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Abstract 

If tissue culture is to lie u:eful in platt breeding methods for Obtaining long
term, high-frequaency plant regeneration from casi htilainable stalling material (likeseeds) are teeded. Callus cultures of wheat (Triticm !csti'v?tn L.) initiated froiigerminatitg seeds or iniiature embr ' os prod Iuced two cell tispes. Fnihryoigenic (1")

callus coisisted of small isodiaitctr~c cells 
 and was colipact IIi iature. Nm-cmtil- ro
genic (NEI) callus conIitd of long tubular cels and was frialIe itt nature. Pa1ttregeneatimi from cnbryo,;cnic regiions wal of high fretutCnc'. Noi-ciir vgnic.' 
(NI {' cdluIs infrequentlyl plroduced rLeicl'ated platS. SO ItUa ,as ¢alli producted
regions of cttihrsotic cells, regcncittiot cMttiitueCl if tie rcgioN were p[,ced on a 
deliied rCge'ILTtti0a ltt, iItI .

Imti ttirC ul\let-vus I-r)duccd I ltIlar. "rolLgh" 1" c' luts atitd NI: callus fromhe scutCllutit this .if orgtn at1 d tiLM Iv irotii ilte iediuiit. \'hlcti iittl1aturk, Ctthrvos
 
were placed with scIttellt ill U itit t ilt the ilt lcdiuilt, tlti, sutelli did iot usuallv

oriti calli. Instctd. the shoot ipi, t'itho produced a "'i oth" callus, .tttd the


rtot apical regiott produced NI 
 cal'.;,, \\'het iutti i l rvs weteIdissected iitiO
scutella, shoot apical regions, autd root apical rcd,,ts, they produced ItOdtlar I,
stoth 1 atid NF. callus, v
rMspuctu I\ture cu'bthyt (setdis) p.oduced sitith E

callt from the dout apical region, N I ctll, 
 i'rout Ilt rt- apical regiot, and 1i0 

) Abbreviation list: cntbrvogcnc, Ic:; tot-ettir\, gctc, NF-; 2,4-didclt:-.iphcn x-vacetic acid, 2,1-1); 2 ,4,5-triduloroprhenoxyNicetic acid, 2,4.5-T; itudolCacetic acid, IAA; ine
tin, KIN; tryptiphn, TRP; ben:y Jadenine, BA. 

tI.S. tpyright Ch1varuice Centcr Cd, i.itcmet: 0044-3298//85/9403-02 18 02.50/0 
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219 Long-Term, High-Frequency Plant Reg, ieration in Wheat 

callus from the scutellun. The relative amounts of E and NE callus in mature and 
immature embryos could be significantly altered by different 2,4-D concentrations in 
the medium. 

Key words: Triticum a,teivio - callus formation - plant regeneration - somatic 
embryogenesis - tissue culture 

If cereal tissue culture is to make a contribution to plant breeding, 
reliable, repeatable regeneration methods must be obtained. A number of wor
kers have reported the regeneration of wheat plants from callus cultures 
derived from various plant parts (YuiKOVA et al. 1981). The frequency and 
duration of plant regencra.tion has usually been low (CoNc;: 1981). SEARS 
and DECKARD (1982), using one defined series of media, achieved high rates 
from immature, embryo-derived callus of some cultivars and found that both 
the rate and occurrence of regeneration was quite cultivar-specific. 

In recent years, close visual observation of tissue in calli in a ,nmber of 
cereals has revealed that a white, compact tissue - usually termed "embryo
genic callus" is the source of most if not all plant regeneration (NaiBoIs et al. 
1983, OzIAs-AKINs and VASIi. 1982). The frequently low rates of plant 
regeneration in cereal tissue cultures, particularly those derived from mature 
embryos, are explained by the fact that embryogenic callus typically makes up 
a small fraction of the callus. Also, most media which select for rapidly grow
ing callus usually favor growth of larger non-embryogenic cells which form 
the friable, sometimes crystalline-appearing callus masses typical of cereal 
tissue cultures (NAnoBs ct al. 1983). 

