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Role of pectinase Cry j 2 during pollen tube growth in Cryptomeria japonica

Rie HIRATSUKA and Osamu TERASAKA

Division of Biology, Department of Natural Science, Jikei University School of Medicine,
Kokuryo 8-3-1, Chofu, Tokyo 182-8570, Japan

Cry j 2 is the major allergenic protein of Cryptomeria japonica pollen. The protein is
considered to play important roles both in pollen tube germination and in pollen tube growth
because it has pectinase activity. In the present study, we examined the in vivo localization
of Cry j 2 and pectins in the pollen tube and the nucellus to clarify the role of the pectinase.
Just after pollination, Cry j 2 was localized only in the intine. During pollen tube growth,
however, it was distributed within the cytoplasm of the pollen tube, and also in the pollen
tube wall, the middle lamella, and in the nucellar cells that came into contact with a pollen
tube.

De-esterified pectins were localized in nucellar cell walls and methyl-esterified pectins
were localized in nucellar cell walls and the middle lamella. Our findings indicate that Cry j
2 is synthesized within the pollen grain and the pollen tube, and that subsequently Cry j 2 is
secreted to the nucellus via the pollen tube wall. Furthermore, Cry j 2 degrades pectins of
the nucellar cell wall and the middle lamella to facilitate pollen tube growth. The absence of
Cry j 2 in the pollen tube wall in vitro also indicates that interaction between the pollen tube
and the nucellus is necessary to induce the secretion of Cry j 2.

Key Words: Cryptomeria japonica, pollen tube, Cry j 2, pectin, pectinase

#

il

i $ BT F v & stigmalstylar cysteine-rich adhesin
(SCA) LWHENZ & /87 B, TEHE LIEHED

TR OIEHE (IR 2 IR L E R L, A
RS LEERZE RS, JO#RIIERES
FEEIFHEN TV S, HAEYTIIRIZ L DIEETESF
L7ZTEmEDS, MEEOFEEABNEMET 56 L1E
HEOREIZIG> THRETAHEVH 1), AiFIIPFE
FEHE (solid style), f%E& X ZEIEME (hollow style) &
I T 5. ERMEDERE %5 2 5 OMBIITE
BEOMRIILETH ), KEME FE EERE
DEWGEREZRIZLTVBEEZLRTW S LY,

EREEFOT v R 2 T, [EEEOREIZS
¢ E-mail: hiratsuka@jikei.ac.jp

FREMR L DEEZICE 2 EBRESRTWEY,
EIHETIE, T 2= 7 OFERBOMIN< ) »
TAEENDARIF N, EHEMRRICLEATSS
AN ADIFBICES ALY sy aoFER
IR TS AT I I HT I 5 VIS ED
~—f&T& % transmitting tissue-specific (TTS) & » /37
2, TEMEOMRERLHFEICEGTAHZ LAREESN
TWBY. —F FNTRRF 2T OREMMETIE,
RIFUVRREBERVEESINDL Z EFREINTY
BV Ry F A, MBRICREET S PR TR

NI | -El ectronic Library Service



Pal ynol ogi cal Society of Japan

52 TR - K

8 % 5 5 ) & P RE MR DR E 2 AT
LEEDVDHDLI LD, EMBIXEOPEE LR
FUGRRBERICLD, FEEBONIF U DTS
ZETIEMBEOMHEDIZDODAR—AZERL, 0
HEFBEITLLEEZONTVS,

BRTHES 0 TR & B D B R BT, B
FBROTEmCHEIFE L, BB IIB O % tE B
EiZmpy-> THET A, HOICIIBETHEDO LD 24F

AL L 72883 7% <, BROEHPIEREDOEIE % 5.

