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4 Tissue Culture and Biotechnology of Ginger 

K. Nirmal Bablt, K. SalnS1tdeen, D. M inoo, S. P. Geetha, 
and P. N. Ravindran 

Recent advances in plant tissue, cell , and protOplast culture combined with geneti c 
engineering have opened up new and exciting poss ibilities in propag at ion, gene manip
ulation, crop improvement, and germ plasm conservation in many plant species. Mi cro
propagation has been es tablished as a sound commercial p roposit ion, especially in orna
mentals and plantation crops to produce nuclear stock free from pat hogens and viruses. 
Technolog ies li ke anther, pollen, and pro toplast culture will speed up the process of 
producing ben er vari eties. All these developments have contributed to the acceptance of 
in vitro cu lture techniques as viable and valuable tOols. In addi tion, the potential of in 
vitro conservat ion and cryopreservat ion to conserve genet ic resources, plant var ieties , cell 
lines, and pollen through the establishment of in vitro gene banks is becoming a reality. 
It is now possi ble to man ipulate genetically cultu red cells and tissues to p roduce improved 
plants and hig h-va lue substances. 

The cell- and tissue-culture techniques have a tremendous advantage in hort icultu ra l 
crops, especiall y those that are propagated vegeta ti vely. G inger is no exception, more so 
because the convent ional breed ing programs are hampered due to lack of fe rtili ty and 
natural seed set. Rhizome rot caused by Pytbilllll spp. and bacterial wilt caused by Rabtonit-I 
,lolal/(IC" IrI' ,/II are major di seases affecting g inger that are spread prim arily throug h in fected 
,rhizomes .. Tissue-culture techniques would help in the product ion of pat hogen-free plant

material of hig h-yielding varieties. Since no source of res istance is ava ilable in t he 
lerlmp,lasm , somaclona l vari ation could be an important source of variabi lity to evol ve 

hig h-qual ity d isease-resistant lines. Tissue-culture techniques could also 
used for in vitro pollination and embryo rescue in g inger. H owever, the applicabili ty 
such techniques depends upon the ability to re~nerate Q!!lnts effectively within in 

cul~rotoco ls for micropropagati oll ) p lant regeneration, in vit ro polli nat ion, 
~to,p">St culture, the development of synseeds, and cryopreservat ion are available. These 

effectively lIsed in g inger crop- improvement progtams. All these aspects are 
reviewed , and updated in t his chapter. 

workers reported micropropagat ion of g inger using shoot meris tcms (Hosoki and 
1977; N adgauda et aI. , 1980; Pi llai and Kumar, 1982; lIahi and J abeen, 1987; 

Yal,akslmli and Sing h, 1988; Saradha and Padmanabhan, 1989; Balachandran et a I. , 
ehoi, 1991a; Choi and Ki m , 199 1; Sa msudeen , 1996; Nirmal Babu, 1997), base 
pseudostem (Ikeda and Tanabe, 1989; Choi, 199 1b; N irmal Babu , 1997; N irmal 

aI., 1998), and roots (N el, 1985). The most commonly used medi um was the 
medium (Murashige and Skoog, 1962) supplemented with lA A, IBA, N AA , 
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Trible 4.1 In virro responses of gi nge r 

Exp/rlllt mtd 

Vege tative buds and 
rhizome bits wirh axilla ry 
buds 

Vegetar ive buds 

Vege tativc buds, ovary, 
rhi zomc , and leaf sheat h 

Rhizome 

Flowcr, infloresccnce 

Anther 

Ca llus derived from bud, 
ovary, leaf 

Ca ll us dcrived from 
vcgetative buds 

In vitro pla ntl ets 

Aledia compoIitioll 

MS + 2 mg l- 1 N AA 
(liquid medium) 

~\'fS major elcmcnl's 
+ Ringe- N ilsch minor 
el cments, vitamins, I ppm 
BA, 2% sucrose 

MS + 0 .5 ppm NAA 
MS + 2 mgl- 1 2,4-0 

MS + 0 .5 rng l- I 2,4-0 
+ 0.5 mg l- 1BA 

MS + 10 mg l- 1 BA + 0.2 
mg l- I 2,4-0 

MS + 1.5 mg l-' 2,4-D + 
200 mill coconut m ilk 

MS + 10 mg l- 1 BA, 0 .2 
mgl- 12,4-0 

]\'IS + 0.1 I11g l- 1 Kin , 0.2 
mg l- I BA, 10% coconut 
m il k 
MS +9- 12% sucrose 

MS + 75 gIl of sucrose 
MS + 2 gil sucrose and 
Ig/l of man nitol 

' II SR, Unpublished informal ion from author's laboratory. 
MS, r-.l urashige and Skoog (1962) med iu m; 
SH , Schenk lind Hildebrandt (1 972) mediu m; _

___ --i"':;-;".::' :.I,;WQO(ly Planl Mediu m (McCown et al., 1979) medium . 
IAA: I n(lolc::nr~t'r~acid 

Mu ltiple shom s 
and in vitro 
rooti ng 

Mul ti ple shoots 
with roots 

Ca llus 

Pianti c(s 

Convc rsion of 
flowcrs to plants 

Ca ll us, rOOts 

Ca llus induct ion 
and plant 
rcge neration 
Organogenes is 
and plandcf 
for mation 

Shoot 
rcgenerat ion 

In vi lro rhi zomcs 

l?t/trt1/ce 

Ni rmal Babll et al. 
(1996e) 

I-I osoki and Sagawa, 

1977 

Choi (199 1), Ni rlllal 
Dabu er al. (1997) 

flahi and J abce n (1987) 

N irmal Babu ec al. 
(1992b) 

Ramachandran and 
Na; ' (1992) 

N irmal Babu (1997) 

Ni rmal Babll et a!. 
(1992a, 1996b) 

Nadgallda et a l. ( 1980) 

Bhat ct al. ( 1994) 
Sharma and Sing h 
(1995) 
Peter et al. 2002 

lOA: Indole-}· butyric acid 
NAA : Ct-naph lhlllcne lKetic acid 
2, 4- D: 2.4-D ichloropenoxy acetic IIcid 
BAP: 6- Bem.>'larninoplirine 

2,4-0 , kinetin , and BAP in different concentrations and combinat ions (Table 4. 1). Only 
Pillai and Kumar (1982) used SH (Schenk and Hildebrandt, 1972) med ium, 

N irmal Babu ( L997) tested various explants-vegerat ive bud , immarure inflorescence, 
leaf (pseudostem), ovary, and anther- for their morphogenet ic responses (see Figure 
4. lA- L) on MS basal medium supplemented with cytokinins (BA P and kineti n) and 
auxins(NAA and 2,4 -0). MS basal medium supplemented wirh auxin (NAA 0--4 mgl- I

) 

and cytOk inin (BAP 0-4 mgl- I ) gave positive response in inducing rnul tiple shoots and 
roots. The presence of NA A at low concentrat ions (1 rng l- 1) resul ted in good growth 
of cultu re, root induction, and shoot mul tipli cation and addit ion of BAP at 4 mgl - I 

increased the multiple shoot induction, bu t reduced root induction. NA A alone at high 
concentrat ion (2-4 I"ng l- I) inhibits shoot g rowth as well as root induction, whereas BAP 
alone at hig her concentration (4 mgl- I ) incitlCed only multiple shoots and rarely roots . 
Earlier workers also reported that BAP and NAA combinat ions wefe best for shoot 

Tiulle C,df/ll '{! t:md lJ ioferlm%g)' of Ginger 

Fig"re 4.1 ~r~~es. in gi nger tissue Culture: (a) g inge r )Iant · (b v . 
lI1JfJatlon; (c) multiplc shoots' (d) "ge I 1'1 ) cgC tat lve bud explant and CU lture 
~ , nCm tlng ca us' (e) or ' . 
ro~ ova ry derived p il us; (f) conversion of floral b ' . ga nogene~ls and embryogenes is 

fnlle format ion; (h, i) p lant regenerat ion fron I uds
l

ll1 to ~c~etaClve bllds; (g) in vitro 
(k I) . 1 ane ler cu lure' (J) . .1 ' {' , s tages In hardening. ' In vl l rorlJlZOllle lormal ion; 

in g inger (SakalTIllra et al., 1986 CI 
; lar/wood er al. 1988' Sak'lm I ' ,,< ura <toe 

induction of b I I . a t 1 roOts and shoots in th d ' 
C Oomg considerably, and in g inger it rak e bsame me HlIll reduces the time taken 

es a OUt 60 days for an explant to develop 
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into a well-developed plantlet in the first cycle using a primary explant from the 
g reenhouse-grown plant. \Xlhen the subcultures are initiated from the in vitro developed 
axillary shoots, the rate of proliferation was furt her increased and the time taken for 
plantlet development was teduced to 45 days per cycle (Nirmal Babu, 1997). 

Vegetat ive Bud Culture 

Vegetative bud explants containi ng both shoot tip and axillary buds were used for clonal 
multiplication . Growth regulators, NAA (I to 4 mgl - I) and BAP (I to 4 mgl- I) were 
tested in various combinacions. Only 50 percent of the explants could be established, 
whereas the rest were lost due to conraminacion. The ex plants took nearly 20 days for 
exhibiring first signs of growth and bud break and subseq uently produced both mu ltiple 
shoots as well as roocs in all the growth-regularor concentrations tried . The number of 
shoots ranged from L to 9 and the nu mber of roots ranged from L to LO after 60 days 
of culture (see Fig ure 4.1a--<:). Both NAA and BAP induced multiple shoots and roOtS 
in g inger vegetative bud explants. However, the cultures responded differently in dif
ferent treatmen ts. MS medium supplemented with 4 mg l- I NAA and 4 mg l- I BAP 
gave the lowest response (40 percent) for prod uction of multiple shoots or roots, whereas 
that supplemented with 1 mg l- I NAA and 4 mg l- I BAP Ot NAA alone ( I mg l- I) gave 
highest culture response (90 percent). The mean number of multiple shoots ranged from 
1.2 to 5.2 in d ifferent treatments. NfS medium supplemented with 3 mg l ~ I each of 
NAA and BAP gave the lowest number (1.2) of mu ltiple shoots, whereas whi le that 
supplemented with 1 mg l- I NAA and 4 mg l- I BAP gave the hig hest number (5.2). 

