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Mating System of Japanese Red Pines in Seed Orchard
Using DNA Markers
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Abstract - To assess parameters of mating system in seed orchard, such as outcrossing rates, number of potential pollen
contributors, and degree of pollen contamination, seeds, produced in ‘77 plot of the Japanese red pine (Pinus densiflora S et
Z) seed orchard at Anmyeon island, were collected in 2007 and analysed by nSSR and cpSSR markers. Estimates of
outcrossing rates ranged from 91.2 to 100% (mean 97.7%) on the basis of the analysis of cpSSR haplotypes and from 81.6
to 100% (mean 95.3%) on the basis of the analysis of nSSR genotypes. By cross checking of both DNA markers, seeds,
presumed to be products of self pollination on the basis of single marker, were confirmed as outcrossed seeds, which
resulted in cumulative outcrossing rates of 98.9%. On the basis of pooled cpSSR haplotype of each seed, the number of
pollen contributors and paternal contribution rates were estimated as 14.8 and 0.512, respectively. In conclusion,
considering pretty high level of outcrossing rates observed in a seed orchard, good genetic potential of the seeds, produced
in 77 plot of the seed orchard of Japanese red pines at Anmyeon island, may be guaranteed. Investigated results from the
analysis of mating system of Japanese red pines in a "77 plot of the seed orchard may also be expected to provide useful
information for the management and establishment of the seed orchard of the progressive generation.

Key words - Japanese red pines, Mating system, Pollen contamination, Seed orchard, cpSSR haplotype, nSSR

genotype, Pollen contributor
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A meple] §a4 Rt kel wejol Tz Bk
Tk 2 QB FARALS WA, Wolg 74,
obAIel, §37) AE 71, AR, 7] BN 7
%, AL FHko] el 7|89 Yelo] Bk (Ferriol et
al, 2011), A7k gl 7k AR
AATo] FAFAEE BAA7I0, Wobr} 4210 4
Aol 28k BE0lS 13T w(Choi et al,, 2007), A}
ZhaLefo] o7t FA1o] FA Ashe WA HaAIA, 2t
T SH| 48 I WG9 JHlE zesto]
Fo ags Wtk fiel 2] 954 2E {
A= AsLoA Y Artal= AgE et qlet

WEAN SFE2FE Aol M= 4~86%2] v thekst
3E 098-S Hi18}al ¢Jth(Hansen and Kjeer, 2006;
Nuray et al., 2006; Torimaru et al., 2009). ZA|7{=F
of £84<l AL A= 23 F shel shEe AL
AEA S ANFRIE FaA7]7] dzol
o] ShE e e FHFTAY] FYS FA R Sh= A
U9 Helof A EA= A& E AL let. Plomion et
al, (2001)-2 Pinus pinastar AZQo|A Ar=5 36%2] s}
HoHg7 Q) A 18,259 MNFa) AT Aoz
FAstgon, YFA AAUR Tl A4 7HAef &
o7} S5 MFRINT HadS AASHT ek
SHrEos 2AE ASHY B FEEES
5O 1} S thY, FHUE SHETHAM 2 758t
, ARSHERAAY PRt A, 2 AHFLEY f
2o} whejol Jake W] wiwel A&l BUE7E
I Q 5}tk (Bridgwater and Trew, 1981; El-Kassaby et
al,, 1984; Harju and Muona, 1989; El-Kassaby and
Davidson, 1990; Pakkanen and Pulkkinen, 1991; Torimaru
et al., 2009).
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A 2 Aol ol 34 Tl Eiis
SR B2lo] ofele Bemat HAel SR

s1<l0] ofef $HTAL BN LAY A A
o) ik, vhol AHHO R RASRON RAFAS
= P24 DNAE BHpA genomeZA AUMFLQ] HLAG
AL AA Ao 2 30 7153514 To 2N EAA S AL
$o14) gk SRR A Felol e el itk A
Ho| g g A4 BT BT 2 U= T DNA T
Z]9] nSSR(nuclear simple sequence repeats) ¥ A= 3H
DNA H|9] SSR #-9]of] EAjet= WMo 45 FafjA H&

T B "/P%‘*é% 2E7] ool gt shEze] 2¢lo]
7he et A Aol -85 EAR, 2T AHFUY 1L
A Aol ‘9%01 o]-&53L Urh(Pakkad et al., 2008).

