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in the context of the exemotions outlined ln Anneres I B
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Backqr ound

1. Annex I B of D'ireqt ive 9O/220/EEC ercl.udes from the scope of the
Direct ive the cel I fusion ( inc,l.uding protoplast fusion) of plant
cel ls where the result ing organism can be produced by tradit-iional
breedinq methods , whi le

2. Annex I B of D irect ive 9Ol219 /EEC etc l.udes the ce I I f us ton
( including pro,toplast fusion) of cells f rom plants whi:ch can be
produced by tradional breedinq methods

The Committee of Competen:t Author it ies of Direct ives 9O/2:19/EEC and
90/zzO/EEG has decided to interpre.t the concep,t "t'radit i:ohal breed-
ing" in the contex:t of the above menti:oned exemptions, so as to
help harmonisat ion among Competent Author ities..

lnteroretati:on of the conceot '"tradit ional breedi'no"

Fo,l lowing a ser ies of consultations and di:scussions by the Committee of
Competent Author i t i:es, i t has been coRc luded that the fo I l:owl ng phrase
iou tO serve as an interpretat ion o.f the concept "trad i t iona I breed'i ng"
w i th in the contex t of the exemp:t i:ons, rof erred to in Annex'es I B of
D i rect ives gCr/2,19/EEC and 9Q/2?0/EEC.

"Tra:ditional bre€dino" rneans practices which use one or more
of a number of methods (e.9. physical andlor chemical means,
control of physiologacal processes'), which can lead to successful
crosses between plant.s of the same botanical famlly".

A background paper on Current Plant Breeding Techniques has
been made availa:bl:e try ttre Commission (Dac.Xl/464/92).
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INTRODUCT tON

]
The p[tpos6:of thls tlocumerit l:s to give an overv:lew of current basic and
other plant Oreedlng technigues;t malnly aml ied at organlsrnal lsvet and not

mettrod, 'an srptanätlon öf the. proccdure,"and the app.l|cabIIIty'of the
technique .lvi t t bq prc$6ntad. Fegarolng thg änswor to thc questlon 'what
are tradltlonat bracdlng nc.thod3", thc docunent should sbrvc as a hasls for
further ctlscusslön. Therqfora, pgrsonal oplnlcns of the author have been
avoided as far. s Fosslblo.

A genera I character lst lc of the. technlques analysad ls tha.t thay are
applhed a.t org3nismal lrovel and that tliey maihty rlnterfere with the
polllnatlon pFöGeii5,' tho, fertl!lsatlon'gloecss, and .tha vory eatly

. }r dev€,topngnt frql zygst€ to embryo. Other avallable approaches to conDrne
F- / dqslrablc,'tralts I'ntg ptant's gucn as tsctrnlqucs taml ted *t ccl lulat? or

,tttol:ecular lcvel (Flgurc 1) arö bey.onO the sqogc of. thls papcr and wl tl nst
be dtscussed hare.

*-J
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rI. GENETIC I\IODIFICATION rN PLANTS: TECHNIQUES APPLIED AT THE

ORGANISMAL LEVEL

lt Basic breeding techniques r

plants which can also cross in narura Basigalty, they !n1lv9 !D nlanneO ltftollination and

(ii) planned cross-pollinations with cross:compatible planS whictr are detiberately selected by

the breeder. l

With the only purpose of illustrating how breeders use self-, and grossaollinations tq

direct their expeqiments in a,very detined way, a descnotion 
1r 

url comltn 
:* 

o.:l**:
procedure follows. Back-*ossing is a techniqug used i1 nlant bqeeding to inqduce a desirable

trait (e.g. a disease resistance) trbm a donor parent X 'into.the genomic background of the

recipient parent Y. Tq do so" parent X is crossed with parent Y. The progeny from ttris cross,

which contains 50% of the donor's genetic material' are screen{ tor the desired character' The

oftprings possessing the desired tralt are then crossed back to the recipieot parent B' The

progeny of this cross (the first back+ros generation 81) now cOntains 25% of the gen*ic

materiat of parent X. The plants are again screened for the desired characteristic, for instdnce

the resistant Olants, again back-crossed with parent Y; this proc€ss is repeated untit about Oe

swenth or gighth back-cross generätion. At this stage, less than 9.157o of the donor's genetic

material rehäins and the plans ot: the B, or Bs generation are self-fertilized (crossed with each

other) to pioduce pl3nls hompzygoir,s for the desirable trait. , :

. The process described above assumes the allele for the desirable trait is doririnat- 'If it

.were rrcessive, thcn it is necessary lo atternate back.crossing with setf-fertilization of the

back-cross generati ons.

', toboiourly, the main consequence of the human intervention is that tbe creation of a

particular combination of genetic material is (drasticatly) acceleiated. .Stated difrerently, all

plans (genotypes, culrivars) produced by using basic breeding techniques colld, in principle'

also originaro in nature, but it would take much nore time.

To obtain progeny of the desired male irnd female parentage, it is , nevertheless,

necessary to möter.tec}niques for manipulating ttre ]rybridization Process (q.& to be able to'

cross-.pollinate a selfjollinating plant or vice versa). Some typical technical intgrventiol are:

(l) emasculaiion of tlowers to prevent self?ollination and to allow the bft"d": to fertiltz:

the plants *itt potten ot'.his own choice. Emasculation is generally obtained by rtarual

removal of the anthers. Chemical emasculation treatments applied at the time of pollen

6
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meiosis have buen employul by breeders of some crops (e.g' spraying with ethephon

l; fenridazon induces' 100%
reduces the mate- f'enility of errcalyptus [Su and Wu' 1984

male sterility in wheat fMizelle et aI-,19891'
.1

Qr. Isolation of t'emale tlowers'to prompte self-pollinatlon and/or 36 prevent unwant

pollination by wind gr insects. Igolation; generally obtained by bagging the flowers' 'must

be done bgfore anthesis.

g). enincia applicaiion of viable pollen u the stage of optimal receotivitf of the feqale sex

' 
orgaps

;.

in particulai situations, the human intervention goes somewhat further'

':,. i.

l.l.' Ovcrcoming s4odul banien

(l) iir hatur.e'' :

I+ general, the läigär the spaiial.distance:get*een parent A and ptlrent B,'üle-'tower the

, chance that A an:d g witt cröss. Tbg posibility that'a successful cross will take place is

' iedücd further if tbere,is'an extäniJüt phlnitäi banier (e€: ocean, ctrein of mountains,

efc.!. It should be noted thU spatial.larriers are considered as one of the factofs with a

strong'inOirect influence Ön the diVÖrgencÖ of Species during evolu$on'

Q Breeders

. spatia barriers are never a lirnitation for breeding (e.g. worldwide transport of se4s'

@tdndiblteü'is'ütisibli); 
' I ' "'

. :r'.'. I,1.,,, .t:.: : .: 
.

I.2. Ovcrcoäihg chmrclogiatl öariün

ln nature

The:shorter the,overlap beNqen the period of'fertility of pareni A. and pareqt B' the less

'chance A and B will cross.'If. there iS no qverlap :u il, there will be no Sqqrssfrrt

qrosses- ' '
Breeders

Temporal barriers can easily be circumvented: the use of greenhouses with climatical

conditions adapted in such a way that the'(geographical) races A and B flower at the

n storaäe -gf 
pollen mlfes Cermplasm available at any *ne of tfe

year. For instance, pollen from pearl mill.c. (Pennisetun glauc6) has been successfuuy

stored uP to 8 y95s at.;73i9,,34{,*$inues to be.viable' Oq thi contrart; Pollen from

r ..''r'i\jffi'';';L*:,1,
.(: :/, i. ..

' . '.t::'-'J,.,..
' --":r:'1':

- 
_ ,.. 

,l;fi;ii_,
'' - :' '!jl':i: i:

r-.....1r....:.:. ; .

