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Research paper

Effects of Cross Pollination on Seed Production and
the Inheritance of Chloroplast DNA in Keteleeria

davidiana var. formosana

Jeng-Der Chung,””  Shi-Chou Hung,”  Ching-Te Chien"
[ Summary ]

Keteleeria davidiana var. formosana is an indigenous tree native only to the northern Pinglin
and southern Dawu areas of Taiwan. It is listed as a protected species by the Taiwanese govern-
ment due to the scarcity of its populations and low seed production. Cones of 10 naturally pol-
linated Keteleeria mother trees were collected from the Taipei Botanical Garden, Taipei’s Lishui
Street, Yangmingshan, Chushui River nursery, Fushan Botanical Garden, Pinglin’s Jingualiao
River, and Pinglin’s Shicao in 2002~2010. The number of filled seeds to total number (filled+empty)
of seeds per cone was consistently < 1% in the Taipei Botanical Garden. Single mother trees at Li-
shui Street and Yangmingshan were naturally self-pollinated, and seed efficiency per cone ranged
0.03~3.4% during the study period, except for cones collected in 2004 for which seed efficiencies
per cone were 10.1 and 7.1%, respectively. The mother trees at Pinglin’s Jingualiao River and Pin-
glin’s Shicao were located in natural populations, and seed efficiencies per cone, which were deter-
mined only in 2009, were 2.8 and 19.1%, respectively. Cone production was irregular, with good
masting every 3~5 yr. Cone production varied from 1 population to another during a good masting
year, and it also differed within a population, i.e., some mother trees produced abundant cones but
others did not. For controlled pollination, pollen of 1 genotype from Yangmingshan and 1 from
southern Daren were used. Seed efficiencies per cone for both areas were 14.7~37.9% in controlled
pollination compared to 0.08% for self-pollination. For supplemental mass pollination, dried pol-
len with 53~96% germination stored at -20°C for 5 yr was used. Seed efficiencies per cone ranged
5.0~48.2%, which were greater than that of natural pollination. trnD-#rnY and trnV intron inter-
genic spacer analyses showed that chloroplast DNA is paternally inherited.

Key words: Keteleeria davidana var. formosana, natural pollination, controlled pollination, supple-
mental mass pollination, seed efficiency, chloroplast DNA.
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B K > WRIZ B B o3 7Kk B8 e BEAR T A
300~600 mZ B 5 F AR IR RE B 15 B8 1L me iz 3kt
it BT I900 m o+ KR AR H3E W 5 304k EE
MEHS00 mz [af it - HIREEAHE R » (5 E
SRAE - AR R RO R B (Liv 1966, Liu
and Tang 1998) -

G AL BN E 0 A6 A A R Gl
Kanehira (1936)78 5 FRIK vk HIHRF 15 8 Bl K [ AH
i PERE 2R KT » A2 20 A0 BCRE S IR B R
A AR T - Liu (1966)CHF HEtk - B RE
V(o B B i A S - T i B R 2 T e o
i SRR L ol AR T RE S AT e i A
AR FERHERC RS, ERMESE -
Tsukada (1966)#5H H HEDIREYIE R o
AeRy o KL » & EREAE VKT - 7T RE
GERENE AT TokEE R RERE AR EH
AT A R LR -

kG kR kB K
PR Bk EEMEDER R FEZRS - B
Wang (1995)FFHRAPD (randomly amplified
polymorphic DNA)Z3#7 e It 9 fI] 6% ik 5 (K] 15
REHUR - BRI FEARGEEAEUE - AR
9 80.83 + KE30MREE50.80 » K4 IAkHE
F50.86 » MRS W& ARGy KR HLi
T [ S SRR AR B RA - HOR AR Fy
0.995E0.996 (Lin et al. 1994) » 534} » Wang
(1995)78 Fo 128 THIAZ B PR [ {2158 5020 - 3
BIZER I S AN K/ T ELG R A
Y ERE - KR — R AR A R
JE 22 Ry R

G A2 AR R 8 IR & 4 - FERERER]
PR BBEAE - FER R/NEI60 pm » pCARE 2 <
B TER I E SR e DA Bl K+ ETEAE
P ERFLH 70 I BB W LB 2 7E KD - R R ER AL
PG @ PRI A AR 5 BRRRAYS~12 cm B T4
R ETU~2HER > RERL cm - B - #
AR - fg R R EL 2 M 1 (Wang 1987,
Chung and Hung 2011) -

BEME R 2R S 0 BRI
H R FE AT MR SE R R TSR R 0 1925 AR L
TEYIE R E G EHAZ 100K B R + 15E(11,100%;
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FrRORRAYRR R - R BARITE A5 KR
f93.5% (FEKIL » RFEFREH) - Wang (1987)78
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R P R AHE L - Ho et al. (2000)/2 19954 £k H
MG AL I A s 1 SRL R SR - SRR SO T
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Rt » S FIS38RAE T - A I SK AN - HLR
F53.34% 3 RalJFAEMGEN123R T - HfA
68F7BHNE » [E¥56.06% (Formosa Government
Research Institute 1929) - Owens et al. (1991)$5
HE— e M HE B AL 2K B BELAE AL 00 3R
F539% » [R bk 5 AL 10 i AR i A5 200RE - 3R
AR o — i ST BERHE B B S (Fowells and
Schubert 1956) - [t 2 F A 52 19 2
TRFEHR G » BEEEMEFTE?