For rice (I-hEYsEKit et al. 1982), oats (l-i.:Ysi-. and NAIBoRs 1982a), and 
proso millet (I-h-YsER and Natois 1982 b) we have shown selection of embryo
genic callus leads to long-term, high-frequ,:ncy plant regeneration. We now 
report similar results for wheat and also show that the frequency and types 
of embrvogenic callus can be manipulated by changes in medium composition 

Materials and Methods 

Calli were obtained from germinating seeds and immIature embryos of the spring 
wheat cultivars 'Chris' (obtained from the C0olo'ado State University l)epartment of Agron
nlV), 'Glennson-8l' and 'Pavon-76' (obtained from CINIMYT). 

Mature and immature seLJls were SurlfacC sterilized for tmi seconds in 901,; ethanol 
and 30 minutes in 2.6',; oditun hypofchlorite as appropriately diluted commercial bleach. 
Callus was initialed InIlINSMAIE.1and StKo(m;' (1905) Iasal medium, plus conCCntrations of 
hormones, which %,as solidified with 1 ',; agar. 

Calli .-ere cultured in glass vials 25 min I diameter and 70 mm in depth with plastic 
screw capls, and coitlainitii 10 tt itiedium or in muli-well tissue culture plates with I ml 
medium per well. They were grown 25 cm front two 40 w, wide-spectramtfluorescent bulbs 
iii COlltitoitis light at 2S C. 

Callus cultures were transferred to fresh medium every four-six weeks. At ead 
transfer, all embr ogenic and some similar sized non-embryonic regions were removed and 
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placed on a mediunm designed to encourage plant regeneration. The bulk of NE callus was 
placed in a vial of fresh callus-initiation medium. 

Regenerated plants were removed from vials when the leaves rc.Aced 2.5 cm in length. 
They were placed with roots in distilled water for one week to encourage root growth, then 
planted in 10 cm pots in commercial potting soil. 

Root-tip squashe were prepared by a modified methtid of Mujl riietal. (1978). '0ot 
tips were rcn,oved from pot-grown plant and pretreated for 3 11 in a solution of 0.02 M 
8-hydroxquiinoliie plus 0.01 M coIClhicine. ',eni' nl of the solition contained fotr drops 
of dimetihl I ul'oxidC. VheIt the soluliolt ,1WarelnOViled, 2 ,; aceto orcein was aIileiL, .1nd 
the tips wire tur'cd il the re fliger,it until utie.The root tip was then reinoveid front stain 
and boiled is 45 '.; acetic acid. A I mit root-tip scctionI was trihinmed anid macerated on a 
slide. The cover slip was aILdeil; the slide waN gcntily heated and squashed. Slides were inade 
permanent by the dry-ice method. 

For thin sections, tissues were killed and fixed in Craf Ill fixative, dehydrated through
allafcohtol.xvl,.te series, etbeddied ill Tisueat, sectioi at 8 .nt, and stabsed with safra

nin'fast green. 

Results and Discussion 

Characterization of E and NE callus 

Cereal E callus consists of small, isodiametric cells which average 31 tim 
in diameter in wheat (Fig. I). NF callus Consists of long, tubular" cells which 
average 52,tn in diameter and 355pin in length. Visually, E callus appears 
as Compact, dense regions, while NE callus is loose and friable in appearance 
(Figs. 2-4). F callus is more difficult to distiiLguish in wheat than in oats, 
pearl millet, proso millet, oi- rice (NxiBORs et al. 1983). 

wheatLa•is 

].it. Typical NE (1)and 1: (2) cells in 
wheat callus. iar is 50 urn 

http:afcohtol.xvl,.te
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Fig. 2 Noduilar v. "lII 
(1E)forms on the seu I !ar 
surface of in in atti, Cl
bryos when it is placCd 
away trml thCi lll'diuilll. 
(I) :ace view\ of NCultel
linl (s) di to'igearly stages 
of nolular callus1". forina
non.ll (2) An1 imll .l NllttLll- - .. 

