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Abstract

A well defined, preferably simple, shoot regeneration protocol is a prerequisite for the
production of transgenic plants. Grain legumes are one of the least amenable groups to
transformation amongst dicotyledonous crops, although they are usually susceptible to
Agrobacterium infection. Important parameters for successful transformation of grain
legumes include the characteristics of the Agrobacterium strain used for inoculation of target
plant tissues, the vectors which the bacteria strain carries, the co-cultivation period and a
sel ection system combined with suitable explants that contain transformation competent cells.
Particle bombardment is an alternative procedure for those legumes which fail to respond to

Agrobacterium-mediated gene transfer.

Introduction

Continued genetic improvement is a necessity for the development
of cropswith increased quality and yield. Methionine, for example,
is the main limiting essential amino acid which influences the bio-
logical value of the protein in grain legumes. However, the correct
balance in amino acid composition cannot be achieved by conven-
tional breeding but requires the exploitation of genetic engineering
techniques, since the latter offer the most promising strategy for
increasing (by 5-10%) the concentration of methionine. This neces-
dtates transfer into target legumes, by Agrobacterium or other
means, of foreign genes encoding methionine-rich proteins, such as
the Brazil nut 2S albumin or its homologue from sunflower. Indeed,
such gene transfer experiments have demonstrated that the protein
balance of grain legumes, such as lupins, can be corrected to FAO
standards (Molvig et al., 1997; Muntz et al., 1998)

In crop plants, many of the shoot regeneration protocols have been
developed in recent years specifically for exploitation in genetic

manipulation experiments (Bohmaral., 1995). However, several

Systemsfor DNA delivery to crop plants
Agrobacterium-mediated transformation

The most widely used DNA delivery systems which have potential
practical applications include those based on the natural gene transfer
mechanism of the Gram negative soil bacterignobacterium,

with techniques such gmarticle bombardment and electroporation
and/or chemical treatment of isolated protoplasts providing alterna-
tive approaches. Whilst these procedures differ in the way in which
DNA is delivered into plant cells (De Block, 1993), they all require
the use of cultured cells and tissues as recipients of foreign DNA.
Agrobacterium tumefaciens and A. rhizogenes are the most fre-
qguently exploited gene transfer agents for generating transgenic
plants in a wide variety of plant species (Hooykaas, 1989). These
bacteria are well recognised plant pathogens which induce the agro-
nomically-important diseases crown gall (inciteddbyumefaciens)

and hairy root (incited b#. rhizogenes) in many dicotyledons (Ker-
sters and De Ley, 1984). Both diseases are caused by the transfer and
stable integration of part (the transferred or T-DNA), of a large
tumour- (Ti) or root-inducing (Ri) plasmid from the bacterium into

requirements must be fulfilled in order to produce stably transformedthe genome of recipient plant cells (Tinland, 1996). Of significance
plants. Initially, a suitable method is required to deliver foreign DNA is the fact that foreign genes inserted between the T-DNA borders are
to plant tissues, followed by the appropriate procedure for culturing@lso integrated, on the T-DNA, into recipient plant genomes.

tissues prior to the regeneration of shoots leading to the recovery of

transgenic plants. Subsequently, the newly introduced gene(s) mush plasmids from wild-type strains éfrobacterium, expression of

be expressed in transgenic plants and, finally, the foreign DNA mustoncogenicity genes on the T-DNA normally modifies the physiology
be heritable and expressed reproducibly in succeeding seedf plant cells to undergo tumour formation. However, removal of

generations.

such genes results in disarmed Ti or Ri plasmids, which can be used
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to introduce foreign genes into plant cells without affecting their
endogenous growth regulator bal ance. Subsequently, such cells may
be induced to regenerate into phenotypically normal transgenic
plants. Cointegrate vectors involve the insertion by homologous
recombination of foreign gene(s) betweenthe T-DNA bordersof dis-
armed Ti plasmids and, to a lesser extent, Ri plasmids. A problem
encountered with cointegrate vectorsistheir size, which makestheir
manipulation in the laboratory difficult. Consequently, the binary
vector system isthe one of choice, in which the disarmed T-DNA is
placed on asmall plasmid capable of being introduced and amplified
in Escherichia coli and later transferred into Agrobacteriumfor plant
transformation. The disarmed T-DNA usually hasamultiple cloning
site to facilitate foreign gene insertion. T-DNA transfer from the
binary vector to plant cellsis still controlled by virulence genes on
the larger resident Ti plasmid, deleted of its T-DNA, within the
Agrabacterium cell. Whilst the natural virulence of agrobacteria
varies and hence their ability to infect plants, the virulence of some
strains can be increased by the introduction of a supervirulent
plasmid, such as pTOK47 carrying extra copies of some of theviru-
lence genes, into the Agrobacterium cell, alongside the binary
vector. Such supervirulent strains of Agrobacterium have been
useful intransforming certain dicotyledons, such aslettuce (Curtiset
al., 1994). Super binary vectors, in which extra copies of virulence
genes are on the binary vector itself, have also proven useful in the
transformation of cereds, as in the case of rice (Hiei et al., 1994,
1997). Agrobacteria carrying super binary vectors may aso prove