The mean nu mber of roOtS ranged from 0.7 to 5.4 in different treatments. MS media 
supplemented with [ mgl- I NAA gave the highest number (5.4) of roots and MS media 
supplemented with 4 mg l- I BAP gave the least number (0. 7) of tOOts. 

Considering that both induction of multiple shoots and roOtS are eq ually important, 
developmen t of both in a sing le mediurn reduces the time taken for plant development. 
In such cases, MS med ium with I mg l- I NAA alone or [ mg l- I NAA and 4 mgl- I 

BAP was ideal for multiplication of g inger ftOm vegetative bud explants (sec Table 4. [). 
T hese treatments were sign ificantly superior to the rest with respect to mu ltiple shoO[ 
production and roOt induction. The plantlets from the vegetative bud cultures are 
healthy~obustJ and 8 to L2 cm rail with three to fOllr roots. These plantlets were 
hardened in a humid cham er or ~O to "'2 5 days with 85 percent establishment. ---
Inflorescence Culture and Development of Shoots frorn Floral Meristern 

Floral meristems from young inflorescences, when the determination of an individual 
flora l meristem was not cana li zed, can be induced to grow vegetative shoots in vitro. In 
rhizomacous crops like g inger, the use of flora l meristems reduces the problem of culture 
contamination that is so common when rhi zome explants are used. 

In g inger, vegetative shoots were produced in 70 percent of the explants when t -week~ 
old inflorescences were cultured on MS med ium supplemen ted with LO mgl- I BAP and 
0. 2 mg l ~ l 2,4-D. One or rarely two plantlets developed per axi l of the bract in the 
majority of the cases (see Fig ure 4. 10. In about 26 percent of the culrures mulriple 
shoots ranging from 5 to 25 were induced. These shoots g rew into complete planrietS 
in 7 to 8 weeks' time. However, in 20 percent of the cu lrures the older flower buds 

TiJJile e ll/fllre m/f/ Biofechllo/0!1I1 orG' 
OJ ~ mgel' J 85 

Tt1b/~ 4.2 
A'forphogeneric response of imlll fHure inflorescence explants on MS bos 1 I' 

.. a me( nllll 

SI. No. 

I. 

2. 

Explmll 

Onc-week-old 
whole 
inflorescence 

Sing le flower 
clilcure 

aM('an of 20 teplicalions 

e li/flirt IIltdiJtfIl 

J" 'S + 10 ill,gl - J BAP 
+ 0. 2 mg J- J 2,4-0 

MS + 10 mgJ - J BAP 
+ 0.2 mg l- I 2,4-0 

ell/lllrts 

respollded 

(%)' 

20 

44 

26 

2 

40 

20 

Opening of flower buds and 
development of normal (lowers 
Conversion of flo- I b d ... u S to 
vegetat ive buds with 1-2 shoots 
Conversion of flo-I b 1 ,.. u{ S to 
vegetative buds and mult iple 
(5- 25) shoots 

Jllow~r brans developed inro 
leaf-lIke StruCC ures 

Oe~eIOpOle/l[ of frui( but ova ry 
spIns Open and no further 
growth 

Development of fruit and 
SUbsequent development of 
planrlers from fruirs 

developed into flowers and opened 1 '1 . 
that were already differentiated int: ~lo~v~7 c ll~ru re (!1ble 4.2). These are the meristems 

The development and maturl'ty offl . pnmotdla (Nirmal Babu et al I 992b) 
'11 I < OWer In th' ". 

WI a so result in the exciting possibilit of e a~epClc CUltures of ginger inflorescence 
for conservation in a cryopolJen gene b Yk aSl eftl~ pol.len, which can directly be llsed 

an anc lor In Vitro pollination. 