B A 1% 2007 0] OFHE AU HFY TTHHA|
W mpo A ABARE RS PAC R cpSSREAQF nSSR
FAE o8t EHH%W B0 eytug, 2 7]
OISR 4, AFY YREEE FdE Shtol gt 3
99 Aw2 slolgtoan YU 2o SHA 7S
TSk, ATU) e Aol HRE AlFstast
Sy

Mz 3 dH

MHE AA AR Y TTHA] Yol 357 S
487 7WAIS 36l EE2A] 17042(95 X 90 m)E A5}
ATHN 36°28'43", E 126°22'52"), %FA| A28 thate g
Vendramin et al (1996)¢] 342 =4 DNA 7|4 E&
7|22 /N3t 207119] cpSSR primer 5 AU A T
S e pt12545 67](pt1254, pt30204, ptd5002,
pt71936, pt100783, pt110048)2] cpSSR primerS ©]&
sto] A Y AFES] A=A DNA haplotypes AR
off gl sk3iet, &l HHE o]-§sto] 57HA| (710, 7
12, 715, 724, 7E38)7F Ao R A=k
20070 AjF-Hf z;zglg 220 Agu} g4 Y 22

H ] F9felA e AFskde 2 S22 JYollA total
DNAE FZotal, W9 E A3E a5 Ao 7
Z3lo] Lo A o7l F, ujRZ 9] total DNAS 3=
Z313ch AEYY 22 A DNASH ZF Hhd 2] 10
708} vjz2] DNAS &A]e] o853l

cpSSR haplotype?] &0l a4 AFAAE T} =
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6712 cpSSR primerE AMESFATHpt1254, pt30204,
pt45002, pt71936, pt100783, pt110048). Z} primer?]
forward sequence?] 5'Htholl= HFEZAQ FAMO|L
HEX dye ZRHAIAN TAToRM 2548 29 A 7
oA 7ol ol FHTATE A S YRS ST,
cpSSR PCR H$-2 Hong et a/ (2010)8] WHog ZZ o
w820l 10 ul F template DNA 5 ng, Forward/Reverse
cpSSR primer 7+ 0.1 uM, 0.1 mM2] dNTP, 2.5 mM2]
MgCly, 1X reaction buffer, lunit®] 7ag polymerase
(Thermo Fish Scientific Inc)7} 23 & =% 314t} PCR
Uhe-2 94 Col A 587 27] WA &, 94CollA] 3027t
WA 52Co||A] 30%7F annealing, 72Col|A] 187¢
29| g5 353 RHEskaL npAako 2 79 CollA] 5E7E
7t RESAIAA S35 R A ZIT nSSR A
o8 &34l Watanabe et al (2006)0] 73t nSSR
primerZo| A T}EAS Hol 470 primerE AWs}al,
Z} primer?] forward sequence?] 5'@tho)|= L2 9]
FAMO[U} HEX dyeE Aol S50 0188t pdms009,
pdms030, pdms065, pdms221). nSSR PCR ¥F-3-2 Hong
et al (2010)9] W o g uke-golo 19 nl o template
DNA 10 ng, Forward /Reverse nSSR primer Z} 0.2 uM,
1 unit®] 7ag polymerase, 0.1 mM2] ANTP, 0,67 mM2]
MgCly, 1X reaction buffer7} E3tE| =2 519t PCR Ht
o> AT A 487 27] EWAd T, 94CollA] 3027+ &
HA 52Co| A 187k annealing, 72Col|A] 187+ =235}
= 39S 343 WL oA ke 2 73 ColH 58327}
2 WS AAN $EE olReAZIc), POR FEAEE Prism
x/ 3130 Gemetic Analyzer(ABI)E ©o]-&35}o] B35 C
™, Gene Scan' =500 Rox " Size StandardS FA]of| A
719958t SEARES A715 ARl o714 doil
Z1}E Gene Mapper Analysis Softwares ©]-&3d}o] &
=0 27|15 VIR 7 ARl ek =4 DNA
haplotype¥} 3 DNA genotypes 2745t
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6709 cpSSR primer& AR5} 2429 haplotype<
gRRlsto] vl A3}, Table 10 Vebd HEeF o] 2007H
of Ak FAA = ZF 1204 AR 38719 A 5
357119] FAtol| A K9} thE haplotype©] ¥2E o] E7}
wHfEo] 92.1%%= b, 71004 Ak 40719 &
A} haplotypeo| A X422} &Y% haplotypeo] H2HE|Z|
agtons e7budfeo] 100%= Webgtt, webA 5719
oA ALE T4 T Bt 97.7%7F AR BTt
obd JNA=EE ABAbE SRl ofs % Efrtauf A
=9 Ao FHEITH92.1~100%, Bt 97.7%). 4719
nSSR primer AHg3e] 212te] SAAGE BIstol H
W A}, 20070 At SR A= Ao o8 570
O] w4 F 7H10, 715, ZE380) A ik BE FA
Efzkalafo]l o3t FAFYo] ElEjo] 1 Bprbalule
100%7} AFEE| Lo, 7FH2400 4 BAibE 38719 S4F 5
37H7F efzkaefoll o3t FArlo] gelg e =u 24 et
W& 81.6%7F AFEE| ATt 2007d 57]9] TapoA] AYAE
H T AAH O ot 95.3%7F B 0]2]9] AL
A AYARE Shito] 27w o] Eltuafol Sfsl] AAE A o=