useful, in the future, in the genetic manipulation of “difficult-to-
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expression of wild-type as well @svitro modified seed proteins.
Other transformation approaches have been evaluated and their
merits and limitations have been discussed (Soutlegate 1998),
particularly in the case of monocotyledons. However, even in mono-
cotyledons, the use of isolated protoplasts as recipients for foreign
DNA insertion has been superceded recently, in several laboratories,
by the availability of super virulent strainsAftumefaciens, partic-

ularly those harbouring super binary vectors

Selection of transformed cells, tissues
and regener ated plants

The inclusion of an antibiotic or a herbicide in the culture medium is
normally used to select transformed cells and tissues from which
transgenic plants are regenerated. The neomycin phosphotransferase
(nptll) gene, conferring resistance to the aminoglycoside antibiotics
kanamycin sulphate and geneticin (G418), has been exploited most
extensively in plant transformation systems (Beeaal., 1983),
although hygromycin resistance has been used for selection in the
grain legume/icia narbonensis (Pickardtet al., 1991). In the case of
herbicide-based selection, thar gene for bialaphos resistance has
given tight selection in several cases (Mohapetta., 1999), but
expression of this gene has not been assessed extensively in grain leg-
umes. Expression of the R-glucuronidages)(gene (Jeffersoet al.,

1987) remains a useful marker for rapid assessments of the success of
gene delivery to plant cells, while expression of the green fluorescent
protein @fp) gene from the jellyfisequorea victoria (Molinier et

transform” dicotyledons, such as grain legumes. Certain disarmed?!-, 2000) provides a very useful, non-destructive approach for mon-
strains ofA. tumefaciens have been used extensively for several itoring gene transfer and expression in plant tissues. Recently, GFP
years to carry the binary and super binary vectors, an excellenhas been used in the transient and stable transfomation of embryo-

example being LBA4404 (Hoekenetial., 1983). The plant geno-

type is also a major factor which influences transformation.

Biolisticsfor gene delivery

Biolistics, particle bombardment or “gene gunning” is a technique
which, unlike the use oRAgrobacterium, is plant genotype-inde-

genic suspension cultures of soybean, following gene introducion by
particle bombardment (Ponapgaal., 1999).

Agrobacterium-mediated transformation
of grain legumes

As a group, grain legumes are less amenable to genetic manipulation

pendent. The technique relies upon the acceleration of DNA coated,, vitrqo compared with most other dicotyledonous crop species, par-

particles (microprojectiles) into target cells. The microprojectiles USU-ticularly members of the Solanaceae (de Kathen and Jacobsen,
ally consist of fragments of inert metal, usually gold, with diameters 1995). Whilst several leguminous species are susceptitdigr e
of 0.2-4.0 um. The most commonly used instruments for accelerayacteriuminoculation, relatively few grain legumes have been stably

tiong DNA coated particles are those powgred by a burst of heliumy5nsformed using disarmed vectors carriedAbgumefaciens. A
generated by a rupture-membrane mechanism (Kikkert, 1993), or by, mmary of the key transformation events relating to grain legumes

a shock wave generated by a high voltage discharge through a watt resented in Table 1. Overall, despite their economic importance,
droplet (McCabe and Christou, 1993). In both cases, a macrocarriely ain legumes have attracted less attention for genetic manipulation,

upon which the DNA coated microprojectiles have been placed, iscompared with cereals, for example, usimgtro-based techniques.

accelerated towards a perforated stopping screen. The macrocarrier j§<sipje exceptions are soybean (Jacobsen, 1992) and, to a lesser
arrested by the stopping screen; the microprojectiles continue at higréxtem, pea (Beagt al., 1997), with the generation of transgenic tis-
velocity, usually under vacuum, into the target tissue. Subsequentlyg,es and regenerated plants being well documented. Indeed, soybean
DNA is released from the microprojectiles within the target cells and 5 the first grain legume from which stable transgenic plants were
becomes integrated into plant genomic DNA, although the precis€yptained (Table 1). In the case of pea, the lateral cotyledonary mer-
procedures involved in this process remain unclear. istems were used to develop a reproducibtemefaciens-mediated
transformation system (Bea&hal., 1997). As these authors empha-
sised, the advantage of their system was that it utilised dry seed as
Electroporation and/or polyethylene glycol (PEG) treatment of starting material, while the highly regenerable cotyledonary meris-
DNA-protoplast mixtures has been exploited for transgenic planttems produced transgenic plants rapidly without an intermediate
production where a protoplast-to-plant regeneration system is availcallus phase. Phenotypically normal, fertile plants contained func-
able, but where the plant cells do not respond readily totional transgenes which were inherited in a Mendelian fashion.
Agrobacterium inoculation. In addition, isolated protoplasts are a Genetic engineering of the gendthaseolus andVigna has been
useful experimental system for studying transient gene expressiorreviewed by Nagét al. (1997), while the integration into grain leg-

For example, Giovinazza al. (1997) used protoplasts isolated from umes of genes governing desirable traits, such as resistance to
suspension cultured cells Bhaseolus wulgaris to investigate the  herbicides (Schroedet al., 1993; Russekt al., 1993) and insects
expression and stability of a phaseolin gene sequence driven by échroederet al., 1995, Chrispeelst. al., 1998) and increasing
constitutive promoter. Accumulation of the correctly glycosylated methionine to change the ratio of seed proteins (Saaktaalh

and assembled protein was recorded in the protoplasts, the latter prd-994; Waddellet al., 1994; Saalbachkt al., 1995; Muntzet. al.,

viding an excellent experimental system with which to study the 1998), have also been reported (Table 1).