Single Flower Cultures and Development of Fru it 

Sexual repr I . . oc Uctlon IS an Imporrant mecJ . 
recombination in a population. ~n natur~1nl~~1 for the inrrocluctlon of variability throu ,h 
fruit. Ne\~ bIOtechnological methods IJ ke gll1 g:rt;;oduces n~any flowers but fads to !t 
~~~~-,I~n many )Iant s eCles for Obtainlll vlabl pollmatlon and embryo reSCue are 

normal mechanisms f.1 d to develop se:ds d e see~s and subseq uently the plants 
development. By cultufJng young t k ue to IncompanbdJ[y and f.1 ilure 10 

. supplemented With to mgl - ' BAP -we de -old Immatu re inflorescences On MS 
In Vl[ro I II' . an 0.2 mg l- I 24 0 

20 )() illation and the ovary devel d ' - , It was possible to 
percent of the cultures (sec Figure 4 I ) ope Into tnloculat frUl[S by 60 to 90 cia s 
t:;e fruJ[s. In 20 percent of the cu lt~re~ ~ I~ln(::u bsequently plants could be recover~ 

le Ovan es by the seventh week (NlrOl ~ :~ntlets were seen emerg mg directly 
poll tOOts Simul taneously and later prod~cecl ~l ll; et ~., I 992b) These p lantlers 

stt 
matlOn III g lllger was also reported by V I I ers evelopment of seeds by in 

Was report d (I' a sa a et al ( [997) J . e urseglove et aI., t 98L) The . . n nature also, rare 
!IOIDflllent \Vdl open up new posslbilJtles of PI osslbdlfY of III Vitro-induced seed 

Pro f sexua reprocIuct 0 d d genies 0 g lllger by Hi . . I n an eve!oprnent of 
thus bringing entirely new dir;;ti ~~~ and. hybndlzation hirherto ineffective in 

s to g ll1ger crop- improvement programs. 
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Plant Regeneration from Callus 

Successful development of a plant regenerat ion protocol is essential in that it has a 
cascading effect. The success of many other advanced in vitro techniques such as in vitro 
mutant selection, protoplast fu sion , and genet ic transformation depends directl y upon 
the ability to regenerate plants from the derived tissue. In add ition, polyploidy, aneu
ploidy, and ch romosome sttuctural changes, wh ich com monly OCClIt in fast-dividing 
cells, along with many other factors, result in accumulating heritable vat iation in the 
regenerating plants, giving rise to new variability in the gene pool (somadonal var iation) 

that can be used for crop improvement . 
Callus can be initiated in vitro by cul tur ing small explaiHs on growth-support ing 

mediull""1 supplemented with exogenous growth-regul ating factors. Dur ing this process, 
cell differentiation and speciali zat ion , which might be occurring in the intact plant 
tissue, are reversed and the explant g ives rise to new t issue that is composed of mer
istematic and unspecialized cells. During ded ifferent iation, storage products typ ically 
found in resting cells tend to disappear. New meristems are formed in the tissue and 
these g ive rise to undifferentiated parenchymal cells withput any of the structural order 
that was characterist ic of the organ or tissue fro m which they were derived. Although 
callus remains unorgani zed, as g rowth proceeds, some kind of spec iali zed cells may be 
again fOfln ed. Such d ifferentiation can take place at random , but may be assoc iated with 
centers of morphogenes is, which can g ive rise ro organs. T hus, callus culture is usually 
made up of tWO types of t issues, d ifferentiated and nondiffercnt iated. 

Callus Induction 
Many parts of the whole plant may have an ultimate potentia l to produce call us in vitro, 
but it is freq uently found that callus cultures are more easi ly es tablished from some 
organs than others. Young meristematic t issues are most suitable and meristemat ic areas 
in older parts of a plant can also g ive rise to callus. Monocotyledons react different ly 
and are less likely to fo rm callus than d icotyledons (Pierik, 1987). A difference in the 
capacity of tissue to g ive rise to callus is particularly apparent in monocoty ledons. For 
example, in most cereals, callus growth can be obta ined only ftOm organs such as zygotic 
embryos, germ inat ing seeds, seed endosperm, seed ling mesocotyl, and very young leaves 
bur-so far never from matu):e leaf t issue (G reen and Philips, 1975; Dunstan et aI. , 1978). 

Nirmal Babu ( 1997) reportS that in ginger, callus was successfu lly induced in veg 
tative bud, young leaf, ovary, and anther tissues on MS medium supplementecl with 
various levels (0.5 to 5.0 mgl - I) of NAA and 2,4-0 for induction and proliferation of 
callus. Although auxins, in general , ind uce call us for mation, this worker reported that 
only 2,4-0 at concenttat ions ranging from 0.5 to 5.0 mgl-

I 
was effect ive in inducing 

callus in all explants ttied, with the best concentration being 3 mgl -
I 

NAA induced 
a slight amou nt of callus at higher concenttations of 3 to 5 mg l-

I 
only. The explants 

differed in their abili ty to form callus. The best is vegetative bud follow ed by anther 
explant . Leaf explant gave the least amount of callus. T he amount of callus produced 
was 2.7 g per tube in leaf and 3.4 g per tube in vegetat ive bud. Callus tissue was not 
of one kind. Strains of callus d iffering in appearance, col at, deg ree of compaction, and 
morphogenetic potential commonly arise from a si ngle experiment. In ginger, the callus 
was loose, friable, and pale yellow in color. In the subsequent cultures, the calluS 
conta ined some hard organized embryogenic "lumps" (meristemoids) within the mass 
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of loose cell s (N irmal Babu , 1997). The callus could b . . 
monthl y subcultures on t ile sa I. e mallltaineci and multiplied by 

• < me mee Ia. 

T he earlier reports on ca ll us induction in "J in e· 
Kulkarni et al. (l987) Sakanl IS g g I were those of Pil lai and Kumar (1982) 

, • ura ane uga (l989) CI . (199 b ' 
Kacker et al. (1993), n ahi and J b (1992) ,101 I ), Malamug et al. (l 99 1) a een , and Samsucleen (1996). ' 

Plant Regenerat io n 

Two-mom h-old ca lli derived ftom vanous ex )Iants 
and amher tissues- were c I d I - vegetative bud, young leaf, ova ry 

. u ture on a sen es of MS b I 
varylflg levels of auxin (2,4-0) and cytokinin (K. . asa media supplemented With 
and plant regeneration (Table 4. 3) s lIlet lll and BAP) for morphogeneSIs 

W hen fresh call i, immediately after its inciuctiOI . 
growth reg ulators it resulted ' n I .. . 1, was cultured on MS med ium without 

I
. ..' I rl l:wgenesls The cytok " k· . 

usce IIldlv ldually did not res It . . . III illS, ~ lI1 e tlll, and BAP when 

I 
u III organogenes Is even ft r c. 

cu rure. But addit ion of cytoki nins (k· . d . a er lour to nve cycles of sub-
. I lIletlll an BAP) at co . f 
III t le presence of 0. 2 mg l- ' 2 4 0 . . < ncemratlons 0 5 to 10 mgl -

I 

. ,- resul ted 111 IIlducr" f I 
organogenesIs and embryogenesis- d b IOn 0 morp lOgenes is-both 

d
. an su seq uent d I f 

me Illm supplemented with 10 m I- I BAI) eve opment o · plantl ets. MS 

I 
. g and 0 2 mg l- I 2 4 0 I 

P logelllc response. Once the morpho . I · ,- gave t 1e best mor-
. I gellic pat l\vay of t he Cl I I 

contlnuee to show their morphoge ' . ~ I tures was e eterminecl they 

3 

nl( potential In subse b I ' to years. qucnt su cu tures even after 2 

In vegctat ive bud-derived call us the numb f 
higher in BAP (28 to 60) than ., ' k. . (8

er 
a plantlets developed per cul ture were 

, 11 lI1etill to 26) T I f 
plandct formatio n increased consider bl 36 6· le rate a shoOt produCtion and 

I a y to to 2 shoots I 
regu awrs were completely exclud d f l . . per Cli ture when growth 
. I . f c rom t""le medium 111 I b I 
mc uwon 0 morphogenes is (see Fig ure 4. 1c). ater su cu tures after the 

MS med ll11l1 supplememec! with 10 mg l- 1 BAP I -
best for leaf-derived ca llus T he nllmb f l ane 0, 2 Illg i I 2,4-D was also the 
to 35) -r . er 0 s lOOts I,er cultt re I · I . , ransfer to growth regulatO fl. I was ""II8

1er 
In BAP 0 5 

re I I . ' r- ree cu ture mecillll11 aft ... I 
su tee 111 enhancement of 1)lant. ' er 1I1](1a morphogenesis 

th I fl . • regeneratIOn to 30 to 60 I T I · e ea _( eCived callus to d ifferentiate d I I . s lOotS. ""Ie time ta ken for 

'fable 4.3 

< an (eve op 1I1tO a complete p landet ranges from 

Effect of ex plant on plant regeneration throug h call us phase on MS basal 11 I· • • • I e( mOl 

Cal/II! 

jJlWlllflioll 

Explfllll (g)' 

Vegetative 3.40 
bud 

Leaf 2.70 
Ovary 3.10 

Anther 3.20 

Dfl)'J 

/(Iken [or 

1II0rpbogfl/eJd 

146 

162 

131 

120 

M OIpbogennir Pfllbll'fl/ 

Organogenes is (shoot) 
and embryo!,:enesis 

Orga nogenes is (shoot) 

Embryogenesis and 
org<lnogenesis (shoot) 

Orga noge nes is (shoot) 

No.o[ 
plfll/llels 

±SO' 

26.2 (±6.2) 

24.4 (±6.2) 

47.6 (±9.3) 

12.6 (±3. 1) 
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6 to 8 months, whereas whi le it takes about 5 to 7 momhs for the vegeta t ive bud 
deri ved ca llus. 

In callus deri ved frorn ovary t issues morphogenes is was observed on MS media sup
plemented wich 5 co 10 mg l- I BAP or kinet in and 0. 1 CO 0.2 mg l- I 2,4-0 and also 
with 5 mgl- ' BAP or kinetin and 0.2 mg l- ' 2,4-0 after fo ur to fi ve subcll lw res . In 
both the media white g lobular heart-shaped embryo- like strllcwres were observed in 67 
to 80 percent of the culwres. I n about 22 percent of the cu ltu res both organogenes is 
and embryogenesis were observed in the same culture. T hi s process continued in t he 
subsequent cul tures on the same rned iu m. T he embryogenic call i were separated and 
used for subseq uent cul tures . W hen growth reg ulators were removed from the culture 
med iu m at this stage, the callus turned g reen and the rate of morphogenes is increased 
considerabl y, resulting in many embryo- like srructllres tha t cou ld be separated easily 
