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Figure 1. The relative position of different explants: A )internal leaf and B) External leaf C) Leaf blade explant D)
Petiole explant.
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Table 1. Analysis of variance for number of buds produced from tissue culture in sugar beet
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Table 2. Mean analysis of the average number of generated buds, using Duncan multiple range test
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Figure 2. Explants with adventitious buds A) Leaf blade explants with upper vegetative buds close to the main vein.
B) Petiole explants with vegetative buds at the apical side and at cutting area

My of Jusl gy wle ladigain, 5 008 Iy
Pl it (253L Olo5 jl igeissy g5 ol 1 S o0
Sl Wl s 6 5 cadllas ] 55 izt 5,55 5 alon
(V/0MGIY) ocignss e 51 Jsl o 55 2,5 esliza
1y 3l aljiles auT8 (euSI NAA (-/omgl L) s BA
blske ) iy F§ cwols Sl i 5 Sy
oS s Yl bl oS cwl by ol s
ped Ll cuiS lae 13 WS o WA |y paditine (oljallen
Y ode 4 (+/Y Mgl IBA 4 (+/v0 mgI)BA e L

P ya> bb) L;Lm¢|9> Jl?ol L;I); L;J&Lwo Ia.vb.w o
ool 5l eolazl Y Dgd 0 el Lol S8, GlLbl s
Srosdsen Sl @licsey Gly o e
(FYVINY) 0y o olpiddin (A8 Olllls o iByass
By ) ST Spns S 5l Jols oty saaly
et L ol puol) e & Ko Bl e
25 Sr B sk 55y y odas psboar bl sladils>
L)l 3V JSK3) 900 Mg5 S 550 Sodp (2l
Sladiges 32y & 350 odnlie Wiails) g5 586 L
bl bl s 2155k 0 Sitg & Cannd Sped
S pend (saigesss) Ygans 5yl (gt o 0 bl
ladigein) & Cons Jytel loazals 5l oad oy
> ezl jlond ok p sladisein; K3 b Sp Siy
N i LS el sladles  pedies o550
sl Lol 5,5, Seop o sk (FEEYXOA)
L 2l Sy 551> (253l 9 i)l Sl s
9 BA Glagygeygn jpan )3 Sy digein o Vb cop
2 ol $,5, Blbl el Jsko b 3550 oo NAA
Exdse ol 226 3 (1Y) 8,5 13 sy Sy b
J ]y Sy dly dgein; Sl elinal g (YY) (5G9
Aoyl dadigaisyy opl ediSuly b mie S il

sl 2Blefl bulps ) 8)atse cdbeass Ol

oo cdl Al L uBpane any, I WS Wy
» oS @S JSE 4 STYY) o)l Yk sl
@ik ol b wbiaie Sp oy S (oskssS
S a8 j01i olS ag Lol (V) e 0 IS glite
2 RS gl S5 dls o 9 g it (21550 3250
Sl e (ot po S S5k (59l Ladigeisy) 5l (golass
Ol o (FVE) caload (5155 @90 bl 550
@ bl a5l & e ol o0 @B
CutS i £ 9 Sy olaS 5 w‘y’}" Osen uL"l?‘c

4\5\1.3‘4;?«):)&5)[&()#45.)‘)0@ dama.au:‘@l.u

&9 slos Lt Jlasl .l Sgo dle a5 o o

OF S9y xSein b adigeiny oSl mlio
Jto oy ok dlox Sl baigS Sl g)be 35k
Jgeme sob @) GeSge o Hpas () 2w
15 (24D L IAA, NAA Yyass) S!S 5 (BAP
Gl (sy9p0 wollS LS5 gl adgl cuiS slalase
DS sl el St @ ST 51 ol
ady sl el S gt 4 ] YL Cons g ladilgs
)§b Jo gl (YA +) 2 o a3l cuiiS layzes )5 ol
N8 sy > 2lom plul 5k 55 (Seyen sles i
b5 (FY) ohlSon 5 sole; (FOFF) cusl ass il
By & by dle WJg Jw)a O by &S Lol
Gl Syued 5 Sy ds boypo ol 51 o o oly gl
9 Sigg ladigain) | Sl g om @l SNBI )
OS] g 9 CudS bae S5 4 (lyie |) S e
9 Sisyy b by baigein, Sl Sy » b
ol S s 13 gl gz <t L (¥F) o o
..\.::) @?4’ LES)J oS ..\:.)l.)ul.ub o..\a.af):lola L;La:uy:)}m


http://dx.doi.org/10.29252/jcb.9.24.179
http://jcb.sanru.ac.ir/article-1-929-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-16 |