Other approachesfor genetransfer into plants



ReviewArticle

‘'966T
“Te P eILMOYD

"Z66T ‘UeBNHI N
pue unuax e

‘€667 "'[e 1B 0FS

‘8861
“fe P aqedIN

'886T
“Je 1 99YoUIH

‘T66T

“e 1 fewny

'686T “'[e 1o Yooy

'000C “[e
1 Aynnweuys Ly

‘€661
““Ie 19 euejuoH

8667 'URUSNH
pue uippnZery

xewl
U949 pue elenanibun eub A ‘WNAITES
wnsid 01|gedi|dde os e 8inpadoid

"POAIAINS pue padoprsp
yolymspng Jo Jaquinu ay) paonpa.
(p £<) spoliad uoieANRN2-09 Bbuo]

'sd i} Jo0ys paplequiog Jo

JBAe| |pa puodss ay) ojul paressuad
sajoied pareod YNQ Ssiuejdxe di
J00US U1 Uoissaldxe auab aLisew iy

‘syue|d ougew Iyo
BaWOoS pue uoissaidxe auab a|qe e
‘Uptr-g Aouanbaly uoirewlosuel |

'sauab Jo aouelllBYU I Busb Uelppus N
'SANSS ] PaLLIOJSURI] PaYD 1IUS UONIS IBS
uey| ‘wn1e10eqolby o) asuodsal

ul uerodwi sem adAlousb Jue|d

‘asuodsal uo Ifewiojsuell ayl
a5 IWixXew 0} Juenoduwl| SUO [FU3dUoD
le110eq pUe ofe Jue(dxg

Siue(dxa 1094u1 0} pB|R) 117V URNS
ZIYd "y siue|dx J,ep|o Ueyy aAsuU0dsal
aJow a.e siue(dxe Buljpass BunoA

‘siue|(d o1usbsueny

few.ou AjeaidAiouayd Jo Alonodai ul
pa1nsai sive|d %201S pawIo jsUel-uou
0]u0 sjo0ys d1uabsuel) Jjo Bunpelo

‘uoirewojsuel) eadxo1yo Jo
1odal 15114 "passnasIp 10U Siuessusbol
Jo uib QO “Aouanbaly uoirewlosUe ) o4t

‘asuodsal Aue 1101 01

po|fe} su kIS WN11oegoIBy WS INIIAY
‘wn11919eqo By 01 Siue|dxe Jay1o ey}
dANISUs aJow aJemsiue [dxd |1A1000dAH

‘sjue(d o1uebsue.) aonpoud 01 pa1oo.
S]00US J1igew YD 'sasAeue UBYINOS pue SNO

‘S)ue|dxe pasioxe Ajweu
Uey) asuU0dsal Ssa| palig iyxe siue |[dxa painynd-a.d
‘peressURBa. 10U SJ00US dIusbsue.) (Aesse SNO

‘s)ue(d pue soAIquis D1FeWoS JO uoieeuabal
0] Bulpes| s|jpa uoisuadsns JO UoIfewIo jsuel]
3|geIs "sesAfeue uBYINOS pue SN

"Juswipfequioq
aoned Aq ue|d uesgAos pawojsuel)
A|jgess 18114 "uoireiBalul pue uoissaldxa
auab ‘sesAfeue uBYINCS pLe || IdN ‘SND

"uo TR SUe}
pakIpaw-wn1ioeqolby Aq siue|d uesgAos
oluafsue. Juess101 aresoydA|b pue uelsisal

ue ‘9|0els 1sl14 'sasAfeue uRUINOS pue SN9

'sasAjeue
111dN pue auido ‘sj004 Aley wouy sue(d
oluabsue.) Jo uolesouabal ‘uoitewo) 1004 AlreH

's1004 Alrey wiouy siue(d oiusbsuen
Jo uoieseushal pue uoirelBalul aush ‘sesAeue
uJaynos pue ||IdN ‘uoirew.Joy 100l AleH

"}IN214}1p S100Us d1usbsue.) Jo Bunooy
‘sjue|d o1usbsue.) Juessisal up youiydoyd
pue uAweuey| ‘sssAeue uBYINoS pue SNO

‘paurelqo sjue|d paloo. olusbsuel |
‘uoissaldxa auab |1du pue snb ‘sesAeue 10|q
uJayInNos pue 10Q "uoifewojsuely Burenwns
U1 3A1199}J9U1 JusWea ] auobu 1140

'sasAeue auido pue 10|19 useyinos
‘Uo[fewIo} 1004 Alfey pue Jnown | 'sBui[pass OAIA
Ul Uey} aAIsuodsal aJow ajom sPu|pass 041IA U|

