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Abstract: Sorbus pohuashanensis is a tree species native to northern China with high potential for ornamen-
tal use. The genetic structure and diversity of eight natural populations of Sorbus pohuashanensis were stud-
ied at ten loci encoding four isozymes using horizontal starch gel electrophoresis. Genetic diversity was high
at the species level with the mean number of alleles per locus N,= 2.2000, the percentage of polymorphic
loci P = 100%, and the mean expected heterozygosity H.= 0.4240. Values of the three parameters of H, N,
and Shannon's information index indicated a random pattern of genetic diversity among the eight popula-
tions. A low level of genetic differentiation among populations (F= 0.0758) and a high estimate of gene
flow (N, = 3.0472) were detected together with a high level of genetic identity (/) among the populations
(from 0.8585 to 0.9872). Wright’s F-statistics analysis indicated an excess of heterozygotes both at the indi-
vidual population level (Fi;=—0.4180) and at the total population level (F;= —0.3105). y’-tests (P<<0.05) in-
dicated that 73.62% of the assayed loci departed from the Hardy-Weinberg equilibrium. The UPGMA cluster
analysis suggested that the genetic distances among populations were weakly correlated with their geo-
graphic distances.
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Table 1 Geographic locations and sample size of Sorbus pohuashanensis populations

RS KA 2t R KARHE FRFRI T H FEACK /N
Population  Seed collection site Geographic location Altitude (m) No. of families No. of seeds per Sample size
code family
SDL NI 120°37.5'E 493-991 12 30 360
Laoshan, Shandong 36°11'N
SDT R ZE 117°06.1'E 1,002-1,451 30 10 300
Taishan, Shandong 36°15.8'N
SXP L2580 111°25.7E 1,834-2,179 12 30 360
Pangquangou, Shanxi 37°53.6'N
HBB RSPl 114°41.0'E 1,654-1,931 12 30 360
Baishishan, Hebei 39°13.2'N
HBT WARTE L 113°49.5'E 1,564-1,971 30 8 240
Tuoliangshan, Hebei 38°45.1'N
HBW e R il 117°35.0'E 809-1,847 30 8 240
Waulingshan, Hebei 40°38.0'N
HBS b FEFE L 117°39.0'E 1,287-1,674 30 8 240
Saihanba, Hebei 42°36.0'N
LNL LT BT 124°53.9'E 890-1,245 12 30 360
Laotudingzi, Liaoning 41°19.2'N
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Fig. 1 Model patterns of isozyme bands of Sorbus pohuashanensis
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Table 2 Allele frequencies in eight natural populations of Sorbus pohuashanensis. Population codes are the same as in Table 1.

7 S LA S IEFAZ Allele frequencies
Locus Allele HBW HBS HBT HBB SDL SDT SXP LNL
Pgm-1 0.3229 0.3500 0.2497 0.1958 0.2458 0.2467 0.2917 0.4889
b 0.4521 0.3667 0.4979 0.4181 0.4222 0.3433 0.4486 0.2278
c 0.2550 0.2833 0.2542 0.3861 03319 0.4100 0.2597 0.2833
Pgm-2 a 0.6917 0.9417 0.4250 0.8194 0.1736 0.2233 0.7181 0.7514
b 0.3083 0.0583 0.5750 0.1806 0.8264 0.7767 0.2819 0.2486
Pgm-3 a 0.6917 0.7396 0.5021 0.8986 0.3764 0.6167 0.9361 0.9333
b 0.3083 0.2604 0.4979 0.1014 0.6236 0.3833 0.0639 0.0667
Pgi-1 a 0.0167 0.0125 0.0854 0.0181 0.0556 0.0000 0.0361 0.0153
b 0.1437 02167 0.1187 0.1889 0.3889 0.2500 0.2153 0.2708
¢ 0.8396 0.7708 0.7958 0.7931 0.5556 0.7500 0.7486 0.7139
Pgi-2 a 0.6854 0.9500 0.5583 0.6611 0.8333 0.9450 0.6264 0.7194
b 0.3146 0.0500 0.4417 0.3389 0.1667 0.0550 0.3736 0.2806
Pgd-1 a 0.7562 0.6771 0.8729 0.9069 0.9347 0.9867 0.6917 0.9653
b 0.2437 0.3229 0.1271 0.0931 0.0653 0.0133 0.3083 0.0347
Pgd-2 a 0.0375 0.1562 0.0042 0.1861 0.0000 0.2050 0.0278 0.1181
b 0.9625 0.8438 0.9958 0.8139 1.0000 0.7950 0.9722 0.8819
Ped-3 a 0.5104 0.5250 0.5104 0.5194 0.5056 0.5000 0.5000 0.5014
b 0.4896 0.4750 0.4896 0.4806 0.4944 0.5000 0.5000 0.4986
Mdh-1 a 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000
b 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000
Mdh-2 a 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000
b 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000 0.5000

R3 SIMEWMMRARRIZE S HMEEHEAKSRRD

Table 3 Genetic diversity in eight natural populations of Sorbus pohuashanensis. Population codes are the same as in Table 1.

