COMMISSION ‘ ' DOC/X 1/ 463/92-fin
OF THE EUROPEAN
COMMUNITIES

Directlorate~General
Environment, Nucieor Sofety
ond Civil Protection

DGX I/A/2

INTERPRETATION OF THE CONCEPT “TRADITIONAL BREEDING"
in the context of the exemptions outiined in Annexes | B
of Directives 90/219/EC and 90/220/EC.

Backaround

P' 1. Annex | B of Directive 90/220/EEC excludes from the scope of the
Directive the cell fusion (including protoplast fusion) of plant
cells where the resuiting organism can be praduced by traditional
breeding methods , while ’

2. Annex | B of Directive 90/219/EEC excludes the cell fusion
(inciuding protoplast fusion) of cells from plants which can be
produced by tradional breeding methods.

| 3. The Committee of Competent Authorities of Directives 90/219/EEC and
90/220/EEC has decided to interpret the concept “traditional breed-
ing" in the context of the above mentioned exemptions, so as to
help harmonisation among Competent Authorities.

Interpretation of the concept “traditional breeding"

- "Fol lowing a series of consultations and discussions by the Committee of

’ Competent Authorities, it has been concluded that the following phrase
\ could serve as an interpretation of the concept "traditional breeding"

within the context of the exemptions, referred to in Annexes | B of
Directives 90/219/EEC and 90/220/EEC.

"Traditional breeding" means practices which use one or more

of a number of methods (e.g. physical and/or chemical means,
control of physiological processes), which can tead to successful
crosses between plants of the same botanical family".

A background paper on Current Plant Breeding Techniques has
been made available by the Commission (Dac.X1/464/92).
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K INTRODUCT ION.

. . o ¥ :
The purpose :of this document Is to give an overview of. current basic and
ather plant breeding technlques mainly applied at organismal level and nat
of breeding strategles. As far as.possible, a technical descrlptlon of “the
method, an explanation of the procedure,’ and the applicability of. the
technique will be presented. Regardlng the answer to the. question “what

are tradltlonal breedlng methods”, the document should serve as a hasis for
_further discussion. Therofora, personal oplnlons of the author have been

avoided as far as possible.

A. general characteristlc of the techniques analysed is thét they . dre
appl iked at- organismal level and that they malniy interfere with the

pollination process,  the: fertilisation. -process, and  the very early_
deueropment from zygate to embryo. Other available approaches to- combnne»
.deslrable tralts into plants siich as’ tachnlques applied at cellular or
+mo leculiar level ‘(Figure 1) are heéyond. the scope of thls paper .and wlll nat

be discussed here.
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L GENETlC MODlFlCATlON IN PLANTS TECHNIQUES APPLIED T THE.

ORGANlSMAL LEVEL ‘
‘I Basic breeding 'techniques.,_ |

o ‘, Basrc breedmg techmques comprlse all the methods that are employed to hybndtze parent'
Aplants whrch can also cross in nature Basrcally, they rnvolve (1) planned self-pollmatlon and

(ii) planned cross-pollmatrons wrth cross—compatlble plants whrch are deltberately selected by i

the breeder

Wrth the: only purpose of rllustratmg how breeders use self- and cross-polhnatxons to_ :

direct therr experiments in a: very detined way, a descnptton of the commonly used back-cross '

procedure follows Back—crossmc |s a techmque used m plant breedmg to mtroduce a demrable . :

' traxt (e.g. a dtsease resxstance) trom a donur parent X mto the genomtc background of the

recxprent parent Y. To: do s0, parent Xis crossed with parent Y. The progeny from this Cross,
~ which contams 50% of the donor s genetlc materlal are screened for the desired character. The
offspnngs possessmg the desired trait. are then crossed back to the recipient parent B. The
~ progeny of this cross. (the ﬂrst back—cross generatton B,) now contams 25% of the genetlc

matenal of parent X. The plants are aoam screened for the desired characterrstrc for instance
: the resistant plants again back-crossed with parent Y; this process is repeated untxl about the

seventh or etghth back-cross generation. At this stage, less than 0. 25% of the donor's genetlc

materxal remams and the plants of the B7 or By generatron are self-fertrlrzed (crossed with each'

other) to produce plants homozygous for the dwrable trait.

* The process descnbed above assumes the allele for the desrrable tratt is dominant. If it

.were recessive, then rt is necessary to altemate back—crossmg wrth self-fertilization of the

_back—cross generattons

Obvrously, the main consequence of the human rnterventron is that the creation of a .

particular combmatron of genetic material is (drastxcally) accelerated Stated differently, all
plants (genotypes cultivars) produced by using basic breedmg techmques could, in principle,

also ongmate in nature, but it would take much more trme

~To’ obtain proveny of the destred male and female parentace it is , nevertheless,

necessary to master techniques for mampulatmg the hybrrdtzatron process (e.g. to be able to-__,,'_;

cross-pollmate a self-pollmatmg plant or vrce versa) Some typical technical rnterventlons are:

emasculatlon of flowers to prevent self-pollmanon and to allow the breeder to fertilize
the plants wrth pollen of - his own choice. Emasculatlon is generally obtamed by manual

removal of the anthers Chemrcal emasculatron treatments apphed at the tlme of pollen



@

| menosrs have heen employed by breeders of some crops (e.g. spraymg with ethephon '

reduces the male lerttlnty ot eucalyptus [Su and Wu 1984], fenndazon mduces 100%

) ‘male sterility in wheat [Mlzelle etal., 1989]

o

Isolation of temale ﬂowers to promote self-pollmatxon and/or to prevent unwant

' pollmatron by wind or insects. Isolatron generally obtained by baogmg the ﬂowers, must

®

be done before anthesis.
Arnﬁcxal applrcatron of viable pollen at the stage of opttmal recepttvrty of the female sex ..

T 'organs

In particular situations, the human intervention goes somewhat further.

0))

‘1.1 Overcoming ‘spatial barriers

‘In nature”’

In general the larger the spatral dlstance between parent A and parent B, the lower the

. chance that Aand'B wxll cross.. The possxbrhty that a successful cross will take place is
" reduced further if theré'is an extended physical barrier (¢.g. ocean, chain of mountains,
' etc. ). Tt should be noted that spatral barriers are consrdered as one of the factors wrth a

' strong mdu‘ect mﬂuence on the dxvergence of specnes during evolunon

@

. Breeders

‘S;)ahal barriers are never a hmxtatlon for breedmg (e g. worldwide. transport of see_ds, |

‘ 'plants and pollen is possnble)

a

kY

1.2 ole‘:‘-'céiiiihg chrbtiolagical"b“driier‘s '

In nature’
The shorter the overlap between the period of fertlllty of parent A and parent B, the less
chance A and B wrll cross. If there | is no overlap atall, there will be no successful

Crosses.

: Breeders

Temporal barners can easrly be crrcumvented the use of- greenhouses wnh climatical

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

same time; long-term storage of pollen makes germplasm avatlable at any time of the

 year. For mstance, pollen from pearl mxllet (Penmsetum gIaucum) has been successfully ‘

stored up to 8 years at -73°C and contmues to be vtable On the. contrary, pollen from '




- field-grown pearl mtllet plants lose vtablhty atter one day at 27°C and atter three weeks
at 4°C (Hanna. 1990 tor a revxew on pollen storage in tree crops, see Sedgley and
Griffin, 1989). '

o2 »Techniques for'overcomlng croSsnblllty -barriers,'

_ © ln nature several barrters are lcnown to lumt the probabrhty that two parent plants wtll
cross wrth each other. The goal of this chapter 1s to present an overvrew of the possrble barners -

_and to descnbe techmques whtch breedérs use (or mtght use) to overcome these barriers. ln '

' general the techmques for overcommg bamers are ranked in, tncreasmg order of complexrty

Throughout the text, the terms compatrbtl'ty , mcompattblhty , and”
" self-mcompaubthty will be used trequently To avord confusion, the de_ﬁnrnons used are

given below.