‘SWas LiaW
fepou ajiuaAn( ‘spnq ARe||ixe
fepou woly sanssiy ue|d 1ei|

"1A1001de 8y} Jo
1ed pue eipiownd jes| ‘swop
[eoide Jo Bunsisuod xade 100ys

'suosuadsns
|12 21uoAiquie pue sdiy J00Us

elpJowud
Je3] JO PIoASp SWIBIS LisW
pasodxe yiim sexe s1uoAiquig

“WINIPAW 34N} {ND 8Y3 Y} IM 19IU0D

U1Sadens [eIxepe JBY} Uim
SUOPa}A300 Bu1|PS3S PO-P-0T-

siue|dxa |A1000dAY
Bu|psss plo-p L¢ pue vT ‘6

'sBul|pses plo-p-zi-GE pue
-p-ZT J0SuoNoas [K1000dAH

'saxe oAiquig

'sawiop [eoide
JO ploAap Saxe dluoAiquig

'sBul|pess 0.11A Ul plo-p-0T
'sBu1]pe3s 041IA X3 PIO-P-/

'SaNSS 1) OAIA U1 JO UoTeI0d0A108 3

"INISNOssed
Buik1ied 092z AD Ut W 'y

juswiniisul Q0TS dd
Buisn sajonsed ussbun Aq
sauab snb pue |j3du Jo ARAlRA

"901ABP UOIRIB TR
aonted abreyasip o11%ep Aq
sauab snb pue |j3du Jo ARAlRA

‘sauab aouelssal aresoydA (b

pue |jdu yrm y68NO N
:3S-7€111d ‘sauab snb pue |du
Buikired 35-2€111d yum wn 'y

NV
pue TO9TY Sufelis pa.isauibue pue
1yV ‘20v6 VT Sukess Ziyl vy

“TO9TYH UkeJIs W nJinLRdAY
pue 1V umkels Ziyl v

'sno4gid Bunogrey 10T VHI
pue ‘INISNOSGed Buihired
0922 ADITO8SGD SIS Wi}

‘ulw OZ Jojeleizeqole yiim
Siue|dxa Jo UoIrRAN|ND-0D 'sauad
Idu pue snb ayy yum TzTI19d
BuiAireo y0ry a1 URIIS W Y

‘ecd uens ziyl vy
9V ‘86D ‘T8ZV Sukelss wn) 'y

S1IeU1No SUaT

Sifeulno sua

Xew aulok|o

Xew auk|o

Xew auk|o

0cyTO uoissadze

ealAbre audk|9

SUBOSAUEBD BUIDA|D

suossaode
SNOLIeA ‘WNUBLIE JB0ID

sadAl000
[e20] ‘Wnuip e JBo1D

sad/Ajoush
SNOLeA ‘WNuIPLIe 181D

Sa0UR R oY

SSI0N

HnsaissAeuy

siue(dx3

2Inpaooid/ures eleeg

sa10ads Jue|d

'sownBa| urelb Jo UorewIOSURI BY) JO ARWWNS & T 3|CeL



AgBiotechNet 2000, Vol. 2 June, ABN 050

"Juspuadap JeAl}Nd SIS100US JO

"I66T Punool ‘wniieloegqoify 0) UoIBUI 0} 'SJ00US paLLLIojSuel} "JOJ09A SkeAn|nd

“[e 1 AgleneN 9|geeuNAsIoW 8L SaNss pesioxe Alusai J0sanea| ul AlAde SNO ‘Aesse SNO 'sopou wiolysehe| |poulyl  Aruige Bulfied TO8GD ‘W1 Y SNOLEA WNAIES WnSld
'686T  "UOIeWIOSURI] 01 S3dAl |92 JBy10 Ueyl 'suopa|A100 "20v6 uredss adA1-pim ziyJ

“Ie 1 AsssnH BAISUOCS3] 8I0W S|BI JIeWRSIIBIN  'S1004 Alfey pue sinowni Jo sisAfeue o160 |o1sIH pue |A1001d0 ‘Xade 100yS  V ‘8GD ukJs adA1-pim ‘wnl 'y 18BNd "AD WINAITES Winsid
's1004 Alrey o1uabsuel | siue(dxe |A1001d3 ZIYl 'y

1661 'sapou 'sauab SJeAl}[Nd SnoLeA

“[e B soleg ‘poresousiial jou siue(d olusbsuel | paonpoJd s100us dLBWRIYD “ANIANTe SN Areuopa|A100 wolyspngadiinin 113du pue snb BuiAired ‘wnyy ‘s1rebnA snjosseyd

e le1eqofe 'saul|

V66T o1sseAe| |jPo JoLLlul By sesodxe 'sanssiy JuaeIp  'sBul|psss 19ejul Buireuiweb Jo ‘auab Je1iodal snb Yylim sures pue S:eAR N SNoLeA

‘ssi|g pue sina swelsewW fedide Jo uoiendoul geis Ul AlIAIge SNO ‘sAesse sisauabinownl pue SN Suoifal [epou Jo Uoife|nooul geisS  pawliesip pue 2jusbosuo wny 'y ‘s1rebnA snjoaseyd