BEMAZ 2R PR R - Ho et al.
(2000) 1993~19984EH] » TR = ALY 5 1
MERABRHERREEFREE  SREN
T REEREN % » SRR K8 BLUA R E T
80%H %N - HEBRLMPEHE FER
W EE R AR B Al 58 2 E - Willson and
Burley (1983)HiSedgley and Griffin (1989)+5
HE o AR 2 IR BT 6538 B BA IR - OB RG
HIEBRE D » HEMIHZ BEE RS ; i
W7 QIS R R [ Y SR - FI I AE R BBk L
(CRESR) BRI HE » DI S AER B 5 - i
ZRERIRERR R RS - Wt - GAHEYEA
ERMAZTE T ERE R 2 B R T 0 RS IR
B o B BB G EMAZ R SOE 1L
RIFAEAIL K - HEH R RS BB ~ B
JEFTE(Ho et al. 2000) - AHfF5E HAZHE R IR
By BE N 828 /718 BRI SRS IR HCE BB (R
THEHMTRE R -

Owens et al. (1991)#5 % BN IBHE 24
GEARENRRRER - CHBEET N
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%I AR R MEBOR AR 2T - Ho
et al. (2000)FEEH80% = lifZ KR F I EE
KA 52 KGR AE 2 RS Z BCE » R BL HE I O i
KT REZK B 3B A FC A2y » ARTi » TEMEAR (Orr-
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ERAEH - BRI PREE - REREEIE JIR ] - 7
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Table 1. Description of the experiment mother trees at different sites
(a) man-made trees

Mother tree code T L Y Cl C2
Location Taipei Botanical ~ Lishui ~ Yangmingshan Chushui River Chushui River
Garden Sreet nursery nursery
Latitude 25°02' 25°03' 25°09' 24°62' 24°62'
Longitude 121°30’ 121°53' 121°37 121°66' 121°66'
Elevation (m) 5 5 450 250 250
Mother trees 8 1 1 2 2
Year of establishment ~ 1905~1925  1905~1925 1976 1976 1976
Age (yr) >80 >80 27 27 27
Height (m) 11 6.5 10 13 12
DBH (cm) 31.5 52 322 34 26
Mother tree code F1 F2 F3 H
Location Fushan Botanical Fushan Botanical Fushan Botanical Hsinhsien nursery
Garden Garden Garden
Latitude N24°46' N24°46' N24°46' 24°50'
Longitude E121°43’ E121°43’ E121°43' 121°32’
Elevation (m) 600 600 600 400
Mother trees 6 6 6 30
Year of establishment 1988 1988 1988 1997
Age (yr) 16 16 16 7
Height (m) 8 6 6 5
DBH (cm) 22 14 15.5 3

(b) natural trees

Mother tree code D296 D298 PAO5 PA14 PC50
Location Daren Daren Pinglin Pinglin Pinglin
Latitude 22023’ 22°23' 24°54' 24°54' 24°53'
Longitude 120°51' 120°51' 121°40’ 121°40’ 121°41'
Elevation (m) 535 535 495 435 560
Mother trees 15 15 20 20 42
Age (yr) 100~300 100~300 100~300 100~300 100~300
Height (m) 16 24 9.9 9.8 12.7
DBH (cm) 35 85 52.6 50.0 30.6

DBH, diameter at breast height.

(1981)J53% » % Lot fR B e ALy - B E 133X 107 mBarlA R Bz - BRI &K%
AP & (silica gel) Z HPAZ 25 1 2 NREE3~4% » B AERD T B /KR EUE Tk
o AR EKRTE  ZBREAL mL% W AR E SR - A 20 DL BLTAE

fii(ampule) » fERYEFE R P LHM1/37EH - O ER-20°CfRE
EEERE R R (Labeconco Freeze TERITE I Ik 2 A E R B B e A

Dry System 6.0) » {8 E-40°CLL R R EZE o B R BKEZE H (Brewbaker and Kwack
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1963) » I3 %REHE » LA IlagarZ ¥R HE AR 15
16k (Ho et al. 2000) 5 HrfefEky B #5928
AR EEL | MEZMR& 268 » HEEITH
i (rehydration)EH (Jett et al. 1993) » [B]3 7k
R HUAERY B RS b o - 5% 28 0L DY ) 3
Ko HEBNER TEERN2 b FEHEKE
fEEEHTREACRYIRRE - P TE R BiCR% 12 i
B A b #848 higk o BT RS (Axiover
inverted microscopes, Carl Zeiss) FhgiR et H AL
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2k ALk A # D298 -
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EITER R B T R R
il

RIS S — OIS A\ L 1A A B sk A

(=) L2k (supplemental mass pollination)
ESENERST: R S S R NI 3k =1
HITER HEATRIBI R » BB R EIT ERE
B AEEUE R R e MERRAE - RMEAE
T Fr AR B o WM R TR IR AT IROR 0 EES
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TIEANFEI R Ry » B FER S AR [
B oo FBERY  AEREBIER Z BB HE
Ao RPN it T T B SR B A T T B
o R R -
VY~ BRELERSR - ARWTE T B R A A T A
()RR B & R 2 R SR R 2
22002~20104F R ER S 74 T 1 0K RERS Bk
R Hepsfistla A TREEESICHEYE - B
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MR RIE o DUR 2 { s <5 OB B R R AR 4
R & 1k (Table 1) - BERRERENER - &
IR RIRR I o I KIBR 8% Fr o B R =48
Mo hmEamE rENE T BTREXR
28 mmZF i Fy K RIFEF(Ho et al. 2000) « %K
THf-3R(seed efficiency, SEF)Fy flilifE v B flifr
BRKHE 782 EH 5 BISEF=gwTE 78/
RRIHE T2 X 100 o Fylfs 1k 8 TRz B B8 oF
B A B R B 2R T R R - BRI A RK
B e