(1) Two plants are said to be (cross—)compatrble in nature if théir ralspective gametec are able .

' ' to fuse and if the resultmg zygote is-able to develop mto fertile progeny.
(2 Two plants are tncompatible in nature if thetr gametes are unable to fuse and/or the
resultmg zygote is unable to develop into fertile progeny because of physrologtcal

- "bamers

)] g Self-mcompanble plants are unable to. self fertthze in nature because of physxologlcal |

barriers.

, ';_As a general rule one can say that plants belongmg to the same specres are cross—compatible R
o and plants, belongmg to. different spectes are: cross-mcompatrble However, exceptlons in both .
- directions do- extst A well known example of such an exceptlon is modern hexaploxd wheat. '

: 'Nowadays, tt 1s generally accepted that thrs species ortgmated several . ttmes ov er the past ; o
10, 000 years after rare successful crosses between a wild dlplOld wheat—hke plant and a

pnmmvely cultlvated tetraplord durum wheat.

ln regard wrth the scope of this document, itis worthwhtle to mennon that several of the

more complex techmques tor overcoming mcompattbtllty bamers bear the potentlal to generate :

hy rids whtch can hardly r not at all be created by nature.’

,.,_.7'
Ly
!



2.1, Barners caused by spatzal and chronologzcal separauon of sex organs (so-called

: morphologrcal mcompanbrluy)

(l)' In nature _
“In the course of: evolutron, nature has developed several mechamsms o prevent o
mbreedmg"‘l and 1o promote outbreedmg in ﬂowermg plants 'I‘he marn outbrwdmg
mechamsms are ‘ ' '

A the presence of mcompatrbtlrty factors (self-mcompanbrlrty), this is a barrier at the '

RS physrologrwl level and will be discussed in section 2.2.2.1.

¢ patral separation of sex organs
¢  dioecy: male and female flowers’ on drfferent plans (e.g.. red camplon)
e - monoecy: separate male and’ female flowers or mﬂorescences on the same
. plant (eg maize; haze]s) ' " .
e . herkogamy: reduced -efficiency - of selt-fertrhzatron by sttucture ‘or
.posmomng of prstrls* and stamens* (e.g. Prunula) '
2 chronologrcal separation of séx organs - o
e ,protandry release of pollen from the anthers“‘ before the stlgma in the
B same flower is. receptlve (e g. many members of the Conposztae and
Legummosae) _ B ' . |
. _protogyny the stigma becomes receptrve before the anthers in, the same
- flower releaSe their pollen . (e g. members of the Rosaceae and ‘the
| " Cruciferae).
B Remark in many cases (n) or (ur) g0 along wrth (1)

- @) Breeders

Spanal and chronological separation of sex organs can be consrdered as specral cases of

spatral and chronologlcal barriers. - 'I'herefore breeders are ¢apable: of creatmg any

planned matmg (at ‘least if the. mennoned barriers . are. not complemented thh
' physrologrcal ones) using srmrlar approaches as mentloned in sectrons 2 1.1 and 2.1 2

! Asterisk refers to Annex 2.



2.2 Physiological barriers resulting' in r'ncon'xpmibility\

2.2.1. Self-incompaitbliy ('31)

‘Based on the calculattons of dltterent authors. a mtmmum of 3, 000 self—tncompattble specm |

would exist, divided over 415 genera ‘within the angtosperms (East l940 Charlwworth 1985)

. The tradmonal explanatron for. the evolutlon of selt—mcompatlbtltty lS that it arose as a

mechamsm to mtmmlze mbreedmg and promote outcrossmg in tlowenng plant populanons '

(Darwm 1876; de Nettancourt,: 1977) However other sctentlsts state that there is not
necessarily a relattonshtp between SI and the level of tnbreedmg and out—crossmg m populattons
(Olmstead '1989). ' '

In most selt—mcompattble spectes the mcompattbrlrty reaction. takes place in. the phase

o between pollination and temltzatxon For a short descrlptton of the dtfferent pollmanon events
-see annex 1. Tnhibition of pollmatlon occurs at drtterent levels: '

» a Inhrbmon on the sttgmattc surtace

_Pollen grams are unable to germinate or torm short pollen tubes that do not penettate the -

. stigma. Thts type of rncompatlbxllty rs common in Composmze, Cruczferae and

.Grammeae

2) Growth barrier in the style*

. 'Pollen tubes germmate penetrate the stigma but the tube growth is tmpeded after some'
L ‘txme In this way, pollen tubes are prevented from reachmg the ovary* Thls type of '

_ mcompattblltty is common in Solanaceae, Legummosae and Scrophulorlaceae.
| (3) ' ‘Growth barrier in the ovary E R R

* Inhibition of the pollen tube takes place only in the ovary or in the embryo sac (e.g- Beta
_ vulgarzs, Freesza spp.)- Tn cacao, even the generattve gametes are dxscharged but gametlc

fusxon does not oecur.

Although self-mcompatrbxl:ty is known to be . genencally controlled (m many famxlxes
, self-mcompatrbthty is controlled by one locus, the S locus at which multtple alleles have been. .

: descrlbed) and despite Stgmttcant progressnon in the elucidation of the molecular biology of this

_process, the exact method by which the genetic mformatton mantfmts&f_ is still’ p;)t clearly

(:.‘ {P
{

ooy

‘understood To date the molecular analysxs of pollenlptstt interactions has” geen focused on ‘. 71

-oenes encodmg glycoprotems thought to be involved in the recognmon of self—pollen in two

‘plant famrltes the Brassicaceae and the Solanaceae.

In Brasszca the 60 known alleles at the § locus have been associated with a class’ of

' stlgmattc glycoprotexns the so-called S-locus—speclﬁc glycoprotems (SLSGs). The concentration .
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of. SLSG mcreases as the plsnl mdtures and ‘maximal synthesxs rates are attamed at the onset of

selt—mcompattblllty in the developlng stigma (Na.srallah et al., 1985). Funhermore SL.SGs are

. secreted mto the paplllar cell walls where they accumulate (Kandasamy et al., 15[89); This

locallzatton is consnstent w1th, mlubmon of pollen on the sncmanc surface of Brdssica and

suggests that the- secreted SLSGs coat the surfaces of the paplllae and mlght diffuse onto the

' pollen grains. soon atter pollmatlon (Nasrallah ezal 1991)

- In Nicotiana alata, the alleles at the S locus seem to be associated wnh a class of carpel* .
glycoprotetns, desrgnated the S-assocxated glycoprotems (SAGPs) These protems are locallzed
pnmanly in the intercellular matrix of the stylar transmitting tissue and, 4t lower levels in the '

: papxllar cells of the stlgma and the placental epndermxs of the ovary. (Cormsh et al 1987). This

locallzatton 1s consxstent wnth mhrbmon of pollen tube growth in the style of the SoIauaceae

" Recently, several of the genes encodmg the Brasszca SLSGs and the Ni conana SAGPs have

been lsolated and sequenced Since detailed descrlptlon goes beyond the scope of tlus document
I refer to the followmg publlcatrons Nasrallah et al. (1985 1991), Anderson et al. (1986), :

.vLalondeetal (1989), Anderson ef al. (1986), Kheyr-Pour et al. (1990), McCormick (1991).

- Two important remarks regarding the subject of thns document are:.