‘S|B9 011 WYNQ Jo uoire.iBail 'sBu1|psss plo-p-/

"€66T 'SANSS 1} paWLIojsUe.) 3CeIs YIM SYSIP Jea| Wolysn|[ed Juessisal pue -i-€ woJy sjuswibes 'SNOTLX 1AM Aoupiy pay yfeq

“e 1© uipjueld woJ} pareseushal jou siue|d uey ‘sasAeue uBUINOS pue S| 13 [11dN |K1000dAy pue sysip fea Bu1A1red TOTYH3I ‘Wl 'y "Ad *s1rebnasnjosseyd
sie|d ‘sjue|d Juessal “wnipaw psseq-s N 'sauab Jeq pue snb Buikied
‘66T  PUE SI00US PoULIOjSURII 9AID 01 (9€0°0)  BPI0IGHBY U FeLLIOJSUR. 3]CeIS PUe U0SSa.dx® U1 y61usBAC peTeqnoUl Spess ¥02zOdMd Jo o pade

“le P |pssny Adouenbai) mo| e pawiojsuen auljwe  auab snb ‘SesAfeue UBYLION puUe UBLYINOS ‘SN W04y paALBp swasLew eaidy aonsed abreydsip 9119913 siefnA snjosseyd
'sawnBa| u1 upioid euonunue ‘unb uoIre paJe

"Z66T 1O UOKSSaIdXe 8y} JO UoIRIISUOWBP 1SI1} 'sauab Sz pue snb 'spess ainew  aponed o8P Ue Busn saush ©o01R)

“lewoefely 1Inq ‘porloushal jousiueid olusbsuel] o uoISsaldxe ‘sAesse S| 13 pue UBISSM\ ‘'SNO WoJ4 pasioxa saxe oluoAiqwg  ujwnge Sz pue snb jo AAlRQ ‘N s1ieBnA snjosseyd
')66T ‘auab ufeued ay) sepun

eMey| ILLRU I ] ‘uossadxe auah ‘sjue(d olusbsuen auab snb ay) buiAied /-9 vsd 1esploo

pue wiy o14109ds affeis uoireinfew pue ueblio Jo uononpoJd ‘Aesse [eaIWaYI0SIY SND 'Spaas YlIm Juswiplequiog a0 nted "Ad s1ebnA snjosseyd

'sa199ds Ueaq juenodw 'snoo| a|buis e e saiusboud ul ‘Syue|d paIn}nNd OAIA U
'166T a.iow 01 Jojsue.yausb Joyabpuge sausb Jo uoirehaibes pue uoirelbalul Bush snb Jo 10 Slue|dxe png wo.} paALIBP 'saueb eg-ulaIo pue ‘felo

“lewu|Ia Sesaladssiylbuleyjo yoeoidde mou v UOSSaIdXe JUBISURI] ‘SISAeUR UBYINOS pUe SN SN2 Jualodwoo-uoieseusbay  snb ‘| ndu BulAied TD8GD 'WiN1 'y "Ad SN1j0}IINoe Shjoaseyd

‘syue|d areloushol

01 |} INg ‘skeak 7 Jono yimolb 'S9198ds Y10q Ul sarel ymolh pidel yiim s1ool esagny ‘Ad
3|gess UqIyxa s1004 AireH 'sa10ads yioq Airey o1uafisuel] Juesisal Uey ‘uoissaldxe pue  'sbuljpsas BunoA wouy siuejdxe 'aueb |du Buifired  snijoynsnbue 7 ‘Is010d
'966T ‘Nn|boegeg Ul uononpul 1ool Ay Jo 1odal 1s114 uoIreIBeIUI BUBH ‘sesAfeue UBYINGS pue ||1dN |A1001de pue |A1000dAY 191U | TO9TH ZIyJ "V WwaniaRdAH ‘Ad SI|IgeInw snuidn
/7 M01d Wweniinedns
‘sue(d uidn| 9ams ‘syue(d Juelssal uey Jo ‘panowel sehe| |Bd eniul ay1 yum Jayebol ‘ssuab
‘000z  2luabsuel) 1S11H 'SpNg Jo uolkeeuafal  uononpold 'sauab |[idu puesnb Jo uossaidxe pue  UYoIym wou) sbul|pass plo p-/- | ndu pue snb BulAired 10139A 1S010d
“ewniboecqeg polowoidsioAe| I eolde Jo eAOWRY  UOIRIBIIUI ‘SasAeUR URBYINOS pUe ||1dN ‘SN Joswalsliow [oide Jooys  Aruige YlIM y0vi g win Y ‘Ad Sl|IgeInw snuidn
"uoreWIoSURI]
'166T |NJSS209NS 10} palinbal swels LB N ‘Ausbo.d pass pue siued 'sj00us Are||ixe BN pue diodiun 'sad
“lewaleabld  9%8'2-'0 Jo Aouenbal) uoirewlojsuel]  dlusbsuel) URISISal apnIgeH SisAeue ulyinos  ajdnnw Buonpoid sedide j00ys ‘auab req ayy BuiAires ‘wn vy snijojisnBue snuidn
SaoUB B oY SSION 1nsaussARUY sie|dx3 2.npacoiduelss eue1Jeg sa109ds ue|d