Z L OBRTFHEY T, EHEOMRICHEVER LDk
LR AGRALT 2 2 EAME ERTw B OW . K
LT HT VBT, HLOMIEEEIEHERRD
DDAR=A L REYOHERIZE I E2HLNIZL
/C\/\Z)(lz,m‘
AXEHTREETLLS D12 L TCryj2

BHISNTWSE, LWL inviro DEEBRIZL Y,

Cry j2I3TEBHAOT ¥ Ty RADRKRIZGH L, £h
PO I L2 & &R L, RBIERIENE
BEICIILALES LR WEEZTBY, OB
DOWTIHESHFEFTHLSAZIIN TRV, LALRA
5, Cryj 2 I3 OMBBEIHFET ARSI F U 25
By aRY)TSryaF—BiEEErEOZ EHL D
EoTHENY, HUHEBORTF L OHBIZLY,
EHERRICEST2WEENEZOND. /2, X
7 F U REEENREET A OIIIEEE AT F
COFEEDNYETHY, invivo IZBIT L TE DOBENTH
VETHL.

KIFE TlE, AFD invivo TORHEIZBITS
Cryj 200 HBLNEOERL 257 F VDKL
HEBARIZBITERHIZOVTHENFTEZITY, Cryj2®
TEMEMRICBI D HENODVWTER L.

MR ETE

# %

AFRICIEREMOTHTTEFTT 5 AF
(Cryptomeria japonica D. Don) DFEFHE R OMEE %
w7z,

D -
1. TRXVBIEICK S TR

2% 7 W% — T V7t F (Electron Microscopy
Sciences f£) (2 & W 4C CT1M, HBIEE L 7. PBS
(phosphate buffered saline, pH 7.4, ¥ 7 <#t) (2L 5%
ik 2%MBRILA A I 74 (HEFEMA) (12X D
ACTLRME, BEZELAE 25/ -V - TEbry
)=k WAL, Spurr g (KU Az A%
TEE - -EALA

2. ERERDAE

BRI EE L 2Bk 5 E & 2um OEFYI A %
L7 WM %2A54 FZFFALICHEE, L4V YT
V-t R 4TV BEMEER T ¥ v X Z DP25 (F
)y xt) HWTIEREORS ZEIE L2 g
WG L-TERED ) bRIEVE LAY, FER
BT L2 2—4 EDOIEMBEIZ DWW THIE L7

3. ®REREE

1) it &

BRI A7 NALRT F 28T 5 E ) 70— F VHuE
T b IM5, AFILVIAFTNMLRZFUIZRT5E
J 70 —F VPR TH B IM7 (&AM L D 5
BLTw/klwi ficryj2F) 7a—Fuhifkid
HEALENA T EV A AROSORHER L7,

2) WGtk

HH % PBS THEL /- 37%/SFTHFVLT VTR
WE->TACTIMEELA. = /= VI ) —XT
AL, 727 /¥y bT7100 805 (Kalzer ff) CTa#E
L7 lum OB S OYRZERL, AFAFTITA
FT1%BSA #&TPBS T30 L7y X 7%
Torz. 1RPATAT, 1HALEE L /2. PBS CHEifA
1140 \Z&HR LU 72 FITC Z#% 0 2 Rufkic L 37C T 1
LB L ZO%PBS THE L, lugml O
4’ 6-diamidino-2-phenylindole (DAPI) THHE % 1T
7z,

3) RIEEHEE

FHEE 4% RTFT RNV AT VT FE05%D TN F —
VTIVTFe FOREGMWICED 4T, 1BEELL. =
)=V —- XA TR KK LRKT A b#EE
(London Resin#t) 2 W @E L, EE&xIT-o7-. 7
VETI70b—AIZXDBEYREZERL, =v 7
V7w K EIZEA, 1% BSA # &4 PBS # T304
UET7ay® 7 %iTo7. 1 IRAETAT, 18R
B 7%, PBSHTTOMEIEELA 140IZHMLA2
wHE (10 £ 724 15nm gold colloid) (2 & D EET1
BERIALEE 72, F 0% PBS EERBATEFNRZNG6 A
Tovkw L, BBy I L EHIC I A TERETITY,
EBEEFSEMSE (HITACHI H-7000) (2 THEE %
1o 7.