- (@) the self-mcompattbxllty response is regulated durmg the development of the ﬂower and i is '

A 'typrcauy acquired at 1-2 days before anthésis* (Roberts er al., 1979);

' (ii) even tg nature self-mcompatlbxhty is not always total.

z;z.g, Intespeczﬁcmcompaub‘iIity ,

Interspectﬂc‘= mtergenenc* and mtertrtbal* hybndrzatlons offer plant breeders a method for ‘
mcreasmg the range of vanatxon wnthm the cultlvated plants.-In’ nature only a lnmted number -

of spectes and gry few genera and tnbes undegg natural hybndizations

Several hypotheses have been forwarded to explaln the mterspecrﬁc mcompaubxlxty
. mterspeclfic incompatibility is governed by the same locus as self-lncompaubxhty
(de Nettancourt, 1977); ’ S : |
'0_ interaction between the § .gene. and other locr play a substanttal role in the
mterspecrf c mcompatnbll ity response to major genes or polygenes actmg either as
: rejectors or as regulatOrs. Major genes that act as rejectors in the pistil reject
" certain pollen phenotypes, whereas ‘regulators - contx"ol the S gene and are
| hypothesxzed to switch § activity on or off in certain genotypes or to affect the -
strength of the mcompatlblllty reactlon (Abdalla and Hermsen 1972)



¢ Interspecific . inc'ompatibility is completely drstmct trom selt-tncompattbllxty

lnterspecmc mcornpanbthty “as interpreted by Hooﬂenboom (1984) lS termed

lnconorurty "the non-tunctlomno ot an mttmate partner relattonshtp resultmg

- trom a lack of- genetu. mtormat\on in

of the other

one partner about some relevant characters -

A

The bamers preventm«7 hybndtzatton between two different species can be divided into

two classes.

‘2.2.2,»1‘. PrefiYgotic (pre:fertilization) barriers.

' Thts mcludes all mcompatrbthty reacttons whrch take place in the phase between pollmanon and

vfe ilization. The tollowmo sntes of expressron can be dtstmgmshed (see also secnon 2.2.2. l)

' (l)’ mhtbmon on the strgmatlc surtace in the large majortty of: crosses between unrelated '_ -

_  species, the pollen fail to. germmate
2) - growth barrier in the style '

' G growth bamer in the ovary ‘

2. 2 2.2 Post—zygottc (post-terttltzatton) bamers

" Post-ferttllzatlon bamers hmder or retard development of the zygote after femltzauon and

tnterfere thh the normal development ot the seed.

Ina large sense, post-zygottc bamers also

'mclude reproduetwe abnormaltttes in Fl hybrxds and their later generatron progemes

Unsuccecsful post-zygotxc development can be caused by.

- ) Hybrtd mvrabrltty or weakness
R "'In many mterspectﬁc crosses between

~ growth of the embryo 1s stopped after

related specxes, fertthzanon occurs but the

a few cell divisions or at any stage before

'-formatton of vrable seeds ln other mterspecrﬂc crosses, abnormalmes of

endosperm result in non-vrable hybrld
4 Some examples:
. '_ intergeneric cross sugarcane

T AT fertilization of the-egg and the

| ‘and. the endosperm nuclex undergo a few further dtvrsxons and then the ,.

embrvo degenerates. -

seeds

X maize (Vuendra Das, 1970)' “result:
polar. nuclei takes place the fertilized egg

£l
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intertribal cross: rye x maize (Zeénkteler & Nrtzsche l984), result:
temltzatlon takes place, but the globular embryos degenerate six to ten days -

after pollmatton

productlon of trrspecrﬁc hybrtd bread wheat X amphlploid of Triricum

durum x Aegzlops squarrosa (Srddrqut & Jones, 1969), result hybrid grows

+for two months, produces tillers, but then develops necrosis and dtes before
. maturity. - ' ‘ ‘
_ Causes for hybnd tnvrablhty or weakness -
~ Action of specnﬁc genes that are known to ‘induce lethaltty, chlorosm, or
- weakness of Fi hybrtds , ,
‘ Example vrabrhty of the Fli hybrrds hetween T. monococcum and -Ae. i

)
e

umbelliilatd & affected by a gene with multtple alleles allele L® causes- .

lethality at eatly- stage, allele L! at late smge and allele 1 does not affect
“the bybrtd development ' i

Disharmonious interaction between nucleus of one species and cytoplasm of

' '_-the ‘Other (this can explam reciprocal dlfferences in mterspecnﬁc crosses)

Example wheat x barley hybrids having barley cytoplasm and wheat

" mucleus’ are assocxatecf with ptsttllordy (the reciprocals are normal).
Digharmohious mteracnon of the two genomes within the hybnd nucleus; - |
~dtfferences in chromosome fumber;” cell cycle rhythm, genomlc ratto, and
. presence of telomeric: heterochromatm may eontnbute smgly of. collecuvely
" towatd dishdrmony of the:two. genomes, - . |
: Example Trmcale a man-made u x ry__hybnd suffers in several ways v
‘ from the dtsharmony between the rye and wheat genome
+ umvalency is of eommon occurrence, probably because of dtfferences |

in cell cycle thythm of the wheat and rye parent,

"4+ . nuclear instability -affects. the - seed fertility and endosperm

'development (gram shriveling), probably because:

"- the late-rephcatmg DNA (mostly telomeric heterochromattn) in
rye chromosomes causes bridge formanon at anaphase* o

I such bridges cause the production of abnormally polyplo:d :
endosperm nueclei; o ’

- these aberrant nuclet cause stermty or shnveled grain
(Beckett, 1981). .
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"o Incompatibility hetween embryo and endosperm (and maternal tissue)
In these crosses the endosperm starts to disintegrate soon atter fertilization,
‘the embryo being deprlved of its lnmal food supply and arowth regulators
(2) Hybrid sterility - o !

In hybrrds where the genome is composed ot two dlrterent sets. of chromosomes the -

- dltterence in structure and’ number of chromosomes the lack ot chromosome homology

ultmg m a varlable number of umvalents and the productlon of unbalanced gametes '

frequently results in hybrid stertllty

~-Example the mtergenerrc cross cabbage x radtsh yields viable but sterile‘ hybrids. This -

.can be explamed as follows: radnsh has 18 chromosomes @n, = 18, my = 9) and

cabbaoe has 18 chromosomes (2n1 = 18 nz = 9); t e cabbage X radlsh hybrtd has 18
chromosomes nl + n«, = 18; however the homology among the 9 chromosomes from
bbace and the 9 chromosomes from radrsh was msufficrent for normal synapsrs and
dtsyuncnon so that the hybnds were sterile.
?3) Elimination of chromosomes o _ ,
| In some mterspecmc CcTOSSEs a varrable number or chromosomes of one or.both. oar'ents

’ s eltmmated

' Example #1: the mterspecrhc cross between Hordeum vulgare and H bulbosum results’ m

‘a complete elimination of all butbosum chromosomes durmg development of the’ hybrtd -

. embryos (Kasha and Kao l970 Ho and Kasha, 1975).

- Example #2: the hybrtds produced in an mtergenerlc hybndlzatron between common' ‘

~wheat cultivars and culttvated barley frequently ‘lack the barley chromosomes 1 and 5

(Koba et al l991)

. 2.2 3 VTec‘hrriques for ovérconting incompatibility barriers .

The array of techmques descrrbed in this section have been used-to obtain seed from otherwise
self-mcompattble and/or mterspeclﬁcally mcompatrble hybrndtzations; In some hybridizatlons,
where self—mcompatrbllrty or mterspecrﬁc mcompatrblhty is not total (i e.a very low seed setis
\‘possxble in nature) the techmques only enhance a natural process. In other crosses, however,
lt »
l of hybrids which could not anse in nature because of absolute self-incompatibility or

> -;\ interspecific incompatibility.
A . .