with a gentle tap . On subsequent transfer to fresh med ium without g rowth regulators, 
the embryoids developed into complete plants. The somat ic embryos produced secondary 
em btyoids by advent itious em bryogenesis resulcing in a large number (100 CO 300) of 
tiny embryoids (see Figure 4. 1e). T hi s type of mult iplication cont inued on g rowth 
regulator-free med ium even after 2 years of continuous cul ture, indicating that once the 
callus turns embryogenic, g rowth tegularors ate not needed for further multiplication. 
T he embryo ids produced were eit her compactly arranged or loosely arranged . The 
developn1ent of these embryoids into complete plantlets was hig her when N AA ( l mg t- I) 
was added to the culture medium, wh ich also enhanced rooting. Th is pro tocol with a 
product ion potentia l of a large number of t iny propag ules is idea lly sui ted for in vi t ro 
manipu lat ions such as in vit ro mutagenesis, in vitro polyploidization, and in vitro 
selection against biot ic and abiotic stresses . The somatic em bryos ate ideally suited for 
d irect ONA transfet using a part icle-delivery system and development of rransgenics . 

The explanrs d iffered in their morphogenetic response with regard to the morphoge
netic pathway as well as the plantlets regenerated. T he plant regeneration was by 
organogenesis in leaf- and ant her-derived call us, whereas it was by both organogenesis 
and embryogenesis in vegeta tive bud-derived and ovary-derived callus. Histological 
stud ies have proved the orig in of both organogenes is and embryogenes is. Embryo devel
opment followed typical monocotyledonous stages of development from globular, heart
shaped to to rpedo-shaped embryos with clear-cut scutellum and coleopt ile developmem. 
The em bryo showed clear shoot and root poles with no vascular connection between the 
hos tissue and the embr o. The ex )lanrs d iffered with respect to days taken for mor
phogenesis and their plant regenerat ion potential. Anther-derived ca ll os-was quickest 
to respond (1 20 days) compared ro leaf- derived callus, which is slowest (1 62 days). The 
mean number of p lantlets recovered ranged from 12.6 from anther-derived calli to 47 .6 
in ova ry-derived call i (see Table 4 .2). T he embryogenic call i derived from ovary were 
canalized and produced an increasing num ber of somatic embryos in the subsequent 
cultures. T hese somat ic embryos also resul ted in repet it ive em bryogenesis and budding 
resulti ng in a large number (over l OO) of somat ic em bryos in a g iven cultu re tube. Thus, 
the ovary was the best among the exp lanrs tr ied for plant regenerat ion and recovery. 
Thi s efficient p lant-regenerat ion system is idea lly sui ted for in vitro selection, in vitro 
mutagenesis, and genet ic manipulation experiments (Nirmal Babu et ai. , 1996b) .. 

Shoots developed from the callus were placed on the mod ifi ed MS med ium with I 
mg l- ' of NAA fo r rooting that was earlier ident ified as ideal for roOt induct ion . An 
extensive rOOt system developed within 5 weeks in this medi um. Rooting waS better 
when liquid med ium was L1 sed instead of solid med iu m. 
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Su.ccessfu l plant regeneration in. gi nger was ea rl ier reported (Nadgauda et ai. , 1980; 
lIahl and J abeen, 1987; Ku lkarni et a!. 1984' Ma lamug Ot al 1991' K k I 

1 , < • • > , ac ar et a 
1993). TI.le expl an~s used were y~ung sprouts and you ng leaf segments and the pIal;; 
r~generat l on was via orga nogenes Is and em bryogenesis. Ea rlier stud ies indicate BAP at 
hig h concent rat ion res ul ted in morphogenes is and p lant regeneration fro m t hese 
explants. 

Anther Cu lture 

Since rhe first report of induction of androgenes is in D((I/(r(( (Guha and Maheshwari 
1 964~1 anther .c ultu~e has ga i~ed considerable importance in ou r efforts to produc~ 
ha.pl.OJd~ and (.' Ihaplolds. Hap~OJd planriets are fo rmed in two d ist inct ways: by em bryos 
ofl g matmg .d lrectly fron: mlcrosl~ores without callusing (direct and rogenesis) or by 
organogenesIs from haplOId ca ll us t issue. H ap loid cells, in genera l, are unstable in cul ture 
and have a tendency. to undergo endomitos is to form d iplo id cells. This property of cell 
cul ture can be e~plol ted for obta in ing homozygous lines of gi nger. 

Call us format ion and the development of roOts and rhi zome-li ke structures were 
reported fr.om excised g inger anthers cultured on MS med ium conta ining 2,4- 0 and 
coconut m il k (Ramachand ra n and Na ir, 1992). 

Samsudee l~ et al. (2000) .reported regeneration of planrlets from exc ised anthers. They 
c ul ture~1 eXCIsed a ntl~ e rs with uninucleate pollen mother cells and pollen were inoculated 
on modIfied MS medllll~ supplemented with 0.2 to 3.0 mg l- I 2,4- 0 after cold treatment. 
Cold t reatme~ t was g iven for I , 2, and 7 days at O°C. Of the th ree di fferent cold 
treatments ~ tfl ed , callus was induced only from an thers, which had 7 days of cold 
~reatment . f hese a nthe~s developed fr iable call us in sol id as well as in liquid medi um 
III about 6 weeks. OccaS IOnal development of roo ts was observed in liquid cuhu res. T heit 
study has shown that s~lid medium is better t han liqu id medium for g inger anther 
c~il ~u re. 2,4-D at 3 mg l I ~vas good for both call us ind uction and ca llus proliferat ion, 
g lvl~g about 3 ~ of call us In about 30 days of cui cure when incubated in lig ht. Ca lli 
obtallled from g inger an thers were cultured on .MS basal medi um supplemenred with 
2,4-0 (0 ro 0 .2 mg l~,') and BAP (0 to 10 mg l- I ). MS med iu m wirh 2,4-0 at 0.2 mg l- I 

and BAP .at 10 mg l was the be~t for orga nogenes is and plant regenerati on. T he plant 
regeneratIOn was by organogenesIS and shoot development (see Fig ure 4. 1h). Seventy 
pea::..eu. oLthE!-cul tutes gave..a morphogenetic response with a range of 1 to 20 shoots 
and ~n .average of 12.6 shoots per cui cure rube (see Fig ure 4 .1i). These shoots were 
multIplIed . and rooted 0 11 MS basa l med ium with 1 mg l- 1 N AA before hardening and 
field. es rabl.lshment. The regenerated plants ate being indexed for the selection of haploids 
Ot d ,haplOlds. 

Effect of Explant o n P lant Rege nerat ion 

!hd
e 

va.riOlls explants tried (i.e., vegetat ive bud , leaf, ovary, and an ther) differed in callus 
In ucrlOn morl, hog I Ct' b 'I' f II I f 1 ' . e 1 IC a I Ity 0 ca us, all ( pattern 0 morphogenesis throug h the 
~alllls phase (see Table 4.3). Anther-derived callus was quicker to turn morphogenetic 
,0 lowed by Ovar . b I I I ( I . . . . , y-, vegeta ti ve U( - , aile ea -( efl ved ca ll I. The oflg m of call us deter-

the morphogenetic pathway it follows for development of planrlets. 



190 Ginge,.: The Gmlli Ziugiber 

Histolog ical studies confirmed that plan t regeneration in g inger callus was by orga n
ogenesis as well as embryogenes is, depending upon rhe origi n of the explant. Ca ll i 
derived from vegetative bud as well as ovary showed boch organogenesis and embryo
genesis, whereas those from leaf and anther foll owed only the organogenetic path of 
developmem. In addit ion, among the different explants tried , ova ry was the most 
effective for plant regenerat ion throug h rhe ca ll us phase, which gave 47.6 plan tlets per 
tube, followed by vegetative bud (26.2), leaf (24.4), and anther (J 2.6). The morphoge
net ic calli obtained from all the explants showed their morphogenetic abili ty even afte r 
repeated subcultures both on the same medium or on g rowth-reg ul ator- free medium , 
indicating that growth reg ulators are needed only for induction of morphogenesis. Once 
the callus turns morphogenetic, it retains the morphogenic ability for a long time if 
cultured on the same medium. These cultures remained morphogenetic and prod uced 
plantlets even after 2 years of repeated subcultures (Nirmal Babu, 1997). 

Hardening and Field Establishment 

A substantial number of micropropagated plants do not survive transfer from in vitro 
conditions to g reenhouse or field environments due to the "delicate" nature of p lants 
raised in vitro. Compared to in vitro conditions, the oucside atmosphere, which has 
substantially lower rela t ive humidity, higher lig ht, and septic environment, causes Stress 
to the micropropagated plants. ShoOts and plants in culture are g rown in cond it ions 
that provide lit tle physiological stress since a carbon source is provided , reducing the 
need for photosynthes is. Due to the hig h relat ive humidi ty and low light within in vitro 
cond it ions, the anatomy and physiology of ti ssues are different from those of plants 
g rown in greenhouse conditions. In add it ion, rhe aseptic environment in vitro reduces 
the stress of pathogens. Various factors such as development of epicut icular wax, func
tional stomata, root system, and increased photosynthetic abili ty influence the accl ima
ti zation. Most plant species g rown in vit ro require a gradual acclimati zat ion and hard 
eni ng for survi va l and g rowth in a natural environment (Preece and Sutter, L99 L; George, 
L996). As the plant lets are progressively accl imatized , the rate of water loss from their 
leaves decreases and the phorosynthetic abili ty of the plant increases, especiall y in the 
leaves newly prod uced after transfe r, resulting in a hig her rate of esrablishment . 

N irma l Babll (997) reported that g inger plantlets micropropagated as well as ca llus-
--"'re"g~e~nerared plants-wer hardened ancLttansplanted in a arOlIS soil rni xtute of vennic

ul ite, sand , and garden soil in equal proportions wi th 57 to 85 percent success depending 
upon the orig in of explant. Hig h humidi ty was maintained for the initial 20 to 30 days 
