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AbStraCt

SexuaI pIant reprOductiOn js a crjtjcaI deVeIopmentaI step jn the¨fe cycIe of higher pJants，to a¨ow matemaI and paternal

genes to be transmi竹ed in a highIy regulated manner tO the next generation．During evoIution，a whoIe set of signaI

transductiOn machinery is deVeIOped by plants tO ensure an errOr．free recOgnjtion between male and fbmale gametes and

initiatjon of zygotic program．In the past few years，the moIecuIar machjneries underIying this bioIogicaI process have

been eIucjdated，particuIarIy on the impOnance Of synergid ce¨s in po¨en tube guidance，the Ca++spike as the immediate

response of fert¨ization and the epigenetic reguIation of parentaI gene expressions in earIy zygotic embryogenesis．This

陀View OutIineS the mOSt他cent deVeIOpment in this a阳a．
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The life cycIe of伺Ower_ng pIants is divided into two phases．

a dominant dipIoid sporophyte phase and a transient hapIOid

gametophyte phase．Plant sexuaI n≥production starts from lhe

fusion of maIe and femaIe口ametes tO form a zVqOte．f0¨owed

by embryogenesis．Du rIng this process，how t、^，o gameles

re∞gnize each other and how the embryogenesis program is

initiaIed are twO impOrtant questiOns．AIthOugh this prOcess has

been studied extensiveIy in animaIs usinq mOdel 0rganisms

such as伺y， nematode and mouse(fbr review，see Zu rita

et a1．2008)，fbr a long time the knowledge of pIants is rather

desc riptiVe and pre¨minary．Owing to development in genetjc

dissectiOn tOOIs and』h v，fm fert¨izatiOn technOIOgies。a Iarge

body of knowIedge has been obtained in价e Iast two decades
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in deciphenng this key step in sexual n鲁production．In two

successiVe reView articIes，we Out¨ne the recent deveIOpment jn

this area．This article fbcuses D rIma r|ly On the recogniIiOn 0f the

gametophytes，the fusion of the gametes and the cont ribu“on

Of matemaI and paternaI geneS：and the next articIe wi¨OutIlne

the ac“Vation of the egg ce¨， pola—ty setup in the zygote
and the initiatiOn of the zygotic embryogenesis．Readers are

directed to seVeraI reView articIes Dub¨shed eIsewhere for other

reIated prOcesses in se×uaI pIant reprOductiOn，such as pO¨ina—

tion(O’Ne¨I 1 997)，seIf．incompatibi¨ty(Takayama and Isogai

2005)，po¨en tube gro、Ⅳth(CoIe and Fowler 2006)，gamete

recognition(Peng and Sun 2008)，endosperm deveIopment

(0Isen 2001)and embryo patteming(Wi¨emsen and Scheres

20041．

MOrphoIOgy and FunctiOn Of MaIe and

Female Gametes

亡Iual fert¨ization，which is ubiquitOus amOng angiOsperms，initi—

ates the developmenI of bolh Ihe dipIoid embrvo(via the fusion

of one sperm and one egg ce¨)and the t ripIoid endosperm(Via
the fusion ofthe second sper『T1 and two centraI nucIei)．This phe-

nomenon was discovered independently by Nawaschin(1 898)

and Guignard(1899)，TWo short_“fe hapIoid gametophyIes are
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inVolved jn thjs process．The male gametophyte。or so—ca¨ed