. .,i."'_' .
. - ..i
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(2)
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tield-grown pear.l millet plants lose yi$ility atter one day ar27,"c and after thlee weeks

at 4oc (Hanna. tqgo; ör a review on pollerr storage in t"t trqps' see Sedgley and

GrifFrn, 1989).

2'. Tectrnigues fol overcoming crossapititf Uariers

,. Ii,naa'e, several barriörs ariknown to timii the probability that two pq?illanß:tll

,; ;aq orn* me goar of this chaprq is to present an ove5view of ttre possibte barrier$ '

andtodescribetechniqueswhichbreedersuse(ormightuse)toolo*':"T"oT1:"
general, the tecrrniques foloverpming barriers arl t*Y.l;icreasine ""* "l:ln:exitv'

Throughout the text, the . terms 'compbtibilfty", 'incomPatibilily"' and

"self-incomp",rounrt witl be used frequently' To' avoid confusion, the.definrtions used tt

given beloY.

i4 Two plants are said to be (cross-)compatible in narure if ttieir respective gametes are able

@ Two plans ar-e incompatible in nature if their gametes are 
lnable 

t 
Ti-i"*."1

goteisunabletodevelopintofertllqprogenybecauseofphysiologicalresulting zY-

barriers. ''

ro *it**oatibre prana are unable to self-fertilize in nature begause of prrysrologtcal

barriers,

a, ,,g"ooa *rr,,onu can say ttrat plana uaonnrl to trre 
11lnespecies 

are cross-qolryatible

: 
and plans. belonging to different slecies ue.1os-:t11tp"It:e' Horrevet' *t@!"*-::l

, directions do exist. :A well kpoln exuirplg of such an exceptionl " *UtT trc{aptqid,whr.ß'

;;*, it is generany accepted that this species o1t1** seyel"r tilnes oy *" *
i *, iuccasfirl crosses between a.yild diploid wheat-tike ptd aDd a

10,000 Years afte

primitively arltivated ütaqloid duntt' wheat'

)cumenq,itisworthwhitetomeltionthatsweralofthe: In regard with the scoPg of this dt

Elorecomplextechniquctbrovercomingincompatibilitybaniersbearthgpotentlltogeneraß€
- ^:^-.^) L.r nalrrro

U$ldt *hich gau h:irdlv.or not at all be created by naore' 
l

i'r

{
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2.1. Barien cause:d by spoliat and chronological sepamtion of sex orgarl, ßo'called

mo rpholo gi cal i n compatibility)

t
(l) In narure

ln the cobrse of,evolutiou naqqre has devetoped severat ryechaqisrns .t9 prevenl

inbreeding*l and to promote outbreeding+ in flowering pfants. The main oubreeding

mechanisms.are: '' t 
ier at'ttlila the pqesence of incompatibility facton.(self-incompatibilit-y); this is a ban

\ ptrysiologicd level and will be discussed in secrion 2.2.2-1.

I O spätial separation ofsex organs :

o dioecy: male and female flowers'on different plans (e.g..red cqFpion)

o ' ,mo.noecy: sparat- male,and' femele flowers or infloresp.gnQes ,o.n the samq

piant 1e.g. maize, hazets).

. herkogdmy: , reduCed eftiClencJ of selti-fertilldon by structure or

, positioning of pisti\* and stamens* (e.g. nrb4ulo)

O chronotogical sep'aration of sex organs '

o protandry: reiease of pollen from thE anürersr befole tbe stignar in the

same flower ü. receptive (e.g. many members of the hqposüae äfr
I-eguninoiae);

.o protogyny: thg stigma ,böoortres ,r_ecpp$ve .before:the, 3n$q19 in' th9 same

: tloyer releaSe their pollen,(e.g. merüb€rs of the Ro.t$ceac ani 'the

AitWirA:':'';

Spatial and ctrronologrcal se,paration of sex organs can be consi$ered as special cases of

spatial and chronologlcal barriers. Therefore, breederS are ca.Babfe of cr€$!3 any

plurned niating (af leqst. if the merttioned banigfs are. r-xrt onpleoeotd wiü
: .. .

ptryslöfogca ones) using sirnilar approaches as mentig,ried in sections 2.1.1 alod2.12-

t:

I Asterisk refers to Annex 2-
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2.2.' Physiologica! btirien resulting in incompatibility '

2.2. I . Self-incompatibitiry 6l)

Based on the ca.lculatiqns of dift-'erent authors. a minimum of 31000 setf-incompat*t: 
1t:::':

would etist, divided over 415 genera within the angiospefms Gast, 1940; Charles*@',1985)'

The. uaditional explanation for thq evolution of selt'-incomparibilily is that it tott,l 
_1

mechanism to minimize inbreeding and promote outcrossing in tlowering plant populations

;;;, ttru, o, Nettancourt, 

-ßn). 
Hdwever, other scientists state that there is not

necessarily a relationghip beween sI and thq lwel of inbreeding and out-crossing in populations

(Olmstead, 1989). ,' . '

.

between pollination and t'ertilization. For a short description of the difierent pollination events'

see annei t. intribitiorr of poliination occurs at diftbrent levels:

(t) Inhibition on the stigmatic surthce

lortbrmshortpollentubesthatdonotpenetratethePollen grains are unable to gqrminate or tbrm snoil polren

,or","lThis type of incompatibi6ty is conmon n compositae, cruciferac, and

Gramineag:

A, Growth barrier in thä stYle*

Polten tubes germinate, penetrate the stigma but the'tube growth is impeded after soml

time. In this;ay, pollen tubc are prevented frgm reaghing the ovary*' This type of
i

incompatibilityiscommoninsolanaceae;lzguminosae,lndSooplwloriaceae.

(3) Growth barrier in the 'ovqrY

Irrhibitionofthepollentubetakesplaceonlyintheovaryorintlreembryowc(e.g.Baa
' ;;Ä, rreusrd sgp.). In cacao, even the genegtive gametes are disctrargä bu1 sanetic

rt occur.

Although self-incompatibility is known 9 be. genetically controlled (in rnany farpilies

self-incompatibiiity is controlled by one locus, the's tocus at which multiple,dl:: have beqn

described) and despite signiticant progression in the elucidatlon of th9 molecular biology of this

rifess itself is still'pot cleärly
process,'the exact method by which the genetic informatrcn p'Gääüz-pil, Fjl

undentööd. To datg the molecurar analysis of poneq/3lsllfinteiäctions tras beeg f-oarSed on

genes encoding'glycoproteins thought to be involved in the recognition of selfaollen in tn'o

plant f'amilies, thq Erassicaceac ud the Solonaceae'

: I0 Brassicame ö known alleles at the ,i locus have been associatd wittr a class'of

oigrn ,; glycoproteins, thelso-called .S-tocus-spr:cifrc gtycoproteins (SIJGs)' The concentralion

(i
't

rr
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of.SLSG increases as the pistil rnatures and maximal synthesis r?tes are anained at the onset of
l

selt:incompatibility in the developing stigma (Nasrallah et al.. 1985). Furthermore, SISGs are

secreted into the papillar cell walls where they accumulate (Kandasany e! aJ., 1989). This

localization is-consiitent witq infribition of pollen on the srigmatic surface of Brasslca ud
sugg5s that thelsecreted SLSGs coat the surf'aces ot' the papillae and might diffirse onto the

pollen grains soon ater potlination (Nasrallah er al., lggl). '

li Mcotiana'alata, Ihe alleles at the S locus seem to be associated with a class of clrpelt
.

glycoilroteins,.designated the S-associated glycoproteins (SAGPs). These proteins are localized

primarily in the interccllular matrix of üre stylar trursmitting tissue ald, it lower lwels, in the

pap{tar cg.lts of the stigma and .the placental epidermis of the ovary (C.ornish a al., 1987). This

localization is onsisrcni with jnhlbitiön'of pollen tube growth in the style of the Solanaceae.

