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Abstract; The effects of genetic improvement on the genetic diversity of Pinus massoniana forest were studied, by using

three improved levels of progeny of seed production populations as the research material, and the natural population as
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the control. The genetic diversity of the experimental groups was analyzed by sixteen pairs of SSR primers. The results

were as follows; Shannon’s information index () of natural populations, progeny of seed production area, offspring of

Generation 1 seed orchard and Generation 1.5 seed orchard of P. massoniana were 0.53, 0.53, 0.53 and 0.46; observed

heterozygosity (Ho) 0.36, 0.36, 0.39, 0.35 respectively; expected heterozygosity ( He) 0.32, 0.32, 0.33, 0.27 respec-

tively. There were no significant difference among the offsprings of seed production areas of Generation 1 and Generation

1.5 seed orchards of P. massoniana on the three main genetic diversity indexes. It showed that the genetic diversity of im-

proved varieties was not affected significantly by the improved selection in the process of genetic improvement of P. mas-

soniana in Guangxi. Compared with the plantations and natural forest, we knew that there was no significant decrease in

the three main indexes of the improved varieties, which indicated that the three kinds of main populations in Guangxi had

good group buffer capacity and individual buffer capacity. The results of the study have important significance for the sci-

entific development of breeding strategy in P. massoniana, and provide important data support for the research of high

generation breeding of P. massoniana.
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Table 1

Sample information of Pinus massoniana family

test indifferent levels of improvement

HURE R L
Sampling
number

KEMS FARGS
Family Parent 7

Place of origin
code code °

Al A TR A 37 B 30

Seed production area of Forest
Farms of Oudong

BT TR ) 5 Ao el 30
Primary seed orchard of Nanning
Forestry Division

R #k 1.5 AAFF R 30
Generation 1.5 seed orchard of
Forest Farms of Oudong

BRIl M 7 B A 11
Seed production area of Forest
Farms of Oudong

BT TTARR T ) 2 Ao el 30
Primary seed orchard of Nanning
Forestry Division

Wil AR 1.5 A0 FF el 30
Generation 1.5 seed orchard of
Forest Farms of Oudong

BRI A3 B AR 30
Seed production area of Forest
Farms of Oudong

BT AR T ) G 1 [l 30
Primary seed orchard of Nanning
Forestry Division

Wi At 1.5 ARl 30
Generation 1.5 seed orchard of
Forest Farms of Oudong

A2 A

A3 A

Bl B

B2 B

B3 B

Cl C

C2 C

C3 C

Ly B A Ty 3 ol U DR SR B AR R AR A Sy ki TR
FEACR T PE T IR Bty S, R A5 A A L 7
108°34'51.86" ~ 108°37'48.85" £ ,23°44’47.90" ~ 23°
49'24.13" N Z|f] MK 138 ~291 m, #K#E 15~30 a,
SEXIR RS 22.0 m, EXI MR 34.3 em, SRAEBARRE]E
50 m LUb, HORAE 52 AN BRI B S AT SR FH AR

THRIRAT
1.2 &
1.2.1 DNA #9325 {fi ] CTAB 24 fif— ik BRI b vk
PRI T AN DNA ( Doyle JJ & Doyle JL,1990) ,
TRAET 4 CUKAA
1.2.2 314 & % B SSR-PCR &5 &#  F7 i F 1Y
SSR 7| YA E EEAA LK AL DNA PR & , 3t
11506 X} (Feng et al ,2013) , fifik i 16 X} &M
f SSR 51y F T igt & Z AL 43 . Taq i ANTPs
SR A BERG AR AR A B 51 E i iz A ) 58
B, B PCR KR MY 1 FEF 2 MR Feng et al
(2013) FEA7 . ReAs B9 14 7 Wy 47 5 DN A Tk o
JECHLTK | S0 2 BRAZ RIS (2014) 19 5 0047
1.2.3 4 S A4 SSR WAL BRI, [F—5]
Wi 57y b A kG R R BN A RO A
[FIE . SR FHEERS R R G, X i i5 i ] 7 i 47 )
B ARSI T B A, B, C, D,E, - &5
WA RN WR BN T 405