DO¨en arain．is formed in the anther．The maturation prOcess

Of the po¨en grain occurs either in the anther，or du rIng the

germinatiOn of廿1e pO¨en tubes on a pistil，haVing twO sperm

ce¨s and One vegeta“ve nucIeus．T0 be exact，the sperm ce¨s，

with thin ce¨waIls．are Iocated wIthin the cytoDlasm of the

VegetatiVe ce¨．The transc rIptiOn—actjVe VegetatiVe nucIeus and

its metaboIism．active cytopIasm function together to a¨ow Ihe

poJJe几tube to germjnate on the stjgma，to go a Jong the styJe，

and to escort two sperm ce¨s to the femaIe gametophyte(or

so-ca¨ed embryo sac)．

An embryo sac formed in the ovuIe typicaIIy∞nsists of seven

ce¨s(eight nucIei)：one egg，two synergid，one central(two

nucIei)and three antipodaI ce¨s(Figure 1)．Sim¨ar to the po¨en

grain．the embryO sac can be cOnsidered as one gigantic ce¨

with two nuclei(centraI nucIeus)．Within the cytoplasm ofthjs ce¨

(a¨with ce¨wa¨)，six specia¨zed ce¨s are Iocated．The egg ce¨

and the synergid ce¨s are Iocated at the micropyIar poIe of the

embrV0 sac．wh¨e the antipOdaI ce¨s are near the chaIazaI pOIe

(Figure 1)．Varia“ons of the embryo sac strucIure(1 5 dj仟ere几t

types)have been reponed(Maheshwa一1950：w¨lemse and

Van went 1984)．In many species，such as A，．a6jd9psj§and

丁bren，a，0umer，，antipOdal ceIIs in the embryO sac are aIreadV

degene旧ted befo怕fem¨zatiOn occurs．1n Peperom，a．there is

Figure 1．SexuaI reproduction in higher pIants．
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OnIy One synergid per embryO sac。and in FV￡，，，，6agO．there is

no synergjd．

Synergid Ce¨s ProVide ShOrt Range
SignaI(s)to Attract the Po¨en Tube

PO¨en g旧ins germinate 0n the stiqma and the DO¨en tubeS

enler the embryO sac alo几g the transmi钍jng tract to fertjJjze the

fema Je gametes．During the Drocess，which maVtake minutes

to severaI hours，po¨en tubes are guided first by sporoph”ic

sjgnals and then by gametophytic signaIs．SeVeral we¨·studied

sporophytic processes from both male and femaIe sides are

jnVolved in reguIating the polarized grovvth Of the po¨en tube，

tO cOntrOI the pO¨en—stigma interactiOn and tO de仃ne the seH二

incompatib．Iity recoqnition(O’Ne¨l 1997：Johnson and Pn≥uss

2002：Takayama and Isogai 2005：CoIe and FowIer 2006)．

When po¨en tubes reach the per|phery of the embryO sac，

they are guided by signaIs frOm the embryO sac，a¨owjng

the p0¨en tube t0 penetrate One sVnerqid ce¨t0 discharge

two sDerm cells to the embrvo sac(Hc】Iskamp et aI．1995：

ChrIstensen et a1．2002)．ResuIts from aenetic analvsis have

showed thal the embryO sac provides di仟usibIe signals tO attract

the pO¨en tubes，guiding the pO¨en tubes towards the egg

(A)Matu陀oVary at the time of fertⅢzation，showing the gemlina“on and penetra“on of the maIe gametoph”e(po¨en tube)towards the micropylar

end of the female gametoph”e(embryo sac)to de¨ver two sperms．

(日)Fe删jzatjon process，showing that two sperms ca rrIed by the po¨en tube enter the embn，o sac．One synergid ceIl sacm∞s to a鹞ist the fe删i趵tion：

One speml fuses tO the egg ce¨t0 produce a zy90tIc embryO and One w吐h two cent怕I nucIejtO produce the endOsperm．
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ce¨(TabIe 1：H(1Iskamp et aI．1995：Wdtenngs and Rus∞¨