by keeping them in a humid chamber. The humidity was reduced g radually for hardelling 
and establishment. The surviva l rate of rransplanted plantlets ranged from 57 to 85 
percent and the time taken for hardening ranged from 22 days in direct regenerated 
plants to 30 days in ca llus-regenerared plants. Plants regenerated from ovary-derived 
ca llus have the lowest establishment rate of 57 percent , whereas those multiplied d irectly 
from vegetative buds have the hig hes t rate of 85 percent field es tablishment. The tissuc
cultured planrlets obta ined by ditect multiplication and planrlets regenerated from 
vegetative bud-, leaf-, ovary-, and anther-derived calli differed in their size at the time 
of hardening. There is a direct correlation between plant size and survival rates; the 
bigger plantlets are easier ro establish after hardening than the smaller plantlets. In 
general, plantlets multiplied directly from vegetative buds were bigger and hence have 
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T(lbie 4.4 
I\ torpho log ical fearures of p lan tie rs d er ived from various eXI) lanrs r I . f I d . 

, a r 1e t llne 0 lar elllng" 

D irm regfl/e,.(lIioN 
Cal/lfs regel/emlioll 

Vegtlfllit't' 
Exp/flnl /Jllt! 

\Iegtlfll i l 't 

I lIjlortJrfl/re bllfl 
No. of p lanrlers/culwre 

U'1 OI'fl1Y Amber 
5.2 2.8 26.2 

PI am heig hr (cm) 11.9 11.2 8.7 
No. of rOOfs/plam 3.2 3.2 2.3 
No. of leaves/p lam 7.8 7.2 5.4 
Leaf leng th (mm) 52.0 48.0 51.0 
Leaf breadth (m m ) 6.0 5.0 6.0 
Days raken for hardening 22.0 25 .0 30.0 
Establ ishm ent (% ) 85 .0 80. 0 70.0 
Rh izome we in 1s( 3.3 2.8 
season (.g) 1.6 

2~.4 47.6 12.6 
2.7 6.2 6.8 
3. ' 1.3 2.0 
~.2 6.0 8.0 

45.0 39.0 30.0 
4.0 3.0 4.0 

30.0 30.0 30.0 
74 .0 57.0 68.0 

1. 2 0.8 0 .7 

'Mean of 10 replications 

Tflble 4.5 r"'forph%gical characters of micropropag ated lam s d evel . 
(M!') and ca llus regeneration (C R) p, oped throug h d irect regenerat ion 

SI. P/m" PI",,, /)/. 
No. of Width 0/ III/tl"llode 

N,. 
No. of /I'm.,.!/ rhizome No. of diJ/(1IIrt type ((m) tillm/p/mlt p/tlllt Yield/p/III" 

((III) 1I0dCJIji"ger (mm) (g) I. MP 91.0 :::'::23.8 11.4:::':: 4.4 8.8 :::'::4 .6 2.8 :::':: 0.5 2. el< 9 1. 5:::':: 6. 1 
9.2 :::':: 1.1 5. 1:::'::0.8 382.0 :::'::225 10. 2:::':: 2.2 8. 8:::':: 1.2 2.7:::':: 0. 2 3. C 76.4:::':: 16.6 8A :!: 1.1 
8. 1 ::t o .7 4.9:::':: 1.0 447.4:::'::24 3 9. 2:::':: 0.7 2.7:::':: 0.5 8.0 :!: 0. 7 4.9 :!: 1.7 352.0 :::':: 114 

:::':: Standard deviat ion ; C: COllt rol 

a higher rate of esrablishment compared to JJantl ets r 
gave lower rate of establishment (see T..,b les '4.'4 and 4 egenerated throug h callus, whi ch 
rhe pJants were morlJhoiogica lly 5'·01 ·1 ( F. 4.5). At the nursery stage, mosr of 
I · "ar see "gure 1 k a d I) c eaves with white chlorot ic I)atches ad . . " n except a lew having 

T· I u wa vy -.lllarg I ns 
Issue-cu cured plants of g inger cou ld b I . '. 

conditions with rela tive ease lI e . 1ardened and acclimatized to the field 
, e ue to t le genetIC nat f l "b 

ace conventionally propagated through ve . ' ure 0 t 1e ~ lllg 1 er~ceou s crops that 
other zingiberaceous CtOlJS like r . getaltl ve means. Earher studies in g inger and 
(H k' urm erlC, carc amom and f( " .£' 

oso I and Sagawa 1977' N I d 1 ' < aempjen Cl suppOrt this view 
, ,a( gau a er a 1980· Bhag I k 1 . I Ct ai. , L992). ., ,< 'ya a s 1ml ane Sing h, 1988; 

Tissue-cultured plants were mainrallled In )01 th b 
to earrhern JOts Rhi ' . J y ene ags for the first season and then 

3.3 g) ro harvest afre; rhe first : omes ~f tJ~ue-cu~lIfed plantlcts were roo small (0. 7 
dry up If care is not taken :ason . see 'Ig ure .2b) and If harves ted , the rhI zomes 

ilar zing iberaceous C~OI); T11
he ~Icrolf)f°lpagated plantlets behaved like seedlings 

.ve'IOt)e~ . 1e sIze 0 t 1e rhi zome IIl C d I 
II1 to normal size com arable ro tI cease over t 1e years and 

'~"al:es that tissue-cultured pI~tlets 1a~ °df mother plants only In thIrd year. ThIS 
, cannOt e Irectly used for commercial cultIvation 
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and need to be maintained for at least twO to three crop seasons in the nursery before 
commercial plancing (N irmal Babu, 1997; N irmal Babu et aI. , 1997, 1998, 2000). 

Evaluation of Somacloncs 

The success of any in vitro cu lture technique depends either on the abi lity to clone the 
genotypes for production of uniform planting material or the ability to bring about 
variations that can be exploited in crop-i mprovement prog rams (see Fig ure 4,2a- h), 
The genetic uniformity of plants multipli ed by tiss ue culture depends on a num ber of 
factors, with the two mOSt important being the method of mu lti plication and the 
genotype. 

Accum ulated information now shows that plants propagated by precocious shoots show 
no more spontaneous mutation than those propagated by conventional means. Plants 
regenerated from callus or cell suspension cultures may show a vatying proportion of 
structural or physiologica l abnormalities depending upon the species, orig in , ancl the 
age of culture (Yeoman, 1986). Other factors such as growth tegu lators (D'Amato, 1978; 
Zakhlenyuk and Kunakh, 1987), composition of t he culture medium (Bay liss, 1977 ; 
Feng and Quyang, 1988), culture conditions (Cerutti, 1985 ; Jackson and Dale, 1988), 
and culture method (\Xli lson et ai., 1976) influence somaclonal variation, The reasons 
for variar ions in micropropagated plants can also be due to the variation thar existed in 
the source plant (pteexisting variation), epigenetic Ot physiological effects, and genetic 
changes (Swartz, 1991 ; George, 1996). Extensive studies conducted during the last 
decade have shown that the cell and callus cultures, especially on periodical subculture, 
undergo varioLis morphological and genetic changes: polyploidy, aneuploidy, chromo
some breakage, deletions, translocations, gene amplifications , inversions, and mutations 
(Nag l, 1972; Meins, 1983; D 'Amato, 1985). In addition , there are changes at the 
molecular and biochemica l levels, includi ng changes in the DNA, reatrangement of 
genes , somatic cross ing over, altered nucleotide merhylation, perturbation of DNA 
replication by altered nucleotide pools, and slicing or activation of genes by mutations 
in associated noncoding reg ions and transposons (ScoWCfoft, 1984) and enzymes (Cu llis, 
1983; Day and Ellis, 1984 ; Ball and Sei lleur, 1986; Brettel et aI. , 1986). Thus, in vitro 
technology is a powcrful tool for the induction of much-needed genetic variabi li ty in 
g inger. 

Morphological and Biochemical Characterizat ion 

Morphological and biochemical characterizat ion of 4-year-old micropropagated as well 
as callus-regenerated planes was reported by Nirmal Babu (1997) in comparison with 
conventionally propagated planes (see Table 4.6). Direer regenerated plants and callus
regenerated plants as separate groups when compared with conventionally propagated 
plants revealed a good amount of variation wit h regard to plant heig ht, number of tillers 
and of leaves per plant, girth of rhizome, num ber of nodes per fi nger, internodal distance, 
yield per planr (see Fig ure 4.2a-el), dry recovery percentage, and oleoresin and fiber 
contents. Micropropagated and callus-regenerated plants have higher mean values with 
regard to plant height, number of tillers, number of nodes per finger, and yield per plant 
compared to controls, whcreas they have lesser mean values with regard to number of 
leaves per plane and oleoresi n and fiber contents. With regard to the width of rhizomes, 

Figure 4,2 
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S?nmc/onaJ variation and microrhi zorncs in in 'er (a ". 
g mger somadone (CR 1222)' (b) . g g.. ) bold rhi zomes harvested from 

, companson of rhl wmes fro TC I " 
convent ionall y pro,lar'atc<I,)lanrs' (c) " ,,- ' m p ants wit h that of 
• 0 " • ISSue-Cll fUre( plants afte , ( 
III comparison wit h convenrionali , ' • r secone year 0 nursery 
and internodal JenHth in micro' , ) propaga,ted, plants; (d) variations in rhi zollle size, shape, 

c )ropag are( p ants' (e) gro tI ( . 
derived plants in com,>arison w", ' . ,' ' W 1 recovery 0 IllJCrorhizome_ 

. • I 1 conventlOna y pro"ag'lted I (" "' . , 1l11 crorhi zome.cleri vecl ,, 'a , " ' " ., pants; I J 1Il1tm g rowth of 
• n S 10 companson with co 1 " II 

(g ) microrhizomes from g inger tisslIecuhures' (h) rl '. I ve,ntJOna y propag,a ted ~l aIH S; 
as planting materia l. • ll zomes larves tc<1 from 1l1lcrorh.:.:omes 
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Table 4.6 
Morpholog ical charaCte rs, yie ld , and quality atrributes of p romising somacloncs in g inger 

Plmlt No oj DI) ' 

/;/Iml Rhizome rlco/ftry OlroreJil1 Film 
SI bl. 

(em) plalJt size )';, /d (g) (% ) (% ) (%) 
No. Somar/olle 

Med ium 870 26.0 2.5 4.4 
I. MP 6 1-9 81 13 

7 Bold 780 23.5 3.8 4.3 
2. MP 74- 15 78 

Medi um 474 27.5 4.5 4.2 
3. MP 76- 1 · 96 10 

9 ~.'led i llm 398 25 .7 2.8 3.8 
4. MP 76-3 93 

9 Med ium 367 23.5 4.2 3.8 
5. CR 10-1 79 

10 Med ium 390 24.0 3.0 5.0 
6. CR 8 16 79 

9 Bold 300 22.0 1.6 3 6 
7. CR 8 18 83 

76 I I Medi um 398 24.7 3.8 3.9 
8. CR 822 

69 8 Medium 472 25.0 2.0 4.3 
9. CR 855 

8 Bold 600 21.0 3.9 3.9 
10. CR 1222 87 

12 Med ium 513 28.0 3.8 4.9 
II. Cont rol 10 1 

M P, m icropropagatc<1 plants; CR, callus+ regenerate<1 p lants 

internodal d istance, and d ry recovery percentage, all the three g roups arc on par. \'(Ihen 
we consider the range observed wit hin the group, m ic,ropropagurccl plants showed , the 
hig hest range wi th regard to plant heig ht, number of ti llers and leaves per plant , wIdth 
of rhizome, and Ill1l'nber of nodes per fi nger, ,,"hereas ca ll u ~- regenerated plants showed 