F X

TEBDORZEETEHED MR
Fig. LIZAFEM OB ZEBRL R, HETIZ10
BEICBES R L o TE U7/ MNEF IR EGE LT

NI | -El ectronic Library Service



Pal ynol ogi cal Soci ety of Japan

AFAEIZ BT D Cry j 2 DI 53
v, EMIE R A T LR & 2 B (Fig. SAERERMICH o TEHLDI bay FYTRER
- 1A- U SrEF O OMBE, MLEEZ Lo T ﬂi‘/z: EDF NI AT z/“t MR B DA L7z7®, BEHD
HICHEMESNKETHHA, ABIIZ ’/’mz??{f’f““‘“ i(ai}g,imm, Wwrzo5 HM A, MEPERCER AL

B EMEDIE L, AN & 2 hu e U B
LRALOE ML AT Sz (Fig 1D). HEdH

MO OB HIZE
BRE L AR IRAE D 3 AR 8} LyMELL
AFOBELAIIEMBE A L 2 (Fig. ZA}. At

PRI ZHE L 22tk ok L %wb_ﬁff‘x’i!«\ff, i*j:’@::&i
'3

FHlla o £

=3

2RBIZKBITE, W LB XD Bl TR
L7z (Fig. 2B). }rha FOFIEA B
PR TEES O FUE O m HHBESE & R LT
SEAITH }\ T AEBHE R AT S
FEEL, BILL AR ONEME L (Fig 200, 1
{
W

ShI@ S
L. PBITERE

£k
i a& T AR5 2 A H T 300am R L (Fig.
2D), AN L2 BRI Mi TH A AE 7 %

T, LR EOMICIIRERRESOBE L E

RO A - ToE, RS SE L TR
A & HARE A "‘Lfi?f/&, FRHILE LB E D
S ECHIEA LB S BE L, A A

HalwifilaZ L ah, [EhEE L&

(Fig. 2E &H1), - Ll ) i’?‘m{&. A
D, 3FEELIIEHEL
R LIRS N f?’iifl
R LT AR N R

i DK B

TR L

35 )

LD 1RO 4&
7 (m 2B). AEMAE
o B OREAEL 'j‘
Fi IO E

..u‘:»

Fig. 1. Pollen grain ontogeny of Cryptomeria japonica.
Microspore (A). microspore division at anaphase
(B), mature stage (C), mature pollen with exine re-
moved (D). m: microspore. t: tube cell. g: generative
cell. Bar= 10um.
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Fig. 3. Graph showing the changes in pollen tube growth
rate. A pollen tube hardly grows for approximately
2 weeks from pollination (9 Mar to 21 Mar). Then,
the pollen tube grows slowly for approximately 10
weeks (21 Mar to 30 May). After archegonium for-
mation, the reproductive tube begins to grow rapidly
and arrives at the female gametophyte (30 May to 4
Jun). The arrow indicates the stage of archegonium
formation. Results represent means = SD.,
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Fig. 2. Pollen germination and pollen tube growth in the nucellus. A - D, F and G, light microscopic image. E, electron mi-
croscopic image. Before pollination, the nucellus has no pollen chamber (A). After pollination, the pollen exine is
broken by swelling of the intine and the outer layer of intine adheres to the tip of nucellus (B). After germination,
pollen tubes grow through the dying nucellus (C), and then grow approximately 300um forming multiple branches
(D). The tube nucleus, body cell and stalk nucleus move in one of the branches, serving as a reproductive tube (E).
The reproductive tube grows by approximately 600um and arrives at the female gametophyte (F). The body cell that
penetrated the female gametophyte forms two sperm cells. One is shown in G. n: nucellus. o: outer layer of intine. pt:
pollen tube. be: body cell. a: archegonium. sc: sperm cell.
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Fig. 4. Immunofluorescence images of the localization of Cry j 2 and pectins in the pollen and the nucellus. Cry j 2 is not
detected in the pollen mother cells (A) or in the pollen developing in the anther (B). Cry j 2 appears in the two layers
consisting of the intine (C, D). The inner layer (arrow 1) is more intensely stained than the outer layer (arrow 2).
Cry j 2 is also localized in the pollen tube wall (E, F). De-esterified pectis (G) and methyl-esterified pectins (H) are
localized in nucellar cell walls and the middle lamella. pmc: pollen mother cell. p: pollen. n: nucellus. pt: pollen tube.
Bars = 50um.
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Fig. 5. Immunoelectron microscopic localization of Cry j 2 and pectins in the pollen tube and the nucellus. A, Pollen tube
growing in the nucellus. Square 1 shows an area in which two nucellar cells are in contact. Square 2 shows the con-
tact area between a pollen tube and nucellar cell. B - C, The distribution of pectins in square 1. De-esterified pectins
are localized in nucellar cell walls (B) and methyl-esterified pectins are localized in nucellar cell walls and the mid-
dle lamella (C). D - F, The localization of Cry j 2 and the pectins in areas within square 2. Cry j 2 is detected in the
cytoplasm of the pollen tube, the tube wall, the middle lamella, and the nucellar cell wall and its cytoplasm (D). The
de-esterified pectins are localized in the nucellar cell wall (E) and the methyl-esterified pectins are localized in the
nucellar cell wall and the middle lamella (F). pt: pollen tube. ncw: nucellar cell wall. ml: middle lamella. ptw: pollen
tube wall.