nec1ryly, s9v.91{,:f ,nr geires ertcodld q, Brassica SIJGs atd' thg Mlory SAGPs,have

been isolatsi! and sequenced, Since detälleifdescription goes beyond $e scope of gis.doqrFrent,

I refer to Qe following pubtications: Nasrallatr er ot. (i98S, l99l), Andeqson a oI. (1986),

Lalbnde a at. (1989i, Anderson et at. (1986), Kheyr-Pour et al: (l9f,f}l, MqCdmisk {t991).

t*o, important remarks regardilg the subject o{ this document are::

(i) the self-incompatibility response is regulated during the dwelopmmq of the flower and is

gpically acquired at l-2 days betbre pttiesis* (Robens er a1.., 19.7.91:

Intgppecifiör, intergeneric*, and intertribelt'hyönduatigns offer plant ürfeders a q1SAd for.

ingreasing the range sf variation within the crrltivated pl4r-rts',tnlnatrli.e, only, a linited,ryqb.F

Several hypotheses have been forwudd to exptain the interspecific incompatibility:
':O intospecific incompatibility is governed by the same lcicus as self=incompatibility

(de Nettancourt, 1977);

O interaction between the S. gene and other loci play a substantial role in the

interspecific incompatibility response to major genes or polyganes acting either as

rejectors or as regulators. Major genes that act as rejector! in the pistil reject

certain pollen phenotypes, whereas regulators aontrol tttg S gene and are

hypothesized. to switch .9 activity on or'off in certain genotypes or to affect the

. strength of the incompatibility reaction (AMalla and Hennsen, 1972).

(iD



tiom selt'-incompatibilitY'
I Interspeuitic incompatibility is completely tlistinct

' intecpreted by Hoogenboom (1984) is termed

Interspecitic incompatibility as ' 
lting

"incongnrity":l 'the non-functioning of an intimatela+nu re'fi*Ot 
::l

gn in one partner aboyj some televant tnl*'
tiom a lack ofrgenetic intbrmati

of ithe other" '
between two di$bient specfes can be d{ided into

The barriers preventing hybridiZtion

Woclasses. ' ' '. ' . ' :" : lr '' "

2.2:.2.|.Pr+'zygotic(pre."fe*ilization)barriers
l

This includes all iricompatitiility reactions which takg place i" f;* 
. : '

fenitizatibn. The tbllt - 
cf ,crosses between trmelated

he sti$matic surt'ace: in the large majortty r

(1) inttibition on t 
.

' : 
species, the pollen tail to germinate;

(2) growtlt barrier in the stYle

(3) 'growth barrier in the ovarY I '

2.2.2.2.Post-zygotic lpost-iertitization) barriers 
i

post-fertilization bäniers hinder gr retard dwelon1en1."t *-t zygote after tenitization and

ormaldevelopmentoftheseed.lnalargesensgnost-asotico*,:^'::interfere with the n'-- r later generation progeiles.

;;;r- reprodyctive abnormalities in Fl *o*:;nd tneL '!e'}v' o--'

Unslccessfut post-zygotic devetopment can be ca{sed by:

' o) Htbrid inviab*iffiJilT*o 
betrveen rerared spec,:: *:::,: T:.::

lpped aftu p few cell divisions or at any t"8e Itftt"
gro{tth of the embryo is st< 

rific crosses, abnormalities of
foifiation of viable seeds' tn grher interspec

;'** reqult in non-viabte hybrid seeds' '

I Some examPtes:

' I t further divisions and then the

. : and the endosperm nuclei undergo a feu

embryo d'egenerates' :

l:l

fr



.intertrihalcioss:'ryexmaize(Zenkteler&Nitzsche't984);result:

t'ertilization tak* p1ace, but thq globular embryos degenerate six o ten days

atter Pollination.

oproductionoftrispecifichybrid:breadwtreat:i'''Tido!Triticum

durmxAegilopssquanosa(Siddiqui&lones'1969);resutrhfbridsrlws
rhen dwelops necrosis and dies before

tbr twb months, produces tillers' but t

, maturitY.

Causes for hybrid inviability or weakness . . :..
oActionofspecificgenesüratareloownto;itduceto[4|ity'

dlorosis, or

.- a^

v

' weaknes3 of Fi hYbrids'

: innbellitlaa ii atrected by a gene with g1$tiple alleles: dlele LG "lTo-

#ly'stage, allele Ll at late stage' urd allele I does not affect
lethaliÜ äi-'ettily'stage' Ülele L- at rare Dral'v' ere e'*

the bYbrid develoPment'

. Disharmoniols interaction betrteen nuclans of on9 sPecies and cyto.plasm ot

:al differencgs in intersp*ific crosses)'
the:othdr'(this can exfilain'reciplot

E,mnple:wheatxbuleyhybtidshavingbuleycJ4.opl.qgaod*b3
r: .. -.. -

rlucl.qlls q,, 
"i,o.iätqt 

y'th pjstillojdy. (the reciprocals et=e ryEq4):

a ; Oßfi.;1igtiiö,o,inttracrion of üre $lo gepgrn* siürin üS FP,,14 9*"":
difrerences in ctriotrosonre,riumber; cetl cycle r,uy6n, sgqr",lfio: i.l' . .,ti

piäsöntie öf tölofieric',hetöiochromatin,nÜ,contribute singy' or;9!!9$'vely
..,

tä*aid diiharäroni'of:ihe wo'genomes' ;

'Exutplb'-Trirtcale,am:in-made@txrf'eJrybrid'luffersinsevgglways
I rYe and wheat geno'me:

from the distrarmonY beveen the

+ unwtlency i, or *Op.og.occurr€n'g9t'pro'bab..tr;fca{P of differeqces

' in cell cycle rhythm of the whet urd rye Parent;

thelate,replicatingDNA(mostlytelomerichet,'enoghronlin)1n

rye chmmosomes'causes brutge formation at +alhase*: 
-

.*,t.bridgescausetheproduct'ionofabnotrr..ülypolyploid

endosPerm nuelei;

-theseaberrantnucleicausesterilityorshriveled
(Becken, l98l)'

.*" 
-]
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...Ipcompatibilitybetweenembryoan!enr!osperm(andmat9rnal.::'".:]l

ln tt"r* crossgs the endosperm starts to disintegrate soon after tbnilization'

theemhrytrheingdeprivedofitsinida!tbodsupply.andgrowthregulators..

@ HYbrid sterilitY l

rposed of two difttrent sets of chromosomes -the
ln hYbrids where the genome is con

chromosomes' the lack of chromosome homology'

diftbrence in strudure and number 9f
valents, and the production of unbalanced gametes

resulting in a variable number gf uni'

its in hYbrid sterilitY'frequently resu 
rble but sterile hybrids' This

F-xanple:the intergeneric cross cabbage x radish yietds vii

cabbagehasl8chromosomes(2nz:,,,.n,.=-,.,^::^.:on-'"1radishhybridhasl8

chromosomes, or t nz = lE; however' the homology among 
lt' 

tntoT::l* Oti ' t'f

)m radish was insufftcient for nonqal synapsis and

' cabbage and the 9 chrbmosomes frc

disjunötion so that the hybrids were sterile' j

(3) Elimination of chromosomes

In some intenpecitic crosses . orrlout, numbel oi'chrqmösomes of one or both parens

is eliminated.
)etween Hordewt vulSar: and II' bulboswn results'in

Exanpte #1: the interspecifi:.tit:t i' '

acomplue.eliminationofallbulbos,'.t.,o'o,omesduringdeyelopmentoftlrehybrid

.tUrYo. (Kasha and Kao' t970; Ho and flnE 
l'gi+ L

'Exanplet2:thehybrids'prodl..dioenlnterg:nlichvbridizationbetrreelcomroon

wheatcuttivarsandcultivatedbarleyftequently.lackttrebar1eychromosomesland5.