the highest range with regard to internodal d istance and Yield . . 

V 'a tions were also obsetved among tissue-cul tured and callus-regenerated plants In 
afl , '"I I ' nged 

their oleores in content fiber content, and dry recovery. ] le 0 eoreslll content ra 
from 1.6 to 7.6 percent', crude fi ber percentage ranged from 3.6 to 6.7, and dry recovery 
fro m 2 l .2 to 3 l .8 percent among the t issue-cultured plants, whereas the control had 
5 2 ercent oleoresin , 5.9 percent fiber, and 28 percent dry recovery. .. . 

'Nfrmal Babu ( 1997) and Nitmal Babu et al. ( 1996b) observ~d variations In both 
micropropagated and callus-regenera ted plants with respect to their to lerance to Pythllllll 

t/I!.!l!!.!Jideflllatllm and Ratstonia so/anacean"ll (PselldollJona.s so/antlcearlfllJ) when t ~le plants 
were inoculated twice with the organrsm. Eig h omaclones-showcd a relatt:ely,jO\'l 
percentage of disease incidence (P. tiphaniden llalllllt infection). However, these lllles. suc~ 
cum bed to infection in field tria ls and pot cultu re experiments (Kl.lmar et al., ~ npubllshe 
data), indicating insufficient levels of disease resistance. Isolatton of Pytblll~ll-~olerant 
li nes was earlier reported in g inger (Kulkarn i ~ t . aI. , .l 987). I ntr~cl~na l va fl~tton s. a:~ 
known in g inger and tu rmeric, and many prom lslllg 111les and vafl etleS were Identtfi 
after clonal selection (Rajeevan and Mohanakumaran, 199 3; Kh ader et aI. , 1994 ; Rattan 

I 1994) T his accounts for variat ions observed in conventIOna lly propagated plants. 
et a ., . . I I " ted and 
T hese preex isting variat ions are also reAected at 11Ig her eve 111 mlCropropaga. .'1' 
callus-regenerated plants. T hus, somaclonal variation is ~n i ~portan t source of vanabl IC y 
and can be exploited for crop-improvement prog rams 111 g lllger. 
< A few promising lines having important yield attributes and other use~ul char~~~:~ 
cou ld be selected from both micropropagated and callus-regenerated IlIles (N 

Babu , 1997 ). 
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In Vit ro Selection 

Ku lkarni et al. (L984) reported isolat ion of Py lhi!l1l1- to lerant ginger by usi ng culture 
filtrate as the selecting agent . In vitro selection for res istant types to Py lhi!l1JJ and 
PsetldOIl/OUflS is in progress at IISR using culture fi lt rates of t he pathogen (see Fig ure 4.3), 
Ot pathoroxin as the selecti ng agent (N irmal Babu et aI. , 1996b, Dake et aI. , 1997). 

Identificatio n of Promising Lines 

A few prom ising lines with regard to yield , d isease res istance, and other quality att ributes 
could be identified from the t issue-cu ltu red plantlets (see Table 4 .4). Somaclones MP 
6 1-9, CR to- I , CR 8 16, and CR 822 showed compara tively lower disease incidence 
(PYlbilllll infection) and also hig h per plant fresh rhizome yield of 870 , 367, 373, and 
358 g, respeCtively. Somaclone 855 wi th a fres h rhi zome yield of 472 g per plant showed 
comparatively lower disease incidence aga inst both P. f/phflll i der lllf/t!l1Jl and R. SO/flllf/cern·",". 

Somaclones MP 74- 15 and CR 1222 were also high yielders with 780 and 600 g of 
fresh rhizomes per plant , respectively. Somaclone, MP 74- L 5 with a fresh rhizome yield 
of 780 g and CR 8 18 with a fresh rhi zome yield of 398 g also have bold rhizomes. In 
add ition, the rhi zomes of CR 1222 were attract ive wi th extrabold fingers (Figure 4.2 D), 
which was latter found to be a polyploid. ~ased on biochemical assays, somaclones en. 
8 18 (3.6 percent) and MP 49-7 , MP 70-4, MP 97 , and CR to- I (all with 3.8 percent) 
were ident ified as low-fiber types, which is a preferred character. 

In Vi tro Micro Rhi zom e Ind u ction 

Species that normally produce such organs as bul bs, tubers, and corms can be ind uced 
to form these miniatu re propag ules within in vitro cultures under appropriate environ
mental cond itions. Plants that natura ll y produce tubers ca n be ind uced co prod uce 
min iatu re versions of the storage organs in a medium containing hig h cytokinin levels 
(George, L993). Miniature storage organs have a g reat advantage as they can be read ily 
removed from a cul ture Aask in a dormant condi tion and scored ex vitro without 
precaut ions against sepsis. If they are prod uced in vit ro from disease-free stocks, micro
tubers provide an ideal method for propagat ing and distributi ng disease-free planti ng 
material. \Xlhen planted in soil, they behave as normal tubers. 

In ino-mciOCrfon of-rhizQl""f"res-and their germi narion in g inger has been repdrted by 
various workers (Sakamura et aI. , 1986; Sakamura and Suga, 1989; Bhat et aI. , 1994; 
Sharma and Sing h, 1995; N irmal Babu, 1997; N irmal Babu et aI. , 2003). Bhat et al. 
(1 994) reported in vit ro induction of rhi zomes in g inger at hig her sucrose concentrations 
(9 to 12 percent). Quality analys is of in vi tro-developed rh izomes indicated that they 
COntain the same constituents as the orig inal rhi zome but with quantitat ive differences. 
The composition of basal med iu m seems to affect the composition of oil (Sakam ura et 

1986; Sabmura and Suga, 1989; Char! wood et aI. , 1988) . Sharma and Sing h (1 99 5) 
re~,orted microrhi zomes with four to fi ve buds weig hi ng 73 to 459 mg that were induced 

MS medi um with 75 gil sucrose. After storage in moist sand at room temperature 
2 months, 80 percent of the microrhizomes sprouted into plants. 

Geetha (2002) and Peter et al. (2002) tried various combinations of sucrose and 
in d ifferent concent ra tions to induce microrhizomes in g inger (see Table 4.7). 
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g. 

Pig"re 4.3 
. b ' I I 'ical app roaches in g ingcr: (a) culturcs under 

In vit ro conse rvatton and othcr 10tCC lIlO og I I· . (b) one-year-old cul turc under 
, . " mal g rowl 1 mC( mOl, ' f 

medium-tc rm conservation ill mllll d). I I (oplas,,· (e) in vi tro selection 0 
. . h. ( ) I ' sceds' ( ISO ,\tce pro, , (n) 

Illi00mai g rowf • c synt lCtlC, '. ,(I) il cells in ccll suspension cultures, \b 

cmbryoids against di sease-causmg orgaOls~s , .0 
transient ex press ion of GUS in cmbryogentc call1 , 

. d d ' ' er tiSsue f l ' ht )er explanr were III uce 10 g lllg 
Microrhizomes of 0 .05 to l 5 g ~~ ~ wel

l
g ~ium supplememed with higher levels of 

cultures in I co 12 months on a~a m~ ~ rmat ion was observed in 30 to 40 
carbon source. In 3 percent sucrose, Inlcrorhl zome 0

1 
< d ' ' th 1 or 1 5 percent 

l~e rcent cultures only after 12 months in cul ture. In t 1e me lum W I . 
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Trible 4.7 Effect of sucrosc and mannitol on induction of microrhiwll1cs in gi nge r on ill S basal medium 

Sucrose (% ) 

3.0 

9.0 

10.0 

12.0 

1.0 

1.5 

2.0 

3.0 

3.0 

5.0 

6.0 

Ma""itol (% ) 

1.0 

1.5 

1.0 

3.0 

6.0 

5.0 

6.0 

Time period for 

im/t({/ioll of 

mirrorhizollle (month;) 

12 

8 

8 

8 

No induct ion 

No induct ion 

No induction 

No induction 

MS, Mumshige and Skoog (1962) med ium, 
"Mean of 20 replica[es 

PerreIJltlge 

H!;P01lJe' Pre;h weight (g)" 

30--40 0.05- 1.0 

80- 100 5- 15 

80-100 5- 10 

80- 100 3- 6 

50-60 0.06- 1.2 

50-60 0.1- 1. 2 

30--40 0.02- 0. 5 

each of sucrose and manni tol, time taken for microrhizome formation was reduced to 8 
months with 50 to 60 percene of the cultures responding. In this comb ination compar
atively smaller microrhizomes, weig hing lip co 0.05 CO 1.2 g , were produced. Microrhi 
zornes were pcoduced in 80 co 100 percent of cu ltures when sucrose concentrations were 
increased CO 9. 10, and 12 percent. T he mi crorhi zomes from these cultures were larger 
with a fresh weig ht of 3 to 15 g in 1 to 6 months. The other comb inations of sucrose 
and manni tol did not induce microrhi zomes (see Table 4.7). Microrhizomes resembled 
the normal rhizomes in all respects, except for their smaller size. T hey consisted of two 
CO four nodes and one CO six buds. T hey also have the aromat ic (Javor of g inger and 
resembled the normal rhizome in anatomical features. The presence of well -developed 
oil cells, fibers, starch grains, and curcumin cells was also observed. These microrhi zomes 
were directl y planted in the fie ld without any hardening with 80 percent success. Care 
has to be taken to ensure soi l moisture in the first 20 days after planting. T he plants 
derived from the microrhizomes althoug h shorrer in size (see Table 4.8), have morc ti llers 

I T he microrhi zomes weig hing 2- g, gave a fresh rh izome yiela of 100 to 
800 g per plant, and an average yield of l O.5 kg per 3 m' bed, whereas the control gave 
a per bed yield of 15 kg (Fig ure 4.2e- h). The fres h rhi zome yield of convent iona ll y 
propagated plants when 20 to 30 g of seed rhizome was used, was 400 to l,lOO g per 
plant. In comparison with conventional propagation, the per bed yield was lower in 
miccorhizome-derived planes, but the seed material used was also lesser in the latter. 
Microrhizomes gave lesser yield per unit area, but very hig h recovery vis-a-vis the weig ht 
of seed material used , and coupled with freedom from di sease will make microrhi zomes 

ideal source of planting materia l. Microrhi zome-derived plants, althoug h slow in 
. field es tablishment, were able to pick up later and g rew on par with the conerol 

4 to 5 mon ths. Microrhi zome-derived plants produced more t illers per plane than 
micropropagated and the con trol p lanes. Field data analysis also indicated that 

.... C<UI·l1l :wrnes are more stable than mi cropropagated p lants (Nirill al Babu et ai. , 2003). 
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Table 4. 8 . com )arcd with control (va r: J amaica) Morpholog ical dara of microrhi zhomc-dcrl ved planrs I 

