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1- Plant regeneration

3- In vin'o

5- Protoplast

2- Whole plant

4- Cellular totipotency
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1- Scutellum

3- Auxin

5- Embryoid

7- Acclimatization

2- Qrtokinin

4- Eurbryogelesis

6- Shoot
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1- Explant

3- Glutamine

2- Asparagine



Y\ r i C-lii\ 3 aiJS 7l5il

:.rj g--..,- J) J)_t' t-9 -rlF \ , -;: ta-;Jl5 il LJ f ,J.it ,t2i t-."-2t

,r" j6 'S*> A:t X \ . , = r5*iri o.rL .t e':
j i:i-t

s$ls:rl ..r,i sJ! 6WIS ,Sy y (Shoot) 3t: LV tl:i t/; 1l a-
+ MS c^^5.Ei-) gJl;d#-! oL)b 61V 6 J,-' q t6-rtS lt trsb

Jt(.u ! Ur 6t t +-1,-.r a*i il e,'4"-S Jitu Q,4-D -'J rr 1f*V ' lo

a; ! l : 19 t o a3a V,*. -:u -r-..i, c-:Sr 1 2,4-D cl-9 -r, .:*5 t .-r 
-2 
r ta-yJ t5 r -s rj;

5;b 6toair: ! t^n+^F qV 6141rlK.$J.'l #-;" 5t- q u1lg rr;-.1&-2

d)F tKjL J^-' ;";r--o .J-i oJ.iL;3r )t-r --rtt L;- )&t q ,tt-\
13bd-r-r .,1r 6jjL- )t""-l ! J,-q l.3., ! .r;Jts;l .-r-: ,*l-.'j! Jt^F 

'?)Ji
pta.l rn:rr Y-Y -,11 ,-*. r-fu $ti 6'-i'lty. .e J.i;L" .p-ljl-l ciy ,r<";->t

qJ ^'.i.6-rl5.S.:t o:L j e J-i-,; ,tl;a u. by.y 6lao:l: a3-l t +i l. ..if

J"Jn'1 a;-iai l fta.l 
trl b.rlr 

"lr-ri 
cJ'r:jr J.,a;.r Y' 

-,11 ,:J-9 J..a:r V' jl .r+
.r.i J-., ,rS"V.r*,-LL t,S:VT

611!

,fltj s '*: F F -* jl r o*s s !! .Sl+t:t 1l o.t-! rtq.{l dt6.rl5

-e $11$ X 3t f t,6 4-r "/-tjljl 
ailr ,l+i tilLa 6rsl; t i e\

.(\ irt^.-i; 
"$,.:) 

-ro:lr itL.l; 13; _.11 l, (NE) ljls: *6l.6-Jt5ol4t-,
.rJ-p.f_/t5.Ju.i, o:y-.;rti 6 ).?' st ,fltj F J Lt'J F Ctb SVlst

: c;lr .:ri;r! 
'f\j f2) oJ-i:t+rlgl+-Jl5rl-t.";.r d" l? :it-.Jurj.j

1- Data transformation



,tlr,-l 4r, : )Ka,it6tJCy.-|3 ,5.1; c,li-i;

iJL*:; J<*i) $>t ,?Jt r;_,1 b r_,1; t_ J+- &: yj +:l: cl: k **i ,l u,z-. rt

.f-tu) -t-r-: J5-r;lai: pr cJ! !.*k-:lt5c,.;;; LocrL-.e; ,l pa9.(
64j-flr ! f==- :,j-t .5LorL3 or3*r s)16,s;Sa.,t?-lSA d,,{1.(f :JL-i

9 a-llulr L_ j o.:_*lj ci! ! ,JWIS r.:51U -,! Y b Y jl .-.r-, . r.:-:.lt 31a.

t J :.r^i;; n-.|:l .(f iJt"-.i 
"$:) 

s-r,_r J -*V oe St<z:S LS, J &:r4i'-
J'-t; )z.r Lr!14;-5 Fs: "r[-:.-.: 

(E) ltL-s, t>l-.a>-u ! .Jk-rls

"$i) 
-tr;r_r,4rrt J"<-ir cl: cb j oit + I ciq ! ,*-f 6to.r3;;l a5

.(r ;Jt"*:

J -p_-/ L,iu; i r, ^r |JLJ Jp dj3 LF tt al-,e^-;r dr-.1 a*1-l; o

:3-,;l.r-i J li dl-oc^.i.Sa., q:**; cl: +:1.: 3 c,lu 6WjS .4,K-i:i o.rL

.(\ ;Jt*i J:-l?)

rlrf J-<.$ lsl- 3a 6la.l.sl l;:\:_t SWIS.>\,a.-u t 6k:5 6il J
J_rs_* u*-t- c^trlc 61V '>-:S Le' + L6i5 OJ-l JG;;l ;l .r.X .(0 ;-rL*: J<;1
$ U &5 -ti3" _r) r.l j o.r3r Js.jr + U f glltl (2,4-D l .,lr,f.t " " / O y

1l ,t ,"t> \" \ :j.t- -1r .Jrl-.i J,5-! ,hS t_h,,r,_l3n d;t-a;l.ul j a*!; ,i,g o_ft-*

,rFr:6-u:y ,6 4i : ,J-ljj\a,;:[! rrlb CVLst;lo-r- 4y ,Sk-_/tSJS

JSll -b-t; oJ-oLi- -il 
(')#-rrl5 d3-r, 4;loa-a.of 6:l-r,.r .s .f-ljj! ,il.of

+* i 6-,;,;n c,-e 
't \ F* 6W-h 1) o-r-i ,g-l::t cst^n+^F .e Zrl^J.

ciL; +-: JU::l jl qu,l r(V i1[*: r$*i) .rb -t-.i, a-olrl o-f:-* 11 6rG c,-:S

oJ-r" lJ (A ;Jl*i 
"!5-.1;.rlr 

a-"t:l:_e,- $,r t el+iis d d.9{ y A1l,lq.a6

-r !! abL-:; ;l o-ui rtagl csk-rlts.(q iJL-i Js3) .t, +.r -,{ !,,: g=*

YY

1- Albino



YT r )t C-ljj\ j u,jS 7\'l

J JU:J* c^.l.St* J.l ;YJt oJ, t -t*i-,; a-,I:l + ;Jc u.:-3 F d)V AQLs:

,rr-lil | +fl 
'fl:: r 1: .Ju:i2 .* jl: "-t^i 6lo3,si c"!Ji;' jl rD- a2;.6 6-?

.F;.111 .-r-"i c.* r,.t dk-rt5t l r;iL ,,i-ot5Vi i G-UUJ.r o..r$ WIS e
s-r 1 Q,4-D -r.*,l t, (fu,- f 19JL) .;b c*5t -" r: JL l -il ,,+ .u;lr;

..u-or a..l:t 6:Lc

.taJ.

-e rt--lr, f*. bl-* :l ,t" -b ):-f J ?-b aL-,"t-a; ! ,-r-lK./[;u:l

.ts:c/ 1t^-i, a,.*-L. )JsS s GtS A)6\.:.rt c,5g^-"t " ,5'1;l6214j;y

l:pLit2P r$$-1 u"t)S 6-'-,Jls Li I ;l Jj - t-h.;tV-"S kV 6la::s

ei.r.o 6r.,-r:.ar .(\ qAY Nabors gHeyser l\ qAf cc.rft5-"-o -gNabors) t'-sl4j-y

;l g-Wls.r^l!.r Lr?s $; r 6114K; c*!u q $L1t u,i6rJr; a*JLt";,,-l

c 
-^.^,ol ,n)'+ --L- ^'. Sjj-$-*.:y1t5e'U;3 t; :l 6 "6 ,A::l.t: fy e/-l

;lr-'l islgs ! :I;1 ,b 4ju c+5ti .gLprKo3)\r a, .-u-jl: 15!.rUl siJi

)sf f ,)-#-r : ,Fily"* slJl-b- ;r -l*i111 ,;,,-L-11 rly 3 ,.:L,iji;'

.J;_t-€ *f :6,Jt^6
+5cl-i ,Jr ;b -r -,1.r:l r,p,-, dL6gF d! 6tooL;111 a.JU" ;,-l;r

j o.:l: oL- )r jl I,s 6xS t'*i't t6:;5a.dl .*:^ilr b Ft_-l_, * 'ejS 
etratz;