iKoua et dl:,1991)' .

t

r"
r'

2.2.3,

lsectionhavebeenusedtoobtainseedfromotherwise. rhe arrav of techniques described in th's 
lction i:::t::;;:.:;';; i"iiu*u.*,

'self-incomp4ille and/or interspecificattv incompatli::l:::1*ions' In some hvbt

I ll ffi ffi * **:TilffiäT:f,J ;:ff ; 1".ä$ :y*:
-.1, researchers claim that application of ttte techniques desgribed below resulled in fre produgtigtl

!1 '-*'-"'-- n nature because of absolute selt:incompatibility or
ii of hybrids which iould not. arise ir

, ,,i interspecific incompatibility' j ' 
'

"- il
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2.2.3.1. Techniques fbr overcoming pre-zygotic barriers

Bud pollination

I Description of the lechnique

. Mature poll* is placed on the immature stigma of still ungpwed flowers (=

flower buds). The optimal stage for bud pollination is genotype dependem and

varies berween tno to four days prior to antheis. lbe effect of bud pollination is

usually atributed to the abserce or incomplete acivity.of the potleu nrbe grorvü

inhibiting $rbstances in the iminature stigma.

O Application r'' ':
This' techniqup is; for instange, widety mrployed in the production and

'. lmidtenäncc of self-inoompatible inbred tines fpr comnercial .hVUAA r."O
'.:.

produ$ion'in.c,rucifemps and other'crops. In citnrs and pear pollination a the bud

tsfi 1.r' \.
-a
-1 .1 -

;)

stage results in full-seed qa p€nreen parmers which are norpally.toatly

cross-sterile (Sqost and Cameron, 1975; Yapashita and lwanaga".l98a; ,Hiratsuka

et a!.,1985a, 1985b).

@ Modified bu"d pollinrftion (stig i complementation meüiod)

O Di$cä1i-tion of üre iechniqrg' - : 
..

Iminäuirö stigmas are first imder,sed briefly in an aEreous mediug containing

HrBQ and Ca(NO3.)z;4H1O in.1 glas capiltary tu,be having an imtte diameter

Volume of li$ht'mirtqfl.'oil qobaidng a suspensio.n of inompatible pollen. This

kind of'büd.potlirtation,oftrs ttib erqa advantage üat th? qpptied mediun mimiss

the manre' stigrna. exudate functiors in encouagiag adhesion, prwenting

dessication, and providing moisture at üb proper potential gfadipnf for pollen

hfdration.

O Example

, The technique has been used to ov€rcom.e self-inconpatibilrty in serreral memb€rs

-, . otthe Soluraceae'(Gradziel and Robirson, 1989a, 1989b).

(3) Dela.yed:pollination

, O Description of the technique )

Mature pollen is placed on aged stigrnas three or more days after anthesis. The

effg of delayed pollination may result from a rapid loss. of the ii,t iUitirrg

substaniei in the pistils. 
'e
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I Application

The technique is tess generally applied than bud pollination.':
Exanple:,delayt' hud pollination has been used to produce hvbrif jn tne

naturally selt:incompatible.apple Cox's Orange Pippin (Williams and. Maier,

'1977):.:,
(4) End+f-seasonmmpatibility : . : , . , I . .,

o...Descriptionofthetec.hnique.:.
I pottinaiion is performed at tlte end of the flowering seasonor py placing pollen on

: flowers developing gowards üre,.end of the life cycle of a plänr Phpiological

ageing of the plant an$ worsening gqowth conditions'at ttre 9nd of the:season are

, .thought to result in ä decreased'capacity lo.produce incompatibility substanges:
\-

: gdneticalli daermined-. ' .i '. .

(5) Suboptimäl growtlt conditions ';'

I DescriPtion of the technique

conditions. Low ternperature in the flowering stage appears to be most effective. 
r

. toiry tigtrt intensity, high relative humidity, and p@r'soil conditions have also

böen. usü successfully. The suboptimal growth conditions seem to weaken the

incomPatibil itY reaction-

O Application
. : .. - i

. The.method has beeniusd to overctme self-incompitibilty in zuga{ beet, red
: ...

| , 'beet, primrose, Btassica, and some others (de Netrancourt; l9n). 
,av

'0 . Description of the technique ' . '

Growth substances are applied to the planb on the pistils one or two days before

or after pollinaiion- Regularly used growth substances are gibberellic acid (GA)

and natural and artificial auxins such as indole'3-acetic acid (IAA), c-nlphthalene
:

acetic agid.(c-NAA), and 2,4dichlorophenoxyacetic acid (2,4-D). One possible

exptanation of ihe auxin effect is that ihe delay'in flor,d atscission eirOtes

:(VanMarrewijt,l989).Anotherexplanationisthatauxinsexerttheifeffecton

G

pollerrtubegrowthandovarydevelopment(LarterandChanbey,l965).
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O APPlication

2'4-D (100 mg/l) one or two däys betbre or after
APPlication of GA (75 PPm) or

pollinatibn has become a ioutine procedure tbr interspecirrc a$ 
'tt:tt:::

crosses,in several.cereal groPs like Triticum an! Hordeum (Brar and Khush'

t98e).

(7) Use of other chemicals

O , DescriPtion of the technique

ile Pollen' or the stigna has
Application of a variety of chemicals to üre planr' tl

been tested for its eü'ect on incompatibility. The mectranism of action is unknown'

O ExamPles

uriidunl ila.ent on9 .dal after pollination with rye pollen signi$cantl;

' u*-..0 the embryo produaion in the cross T'' turgidum r Segole cereaQ

'

ftaira and Larter, 1976)' 
:

. Trä*rnent' otlpotteo with sugars or of the stigma with ryns before

. 
'' poiti*,ion teads to consfderabtllr*".0 seed s't in incol-uatible petunia

srosseb (Shivanna and Jbhri; l9S5)' I :

)ther chemicals thar have been used with vqrying degr'e€q of'su*Fs-Ü"
' ' c 

@ethY'lnu5r-ry'PYromYcine'

and oluondxirniael 
:ctrtor._-amphenicol,.acritlayin, narihgeni4 paraffin' and

salirylic acid,r

Use of mentor Pollen '

t D.esc,riPtion of ihe'm*hod

Pollihätiön perbfmed Witfr a mixnrfe of incompatrblg.ponin and 4prhersource of

' conßäiiülö.- r)'polt€n r rrlts in *' nsT eceengnr fl i*y*01111*: 
lpruuier, of tlris ii€rhod is how ro $ep4 ate üre q€$ griFry$$ fiom o4p@le

and incompatible'combinatiors. The geqerclv fottoyea aPIrgaü 1o 
cirotmvent

n* *"".; is to'use pollen mixnrres in which the compatible pollen la'e Ueeo

ilretreatedinordertostoPitfromfertilizing.Theorrtyfupc$onofüemmtor

;;r"; .o open the door for üre incompatibre po[en *b*. so, they nust still be

able .o germinate and to pei'retrate ttre styie but nrbe gfolvth r4e is reduced O such

$tive and occuPy dl (or
' an extent that the incompatibte pollengrains are comp€

lproceduresargfollowedosexrratykillthe. most)'ttre egg cell nuclei' Swera

menror pollen: radiation flco il-rays), metlFryt repeced

freezing/thawing cYcles, etc'

(8)
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O Application: 
. 
The rechnique has beeir applierl rvith quite some success in several crops (Shivanna

,and Johri, 1985). ' ,, 
_

Use of pioneer Ptlllen :

t Description of the method '

A tirst pollination with compatible pollen (the pioneer pollen, eyenhrally

inadiated) is suiceeded by'a second pollination with incompatible pollen one or

ffio days leter.