[ DOI: 10.29252/jch.9.24.179 ]

VAY

WS e IVF o)lad [ Jlo /215 oS 3ol dalimgy

Sy Gl el bdle maitae Gl 53 5 gy
Ggeiry gl Jl & slacdl Sojdasd w alail
Ll Coonl dl)b b L;Lmdu’l? .\.Jy 3 dgub 0 w)f
G e e b Sl sl & gdbe
S g8 oy (B Sy I ol sladiges 1)
P Sep bcend o aBl uby Sy @
Jols ol wlosly Hlis gy 2l 5 ailes iulay
5 S o> digeijy Jl b a5 amd e L5 oS ol 5
Wl al ol Sy (59) » 4Bl A5 bub slasls
(+/Y mgl™t) IBA 4 (+/Yo mgl™) BA (slaiygeyen
JGsl Jos )3 (o5l (glp digesiy ol 5l eolazwl oS!
el Sl ang g byl sdome cuiS 4 s sk O

bl dalgd 342

L8 )i yh agd g g Mol Cladss duwse (glacuiclue
GBIl pizmen les S5 Bl ool sl 2 28
Oligdos duwge (ole Ol giae (g olen 2

Pl Jos 4 (J10)15 75 a8 xise )y ans 5 e

Il bl gt olib Sldges
priel pj ertihl gladobe I Sped sbadigeis)
@Y Wgeiyy) jl odlatul > (pen @ g (F) 2980 (8L
Cuibge b Al (V) et 25l sl S50 Jsho
] 0dg ol)‘).ao ,_5)5\/\{
SBSI-04 Y g0 Sjsles lise duglis mls
oY Sials oSike a5 o sl SBSI-024
sl ge (V) SBSI-02 (Y jl i (0/3) SBSI-04
S5 Dy S WBjMe ) cg) (g e
9 (1) @it slp o s S (0909 5 (e
gl 55 50 Jolse S (o IS gt ol (W) 30l
P ol G dlgee @ plgie |y cdl cuiS 4 w8
Mg adlhs Jie gl O cons lite slacuds
Shais) & ob plis ujnie 5l quigii N0 ) gl
S 3 oneS) il g & a3,kie Gl
9 B Ll (W) wimse Gglite jlws slagaly
Sin 0 il s el 8 wheols ol (V) o on
oL (2P ggdge cplcunl phioly (Suof sl u
2 i 86 Dgein) Liie ogada g &5 a3 0
aS ol Ll Bass cpl @l oyl col cuiS cuddge
L;Lzzauisdq 5O asl b, dl.asf)g )\ Jols dL“435°5}1’.)
Caciud » asl by Sy 4 Cows @ile b

F°)

1. Butnko, R.G., A.l. Atanassov and V.V. Urmantseva. 1972. Some feature of sugar beet tissue cultures.
Phytomorphol ogy, 22: 140-143.

2. Catlin, D.W. 1990. The effect of antibiotics on inhibition of callus induction and plant regeneration from
cotyledons of sugar beet (Beta VulgarisL.). Plant Cell Reports, 9: 285-288.

3. Derez, C., R.S. Sangwan and B.S. Sangwan-Norreel. 1989. Phenotypic and karyotypic status of Beta
vulgaéizs pégnts regenerated from direct organogenesis in petiole culture. Theoretical and Applied Genetics,
77: 462-468.

4. Ddrez, C., T. Tetu, R.S. Sangwan and B.S. Sangwan-Norreel. 1988. Direct organogenesis from petiole and
thin cell layer explantsin sugar beet cultured in vitro. Journal of Experimental Botany, 39: 917-926.