KH POPGENE32 #{{ (Yeh et al, 1997) 7157
FHEAE S (1) 25407 4. B 53 ( Percentage of
polymorphic loci, PPB) ; (2) Wil 254 ZE K % H (Ob-
served number of alleles, Na ) ; (3) A %05 3& R % H
(Effective number of alleles, Ne) (Hartl et al,1989) ;
(4) Shannon’ s Z #4458 % ( Shannon’ s information
index, I) (Shannon & Weaver, 1949) ; (5) Wil Z« &
J ( Observed heterozygosity, Ho) ; (6) $1 22 74 & J&
(Expected heterozygosity,He) (Nei et al,1973) ,

2 HER 5

2.1 REBE R EEESHEE

16 Xf SSR IMI7E 9 MK R 251 PHEA AL
K g 45 4SS50 L, 28005 5 %K 100%
BAL I SE AL B (Na) 2 2~5 4, P31
2.81; A 5K S IERNEL( Ne) J 1.003 ~2.557, 34
AR % 1.57,

ANF S Z RS 822 AR K, Shannon £
FEPEFR B (1) Fc i h 0.999, KM 0.012, F3 K
0.52, WLMIZ 5 B2 (Ho) 22 AL F Sl 0.003 ~0.916,
X 0.35; ER A G i ( He ) 2 ARG Ry 0.003 ~
0.610,°F-¥°8 0.31(5£2) .
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Table 2 Genetic diversity of sixteen SSR loci within

experimental population of Pinus massonian

(W AL AMER Shannon WM L)
Looes  EREC EEC ZHEME S REE RAE
Na Ne BHC1 Ho He
P1239 3 1566 0611 0292 0362
pPJ247 3 1.412 0.564 0.122 0.292
PF322 3 1.446 0.502 0.379 0.309
PF 402 5 1.921 0.925 0.461 0.480
PF 408 5 1.433 0.551 0.360 0.303
PF 463 3 1.940 0.747 0.495 0.485
PF 569 2 1.003 0.012 0.003 0.003
PF 615 2 1.003 0.012 0.003 0.003
PF 620 2 1.806 0.638 0.672 0.447
PF 648 2 1.155 0.260 0.145 0.134
PF 653 3 2.406 0.948 0.916 0.585
PF 727 2 1.026 0.069 0.026 0.025
PF 742 2 1.248 0.350 0.160 0.199
PF 764 3 1.307 0.429 0.269 0.235
PF 784 3 2.557 0.999 0.510 0.610
PF 793 2 1.904 0.668 0.775 0.475
-4 Mean 2.81 1.57 0.52 0.35 0.31
®3 ITMHEBRRREESHENE
Table 3 Genetic diversity of nine half-sib families
RFEME R WWSEAL ARER Shannon WL i
Half- RERE ERE SR REE REE
sibfamily Na Ne a5 1 Ho He
Al 2.19 1.42 0.39 0.28 0.24
A2 2.19 1.53 0.46 0.33 0.29
A3 2.31 1.49 0.43 0.29 0.26
B1 2.06 1.42 0.40 0.32 0.25
B2 2.19 1.53 0.46 0.33 0.29
B3 2.31 1.49 0.43 0.29 0.26
C1 2.31 1.73 0.56 0.46 0.35
Cc2 2.31 1.73 0.56 0.47 0.36
C3 1.94 1.44 0.37 0.38 0.24