'sownBa| ukeJb Jo uorewIoSUeL} By} JO AlrWWNS W (PaNUNU0D) ‘T 8|qel



ReviewArticle

"(ereyd|ns uDAWRURY = U ‘sauaboziyl WwnLv1JeqoIbY = ZIYl 'Y ‘Susidejown] wnieiseqoify = ‘wnl "y)

"T66T
“Je 1o eZUad

"€66T ‘UinbinT
puee|p)y

'966T
“le P U/ ye

V66T ' IyoobIWS
pue enebreyq

'G66T e
B B0g-SNPIS

‘7661
“[e 1 ydeqrees

‘T66T
“Ie B Ipexld

'L66T “'[e 1o Ueog

'G66T e B Ul

'G66T
“[e 1o JopeoiLds

66T
“le PSameq

‘SWIS
JosioAe| wJepidegns ay) Ul pa1RI0|
alMS|pd dlusbsuet Jo Alofew ay |

‘pariodal Jou sis8] AusBiold
‘U0 ssa.dxa auabsuel) Jo SpAd|SNoLeA

‘pareousibial 1ou siue(d olusbsue. |

'ssAeue uByINos
AQ pawIIJu0D 10U UOITRWLIOSUR)
g ‘pawniojsuel) ApAireind siue|d

'SleAn|no
|[e PR10_JUI 117V Uledis Ing ‘'s1o0l
Airey @onpul jou pip (£v1dd) v uRNS

‘Auabo.d pass ul
upIoJd FPUONLIINUE JO UOISSAIdXD 15114

“Juswdo pASp Joyring
oBJepun 0} pa|e} SI00US Pa100J ||V

‘Bunselb ssejun Bunigiyxe fewlouce
AleaidAousyd syvewlosuel | 'sygam
2T-9 Bunie) ‘s|gelpIun pue o1e.d

‘MO s SiUewlo jsuell aAIeInd Jo Bunooy

‘souabisue.)
JO UoIssa.dxa pue aouelLIBYUI B |0RIS

'S9Xe JIuoAIquie pue suopa |A100
0} pa1oLIISal UoIssaldxe aue

"uonds Jo
Aoud13e 3Y) 3oNPRI S[PAS| UeY eiiul
yb1y ‘uonoses Ue | adedss siue|d awos

‘paresausial sjooys annisod-sNo

ouZew Yo ‘sesAfeue 10[q 10p YNQ Pue SNO

'SANSS 1) SNOLIRA Ul p10918p

Annge sNO sisAeue [ea1dodsoloiw (Aesse SN

‘uolrelBeiul auab Yy1m

11120 POWLIO jSUR] ‘SasA [eUe UeyINoS pue ||1dN

"uoifal o1TeWRIS LIBW

Areuopa |A100 ul uossaldxe auab snb ‘Aesse SNO

‘P OT Jole uoirew.oy
1001 Airey Buipsadaid uorewo) Jnown g

'sauab Sz pue |)1du ‘snb ssaidxe

yoiymsiue(d olusbsue a|gess 1114 ‘SsAeue

Auaboud zy ‘sasAfeue uLYINOS pue SNO

's100Us 9 Iusbsue.}

JUeISISaJ URAWOINAY ‘sisAfeue 10|q UBYINOS

"aUsB Jeq ay) Jo souelLBYUI LR BpUS I

203151001 1B6Nnd "Ad 01 Bunfelb Buimojjoy
few.ou A|eoaidAioueyd siuewlosuel] -Bunured
apIgaY ‘sesAeue ulBYINoS pue SsAeue 1vd

‘paonpo.d
sjue|d ead Jueisisal apioigJey dlusbsuel |
'sasAfeue 2216010140 pue uBYINOS ‘1vd

11N\ Bad 01 esisal A|eied ued

ead 15114 "Aesse uoIeIsajul 103sul 10|g UBYLION

%y

J0 Aousnbai ) uoifew.oSuUe) ‘suoiesul aush
snb a|dinw ‘sasAfeue uBYINOS pue SNO ‘Y0d

'sjue|d ead Jueisisal

'soAigwa
pas1oxe ‘pateulwebun ‘ainke A

'Spass
aJnfew woJljsaxe Q_CO\A._QEM

11[ed PoALIBP-fes7]