1

FAE|ITHSL.6~100%, Het 95.3%). ZYZFe] DNA 3#A|
248 F3A ephahgo] thEA AEE9lEd Hong
et al,(2010)-& DNA 7] 49| 3o]of 7|25l Ao

2 WESgIT 5, weep ) ol §H DNA 54 3
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cpSSR ¥A= AxF glo] AR FA== veA)l 4
Z4] DNAS| EAE AR o] W49} FU3t haplotype
= e AL Bl SRR FUe At AR
I}, HhH| nSSREA= 2814 3 DNA EAJC & &
Ape}p o= 9l S SRR 0] genptypesr H|asto] 215}
7] Wil 7t sl A MR EE FAR GHE of
HRAAE AQf A 5427 BAH 4749
Azt A Ha7t 21 -FAAE Aol g 7l o)t
HH5H 9l oA fAE A Ataie] &gt
TR WEE 7sAol 7] Wil vehdt Ante s
w]o]Hrt,

cpSSR #A|¢}F nSSR #A]9] #4235 Fgste] et
WHlES Q1% A} 5389 %9 cpSSR FEA|oAl=
Ef7bani&o] 96,3%% UEFE O nSSR #A] HA A}
Ep7bai&o] 100%2 = o] 100%2] Ef7faulgo] <
A=A, Y24+ cpSSR FA|OA = EF7LaefEe] 100%

Table 1. Estimates of outcrossing rate

2 YePg oy nSSR #4] 2443 eltakl&o] 81.6%
2 EE o] 100%9] Bp7taHfeo] 1=, Ai2e
cpSSR EA|o| A= el7faraf&o] 91.2%= LJERE O nSSR
FA FA AT Epbafeo] 94.7%% WEE F #A|
Bl 2RlE Ep7baElEo] 94.7%2 UERdel whet
2007 0] "TTHA] HFAofA] AYAE FAE] Bt Bk
Hj-&-2 98.9%% 1% lth(Table 1), Table 20] YERH
Hief Zho] 7]E9] Ao A= thiE 80%~98%2] &= 3t
Hodgo| BH1E 1 9l =d|(Lewandowski and Burcayk,
2000; Lian et al., 2001, Moriguchi et al,, 2005, 2010,
Nuray et al., 2006; O'Connell et al, 2006; Stoehr et
al,, 1998; Stoehr and Newton, 2002; Torimaru et al.,
2009) =& E7bnHlES JAeFole ditdor 1
Ehp= Agkolth. o] T obA o] 19l A7k 23
ol oA TAYE HIHFA} EA o 0]-§HA] Ea}]

mzoll ZA7bareEe] HA27F FAHE NS 7HsdE A

Outcrossing rate i
Mother N cpSSR : nSSR Outcclrl(r)r:;li?fate
Gangwon 10 40 100 100 100
Gangwon 12 38 92.1 94.7 94.7
Gangwon 15 7 100 100 100
Gangwon 24 38 100 81.6 100
Gyeongbuk 38 27 96.3 100 100
Mean 30 97.7 95.3 98.9

‘number of seeds per mother tree.