11I1er -

DlIys P/(111f Tiller/ uafl '"'af uaf No. of Petiole 110(/al 

4ter Heighl pltlllf li//er Length Br((u/th 110do Length Disl. 

30 mr 24.92 4.60 9.30 21.03 2.80 8.07 0.30 5.77 

c 31.88 4.04 8.08 20. 31 2.82 7.4 1 0.39 3.33 

60 rnr 29.72 14. 2 16.0 25 .76 3. 10 13.01 0. 20 3.74 

c 32.02 5.0 1 9.03 22 .1 2.81 8. 20 0. 30 2.29 

90 mr 53.12 16.6 19.6 23 .24 2.20 18.2 0.30 1.60 

c 53.90 5.70 9.50 23.20 2.90 9.10 0.30 2.82 

mr, microrhizomes; c, comrol mother plant 

In Vitro Conservation and Other Biotechnological Approaches 

SYlIl"elic Secds . . I b encapsulating in vitro- regen-
' fi . I ds In g inger were mac e y I T I 

Synthetic seeds or aftilCla see d II " 5 percent sod ium alg inate ge. le. I . embryos an ca I III I dl" ( erated shoot buc s, sOl~a tlC . ' . ' I also sufficiently strong for easy lan IIlg see 
beads were round, uniform In Size, a~(. eeds were stored Up to 9 months. when 
Pig ure 4 .3c). The encapsulated synr letiC s 22+2'C Such synthetic seeds getmlnated 
maintained asept ically in MS basa~ meld~lIl: ~lt_ 1 HAP 'and 0.5 mgl - I IBA into normal 
on MS medium supplemented wlrh. I

g 
1997' Geetha, 2002; Swapna, 2002; and I ·th 80 I)ercent success (Sapna et a" , p ants WI 

Peter et aI., 2002). . I ~ germplasm conservation and exchange. 
Synthetic seeds form ideal source mat~na orb ed from one place to another by 

f I t ng matertal can e mov . I I
n add ition disease- ree p an I < ., . I ere maJ'or diseases are transmlttee ' I c 'ally 111 g lllger, W 1 < 

using encapsulated propag u es, espe I 4 3 ) Disease-free encapsulated shoot buds were 
through infected rhi zomes (see FIgure . ~' 

I d · n ginger by Sharma et al. (199 ). proe uce 1 

, t ' II of Germplmm 111 Vil,·o COlls",'vdliOll d.lId Cryo!Jr"CI va 10 . J ough 

-. re im )Ortan in crop Improvcmen )[. ----:A-s""':"in- vitro techniques are becom ing mo ~ ore variable forms from in VitrO 

. . stocks are assumIng m " es 
somatic cell genetICs, genetIC . I 1985) With due precautions, the genoryp. I nd DNA (Wit lers,. . I TillS p lanrlets ro prorop asts a I be l)reServed without c 1ange. 

d b node or shoot cu ture can I eriods of plants propagate y I (; b ed to maintain genotypes over ong p i 
[ype of in vitro culture can t lere are c e lIs

d 
d ICe the rate of g rowth of clll[l1rec 

1 ys have been loun ro re l 
Fortunate ly, seve.fa wa < d I for moderate leng ths of time, . I t llat It can be kept lInatten ee maten a so < < 

111 Vitro Cousel'valio1/. . b I . g rhe carbohydrate/l1l1trienr 
f 1 edlUm y (ecreaSI11 . I Modifying the consticuencs.o cu ture m . [he combina[ions of sucrose and man111to 

supply, changing the osmoflC l~otentl~~~I[nh~ cul ture medium , storage in reduced I1gl::; 
and withdrawal of growth regll ators r d d oxygen tension, and the lise of g roW . b' d · ' th cold treatment, re lice . 
desiccatIOn com Ine :v~ . I ' I slow growth in many crop speCIes. regularors such as absls lc aCle Inc uces 
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At the IlSR, g inger plantlees could be successfu lly conserved for exrended periods of 
over 12 months on half-streng th MS basal med ium supplemented with 15 g l- ' each of 
sucrose and mannitol. The CUltures were sea led with aluminum foil and maintained at 
a temperature of 22±2'C. Thus, in g inger, minimal g rowth was induced by minimizing 
rhe evaporation loss using aluminum foil to seal rhe Culture vessel, reduction of both 
the carbon SOurce and the nutrients to half streng th , and add irion of mannitol. Gi nger 
culcures g rew well at 22±2'C bur dereriorated when kept under lower temperatures of 
5'C and 10'C. The rate of g rowth was hig her when full -streng th MS medium was used. 
Hig h concenrra tion of sucrose (30 g l- ') increased culcure g rowth sUbstan tia lly, resul ti ng 
in exhaustion of culrure med ium. When (he concentration of sucrose was reduced ro 20 
g l- ' and nutrienr concenrrarion to half, the culcures cou ld be maintained for a much 
longer period of200 to 240 days with a survival percentage of 75 ro 8t depending upon 
rhe closure used. Addition of manni rol (10 to 15 g l - ') and reduction of sucrose to lower 
levels (15 to JO g l- ') induced slow growrh, and subseq uently 73 to 80 percenr of the 
cultures could be maintained for a period of 360 days when the cui CUre vessels were 
closed with aluminum foi l (see Figure 4.3a and 4.3b). Fu ll - or half-stre ngrh MS medium 
supplemented with 10 or 15 g l- ' each of sucrose and mannitol and 112 MS wirh 20 
gl- ' sucrose and 10 g l- ' mannitol allowed rhe cul rures ro be maintai ned for 360 days 
(see Table 4.9) (Nirmal Babu, 1997; Nirmal Babu et aI., 1999, 2000; Geerha, 2002; 
and Peter er aI. , 2002). 

According to Balachandran et al. (1990), g inger culcures could be maintained up to 
7 months without subculture by using polypropylene caps as CUlture vessel enclosures. 
Dekkers et al. (1 99 1) reporced that g inger shoots could be mainrained for over 1 year 
at ambient temperarures (24 to 29'C) in a medium COntaining mannitol (25 g L - I) with 
an overlay of mineral oil. 

At present, Over 100 core collections of g inger are maintained at the lISR in vitro 
gene bank wirh yea rly subculture. The small-sized plantlets kept in the conservation 
medium for over 5 years wirh yearly subculrure when transferced ro the multiplication 
medium (MS + 30 g l- ' sucrose and t mg l- ' NAA) gave normal growth with good 
multiplicarion rate. These plantlets were established easily wirh > 80 percent success 
and developed into normal plants similar to the mother p lants. Thus, rhe in vitro 
conservation technique is a safe alte1'11arive for a vegetativley propagared crop such as 
ginger for conservation and exchange of disease-free planting material. 

Cryopreservation offers a betrer alrernarive when rhe base germplasm of any crop can 
be preserved for long durations with minimum effort. However, protocols for viable 

i Cltvo'or,e"TV,ation and pOSt-thaw recovery of cryoprcscrved material arc nOt available for ginger. 

Geerha (2002) and Peter et al. (2002) (eporced that g inger in vitro-derived shoot rips 
be successfully cryopreserved with limi ted success by prerreating rhe shoot tips 

0.75 M sucrose, desiccating for I hour, and plungi ng inro liquid nitrogen ( _ 185' C). 
20 percenr of the Cultures developed inro planrlets after cryopreservation. They 

repocted rhat encapsulated shoot buds of g inger (Synseeds) could be successfully 
ryoP""e,rve'd after preculture on 0.75 M sucrose for 3 days and desiccated for 4 hours 

la'"1nat airflow, PlanrJets could be regenera ted from 20 percent of the Cultures after 
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. I closures on induction of minimal g rowth 
Effect of media componcnts and cullurc vcssc 

Table 4.9 
in g inger cultures 

D ura/iOf/ of GfOWlh mle 
'{fM lments stomgt with 

(Jtlstl f medill11l SlIffose (S) + A Iltfflge I/O. of 80% 

COf/fm/mIIOIl AI(1Il1Ii/ol (M) Closllfe shOOlJlmlllll'e SJ(rviwd 
I I/CfeaSe ill height (clIll 

( illS) (gill!/) IY/JtJ 
SO "'tim SO (mollths) 

M eall 

0.56 4.6 0.70 3-4 

30 S + 0 M CP 7.2 
0.88 4-5 

Fu ll strength l OA 0.88 49 
30 S + 0 M SC 2.6 0.84 3-4 FuJI scrength 0.98 
20 S + 0 M CP 5.6 

\.06 4-5 
Full streng th 

8.6 0.52 3.3 
20 S + 0 M 5C 0.92 4-5 

FliJl strength 0.73 2.8 
CP 4.7 6-7 Full strength 205+ 10 M 2.6 0.97 
5C 6.8 0.63 

4-5 
Full strength 20 S + 10 M 

0.60 2.7 0.95 
CP 6.3 7-8 

Full strength 155+ 15 M 3 0.82 
155+ 15M 5C 6.6 0,4 1 

5- 6 Full strength 0.60 \.5 0.7 1 
10 5+ 10 M CP 3.7 0.82 7- 8 Ful1 strength 4.8 0.72 2 
10 S + 10 M SC 0.97 3-4 Fu ll streng th 6,4 0.8 1 3,4 

Half streng th 30 S + 0 M CP 
4 0.82 5-6 

6.9 0.57 
305 + 0 M 5C 0.88 4- 5 Half strength 5A 0.40 \.9 
205 + 0 M CP 0.82 5- 6 Half strcngth 0.37 1.7 
205+ 0 M 5C 69 

0.67 4-5 Hal f strength 5. 1 0,42 1.7 
20 S + 10 M CP 0.74 6-7 Half streng th 6. 3 0.37 1.9 
205+ IO M 5C 5-6 Half strength 0.49 2.3 0.82 
155+ 15M CP 4.8 10- 12 Half streng th 0.54 3A 0.84 

5.7 
Half strength 15S+ 15 M 5C 

2.2 0.63 5-6 
5.4 0.77 

105+ IOM CP 0.79 10- 12 Half strength 5.9 0.32 2.8 

Half strcng th 105+ 10 M 5C 

. I. SC screw cal" CP, cotlon plug. . Sse' M manmto, , ' 
MS, Murashigc and Skoog medIUm; ,sucro, ' 
"Mean of 10 replications. • 

Cell Suspension Culture .r II ' [Spec ifi c develop men 
aboli tes at spec lIlc ce sites a b 

Plant cells accumulate secondary met. f II lture' hence plant t issue culture can be 
ral stages under spec ific cond itions 0 ce b '

Cl
; ic;1 sourc; of potentially useful meta· 

I as an alternat ive to whole plants as a 10 og < (987) The genetic makeup, the 
usec " . ds (Yeoman,. b r 
olites and biolog ically acttve compolu~ I . logy and the regulation of meta 0 ISm 

regulation of gene expression , th; ce~ u ~~i:l~r:\~rodu~~ ive and prac tical plant cel! . l i n~; 
must be considered in order to. c eve o~ . er cell cultures were reported ear ler I' 

f 1 '1 nsutuents 10 g lOg I" stuC 1es p roduction 0 vo aU e co . b (l 992) also reported pre ImlOary 
Sakamura and Suga ( 1989). Jlah! a n~1 Ja ee~ g inger and Charlwood et al. ( 1988) ha~e 
on alkaloid biosynthesis. in callus cu tur~ )~unds b; 'CUltures of g inger. ~ irmal Ba ~ 
reported the accumulatIOn of Aa~o r co I f cell suspens ion cultures in g inger. Th.es 

(1997) reported successful establlshmentc 0 tile fresh nutrient med ium conta inlngd 
. . d b eekly rranSlers to . th an 

cultures are mal11taIne ~ \~ 2 4-D for over 2 years and are in contl11UOUS g row lures, 
MS basal salts and 1 mgt 0 , and during the process of subcu [ 

. I ' . The cells were heterogeneous, ' 
multlp \CatIOn. 

'fiSSile Cllltllfe (Iud Biotecbnology o[ G ingef 20 I 