AR FEAR S N, Ne P H, H, I
Population Sample size (%)
MIEZ R 1L HBW 240 2.2000 1.8068 100.00 0.5717 0.4148 0.6206
L 2E ] HBS 240 2.2000 1.7510 100.00 0.5500 0.3819 0.5814
WAESE R L HBT 240 2.2000 1.8423 100.00 0.5771 0.4192 0.6234
WAt A L HBB 360 2.2000 1.7854 100.00 0.5436 0.3875 0.5932
5511 SDL 360 2.1000 1.7837 90.00 0.5342 0.3850 0.5824
%% SDT 300 2.1000 1.7538 100.00 0.5403 0.3810 0.5707
TG 8 57 SXP 360 2.2000 1.7968 100.00 0.5900 0.4017 0.6054
TR LNL 360 2.2000 1.7159 100.00 0.5367 0.3728 0.5695
F14 Mean 308 2.1750 1.7732 98.75 0.5555 0.3930 0.5933

No: PRI REREG No: ABCEEAIE AL Pr 20700 735%; He: WERARE B He: WHZ% 4 BE; I Shannonfs B 54K,
N,, Observed number of alleles; N., Effective number of alleles; P, Percentage of polymorphic loci; H,, Observed heterozygosity; H., Expected het-
erozygosity; /;, Shannon’s information index.

5o -5 FE I (HBS) A SR AE it .
25 EREMES

W] LAk 45 R Eos, Pgm. Pgiv Pgd 3/
R d iR o B A S kA (B . 7R
Pgm-2fIPgm-3P5 {7 i L 2 340 i air L%, 2451
VR B A 25 8 LA 1L B, SR IN3: 1 LR, Pgilil R

GELL. 3. 54T ISR Ped-2 5 Pgd-3 17 A
LT3, SIS (K1) ALH4Pgi-1c 5Pgi-2a
H5. Pgd-2b5Pgd-3a & . Pgm-2b5Pgm-3adi
AbEE . AL, Mdh-147 530345 0 i v B Al 25 5 BT
L:2:1E ], 2I09:6: 1KLL (1), mIRe& kA T 5
I s, AN SO AN R AR BE
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Table 4 Estimated F-statistics and gene flow in natural populations of Sorbus pohuashanensis

{715 Locus Fis Fi Fy N
Pgm-1 -0.1943 -0.1631 0.0261 9.3373
Pgm-2 0.3419 0.5342 0.2921 0.6057
Pgm-3 0.3813 0.4948 0.1834 1.1130
Pgi-1 -0.2672 —0.2245 0.0337 7.1665
Pgi-2 -0.4712 -0.3251 0.0993 2.2685
Pgd-1 0.0148 0.1172 0.1040 2.1546
Pgd-2 -0.1133 -0.0304 0.0745 3.1065
Pgd-3 —-0.9505 —0.9499 0.0003 Hokkk
Mdh-1 —1.0000 —1.0000 0.0000 Hokdk
Mdh-2 —1.0000 —1.0000 0.0000 ok
P44 Mean -0.4180 -0.3105 0.0758 3.0472

Fi: AL R Fe BRI RS Foo REARIREAR DML REG Nin: ZEDIRL ** vk A R I B (L A%

HOANRETH S —AMEK

Fis, Inbreeding coefficient at individual population level; Fj, Inbreeding coefficient at total population level; Fy, Population differentiation; N,,, Gene

flow estimated from Fy,= 0.25(1—F)/Fy.

RS MR BHREBEEEBO) AL THREC—HEO A% LR FHERSEERD

Table 5 Genetic distance (below diagonal) and genetic identities (above diagonal) among Sorbus pohuashanensis. Population codes

are the same as in Table 1.

