHRAM A FEHFRBEE.
AL, ANAFBERERBROAE  DHFEBRKER. EEMN 8 MHREBENHETERNN
S il o) e v N R R A A

wER ]  Er A Bk 88. 41 i A& H-W

A’D

:I&t—

CHXTRRERDS . R H-W R4 B
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Table 4 Average allele frequency per locus of Robinia pseudoacacia

Amy~A

Amy-B

Fe-B

Fe-C o Idh

Al A2 A3 A4 A5 Bl B2 B3

Bl B2 B3

B4 Cl C2 C3 C4 Al A2 A3 A4

0.00 0.76 0.03 0.21 0.00

0.35 0.64 0.00 0.06 0.48 0.33 0.13 0.04 0.8 0.13 0.02 0.10 0.36 0.52 0.02

Lap-A

Lap-B

Mdh-A Mdh-B 6Pgd-B 6P2d-C Skd

Al A2 A3 Ad Bl B2 B3 B4

Al A2 Bl

B2 B3 Bl B2 Cl C2 Al A2 A3

0.13 0.71 0.16 0.00 0.04

0.78 0.13 0.05

0.01 0.99 0.51

0.49 0.01 0.23 0.77 0.31 0.70 0.48 0.44 0. 08

100 -

80 -

60 -

FR R FE Allele frequency (%)
2
|

Idh

Fe-B

—o— Al 100

—a— A3 80
60

40 | .” Ny 40
0 A _A YO S0 s SRID S 0

1 2 34567 8 9101112131415161720

—o— B1 80
—=— B2 70

—a— B3 60
—¢— B4 50

40
30
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0

2.5 ARFEHELGSTHAEEHE

0 L& | S . < W ot T T »
1234567 8 9101112131415161720

A 1

#3% Hardy-Wenberg V& Z B A fGH A

BEEHWBREZXR. B He kDM EERE]
BEASALFE 0.02~0.56 Z (8, BT Mdh-A 5,2
=N 0.02,78 18 DR IR B (AT

ARIPLA E &R RG

LR Mdh-A BTG E

1._I

- 6Pgd -C —— Cl
—m— C2

l L l | I [ [ 1 [ | f L i i | i i

123 45678 9101112131415161720

o —i— B2
—i&— B3

1234567 8 9101112131415161720

Fr## 1% Provenance population

& PR BB L R 5 O B R R AL

Fig. 1 Allele frequencies of provenance populations in some loci

- Mdh-B ——B1

AP AT RAE (He) MBI M E 8. WBRE MR, FEY

R, X RN ERZREE R BEZEERE. AR 6B LR T,
Lo SRS F. Fe-B.Idh F1 Skd 0 TR 4%

S NI SHER . RERE THAE. LBEARFHR

BHALHTMASEHRTUFL, .S MEEMFERBEANEFHTHAE
FHRIE 8 AT B EHEER, N 0. 43, KB R BEE /D,
2.6 EHENMNASHNBEEST

M BB AR E B SR
B (Dsr) REREP R (Gsr) F AR (

nE 7, HF

HS #1 HT &/N, 48]k 0.021 #1 0. 022, FHR|BEAE {7 &L Fe-B L HYA
i 5 Fe-B B Dg GsrE K58 0.074 #1 0. 116 T4 5 Mdh-A B Dgr R GsrEe /DN .41 3 R 0. 001 # 0. 020, 15 BH 7F #4788

R R, AL A Mdh-A RER LR

&), 7 58 Fe-B 2R 74k

AESRHBEZERD.RA 5. 2NNERIFE]

2.7 BEZESHEESHBHEN

Y & TR S B (A/L.G/L.Ae . He) 5 7N [R) b 5 B 0K By 70 48 25 1R 42 F 2 P ¥
FMBEREBREGEMANER, 232 XH. ST RESHSS
(A/L) S5 & YR A2 B3 KF

3 it
3 8 [6]— B R AS 6] e 38

X 35, f) b 5 EAA , R

=P R IE] LM 94. 820 HY

SRR BN 0. 552,

BRI, BN, &0 8 Gsr B {E DY 0. 052,

BFRE,Nei BANKWEESHEE (H) ABANEEESER (H) S HARNERNZ
13 R Fe-B By Hs 81 He B2 K, % 4 0.561 Al 0. 635, MALR Mdh-A Y
- HEHERNEE MM Mdh-ABNBEZ ;7 —FH,