brvo illwhidl the Sctclu-1Uin 
ha produced calndular FL1 
11iSanld the dlho i apical i-
gion 1i1s , r dolC 1 111oth..... 
embnrogenic (S[:.) calli,. " 
indicaies the 'ClitL'ili l 
illtirflc. (3) .An itinitanl~re 
clliihrvo lmilar I that 
shv.ii in (2) except that 
the scuclhlln ha.a lo 

dticed N o llcall 


0it .1 scutelnlum 

ii 4., 

In wheat, tile two callus types are both straw-cmored xwhereas in the 
other cei".a], NI" callIus is str'aw-colored to brown while 1 call us is white. We 
inspect CLIIires C.' ief ll\'tilLtiCr atdissect iiSig tnirCtOsCOpC to IIlsire accIrate 
determinathiu. Calluti squashLes arie LIsed to Colliin l ieniicti)Cationt iII qtiestion
able cases. 

L.ocalization of F and Nil callus production 

Man v workers have reported that regciterati xe caliis in Cereals arises 
f'lml tl, sCLtCIIllt il illibr\VOs x heln thexl are placed sCUtClHI lm-Lipof ntlattrUe 

ontile sulrIface of' stlild tilCdliill ((;RI altd ll iiis 1975, Si1xRS and )I.:CKARlD1 

1982). F.u" wiltvat, We fiILd tltat 1:calluLs Ct ar1ise either fron tile SCLitel II or* 
fromll the shooit rL.gioit tihe ax s (Iiti. 2---1). With Imma tui.e enbryos a 
nlOLILiIa r 1: callus forms on the sctItelIuni \\ l1en te eCmbryo is placed With the 
sctItel tun a frotm the Ilediun (lie>. 2). Tlt illLdules appear in manV casesxWJ 
to be somatic inbrtYOs (he. 3). II the axis isplaced a a front the mLedliul, 
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V.. . Fig.3 Longitudinal sec-
Lons through scutella of 

"N.' immature embryos showingvW ':. embryoids (e) forming on 

{ 4,.'i internally (4). Bar.and is 

Th, a ue , 

• " ' - , a, -,-.. " 

V It,. ,I 

3 %f $".4 r" 

scutellar callus does ]ot normally develop, but the shoot axis region forms a 
smooth type of E callus Which consists intcinally of organized regions of E cells 
and some less organized NI" regions (Fig. 4). Some immature embryos produce 
both smooth and nodular 1 callus from de shoot axis and scutellum, respec
tively (Fig. 2). OZIAs-AKINS and VASIL (1983) noted similar tissue developing 
from axes of excised mature wheat embryos. NI"callus can also form from the 
scUtellum when it is away from the medium and from the root apical region 
when the scutellumI is next to the medium (Figs. 2 and 4). These developmental 
potentials aC summarized in Table I. If immature embryos are dissected into 
scutcllar, shoot axial and root axial portions, they form nodular I, smooth E, 
and NE callus, respectively (Fig. 5). 

With mature embryos, only the smooth type or \'cry rarely the nodular 
type of axial F callus forms when the embryo is attached to the seed. The 
formation of this callus is more common and extensive for seeds placed on 



I ill .11
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Tab. I Developmental potential of embryos as a function of orientation of scutc-lum to medium 

imlnnatore mature 

scutdluin away 
from medium 

scutellum 
toward medium 

random placement 
of seed 

scutellum nodular E no callus no callus 
and NE (small volume 

of nodular E) 

root apical no callus NE NE 
region (small volumC 

of NE 

shoot apical ,M callus smooth E smooth E 
region (small volme 

of smooth E) 

The ability of cereal embryos to produce two types of E callus has been 
observed inl wheat and triticale (unpublished data), but not in rice, in which 
mature or immature embryos rapidly proliferate only the nodular, scutellar 
E callus regardless of orientation to medium. 