22 BIRRBESHEST

XA R st Z T (3R 3) R, 9 4
A A R B3 S5 07 FE VB (Na ) 76 1.94 ~2.31
1] ,A3 B3 .C1 Fl C2 K & A i ; V- YA 5055 58
B (Ne) #E 1.42 ~ 1.73 [0, C1,C2 K Z K i i3
Shannon ZFEEFEEC(T) #E 0.37 ~0.56 [8] | F = 1N
Cl Fl C2 RZ ; MM 4= 5 B (Ho ) 7E 0.28 ~0.47 [],
Rl C2 KRB A B (He) #F 0.24 ~0.36
), B s C2 KR,
2.3 AEIMRKEFREZESHEEZERSHT

K FH SAS8.1 A HR 4R 22 50 T 22 73 Hr L B X A
] el R AKF [ K R it 26 1 S 80T 7 22539
SERBH | HIGE Z RS A R M R KEF
REHZEFARE (K 4), 16 X SSR 5 W 1ERERY
MFREZM L5 A FRFRER TR T
42 DAL AE R BRI K R 3 2
T 41 AR

R4 AEURKTEEBEESHESHFTESN
Table 4 ANOVA analysis of genetic diversity in different

genetic improved levels

i = N7 A
b g TEIE gy pgy
Source of Average
Index Variati df . F value P value
ariation variance
WL 37 MR K- 2 0.0019  0.09 0.92
FEE Na Improved level
AR BT 2 0.0115 075 0.51
FEFE Ne  Improved level
Shannon B R IK 2 0.005 2 1.15 0.38
ZREPEFEEC T Improved level
WMZFEE R 2 0.0024 04  0.69
Ho Improved level
WEeaE WREKFE 2 0.0027 149  0.30
He Improved level

24DEMREMAIMNS XRAMKEESHEILE
Vil

A X R AT T 3% R R SR AR AR B it A
AT R BTSN L AL (Na)
2.50; -3 30 A1 5 B ( Ne ) 24 1.60 5 Shannon £
FEPEFREL (1) R 0.53 s I 25 B (Ho ) 24 0.36; 1] 22
FAE (He) 9 0.32(£5)

7 Shannon Z FEPEFEEL (1) I 25 BE (Ho )



8 1 DHEREE ;B RANAN R B RS A s A AR P 1023

® 5 HEMIERABE 16 1 SSR IRMRE SN
Table 5 Genetic diversity of sixteen SSR loci within

natural population of Gupeng provenance

i MM AERL AL Shannon XL R
SO TR RN B A AN

AR

Locus Na Ne g1 Ho He
PJ239 2 1214 0320  0.098 0.178
PJ247 3 1.733 0744 0269  0.427
PF322 3 1972 0724 0.827 0.498
PF 402 4 2.383 1.011 0.327 0.586
PF 408 3 1.453 0.581 0289 0315
PF 463 3 2.006  0.831 0.520  0.507
PF 569 1 1.000  0.000  0.000  0.000
PF 615 1 1.000  0.000  0.000  0.000
PF 620 2 1.923 0.673 0.800  0.485
PF 648 2 1.080  0.163 0.077 0.075
PF 653 3 2546 0996  0.941 0.613
PF 727 3 1284 0411 0250  0.223
PF 742 2 1209 0316  0.192  0.175
PF 764 3 1.265 0396  0.196 0212
PF 784 3 1.969  0.747 0.481 0.497
PF 793 2 1.551 0.540 0462  0.359
;;:fl 2.50 1.60 0.53 0.36 0.32

F I G B (He ) 1X 3 WU B 8L ZAEVES B
LSRR T VAR TR EE T
LS AUl 51X, il T 3 285 A AP TR
P (B 1)

3 W hE&®

AR B AL Z AR 2 U] Fr st B
B, AR LA R AT 2L
IR RS R AT 1 (IR H255,2002) o AR
ARRITEAA 381 S5 A TE TS 7K P _E 52 0 1R R 1
PEFIRSSE T, — SR A A A8 BB A% 2 AR R/ el L
SO RER X SN IR B G2 o RE T s R MR 20 B 1k
AT LA IR B AR A PR X S TP 056 1) G oh RE T, AEAR