O Example 
-

Sdf+ertilized seed of selt'-incompatibte apple and pear could be obtained by

pollinatiqrgwithcompatibtepollenfbltowedbyasecondpollinationwith
r 

^--^ 
rdoä. lTlare I(lX'll

.self-po'llenonetotrvodayslater(VisserandOost'1982;Visser,1983)'
Use of potlen coät extiacs : ( "

,} Description of the method 
:

Extracts of compatitrle pollen poats are smeared on thq sttgpa surface before

poliination with incompatible pollen. The presence of specific substances in the

extract should be able to 'mislead" the incompatibility reaqtion

0 ExamPle

coating foreign polleq with proteins exracted frfim the pollen wdl of compatible

grains of poplar enhances the zuccess of interspecific crossrng, (Knox et al,, lTIZi

Willing and Prior, 1976).

Irradiation of the stylg : . l

O DescriPtion.of the method
" 

in , t rr, appro"*r ne styre is exposed to a short but high dose rate of x-, uv-,

orl.raySimrneoratelybetbrepollination.lnasecondapproachtlrem.rrplaeplant

is chronically exposed to a low'dose rate of X-, UV-r'or T-rays during the entire

rate would temporarily
flowering season. In-adiating the style with a. high 'dose

eliminate the incompatibiliry mechanism; chronic inadiation'would reduce the

incomPatibility reaction.

. t ExamPles ,

^ t'- ) v ---,- ---t:o}l immnrlintplw lrefn,
Acute treatment of the style with 2 Krad X-rays applidl immediately tBftre

" 
- 

potii".,lu inouceo hrii;i tr,. tä.0 ttowerS to sät seed in pelbia ftinslens er

' at,l960).'Much higher doses up to 200 Krad,r-iays ue etrg}tive to ove'tcome

selt'-incompatibility in Mcotianaa/ara @redemeyet et a/.' tgll).

v
(10)

(l t)
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( t2) Mutagenesis

a DescriPtion ot'the method

Polten'are irradiattd with UV- or Y-rays or treated with mumgenic agents (e'g'

nitrosourea and sodiumazide) prigr to pplfination'
.q

. O APPtication 
'

Ttq procedure has, br instance, bee1r used t9 Produce hybrid seeds berween

Heat shock and high temPeranrre

0 DescriPtion of the metlrod

In a first appmach; styfes,are immepd in hot (50iC) water bg.fore pollination' In

:a secoird ,pp*."f,,'*'e whole plänt is exposed to high ternPeranrres (3240:C)

efrect'is as Yc not fullY
äround the flowering s99.1r'ne n+-ur9.of tle !qnp9ra. hr€ . : '

. 
understgod. A first inssiUte exp!"4p-tiop !s, Sl the inconpatiöillty Urgfgown 

'

results fro'm 
' inact'ivation or depalul-1tjol 9f ,!!1 ll .to;!",

incompatibilitya*ermining erzyme systg4s''.(-StSGs or SAG":T)'

explanations a5e',qur.ning-ot'oJ"ürp.'syF,Sr6!$,,of tlrg incompg$büity prog'gins or

*äitii. o6' *t;uu *9e grp$'t'b? rns. e*gt* in üe sular toodoctive

.. ' tignre(de Nutascourt; 1977).'--

t , exmr" ' ', " '', '; . ,, .. ,., - : - ,

tn titiq4 tonstfloTwl,a,r- to!,miartpinr.nglion gq tt'9.ttvle 
T lI, 

tT-?,*"]
enorrghtos.tasioeüre'setfncompatibitityreaction(Qryp'!$anal,ig|Eens;ls

l98lS):'I:" 
" 

rtt' 1

Chsrgihgthe'atmoptiaic comggsilign . , .'- '

o escqiPtiol of the m€lttod

'S*o t* poflinatpn the.flowen are eryos€ü p CO2.concqq$$gr rangiiUften

!*-rt tU*,ia,aüi noientgl'el,plal4iqns forüre acio,n ot.9Q jl Oe blpcti+g of

iriibmirauuillty in ii),üts,.enhancepe4 of pg$ln,activiW og,rne gq1indio!

, .ro:*ie grou,rr lotr,a\tuat a ar,, r:r1l^g:r r.,t:T:::I"*,r":'ryT:'
in ttre stigma papillae (o;Neitt et a1,,1984), (ür) an inq,eage in tlie rate 

1f 
pou€n

adhesion,whictrnaninitiatwentoftbepollenlstigmainteracdon(PalloixStol"

t9st.

, t APPlication
plied to overcome self-inompati;bility in

This mettrod has' for instance' been a1-
..ö
ctl

^./:
$rfafa@ , _,,,,. 1

Di-t{t€äo'ta=4' ' ' :',':.;i5t-'
.. .. . .. ;i!:,:,.:])-r:: . 

. .. :
' ,. .;'1:.'i;1":1 ' : '

. .. ,. :, ;. ,.',.. , ,
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(15) Electric-aided ptrllination (EAP)

t DescriPtion of the method

potentialdift'erenceofl00VoltisaPpli'edbetween

isapproachedwithelecnodetipschargedwith600tol0@Volt.Ther9o"":*''1

.;oi*.,"" for the EApl effeet. A first possible explan4ion rs that a. forged

1 
okes a nor-mal germination'

sticking of the pollen fo the stigr4atic papillae prov---- - . -'
,qnoOe, explanation is that the treaEnent mutilates üe stigmatic sirrface by melting

covers it' As a consequence'

]thapollengrainwouldbeableloescapethesiteofintribition.

I APPlicationI ied to overcome self-incompatibility la Brassica
This'Procedure has been us

:ßoggengtal.;197?:'Roggcn, 1982)' ' :. ;

tfö :ffrermatly aided frollination ( fAD " I

I DescriPion of the technique...'rtaceisheated(70-80"-c)forabout2secondsby
At Polllnation, the stigma sl

f,reans of a mini $oldering-iron 11 is asume<l that the heat anffation^i:::..":

surface o1- the stigma papi$e by ihelting or sotenlng 
:t 

*.t *01,'':"0*

, . , thereblr disturbing the recognitioo'te"L-irm. Anottrer explanation could be that

ttre hear denatures the S-Specifrc proteins'
.--- .. . .: , 

...

t APPlication
elf incomPatibilitY iD Bntssds

This tecttnique has b'äen used to overcome the s

, s, ,"rri., cabbage, ard early spring cabbage ßoggdn and Van Diir' ltTO'

Steel-brush Pollination'

i DescriPUon olUe method:
'- ': i' " ' . - nsiss in cotecting-rnan*e pollen by ouctrigg ripe anhers with a

Thg mgthOd CO 'ture Pl'rrer vJ w'--']

miniature steel-wire brush and subsequently gently pricking the steel hairs with the

;;|-] *u.n grains ino the manre stigma surface' The exact medranism of

action is unknswn'

0 ' ExanrPle

steer-brush pollilaligllvirh !?-l'glT-1lq o"Tl was 
lble 1 

ovL1111tube grornt

inhibition in sun-tlower (Bhaumik et al'; l9E2)'

(17)

'.N
i:
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2 2 3 z.feOniges for wercornin; ga$'zygo6c barriers

(1) BSidgpg specres tedririrpe (bridge cms)
:\'/ .'':i::'' . 

1öo'oifh.,lldüibry'o Descript 
üe sane or diffccert ploidy

sPeciesA ad B (with -.
Wbes Oirect- crosses bctqlepn '
rcvelst ,;--t**r*" o acrorrplu$ &e bridgig species tecmiqtß @

;ff; . fsmitr to co'bine rrc snooes or a ana 
l'-u-9t Y: 

*t

ää:*o; ou,*oo *ena otrqnreat do troc-soss wiü Fcxaproiil sheqs-

: ' . bid specles sQriraas a bridge fri trmsFeqing gBoes

Uuds such coqditiolis' t$rep

from üc diploid *ild species m rhe sddvatd lcxsploid 
ctheqt.