Itis also of interest that mature wheat scutella do not form callus of any 
type Winder otir cultural c0nditions. In rice the scutelluni is smaller and more 
easily detachable from the .'ndosperm than in wheat. We thouglt this condition 
might somehow inhibit F callus formation on tile wv'heat scutellum of intact 
seeds. However, isolated, mature wheat embryos do not produce scutellar 
nodular F callus when in this callus In immature embryos isiCdi prodtIcing 
utilized. In rice, mature scutclla produce nodular E callus less frequently than 
immature sctitella. The distinction is even more severe in wheat, in which 

.ig.5 Ininmature embrys 
disscte into scutelluni b),

E.shoot axis (2), and root axis 
(3) produce nodular F, SE 
Sand N1- callus, respectively. 
Medium contained 2 mg/I 
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Tab. 2a Milligrams of total Eand NE callus produced from mature embryos (seeds) as a function 
of 2,4-D or 2,1,5-'T concentration in medium 

'GLENNSON' 

mg/I auxin 2,4 --D 2,4,5--T 
plus 0, 20, 
50, 70, or I100 mg!l TRP E NE E N E/NEx10) 

2.0 	 56.3 296.2 b 
28.0 449.0c 12.739.1 3 9 0.1 c50.3 231. 112.0+0.5 

ppm KIN 

5.) 
14. 8 a 3 2 7 .5d I)4.9 a 

4 6 0 .9c f 

5.0 + 0.5 	 11 0.5 a ,179.8 ce - 25.88 9 .4 a 3 5 8 .3d 
l
 

ppm KIN
 

10.0 	 51.2 213.4 f 48.0 2o8.4 
f
 

f 

10.0 + 0.5 52.5 157.3 

f 3.1.8 22o.3 23.4 

ppm KIN 

20.0 	 96.3 98,9 77.m 109.5 f
 

f
F 63.2 
a 162.4 64.120.0 + 0.5 86.9 

a 133.9 

ppm KIN 

a = significimtly different (at .05 level) from 2 ppm auxin experiments. E values
b = significantly different (at .10 level) from c
d = significantly different (at .05 level) from c 

f = ignificantly different (at .05 level) 1rom1 poMled 2mg/I atu xin cxperinwents, NE values 

mature scutella produce no 1: callus. We are investigating the possibility that 
an inhibitor, such1 as abscisic acid, increases in concentration in scutella during 
seed maturation and causes the observed result. 

HIALPRIN (1967) and S-ro i;" (1979) proposed, with respect to dicots,
that E and NE cells constitCutCd two non-interconvertible populations establish
ed during culture initiation. Specific media were believed to encourage the 
growth and division of one 0: of ')oth cell types. Our data are consistent with 
their view. Howcver, we belicve that F and NE cells may be interconvertible. 
The most obvious differences between F and NE cells are their size and their 
potential for morphogenesis. In the whole plant, smAll, meristematic cells with 
morphogenetic potential regularly elongate and lose tiis potential. Also, large,
elongated ce!ls are known on occasion to give rise to small meristematic cells 
by uneqtial cell division. This occurs as carrot embryos formed from isolated 
single cells (R,\;-IAVxN 1976); in nomial embryogenesis of many plants 
(MAI iEsHiWaRi 1950), in stamen-hair initiation in TRAD:SCANTIA (Mi.:iCI.F
and l-lAZARDi) 1980); and in root-hair development (SALIsButY and Ross 1978).
Visually, E callus frequently appears to giv. rise to NE callus and vice versa. 
Of course, without exhaustive cytologicJd work it cannot be demonstrated 
that the observed changes are not caused by growth and division of uinnoticed 
cells of the opposite type. 