Table 2. Outcrossing rate observed in seed orchard and natural population

Stand Species Marker Outcrossing rate (%) Reference
Cryptomeria japonica nSSR 97.8 Moriguchi et al. (2005)
Pinus sylvestris nSSR 97.7 Torimaru et al. (2009)

72.8 (indoor)

Seed ia j ] R Moriguchi . (201
ee Cryptomeria japonica nSS 94.4 (outdoor) origuchi et al. (2010)
orchard Pinus contorta cpSSR 98 Stoehr and Newton (2002)
Pseudotsuga menziesii cpSSR 94 Stoehr et al. (1998)
Pinus brutia Allozyme 94.7 Nuray et al. (2006)
Picea gluca Allozyme 94 O’Connell et al. (2006)
Natural )
] Pinus densiflora nSSR 95.5 Lian et al. (2001)
population . )
Pinus cembra Allozyme 81 Lewandowski and Burczyk. (2000)
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o glont a-olls Bk AR TS e =gt of
FEo] Aol A 80%0)4ke] Ef7Faa&o] Bl vhH A
TUE O R g AtolAs 94%0)1d] EftaklEo]
HIE T Qo] e AFUdA ATt =2 gt
afgo] s §lrt, o= A wahe g S U
MAEe] 43 7HHo R A 9 Hejslo] Ay os
A= zfo]7} glojAl XH**LHOM H| w2 1R o]
ol golatA dojupr] wEl S8 AtrEC} Hong et

|

al (2010)2- 20064 "77EHA] Hﬁ%ﬂlﬁ e FAE o
FO R qF Aol 100%2] Bf7ael&2 Hagh vl Gl
g ol= & AtolA SIE EFFmElEET; tha 2 4
ZJo| ARt §-oJ3k Aol Ho|A| grYthT—test, P)0.1).
AEAAE T Aol 71043t SRS AT}
fl8ll 67H2] cpSSR primerE ARE-dto] R4l FAHO
haplotype Z3ato] H|wet A3}t ot 14,871<] 7]of 3}
xlo] SRIEUI(3~207H, Bt 14.87), &AH 4 -+
off Bt 7]o SHEZ1 =2 H]&<l THEF 7)ol go] 538

Table 3. Estimates of effective pollen contributor

DNA HA|Z o]§3 H5e

) Aol mufeps) 14

oA 059302 Vel HIAE BPon, 7FU150)4

042902 ZHAaAS
0.489). 7]ojBHEZ1%
Ao R getE|o] x|

.(

HtKTable 3, 0,429~0.593, B4t
S QY UEel ket ke
itk ek Mot St %

HhL
= -

dete]

A9 BUD ARE ol§3to] F91TA} cpSSREAT ©

8ko] 7]oieka 8 24
BRE 4:0] 7]ofahE o] 3
Qo] Aol Q1% THE AuE B £ g

(Hong et al., 2010), £Ao

#ol7k oL, AAHE
A 1070 mlgke] Aol BHlslel, AEAUS

2 A9 cpSSR FA] FAOIA ERIH 14,870 Kt A&

A3} cpSSRIEA A 5
|8

l=fe], A uhE A4

el XAk
ol g ®Ao] ue} Aajel
Ao g Rl o]
Aozt

9] g Ao] HH v} QJti(Table 4, Dyer and Srok,
2001; Hong et al., 2009; Pery and Bousquet, 2001),

AU

Ao 2 St Ao A= Pinus contorta HEL

I} Pinus densiflora AZEQ 4 157

opdel 71of BkEAlo]

H1EItHTable 4, Stoehr and Newton, 2002; Hong et

Mother N NS PC* Ny N PC,’
Gangwon 10 40 18 0.450 3 15 0.375
Gangwon 12 38 20 0.526 9 11 0.289
Gangwon 15 7 3 0.429 2 1 0.142
Gangwon 24 38 17 0.447 6 11 0.289
Gyeongbuk 38 27 16 0.593 7 9 0.333

Mean 30 14.8 0.489 5.4 9.4 0.286

‘number of seeds per mother tree, "number of pollen contributors, “paternal contribution rates,

number of pollen contributors from

outside of seed orchard, “number of internal pollen contributors, and finternal paternal contribution rates.