NI | -El ectronic Library Service



Pal ynol ogi cal Society of Japan

AFTEARIZBIT A Cry j 2 OF%HE 57

LorL, = LAER W Z2IEmic By Tid, BE
LERIZHESE LB RNBEIZ B W T Cry j 2 MBI S
/- (Fig. 4C, D). NEBEANRE (Fig. 4D KED 1) 1344
B (Fig. 4 KEN2) 2k~ Ly ini %
7z, SR LSAER TR, RO EEBEEML 2 WIEAT
b, FORBEIIBWT, AL Cyj2 00hinEE
EN (F=FRRLTwARY), HEHOIEMEIZ
BT, FELAETOEBEDOEIICryj2ilL-
TRE#ZBINSZ (Fig 4B, F). —F, HOMARKICIE
Cryj2idiz A I NG h o7z,

BB AR F VOB HFIZONT, AFIVILA
TR F 2w BT 5 IMT Hulk, BT A 7 VqE
ROF v RHETAHIMPUERIC L D@L 20
R, WELDICHROEBICBV TR E 22 Ik B
W25 L7z (Fig. 4G, H).

Cyj2 BIURIZFyOL ML SH =S H

¥ 570, REEBIKIZLLBIELX1To7 (Fig. 5).

Fig. SA 3B L & 20O EMEROIEHRELRL, 1
T L7-F AR OHMBaM %, 2 TR L7zB & IE3RG
MR L AERME ORI 2R L T 5. BOAIIEEIC
BWT, Cryj2ididbALtisni o728, K
IAFMERZFidE L UCHIBLEE 54 LB
XiEE A LSS (Fig. 5B), 72, AFNVIAT
WAL T F i d MR BE & RG24 L 72 (Fig. 50).
—F, {EHE & BROMEOBAEA T, &mzu
TEME, SRR E OMAL Y & BRE CIEE IR
3h, &6 ’E)\Lf_XE*"g@EH%aLéqﬂlﬁioi

U%bﬂ%b% TS A Z LB S/ (Fig. 5D).

TEWE LB L3R OB E 06 L ETHEED
H MR ARI LT, 7, BT 2T vk
TFBLOAFNVITATFNMALRZ F ik & BN
BETIRE SN2 ho72h (Fig. 5B, F), EHEL#E
LB A F VT AT MLy F 8%, BROlfaRE
WCIBET A7 b7 F o BL O AF VT ATV LR
JF oA LTCwz (Fig.5E, F). a2 v ho—n&
LC1kPAIRE CRE L /25HE, Cryj2, AFILT
ATFMERSF Yy BLUOBRI AT VAERS F DT
Z2BWT, 2204 FIZLBE#RIERSNedo7:
(F=FIIRL T W),