Z. I tian,'en.,tidtg.. 11. 94. 1 Mt~t 3 16 
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Tab. 2b Milligrams of total E and NE callus produced from mature enb.:yos (seeds) as a function 
of 2,4 -I) or 2,-I,5-T concentration in medtim 

'CHRIS, 

tog/I auxin 2.-I- 1) 2,4, 5 -'r 
plus 0,20, 
50, 70, or 
100 tog/l TRP NEE NE E/NEx100 

2. -17.7 2.10.01' 47.7 383.0' 
c
 

2.0 + 0.5 58.5 317.9 b -19.5 489. 

ppmn KIN 

52.9 2 53.5c5 I~o67.5 244 .3 eC20.8 

5.0 + 0.5 52.5 281.5' -11.3 250.2' 
ppm KIN 

IO.M 55.5 15 4 . 1d e 52.0 16 7.9 de 29.7 

10.) + 0.5 16.9 142 .1d.e 10.9 19 2 .7 d,e 

ppm KIN 

'	 d 'e2to. o 56.3 9 2 .d	 e -18.2 112.7
de 

20.0 + 0.5 86.-I a 105.8 d 
' 68.8 109.0 , 

pipm KIN 

a signitficaItly different (at .05 level) from rest of values in E column 
b = significantly different (at .15 level) from c 
d = significantly differetnt (at .05 level) from h 
e = significantly different (at o.5level) from c 

Maximization of Eand NE callus production 

1.Mature embryos (seeds) 

Media containing low concentrations (I to 5 mng/I) of 2,4-D or 2,4,5-T as 
the only hormonal additives are typically used in cereal tissue culture and 
favor the production of NF callus fr'om mature embryos (seeds). This is the 
reason plant regeneration from cereals has historically been of low frequcncy 
and of short duration (CONGER 1981). Table2 shows that although media 
contailling 2, 10, or 20 mg/I 2,4-1) or 2,4,5-T all produced mostly NE callus 
from nature embryos, NE callus growth was significantly (5 Q/ level) favored 
at low levels and smooth 1 callus growth at high levels. Thus, in the case of 
'Glcnmson' seeds on medium containing 2,4-I), a callus at 2.0 mg/I plus 0 to 
100 mg/I TRP .onsists of only 16 '/ F callus, whereas at 20 mg/I plus 0 to 
100 mg/I TRP,it contains 39' / -Fcells. 

In rice 1:callus production from seeds is not increased by media contain
ing 20 mg/l 2,4-1) but can be increased by media containing low concentrations 
of 2,4--D (0.5, 1.0 or 2.0 mg/i) plus 1-100 mg/I TRP or IAA and 0.1 to 
0.5 mg/I KIN or BA (SIRINVARDaNA and NaBoRs 1983, 1{AGIHAVARANI and 
NABOtS 1984). Cultivars vary considerably in their response to these variables, 
and the 1"callus is nodular and scutellar. We tested the effect of 20, 50, 70, 
and 100 mg/i TR P and of 0.5 mg/I K IN separately and together on smooth 
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E and NE callus production in 'Glennson' and 'Chris' wheat (Table 2). Overall,significant differences at the 5 '/ level werC not found, although Trm or TR 

and KIN significantly increase 1Fcallus production ill medium containing 
2 mg/l 2,4-D in some single treatments (data not shown and NABORS et al. 
1983). Since wheat seCds do not produce nodular 1: callus derived from tile 
scutellim, the)' do not represent a systcm readily coii iparable to rice seeds, 
in whicli smooth F call us production from the shoot apical region does not 
occurI. 

Based on our preseit t data the best mediim for F call us production from 
matLire embr'os in 'CIlnson' and 'Ciris' wheat contained 20 nigI 2,4-I) as the 
o111y added h,,,'ttoiie. '[he best niediunm for production of NF callus contained 
2 mgl 2,4,5-I' plIs 50 Mg 'I TRP. 