(Z)FET-5°C AL 7 e Pl B g 2

B AL T Ry R B RN e 0 DA
3R 4°C Jeg 1 bR 3 ] {E ME A 73 2F (Yang et al.
2006) ARG P S 2 B - B PRI K

» TRAPEE ¥ RLS (45548 1 12X 8.5 cm »
§J§0~04 mm) A ENRE - ARBENRSCIEER
Mo PERFSRE AR BE A2/ 309 T fRZERT - DIER
IR TSR < AR EEAF%WIEEEFE]
TR T modili 78 388 & /K 43 1 AT AT 22 51 K (Lin
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and Chen 1993) - {5 ¥ B E B4 mofR A iE
o e - H A AE30/20° CEHE I8 hotl
(50~80 pE s m?) R ST » A LARARZE S
mmif Ry B2 - W3 wk o TR RLG
T A flEl BR SR o R RE 1 P P Y R - I
T B BB T B0 100 -

T~ B S EEDNA KL EL R B DN A 5L
[ i W ) 5 5

(—)EH EEDNAZERY Bl i 55 1 7

Fo 17 W G A2 BERR RS DN AR SR 1
A FE I RE R RO 22 6 2000 P B R R
TERRAEDNA » IR EMC M2 R » HEHRIN
Table 1f7H 120k FEARTE IR RHE - LUK ELFE Table
LEE A 15 Bk SRS R IR RE R 2 i e i
SLEF2 TR RERR Z BHEE » (2R P ERHUTXD298 Bl
HxD298.Z R EHIA » 735l 16 BL48HRATEFEE -
HETTDNAZAEIDN AR HIE -

R Doyle and Doyle (1987)fJCTAB /5%
HEFTDNAZHL » B S EE100 mg - BEWE
W ERRE E M E S R » IIAS mLEERK (2%
CTAB, 1.4 M NaCl, 0.2 M EDTA, Tris HCI (pH
8.0) 100 mM, 1% SDS, 2% B-mercaptoethanol)
ZEHUDNA - HLUEAE IO - B LL70% 054515
Wtk mBIEDNAYER200 uL TE buffer (pH
8.0) » LMWL R AR EEDNAJREE

(C)ZEREBEDN A KR R [ F 51 B 1y ~ ffiqb gl

EF

AREEEM L EEDNAEIT R & I
#H 2 Jl (polymerase chain reaction; PCR) » fif
AR G FRE4E B G FTraD-TrnY
FEH k5 -TGACAGGGCGGTACTCTAAC-3’
f15°-CGATGCCCGAGTGGTTAATG-3" ;
H2HH|F TrnV intronl-TrnV intron2 £ %I
F5°-GCTATACGGGCTCGAACC-3"f15"-
TACCTACTATTGGATTTGAACC-3"
HBIH G FpetG-trnP R 5 -
GGTCTAATTCCTATAACTTTGGC-3"#
5’-GGGATGTGGCGCAGCTTGG-3" ;
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HAEE FtrnF-trnLFH RS-
ATTTGAACTGGTGACACGAG-3 Ff15"-
GGTTCAAGTCCCTCTATCCC-3’ (Hwang et al.
2003) »

PCRIZJFE B4 S 2 B @ PCRIZJEW & H LA
N MBS0 pLAE25~171 ngfyDNA
Bt 0.4 uMEZEES [ TF(% 0.2 uM) » 2 mM
MgCl, » 0.4 mM dNTPs(f&dATP ~ dTTP »
dCTP » dGTP) 5 0.025U 2 Taq DNA polymerase
(Ampliquon) » PCRZ %5 (Applied Biosystems
GeneAmp PCR System 9700) % FH 2 18 & 5
KPREATTS © (1)SELL94 CHEEES min » ffi €
BEDNABEYE o (2)FFLL94°C (B IR )30 s »
60°C (BEAIEE) 30 s> 72°C (AR )30 s -
HEFTIORMIBEIHIEIR - )RR RFFT2°C e
10 min ° (4) S FEVIIR R R =00 © SEEUHES pL
ZPCREVEITHER » FERPCREYHILIABI
3I00H B E F BT ER - ZEISDNAERF A
ko3 #7 it RS LA Bioeditiik 2 T HE 7 (multiple
sequence alignment) » FHREESEEEIFS - ETT
R s | bt

it &R

— o KRB LR R T

AR AE2002~20 1047 [A] 1 OFR AR A 8K R S il
T BEDHKEEMECLREHE - L8
(2002~2009) R LR A 8% - HE BRI
2002~20 104F- [ AN [F] 47 EE Y SR 42 FC 8% (Table
1) « NEERESFR - RENBERBES D
[ e e A SRR DL - A KR [ C 1722006
FEL2009F 73 IR G 199 B3 19 8RR - BURH
FREHF - M2002~2005FFRIGER R BEK10
KL > BEURE S Ry i (Table 2) o AN[R] Sl 1 RH
WAL AMHE - A120024 /K LIRTS 255K
R AR CEE > (EHFEFEZEIUEY)
BT~ EUILY ~ HiKEREEC1ELC2 T ERIF YRR
RERE - BV (Table 2) - EFRA—E
I - AT KRB ECLR3~SFEHA TR E S
HAMBRATIRE IR - T E BB RAE L
TESE M o M e R B SR AN G IR AT
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Table 2. Cone and seed production in 7 natural stands in 2002~2010

