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Estimating the Parameters of Pollen Flow and Mating System in
Pinus densiflora Population in Buan, South Korea, Using
Microsatellite Markers
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Abstract - Parameters of mating system and pollen flow of a Pinus densiflora population in Buan, South Korea, were
estimated using seven nuclear microsatellite markers. The expected heterozygosity (H.) was 0.614 in mother trees and 0.624
in seeds. Fixation index (F) was 0.018 and 0.087 in each generation. There was no significant genetic difference between the
generations (P > 0.05). From MLTR, the outcrossing rate (fn), the biparental inbreeding (#m-f;), and the correlation of
paternity (7p) were 0.967, 0.057, and 0.012, respectively. tm was larger but £ and 7, were smaller than those of allozyme
markers in Pinus densiflora. These values were similar to those of microsatellite markers in other pine species. The optimal
pollen dispersal model from TwoGener was the normal dispersal model with the effective density of 220 trees/ha and its
level of genetic differentiation in pollen pool structure (@) was 0.021. The average radial distance of pollen flow (&) was
calculated as 11.42 m, but no correlation between the pairwise- @ and the geographical distance among mother trees was at
Mantel test (» = -0.141, P > 0.05). Although the effective pollen dispersal in the population seems to be restricted, the
amount of genetic variation might be maintained in each generation without a loss of genetic diversity. It might be because
the genetic diversity in pollen pool was high but the genetic difference between pollen donors was small under the complete
random mating condition in the Pinus densiflora population in Buan.
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Fig. 1. Location of sampled mother trees (dots) and surrounding
male trees (squares) of Pinus densiflora population in Buan,
South Korea.
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Fig. 2. Correlogram of spatial autocorrelation for adult trees at
Pinus densiflora population in Buan, South Korea, using micro-
satellite markers. The solid curve is the correlation coefficient
(r) and the dashed lines are the upper and the lower confidence
limit of 95%.
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Table 1. Genetic diversity of the mother trees and the seeds from Pinus densiflora in Buan, South Korea, using nuclear microsatellite

markers (The standard deviation is in parentheses)

Generation N* A A I H, H. F
8.7 49 1.497 0.614 0.614 0.018
Moth 2
oher tree 0 (2.15) (1.50) (0.331) (0.122) (0.104) (0.061)
15.9 5.1 1.574 0.575 0.624 0.087
Seed 563
(3.97) (1.57) (0.343) (0.101) (0.102) (0.031)

“N = number of sample, 4 = average number of alleles, 4. = number of effective alleles, / = Shannon’s diveristy index, H, = observed
heterozygosity, H. = expected heterozygosity, and F' = fixation index.
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Table 2. Estimates of mean effective pollen dispersal distance (&) under the normal and the exponential dispersal model assuming
the fixed or the estimated density of adult trees (d) in Pinus densiflora population in Buan, South Korea, using microsatellite markers

Dispersal function Density contrasting d (tree/ha) & (m) Error”
Fixed 966.7 5.48 0.0915

Nomal Fixed 237.5 11.10 0.0910
Estimated 220.1 11.42 0.0910

Fixed 966.7 6.18 0.0915

Exponential Fixed 237.5 12.41 0.0911
Estimated 225.4 12.74 0.0911

“The error means the squared-error lose criterion (Robledo-Arnuncio et al., 2006).

Table 3. Parameters of pollen dispersal and mating system in Pinus densiflora population in Buan, South Korea, using microsatellite

markers (The standard deviation is in the parenthesis)

Method Parameter” Estimate
F 0.003 (0.009)
tm 0.967 (0.009)
MLTR
tm=ts 0.057 (0.007)
Pp 0.012 (0.003)
Br 0.021
d 220 trees/ha 237.5 trees/ha 996.7 trees/ha
TwoGener
Aep (ha) 0.1082 0.0871 0.0239
R (m) 18.565 16.651 8.722

“F = parental fixation index, #, = multilocus estimate of outcrossing rate, #nt; = coefficient of biparental inbreeding, 7, = correlation
of paternity, @ = pollen pool differentiation among families, d = forest density, A, = effective pollination neighbourhood area, and