20041．

r，0um，e一，which has a naked embryo sac，pr0Vides an

exce¨ent mOdeI fOr examining and manipulating the ferti|izatiOn

process diredly(Higashiyama et a1．2001；Higashiyama 2002)．

Using this pIant，it has been 0bserVed in a¨Vjng siIuatiOn that，

when the p0¨en tube reaches the micrOpylar end 0f the emb厂y0

sac，it is receiVed by one of the synergid ce¨s．Synergid ce¨s

in di仟en≥nt species are sim¨ar jn function，with a high content

of soIuble Ca++in the VacuOle．／、sDecia|ized structIJre ca¨ed

fiIiform apparatus is formed through in—gro卅h of lhe ce¨wa¨at

the micropyIar end Of the synergid ce¨to increase the surface

area 0f fhe ce¨，pOssibIy tO a¨Ow high efficiency secretiOn of

the siqnaI m0IecuIes．The p0¨en tube enters the embryO sac

through Ihe仃¨fbrm apparatus．Ieading to the rupture of the

synergid ce¨．AftenⅣards，lhe tip Of the polIen tube ruptures

tO discharge the content thrOugh the degenerated synergid ce¨

to tI，e embryo sac(Higashiyama et aI．2001)．The remaining

synergid ce¨undergoes apoptOsjs and degenerates after a few

days．In sOme species，One synergid ce¨eVen degenerates

befOre the arrival of the pO¨en tubes，which is aIs0 considen≥d

tO assist the penetration Of the pO¨en tube．

』h v厅rD laser abIatiOn experIments usjng r fb￡，，"，e—sug-

gesIed Ihat the ponen tube attracting sig几al is emitted from the

synergid ce||(Higashiyama et aI．2001)．VVhen both synergid

cells are abIated，the embryo sac is nOt abIe t0 att阳ct lhe pOlIen

tLJbes，whiIe abIatiOns Of 0ther ce¨s。such as egg．centraI ce¨s Or

a single synergid in the embryo sac，do not affect the po¨en tube

guidance．It is¨keIy that．in mOst竹Owe rIng pIanIs，the synergjd

ce¨prOvides the siqnal 0f pO¨en tube attractjon．In sDecies such

as，孔m6agO with no synergid ce¨s，the egg ce¨may play the

roIe 0f synergid because the egg ceII in these species has the

common features of the synergid(fi¨form apparatus and high

Ca++content)．The signaI provided by synergid ce¨counts for

a short distance signaI，mainIy tO attract the pO¨en tubes that

have afready reached the perIphery of the micropylar region．

Long distance pO¨en tube guidanCe in the pis“I is goVerned

pr|ma rIIy by sporophytic tissues．

Genetic studies have reveaIed seve阳I materna¨V expressed

genes cOntrOI|ing the functjon Of fhe synergid ce¨s，particuIa rIy

in the finaI step 0f sperm def．very to the embryo sac．A member

Of MYB famjIV proteins，MYB98，idenli行ed in A旧6，dops，s is

required for the po¨en tube guidance and synergjd ce¨dif-

ferentiation(Kasahara et aI．2005)．1n lhe embrvo sac，the

Dutative lransc rIptiOn factor qene is excIusiveIy expressed in the

syner口．d ceIls．Mutation of^彳yB98 Ieads fo defects in sVnerg．d

∞¨deveIopment，in particuIar fiIifor丁T1 apparalus formation．1n

s，丌and，e，onfa(冶厂)mutants，po¨en tubes are∞rrectIv quided

towards and are abIe tO penelrate the embryO sac，but cannOt

reIease the sDerms．More i几teresIingly，it has been Obsen，ed

that nO degeneratjOn 0f synergid ce¨s Occurs when the pO¨en

tubes enter the sm embryO sac，and multlpIe pOIlen tubes

penetrate the embryo sac(Huck et a1．2003：Rotman et a J．2003)．

Most IikeIy，lhe bursl of synergid ce¨proVides a sjgnal to t—gger

the release Of the sperrns and tO bIOck lhe arrivaI Of muItipIe

po¨en tubes．Lalely，it has been shOwn that S尺～and F：ER are

aIlelic，en∞ding a synergid ce¨．expressed plasma membrane·

bound receptor．¨ke kinase(Escoba卜Reslrepo et aI．2007)．The

FEFUSRN prOtein accumuIates asymmetrjca¨V in the synergid

membrane，specincaIly targeted to the们Ijform apparatus．There-

fore，FER，SRN n≥presents a signal perceptiOn pathway pr0Vided

by the synergid ce¨s to mediate the recognition between maIe
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and female gametes during fe川Iization．It w川be interesting to