R E—

TR N\ Lk A B R i B

Mother No. of Cone Cone No. of No. of Seed Seed
tree  Year Co;l length  width empty filled  efficiency” germination”
code (cm) (cm) seeds/cone  seeds/cone (%) (%)
2002 12 68+1.0" 2.7+0.1 61.8+t184 0 0 -

T 2003 11 73409 28+03 62.0+14.7 0 0 -
2004 24 83%+0.5 25%x0.1 101.6x56 0.7+0.8 0.6+0.8 0
2008 9 92+0.8 2.7£0.2 108.1£11.7 0.03£0.2 0.0003 100
2002 255 84%+0.7 29+04 89.6x13.8 0.03+02 0.04£0.2 0

L 2003 0 - - - - - -
2004 10 9.0+0.7 25+0.1 948+102 105+23 10.1+24 782+159
2008 2 87409 254+0.1 107.0+283 3.5+0.7 34+15 57+53
2002 20 9.3+22 - 12554+392 02404 02+04 100

v 2003 12 129+12 3.0x04 187.0+16.5 2.7*x2.4 14+12 6941384
2004 19 11.4£09 3.1%£03 1327241 10.1+£59 7.1t4.1 75.1£24.8
2008 47  8.1x2.1 2.8%+0.3 106.7£372 21*x34 1.8+2.6 2+3
2002 4 76x06 28*0 1045*+100 1.8+1.7 1.6xt14 583+52.0
2003 9 11.8+12 2.8+0.1 127.6+242 12.6+44 9.1+35 855%123
2004 4 13.8+0.8 3.2+0.1 159.0*+145 03+05 0.2+0.3 100

1 2005 7 103%+1.8 2940.1 105.7+18.5 3.4+27 3.0%2.1 n.d.
2006 199 73=%x13 2.5+02 884%20.7 13.6%x6.8 14.1%x6.2 84.0+17.3
2007 9 85+15 34402 113.3+314 0 0 -
2008 82 89+1.0 2.8+0.2 1063*244 99+11.3 8.6x10.0 3+9
2009 319 9.7+1.5 2.7+0.5 100.3*+21.4 82+57 7.6+52 91+16.9
2002 0 - - - - - -
2003 0 - - - - - -

2 2004 6 9.0+23 29-+0.1 103.2+35.3 0 0 -
2005 5 93404 28401 1112433 0 0 -
2009 400 85+1.0 3.0+0.3 106.7+18.7 3.7%£43 34+42 78.1%£33

F1 2010 3 10.1+1.0 54+03 457£11.0 3.7£25 68*+36 583%52.0

F2 2004 65 12.1+1.1 32+02 623+233 551+19.7 47.5+183 67.0*8.8

F3 2010 8 64+1.0 2.6+03 545+122 159+11.2 128483 80.4+257

PA14 2009 6 8.6+0.5 2.5+0 91.8+55 2.7+2.0 2.8+2.0 96.7%82

PC50 2009 29 n.d. nd.  102.64+393 14.84+9.0 19.1£209 959%55

Y Seed efficiency (%) = [filled seeds / (filled + empty seeds)] x 100.
? Seed germination (%) = (No. of germinating seeds / No. of filled seeds) x 100.

) mean + std.dev.

20 » 20024E B AL L ARIG2S SRR AL »
SER R CRER L R - BB R
WE D AE20084E MIRIFATRIER R (Table 2) -

BEHZRRE KN o[B8 — PR R A AR [E 4E
R B E A AR o AR EIC 12002

RV ERET.6 cm » HEAE2.8 cm » {H2004
FRIEA » BE13.8 cm » EE3.2 cm (Table
2) o EAERIZERR » 2002 KL R K
8.4 cm » TLfE2.9 cm + 2006E820094F H kiR
B C 1B R A 7.3819.7 cm » B E2.56
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2.7 cm » 20094F /K IR B C209 Bk S R B 8.5
em v 3.0 cm o SE SRR AL AR I R
BAK » #AE—HHEE A (Table 2) ©

BRBENETFRE  SHMERBERE
AR E SR 100K - BALHEYETE
2002~20044F-E120084F » Z44F S RIER Y
Bl TR AR LR HF2002812003 Fi4E
HIEZEh > B TER0~0.6% » H20044F
Bl T T A A B 4 (H20084E 2 3l T4
EREE ZF (Table 2) - g LAY EIIFL, F2ELF3 Ly
BALEYEGENZ R o HEE T 8T
20048120104 » 43 H1453.7, 55.18215.9%7 » &
T #6.8~47.5% » BT TR FRAE
58.3~80.4% °

20024 BE /K LT ARFRAF25 S RIBR SR - {0
S g R Bk SR AN B G TE T £5 0,030, » Ak T
F50.04% - H B T #0 ML % 4 (Table 2) o
TV ARR Ry FE s A HA R - R Fr SR T
HWARENER « BIAMESCHEETFEE
oLbg s - HER o W120044E 8 KT LELRS I
Y AT ER 1S HAZBR R » S35 R B A B
ForAlE10.5810. 1067 » F R F 35351k 10.1
B17.1% » BETE T3 33 HIH78.28175.1%
(Table 2) -