£ ¥

EROFEF LEHEOHME
AFIERIZ BT BT h SHEERBENOFEICY
f_ % invivo CTOAFEHEOMEERITZOMEHE
23T 38
%ﬁﬁﬁwlmfu HVBE B 7EIERE— R L
ToAENEBEIC L D BROGTEMIZERE L. FOHEAEEN

T NS EFHLMIIR o

i3 iE 2 2R/ L, %ﬂl:ﬂ“fﬁ%%ﬁﬂ@f*bﬂﬂﬁﬂ&i
MIRFE 2 FIF T 7z NEESEDSZ EIHET
b ENEBENBIIIEME L LTHFL, Eﬂ:Lf’fﬂi LAl
AR LRS- ZoZehs, HNEESEIZIEHR
LDHfEOMIEE x FET AWEVE TN, FEDOHE
EEBITHB I N2 EOWEIZ & o TEROMIRZ LRI
L, EMEPHREEZRET AHEEN 2L LRl S
N5, 2HITIIBEIZSHE L 2 S%0 0 4 HE
THEL, M8 &8 L 2ROz BRI %
BT Two/z, MEFOILEHEIZD VT,
Lawson'® 13BN $ 5 2 & 74 {1 KOEHBEHMH
FE¥42 LB TV5%, Singh 57 LI 13550k
THEHELTE), K3 @fﬁ%f‘:—iﬁll,t. F 7,
BIL"Y 3 TRO O TE & MRS AORIIE, REL
oMfaEER D0 2-4A BOMBEMPIFEL, TEHENE
OMfLE % @B T 5 F TIIZTH» 5 TRBICET 28
D% FERTLRRTVE, KIZZFOMREB AL
BEOENZL o TYHEWLEE IR EERZ TV
2, GEOBETIIZO L) plleBIIEE I,
Motz FELZEOMICIIRIRPERICIZEALE
3%dprotz. AT A<y ORI L 72fEmEDS, M
fast L 7=k 02 S Bl S /M a B sA&, 8
BoOlOOTANF - L THHT 2REFHRE TR
ZLTWARIEERELTWAEY, AFIZBVTH
Al L 72§ X TOERE ITHIESE L 722k O 5%
FIICKBZI) AT OOWRBZHRE R/ L
WENL. 5l LATERED 1 RIZRGHIE, HH
%, fEEEE—FE o THEIL, ZOEREILF
OHEFEEHE L L TOEEET 5. [EWMENTILIER
B ARSI IS Y & o TR E Smllic L E
L, il zombIcEELTBY, #u"? &
F#OEENEONS. /2, THATYOERIZBW
TLHIEmER, PO, WllarEe Lok 1K
DIEMEBH T2 L25"Y, 3HOMIEE VO
BEL MR 2BESTEET S LM SIS, HTHE
WTIIIERMEZ L 2 oMM, XBOBERIITE
N7 A (male germ unit) W T 5 Z L2555
NTVBA, FAROEESRFEDIZE N THHFET
LOhb kv, SEITIIERER, WHiEZEs L
UHLOHfE S EA L 72 TERE D EMIERE L 20, M
EEREIZ BT B EIIROR L FHRA L TRz ME
xFF —H, FOMOSU L 72 B E 1L 300um
PDEBETLI LEhholz. BAXT A= VIZBW
T, HEHEBAEOHE EFEIEHE DL - HREDOM
CREELEERSH L EEREL TN,
Owens C)“g) & Pinus contorta CHEEELIRMG & EHED
HANRELRAETLIHFOFRELREL TS, £
AT &8 *IE W) T\ Alnus firma, Alnus sieboldiana™.,

NI | -El ectronic Library Service



Pal ynol ogi cal Society of Japan

58 - TR

Fagus japonica®™ (2B T, K1 5% TOHR,

EMEVPRBEOREL B L 2O MHEMICHET S
ZEPHEEINTVS., AFIZBWTHIERER, W
MRS L OO0 ES, AR EDOSL - i
BB L UMERSRE OO RIS HE 2B
HoHEMENENS.