R = a circle of radius of effective pollination neighbourhood area.
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Table 4. Reference information on multilocus estimate of outcrossing rate (¢.), coefficient of biparental inbreeding (#.—t), and
correlation of paternity (7;,) in the genus Pinus

Species tm bt Tp Marker Reference

Pinus densiflora 0.798 0.186 0253 Allozyme Han et al., 2004

(Mt. Juwang)

f ;ﬁﬁ;mj:ﬁ) 0.848 0.125 0.752 Allozyme Lee et al., 2003
f{ff@ﬁfﬁfﬁﬁf“ 0.882 0.001 0.368 Allozyme Hong et al., 2013
Pinus karaensis 0.831 cpSSR Hong e al., 2013

(Mt. Seorak)

Pinus sylvestris 0.932~0.990 0.003~0.032 M?crosatell?te Robledo-Arnuncio et al., 2004

0.794~0.976  -0.059~0.084 0.053~0.100 Microsatellite Salmela, 2011

Pinus contorta Var- g5, 0.99  0.056~0.116  0.009~0.021 Microsatellite  Liewlaksaneeyanawin, 2006

ratifolia

Pinus pinastar 0.977 0.04 0.018 Microsatellite De-Lucas et al., 2008

Pinus attenuata 0.927 Allozyme Burczyk et al., 1996

Pinus cembra 0.808 0.057 Allozyme Lewandowski and Burczyk, 2000

Pinus albicaulis 0.73~0.98 -0.05~0.09 -0.18~0.18 Allozyme Bower and Aitken, 2007

of SREAO] A4 B3l @A vehd A o= Azt 0.798, (tw—t:) = 0.186, 1, = 0,253; Han et al., 2004)1} QHHE
MLTRZ E-AI3F Au} 8-0l5t mufjofA] =4 w4, = 0,967, AeHt, = 0,848, (ta—t) = 0,125, 1, = 0.752; Lee et al., 2003)

(tn—2) = 0,057, 1, = 0,012; P < 0,05)7} &I o], FHotz|< St S ARE} Bt go] ok HukH o) uhe ke Zko
LU RRolE Al o), el Fol 2 o, B ok elAeel BANRRE witslelr), g 20
ZH 7S] ) Gk ofie} T BAjof SEAOR Ao Sl A3} e b B AT R ofs) 242 7
2971 O A0 ey Hekael 2UR FRlMel o o ubdehit] 2, SRR o R A 47} 27k

AR e FA 2 SHES BAE F ERalE] ﬁ7}6}h 73] QIkRitland, 2002), 3
o]83t0] WuNFA] WIE 23} Pinus albicaulis (£, = 0,73~ 7F LA A afel] Bl S-S S A
0.98, (tn—2) = —0.05~0,09; Bower and Aitken, 2007)¢] H|3} Zhaef AR & WA ZICHShaw ef al, 1981), o] WL
Ep7baae-2 Hlstt ol Rt FAAE = Pinus o AR B RaelE 0] Aol HARkEe] 47 Hefst ]
attenuata (t, = 0,927; Burczyk et al , 1996)2} Pinus cembra ] Fof| 3R] 9] EAJo] 4=0] A of A kS uE 4= Tk

(tn = 0,808, (tm—1%) = 0,057; Lewandowski and Burczyk, o]g 7153 SARH G AgHA 0l 9 a A EX]9f H|F]| =
2000)°f| B8] EF7Fatkle =il OkXJZ} TAATE AR 2 TS 2 microsatellite A2 S 2 AolA =
™ microsatellite A5 083+ A= H|S8E 02 3 &t AR e bala ) I A

A= HAcHTable 4). AE-EE Sh= @%% i ooyt ARHOlE ekl w2 Bl W OJ?J
]_

Hopd ko] wis) Ap7hatfel oFI7E <

o] ehtet| FokAS Ak @EJ% AdEEsh= A o] of8f 71l dFol A=t ﬂ(Ennos and Clegg, 1982), %