X Xt —

B RIFEE TR, R EA AR K TRIREZSR

EHBMERERAHEMMHERE, L P EMRFAUE

FRITET RS -

TRFTHESITER 8O . FREIETREIKP
K14

REE /N, SR R 0. 38, B [d) 22 5 58 K 5 T i 3% 4% 5 fh 4

i

52

N

FEAHTAEKES & E B AR 542 4R 7R =S [H) A (6]
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FEHAREINYY L hn,.mEE2IEEIL G FESTHN B EREEZSESENBEERANEAE BB TS MEE
EANMEER, I TRRAELB ESEL T H. A BRABRITLUEAMBEFEEBAIHMBREEZRMBHEEKFE. &4
BMTEENERH E—FERBEITRBRTAYHARASGAS . FABSEQRMEM,. EH#HLFPFEE -ENRTFH, WESISLETER
B S B A B LS E , o] LU SR X R B R E S5 AT 98 , 3557 A [B] Fh i 2 18] H‘Jiﬁ’fgﬁﬁiﬁiﬁthﬁ[g“mo

%5 &MIEBHCTE LA Hardy Wenberg ¥ 2 @10 M

Table 5 Hardy-Wenberg equilibrium test at every alleles locus and every provenance population

y ] Amy Fe Lap Mdhn 6Pgd

Provenance A B B C A B Ik A B B C Skd
1 0. 434 0. 080 0. 949 0. 062 0.006* 0.038" 0.196 — 0. 262 0. 145 0. 055 0. 059
2 0.776 0. 708 0. 460 0. 993 0. 262 0. 000" 0. 396 — 0. 467 0.123 0. 052 0. 291
3 0.197 0. 656 0. 389 0. 546 0.115 0.116 0. 494 0. 943 0. 895 0. 649 0. 008" 0.202
4 0.002* 0. 385 0. 474 0. 552 0.000* 0.593 0. 588 0. 943 0.570 0.723 0.186  0.243
5 0. 092 0. 097 0. 074 0. 991 0. 301 0.073 0.990  — 0. 938 0.015* 0.023* 0.322
6 0. 855 0.378 0. 058 0. 858 0.126 0.002* 0.109 - 0.013* 0.650 0. 320 0. 506
7 0. 599 0. 066 0. 234 0.042"* 0.423 0.128 0.593 — 0. 843 0.034* 0. 768 0. 447
8 0. 834 0. 187 0. 362 0. 581 0. 096 0. 006" 0. 143 — 0.195 0. 479 1. 000 0. 298
9 0. 921 0. 335 0.121 0. 724 0. 055 0. 706 0. 759 0. 943 0.621 0. 301 0.006* 0.060
10 0.428 0. 364 0.126 0. 842 0. 083 0. 001" 0. 459 — 0. 570 0.243 0. 070 0. 068
11 0. 505 0. 084 0.128 0. 967 0.193 0.532 0. 777 0.768 0.291 0. 691 0. 356 0.225
12 0. 805 0. 291 0. 052 0.131 0.035* 0.105 0. 383 0. 943 0. 157 0. 148 0.556 0. 663
13 0.196 0.741 0.134 0. 635 0. 699 0.470 0. 301 0. 943 1. 000 0.228 0. 403 0. 417
14 0. 936 0. 608 0.226 0.001* 0.001* 0.001° 0. 897 0. 827 0. 520 0. 498 0. 055 0.174
15 0. 094 0. 786 0. 057 0.432 0. 818 0. 040" 0. 798 0. 943 0.573 0. 670 0. 962 0. 497
16 0. 872 0. 239 0.014% 0. 468 0.174 0. 319 0. 814 0. 943 0. 640 0. 148 0. 000> 0. 285
17 0. 332 0.074 0. 107 0. 486 0. 666 0.178 0.136 — 0. 464 0.025" 0.589 0. 756
20 — 0.422 0. 942 0. 953 0.000*  0.339 0. 806 0.121 0. 820 0. 335 0. 157 0. 092