2. Imnlla tlre en hr yos 

Tablc i shows that when imiimtirc e.mblr'os are placed with tile scutelli 
away fron the medium, hi.h amounM of ,cUtCtelar nodular 1 and NI- callus 
ar ,rodticed as well as loss amounts of ,m.oothi 1. Tihe mindular 1'. and NF 
forii1 oii tle scutellumi, while the snloohi I' formS on the shoot apical region 
lacing the miiediCium. No clear colrrelations between formation of' the three callus 
ty pes and itmttratiom 01'of 2(1-I) is fOLld. The effectsIcelttratioii of 
k IN oir 'M) ol,n scuie'lar callus productotit Is tint vet beeii tested. 

I'lb. . N11iig 1r ,1 o tot.I In,' t IiF. nm,dilair L..md NE' ,1IlIIpr(,ducdi l'tll imtnatu-c mbryo
1lI' "Pt~l" \ }I' It J LI it II 111 11 -'A I ), t lit t ,tIl .l11,1 ,)1 lm itatik~o l'he lb ' O t )t l le ill 

isF 

S, 

1:NN 

- S--- - - -

1,tiIititl II Ef 

- --t-ll 

mi 

----- --t,-,11 _ 

E fNE 
1.5 9..71 

' 
s i. I, I.S5 5.2 12.32 

I. tI 
... 

.1 , 
, 

.7q
1.1121 

I)1, . 91)
5.11 

2 .2 S I 
0.(,2 

fi.57 
o.3 I 

.5 e 

2.9 7 

101.11 -., 13 .' 11 l. Id (t.23 2.17' 

nlleal 5.511 2.32 111.3t2 1ml2 (.s 6'.13 

- . niljic~tnty liit'le t .05 mtt"ll 9.73
I - ,igtliiCdIt~y lit'freit .1t .115 i'lnm 3.75

d gnfk mty it'I'Cs.'nt At .t15 fIoml 7:. 

C 'lgm i ,t v di't'ient at .16':I'tw, 12._ 

eiii i ature emiibhryvos are' placed with tile scutellut facing tile 
mied itm, verv little developietit of nodular F or NE callus occurI's oi tile 
scutelLIari Surlface. ImstCad, s l1oticallus is prodticed by the shoot apical 
region aId NI" call us bV the rot mical ,'egoi . As w itli mature embryos, 'oot 
N[" calIus is redtuced sinilicantlV ill voluinte as the 2,4-1) conceitration in the 
med iu m inic reases. Ill contrast to n1attiLre Clilbl'vo, 11 coIrrelatioi betwsveen tile 
voliume of snioothi 1 callus and the 2,4-I) coiiceintration is fotind. 

16':. 

http:egenera.th
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Selection for salt-tolerant callus 
Callus dcrived from mature embryos was selected for tolerance to medium 

containing 0.0, 3.0, 6.0 and 9.0 g/l NaCI. Plants were regenerated from the 
first three media and are currently being selfed to increase seed stock for green
houSe testing. NaCI concentrations below 15 g/l were found in a separate 
experiment to increase the proportion of smooth F callus (Fig.6). 

a 40 

EU= Fig. 6 Mature embryos were cultured for six 
20 Wseeks Oil meiCdiumiiicontaining 5 mgI 2,44) and 

C.O Ig l (0) or 10 mg I KIN. Resulting SE 
SC.lls 

0 5 As pIaced 011. I Ium[Ir'ge iera tI Ii Iollcomaini), no addcd Ilorl'oli, for ssvo four

0 100 200 3 0 week paXsage,. NAA \%A, preent at the indi-

NaCl (mM) Cid Colceltrltiolls at all tilles 

Plant regeneration ftom E and NI- callus 
To measu,'e the potential of call us for plant regeneration, un iform pieces 

of approximately 150 Iug were transferred to regeneration mcdi u. Plant 
regeneration occurred on medi urn coil taIl 1,11g no added hormones or" low col
centrations of IAA and BA, but not on mcdi urn containing 2,- -1) or 2,4,5-T 
(Fig. 7). Fxperimenlts to optimize regeuCra' ion ruedia are still in progress. 