J aL- 
t: n<r-l rJjJ, cJ,>f oJ-oli-o t-6:i-1r +.i.-1 6;rl-u tas 6j;$; k^L jl .t,

c-.:lSrl er-, F 11 .r"i ,- .,-lt""tlj ^:".t 614-5 +, Q*.:5d/.1 ..t--iq J-*-a 3l

,fllf Wi 1) a..ir; 4y e +5r,!:;lr gol.i; MS c-^5 L* g c.,"r" ;)p

1- Rhizogenic



;tly-l 4r": ")Ka,ibtjcy,rlj 
,Sp3.iLi*i; Yf

c -r,-.:f qJ-llt t--rr,-,"JtS t €5 ;r l _11 . ( \ 1 A Y cur!t(*a j Jelaska ) c.*l o *; f
; (\110 cRajam3 Bajaj; (.,1 or*.1 tJla-,{;lo.r,i !:JJ, 6tazsS 

"l-tf 
_t:

cc.rf t(^-a 3 Huang t\ 11\ crt!l-(-o 3 Taniguchi 
'fbj r* dt-.1 eVLt tl

J) .-u)JAi 4y p b lj.tL--r-, ,Jt6-JlJljtrLs_t F 'tjS -e.ry-e (\qqf

dt-€J"1-e ,u.ltl" :1j* ,it^6 cp J1lA-S t -iysly o3)\r rrSJ- crl.r-r,L:,

JJ*- i 6 -u:3-r cjl.;-.c H &"* \ly: c-llsl.-" 4j J-*,5-&-t

,.-l ;,5^- eb aE; le cr-l ..r-ltr"l jj-l-sS JJ! J:t2"-l 6lrr a3p

,ta-,"l cSlf cJt.t.o- l+.rb-rr a5-UU c*5l-t7 1l u;-.,.e #, q dr:r+

J. .r jS 
el.e 1: 6.r-.xL Ltr, c*;5l-r-7 ,l 6l+ta ..li a1 t_ r $;,_/ j; 

',"_)S
jt 

"J:,-_-l_.r 6too?^U< et 6s_t J dlS  -JUa,. O,,l ,st .ttrfu" Js*;'," Ai Cst

b-9 r4*.:-,,t yc.^Sl.q.,: rr3J5"fK;; J-." t I.'qrrSj$s,!!..tt-l-r

-r j.lSr{ J.p -il o:ti:-l :;;r gitai:.51.r+ }--r jl h s,+l-ft f t og rr[ii-"

..:-,lo-tj o.:y;b 
llrr.tt_.1-r 

t_

oL; b ltLst 619-:3 e>L.at-;a f ,-t,fi 6[a.l!1 ;l or-i; -tJy .Sk-Jts

c.,l.r-oL:" L, eb yl ..r::;lr J+- t- ,fs_t t_sjV &::1j 1 o:.J .;*! a5;u:l:

.r (\ 11 \ ) Jbt<-n j Taniguchi t(\ qqf ) Lrl-rK*a j Huang L,.r; o-r*i 
'"rF

,lWlslit-j: .JL6--JK,rF-,2r ..u;l.r .:-ol, ; (\ qlt) Kronstad 3 Goldstein

&r t ,*-S o.rr^li 6bo:t q t- cl.r cl.r _j &iu + q $! ! gr s, t:

(\ qqf ) dbt<-i j Huang c-,l.uLi \ 6 +.tf oJ-oL.i- r.r- tr r,j { ..J*b
r1l.r.:o!-t

6ta:-:S ir_l ,cr.-l,'1lf .rb ,.lL.l \ 6r:'- &it o:L -;-er> $lj, sglx*.:S

Jpl, .jltu ,Jb.qL-ti ptu.l:r ,*,1, ,f_U:i Jj^ islj,o ylJltt.r-:Jlg-r

,.rb 6t-orrL_y1;lo.u 4i Sltl:t SWj6 r,6 u'-111\ybu n .c,*l orLc-l



"/-ljiq 
r 'r,)s

J2,4-D Cr*t o1;+ 6iV c-.tS Lp"' t lqt ;r aiL s 3t *.+p 6ta'1ll t j'a

J,r:-* )l S,tG c^5 !..-" 1 I.PJK Laa^i, ; criL : 3t St Qr )l e.
,rtVi :l ,A::\ Le. +.t-€-JKJUrlil .r', t:^ y ['oa3'oL3"r:qrrSrF-'