‘uopa 4100
U0 Y1IM SoAigue ainte |\

"yidep wiw g-g 0}
paqeels ‘wajls uo sals Juae g

"(T66T) '[e 10 Ip/exold 4O POy N

sdn J00us
pue |£1001d8 Jo JUBWIBSS |ews

sweisLibw Aruops|f10D

'SUOP3 [A100 SINTLULU |

"(€66T)
‘le 18 JBPa04yds 0 8.Npad0id

'sapou Areuops |A10D
Py io}

"IN ISNOSSed pue 09zeADd
BulA1red ggD urnS Wn) 'y
auab snb BuiAired

piwse|d yim uoireiodosss g

‘2yvod
10199/ Aeuiq Yiim winy 'y

'sauab
|3du pue snb BuiAired TzzTgd
Buisn usWwpequioq a0 iked

'suRss ziyl v
‘plwse|d 19 yum winy 'y

'soueb sz pue |pdu
'snb Bulk1ed Sg-ToN1959d
UM TOT VH3 utedis ‘win} vy

"1dH0S8EADd

BuiA1reo TOGSD utelss ‘wny 'y
‘aush

JTeq ay} yim T9GTr1Sd 10309A

Areuiq ayy buikired goT vH3
urlis e niinRdAY ‘wny 'y

'sauab |11du pue seq BuiAied
LZNTA UM TIDY ukelss wn} 'y
‘auab e ay}

snid (€66T) e 1 JOPA0IYIS UISY

'sauab | 13du pue snb yiim
TT6TC1Sd Bulkired £/850 ‘win 'y

SUOSS32Je SNoLen
erenainbun eubin

afoxde|d

‘A ere|naInbun eubin

obunwi eubin

ereipe. eubin pue obunw
euUBIA “eljo4iIuooe vubIn

seAnno
SNoLeA “ede} BIDIA

SIsUBUOQ feU BIDIA

sIsuaUOog.feu

*JeA S1SUBLIOQ JeU BIDIA

1ebNd A WNAITES Wnsid

"80uno. |
pueesnH ‘olojog
'SAD WINAITES WIS |d

1Se9 USRI
*AD WINAITES WINSId

1ebNd A WNAITES Wnsid

'€66T 'sauah apIg.ay 1114 *(96G2-G'T) Uolew.ojsues PaTeA1}ND-02 ‘sjool Bujde| 'seuel |ydu pue 0puOy ‘1SERJURID
“le 18 Jpaoyds  |du pue req jo aduellisyul Uelppud N 9|qels ‘10|g uleynoN pue Aesse | vd saxe 91uoAiquid ainfeww | Jeq BulAired TIOY ukss wn 'y 'SAD WINAIYES WNS|d
S9oURB Y S9ION 1Nl sARUY sue(dx3 ainpago.d/urelss elLeg sa0ads Jue|d

'sownBa| urelb Jo uoirewIoSURI} BY) JO ARWWNS Y (PANUNUOD) ‘T a|qel



Prior to the introduction of agronomically useful genes into a crop
species by non-oncogenic strains of Agrobacterium, the plant
response to bacteria inoculation is often evaluated by inoculating
explants or intact plants with wild-type strains of Agrobacterium.
These experiments provide insight into such parameters as the
optimal co-cultivation period and the plant cells most competent for
transformation within target tissues (de Kathen and Jacobsen, 1995).
For example, Zhanyuan et. al. (1997) investigated factors affecting
transformation of common bean, using the Agrobacterium strains
A2760 and EHA105 carrying the gus reporter geneto facilitate rapid
screening of transformation. They confirmed an Agrobacterium-host
plant interaction and obtained data relating to the influence of
explant maturity, preculture and Agrobacterium-explant co-cultiva
tion conditions, and the selection procedure on the transformation
rate. In addition, it was suggested that preconditioning of explantson
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the formation of channels in the target plant tissues, facilitating bac-
terial access to internal cells of the explants. Such a procedure has
been implicated in being especially helpful in transforming meris-
tems with high shoot regeneration potential, but which normally are
physically impermeable to agrobacteria. The procedure is also appli-
cable to embryogenic callus and suspension cells (Trick and Finer,
1997). Indeed, stable transformation of soybean embryogenic cell
suspensions has been reported using this technique (Trick and Finer,
1998).

During the last decade, there has been an interest in devefoping
rhizogenes as an alternative systemAatumefaciens for introducing
foreign DNA into plant cells. The ability to recover plants from
transformed roots is an essential feature of this system. Porter (1991)
reviewed the literature relating to the induction of transformed

a medium containing 20 uM benzyladenine prior to co-cultivation in (hairy) roots inGlycine speciesPhaseolus vulgaris, Pisum sativum,
darkness with concentrated suspensions of agrobacteria, was essefjgia faba, Vicia sativa, Vi gna aconitifolia andVigna unguiculata,
tial to optimise transformation rates. Phenolic compounds, such agsingdifferent strains oA. rhizogenes. For example, the induction

acetosyringone, stimulate gene transfer fAgmobacteriumto plant

of transformed roots was reportediiter arietinum (Riazuddin and

cells and, consequently, are often included in the bacterial cultureqysnain, 1993; Siefkes-Boetral., 1995), and it.upinus angustifo-
medium and/or in the medium during co-cultivation of agrobacteria |jys andL. mutabilis (Babaoglu, 1996). However, plants could only

with plant cells.

be regenerated from cultured, transformed roots of the wild soybeans
Glycine canescens (Rechet al., 1989) andslycine argyrea (Kumar

The most successful transformation systems in grain legumest al., 1991), and fronVigna aconitifolia (Tepfer, 1990). Limited
leading to the recovery of transgenic plants are those which haveuccess has been reported from cultured hairy roots of pea (Saalbach
exploited embryonic axes (Schroedeal., 1993, 1995), stem nodal et al., 1994). Collectively, these results indicate that plant regenera-
segments or cotyledon-hypocotyl secti¢es Kathen and Jacobsen, tion from transformed, cultured roots of grain legumes remains
1990; Nauerbyt al., 1991; Daviest al., 1993), and apical explants difficult and erratic.