examine if FER／S尺～is the di陀cl target of MYB98 t怕nscriptiOn

fac【Or．

RoIes Of Egg and CentraI Ce¨s in Po¨en

Tube Guidance

A比hough the major signaIs att阳cting the po¨en tubes are from

synergid Ce¨s，mOIecular genetic analyses have shOwn that

the eqq and centraI ce¨s are aIsO inv0Ived in quiding the

po¨en tube for executjng fertiIization(TabIe 1)．The ce几f，．af ce，，

gu，da几ce(ccg)mutant identmed in A，-a6，c，ops』s from a trans-

ferred DNA insertiOn pOpulatiOn showed 44％ovule abortion．

suggestjng a femaIe gametophytic defect(Chen et a1．2007)．
Deta¨ed morDhoIoaicaI anaIysis shows that the cc口mutant

OvuIe is def色ctive in micropyfar po¨en guidance．PoIlen tubes

can reach the vicinity of funicuIus，but fa¨to find the micropVIar

0pening of the OvuIe．C：C：G encOdes a nuclear pfOtein with an lV—

terminaI∞nserved zinc-rIbbon domain lhat is func“onallv jnter．

changeable with that Of TF|lB in yeast．This suggests that CCG

might act as a transcrIption reguIator fbr po¨en tube guidance．

In the femaIe gametophyte，CCG js excIusiVeIy expressed in the

central ce¨，while outside the embryo sac．CCG is exDressed

in the r00t“ps and sh00I apicaI meristems．ExpressiOn of CCG

undertheconIrOIofcentraI ce¨．specificFfS2pnomOterOfthecc口

plant is sufricient to rescue the mutant phenotype(Chen et aI．

2007)．It is interes“na to know what kind of downstream siqnaI

is induced by CCG lo prOvide the mObiIe sianaI fbr attractIna the

pO¨en tube tO the embryO sac．

Egg日ppa，-ams 7(E肖7)has been identified as an egg—and

synergid—specific gene from maize(M吉rton et a1．2005)．E诅f

encodes a putative membrane-associated sma¨protein with

94 amino acids inVOIVed in short range signaling requjred fOr

poIlen tube attraction by the female gametophyte．Downregu—

latIOn of EA f using RNA interlbrence techn0IogV in transqenic

pIants leads tO female ster．Iity caused by IOss Of pO¨en attractiOn

signal tO the micn)pyIe．Because E诅7 is expressed in bOth egg

and synerqid。it is not cIear汗the sianaI is reIeased from the

synergid or egg，or both．Replacing the E4，promoter with a

synergid Or egg ce¨一specI而c prOmOter tO perl-Orm the cOmpIe—

mentation analysis w川provide a dj陀ct answer t0 this question．

InVOIVement Of Sperm Ce¨s in Gamete

RecognitiOn

In higher Dlants．each of the fOur ce¨s from the male mejosis

enIers two mitotic divjsiOns，tO DrOduce One pO¨en arain．The

pO¨en grain tube germinates and carries Out pOlarized g兀)vvth t0

de¨ver tw0 Sperm celIs within itS c、rCoplasm．The sperm ce¨s are

highly compacted．with very IittIe cytopIasm．PreviousIy，it has

been genera¨y beIieved that the sperm ce¨s are transcnptiona¨y

InItiation of Zygotic EmbryOgenesis 863

s¨enced(McCormick 1993)．Large s∞Ie expressed sequence

tag(EST)anaIysis of Ihe sperm ce¨-expressed genes(5 1 76

EST deDosited in the NationaI Center for BiotechnoIogy lnfor。