some of the cells d ifferentiated intO oil -producing cells (see Fig ure 4 .30, alt houg h the 
nu mber of oi l-producing cell s were less for cornmercial exploitat ion. T hese reports are 
very pre lim inary and much more work needs to be done before g inger cell cul tures can 
be used for cornmerc ial prod uction of flavor components in vitro. 

P rotoplas t Isolat ion and Culture 

Successful isolat ion, culrure, and fusion of protoplasts are im portant because of their ro le 
in st ud ies of plant improvement by cell mod ificat ion and somatic hybr idi zation. Another 
aspect of considerable interest is the storage of protoplast th roug h immobil izati on and 
cryopreservation, which are of great importance, especiall y in the pharmaceutica l ind us
try (Bajaj , 1989a, 1989b). 

Protoplas ts were successfull y isolated from you ng in vitro-derived leaves (see Fig ure 
4.30 using an enzyme mixtu re contain ing 0.5 percent macerozyme RIO, 3 percent 
hemicell ll iase, and 5 petcent cell ulase O nozu ka RL O and mechanicall y macerat ing the 
plamolysed leaf tissue afrer incubati ng at I S'C fot 10 hours and at 30'C fo r 6 hours. 
The protoplast yield was 2.5 X 10' per g ram of leaf tissue with 55 percent viabili ty. 
The isolated protoplas ts were round and were fi lled with chloroplas ts. Cell suspension 
cultures required a slig htl y d ifferent concentra tion of enzyme 1l1 ixt ure with 1 percent 
macerozyme RI O, 3 percent hemicellulase and 6 percent O nozllka cell ulase R lO. The 
incubat ion cond itions were I S'C for 10 hours and 30'C for 8 hours. The yield of 
protoplasts was lesser from a callus/cell suspension with 1 X lO ~ protoplasts per g ram 
weig ht of callus in an isolat ion solut ion contain ing cell protoplast washing (CPW) sa lts , 
7 percent manni tol, 1 percent macerozyme, 3 percent hemicellulase. and 6 percent 
cellulase O nozuka R 10. The protoplas ts isolated from cell suspension cul rures were 
round , with little or no chloroplas ts inside, with 72 percent viability (see Table 4. 10). 
The protoplasts derived from leaf t issue were heterogeneous and comprised of protoplasts 
of different sizes (0.1 5 to 0 .2 1 mm). The pro toplas ts derived from cell suspension cul tures 
were mostl y of uniform size (0 .39 mm). T hey were cul tured up ro 20 days as droplet 
cul tures in MS liquid medium with 0.5 mg l- ! BAP, 0.5 mg l- ! N AA, and 0 .5 mg l- ! 
2,4-D supplemented with 3 percent sucrose and 7 percent mannito l. T he cell contents 
became dense by 1 week and fresh medium needed to be added at 7 -day interva ls. The 
protoplas ts started regenerating the cell wall within 2 to 3 days. \X'ithin 3 to 4 weeks 
of culture, cells sta rred d ivid ing. Proroplasts plated on J iquid as well as sol idified medium 

'DIble 4.10 Effect of source t iss ue, enzyme concentmtion , and incubat ion condi tions on yield 

of protoplasts 

Source Enzyme JOIIII;OIl 

0.5% Macerozyme RIO 
+3% I-Iemiccll ulase 
+5% Onowka 
cellulase R IO 

1% Macc rozyrne It to 
+ 3% I-I em ice llu lase 
+ 6% OnOZllka 
ce llulase RI O 

I Jimbalioll (Ollt/iliom 

16h I r Cforl Oh, 
30'C fo, 6 h, 53 
rpm in da rk 

18 h I r e for 10 h, 
3O"C fo< 8 h, 53 
rpm in da rk 

Pr%plfIJl 

yield ViabililY (%) 

2.5 X YS with 
I O~/g of chlorop lasts 
leaf 

I X l05/g 72 no 
of ca ll us chloroplasts 

Size 

(111111) 

0. 21 

0.39 
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after 20 days gave si mil ar results. The dividing cells developed in to microcalli in 50 to 

70 days in MS medium with I mg l- I N AA and I mg l- I BAl'. The procoplasts stan ed 
cell divi sion within 2 to 3 days and developed into microcalli in 50 to 70 days. So fa r, 
no reports are available on plant regeneration from protoplast-derived microcalli (Geetha 
et a!. , 2000). 

Genetic Transformation 

The tremendous prog ress made during the last decade has demonstrated that refinem ent 
of routine in vitro techniques coupled with recombinant DNA technology and genetic 
eng ineering have opened up new vistas for plant improvement (Potrykus et aI., 1985 ; 
Potrykus and Spangenberg, 1995). The AgrobclcterillJll-mediated gene transfer is most 
successfu l in plants, but has limited applications in monocots due to host range limi
rations. Bombardment of intact plant cells with hig h-velocity, DNA-coated microprojec
tiles is another very effective method for production of transgenic plants (Sanford et aI., 
1987; Franks and Birch, 199 1). 

Nirmal Babu (1997) reported transient expression of GUS in g inger embryogenic calli 
(see Fig ure 4.3g) when it was bombarded with microprojectiles (1.6 Ilm gold panicles) 
using a BioRad POS- IOOO/I-Ie gene g un at 900 and I , LOO psi helium pressure with the 
target distance of either 6 or 9 cm. The vector used was pAHC 25 contai ni ng GUS 
(~-glucllronidase) and BAR (phosphinothricin- acetyl transferase) as reporter and select
able marker genes respectively and carrying Ubi-1 (ubiquitin) promoter (Christensen and 
Quai l, 1996). The best GUS score was obtained when the target distance was 9 em with 
900 psi helium ptessure. The GUS score of 133 blue SPOtS per square centimetet indicates 
not only the optimi zation and efficiency of the biolistic process, but also the abi lity of 
the ubiquitin promoter to drive the expression of the reporter gene (see Figure 4.3g). 

Molecular Characterization 

With the advent of molecular biology techniques, DNA-based markers very efficiently 
augment morphological, cytological, and biochemical characters in germplasm charac
terization} varietal identi fi cation, clonal fidelity rest ing, assessment of generic divershy, 
validatio~o(gcnetic relarior~.~!ili~L"phy logenetic and evolutionary studies, marker-assisted 
selection, and gene tagging. Owing to plasriciry, ubiquity, • nel stability, DNA marker.s 
are easier, efficient, and less time consu ming, especially in perennials where morpholog· 
ical rnarkers are few. The relatively easy to use, low-cost, and highl y accura te nature of 
the polymerase chain reaction (PCR)-based technologies such as RAPO, AFLp, and 
microsatellites are widely appreciated. 

RAPD Profiling of Ginger Cllitivan 

Genomic DNA was successfully isolated in the authors ' laboratory from young and fresh 
leaves of ginget planes using the mod ified cetyl amino butane (CTAB) method of Ausubel 
et al. (1995). Development of RApO profi les fot vat ious ginger cu ltivars (see Figure 
4.4a) and related species is in progress at the Indian 1nstitute of Spices Research to study 
the interrelationshi ps and to identify the core collections in rhe germplasm. 
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RAPD Profili ng of G inger Som aclones and Microrhizomc-D e rived Plants 

Sui
a 

(2002) and N irmal Babu et al. (2003) used RAPD profil es amplified by II operon 
primers as an index for es timating genetic fidelity of selected "variants" among micro
propagated and call us-regenerated plants. T hey observed di ffe rences in RAPD profi les 
observed in some of the micropropagated plants that indicated m icropropagation even 
without the callus phase induced variations in 9 of the l3 plants tested . Sim ilar di fferences 
were not iced among l 2 out of 1S callus-regenerated plants. In general, t h is ind icates a 

high amount of variab il ity arnong the selected micropropagated and callus-regenerated 
plants of g inger, and the majority of the morpholog ical variants selected from earlier 
studies d id show variat ions in R APD profi les (see Fig ure 4.4 b and c) . Ea rlier stud ies by 
Rout et al. (1 998) indicate that RAPD profi les d id not ind icate any polymorphism among 
the m icropropagated plants. The observations of Sui' (2002) and Nirmal Babu et al. 
(2003) differ with the earl ier findi ng. The var iabil ity observed may be due to bigger 
population size used by the latter workers to detect the morpholog ical variants first and 
confi rmation of their genetic nature of variation using RAPD profi les subsequentl y. Other 
workers also reported somaclonal varia t ion in g inger (Kulkarn i et a!. , 1 987 ~ Samsucieen, 
1996; Nirmal Babu , 1997), probably because of rhe generic narure of g inger that has 
resul ted in many varieties and cult ivars even without sexual reproduct ion. However, the 
microrh izome-derived plants did show a high degree of genet ic un iform ity as expressed 
by RAPD profiles (see Figure 4.4d). Thus, the present study indicated that direct micro
propagation of g inger resul ts in somclonal variat ion; hence, propagation of g inger through 

m icrorhizome pathway significantly reduces th is variat ion, 

RAPD P rofil e s of G inger In Vi t ro Con se rved Lines 

Stud ies on RA PD profi li ng withi n the replicates of g inger in vit ro-conserved lines using 
10 operon random primers d id not detect any polymorphi sm between the conserved 
lines in any of the primers tes ted, ind icating the genetic stabi li ty of the in vitro-conserved 

lines (Geetha, 2002). 

Conclu s ion 

T his marvelous spice and medicinal plant, g inger, is constrained severely by the absence 
of seed set , and the breeder is left ;v rth the alternat ive of donaLselecrion or induced 
m utat ions with all its uncertainty and limitations. BiOtechnology opened lip many 
potent ial avenues such as t issue culture, somaclonal variat ion, in vitro mutagenesis and 
selection, molecular fingerprinting, recombinant DN A technology, and genetic modifi
cation th roug h transgenics for creating d isease- resistant lines. Concerted effof[s are 
needed to solve the serious problems besetting th is "great med icine" and "universal cure" 
as described in the Ind ian systems of medicine, whi ch is a great spice unparalleled in 

the range of applicat ions and uses. 
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