NI callus rarely produced plants (7*/(', -). In earl cx periruents, the 
regeileraton of 1:Icalls was measured without maki ng the distinction between 

Tab. 4 P lint IcgcIMc IIA,i (iIim mwth '. iwdulht 1'. and NE callus i 'ltilS experiments 

p t petI gllll plants pc grt l f plants per 

S .I"LS, It llI t 1i 0CI 

Cllbfyi t I> i , -I{ 11.1'5, 

T" I.v~,' .11111.1ti l .. 9 

embry,, I I .I 71) 11.1) 

'Chris' nItutme 3 

'Chri' iLatuire .5,9
 
emibryos (seeds)
 

Chris' lihtlic 
lnbryo s CI~ 2 5.1 

rT9gC.Clrlllii ln1(1i 1111Cmll iineId III nig/I IAA lld i.11lllg/l BSA 

-rege.neraltion ndITIin411 contaiined 2.,i ng/I IAA 



lIIl '1I I t 'H II, M II In 1
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I.. 9 (1,21 SI" callu. occa,'ionalh" dcvchp, I bumpy ,ppctramcc. (3-6) The dht1iaxial 
rc.lon Of iIn.ttre, nILbr\ , mimmcNk0c!0), S;Fam1d 1:duar1 11.aflWMm,when tie scutcl
hmm iNpk.,.cd t,\ ard th nmmcdImitIn. IN, l&ttLItLhmnm\ci\ im mthu ,,Immt'Mir.mtinmm. (.;, 6)I fferent 
Viw'\" f 1.1111C Cl mrltujU t'c ,r\0 

doc,. Pan of tiio I'tierele' f(n 1 c.alus appears to be attributableatio roni S1imatlth 
to the growti of the Suppressed shoot apex. Since the regcneration potential 
of SII1ootli . callus iS lo\\ C0inparCd to ntodt:Ir I",an11d Since mature wheat 
embryos Oi'l' occasionallY pr duce ndlar" 1",nutRInC enibr\'os placed
sciitelluni up currcntly arc fte bcst so0Ur'C material for obtaiin' regenerablecallus ii shett, lurthicr c1.pr1mentia)on e,',rducea mcdi tm wiich results 

illhieh-rcjucuIcV ot FdI.callus Iroli.,mooth I"(M1. 9)dvelopinenI Of 
ad a cols,.'Lll IIcC'.'.cSc IIIIplant Iregel',cratlioll from ia.llltre-embrvo-derived 

callus. 
SmIooth i call us can develo2p a bumnp) appearance (Fig. 9), and in 0.9 % 

of calli, will foIml ntodular" 1: callus. Smomth and iiodula," F callus have in com
monl a small cell size and a potential for plant regeneration. They differ in 
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the potential to form embr'oids directly. It is tempting to hypothesize that 
smooth E callus represents a relatively undifferentiated tissue beginning to 
differentiate into embryoids. It is also possible tha, smooth E represents a 
third distinct type of callus along with nodular E and NE. This issue may 
well be resolved by cytological studies in progress and by a search for a 
medium which promotes the development of smooth into nodular E callus at 
high frequencies. 

Regen elated plants were selfed to obtain S, progeny. These plants were 
grown to increase seed stock at CIMMYT, and root-tip squashes were ana
lyzed to establish chromosome number. S, progeny obtained from cultures 
tolerant to 3000 mg/1 NaC had 18.6 witl' an abnormal chromoSome nu,m
ber (43 or -4). SI progeny from cultures not exposed to salt also had 18.2 % 
with an abnormal chr'omo:ninle ntumber (41, 43, 44). The sample sizes Were
11 and 43 plants, respectively. Salt-tolerance testing of regenerated plants and 

their progeny is in progress. 