- fesearchers claim that appllcatton of the technlques desgribed below resulted in the productton s _‘ o R
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2.2.3.1. Techmques for overcoming pre-zygatic barriers

(1) = Bud pollmatxon

¢
5'3-‘ cees e

Descnptxon of the techmque

- Mature pollen is placed on the xmmature stlgma of still unopened ﬂowers (— o
flower. buds) The optxmal stage for bud pollmatlon ns genotype dependent and
_ varies between two to four days pnor to anthes:s The effect of bud pollmatlon is

' usually attributed 1o the absence or mcomplete actwtty of the pollen tube growth
mhibltmg substances in the unmature stlgma

: .Apphcatlon

This - techmque is, for instarice, - Wldely employed in the producuon and -

: 'mamtenanee of . self-moompatlble mbred lmes for eommerclal hybrid seed
-productnon in Qr_ugfemus and other crops. In citrus and pear pollmanon at the bud -

stage results in full seed set between partners which -are normally . totally
cross-sterile (Soost and Cameron l975 Yamaslnta and Iwanaga, 1984 Hiratsuka
etal., l985a l985b)

2 Modlﬁed bud pollmatlon (strgma complementanon method)

Descnptxon of the techmque

Immanire stxgmas are’ ﬁrst unmetsed bneﬂy in an aqueous medlum eontammg_

H3l303 and Ca(N03)2.4H20 in a glass captllary tube havmg an: msxde ‘diameter

. twice that of the stlgma Subsequently, the stigma xs snmtlarly mmetsed in a small

volume of light- mmeral oil contatmng a Suspensnon of meompatible pollen. This .

.

-

¢

™

- kind of bid polltnatnon oﬂ’ers the extra advantage that the. applned medmm mimics
l 'the mature sngma exudate functions in eneouragmg adheslon, preventmg"
: deesxcanon and prov1dmg monsture at the proper potentlal gradtent for pollen
y hydratlon
‘Example

The techmque has been used to overcome self-mcompatibxlxty in sevetal members
ot the Solanaceae (Gradzlel and Robinson, 1989a, 1989b)

| 3 Delayed pollination .
.Descnptlon of the techmque o >

Maturé pollen is placed on aged stigmas. three or more: days after anthesns The
effect of delayed pollmauon may result from a rapid loss of the - mh'bmng

substances in the plStllS




: ._ Applu.anon :
‘ _The techmque is less oenerally applied than bud pollmatlon
) Example delayed hud pollmauon has been used to produce hybnds in the -
R naturally selt—mcompatlble apple Cox' s Oranoe Plppln (erlrams and. Maier,
L 19T | - -

‘v( ‘) End-of-season compatlbxhty

S Descnptton of the techmque ' _ _ .
 Pollination is performed at the end of the flowermg season or by placmg pollen on
'ﬂowers develOpmg towards the end of the life cycle of a plant Physxologtcal -
: agemg of the plant and worsemng growth condmons at the end- of. the season are |
~thou°ht to result in a decreased capacrty to produce mcompattbthty substances
: 'l‘he loss of mcompatthtlrty in old ﬂowers and at the end of the season seems to be

e 'genetlcally determmed

6 Sub-optxmal growth condmons

.

: Descnptron of the technrque o : oo ,
Mature pollen lS placed on the stngma of plants cultrvated under subopttmal growth ’
B ondltrons Low temperature in the. ﬂowermg stage appears to be most effectlve ,
";_ Low llght intensity, hrgh relatrve humndlty, and poor soil’ condmons have also
been. used successﬁrlly The sub-optlmal growth condxttons seem o weaken the
fmcompatrbllrty reactton S

B ."Apphcatlon R . .. .
'v?-:’l‘he method has been used to overcome self-mcompatibnhty in sugar beet red
i beet pnmrose Brasszca and some others (de Nettancourt l977)

v (6) Use of exogenous growth substances .

4

- Description of the techmque , o

_ Growth substances are applled to the plants on the plStllS one or two days before -
| . or after pollmatron Regularly used growth substances are glbberelhc acid (GA)
o and natural and amt‘rcral auxrns such as mdole-3-acettc acid (IAA), v -naphthalene '
| ‘acetlc acid (x-NAA), and 2 4—dtchlorophenoxyacet1c acrd @, 4~D) One possible:
“explanatlon of the auxin effect is that the delay -in ﬂoral abscnssron euables '

- (Van Marrewulc 1989). Another explanatron is that auxins exert thexr effect on.

: _ : ovary and embryo development (Inagakl 1986) GA appltcatlon seems to promote v |

pollen tube growth and ovary development (Larter and Chanbey, 1965)

2

slow-growing mcompattble pollen tubes «to reach-the ovary before flower drop D

el



te

1
~

i+

13

Applu.atlon

) Application of GA (75 ppm) or 2,4-D (lOO'mv/l) one 'or two d'ays before or after .

pollmatton has’ become a routtne procedure ‘for mterspecrﬁc and intergeneric

" crosses’ in several - t.ereal crops like Trmcum and Hordeum (Brar and Khush,

4

' 1989).

) _'_' Use of other chemtcals )
R

Descrtptton of the techmque

Appltcatlon of a vanety of chemrcals to the plant the pollen, or the stlgma has

_been tested for its effect on mcompanbtlrty The mechamsm of actton is- unlcnown _
"Examples ' '

| 0__ . Injectton of the lysme analog, e-ammocaprorc acrd into the Tnacum

‘.turgzdum parent one day after pollmatron wrth rye pollen sxgmﬁantly
 enthanced the embryo producnon in the cross T turgrdum X Secale cereale
(T sira and Larter 1976) . S ’

B Treatment ‘o pollen wnh sugars: Or of the sttgma w1th lecttns beforev

, polhnatron leads to consnderably rmproved seed set in tncompatrble petuma
crosses (Sluvanna and lohn, 1985). _ ,
e  Other ‘chemicals that have been used with varying. degrees of success are
o :‘_ 'RNA- and protem-synthesrs mhlbttors such as 6—methylpunne, yromyctne
" and cyclohexlmtde chloramphemcol -acriflavin, nartngemn, parafﬁn and

g ,salxcyltc acid:

(8) Use of mentor pollen

o _Poll atron performed wnh a mtxture of mcompatxble pollen and another source of

Descnptton of the method

patible (thentor)- pollen results in: the ptsnl acceptxng the meompatxble pollen

' 'A problem of tlns method is how to separate t the seeds ongmatmg from compatible’ _

and mcompatrble cOmbmattons “The generally followed approach to ctreumvent

' thts problem is' to use pollen rmxtures in wlnch the compatxble pollen have been
‘ pretreated in order to Stop it from femhzmg The only funcnon of the mentor

pollen is to open the door for the incompatible polien tubes.. So they rnust still be

' able to germmate and to penetrate the style but tube growth rate is reduced to such '

an extent that the mcompatrble pollen grams are cornpetxtlve and occupy all (or
most) the egg cell ‘nuclei. Several procedures are followed to sexually kill the

g .mentor pollen: radiation (*°Co y-rays), methanol treatment, repeated

, freeemglthawmg cycles etc

—_



.

i

' Appltcanon

The tec.hmque has been applied with qutte some success in several crops (thvanna o

and lohn l985)

O Use of pioneer pollen -~
e

Descrlptlon of the method

A tlrst pollmatton with compattble pollen (the pioneer pollen, _ eventually,

1rradtated) is. succeeded by a second pollmatxon w1th mcompattble poilen one or

two days later.