4.
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Examplas

. Diproid Havnatdiaviltosao o'lt'::!o cro:s:'n n"il::o *n*-::u:::,

aestiyum'.However,tetraploidT.dicoccoidesiscompatibl.ewithH'villosa

' and I' aestivumtnO t* serve as a bridging specix for transtbrring genetic

intbrmation:of n *itosainto f' ood*"'(Bru arf K:tush: 1989)'

ianais-norcrossablewiüTulipaluufm1nniana.Abridge' o Tulipa Sesnu

- cross wirJr Tulipa greigü as the intermediate was used to transfellel*ic

: 
matä*a from I' gesnerianato T' lnufitwnianl Cvart Eijk er aI" l99l)'

Embryo rescue technique '

I DescriPtion of thb technique'- --- s 
'brid embryos aseptically and growing

The ta;hnique involves exclsing the young hy

theminasimple,solidnuuientmedium.Usually'l}tolSday-otdembuosarl' 
rts at earlier suges of dwelopmenq it

öxcised. ln cases where embryo abortion sta'- -- --

may oe.' necesiary :o 
use moie complex c'lture media Once the;mbWos:*:t::

,-t,ooo'theyare.generallytranstbrredtothegreerrhousewheretheydevetoptnto

, intact plants. 
.

t APPlication

; The tachnigue (dweloped by Laibach' 1925) is widely ryed 
to crrormvent hYbrid

inviability o, *o1no' (sw' 2'2'2'2) (9'g' when endospgrm Pt"*Y 
prevents

;-+ i*etopmenr). Emblo rwtiue has, for irstance; bln successflrlly used to

produce;hybridsinvolvingi4elspecificarrdintergenericcrossesincerealsG.g.

Sharma and Gill' 1983; Li and Dong' l99l)' '

(3) fuvtwlvtto embrYo qrlture

O Description of qtre meürod . ..-,
Inviworinitloembryoculnrtgjsamlditicatlono|'.nu".l.1.or€sqre

technique.Hybridemtiryosareexcisedandnutonnledendospermofttrgfernle
' la normal growth rnedium'

Pärent which is iself Placed on

''f APPlication

.fr,techr.riqueispanicularlyüsefulwlreruTu:'e'grygsareobecultur€d.Such
embryos aie diffrcult to excise and also requipe complex media whictr could be

laborious to devise for a'large- rymbq of 9g9l-co.g!!nati-ons,

(4) Ovary* culture

a DescriPtion of the technique

dsoon(3to7days)aftärpollinationarecrrlnred'. In this technique ovaries excist-.---'
aseptically in a suitable nutrient medium' Seeds obu



l9

v/

'!

,*)

s0wndiruutlyinthesoilorthehybrid;emtlryos.thatdevelopin-.ovariesare
:

transferr.ed to another adapted nutrient medium'

a APPlication

ovary culture is easier than embryo and oide (see further) culture because there

. : has, fbr in$ance, been successfully applied to obtain in*g*"l: 
iyb:t::*:l

Diprotatis siifotia 
lewild 

specres) rnd *lri".tf Fyslcaceoo *ry i :: :*l
and to create intersubnibal hybrids bemeen Mortcandq gvrfjß and Bro'ricc A

;n"ra*me species crar.alata and Takeda, tTr. nccoiding to these arthors it

.'wasimpossibletoobtainthistypeofl;ybridsbyusingbasichybriiliätion
"' ': ' '

techniques

(5) tn ovttlo'ömtiryo cutture (ovullt cultu0

t DescriPtion of the tu:hnique

iles are excised soon (4 days) after pgllination and
In this PtPcedure t'ertilized'ovu

inlteaO of the ernbryo qre lhe rnair d!$rences wiü
isolatiön of the'Öomiilete ovule

ttre' dmbrYo rescue technique'

ffiä;;;"b ispanicutarlt **f itthe.poptzvgoiic incompatibili-ry reactiontakes
f'

ptäOe .iri a: very'eaity dwelonmltl sttle' Ai:codding p Algq! lnana Tffi
t199ll in ovulo emFyo orlture is the only sueeesstu! methf tO

fromtheintergenenchybridizationbettv'eenT|l4lg|/ 
usti.y1ry(L').Thgllod

-:
Elymas scrhus(R.BiJ Love. Agaiq" n9 hyQrids in.ld be'otiaile6 !y ody r'51ng

ü*iC htbridizatiön tecfrniqua

tO Embryo äflius culture Lectinique

O 'Description 
6f the teclinique ' : . :

' , ,n tftOl,technique asepticatly excised, immature embryos uc 
iitiallV 

cultued on a

;; inducti6n medirim. Subsequeritlyi the callus iissue is uito as the source to

. _L__--,

produce hybrid plana via organogenesis or embryogeness'

Application

The'technique is particularly useftrl if the postzygotic

preyents normal embryo dwelopment' both ln viw and

technique).

Emrnple: the' interspecitic LycopeiTstcon esculentym x

ernbryos begin to detenorate t0days.1fter pollination,

incompdibilitY reaction

in vitro (embrYo r€scue

c'
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'translttontiomhetertllrophytoautotrophy.Whiletivetechniques(embryoculNre,
al rreatments- and ube of q

ovule culture, use ot'chemical agentsi use ot: hormtlnal reatments' *o "::
"high crtlssablllty L', pcruvturtultt 

. .Ltttv' 
"-. - 

- . 
-. 

-:a- L-.L-:rd
theincompatibilitybarriers,noviableinterspecifichybridswere- overcome Ine lrlsultlPdrruurJ 

t.i^,,o however- did result
obtained.Applicationoftheembryocallusculüretechnique,howevet,,did

,duction of fertile hybrids (Poysa' 1990)'
in the Prc - .

(7) In vitro poilinätion, fettilization' and gwlg culture

DescriPtion cif the technique

üon of rn vrrracultured (i) cornplete
In vttro pollination comilrises the poltinat

:pistils*, (ii) p'stils with part of the ovary 
lall 

remov*'^t:t'] placental*-segments'

and (iv) placenta withratached wufes' After a succasstul.fllf!"" tit ,li
ttnilized owle$) is(are) 'solated and cultured in vitro, and tinally grown !o adult

plans.

Apptication : .

rn vitro ferti*zation eembined "l* 1, 
orlnrrinl 

:.| 
*u"t "t* o 

:
, 

important technique for wercoming th; barrien inhibiting the pollentube growttt

and the very early suge embryo abortion at the same time' The t*-l: 
l*"

I otherwise incompatible hybridizations
used to produce hybrid emtry-os in manl

lly incompatible)' and may be a viable
(both setf.incompatible and interspecifical

alrcrnative to parasarual or somatic ccti tryurioization (e-g. Dbaliwal and King'

1978:Zentrcelei; 1988)'

(8) In vitro fettililatiln by electrofision

' O DesciiPton of the tectrnique

The following steps can ,be: distingrrished in ttre in v.ttro fertilization by

;,ofu,io* i;* rig,1* 2): (r) solatron of viable un:l.:* -."i:ll **
(rupureofttrepollen:grainsbyosmotieshock)t(ii)is$ation:l,tt1bt:-t-T*tO

fromovuletissueoyeruymatictreatm.errtfollowedbymechanicalisoladon)'fii)

electrofusion wittr single pairs bf gametes Gnder mrcroscopic obsenation)' and

(iv) cultivation of the fusion product'

I APPticuion - :-.
,u.iinow,Jhisveiyrecentlydeyelopedlrocedure.ofrnyiirrote{itizatioauy

- ' ' -- -'- : "-- --.-': -- ' en-used to combine geneic

. . etectrotrsion (Kranz et al" l99la) has only' bg-t- 
'-, 

,rt".i"titrom cross+ompatiüle maize pläns. However, it seerns very likely that

, \ ;;;"ife wiu atlo be appricabre to tuse the gamues ftom cross-incompatible

'planls. :