=
o

0.530.530.53 m XIREH K Natural population

— O 3444 Seed production are;

a
0.5 0.46 = HKFhFE Primary seed orchard
—_ O1.5{KFFRE Generation 1.5 seed orchard
0.39
g B 0.36 0. 36y 35
|W— 03203203
0.27

BRSNS HIE

Genetic diversity parameters
o
w

=
N

0J L ||
ShannonZ#E1EIEH /| WIMEEE Ho HAEEZEE He

1 AR R ACEFAUE S 2R L

Fig. 1 Genetic diversity in different genetic

improved levels

Bt 22 FEPE AR 8  J)Xo) 5 ot B 55 A 3 7 e gk
5 MRARHEAR UL AR e A2 5E (Wicks et al,2005) o 1E
WM, B AR IR TR 1) 2 M e =
KPR (Fogal et al,2002) o QSRR R
PR N Bl 3 R I8 A5 AR T I Sk PN B
FEAR 7 A 0 N TR Y A By 47 T e R
IR A8 Ay B — (1% e [R] BT P 358 A8 A 1) S5 I A I B
SIS N TR 10 B Pk AR AR B B SR IRIE,
[Fi) bsf e PRI AR Ak St vy 1 AR T SE AR A T RE
SR T Al g N TR A 2 PR R AR b R A
FEESRE B IR, I, SRR R K CF s R 24
PERARATE AR E | A A R Y i il R b B2 55 1
(Mahoney et al 2005 ; K4 ,1994) .

ARG S R T AT DA AR 3 A% A 2
FEEHY Shannon ZAEPEFEHC (1) FIMURIEIR G
POV BE (Ho ) SRS G B (He) o ARBFTE K
PAEIX 3 T B4 b, DA REREAR 1 AR T
K 1.5 AR B 1) AR A T 25 S
B 7E) 78 5 AN Ry s AL M Rt A v, R ALY
WL ZFEVETT R N B B 152 B 0] W R e,
RS RIRMRBEAT o8 & 3 5 AL R A A
TARTE =T E 2R b E A IR TR, Bl
SR RS B B AR 22 i se g A
AL i

FE=AE P REAAR | RO BRI N TR AR
Lh AN ERP IR A 0 R AR 3 28 i e i T B ; e
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TR 1 AR AR B AR R R AT 4R IX
[ 464 U JCTE R AUA, FErb AL G 1ok B R AR
Gy B AR BB o3 DU JC 1 2% 5 i T Ak 1.5 AR5,
FEARTI T Del 2 A g T T ARRE T 1 AR gk ok
oty S AR B L R 3 1 DX Y 50 SRR TotE &R EE T
. ARIEOTFTER AT LI ) BERE AR n] RLAR 47
MR ARCEA A 345 Z R 70 58 A B R A
Ak R AR 802 RARRIF AR R 35245 Z At
55 1 ARl 5 AR B R AR AR R AR AT
T B IBAL ZREIE X RIS T T Iz MR e e
S E MR R LA R B R A AU s 2
P, WRFHEMERE, )P SRR — R R
AT TR P R 45 AR T asE 2R, 1.5
PRl AR B AL 2R B A, — 5 T4 T HR
AR AR/ 5 55— J5 T AT BB S HoR AR 20K
FI [l — AR et e st L, — 2 3[R S 2k 1.5 1URh
el el A A 38 A SRR B0 S 1 AR
B, NI, 7 E 1.5 AR AR B 2B 4%
SRS TR PR IE AR A 2 05 352 4% 1 45 A9 W) IR, 17 248 24
F BN R 5 RGO R LA, AT
278 S [ JOE RN 51T HUPA Y B b M K A i
BEAR S A FEBEAK (main population ) FIAE EREA (elite
population) B RKHR 5>, TR TR L AL H
MR AR T HEATHE A, b e 7 i (A A 2 OS2
FEUR 57 Bl 7-E ( White et al,1993,2001) ,
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