E4& el 2 9Ich(Raijmann et al,, 1994; Young et al., QFA| S AR Rk Hthfof A G715 o] HdahA| B2 E]

1996). oAl SRt A4 et W2 AT FAELR
THESE o183 I AubF FRe] wnfgA At At W G ZAATE R AR weE

© & ek tha Aol Rt ARkl Ueh=t Tt A = A A F ol A of FAVFI(z, = 0.012)2 FHE

-107 -



HiHEIE Korean J, Plant Res, 28(1) : 101~110(2015)

A EX|E o|-85}to] wHfoFR] R4S =4St Pinus densiflora
(FHAE 1, = 0,253, OPH %= 1, =0.752), Pinus karaensis (r, =
0.368) 0| v|8f) W2 ¥V Pinus albicaulis (r, = —0,18~0,18)
T} microsatellite A& 0]-&3t A A= H|=gt =02
ERIE|QICHTable 4), FANTE TAZ 24T EA

(N5 5787 A} QAo b ke s U 3
(A NG =38.9, QFHE Ny = 1,.8) He 0] SHE7} ol
of 7]ofak= A 0.2 BRI ATHAL, = 83.3). U] AUHE A
Y TTHA oA cpSSR EAIE 0]-§5te] SHERE T
¥} Gt 14.87119] SHEXI0] gl o] QFAE A Hof Auf

o o2 A Eﬂé}ﬂ QItHKim et al,, 2012), =Uj| ALt
7 A ollA ShEleE g3 A 5l aas 244 = 0.882,

(tu—t) = 0,001, 7, = 0,752, N, =1.3)7}, cpSSR FA] EA(¢=
0.831, Ny, =12,4)0l14] Z17] t}-& gro] Ab&=E| Qi ch(Hong et al,
2013). Hong et al, (2013)-2 7 14=0] 2fo| = HX|7} H-85}
Q= Aol Yelol, Al o] AltjA o & Lho Zoigy
A Aol A 428] 7]o3kiz] vt AREE Ao B

n:>i iy ol :”é av —|>

FR £5:0] 7]olShR (N, EA} 2 AlEeow
Qlsto] Thag 7R Aol gl

oI AR ke 28 ehmil gt Hio] i
7ofsREa1e Bgsta ok, 2Alaug ek A7kl
e BRG] 7] ofshe s B Yg A wee] 57}
A ol A 5l B AP

ro.

r_fl 12

SACIp e 2
H= 0700, F=0.209; Ahn et al..
unpubl, data), SRR A] SRETO] 7)Ao 9l FH AR
o] Alciopdo] 1, wele] i sto] ephaneioln] ch-o)
sk 7P ﬁuﬂoﬂ 7193 =M Az AT o] wept /)

rlo
rlo

o] ¢io] Sfpl

58 2 AHoR(E

c

¥ SHE Rt Rl
oF 11 mZ AgHAQ] S5
wtol| Blsf ATk dol =1L,
o= SRR 4 E3l= At oA
Ao oJgk ZlolH, =9 shE

ook ol 1efsisie, 2 25 g
1ol ﬁwo] Aol FE el Bk, BB Peh)
B2 TR} O Aol BHERIS) 1% T o

7] gpon] G5 e BEUEE chopS uae
SH2910 2 Flojat gl B4} el B

ko2 S240] A o] Thapskar Alizke] Ao}
0] 727} gl Ao T

L

b
a3

0]

Role] Ak ete] S8 8T wHep nhE 24
5171 §J8to] 77 microsatellite TA| 2 4>, S A2 1 23}

off thet FARolE EA8IGIH, o|FHHE 7IhA(4)e}F
WAG(F)= 22 BapolA] 0,6143} 0,018, FAFof| A 0,624}
0.0870]H, Z} AJth7tol| ZFoli= §ISTh P > 0,05). MLTRE 5=
3t B RS (4)- 0,9670] 1, %17k E‘Eﬁﬂ*( - )h
0,057, FAVIH ;)2 0,012 LFERTE 7|20f Bl
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