Obtaining salt-tolerant plants 
Currently, the origin of plants obtained from cereal calli is a subject of 

debate. Some workers (S-riu.:'i- 1979) fee! that tissu,e-cuLitue regeneCrated plants 
always arise from single cell;. Recently, however, Wi:RicKE et al. (1982) have 
presented evidence that in sorghum at least, regenerated plants (derived Irom 
leaf-tissue callus) arise from multicellular, pre-existing Ieristems which pro
!*ferate in cal lus culture. In terms of obtaining non-chimerical mtitant plants 
from tisstie cultures, no problem ariscs if embryos are of single-cell origili. If 
embryos are of rnult1cel lular oriin, chinerical plants could reslt u1,nless selec
tion \was continued for a length of time sufficient to insure that all cells in tile 
culture were mtitalnt. 

NABiORS et 11. (1975) showed that in suspension culttires of tobacco, Salt 
tolerance occurs in only a few cul tires. In these cultures the growth rate Under 
salt stress gradually increases over a 17-week period. This i: exactly the type 
of behavior which would be e.pected if a salt-tolerant cell line with increased 
division and growth rates grilually' increased its frequency in the cell popula
tion. Similar selective behavior has been noted for a euploid mutant :ell line 
in calli of Haworthia (OGinIaIa 1982). 

In some cases cereal tissue cultures appear to be composed of partially 
dedifferentiated proliferating meristems (Cul.: and MoT-r" 1978, W.ImCKE-1 
et al. 1982). Whether this is the case for the highly regenerative E calltis we 
disctiss has not yet been (etermined. Selection of non-chimerical mutant plants 
from a calltis composed of proliferating meristems would easily be possible if 
long-term selection were utilized. Under conditions of long-te.'m selection, a 
meristem containing one mutant cell would radUally come to be comIposed, 
by its proportionally higher rate of division and growth, entirely of muitant 
cells. As selection continued and the meristem proliferated, the entire cultu,'e 
would come to consist of mtitant cells. The importance of the selection of 
somatic mutations in the evoltion of whole plants has been recently discussed 
by WHITHAm and SLooc-oIKo:: (1981). 
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Zusammenfassung 

Lang andaucrnde Pflanzenregeneration mit hoher Reproduktonskapazitiit
 
und die Induktion somatischer Embryogenese in Kallus-Kulturen
 

von Weizen ('Triticum aesfivum L.)
 

ELine lang andauernde Pflanzenregeneration mit holler Reproduktionsrat, 
ist notwendig, wein Gewebekulturmethoden nutzbringend in der Pflanzen
zi~ctung angewendet werden sollen. Kallus-Kulturen aus keimenden Samen 
des Wcizens und utireifen Embryonen produzierten zwei Zelltypen. Embryo
gener Kallus (E-) besteht aus kleincn isodiametrisclen Zellen und zeigte eine 
kompakte Strukttr. Nichtembryogener Kallus (NE) enthielt lange tubulire 
Zellen von lockerer Srruktur. Die Pflanzenregeneration aus embryogenen 
Regionen war hoch, wV1iliend a,. nicltelnbryogcnein KaHl s nur gelegentlich 
Pflanzcn regenerierten. Die Regeneration hielt so lange an, wie die Kalli 
Bereiche mit embrvonalen Zellen ausbilcieten und diie. auf ein dcfiniertes 
Regenerationsmediuni iibertragen wurden. 

Uiireife Eiibryoneii bildeten einen strukturierten E-Kallus und NE-
Kallus auis dcm ScutClHui. Wurden unCeife Eimbrvonen in Scutcllm, Sprof
spitzenregion und Wurzelspitzenregion zerteilt, kam es zur entsprcdlenden 
BildUng von strukturiertem E-Kallus und weicliem E- und NF-Kallus. Reife 
Embryonen bildeten einen weiclien E-Kallus aus der Sprof~spitzeiircgion, hin
gegen keinen Kailus aus dem Scutellum. 

Dei relative Anteil E- und NE-Kallus aus reifen und unreifen Enibryonen 
konnte durch Unterschliedliche 2,4-D-Konzentrationen sgnilfikant beeinfloft 
werden. 

This research was supported by the United States Agency for International Develop
ment, contract No. AIDDSAN-C-0273; by Los Alamos National Laboratory; and by 
CIMMYT. 
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