4Example '

, Self-femllzed seed of selt-xncompatlble apple and pear could be obtamed by_
_ pollinating wrth compatlble pollen tollowed by a second pollmatxon with.
- self-pollen one to two days later (Vtsser and Oost, 1982 Vlsser, 1983)

( 10) Use of pollen coat extracts

2

(

: Descnptlon of the method

Extracts’ of compatrble pollen coats are smeared on the sttgma surface before

‘ polhnatron with mcompatnble pollen The prmence of spectﬁc substances in’ the
- extract should be able to mlslead" the mcompatxbdxty reactton
' Example :
.Coatmg foretgn pollen with protems extracted from the pollen wall of compattble
" grains’ of poplar enhances the success of mterspectﬁc crossmg (Knox er al l972
- Willing and Prior, 1976) '

(l 1) Irradlatlon of the style -

..._

. :mcompattblltty reaction. '

' Descnptlon of the. method

Ina f' rst approach the style is exposed o a short but hlgh dose rate of X— UV- )
- oor Y—rays 1mmed1ately betore pollmatxon ln a second approach the complete plant
is chromcally exposed 0a low dose rate of X-, UV-, or y-rays dunng the entire |

' ﬂowermg season.: Irradlatmg the style w1th a high dose rate would temporanly

eltmmate the mcompatlblllty mechamsm chronic 1rrad1atxon would reduce the

Examples ,

Acute treatment of the style wrth 2 Krad X-rays applied immediately before |

h ‘pollmanon mduced half of the treated ﬂowers to set seed in petuma (Linskens er  ~ -~ p

o ‘aI 1960) Much higher doses up to 200 Krad y~rays are. effectlve to overcome o
' selt—mcompatlbthty in Ni cotzana alata (Bredemeyer et al 1981)
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(12) Mutavenesm |
¢ Desmpuon of the method
7 ' Pollen are irradiated with UV- or y-rays or treated thh mutagemc ‘agents (e g
mtrosourea and sodlumazxde) pnor to pollmatxon '
K 'Apphcatlon o : :
~This procedure has, for. mstance been used to produce hybrid' seeds between -
| ~ Pinius nigra and P. sylvestris (Kormutak 1985). | | :
(13) Heat shiock ‘and high temperature
. Descnptlon of the method
| In a first approach; styles are unmersed in.hot, (50°C) water before polhnatxon In
‘ ' 'v:a second approach the whole plant lS exposed to hlgh temperatures (32-40°C) '
3 o o ~ar0und the ﬂowenng stage The nature of the temperature effect is as yet not fully |
' .'_-.understood A ﬁrst poss:ble explananon is that the tncompatxbxlxty breakdown' o
results from- mactlvatlon - or denaturatlon of one or more.
'incompanbthty-determmmg enzyme ‘systems (SLSGs or SAGPs) Alternanve'

A'explanatlons are turnmg—oft of. the synth‘ 'f the meompaubnhty protems or

' stnmnlanon of: poﬂen tube growth-promotmg exudates m the stylar oonductrve '
- :'txssue(deNettancourt o™ T
".-e.'.ll.Example | i
o In Lzlmm Iongiﬂonun al- to. Z-rmmute lmmersmn of the style m hot (SO'C) water
is enough to set asnde the self-mcompattbthty reaction (Campbell and anksens, )

1984) _1"- . r: el R -
, (14) Changmgthe atmos;al;iene composmon B oo ”
J - Y 3 Descnptnonofthemethod e

......

' 'mcompatibthty mclude (1) the enhancement of pollen actmty dunng gemnnatxon
" and tube growth (Dhahwal et al., 1981), (i) blockmg of the callose accumnlauon
in the stlgma papillae (O’ Netll etal, 1984), (m) an mcrease m the rate of pollen‘
adhwon which is an inital ¢ event ofthe polleistigma mtetactlon (Pallox et d.,
. 1985) '
+ Application . ' o 4
| . This method has, for mstance, been apphed to overcome eelf-ineompatibility in

e

&

BfO/rS \ng&
Dlw\.%\eéov\a.ﬂ,

cruexferous spectes (Nakamsh: and Sawano, 1989).
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(15) * Electric-aided pollination (EAP)

0'_

Descnpnon of the method

Ina hrst approach an electrtcal potentlal dmerence of l00 Volt is applted between'
.pollen and the sngma for 2 to 3 seconds. In a second method the pollmated stigma ° .

is approached with electrode tips charged with 600 to 1000 Volt. There is no solid - .
explananon for ‘the EAP eﬂ’ect A first possrble explanatxon is that a forced .

: sttckmg of the pollen to the stigmatic papillae provokes a normal germmatton
' Another explananon is that the treatment mutrlates the stigmatic surface by meltmg :
V away the cuttcle or the protemaceous pelhcle which covers it. Asa consequence,

. the pollen gram would be able 0 escape the site of mhtbmon

Appltcanon '

c"l’hts procedure has been used to overcome self-mcompatrbthty tn Brasszca

- (Roggen etal., 972 Roggen 1982)
(16) Therrnally aided pollmanon (TAP)

e L . .
o ,At polltnatton, the stigma ‘surface is heated (70-80°C) for about 2 seconds by

_ Descnptton of the techmque

‘ﬁeans of a mini soldermg—tron It is ‘assumed that the heat applrcatton changes the

surface of the: sugma paptllae by meltmg or softemng ‘of the cuttclelpelltcle

. -thereby disturbing the recognmon mechamsm Another explanatxon eould be that’

" the heat denatures the S-spectﬁc protetns

Applxcanon ¥ . .
_ ‘Thrs techmque has been used to overcome the self-tncompan'blhty in Brussels. '
o sprouts, ‘white cabbage and early spnng cabbage (Roggen and Van Dijk, 1976)

(17) Steel-brush pollmatton

. Steel-brush pollmatron thh lZ-hour-old pollen was able to overcome tube growth
' tnhlbmon in sunﬂower (Bhaumtk et aI 1982). - -

: Example '

- Descrrptxon og the. method : g
- The. method consrsts in collectmg mature pollen by touchmg npe anthers with a
- R miniature steel-wn'e brush and subsequently gently pricking the steel haxrs with the
'attached pollen gratns mto the miture sngma surface The exact mechamsm of |

actton is unknown

\

ot
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(18) Sm:vical technmps _

~_Dacr1puon of the method
- Inaﬁrstapproachmemamrepollenaremjecwdinmeovary Inasecond
' approach pollmanon is performed after complete removal. of the stigma and/or

npper styie parts (the c\n—style technque) Shorthenmcr of the style can be

combmed wnh snmulaﬁon .of pollen cermmauon by plaeemem: of

agarlgdannelsugar mmposmons ‘on the cutting -plane Since the subsrancs
(prorems) mponsible for the mcompaﬂbmty are Ioahzed on the sugma orin fne
style, surgml removal of these structures rw.llts in removal of the inhibiting

' vExampie L SRR
"Dmect in;ecnon of pollen in . the ovaty multed in self-—ferdlmnon in

self-mcompanble Petwda axtltms (Rangaswamsv and Sh.ivanna, '1967). The
cut—style techmque fiis been' used . oveteome self-mcompaﬁbﬂmy n Lflzwn }

long(ﬂamm (Iansou era., 1988)

(19) In the (nw) ﬁxmre, the. elumdamn of the exact nature and admn of me recognition

vlmoo:npa:ﬂﬂ:ty faetors wm beeomc available.