3 r(\ 110) .Jbf<-a lBtegitzer ,Sl.eijJl.a-JU" drr-l1r oJ'i sr! 6-ts "s'r"i

J<^- ./-ljj! c-;5 l..*" .s-,yl: cj,l-til (\ qqP) Shakirova i Shayakhmetov

(Y),:'Jl J_rs_*;l .+-! &)., J 
(\)Ji$ir" o-rt-* ! U- cc-l-yr:3^ cJ3{ t-*l

1l a-Jt-t-' 
"r,-l,.rr -ft ,J-16 it .t J.rJ-r 6lt.(\11' rclfl-(-a-eScott) -uU

611. aS s-ru" -h ,. tt-r g/-l1r .J,-rf o:ti:-l 
"ll;.1! 

6 L?'.;s ;,*J3:-

:V -&-t..ltntJq ,*; ;ra.S3;=. 6i;3 1^:')' n'.;tlatS ;.r'-lin c*3 J-*r

);2,4-D jl e tV 6 L*' q t-6-rS F!-' JUrl .(\ lAY cThorpe) s!.f

,a:t a-:.-;Cr J5-l- a, g-lo<*' s;ts.:lsla' ,J-IP 'h. Js*' Ur -tl

6;-b J,t5.tJ./-ljjq J G-l-* c*"i JSJ -11 
,:*l d,5*' o!-r'- .rrl : )r

i) 6>:ly1:.(\11Y co!t(^.oiWofford t\qAY Deckard 3 Sears) "l-t;

o:F 2,4-D jl etG 6 L*. q k-rt5JU::l ,-lj'r'' (r))y- d. )F 
"/-ljj!

s, 
"l):t 

oljr dll ,-12,4-D cll;,:.r-: t'JJ, tJili./ oJr-tgr-l .$;

d4t, dJ- ll J: -tl c^lilp ra-J r: a5-r;U (c^Srt dJJ,) c*Sli-" -'r ,-r:JK

JJJ, rlt615y'rl.r,.:'..u ;-lt-r! ,f tloljJb r: 'r:rSy.rv,lt<"! 
"'rljj! 

o5J'-[:

;; ( \ q AO ) Scott 
-e 

Thomas L *ei i.7 ;, g*--Ji . r, { . r,-)f 
: 
- tt i,}i : F

gta;t crr- r: tr);-rKL -r Ue pij oror tlL:; c'*l g<*' at..:-l 'J; t)alf
.!i,t c^it (Ll.S

1-C\itokinin
3- Spontaneous regeneration

Oxin
Somaclonal variation

,,

I



oly-l 4y: 
")K,a 

Jt"F Y.rlr .(;;; ota4-,"

.h,-*-o;.r J? d! cttet-r.,;l c.ui c-..ru Jb r rt.r,i .;,; dl{-Jt5_ \ iJt j J.fu
.L,-*" 1s 6la:ia t j*tg.;r oJ-.i c-,lS;t J2,4-D I g 1f-J--f dJ[- J MS cjJ

.JJ.SI c^"i5



YV r? )) a.l))L J 7 )S TlilJ.J \)-JJ.-tt _\_

jl 4tJ-L b #.1, r.)j 3 a:ls cb ,rf-ul 3 ot.,'i {..rq ! .Jtc-r[s-Y 6Jt -i Jsi
..!l,J,i c*,:...2,4-D ?.&L--\" ,g.lf MS c^5Jei- s5 ,-fli fr ,-r.# cS\e't-:-l

!.-*- .,r cJj c^5.r.,b sSt+t-.1: jt (E) Ft-r.r .-S$5 rlnl -l 6.rt -l J'sj
.e 1\; -r!Lr J )lJ1i.pr cJ! ! ,-st<-rJtS 2,4-D ,) ; 1fu r ,Jr[- MS c^5
c^S;t 1l u-. aS 3;s.'r-L 3 cl: clr 3 c--- c-:.; t1 os..jj c^!L ! dtat-3lSdJ:+*^