mation database)indicates that sufficient mRNAs are present

in the spernl ce¨s(EngeI et aI．2003)．ReVerse Iransc ription

polymerase chain reaction tes“ng has showed that none of

the genes are rea¨y sperrn—specinc．Those transc ripts present

in sDerm ce¨s are aIso availabIe in unice¨uIar 0r bice¨ular

micrOspores，suggesting that the expression Of these sperm·

car—ed mRNA are already，if nOt excIusiveIy，expressed du rjng

microspOre deveIopment．Of cOurse，these data do nOt excIude

the pOssibiIity that the transc—ption continues in the sperm ce¨s．

The 行rst sperm ce¨．expressed gene identj行ed was

GE~_ER4丌VE CEL￡_SPEC，FfC 7(GCS7J from⋯y(Xu et a1．

1998，1999)．GCS7 encodes a sper『T1 ce¨surface protein．

Mutation of GCS7 in／4，a6咖s，s does nol djrnjnjsh DolIen tube
groMh jn v疗m Or in the DistiI，but it reduces OvuIe taraetinq

twOfold．Further．the口cs’sperms de¨vered t0 the OvuIes fa¨

to initiaIe the ferti|ization．suggesting lhe roIe of GCSl in the

re∞gnition or fusion between maIe and femaIe gametes(Mor|

et aI．2006：von Besser et aI．2006)．

Genetic anaIysis of po¨en deveJopment has identi伺ed twO IOci。

d￡』O’and du02，that contrOI the竹nal divisiOn 0f the qenerative

∞¨in A，a6，(，0ps，s．The du07 DO¨en fa．1s to enCer milOsis at

the G2一M phase，whiIe du02 enIers PMI|but arrests at DrO—

metaphase(Durbarrv et aI．2005)．DU07 encodes a noveI

F讫R3 MYB transcription factOr．DU01 pmteins accumuIate in

the nucIei of sperm ce¨s．Mutation in亡)Lf07 produces a sinqIe

Iarge dipIOid sperm ce¨unable tO pe—-orm fert¨izatiOn．This gene

seems evolutiOna rIIV∞nserved．It w川be jnterestjng to know if

the functiOn Of DUO7 is solely One maIe qametOgenesis，Or aIsO

pIays a role in∞ntro¨ing the fusion of the gametes(Rotman

et aI．20051．

Ca++Spike is Critical fOr PO¨en Tube

Guidance and ZygOtic ActiVatiOn

AIthough the exact chemjcaI prI)perty of the attractant from the

synergid ceI|is st川unclear，many experimentaI Observations

sugqest that Ca++is the candidate mOlecule．In cOtton and

tobaccO，jt has been Observed that the synergid ce¨contains a

high concentration of Ca++(Jensen，1 965：Huang and Russe¨．

1992)．』h v甜m assav also showed that a hiqh concenCratjon of

Ca++anracts the po¨en tubes of snapdragon(Mascarenhas

and MachIis 1964)．The embryo sac ceases to attract the

po¨en tube after fert¨izatiOn，despite the cOntinuous presence

of One synergid cel|．This sugqests thaI an active mechanism is

ava．IabIe in the syner口id ce¨tO haIt further arrival Of the pO¨en

tubes lO the embryo sac，preVenting polyspermy．EVen in the

jh vffr0 situation．as 0bsen，ed in maize．the isOlated egg ce¨

fuses with the first sperm but not the second one(Faure et aI．

1 994)．This barrier is estab|jshed as earJy as 45 s after the initiaI
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仙sion(Fau怕2001)．which may be reIated to the t阳nsient Ca++