%) will- quite: probably result fn new and very specific
i mcompan‘biuty bamers It is, for mstance, .n.gg_unllkdy
: substanes -that: specrﬁcally block the action of the

2.‘2 3. 2 Techmqus for overcommtr poﬁ zygouc bamets

4

e Bndcmg sgecm tedxnmue (bridge aoss)

D&scﬁpﬁon of the tcchmhue : ‘ o
Whea dmect ‘crosses ha:ween specm A and B (with the ‘same or diffetent pl‘o'idv

' levels) a:e mposs'ble t0 accomphsh, the bridging species tecthue offers

sometnmes a possibihty to combme the gmcum of A and B. For instance, many
d]plmd specxs of related denera of Wh&t do not cross with hexaploxd wheats.

N Under such condxﬂons, tetraplmd speci& serve as a bridge for transferrmg genw
- from the d;ploxd wild species 10 the cultivated hexaploxd wheat.
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'. _ e Tulipa gesnenana is- not crossable wrth Tulipa kauﬁnanmana A brldge' o

© 18

Examples

. Dxploxd Haynaldia wIlova is difficult to cross with hexaplord wheat Triticum -

aestivum. However tetraploxd T. dtcoccozdes is compatxble with H. villosa

- and T. aestivum and can serve as a bndgmg species for transterrmo geneuc

: mtormatlon of H. vzllosa mto T. aesrzvum (Brar and Khush l989)

matenal from T. gesnenana to T. Lauﬁnanmana (Van Euk etal., 1991)

Embryo rescue techmque

>

'.Descnpnon of the technique, , _ . ,
The techmque mvolves exclsrng the young hybnd embryos aseptrcally and growmg‘ ';
‘them in a srmple solid nutnent medmm Usually, 10- to lS-day—old embryos are
excised. In cases where embryo abomon starts at earlier stages of development it
~* ‘may be necessary to use more complex culture ‘media. Once the embryos develop
" shoots they are generally transterred t0 the greenhouse where they develop mto

“intact plants, _

Application -

' The technique (developed by ] Laxbach l925) is wxdely used to crrcumvent hybnd
»mvrablhty or weakness (see 2.2. 2. 2) (e. g when endosperm breakdown prevents

, embryo development) Embryo rescue has, for mstance, been successﬁxlly used to -

produce hybnds mvolvmg mterspecxﬁc and mtergenenc crosses in cereals (e g.
* Sharma and Gill, 1983 Li and Dong, l99l)

Ir wvo/vztro embryo culture

Ovary culture

' labonous 0 devise for a larve number of cross-combmatlons '

Descnptxon of the method

- In vivo or in vitro embryo culture is a modmcatron of the embryo rescue
techmque. Hybnd embryos are excised and put on naked endosperm of the female :

. pareit vvhich is 1tselt placed ona normal growth medium.
¥

Applrcatnon

PP

The techmque is pamcularly useful where young embryos are to be cultured. Such

embryos are difficult to excise and- also requlre complex medra which could be

Descnptron of the techmque

In this techmque ovanes exclsed soon (3to 7 days) after pollmatron are ctrltured

aseptrcally in a suttable nutnent mednum Seeds obtamed from ovary culture are - |

‘ cross with Tulipa grezgu as the lntermednate was used to transfer genenc '
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sown dnrectly in the sml or the hybrid ; embryos that develop in ovanes are

-

» transterred to another adapted nutnent medlum
" Application '

, Ovary culture is easier than embryo and ovule (see further) culture because there

is'no need to remove small structures such as embryos or ovules The procedure

. has, tor mstance been successfully apphed to obtam intergeneric hybrids between

Dtplora.m sufolza (a wnld specxes) and cultrvated Brassicaceae (Batra et al 1990) ,
, and to create mtersubtrlbal hybnds between Moncanda arvensu' and Brassica A '
| and B genome specres (Takahata and Takeda, 1990). According to. these authors it |
' was rmpossrble to obtam this type of hybnds by using basic hybndrzauon
"techmques :

" &) In ovulo embryo culture (ovule* culture)

Descnptron of the teehmque
In this procedure temhzed ovules are exclsed soon (4 days) after pollmanon and

'transterred to a solid nutnent ‘medium. The early time point of excxsxon ‘and the
K rsolanon of the complete ovule instead of the embryo are the main dlfferences with

" tHeémbiryo rescue techmque o

~—

The techmque is partxcularly useful if the postzygonc meompatrbrlity reucnon takes

_place aa very’ early ‘developmental. stage. Accordmg 0 Ahmad and Comeau
'(1991) in ovulo embryo culture is the only successful method to obtam hybnds
‘ffrom the intergeneric hybndlzatron between Thacum aestivum (L) Thell and
'Elymus scrabus (R.Br. ) Love. Again, no. hybnds could be obmmed by only usmg'
'_ 'bisxc hybndrzanon techmqu& ‘

(6) Embryo callus culture techmque )

. .

LN
. 4',_"

Descrlpuon of the techmque

In thls techmque aseptlcally excised, lmmature ernbryos are mmally cultured on a
"callus induction medrum Subsequently, the callus tissue 1s used as the source to

produce hybnd plants via organogenesxs or embryogenesxs

Application

" The techmque lS pamcularly useful i 4 the postzygotic incOmpatibility reaction
| prevems normal embryo development both in vivo and in wtro (embryo rescue
- techmque) '
: Example the mterspeuhc Lycoperszcon esczdemum x L peruvzanum hybnd ]

embryos begm (V] detenorate 10 days after pollmatron They do ‘not make the‘ '
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R :'_ tmportant techmque for overcommo the bamers mhtbttmg the pollen tube growth :

o electrofussxon (Kranz etralh l§9la) has only beeﬂ used to. Combtne genettc”"“"”"
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~transition trom heterotrophy [ autotrophy Whtle five tet.hmques (embryo culture,

~ovule culture, use of chemical agents, use of hormonal treatments, and use of a

"hwh ert)ssabtltty" L peruvtanum line) were evaluated tor thetr abtltty to

' overcome the mcompanbtltty barners, no viable, mterspecxﬁc hybnds were

obtamed Appltcatton of the embryo callus culture techntque however did result

-in the productton of ferttle hybrtds (Poysa l990)

In vitro pollmatton ferttltzatton and ovule culture
. v

Descrtptton of the techmque

- In vitro pollmatton compnses the polltnatton of in vztro—cultured (1) complete- ,

ptsttls* (ii) pistils_ with part of the ovary walt removed, (iii) placental* segments,

and (tv) placenta with attached ovules After a successful fertilization event, the

, temltzed ovule(s) is(are) tsolated and cultured in vztro and tmally grown to adult

: plants

Appltcatton

o In vitro ferttltzatron combmed wrth the culturmg of ferttltzed ovules is an B

“and the very early stage embryo abortion at the same ttme The method has been :
o used to. produce hybnd embryos in many otherwise tncompattble hybndtzattons
: (both self-mcompattble and mterspectf' t,ally tncompattble), and may be a viable

alternattve to parasexual or ‘somatic cell hybrtdtzatton (e g. Dhaltwal and ng, o

1978 Zenkteler- 1988).

In Vltro femltzatton by electrofusnon
_ Descnptton of the techmque , . ‘
The - following steps “can ‘be: dtstmvurshed in the m vu‘ro femltza on by’
electrotusnon (see Figure 2) (l) tsolatton of vrable sperm cells from pollen gratns : '
(rupture of the pollen orams by osmottc shock), (i) tsolatton of wable egg cells ‘ |
from ovule tissue (by enzymattc treatment followed by mechamcal isolation), (iii)
<'electrofusmn with stngle pairs of gametes (under mtcroscoplc observatton), and |