[ — ok R4S AS [R 4 B 19 SV 85 B i e 7 4%
BEEAEER  H/KZERCITE2002~2009528
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R JA20074 B 2% A e RE T 0 {52003
2006 ~ 200851200944 FTER 1SR » BEINTE T
F8.2~13.6%7 » FHMAE TR HI7.6~14.1%
BT 12 2 R 15 84.0~91.0% (Table 2)
BAIACI55: 2 C2HAE2002~20054 » AIEREH
TS BTE fE2009E 8/ 15 2 BRI » BRI
T3.7H BT RE3.4% - R T35 R
78.1% (Table 2)

JE A s RER B R TR % R
SEABFERTT AR MG U PA 145
GIEPCS50 » JR20094F AR5 BRI » Bl T
By A2 781488 - B RAE TR H 2.8
Bl19.1% » BEWIHE T35 4 33 7115 96.78195.9%
(Table 2) -

T PRy 2 B GLEL R

LR ERREN KN BRELN
5.2~8.6 cm » EHJ2.4~2.9 cm » PEHIFR 2 BB
RE BT aAE Y E R 2 Z IR
MEALEY E A SRR RN, w2
X R BE AL Ky 75 AN K (Table 3) - BALIEY)
B TRHS EEHI R 3 AR - AR R B R
S Bt AR 1-0. 08 » {H B 1 100% ] DL
o SRR B R R E SE T - AR
EEEFIR T » BACEYE TR T iREG %A
B T B A R 10.2~14.0%; - AR TR R

Table 3. Average length and width per seed cone, number of empty seeds per cone, number
of filled seeds per cone, seed efficiency, and seed germination with controlled pollination

Female x No. o Cone Cone No. of No. of Seed Seed
Male Cones length width empty filled efficiency”  germination”
(pollen) (cm) (cm) seeds/cone  seeds/cone (%) (%)
T xT 13 68%+1.0"Y 25+02° 85.8+17.1° 0.08+£0.3° 0.08+0.2° 100
xD298 15  7.01£13"  25+02° 50.6%£16.0° 102+11.4° 147105 77.0%21.3
xY 18 54+1.6° 24403° 207+14.7° 14.0%£204" 21.6+23.9" 72.6+19.8
x* 20  52423° 24403 383+31.4% 0° 0° -
D296 x D298 22 8.6%12° 24402° 47.1+16.6° 29.1+20.7" 35.94204" 28.6+20.2
H xD298 2 774+15°  2940.1° 485+17.7° 31.0%£24.0° 37.94272" 96.4+5.1

" Seed efficiency (%) = [filled seeds / (filled + empty seeds)] x 100.

? Seed germination (%) = (No. of germinating seeds / No. of filled seeds) x 100.

* mean=+std. dev., values with the same letter do not significantly differ at p = 0.05 by Tukey’s test.

* control treatment, no pollen.
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14.7~21.6% ; 5 HE{-D296 R} AT FR fHBR AL Al
TR T B B R 29. 18, - A RE 73 535.9% 5
15 B H RS T £R 19 B SR B R 1 053 11 R 3 1.0
Wi HRETER37.9% » AW EIEKE S
Wi - SEAEE KD B 1 B O 1R
W S B L (Table 3) < B H B E IR
o RIS T vl Bt 7 o

=~ TR BRRZ A R B 7 A

B EMZ AR S KER14.5%  F]
FIEL 22 1% R IR BERE 130 minfk - fER &K
REEL.6% - FrEEEMZ N BER
70.6~94.4% - T& e 2 (LR B E

RIS S — OIS A\ L 1A A B sk A

70.0~96.3% + BNS BREZIR R AE B3R
TR FRE10~25% - E RERE 1 F15~T%
(Table 4) -

VY~ LR B S M T
BEHAZHT LR < B2 R 70.6~94.4% -
fERY K812 TREZ IR - {ER) 273 52.8~96.3%
(Table 4) DI EIEPIET » Hi7kiZ [ C 18
C2 R /KL AR R » B3I ARPAOSHZIS
RZAeky - WERERIBR R A 7805 5.0~48.5
Hi - G T3 F5.0~48.2% (Table 5) » DU
AKEREECUR R - 852 5 HGE (- D298FIE AL
PAOSTERy » il R B SR A B W 7 o0 1 Ry

Table 4. Germination percentage of fresh pollen and freeze-dried pollen

Parent tree

Fresh pollen germination (%)

Freeze-dried pollens germination (%)

Cl 94.4+52"
PAO5 78.1+8.4
L 72.8+£11.8
Y 88.6+8.0
T 70.6+11.4
D298 85.7+8.7

70.0£3.8
52.8+19.3
60.0£10.6
96.3+4.4
58.1+11.1
90.1£2.2

Y mean=std. dev.

Table S. Average length and width per seed cone, number of empty seeds per cone, number
of filled seeds per cone, seed efficiency, and seed germination with supplemental mass

pollination
Female x No. o Cone Cone No. of No. of Seed Seed
Male Cones length width empty filled efficiency”  germination”
(pollen) (cm) (cm) seeds/cone  seeds/cone (%) (%)
T x PA0OS 16 9.1+13Y 26+02 7524261 27.1+145 27.8+13.8 80.0+14.8
Cl xD298 11 11.5%+1.1 29+02 109.6%£23.0 24.6%+19.5 183+143 923+£8.1
xT 11 11413 28+0.2 112.5%£19.2 29.0%+9.1 20.5+6.1 935+64
xL 122 98+1.2 27+03 98.0x18.1 9.8*55 9.0+4.5 97.4+12.2
x PA0O5 10 12.6%+09  3.0%+0.1 874+240 485%285 351%+193 90.0%x9.0
C2 xL 70 82+1.1 2.8+04 889*16.5 8.1+6.9 7.9+6.1 84.5+23.1
x PAOS 3 8.6+0.6 28%0.1 98.0+7.8 5.0+44 5.0%4.5 54.4+39.5
L xT 34 89+0.7 25+0.1 967126 104%59 99+57 81.4+179
x Cl 13 89+0.3 25+0.1 102.2%6.8 6.1+3.0 5.6+238 88.1+12.1
x PAO5 10 8.9+0.5 28+0.1 478%135 451+142 482+92 72.3+15.6

" Seed efficiency (%) = [filled seeds / (filled + empty seeds)] x 100.