ERBEMRICE T INIF o IBERORE

Ny FUSREEERED Cry j 21, BEROEH
IR Ve B L OB G TIE RS T, <%
%, TEHHBEORIZ LD THET 2. Zo®kMBESR
DIEHEREB LN E LB L ATRERHROMBRIZS
BOCyj2059 %Lk TR6DTERS Cryj2id
TEHETER S N LN ER B CHhERCH LM
ficawE s 2 LAURBEENRT. FRH O™ O in vi-
tro DEERTIE, Cryj 2 I 3IfEMERETIIRB I NE
PofzZ b, Cryj2 DIEMED S OFWITIEZ
MHLETH Y, 18 & RBHROBEERIZ L > THE
ShpEHHEIND. —FH, TWHLALKRLOER?S
2-3BOH LB L UOHE LN EICE LK
LB ASHRTE & VT /2. Cry j 213X F U 45 REE
REETFOZ L0s, ROBBOMILEESHE L i#
KBRS F U RSETHIET, MIMOEE LM

FEBEDE %550, MO ELFEL-EERAONS.

LSEOEBRTIE, AFVIATFIVELOBREDOR, 2 2
BEONRI F LDV TEDTHR AR L2, ZF0kk
£, HOSBOMBEEICH T X F bRy F b AF
WIRATWMERT F A5, HEIZAF NI AT MR
PF BB ENS. COZERSAFIZBENTI,
FRBIZOMT B XA F VI AT VbR F 2 idilaFE -
DEEIEETEEEZONE. —F, BT XF L
RIF L, AN T LADOREIZL Y RT F U RELH
BT AHIETHEIAHTI LS, HMBECHEED

HERRCAN DT AOEBICHEETLAL0LHAII NS,

Cryj2il&b IRy F o5, Mok
Exiio, MEELHRILT S L THEBEMRRDO X
N—RAZMRT B30, BT X7 MERT F o 25 fR
FTHIETHAMY Y ARBHESE, FhIZK > TEH
EMETRETLLEHNSINL. DLl trs, 2
FIZBITH Cryj2 0FEBRIZ, EHEOHEICEER
ZEFRIT AR I N

2 B

AXTMIEDEETLILVY V> THAHCryj2i3 %D
Ry F Y RBERIEEIC X o CRADMEE SEL, T
BOFEFRIEHEMRIIEET 5 LHEUEN TS,
AWFE TIIAEHAL L SERE B L 2 DBEE L 72 TR0

WBITECryj2 b Z20OEETHANRI T VDA
DWTinvivo COBNT % 1To 7. ZOMEE, Cryj2
ESME R TIITEA B £12, TEREMRRZRIITER
EOMRE, EHERE, EHELRLAPBB IV
LfifOMRaE MR E CERE SN, —K, BxX
T ALY F i3OI, A F VAT
WAL F 3R BE L p B I L7, DLEORR
P ORBEOHMBE TER SN/ Cry j 2 1ZEHERE
FRTCHB WM ENDL Z &, FWENRTCryj2
R ODOMRBERCHRRBIZHFIET AT F L 23T 5
Z L THifaMEE 50, ROEBERILL, [ERNE
DEREABHIZTEIEPNTRBEEINI. /-, Cryj2
X in vitro IZBWTIEHERBEIZIIHIR L 2w &b,
FOFUWNEZ L > TE L LM L BTk & OHE
ERDGLETH S Z EPRIEE N,

I

KR EITH IZHD, PEEHE L CnizEn:
AR O L D R L E T

51 RA3XE

(1) Crawford, B.C.W. and M.F. Yanofsky: The formation
and function of the female reproductive tract in flow-
ering plants. Curr. Biol. 18, 972-978 (2008).

(2) Lord, EMM. and S.D. Russell: The mechanisms of pol-
lination and fertilization in plants. Annu. Rev. Cell
Dev. Biol. 18, 81-105 (2002).

(3) Mollet, I.-C., S.-Y. Park, E.A. Nothnagel and E.M.
Lord: A Lily stylar pectin is necessary for pollen tube
adhesion to an in vitro stylar matrix. Plant Cell 12,
1737-1749 (2000).