- (iv) cultivation of the quton product

Appli 1catron '

: _iUnttl now thlS very recently developed procedure of in wtro femltzatton by

: 'matertal trom cross-compattble maize plants However it seems very likely that. ‘
the techmque wrll also be applu.able to fuse the gamem from’ cross—mcompatlble'

pl ants
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2 Remarks ‘
e The tusron product ot a sperm cell and egs cell from maize started to
B divide. within 25t 3 days and multrcellular structures . (microcalli) '
_developed wrth hwh trequem.res Until now, no hybrid ‘plants have been
reported o ' , S
. Sperm cell can be. tused with the egg cell wrthout any need for cell
' ‘ wall-degradxng enzyme treatment pl‘lOl' to tusron (at leat in malze sperm
'cell in mature pollen grains seem (0 represent true protoplasts) ’
e ‘ Recently, the electrofusion method for single sperm and egg cells has been
c j adopted and ‘slightly’ modified (Kranz et al., l991b) to fuse (i) single sperm ’
cells wrth smgle synerglds* and central cells, (ii) smgle egg cells with
| single sperm eells in the presence of adhermg synergrds and the central cell,
: and (iil) one or two: sperm cells - with single, enucleated (— wrthout nucleus)
protoplasts thus creatmg a haplond or drplord cell .
. An altematwe in vitro feml ization method in whlch sperm cells are mjected
' into the embryo sac has also been reported (Keyzer et al., 1988)

3.. 'l‘echmques t'or chrdmosome mampulatio_n_‘ and. alien gene transfer at organismal

v

e level

Several methods have been developed for mcorporatmg complete allen genomes, single

.ehromosomes sniall chromosomal fragments or a few alien. genes from a donor plant intoa

recipient plant _

3.1. Creation ofamphiploids ,

Interspeclﬁc hybnds regularly show a, hr h deg . -
" be restored by applymg eolchme 10 induce a chromosome doubhng of the stenle hybnd
- ‘The new hybrrds are called amphrploxds, which means the hybrid conmms an even

- number of the basrc sets of chromosomes from both parent specles '

B iApplrcatron

, ’l'he techmque has been wrdely used to create hybrrds between culnvated cereal species
' and a w1ld relative. However, many ‘of the amphlplmds lack genomrc harmony and show

'_mexotrc mstablllty



22

e Remark

Based on Annex [A part 2(3) i in directive 90/220/EEC polyplordy mductlon is a techmque o

- which is not eonsrdered to result in genetic modmcatnon o
3.2. Creation of alien addition lines
¢  Description of the technique

o has all chromosomes from the recrptent plant : and a smvle palr of chromosomes from the

o donor plant.

‘& Application

~ The method is used when ‘the addition of a complete genome is at:companied by _

. introduction of many undesrrable features. Usmg tlns techmque alten addmon lines have

for 1nstance been produced m wheat wrth smgle added chrom osome pairs of Aegtlops, -

: Secale and Hordeum (Lacadena, 1977‘ Islam etal., 1981)
v 0 Remarks

. e " Asimilar approach can also be used to synthesrze alien substitution linies. Ahen /

chromosome substrtutron refers to the replacement of one or more paxrs of

chromosomes ot the reuptent plant wnth an equal number of pan's of chromosomes :

of the donor. plant (Khush l973 Hu. et al 1988)

nature

' 1 \ . b_ Both alien addmon and ahen substttunon lines somettrnes develop spontaneously in

: l\omologous
3.3 Induangmus pairing

L Descnptlon of the techmque

- An nnportant problem in the productxon of mterspecltlc hybnds is the reduced pamng '
and lack of recombmatlon between the genomes in the hybrid nucleus The extent of .

h ;

g recombmatron depends upon the genettc he:rgeoelgg‘;-%f the two genomes whtch may be

' ~dtﬁerent for dxtterent chromosomes or chromosome segments In some specres, like

wheat it 1s known that the pamng suppressron is controlled by a specrﬁc genetrc Iocus -

—_— (the pan'mg ho?n?eglm locus, or Ph locus in wheat). Several pr()cedures have been
' ‘establlshed to mampulate this locus . and 0 mcrease the pamng frequency and the

_recombmatnon frequency hetween the two sets of chromosome

~ The procedure mvolves hybndlzanon of two specres followed by. back-crossmg (see 2.1) -
~ the hybrid or the amphrplord to the recrprent species and selectmg a descendant ‘which :
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o  wild speues ‘can sometimes be used to mduce hemeeeleneu& pairing and

' recombmanon in cultwated speues

* macttvatxon of the pamng homoeologous locus by mutatlon

komo\og}tw 5. '

: ln wheat, a ph mutant with enhanced hemoeelegeus—pamng has been isolated after ethyl
‘ ' methane sulfonate (EMS) treatment (Wall et al., 1971). and a&er X-raymg normal pollen'«
(Sears, 1977) ) :

3.4. Irradrhtiorx-induced translobat_ion of dalien chromosome 'segments

'The techmque consrsts in m'adlatxng the pollen or swd of a monosomxc* ahen addmon
: lme followed by recovery of the translocatlon* of. alien chromosome segments in the
»successwe prooenles
. ‘Apphcatxon o
,"l‘he techmque has been used for translocatmg asmall segment of an ahen chromosome to
the reclplent genome. Search (1956) used the techmque for transfemng a small
: chromosome segment carrym'g leaf rust resrstance from Aegdops wnbellulata to
: chromosome 6B of common wheat
' Remark
‘ Based on Annex lB(l) in dnrectwe 90/220/EEC mutagenesrs is excluded from the

dlrectwe

_ 3.5. Urzdireded mutagenesis

Description of the techmque

. Seeds ‘of exlsnng cultivars are exposed to mutagens such as ionizing radtanon or EMS, .

and progeny wrth the desired phenotypes are selected

'Remark _
Based on Annex IB(1) in dn'ectwe '90/220/EEC mutagenesrs is excluded from the

directive.
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36 [,irnited alie}z gene transfer by pollelzg‘ irfadiatiou

&  Description of the techmque o .
~ Pollen irradiated with high doses of X- rays IB used tor pollmatlon The irradiated pollen
- ' "'thh inactivated chromosomes takespart in fertilization and . pulvenzed chromosome
fraoments are delivered into the egg nucleus. This pseudofertllxzanon can mduce the egg
to develop parthenogenetlcally and the DNA ot the male nucleus can be mcorporated
mto the female chromosome ‘complenient durmg rephcatlon The diploidy is restored asa
~ result of chromosome doubling leading to a zygote with some selected traits of the male
parent. v ' o
& " Application | L
‘ " The method ‘may be used to tr,anster small DNA segments (x) among cultivars from the - ;, v
| "same specles and (u) across crossabxhty barners, thus overcommg the problems of hybrid " o

" inviability or stenhty In this way, it may serve.as an alternatlve to somatic cell

‘ hybndlzatxon The method is only apphcable to those species where the maternal parent E
develops pard!enogenetxc seeds when crossed with kllled madaated pollen (e g Pandey,
© 1975; Powell et al., 1983) '
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All -techniques are empioyed tOIICanine"'genetic material between
specias - belonging "to the: hingdom ~of plants. Iniraspecific,
intergeneric and intertribal crosses have been reported .

in principle the techniques can be spiit lnto a set of interven.tions ]
- "in pltanta™ level (1 to 22 and 29 to 35) and a set of techniques that

make use of in vitro culture (23 to 28).