5. Dovzhenko, A. and H.U. Koop. 2003. Sugar beet (Beta vulgaris L.): shoot regeneration from callus and
callus protoplasts. Planta, 217:374-381.

6. Freytag, A.H., S.C. Anand, A.P. Rao-Ardlli and L.D. Owens. 1988. An improved medium for adventitious
shoot formation and callus induction in Beta vulgaris L. in vitro. Plant Cell Reports, 7: 30-34.

7. Gosak, M. and M. Szota. 1992. Micropropagation of sugar beet (Beta wvulgaris L.) Trisomics in vitro
culture. Genetica Polonica, 33: 115-118.

8. Grieve, T.M., K.M.A. Gartland and M.C. Elliott. 1997. Micropropagation of commercially important sugar
beet cultivars. Plant Growth Regulation, 21: 15-18.

9. Gurd, E., E. Topa and S. Gurel. 2003. The effect of pretreating seedlings with BAP on direct shoot
regeneration from petiole explants of sugar beet (Beta vulgaris L). Asian-Pacific Journal of Biology and
Biotechnology, 11: 57-62.

10. Gird, E. 1997. Callus and root develooment from leaf explants of sugar beet (Beta vulgaris L.): variability
between cultivars. Turkish Journal of Botany, 21: 131-136.

11. Hisano, H., Y. Kimoto, H. Hayakawa, J. Takeichi, T. Domae, R. Hashimoto, J. Abe, S. Asano, A.
Kanazawa and Y. Shimamoto. 2004. High frequency Agrobacterium-mediated transformation and plant
regeneration via direct shoot formation from leaf explants in Beta vulgaris and Beta maritima. Plant Cell
Reports, 22: 910-918.

12. Hooker, M.P. and M.W. Nabors. 1977. Callus initiation, growth, and organogenesis in sugar beet (Beta
vulgarisL.). Zeitschrift fur Pflanzen Physiologie, 84: 237-246.

13. Hussey, G. and A. Hepher. 1978. Clonal propagation of sugar beet plants and the formation of polyploidy
by tissue culture. Annals of Botany, 42: 477-479.

14. lvic-Haymes, S.D. and A.C. Smigocki. 2005. Biolistic transformation of highly regenerative sugar beet
(Beta vulgarisL.) leaves. Plant Cell Reports, 23: 699-704.

15.

Ivic-Haymes, S.D. and A.C. Smigocki. 2005. Identification of highly re([;enerative plants within sugar beet
|(3I|3eta Xlilgz{asr;gsié's); breeding lines for molecular breeding. In Vitro Cellular and Developmental Biology-
ant, 41: 483-488.


http://dx.doi.org/10.29252/jcb.9.24.179
http://jcb.sanru.ac.ir/article-1-929-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-16 |

[ DOI: 10.29252/jch.9.24.179 ]

VAY sitne 2155k by ) WB ke S yed (shigeifyy 8l cutS Sl el sladilyr AJg

16. Jacq, B., T. Tetu, R.S. Sangwan, A.D. Laat and B.S. Sangwan-Norred. 1992. Plant regeneration from sugar
beet (Beta vulgaris L.) hypocotyls cultured in vitroand flow cytometric nuclear DNA analysis of
regenerants. Plant Cell Reports, 11: 329-333.

17. Jarl, C. and C.H. Bornman. 1986. Observations on genotypic variation in Beta vulgaris (sugar beet) tissues
cultured in vitro. Hereditas, 105: 55-59.

18. Jianfeny, Z., L. Tianran and D. Xianglan. 1997. Highly efficient induction of sugar beet plant regeneration.
Chinese Journal of Biothchnology, 13: 185-191.

19. Joersbo, M., S.G. Petersen and F.T. Okkels. 1999. Parameters interacting with mannose sel ection employed
for the production of transgenic sugar beet. Plant Physiology, 105: 109-115.

20. Kagami, H., K. Taguchi, T. Arakawa, Y. Kuroda, H. Tamagake and T. Kubo. 2016. Efficient callus
formation and plant regeneration are heritable characters in sugar beet (Beta vulgarisL.), Hereditas, 153: 12

21. &F;\ademi, M. and F. nazarian-firouzabadi. 2014. The influence of two types of hormones (BA and NAA) on
gppearance of shoot base explants in sugar beet (Beta vularisL.). Agriculural Biotechnology, 1: 47-52.