HBW HBS HBT HBB SDL SDT SXP LNL
HBW Hkokok 0.9728 0.9750 0.9788 0.9165 0.9325 0.9872 0.9726
HBS 0.0276 Fk Aok 0.9071 0.9681 0.8585 0.8959 0.9646 0.9624
HBT 0.0253 0.0975 Hkokk 0.9374 0.9619 0.9515 0.9456 0.9307
HBB 0.0214 0.0324 0.0646 Hkokk 0.8687 0.9140 0.9837 0.9855
SDL 0.0872 0.1526 0.0388 0.1408 Fkdok 0.9751 0.8765 0.8807
SDT 0.0699 0.1099 0.0497 0.0899 0.0252 Hkkk 0.9040 0.9226
SXP 0.0129 0.0361 0.0559 0.0164 0.1318 0.1010 Hkokk 0.9776
LNL 0.0278 0.0383 0.0719 0.0146 0.1270 0.0806 0.0227 ddkokok
HEW IR
3 it
S¥P 4 s . TN
3.1 TEWBEE AR 2 AN
HEE M IR BEAR AL Z FEPE NSNS EORE, ek
- WS AL Z FETE K (P = 100%, N, = 2.2000, H, =
0.4240)(3%3) I & /& T HoAth 2 4F AR R AFE D 1135
HBS (P = 49.3%, N,= 1.76, H.= 0.148)(Hamrick et al.,
- 1992), JRN S HATE RS, KB Amva i LA
A2 S MR A Oe(Hamrick & Godt, 1989). 5%
SOL TN FAS . 2T A A B A EiE £
o7 FEPE(Hamrick, 1990). Feh s 4K 22 K0ph A2 5242,
| | | | | | | | KUy = B H A AN SE R (Nelson-Jones et al., 2002;
0.16 0.12 0.08 0.04 0.00+

E2 TEMREHKIELIEBUPGMAR KB (B AR SRIRD
Fig. 2 A UPGMA dendrogram of Sorbus pohuashanensis
populations based on Nei’s genetic distance. Population codes
are the same as in Table 1.

Pias & Guitian, 2006), 321603 2 5 e i 1
Ho AT GE RARWI LM A R AT B = 1 2 5
(H, = 0.5542; H, = 0.4240), DAL FRAIHER HA R &
G AT . N ARRIA by Z AR AR, Hor
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R E FIREAL S AN R T8
3.2 TEWEHRIEE S
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[ 165 JBAAFH TR RO TR FIWT 9T 45 3, A
h A TC 25 295 R TR 2 3 il AR 15 A 45 4 1 e
LR ZE . LLAAH ERF, BRI 2R
BEZFETER50%U b, RISEEIG, = 0.51, TwA8h
FIRh, AR AR S 2 7 AR R 1 90%,
RIS Gy = 0.10.  AHFFT LS ALK TE A TR 15
L34 2By = 0.0758, TS T Al L EEARA
T ()F $445.(0.076)(Hamrick & Godt, 1989), % Hj]
92.42% KB AE AR S AFAE T REAR N, X EHZR RS
AR A K. e BHEY) N AR R, A
]I P AL HE (Nelson-Jones et al., 2002; Pias &
Guitian, 2006; Sato et al., 2006); LAk EF AE BEAK K
FRARTF R BEEIH AN, Bl B2 — AN B
J7 OBAESE, 2007), ALK Fh A2 08 ik 52 20 mlms
R FL AP B RS A #LU (Yagihashi e al.,
1998), X il Ay 20 £ 25 (1) B R AT A AL T n R ax L
A2 ) 27 R P AR IR T AR RO R A D) (1) 2 DR R (V=
3.0472), MIMAE—EFERE B/ T B ) 5 4% 43
tbo JHEHamrick(1992) M 55, FER N >1, AILL
HRIR AL AR AR, RIS R B ok T AR b )k
(AR, 2005) 0 ASHIFTTSS 3R WA AR T A B
NS BEAIS AL 25 R ) 2 TR ER . SR, AERR B
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AR, BARIE BRI A S R B R
K, RN RIZ TN A 0] B 23Rk B B 2 .
3.3 TEMBBHAERYIRERR
Hamrik(1990) 1Ay, HEA44 (1) #3853 A Rlsgi AL 2

FEME A A BLREIAR R, AWFICHI S5 R SCHE T
XG50 o EBAEM AR 70 A1 R 1) AR P Nei’s
i A% B B 1 UPGMA 2R 6 181 (1812), k& BILB% 42 1L
(HBT) A1 [ 47 Ll (HBB) AN B A [1] (1) b 2 2 25 g,
TEFRRIE RN ATAE S by i B B AR ) e
[f)25 R 1L (HBW)-55 e SR 75 (SXP)HEAA . 41 1LI(HBB)
2R (LNL)FHARIZEAE T 2. 7R li4E
KBRS T A2 [0 10 352 A2 e 12 By s 38R 29 6 ) 8 A A R
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AT T I I ACIARS AN [R] A07 10 110 55 o7 5 PR R A=
B, X AR S EE P, E B
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A LRI S kA, Micales fl1Bonde(1995) 1A
AR I IXFRILG 0 B, ok F s A s o 1) 3
PRI s B R B AR, R P R S A AT T 20 Y
XUl 2R G A R R A T A R TS . X
R LD R I B ALVE 2 M R A 1 4Rk
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(Pgi) 5 (55 431, 1994).
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