.1Y; -ulc.r"i r3?t lpi -rl .ry gsk-rJts



YA

s j4i s 1r rrk-5J5.ili crL k.tr J.r..i1 Lrls r-,-Li, - \ 3.rtJ Jr-rt
c.2-rLir jl .i- J'a fi ,f tE cSt+[-r-l ;l c.t-i 4lr; Clr clr 3 c^*- f*j a,r crt{-J5
.s!."r ,.rJt5+u: v cs.lb .rl. dr{ .f s rel.& \ " ) F_. dri \. cr.**

..t-l!"," La)) o l\ P 1:1lr 
"r:r.r 

Jy.:;li-r:.o: rtLi *tX-

gt+t-r-r jl o.t-i st-eo-l dt{-Jts.r5- f s S:jl J*t- dl,{-Jts-f 6Jt.-r JK..i
jl t- s dl.: cls cl: 9 c^i- l:*.i nt .,^l! r 6r c*i ar !rJ-i., t€:l5Cr,l cary g..;U

.$14:tt- JsJi cJ5L: Lj ar 3;1cs.J 6tocr3;

P SE c.:Lr J---a;s

.<it
P SE lit l-e; .ruJgtt'

t l"r \112 )+i : tt

,r/ "O o/.v \0r/Y c**-- .- , : a,

+ilr +il: j



rl.rr!: ,-tls

,J!S,\r.r 1l or.-i rt^1e-l ,Ft-.1.r rSt{-rKJ5't'.alro c ".'i .l$J - 0 6Jt'-: JSj
.2,4-D / ; 1fu\" r.Sl1.- MS c^J5'q=" st ,fl.i fr ,-rsb

E: LtF 1l u-,2,4-D $tt MS c-.l5'q.*,.;r oJ; c^S;t ./'i-ll6-? 6Jt"-: J<j
,itj:i, flt-rt ,-sk-rJt5;l o.r-i 

"dljjl,. 
.5ta+7.atJk. Lr .Lgi.1s ot'o.i-,3 9-19 ,l;

d t*.:U) J-i.r.rlt Jr+,g l,r +7,o t3 . llrf ,-g t<-lUl * cV I, I tr +7'o l.( :'u'a r,r,.

.("<?-f



:11..1 

";r: 
u)<. jL^F

-b*'s! Jr *3t- j"t* 6[Ad_t J ./lJ^ l:...j, 1 ,C ,;Ujlr 6krF_V 6Jt-j J,Sj
F> * c*,otJ:rar.-rr .rt5 L ,g 

"r_Ujtr 
.gtrr3,otJk:I to.r.,ra jldJLe gjs

.1.<;35 ":!l #-r.r5.,-r+ *V :<Stt

;: 5ti r5rl- ,-rlrl5n, JU::l;l c/u, fr.rrJl5Jl ,s ,-l-ljj! ^+"f_A 6JtJ J.fu

.J-:J <itil



,t'.3 )3 ,+]3- -t!.r, r J..i1 oL f jl .r-,.r? .r.rt5 jl cJ--i s,-ljj[ otJ-1 6Jt--i JSi

.c5.(rbl.,1r



;:ly-l 4r" r &,itat*(cy.rl3 ,5=r; crtaj; f y

Callus types and plant regeneration in Hordeum species

Seyed Reza Tabaei-Aghdaeir

Abstract

Calli were induced from both mature and immature embryos of a

wild barley species (Hordeum muinum) and of cultivated barley (F1-

vulgare). Mature embryos produced soft watery and translucent cultures

with the characteristics of non-embryogenic (NE) callus. Such cultures

grew slowly and presented merely some root formation. Cultures derived

from immature embryos showed the characteristics of NE calli primarily,

most of which grew slowly. From these calli rapidly growing calli were

produced in cultivated barley, characterized as being dry firm and

granular or with small clumps and yellowish to white in color. Shoot-like

structures emerged on these cultures and the shoot and root

development occurred on regeneration medium.

The well-developed planletes grew normally afler transfering to soil

and reached to maturity and seed production phase.

Key words: Callus, Regeneration, Immature embryos, Embryogenic,

Non-embryogenic, Hordeum tnurinum, H. vulgare.
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