? Seed germination (%) = (No. of germinating seeds / No. of filled seeds) x 100.

3)

mean £ std. dev.
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24.6%0148.5%; + HRE T3R5 5 Fy18.3F135.1%
(Table 5) - HALEYIET » H/KREFECI K E
IKELAERD » S TREZ R e 2 ek o 3
3 A k581, 70.05260% » SR1% R HI KR
WM C1ELC2 R BE/REL » S ESE 15
5.6~20.5% » PR TS fNET - &
B T35 5£72.3~97.4% (Table 5) -

Fi  ERRAIEDNA BRI & FFE F 547
EIRHDNAR K petG-trnPE trnF-trnLE&
P FIE P BTt 5 FRoI R B 53 Bl Fe4 78 Bl
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413 bp > FIGZE H AR R 20k B RE(T 1S
PR ZER2TRR B ELAE A - ZERRFEDN A KL K
trn D-trnY @B FFEF 34T » FPilRE F336
bp - SE3MEA > type BEIC/pI1E10382123
f & Btype AFEER & H — (g2 2 (Fig. 1) -
BRGECISKREHE » #R9EDS7, 84, 105, 2965
Ak Estype B + #RBED13, 295, 297, 298)% 4k
Fotype C » HERTHR fytype A o ZERERAR1 28k
BER » ZERRHEDN AR Kl rrnD-trnY Wk ] F 51 E
Fe oy i RARIE - #E A type A o SERRFEDNA
H K trnV intronl-trnV intron2 & [HE JF45HT

Type A 1 GGGGCGGNCTGTAAATCCGTTGGCGACATGCCTACGCTGGTTCAAATCCA

B@eB],..................................................

B@ecl..................................................

51 GCTCGACCCAACCAATATAATAAATACCAATCTATCGGTATGATATATTA

5] 00000000000000000000000000000000000000000000000000

5] 00000000000000000000000000000000000000000000000000

101 ATCCAATCATGGATGAAAAGAIAATTTGTTATTGAACCCTCCCCCCCGA

101 00(G00000000000000000000000000000000000000000000000

10] co00000000 0000000000 00(5000000000000000000000000000

151 TATCTATATCTATTCAATTCATATAGAATTGGGCACATATTCATATTAAT

15] 00000000000000000000000000000000000000000000000000

15] 00000000000000000000000000000000000000000000000000

201 TGATACTTTCAAAGATGAAAGCGAAGGATAAGATATTTCATCGACCTAGC

20] 00000000000000000000000000000000000000000000000000

20] 00000000000000000000000000000000000000000000000000

251 ACTCACGTAATCTATACAATCTATCTAGCACCTACCATAAAAGAAATATT

25] 00000000000000000000000000000000000000000000000000

25] 00000000000000000000000000000000000000000000000000

301 ATGATGAACTGTACTGTATTGGGATTGTAGTTCAAT

30] 000000000000000000000000000000000000

30] 000000000000000000000000000000000000

Fig. 1. Sequences of the chloroplast intergenic spacer region between the 7rnD and TrnY
genes. Dots indicate positions where types B and C have the same nucleotides as type A.



192

HFFIRE 834 bp » HH2EK » type D
TE761f BB type EAHECH — {8 72 52 ( Fig.
2) - BHGE{C A Rtype D o PEARERRE IRy
type E

FIF B E(C D298 E EE 4 DN A JE K]
trnD-trnY BdtrnV intronl-trnV intron2@&[E - E
A BLEE AR I Rl g R 2 K I - bR P R 4K
ZEuwEENE - GIEYETEEGHRECD298
RSB REE AR R L EHEIU6
th o B EHEL G HGE{CD298FH 2 % e K48
PRAEHGER - SLEFo4RRIR B A - FI R
DNAE: K| trnD-trn Y EdtrnV intronl-#nV intron2
BRI FYEF 31T s R EURFTH 641k 2
WHAED2ISHE 25 - Bz
FHS 0 o B ARE E (complete paternal

inheritance) °

&7 &

— ~ GRS B R A R

AT G ALY E G E A A 7 R
E{E0.6% » {HARFE I H & #th 7 1y GiEdAZ Lk
L+ 2020065 K 7K V3 i 7] C 18K S e 8 - B
13.6% » HRETR14.1% » BILHEYERES
M ILIF2REA » 200446 Bk 5L AR HIAE 1 855, 1K »
BRHIETFRAT.5% - WL FLHMEE Mz
HIBESE - AR 5 AL BRI T 1 SR B A
B (Wang 1987, Ho et al. 2000, Chen and Wang
2001) » fHiE L6545 R vl REfRIRAE B ALY EHE 1
Wi - FIREERE SR R - AT YR
KB R R F R -