* 7E P<0. 05 7K ¥ I B FIR = ,Hardy-Wenberg ¥ # Means significantly deviation from Hardy-Wenberg equibrium on P<C0. 05 level

F6 BMEHEKNMEALSFMESE(He)
Table 6 Expected heterozygosity of alleles per locus and per provenance population (He)
R Amy Fe Lap 1dh Mdh Pgd Sbd Mean
Provenance A B B C A B A B B C

1 0. 46 0. 45 0. 37 0. 38 0. 38 0.25 0. 43 0. 00 0. 45 0. 37 0. 41 0. 64 0. 38
2 0. 44 0. 21 0.52 0. 08 0. 44 0. 56 0. 65 0. 00 0. 44 0. 40 0. 50 0. 54 0. 40
3 0. 40 0. 51 0. 69 0. 37 0. 47 0. 36 0. 51 0.02 0. 47 0. 39 0. 39 0. 60 0.43
4 0. 28 0. 37 0. 58 0.29 0. 27 0.23 0. 57 0. 02 0. 50 0. 44 0. 30 0.54 0. 37
5 0. 45 0. 31 0. 48 0. 31 0. 44 0.19 0. 54 0. 00 0. 46 0. 41 0. 49 0. 48 0. 38
6 0. 34 0. 39 0. 42 0. 20 0. 38 0.27 0. 62 0. 00 0. 47 0. 30 0. 44 0. 59 0. 37
7 0. 47 0.49 0.13 0.43 0. 31 0. 37 0.22 0. 00 0. 50 0.10 0.11 0. 37 0. 29
8 0. 36 0. 46 0. 60 0.32 0. 39 0. 26 0. 60 0. 00 0. 49 0.17 0. 41 0. 61 0. 39
9 0.17 0. 49 0. 64 0.54 0.52 0. 35 0.55 0. 02 0. 48 0. 36 0. 37 0. 56 0. 42
10 0. 47 0. 46 0. 68 0.29 0.53 0. 49 0. 58 0. 00 0. 50 0. 49 0. 47 0.58 0. 46
11 0.42 0. 47 0. 68 0.27 0. 46 0. 37 0. 58 0. 08 0. 49 0.43 0. 45 0. 47 0.43
12 0. 34 0.49 0. 65 0.42 0. 50 0. 41 0. 56 0.02 0. 50 0. 28 0. 48 0. 49 0. 43
13 0. 34 0. 50 0.63 0. 38 0. 42 0. 30 0.52 0. 02 0. 48 0. 35 0. 49 0. 54 0.41
14 0. 46 0. 47 0. 60 0. 27 0. 56 0. 36 0. 55 0. 06 0. 50 0. 33 0. 46 0. 54 0.43
15 0. 50 0. 50 0. 64 0.33 0. 47 0. 41 0. 60 0. 02 0.50 0. 35 0. 48 0.52 0. 44
16 0. 32 0. 48 0.71 0.13 0. 46 0. 43 0.55 0.02 0. 47 0.28 0. 26 0. 61 0. 39
17 0. 30 0. 48 0.72 0. 38 0. 49 0. 33 0. 58 0. 00 0.52 0. 44 0.29 0.53 0.42
20 0. 00 0. 27 0. 39 0.27 0. 45 0. 56 0. 64 0.11 0. 57 0. 21 0. 38 0. 51 0. 36

1 Mean 0. 36 0.43 0. 56 0. 31 0. 44 0. 36 0. 55 0. 02 0. 49 0. 34 0. 40 0. 54

BBk BERMAMEE B 18 N RIBMFAEREF T I BEASEN 228N ABEERNZSREEHT TR . X 12
NSNS, FHEMNERBTALE 1.56~3. 67 Z6], FHERNBHEEHAE1.61~7. 11 ZH, FHEFLEHEFRHELZ
fLTE 1. 02~2. 50 Z Ja] , SE ¥ A2 & BE AR 4L FE 0. 02~0. 56 2], RHABHN M SEFERBEWER . BERMEREES—IR
BRI HERKEESMNAEMBEREEAE 2~5 4, S HEN S RMEFRBBTAE 1~10 4~ FAF&0 S F0EEK
STFFEAKE, RHESMERABESHERMNSP  HARFAENEMEE IR NE S ESMIEFE S B H, mH R —NA
RESNERFREAMREERNMRAFERRKER HFE2NAELERESHEREPH A BRMEB A DR, XA ERAEE
B EE A 2R, —RIAA . FNERBBEBE MR AN E, HERHREE A LIRS R R, ZEECM R
BABEAARAKNBEEERE . FEBN EHBEZEE.