I
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O Remarks

.Thefusionpruluctot.aspermcelland.eggcetltrommaizestartedto
' divide within 2'5 to 3 days and multicellul-

developed Li,r' nign t"quencies' Until now' no hybrid plana have been

rePorted

o ,;"; celr can be fused widr the egg ceil ,without any need for ceu

wall{egrading enzyme trearment prior io frrsion (at leat in maize, SP@

cell in mature pollen grairs seern fo represent true proopfasts)'
: : 

'erm 
aqd egg cells has begn

)lb) tq'nrs" Ol single sPer-rn

i * --r ^.-.--r --ttc WiütI cells with singte synergids* and central cells, (ii) single e3g cells

singlespermcellsin.n.o,o,n.uot]adheringsynergidsandürecerüralcell'
' rcleated (= wittrorit nuclans)

' and (iii) one or fwo sperm cells'with single' 
1nt

protoplas-s; ürus creating a haploid or diploid cell'

. Aä atteraativ e itt vttrofertilization mettrod io whictr sperm cells are inject€d

alsq bm reponed {Keyzel et ql'' 1988)'
.. into the embrYo sac has

1. .. feginiqu€s fbi chrömosome magnutation und alien gen9, Fqtl$cr a! orEanisrnal

leYel .

sever,al medrodl have been'developed for incorporating complete alien genomel ti":t"

chnimOSOtnes, snfau chrornosömal fragments' ot 
" 

i"w alien g+es frora a donof dant in1 a

recipient Plant-

3.1. Crestbn of anPhiPloids

öescription' of the method "JJ
Interspecific hybriG regrrlarly shorrr a in some casrs tnititY can
lÄrsryw"'v

be restored by applying colctrinp tri induce'a c\rom-moFe aoO1iry of * 
Y" 

hybrid'

T1,e'nb* hybrids are catled amphiploids, which meailt the hybrid contains an even

number of the bäsic sös of chromosomes ftom bo$ parent s'pecrcs:

o

c'
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Remark :

rrt2(3)inrjirectiveg}lzlo:EflcpolyploidyinductionisatechniqueBased on Annex IA part Z(J) f n (Ilfc(ittvg zvr I

whichisnotconsicleredtoresultingeneticrnoditjcation.

3.2. Creation of alien'addition linx

I

?
o

DescriPtion of the technique r :

r species followed by back-crossing (see 2'l)
Theprocedure involves hybridization of twt 

, a "descendant, whictr 
.

the hybrid or tfre amphiploid'1o die recipient species urd setecttry

from the tecipient plant'and a single pair of chromosomes from the

has all chromosomes

donor Plant.

Application

Themuhodisused.whentheadditionofacompleteggnomeisaccompaniedby.--;-Usingrhistgc|niquealierradditionlinesbave,
' introduction of mani undesiratrle tbatures'

lfo, i*t-.e, been o*"* in wheat with iingle aoolctrogoryme pairs ol aegilops';

Secale,andHordewr(Lacadena'1977;Islametal''1981)'

Remarks

. . 'A.simitar approach can also -be 
used to synthesizg ttt"-ttbtt::tl::;:""

chror-nosome substiotion refers to $e'reptacunent 
ot 

1ne.* ::t:::"
chromosomesofttrerecipientplantwit}ranequalnumbero|nairsofchromosomes

ofthe donor plant (Khush' t973; Hu er a''' l9g8)'

ll , Both a'en .ooioo",-a aien sugstitulion lines sometimes devetop spontaneously in

I I nature'

':b
r,-. !'"

tr
hot.Joq,oug - -

3.3. Inducing h#r Pairtng

Descriplion of the technique

An important problem in the productign of interspec'fi. 
l':.:l.js 

the'r4uced 
'''"':

ano ia.r or recombination ueleen n; :;m**J::: ä::: *:ffi ;:
recombination depends upon the gTtetic her -i = .:..- 

.

dift.-erentfordiff-'erem.u.ror"tesorctrromosomesegmfntslnsole'slecies'..tif
sion is öömöileo by a specific gen*ic loots

wheat, it is knowrt that the pairing supPres

hornol
(rhe pairing,h"-*t&?3.tl3cus, or Plr locts, in whest)'. Several prOcedrres ot"t,oT

establisliedto'.iput.tethislocusandtoiT:easethepairingtgquencyandthe

feämbination frequency between th: two :* of chromosome: 
: .. ,



23

ho-.'\oqäu q

wild. specix can sometimcs' be usd to induce ttomoe,il€gäß pairing and

recomhination in cultivatecl species;

I inactivaricin of the pairing homoeologous tocus by mutation.

O Example r t---.-..! homoloqou S

lo *heat, a prr mutanr wirh'enhancel ä,iilä*rtedetrs-pairing has been isolated after ethyl

methane sulfonatti GMS) treatment (Waß o al.,l97l).and aner X-lafing normal pollen

(Sears, L977).

3.4. I rrudiatio n-iqdu cgd t mwlo'cado n'ot alte n chmnosorttc segme,üs

O DescriPtion of the technigue
.ga

:.-'E'
\ ; Ihe technique consists in irradiating the pollen or seed of a monosomic* alieo addition
\- / 

tine fotnweO öy recovery .of the translocation* of alien chrgmosome seg$€nß in the

'.
successive Progenies'

....''OAppliiiiioni:
't 

. . ,: 
j

fne'iechnique has been used foi trarutocating a 
lnatt 

segn nt of ur allen'gl{o.nosome to

the recipienr genorhe. Search (1956) used the tectrnigue .for gansfening F s-ma[
.:

. chromosome segm€nt carryirrg le$ rust resistance from aegtlops. mbellulaa a

chromösome 68 of conrmon w[eat'

O Bernark

Based on Annex IB(l) in directive g}fzz}lHEg. mutagenesis is exsluded from the
.

dirbctive. '
:,

^.)) 3.5. Undirected nutagenesis
\-' ---l

:

I DescriPtion of the technique

Seedsrrf existing cultivars are exposed to niutagens, suqh as ionizing radiation or EMS, '

and progeny with the desired phenotyped are selected'

O Remark

directive.

:.
E

f,
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3;.6. Lünited slien gene tmnsfer by polle4-irmdiation

DescriPtion ot the technique

Pollen irradiated wittr high doses of X*ays 3 u"l tbr pollination' Th: inaAiateA po[dr

; inactivated chromosomes tik.sp.n in fertitizatioq and olt*tt 
lromlsome

fragmqna are delivered into the egg hucleus. This pseudofertilization can irduce the e98

o develop parthenogenetically* and the DNA of the mate nucleüs can bq incorporated

intothqfemalechromosomecomplementduringreplication.Thediploidy:'o:*.',"

result of chromosome doubling leadipg to a zygote with some selected trais of the male

parent.

Application

The method'may be used tq transtbr small DNA segments (i) unong orltivars from {e

'same species and (ii) acmss Crossability barriers,'thus svercoming the problems of hybrid

inviability or steritity. In thii way, it inay serve as an alter:nltive to somatic cell

I4rgE4-t+' '"hJ; onry gppri&bte to ürose roo]o where tne m+1aln1o*

. Iil-f6p, parürenogenetii seeds when crosed with killed, inaOiate6 pgllel (e:g' Pandey'

1975; Powel I et al-,19E3).

t
s:'

{t\

l:!
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STJIAIARY

Al|'.technlqucs aro cmp,foyed to conblno gonattc natsrlal bs.tviesn
speclss botohglng to the ' hlngdom of plaryts. lntraspqcl'f lc,
lntorgenerlc,l and lntertrtbat crossss have baen reported.

ln prlnclple, tho tqchnlEu€s can be spl lt
"tn.p&anta' llevol (1 .to 22 anil 29 to 35)
maka usc of ln vltro culturc (23 to 28).'