22. Ehwaje)poor, M. 2007. Industrial Plants. 3" edn. Jihad University unit Technology of isfahan, Iran, 580 (In

ersian).

23. Kishchenko, E.M., I.K. Komarnitskii and N.V. Kuchuk. 2005. Production of transgenetic sugarbeet (Beta
vulgarisL,) plants resistant to phosphinothricin. Cell Biology International, 29: 15-19.

24. Krens, F.A. and D. Jamar. 1989. The role of explant source and culture conditions on callus induction and
shoot regeneration in sugarbeet (Beta vulgarisL.), Journal of Plant Physiology, 134: 651-655.

25.Krens, F.A., A. Trifonova, L.C.P. Keizer and R.D. Hal. 1996 .The effect of exogenously-applied
phytohormones on gene transfer efficiency in sugar beet (Beta vulgarisL.). Plant Science, 116: 97-106.

26. _chijkendalI, L.D., T.M. Stockett and J.W. Saunders. 2003. Rhizobium radiobacterconjugation and callus-
independent shoot regeneration used to in-troduce the cercosporin export genecfpfromCercosporainto sugar
beet (Beta vulgarisL,). Biotechnology Letters, 25: 739-744.

27.Lindsey, K. and P. Gdlois. 1990. Transformation of sugar beet (Beta vulgaris L.) by Agrobacterium
tumefaciens. Journal of Experimental Botany, 41: 529-536.

28. Mikami. T.. T. Kinoshita and H. Saito. 1985. Clona Propagation of sugar beet plants by apical meristem
culture. Journal of the Faculty of Agriculture, Hokkaido University, 62: 325-333.

29. Mikami, T., R.N. Sudoh and T. Kinoshita. 1989. Genotypic variation in the in vitro morphogenesis from
leaf explants of Beta vulgaris L. and Beta maritima L. Euphytica, 40: 271-273.

30. Mishutkina, Y.V. and A.K. Gaponenko. 2006. Sugar beet (Beta vulgaris L.) morphogenesis in vitro: Effect
of phytohormone t%/pe and concentration in the culture medium, type of explants, and plant genotype on
shoot regeneration frequency. Russian Journal of Genetics, 42: 150-157.

31. Murashing, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassay with tobacco tissue
culture. Plant Physiology, 15: 473-497.

32. Nissen, D. 1989. MSTATC users guide. Michigan state university, 249 pp.

33. Norouzi, P.,, M.A. Maboobi, K. Zamani and B. Y azdi-Samadi. 2005. Using competent tissue for efficient
transformation of sugerbeet (Beta vulgarisL.). In Vitro Cellular and Developmental Biology-Plant, 41: 11-
16.

34. Norouzi, P. 2012. Regeneration and transformation of haploid leaf and embryogenic tissues derived from
ovule cultuer in sugar beet (Beta vulgaris L.). Journa of crop Breeding, 10: 63-79 (In Persian).

35. Ritchie, G.A., K.C. Short and M.R. Davey. 1989. In vitro shoot regeneration from callus, leaf axils and
petioles of sugar beet (Beta vulgarisL.). Journal of Experimental Botany, 40: 277-283.

36. Sabir, A.A. and B.V. Ford-lioyd. 1991. Processing crop plant germplasm in vitro for mass production of
regenerants. a case study with beet. Journal of Biotechnology, 17: 257-268.

37. Saunders, JW. and W.P. Doley. 1986. One step shoot regeneration from callus of whole plant leaf explants
of gugasr) beet lines and somaclonal variation of in vitro culture behaviour. Journal of Plant Physiology, 124:
473-479.

38. Saunders, JW. and C.J. Tsai. 1999. Production of somatic embryos and shoots from sugar beet callus:
Effects of abscisic acid, other growth regulators, nitrogen source, sucrose concentration and genotype. In
Vitro Célular and Devel opmental Biology-Plant, 35: 18-24.