spike Occurring r|ght after the fusiOn Of the sperTn and egg ce¨s

fDiaonnet et aI，1 997)．

Adramatic increase in intrace¨uIar C：a++∞ncentration 0ccur-

ring in the egg r|ghl after fert¨izatjOn is cOmmon tO a¨animaIs

examined sO f百r．The Ca++eIevation in the cytopIasm serves

as an essentiaI signal for zygotic actiVation(for reView，see

Miyazaki and lto 2006)．1n mamma¨an egg ce¨s。a repetjtiVe

C：a++ rise(so—ca¨ed Ca++osc¨la“on) is produced due to

the阳Iease of Ca++仃om the endoplasmic reticuIum(ER)to

the cytopIasm t11rough lhe type 1 inositoI 1。4，5-tr|phosphate

(1P3)receptor．Most likeIy，the sperm factor leading to the Ca++

oscjIIation is phospho¨pase C zeta(PLCzeta)，because njecting

PLCzeta into the egg ce¨is sufficient tO induce Ca++Osc¨Iation

w．thout f色rti¨zaIiOn．In plants。a Ca++spike is aIso assOciated

with feⅢnzatiOn．

The role of Ca++in DIant fertiIization is first addressed in

bn0^^，n algae，=Dcus．In this Iower pIant mOdeI，a specia¨zed

eIevation of the cytoDlasmic Ca++∞ncentration seems to be

required for ea rIy fe^|lizatjon events：the generation of potentiaI

fI≥rt¨ization and the secretion of the ce¨wa¨(Roberts 1994：

ROberts and Brownlee 1995)．Usinq the加州m fe圳ization of

majze．two crj￡jcaJ events have been Obsen，ed：a Ca++jn疗ux

that sDreads as a wave front from fhe fusion s．te，and a rise of

cytoplasmic Ca++that is su仟icient for egg actiVaIion(Digonnet

et aI．1997)．The Ca++in竹ux occurs 1．8 s after the gamete

fusion，and for a pe rIod of 24．4 min．Furthermore，usinq a

∞mbina“On me廿10d tO simultaneouslv mOnitOr the ex【race¨ular

Ca++in啊ux with a Ca++vibrating probe and cytoplasmic Ca++

by wide-fieId imaging，it has been observed that the fusion ofthe

gametes is accompanied by a Ca++inffux occurnng 40—120 s

before the transient incn≥ase of c”opIasmic Ca++concentration

(Antoine et aI．2000．2001 a：2001b)．Studies using a ce¨su哟∞
Ca++channeI b10cker。Cd+++．have found thaI the inhjbitiOn Of

the Ca++innux dOes not affbct the Ca++sDike and the fusion

0f the sperrTl with the egg ce¨，but preVents the incorporation of

their cytoplasm，sugges“ng that the Ca++spikemaycome from

the reIease of Ca++from lhe int阳celIuIar compartment，阳ther

than the Ca++innux．The in伺ux of Ca++is n§quired for cyIopIasm

incorporation and karyogamy(Antoine et aI．2001a，2001b)．
Consistent with this observation，it has been observed du—ng