B ST 20024 KL K
A 2003 ~2004 F9 FEHEE - /KR
C1jA200681200958 24 Ky R4 » H B HERHE
HAZ/D24E DL F(Table 2) - Fowells and Schubert
(1956)F281933~1953 4 ZE B NN ponderosa
pine, sugar pine, white pine¥# 3 flfS &I -
il BRI S A S - thESFEAIRE
Pukkala et al. (2010)FEHIZ5FiNorway sprucekil
Scots pinefH & » 38 Kol B H LB H G142 K
B3 B B R R A SR ZUAH R - Bz A

RIS S — OIS A\ L 1A A B sk A

7~ 8 HFEAE I A 73 (b (Wang 1987) » JEIRFIE
HEESERE » HIEF Lt S B H R
SRRy A FEEAE A E

J5 AR S PP AR <5 I PA14BE R PCSO » f*
20094 AT bR BRI - A R 73R 53 il Ky 2. 8 B
19.1% (Table 2) - Ho et al. (2000)fA 19954 EFHK
JE A R SO 738 402.0% - BLAREERPA 1440
& HPCSOAIENStE % - BF L BRI GE I
BIRFSE » R 2 AL B A 1 R R B A
B (Wang 1987, Ho et al. 2000, Chen and Wang
2001) » {H3E L5 R AT RER IRAE 5 AL AP 3G 1
i - ERPEEEAHE - K FEK
Rl k5 AL — B AR B T BUR R R B
G o AWFEEE BEMmAL BRI A B A AN
MK AEEERERERESEN AL -

o BIEX W E B E G EIMZAAE
pE

ARG I E G R HRBER - 5
AEAR b T BR SR B T 1 R 0. 08K, » A 3k
T }50.08% (Table 3) » Bl LHY) T REES
2002~4EH2008 K AR Ky 55 S A (Table 2) -
It B G Y E 5 8 A B R R R 2
BB AE R - H IR 1R 53R I M 1
BEHE I T-(Ho et al. 2000)

HAIER BB QAN % S SR
Stoehr et al. (1998)FFHEERFBEDNAREZE » F&F
TEHERAE T [ [ 30 K0~19% » FEHI6% - 5
A2 B - TS E RS - PRI RS R
BHEERRWREEAL - EEKELEEGH LY /MR
IR » 20044 KR B TE R 1S Z B 1
10K DL E o BREEFRT A% E o E2 5 R EE
JEPRSEE B LAY T B /KB v 2 C1BEC2
BE (Table 2) o SRR RIKY B AHE R TR
gk - WIERF B ERIY - GEIZ AR R
IR RN - (B R] RE S 2 RR A B BLER 5 55
K- P % -

YRR Ry < B IR A S0 72055 0% » KTy
WA - R EE i 2R A
bR T RRZ ALK IRSL - HERR A TR N R T
JF[Al(Lin and Kuo 2004) o AI5E2007HEEE 5
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Type D 1 ACCTTCTCGGTAGAACAGATCAAAATTCTTATTATCAAAATAATTTGAGC
TypcE 1 00000000000000000000000000000000000000000000000000
51 TGTTCCAAGAACCCAACATGCATTTTCTTGCATTGGGCTCTTTCATTAAC
5] 00000000000000000000000000000000000000000000000000
101 TGATGGAAAGATCGGTTAGTCTGCCATTCTCCTCTTTCCAGGAAGATACT
10] 00000000000000000000000000000000000000000000000000
151 AATATGGCTCCGTGTGCTCCAAATTATTACCCTTCGGAAGCAATCCCAAA
151 00000000000000000000000000000000000000000000000000
201 GTTATTCAAAAGGTTTCCTTGACGTAGGTCTGCCTTGCTCGGGCATAGAT
20] ©00000000000000000000000000000000000000000000000000
251 TGACTCAAATAGAGTCTCCTCTATCGCTCCAAAAGTAAAATATGACACTT
251 00000000000000000000000000000000000000000000000000
301 CATACACCTAAAAGTTCATAGAGCGAAAAGAATCTATTTTGAGGTCCCCG
30] ©00000000000000000000000000000000000000000000000000
351 TATTATACTCATTATGCCTGGCATTGAACGGAGCTGGGATTGACCATATC
35] 00000000000000000000000000000000000000000000000000
401 AATTAGATTCGTAATTCGAATCGGATCGAACTTAATCTTTGTCATGCTAT
40] ©00000000000000000000000000000000000000000000000000
451 TGTTCCCCAGAGAAACAAATTGATAGAGTAAGACTATTTCACATAGAATC
45] 00000000000000000000000000000000000000000000000000
501 TATTTCGTGGATCGGACGAATCGATAAACTCTCTCGAAAACCATTGGCGC
50] 00000000000000000000000000000000000000000000000000
551 ACGTGTAAACGAGGTGCTCTACCTTGCTGAGCTATAGCCCTTCCTTGCCA
55] 00000000000000000000000000000000000000000000000000
601 ATCTTGATGATACATTACTATACTAACCAGATGGATCACTTTCTGTCAAG
60] ©0000000000000000000000000000000000000000000000000
651 GTAGATATTTCATGATCCGATACTATGATCCAATACGTTCTAATAAGTTC
65] 00000000000000000000000000000000000000000000000000
701 GATCAGTGCCAGGGACACATTGTCTATACGTTCAATTCGATTTAGAATCG
70] ©00000000000000000000000000000000000000000000000000
751 TTTATAAG T'lIAACTCTACCTATGAGAATAAATGACCCACTTAACTCAGT
75] 0000000000/\.000000000000000000000000000000000000000
801 GGTTAGAGTATCGCTTTCATACGGCGAGAGTCAT
80] e000000000000000000000000000000000