39. Sharma, H.C., K.K. Sharma, N. Seetharama and R. Ortiz. 2000. Prospect for using transgenic resistance to
insect in crop improvement. Journal of Biotechnology, 3: 76-95.

40. Snezana, D., |. Haymes and A.N.N.C. Smigocki. 2005. Identification of highly regenerative plants within
sugar beet (Beta vulgaris L.) breeding lines for molecular breeding. In Vitro Cellular and Devel opmental
Biology-Plant, 41: 483-488.

41. Snyder, G.W., J.C. Ingersoll and A.C. Smigocki. 1999. Introduction of pathogen Defense Genes and a
Cytokinin Biosynthesis Gene into Sugar Beet (Beta Vulgaris L.) by Agrobacterium or Particle Bom-
bardment. Plant Cell Reports, 18: 829-834

42. Toldi, O., G. Gyula, J. Kiss, I. Tarns and E. Balazs. 1996. Antiauxin enhanced microshoot initiation and
plant regeneration from epicotyl-originated thin layer explants of sugar beet (Beta vulgaris L.). Plant Cell
Reports, 15: 851-854.

43. Zamanifar, M., F. Nazarian-Firouzabdi and A. Ismaili. 2016. Effect of two different cytokinin plant
hormon)es on direct regeneration of diefferent sugar beet explant. Journal of crop Breeding, 19: 203-208 ( In
Persian).

44. Zhang, C.L., D.F. Chen and M.C. Elliott. 2001. Thidiazuron-induced organogenesis and somatic
ggé)%/fgeneﬁis in sugar beet (Beta vulgaris L.). In Vitro Cellular and Developmenta Biology-Plant, 37:

45. Zhong, Z., H.G. Smith and T.H. Thomas. 1993. In vitroculture of petioles and intact leaves of sugar beet
(BetavulgarisL.). Plant Growth Regulation, 12: 59-66.


http://dx.doi.org/10.29252/jcb.9.24.179
http://jcb.sanru.ac.ir/article-1-929-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-16 |

[ DOI: 10.29252/jch.9.24.179 ]

Journal of Crop Breeding VoI. 9, NO 24, WINEEr 2018 ...........uuuuiiniitiit it et et et e e e e e et et e ee e e 185

Adventitious Shoot Production using Petiole Explants through Direct Regener ation
in Sugar Beet

Hossein Mazaheri K ohanestanit, Farhad Nazarian-Fir ozabadi?, Ahmad | smaili®
and Mitra K hadami*

1, 3 and 4- Graduated M.Sc. Student, Associate Professor and Ph.D. Candidate, Faculty of Agricultural,
Lorestan Unlversté
2- Professor, Faculty of Agricultural, Lorestan University, (Corresponding author: nazarian.f@lu.ac.ir)
Receive: September 30, 2016 Accepted: May 24, 2017

Abstract

Sugar beet (Beta vulgaris L.) is one of the two very important sugar crops in the world.
Transgenic experiments, including tissue culture practices play a pivotal role in the investigation
of the any gene function as well as introducing new functionally important genes. Tissue culture
is inevitably required to employ any transgenic methods for making transgenic plants.
Therefore, to find an appropriate explant to produce adventitious shoots In recalcitrant sugar
beet plants without continuous seed germination, a completely randomize design (CRD) was
carried out in a factorial arrangement. The adventitious shoots produced on leaves through
direct regeneration method, were used as in vitro explant. Petiole and leaf disc explants were
studied in two positions, located close and far from terminal buds in two sugar beet lines (SBSI-
04, SBSI-02). After four weeks and two consecutive sub-culturing in MS basal medium
supplemented with IBA (0.1 mgl™) and BAP (0.25 mgl™) hormones, the number of shoots were
counted and compared as percentage. Results of this study showed that the petiole explant
produced the highest number of shoots. Furthermore, the number of the shoots was higher in
SBSI-04 line than SBSI-02 line. Interestingly, the position of leaf explants had a significant
effect on the number of shoots produced. Interior petiole explants, produced more shoots in
SBSI-04 line as compared to the leaves farther than terminal buds, suggesting for producing
transgenic sugar beet plants, interior petiole explants are recommended.
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