the『n州rD femlization of majze that caI怕ticu¨n，a major Ca++

storage protein．Iocated in fhe fumen of ER，is strongIy induced

after fert¨ization(Dresselhaus et aI．1 996)．These observatjons

suggest a commOn modeI Of zygotic actiVatjOn thn)ugh the

presence ofthe Ca++spjke dunng the fertilization in muItice¨uIar

organisms．

Di仟brential COntributiOn from Egg and

Sperm in EarIy Zygotic Emb叫ogenesis

MendeIian inhentance predicts that each indiVidual pIant re一

∞iVes twO equaI sets of nuclear DNA matenaIs from¨帕

pa陀nts，which is t陷nsm砒ed to their progeny foIIowing f旧e seg—

reqa“on Iaw．This is true for most traits studied so far．However．

research in the Iast two decades has discovered differences in

epigene“c modification between the maIe and f色maIe genomes，

which Iead to tremendOus va rIations in expressiOn prO罚les

between the genes’deIivery bV male and femaIe gametes before

and after fert¨ization．This is the Dhenomenon that was行rsI

discOVered jn animaI systems．

In mOst animaI species，the ea—y zygotic embry0 deVeI·

opment appears to occur mainIy under maternaI∞ntrDI and

does not require transcrIp“on 0f the zygo“c genome．A Iarge

pOpuIa“On Of matema¨y depOsited mFtNAs is present in the

cytopIasm of the egg ceII For example，appr0×imateIy 50％and

40％of mRNAs encoded in the genomes of伺y and mouse。

respecIiVeI yI are aIready present in the cytoplasm Of the egg

through matemaI conIributions(Wang et a1．2004：Tadros et aI．

2007：Zur．ta et aI．2008)．In伺v，no transcr|ption is observed

dunng the们rst eight cycIes of synchrOnic nucIear diVisiOn．In

nematode，the们rst signal 0f zygotic transc—ptiOn is detected

at the fou卜ce¨staae，while in mOuse jI is at the IaIe t＼^，O-

∞¨stage．SOme matemal gene products are IOcaIized in the

egg ce¨in a pOIarized manner，de仃ning the bOdy plan we¨

before the zy90“c embryO paftemjng 0ccurs．For jnstance．the

matemaI gene B『co『d is crucial for specjfying distind domains

a10ng the anten)pOsterior fragmentatjon in们y，especja¨y for the

development of the head and thorax(BerIeth el aI．1 988)．Bolh

B『cO『d mRNA and protein a陀IOcalized in a gradient fashiOn

w．th maximum atthe anterior poIe of the eag and the embry0．

In pIants，it seems that the ini“atiOn Of de nOvO gene ex-

p陀ssion 0ccurS immediateIy after fe^ilization．Suppression and

subtractive hybridizatjon analVsis in∞mbina“0n with mi几。Or

O rienIa“On seIec“on has been used lO study differen“aI gene

expressiOns in egg and zygOte ce¨s in tObacc0，which a¨Ows

identification of a group of nine genes that are expressed onIy

in the zygote，not in sperrn and egg ce¨s(Ning et aI．2006)．

Further，it has been n≥ported thaC matemaI genes cOntribute

t0 both embryo and endosperm deveIopment．Du r|ng A，_a6，c，qp—

s括endosperm deVelopment，materna¨y expressed genes 0f

F，E F『SZ MEA．MS，and G厶4UGE are presenl to repress

the endosperrn deveIopment w．thout fe nIIizatjon(for review，

see Huh et aI．2008：Ngo el aI．2007)．It is plausibIe to be¨eve

that simiIar machinery is present in the egg ce¨t0 preVent it

entering embryonicdeveIopmentbefore fe州fizatjon takes pIa∞．

Although such a factor has not been identi丽ed from pIants yet，

some expe rimental resuIts have showed deIayed expressjon of

patema¨y transmitted a¨eIe jn severaI species．

DeIayed activatiOn Of the paternaI genome was行rst几§pOrted

by Vie¨e—CaIzada et a1．in 2000．Among 20 genes tesled for

their expressiOn in early zygoIic embryOgenesjs．nOne Of them

expressed when transmitted patemalIy．MOst 0f Ihem became

activeIy expressed：}_4 d after fert¨ization．Based 0n this Obser_

vatiOn，the authOrs pnopOsed that mOst．汗nOt a¨．Ofthe paterna¨y

tr．ansmitted genes are initja¨y silenced．Sjm¨arly，in apomicⅡc
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hybrids between majze and its w¨d reIative of丁，橱sacum。it has