2708 £ 5 ¥ # 24 %
KATE 300a ATRIBE A R N5 B EE MM A EMREX, Z27 BRELRIBITU[BEESREERITEN
E 37 B ZE Rk I 15 43 76, 0 M M i E S AR R . A SO Table 7 Total genetic diversity (Hr), genetic diversity within

KAKRBRMAA R ERHEZEFERKOBREEZR . £ 8

population (Hs), genetic diversity among populations (Dsr) and

coefficient of gene differentiation (Gsr) for 12 loci of Robinia

TEEMFRP.ERANEMERE . FHERAR.FHE ”“".‘.I;‘;i“g; — — — - -
MASUEEERBENTYBRATHREEREMNE  Loymelocus Hr Dst Gsr
i B R BE G 6 22 53 K, 57 5 2% 47 5 TR 991 R 7 S [ o Amy-A 0.361  0.380  0.019  0.050

Amy-B 0,432 0. 460 0. 028 0. 061
AR BER, ZHEESHMERENBETRENE Fe-B 0.561 0. 635 0. 074 0. 116
BRI ZREK . K B TR RBOARSTR 8 R IR R Fe-C 0.313  0.834  0.021  0.063

. o | Lap-A 0. 441 0. 450 0. 009 0. 020

EMHER, EHENARMLSEFMERR . FYERBH. P Lap-B 0. 361 0. 372 0.011 0. 030
b 4930 % 5 10 28 0 RO AP 49 5 G B 4 5 BE A A Ldh 0-547  0.588  0.041  0.070

Mdh-A 0. 021 0. 022 0. 001 0. 020
ST A, MARRIRER A ZRUE /D, &S FAEERE Mdh-B 0. 487 0. 506 0. 019 0. 038
U B R 2 AR X — B, 3R 15K A B A R R B Prga-B 588 0,351 0.016 1 0.0%

6Pgd-C 0. 397 0. 423 0. 026 0. 061
TRBERXEBRARMERENZRE/N. ANERARERT Skd 0. 540 0. 569 0. 029 0. 051
L% B, EAR RIS A B AT 300 48 fEL3F R T LW B 1 FhMean 0490 0428 0025 D508
WETRER, EREE 12 ERMA ENERSHBRS R BESBSARETRXRE

Table 8 Correlation coefficient between population genetic
BRFAFFARZIHE R HERE. T HEOH ) IR H R B JR 7 parameters and climatic factors
MEEMBEHL BERXAHENZER, RBARBERIEH A/L  G/L Ae He
I ABGMBSIIAESE SN RERER, X — 5 M Hardy- 1 Temperature  0,552* 0.338 0. 302 0. 283
iﬁﬁﬁi Preci[iitation 9_ 305 0._094 0. 0_4_18 0._(1_2_7

Weinberg

A

W R a] LIS B EIE, AR 207 AR

HEHANL S, 88 A1 U LSRR H-W B#fe P E R, BAEREBERE, RUSHEENFARMENUMRRIFERIEEL.

R & 2K L 12
TREETHEAMNKR,IHFBEHNNERKFHEERZ R, Hamrick F93F 73 MAREHEYH R RN,
Brown Z=0M4 4+
F Surles!' X EE
BRHABREEFKFE MAXHERIFERERET?

yHRE 5. 2T RFETFIEMBE, T 94. 8% H
Y Gsr 2Ry 0. 102,
BRI GsrH R 0.16, MRIBAHARERRN,, FIRERKMY G HETHEWNM, X~ REBK
BB AE G ETO0. 12 MM EH. A HEETR SRRAERMAYRITHEBREAXR . L TREALE
¥EANMEE, BRI RERARFEERNE N BENFEETEREA

SRR Gsr Ry 0. 052, AT B AYREZE R F
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