(Pickardtet al., 1991; Russelt al., 1993). Such explants all have
terminal or axillary meristems and, hence, a high shoot regeneration

, Micropr ojectile-mediated transfor mation
capacity.

of grain legumes

Whilst meristematic cells have been considered not to be competerAlthough most effort has centered upon the uségobbacterium
or to have a low competencefgrobacterium-based transformation  for introducing genes into grain legumes, there are also reports of the
in pea (de Kathen and Jacobsen, 1995), transgenic plants have bease of biolistics. Shoot apical meristems of mature seeds or whole
obtained, nevetheless, in this grain legume (Hussey., 1989; embryos have been used extensively as target tissues for direct gene
Beanet al., 1997) and also in chickpea (Fontagiaal., 1993; transfer by particle bombardment Glycine max (McCabeset al.,
Krishnamurthyet al., 2000), common bean (Levis and Bliss, 1994), 1988; Satcet al., 1993),Phaseolus vulgaris (Russellet al., 1993)
sweet lupin (Babaoglgt al., 2000) and blue lupin (Pigeaieeal., and, with more limited success, Vigna species (Bhargava and
1997). The transformation procedure involves excision of the mostSmigocki, 1994) (Table 1). In the majority of cases, explants from
apical meristematic layer(s) or stabbing of the apical meristems priomear the shoot apex or the apex itself, have been the targets of choice
to inoculation withAgrobacterium (Table 1). For example, Pigeaire  (Christou, 1997) with the exception, recently, of soybean embryo-
et al. (1997) transformed blue lupin with herbicide resistance by genic cell suspensions which were transformed with the jellgfish
stabbing the apical dome and primordia of the third pair of leaves ofgene (Ponappet al., 1999). Apical meristems permit rapid multiple
shoot explants witi\. tumefaciens carrying thebar gene. Interest-  shoot production with minimum tissue culture compared with other
ingly, Babaogltet al. (2000) could induce multiple shoots only after types of tissues. More importantly, the genotype has less influence
removal of the cell layer(s) of the apices of sweet lupin to a max-on plant regeneration. The transformation frequency in the case of
imum depth of 300 mm below the apical dome. Subsequently, suclbiolistics is usually low compared #grobacterium-mediated gene
explants were inoculated with a super virulent strain (1063). of transfer, while the selection of transformed cells and shoots folloing
tumefaciens (Curtis et al., 1994) to obtain transgenic shoots. The bombardment of apical explants may be more difficult #hgmo-
advantage of using such explants Agrobacterium inoculation bacterium-based procedures because of the complex organisation of
compared to other tissues is that the procedure is simple and reldhe shoot apex (Yang, 1993). However, it has been reported that par-
tively rapid, with the direct development of shoots from the ticle bombardment may be the preferred option for gene introduction
inoculated explants without an intervening callus phase. The avoid-into large-seeded grain legumes, circumventing the host specificity
ance of a callus phase, followed by regeneration through shoots oof many grain legumes to infection #grobacterium (Christou,
somatic embryos, ensures a low incidence of somaclonal variation.1994, 1995, 1997). Certainly, this technique may be useful for
inserting foreign DNA into apical tissues of a species, in a variety-

The inability of Agrobacterium to penetrate tissues and to adhere to independent manner, when no other pathway of plant regeneration is
the walls of cells capable of undergoing transformation and shoot@vailable. The main limitation to this approach in some laboratories
regeneration, is probably one of the main factors limiting the trans-Mmay be where there remains limited access to particle bombardment
formation of many plants, including grain legumes. In some cases, dnstruments (Christou, 1997).

combination of procedures has increased the efficiency of transfor-

mation, as in subjecting plant tissues to short periods of ultrasoundhn interesting concept is one which combines aspeégrobacte-

in the presence of bacteria. This treatment, called Sonication+ium-mediated transformation with biolistics. Thus, Hansen and
AssistedAgrobacteriummediated Transformation (SAAT), induces Chilton (1996) described a novel “agrolistic” system in which viru-
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lence genes from the Ti plasmid of A. tumefaciens were placed on
one plasmid and the latter co-delivered by bombardment with a
second plasmid carrying the T-DNA borders flanking the gene of
interest. Virulence gene expression in planta induced T-DNA
transfer similar to that occurring during norma Agrobacterium-
mediated gene ddlivery. To date, only preliminary information has
been obtained in soybean and the application of this approach to a
range of legumes till requires further investigation.

Concluding remarks

Thisreview isintended to provide abrief overview and background
information to the transformation of grain legumes sincethereis till
a requirement, possibly through support from the European Union
(EV), to develop simple, reproducible and efficient transformation
procedures for those legumes cultivated in Europe. Certain parame-
tersmay emerge as being common to transformation protocols, such
as the use of specific bacteria strains, the co-cultivation period, the
bombardment conditions and the nature of the vectors, selectable
markers and target explants. However, the rooting of transgenic
shoots combined with poor shoot growth following rooting, have
been identified as difficulties which remain common to the transfor-
mation of some grain legumes and which need to be resolved as soon
as possibe (Puonti-Kaerlas, 1993; de Kathen and Jacobsen, 1995;
Ramsay, 1995).
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