..'
lnto a sct of lntervcnt lons

and a set of technlqueg that

,fj-.,:!
'''li (2,vl

. cl)

^)\\-- ,-/- (2)

(3)

Many of the +-echn lques srg cn ly qsgq to producc hybr lgs 1 
-bgtweenpf ants. that are crgsgiggtp?tlü.Fc ln natgrc (1, 2, 3,, 22: 29:31)z

.,' :' -l('3) Accortting to the scl:cntlf lA iitciatu?ä,recrne of tho tcclrnll:Etiäe,hauo
or coutd be us6d to ltcncratc hybrlds hertwcen plants that arc cross-
stcrl[c- ln naturc (i, 5, 23-|2?? and 35). Honcupr, lt h39, t9 ho
adrnftte-d that lt ls d{fTlcuit to provo whothet a certaln
hybrld,l-latlon ls absölutady lnPosslblc by uslng only, bagle.,,Fr!cdlng
teclrn l:ques

tv Forilrs. FQF, FURTIIER OOIISIDEFATION

c

]low nany c|ross6s havc to bc carrlcd ln ordsr b drat thc ConstusloD
t'nat twä speclos ,atc mo* sross-storl te l'n nature?

.. ..: ::: .. -:. ... . ..

| -.i : .. ', . ,,
Accordlng to Anner lA, part 2C1) ln Elreetluo:8.f2491'8E9, ln v:ltro
fortlslzatlon i:s a tschnlquo not consldorcd tö te.s$;!i. ll; gepetlc
t*off tcatlon. Hor @os thls rclatc to Scchnl:gu6.s 27 ind 28? l 

'

Toctrnlquos 26-28 and 35 have baqn profoscd as altsrndtlve3 to,somdtl'c,
hybrlrdlzatlon.::tlgr rto',thcy l--9!:a.tc to Annd fA, palt 1(3) and Annar
1B C2) of 'D t.rsct lve 9ol'220lEa}i .' 'j .

numberlng ref€rs'to that used in Table.'1
.:.

'a

2 The
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Table 1. €ompilation of techniques applicd
'.

Plants

at the organismal lev'el to genetically inodify

V:1,:

I. Basic hybridization techniques .
'"'1. 

Selection (choice ofparent plants) ' '\

2. Self-pollination of cross-compatiQf.e. pl1ls

a. Crosilotlination of cross+ompatible plans

U. f.*rniques for overcoming pre-zygotic incompqtibility baqriers

4. Pollination of buds : '

S. Stigma comPlernentation

6. DelaYed Pollination
7. E'nd-of*eason Pollination

: g. iölli"t i"o unOo zubtptimal growth conditions

g. Pollination .t i tterEtt*" with exogenous growth substances

ld. i"llio"io" 
"ftu, 

o*t*"* with shemical agents

11. Use of mentor Pollen
12. Use of Pioneer' Polleg .

13. Use or potten-äat tittttt from cpmpatible pollen

14. Inadiation of the style :

15. Muta'genesis of Pollen
iO. eppriätion of aheat shock to the style

' ii. cül"gt of atmospheric cornposition

. 18. elaxricary aided pqllination

20. Steel+rush Pollination
ii. iotgi""r reäoval of stigma and style

Itr.T€cl'niqu€sf,orovercdmingpost.zygotic'incolltiullitybarri€rs

22, iiridging sPecies techniques

i:. gmbtyo resnre techniqtre 
-

Z+- In vitrolin yir'o embryo culture

25. OvqrY cdure

1ß-hrirrc
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Annet l. Pollihutirrri events

':.

Poflination involves (i) pollen capFre; (ii) hydratio4 and germination, and (iii) 'pollen

tube growth. The pollen grain pnrduces q rube that emerges from one of the pqres' FOr

instance, in crucit'ers the pgllen tube fnvades the stigmatic papillaq ttrrough the action of

digesiiveenzymesandgrowswithinthesecond4rypapillar.cellwall.Atthebasilofthepapillar

cell, the pollen tube grows intercellularly in the transmining tissue of the stigrna style. and

ovary.

In thc ov4ü, the tube grona over the surface of tlre septum, penetrates the firniorlus, and

enterStheunfertilizedovuleürroughthe.mict.opyletoeffectfertilization(seeFigt{:3'for...
cluification of anatomical terß);, For extqnded revierrs on the' pollination evenF' see

?:
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Annex 2. Gloss:rrY \ 
"

AnaphasÖ:an,earlyslageinnuclearrlivisitln.duringwhichseparationofeitherchromat

homologous chromosomes commences'

Anther: the apical pbrtion of a starnen wfiich produces the microspores or pollen grains'

' d-.:o oÄt

Anthesis: the period from flower opening to fruit se!'

oses the ormles iri tlowering plTts; it normally

Carpel: the stnrcnrre that Uears anf 
;ntl---- 

-

cqmprises the ovary, styte, and stigma'

InUreeding: production ät ompring.by the fusion of genaically clopely related gametes;

n'is the most intense form of intrqeqing" 'self-fertilizatio : ;"';ä"*i"ti*"'* senera' '

IntergeReric cross: cross beweel two spec 
fferent (sub)tribes. : .

Inter(sub)tribal üoss: cros between two species belo'nging to di--

Intersneerfc lios 
bgtween wo diftbrent species'

lntraspecitic crd;s: cross between two paren: *t *t.:T9-.:':tt*'

Monosöäicanorganismdeticientinonechromosomefromln"Tti::i::tot"r(2n-l)

o".;*''g: groduction of offspring by the frsion of distantl'. 
:"."* 

gametes.,

Qrary:ttre'su6llen,basalpartofthecarpelinanSiosnllns':ltncontainsthgoUles,t

ovule: the female gamete and its protective and nutritive tissue; iu angiosperrrs, *: 
::::

comprises a central embryo sac c 
a small

two proteclive integumens internrpted by
surrounding nucellus' and.oqe o1

opening,themicropyle;theowles.**.otqtheplacentallissueby'mearyofthe

firniculus'

.Parthenogenesis:thefevelopmentofaneggceltintoanembryowithoutfertilrzatign'

rel or a grouP of carPels'
Ptstil: a single carl

Placerrta:thetissuebywhichowlesareattachedtothematernaltissue.

pollination: ttre toni, of pollen from the male reproductive orgars o ttre fernale sex organs 
.

the flowering Plant'
Stamen: the male ieproduction organ of ---- -

Stlgma: the receptive tip of the carpel, which receives pollen at pollination and on whicb the

Pollen grains germinate' . .

Styte: 
'tne 

,,rii" portlon of the ca-rpel beueen the o:ary -l *l Itili:
il** ;,;;; ;;n.*.,**r chromosomes during the earlv srael of_the first division or

meiosis.

TransrocatiOn: a chromosome mutation in which a chromosome se$nent has becgme d*acled

: 
ologous) chromosome'

and rp:nached to a ditTerent (nonhom
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Figure l, TypF of generic rwdi{icarion in plans' ' ; :

" (,{dapted from oE(D Grcup or uan"tr ot*'1Tl1 ::t*}1.tt' 
A Disorssbn

I Darclopncnt of Plant Cultivarr l9l)'
PaPer on Pa;fonnancc Trials for th
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Figrrfe 2.' Electrofusion-mediated tn uitro fertilization'

sinerr, isorateo sperm and egg cells are t'*Y.'T*-::ion oro1t1'.-u nT-::

gametes were fused elecuically afier dielectrophorericäl alignrnent of one gf the elecqodcs' For

produasaretransfenedindivi.dualtyinotransParentsani-ppr4eablecutnrre, "t T:."..:
membranes (millicelt) srirrounded by feeder; 

.
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;" Figure 3. Sctrematic diagram of a Srassica pistil'

'i}e traisverse view is at the ovary levd (adapted from Nasrallah et aI',1!$1)'
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