been shOwn that，fbr a¨1 6 genes expressed du ring ea—y seed

deveIopmenI，onIy materna¨y inherited a¨eIes are detected du卜

inq 3 d after fertiIization in bOth the embrVO and the endOspernl

(G rimane¨i et aI．2005)．The parentaJ gene expression has

been further studied using microarray anaIVses Of precociOus

embryOnic deVeIopment．demOnstrating that earIy embryO de-

VeIOpment Occurs withOut significant quantitaIiVe changes to the

transc rIDt p0DuIation in the Ovule before fertjJjzatjOn．P几暑cociOus

embryO deveIOpment Is aIsO cOn‘eIated with a higher prOpOrtiOn

of pOlyadenylated mRNA in the 0Vules．These data suggest

that the matemaI．to-zygOtic transi“on occurs seve旧I days a舱r
fertilization．

H0wever，∞ntroversiaI阳suIts have been repOrted．Meyer

and SchoIten(2007)examined the a¨ele—specific expression of

25 genes after fert¨izatiOn 0f the eqq in maize and fOund im．

mediate equivaIent parentaI genomic∞ntnbutiOn tO the zygote．

PaternaI transcrIpts have been fOund in alI examined genes

that are expressed before the们rst zygotic division．Sequence

cOmparjsOns indiCate that these geneS are invOIved in a range

of processes and are distrIbuted th r1)uqhout the genome．This

竹nding con行rms thaI some pIantspecies have eVOIVed a strategy

to ac“vate the patemaI qenome immediately after fertiIizatiOn。

in contrast tO the situatiOn in Other DIants and in animaIs．

Such an extensive actIvatiOn Of the paternaI genome right

a他r fe川lization is∞nsjstenl w．th many moIecular qenetic怕一

suIts．EarIV transc r-pIiOn 0f paternaI a¨eles has been Observed in

Ara6『dops『s using reporter∞nslrucl(WeUers et aI．2001)．AIso，

the phenotypes of numerous embryo lethaI mutants segregate

with a typicaI sporophytic 3：1 ratio(Liu and Meinke 1998：Tzafrir

et a1．2004)．suggesting no apparent maternal effects．Among
323 embryo IethaI genes identified in肖ra6脚sfs so far，onIy
four of them(1．24％)showed 50％embryo Ietha¨ty inslead 0f

25％(1^n^nMseedgenes．org)．Mutation in EM日尺yO^『，C F—C7-o尺

7(F诅C7)Ieads to the arrest of 25％of embryos at the zygotjc

eIongation or after the first zygotic diVision stage，suggestjng

that the paterna¨y de¨Vered w¨d—type copy of the，：诅C7 gene

is sufficient tO rescue the mutated，ac7 a¨eIe in the embrv0

sac．ExpressiOn anaIysis was∞nsistent with”1e genetic data．

The paterna¨y tnlnsmitted，i4C7 gene js expressed 2—_3 h after

femIization(×u et aI．2005)．

We therefore propose the hypOthesis that，in higher plants，

mOst Of the patema¨y de¨Vered genes are expressed quickly af-

Ier fert|Iiza“On．The biased segn{gatiOn Observed in some cases

might represent exceptions in nature Or technOIOgical artifacts in

experiments．AdditiOnaI studies are needed tO elucidate 910ba¨y

the epigenetic reguIation jn earIy zygotic embryO deVeIOpment．

ConcIuding RemarkS

SexuaI plant怕production陀Iies on a p阳cise mOIecuIar genetic

cOntrOl aIOng muItipIe steps．In this reView．we out¨ned the

nitiatiOn of Zygotic EmbryOgenesis 865

recent deveIODment fn)m the pOint 0f n号cognition between maIe

and femaIe gametes，fusion of the gametes(as summarized in

TabIe 1)and the expression of the parental genes before and

after fert¨izatiOn．AIthouqh the whOle process takes OnIy a few

minutes to hOurs in mOst DIant sDecies，denned machIneries are

availabIe frOm maIe and femaIe sides IO guard the process en-or-

free．Behind the curtain Ofthese events，the mOst ImpOrtantthing

is∞mmunjcation．AIthough major pIayers陀guIating the fertjI．

ization and gamete fusion prOcesses remain to be discovered，

pOwerl．uI mOIecular，genetic and genOmic technOIogies provide

us with tooIs needed for deciphering them in a timeIy manner．
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