Table 4. Effective pollen contributor observed in seed orchard and natural population

Stand Species Marker No of pollen contributor Reference
Pinus echinata cpSSR 3-6 Dyer and Srok (2001)
Pinus koraiensis
All 2.21 H . (2
(Mt Seorak) ozyme ong et al. (2009)
Natural population Pinus koraiensis
(Mt Seorak) c¢pSSR 12.4 Hong et al. (2009)
. . Pery and Bousquet
P T g
icea mariana STS 6-9 (2001)
Pinus densiflora cpSSR 16.2 Hong et al. (2010)
Seed orchard
Pinus contorta c¢pSSR 19 Stochr and Newton

(2002)
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Table 5. Estimates of contamination rate

. cpSSR nSSR . Cumulative
Mother N 5 — o — .
N¢'  Contamination rate (%) N¢  Contamination rate (%) contamination rate (%o)

Gangwon 10 40 0 0 8 20.0 16 40
Gangwon 12 38 5 13.5 1 2.7 14 36.8
Gangwon 15 7 1 143 1 14.3 3 42.9
Gangwon 24 38 2 6.5 10 26.3 21 553
Gyeongbuk 38 27 3 11.1 1 3.7 10 37

Mean 30 22 9.1 4.2 134 12.8 424

b . . . . . .
"number of seeds per mother tree, number of contaminant seeds, and ‘number of contaminant seeds verified via comparative evaluation

with both DNA markers.

al,, 2010),

7| skEA A5} BLoj Akto]| Qlth(Dyer and
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=9 cpSSR haplotype?] & EaA HEHor 2}
Aol 71013tk skl AAHI. 57 Zaol A AL,

BHE Fao] shdo] A i FEOE A2
e FATE 2UR AFA A SRR $99 o

o oJsln +A4E B4 Felsgin, B4
HE2 7H 1204 Bate A 5 147071 &5 SHE
AT A Ul HAND 300 Al
o}, 7240 A AR A} 5 21717} 2 Sl o5
AE FAdel Q?lﬂoi 211291 55, 3%7} AF=E Qi)
Tk 4 20074 AL Be] A 42, 497} 2L A2
TTHR] 9ol ER sk AubFollA] AR ShEo] {4 =
o] AAE Ao R A= THTable 5, 36.8~55.3%, B
42,4%), AEUW SHEL-H& A tollAl= 4~86%2] v ok
oFsl sl @ ogo| ¥l ity Abies nordmanniana
oA 4.3%(nSSR), Pinus thunbergiiol A 9.9%(nSSR),
Pinus contorta®| A 5%(cpSSR) F& 3JEoHgo]
PE, ol AT oA F9lol FE0) Aozl
U s} 7R 2ol o s TR Aiglie] E415H
of, AEo] AT giome Audez vy 2
Ae]Ele] Q7] ol yehd Axte F4EHGoto et al,
2005; Hansen and Kjeer, 2006; Stoehr and Newton,
2002), ¥t £ AitgpFor 2AH HFU AL,
Pinus pinastaro| Al 36%(cpSSR), Pinus sylvestrisol Al
52%(nSSR), Psudotsuga menziesiioll ] 40%(cpSSR),

23} sEe
210j o]

Cryptomeria japom'caﬂ]/\‘] 47 8%(nSSR) Pinus brutia

ol A 85.7%(Allozyme) 2] =& 31 @ HJgo] Hilx Hf Q)
TH(Stoehr et al., 1998; Plomion et al., 2001; Moriguchi
et al., 2005; Nuray et al,, 2006; Torimaru et al, 2009),
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