(4) Lenartowska, M., M.I. Rodriguez-Garcia and E.
Bednarska: Immunocytochemical localization of ester-
ified and unesterified pectins in unpollinated and polli-
nated styles of Petunia hybrida Hort. Planta 213, 182-
191 (2001).

(5) Cheung A.Y.: Pollen-pistil interactions during pollen-
tube growth. Trends Plant Sci. 1, 45-51 (1996).

{6) Kroh, M. and M.W. Loewus: Pectolytic enzyme activi-
ty from Nicotiana tabacum pollen. Phytochemistry 17,
797-799 (1978).

{7) Mu, J.-H., J.P. Stains and T.-h. Kao: Characterization
of a pollen-expressed gene encoding a putative pectin
esterase of Petunia inflata. Plant Mol. Biol. 25, 539-
544 (1994).

(8) Dearnaley, J.D.W. and G.A. Daggard: Expression of a

NI | -El ectronic Library Service



Pal ynol ogi cal

Soci ety of Japan

AXTEIZBIT B Cry j2 D%l 59

(14)

polygalacturonase enzyme in germinating pollen of
Brassica napus. Sex. Plant Reprod. 13, 265-271
(2001).

Jiang, L., S.-L. Yang, L.-F. Xie, C.S. Puah, X.-Q.
Zhang, W.-C. Yang, V. Sundaresan and D. Ye:
VANGUARDI encodes a pectin methylesterase that
enhances pollen tube growth in the Arabidopsis style
and transmitting tract. Plant Cell 17, 584-596 (2005).
Owens, J.N. and S.J. Morris: Cytological basis for cy-
toplasmic inheritance in Pseudotsuga menziesii. 1.
Pollen tube and archegonial development. Amer. J.
Bor. 77, 433-445 (1990).

Choi, J.-S. and W.E. Friedman: Development of the
pollen tube of Zamia furfuracea (Zamiaceae) and its
evolutionary implications. Amer. J. Bot. 78, 544-560
(1991).

Hiratsuka, R., Y. Yamada and O. Terasaka:
Programmed cell death of Pinus nucellus in response
to pollen tube penetration. J. Plant Res. 115, 141-148
(2002).

Hiratsuka, R. and O. Terasaka: Pollen tube reuses in-
tracellular components of nucellar cells undergoing
programmed cell death in Pinus densiflora.
Protoplasma 248, 339-351 (2011).

EER - EHESCE - PARHE AR T LV

(16)

@0

7Y Cryjl & Cryj2 OEFAKIIBITLBEE.
1e#EE 50, 15-22 (2004).

Ohtsuki, T., Y. Taniauchi, K. Kohno, S. Fukuda, M.
Usui and M. Kurimoto: Cry j 2, a major allergen of
Japanese cedar pollen, shows polymethylgaracturonase
activity. Allergy 50, 483-488 (1995).

Lawson, A.A.: The gametophytes, fertilization and
embryo of Cryptomeria japonica. Ann. Bot. 18, 417-
444 (1904).

Singh, H. and J. Chatterjee: A contribution to the life
history of Cryptomeria japonica D. Don.
Phytomorphology 13, 429-445 (1963).

B AF BT 2RO L FHRRDOBE.

MREERTER 277, 1-20 (1975).

Owens, J.N., S.J. Simpson and M. Molder: Sexual re-
production of Pinus contorta. 11. Postdormancy ovule,
embryo, and seed development. Can. J. Bot. 60, 2071~
2083 (1982).

Sogo, A. and H. Tobe: Intermittent pollen-tube growth
in pistils of alders (Alnus). Proc. Natl. Acad. Sci. USA
102: 8770-8775 (2005).

Sogo, A. and H. Tobe: Delayed fertilization and pol-
len-tube growth in pistils of Fagus japonica

(Fagaceae). Amer. J. Bot. 93: 1748-1756 (2006).

NI | -El ectronic Library Service