- Many - of fbe fechn'ﬂues are: ~“'v used to produce hybrids between

piants that are cross—compaitbte in nature (1 2 3 22 29-34)2

Accordlng to the scientific iiterature, some of the techn

- _or could be used to generate hYbrids hetween p lants - -that ard-»!ff
_sterilke. in nature (4, 5, 23-28, and  35). Houever 4t has ‘to be

admitted . that it is difTicuit ‘o - prove:. whether a . certain
hybridizaiion Is absoluteiy impossible by using only baslc breeding
techniques : N

How many crcsses have te be carried in order to drew the censiusion

that tVlO SDBCIGS are 1200% crass-ster| ke in nature?

vAccording to Annex 1A, part 2(1) in Directive 90/220/EEC in vitro
.. fertisization is a technique not considered to resuit .
-modifEcation.. ‘How doas - this relate to techniques 27 .and

2 in genetic
$ 287 .

Techmiques 26-28 and 35 have been pronosed as alterndtives to .somatici
hybridization. :How. do" they reiate to- Annex IA, part 1(3) and Annex -
IB- C2) of Directive 90/220/EEC7 IR

2

The number ing refers.to that used in Table 1



26

Table 1. . Compilation of techniques applied at_'thg Lirganiémél level to genetically 'rnodit;y’

plants

I. Basic hybridization t’echniques L o : - .
1 Selectxon (choice of parent plants) -
2. Self- pollmatlon of cross-compatible plants . N ‘
3. Cross-pollmatxon of cross-compatxble plants P _' o

I Techmqus for overoommg prehzygotu: mcompatlblhty bamers :

4. Pollination of buds
5. Stigma complementation
. Delayed pollination
. End-of-season pollination _ '
8. Pollination under sub-opnmal growth condmons '
" 9. Pollination after treatments with exogenous growth substances
* 10. Pollination after treatmerits wuh chemical agents '
11. Use of mentor ‘pollen
. 12. Use of pioneer pollen - Lo
Tt 13.Use of pollen coat extract from ‘compatible polien N L
14, Irradiation of the style =~ e R o o
15. Mutagenesis of pollen K - L
i6. Application of a heat shock to the style :
-17. Change of atmospheric composition
18. Electrically aided pollination
19. Thermaily aided pollmanon
. 20. Steel-brush pollination ‘
; 21. Surgwal removal of sngma and style

00 -~1 On ¢

III Techmqus for overcommg post-zygotxc mcompatnblhty bamers

22. Bndgmg specles techmques o S 1 ‘ =
23. Embryo rescue technique. S SR S s ke
W 24. In vitro/in vivo embryo culture ‘ ' . o
T - 25. Ovary culwie -

26. Ovule culture - o

21.In vztro pollmanon femhzanon and ovule culture
'v""" olectrof ion

[ORE
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Annex 1. Pollination events

Pollmatron mvolves (1) pollen edp;ure (n) hydranon and germmanon and (m) polien

© tube growth The pollen graln produces a tube that emerges from one of the pores. For

- cell, the pollen tube grows mtercellularly m the transmxmng ussue of the stlgma, style, and :

mstance in cruclters the potlen tube invades the strgmatrc papillae through the action of
drgestwe enzymes and grows wnthm the secondary paplllar cell wall. At the basrs of the papillar

ovary. . , 4 -
- In the ovary, the tube grows over the surtace of the septum penetrazes the ﬁmlculus, and

enters the unfemhzed ovule through the mxcropyle to effect fertllrzatron (see Fxgure 3, for

clarification of anatomrcal terms) For extended revxews on the pollmanon events see ;

 Dickinson er al. (1989) and Masurenhas 1989).
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Annex 2. Glossary

Anaphasé: an early stade in nuclear division, during which separation of either chrOmatids or
homologous chromosomes commences a ‘ L _

Anther the apical portion-of a stamen which produces the mrcrospores or pollen grains.

Anthws the perrod trom ﬂower openmg to fruit set. ‘ ,

Carpel the structure that bears and- encloses the ovules in flowering plants it normally -
comprlses the ovary, style, and stigma. : _

Inbreedmg productron of oﬁsprmg by the fusion . of genencally closely related gametes, B

. self-fertrhzatlon is the most mtense form of mbreedtng '

Intergeneric cross: cross between two specres belonglng to drﬂ"erent genera .

lnter(sub)trrbal cross Cross between two species belongmg 10. drfferent (sub)tribes. - o : _,3,3 ‘

Interspecll'ic cross cross between two dlr‘terent specxes '

lntraspectﬁc cross cross between two parents from the same species..

o Monosormc ‘an orgamsm detrcxent m one chromosome from an otherwrse dlplmd set (2n 1)

Outbreedmg productron of oﬁ'sprmo by the fusion of drstantly related gamem
Ovary: the. swollen, basal part of the carpel in atmosperms, which contams the ovules
'Ovule the female gamete and its protectlve and nutntive tissue; in angrosperms, ‘the ovule
'compnses a central embryo sac contammg the gamete and other haploid nuclet, the
surrounding nucellus, and one or two protectrve mteguments mterrupted by a small
- opening, the mlcro,_pyle, the ovule is attached to. the placental trssue by means of the
.'fumculus . st ‘ ' -

Parthenogenesxs - the development of an egg cell into an embryo Wi’thout fertilization,

~ Pistil: a. smvle carpel ora group of carpels ‘ o
Placenta the tissue by which ovules are attached to the maternal tissue. }
Pollination: the transfer of pollen from the male reproductrve organs to the female sex orvans. ‘
Stamen the male reproductlon organ of the flowering plant. | )
- Stigma the receptlve tip of the carpel which recewes pollen at pollmatron and on whlch the -
pollen grams germinate. o R '
Style: the sterile portion of. the carpel between the ovary and the sttgma _
Synapsns: the pairing of homologous chromosomes durtng the early stage of the ﬁrst lelSlon of
meiosis.

Translocatton ‘a chromosome mutatton in whrch a chromosome segment has become detached

“and reattached to a drtferent (nonhomolovous) chromosome
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Y
o Biological vectors
‘s Electroporation -
¢ Ricroinjection
« Microprojectiles
Y, o Wybridizetion _ - .-
/ o. Urdirected sutagenesis
' o Polyploidy
é-Wide cross (esbryo rescue, etc.)
o Somaclons! -selection =
o Cell/tissue culture
o Coll fusion (protoplasts)
o Mutation and gelection
“in.cell culture .~
o 1solated microspores
P :
\

FigAure'.l'.‘ * Types of genetic modification in plants.. .

€ (Adapted from OECD Group of National Esperts in Safery of Biotechnology, A Discussion
' Paper on Pesformance Trials for the Develapment of Plant Cultivars, 19).
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In vitro- fertilization’
‘Isolation

egg cell i sbmﬂ cell
~ e

-Electto.fdsionf

!cmhzed cgg cell.

Culture

- mitlicetl

Fig‘ﬁré 2. Electroﬁasxon—medxaxed in vitro fertrhzatxon

Ay

“Smgle, xsolated sperm and egg cells are transferred into the fusxon droplets, and pairs of'g- U

_ gametes were fused elecmcally after dxelectrophorencal alignment of one of the electrodes For .
i culture the fusron products are: transferred mdrvxdually mto transparent serm-permeable
: 'membran_es (mllhcell) sdrrounded by feeder cells (adapted from Kranz et al 19913) '




< Flgure 3

SELF-POLLINATION

14

CROSS-POLLINATION
~PAPILLAE

POLLEN TUBE

\' _TRANSMITTING TISSUE

OVULE

— FUNICLE

) &

SEPTUM

L LOCULE

Schemanc dnagram of a Brassica pistil.

The transverse view is at the ovary level (adapted from Nasrallah er al., 1991)
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