Fig. 2. Sequences of the chloroplast intergenic spacer region between the 7rn} intronl and
TrnV intron2 genes. Dots indicate positions where type E has the same nucleotides as type D.
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JLHEYEA RERNER - G BE M
BAEREAR - BEIEmAME -

e G AR R E R B A R 0 1
Bl T - BB G ST -SRI B 22 L (Table
3) - HIEE RIER IR T 8 4% R
TERECD296 X D298 AR Fh » HERE =
72.6~100% > Mergen et al. (1965)[LIRELTR
Picea glauca ATER N ~ AR EL R AR B R Y
T TH R ZHWISHHFEZL - Libby et al.
(198 1) & AL ER (Sequoia sempervirens)iT i
EHEAFEREHREATHK > BEERE
LR A = A R SRAE RN 65~80% » 144E 4
BIRH B fE R = A R (8 R BACE R 42% »
BEAEE R B R ALERIRI29% « 5346 » ARt
B G EE AR E RS e
R - DLRER R RS E AR RE -

=~ ACK R L Bk

A T 7 T A AN T o ke o2 S8 - 4°C
B EER L > HE S KETREE26%LL
o M T BAAGPERTSE L (Yang et al. 2006) © 1g
B3 (pollen bank) ] DU HEAER I » — ST 5
TEHFER Rt AT AR @S HE DL B+ $R RN TR
(Mercier 1995) « [KII » T S EHAZFERD ek
JiE - W DAMRTE— R EEER - EBENES
RS - AT R AERY - R A TR
By R ER R RS -

6 X3 {3 7l 44 HE W1 76 ) TR Mk 43 e 0 0 B e
i RUIGEEOE R OB -20°C Rk - FIHER
TEIE JT8FE A 88 (Matthews and Kraus 1981) -
BEHAZTER PRI » SRR~ 2D50 1%
B B R ZOEREAF-20°C - SEERIITERITE I
MR —E » M E TR -

o By 452 ) T B o 9 T R
ok KB E AL < R T (Bridgwater and
Trew 1981) - EI-Kassaby and Reynolds (1990)
LT (Picea sitchensis) & E A T -
AENTEFA R E HR202078 8% &
WEHELRRAERKEREEESR  BEBAK
NH M BB« BB 4 ATk A T B AR
fEm RARLLER » OB 7 8 R E B R

RIS S — OIS A\ L 1A A B sk A

(El-Kassaby and Ritland 1986, El-Kassaby and
Reynolds 1990) o AHFFEERE R A HiBE AR 6 I
FIEPAOSTER » B BB ILEYET ~ HAKE
Hi[HC1ELC2 J /KB L ARk RH - 5 R RIER
B AR FE5.0~48.2% » SEEN KRG
Z0~47.5% (Tables 2, 5) = Stoehr et al. (2006)FI]
MZERFREDNARESE » Hhitlodgepole pinefd 1 [
W B Ry B R AR A5 K » el SR Bl M EE R AR %
BMEYETREE16% BB K v DI IER
oy BB HERR - (H il O 020 = EBR U AE
4 (Erickson and Adams 1989, Stoehr et al.
2006) - Wang (1987) 25 1 8 A2 MEBR e i s
MTE4H BA) - (HE3E b o R [F) 0 BRI Bk %2
PR A RRA  IEYETR4AY) - Lk
BAEIH B4 BEKERIEI Ah RS » FER
AR GEAZ R B ERDERT - i
BBk A R B AR & » TR B AR -
IR - 56 R R P B e AE R il Bl 324 5 =X - WT DA
B G A A R B -

M~ ZERREEDNAAREH

BrEEMET L MM BERR B DNA R AR E
> AIEIRRLZ TEERY (Pseudotsuga menziesii)
(Neale et al. 1986)Ed ‘K JE¥N (Pinus taeda) (Neale
and Sederoff 1989) » K2Rl Z EIEH FLER (Sequoia
sempervirens) (Neale et al. 1989)E A%} 2 FEE
H i (Calocedrus decurrens) (Neale et al. 1991)
%% o {HShiraishi et al. (2001 B HEHZ HA
et (Chamaecyparis obtusa)ifi JE5EE T2 X%
jE{# (incomplete paternal inheritance) o ]I 5%
B DN AREEBL AR E MR I » REA RO ET
AEREAATE - [ RS A -2 28 B IR BB (Stoehr et al.
1998) » WAGFI| FH L ERESFE AR T T B FERD A (31
& IEEE(Erickson and Adams 1989) o

ARG F FHERRFEDNAZ K trnD-trnY
EBd¢rnV intronl-trnV intron2 & [ FE5E FF 4
#r » LA (D298 R HL G Bl 5F Ak ith 1 1}
BRI ERRE R R - 2 EdtEYE
T X D298l 5 ¥y Bil {5 B i [ H X D298%%: %
EHEGEMZEREDNAT 7 < HBRACRE

f#(complete paternal inheritance) » FI{5#E 42
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TV e B R T B 1 5 IR+ 2R R A B 2
H i (plastid) BRI & 725 - (8 T il
LERE

B &5

AW ZRATEREBEZB 2R A G #
(NSC91-2313-B-054-018, NSC92-2313-B-054-
006EINSC93-2313-B-054-006)#Bh#8 % - #k
TG~ SRR ~ BROUR ~ SROLTE MBS - B
o 1 L 32 22 2 5 A fh B Bk SR R S A A B B R
DNAZMT - ZEILEH -

5| A 3Rk
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