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Occurrence of zygotic twin seedlings in mandarin orange plants of
the northeastern Himalayan region

Poly-embryony commonly occurs in cittus lings from the raised population may creatavere collected. Sterilized seeds were in-
Existence of multiple nucellar embryos true to the mother-type nucellar progény cubated in moist germinating plate and
in the seeds of a particular citrus populationThis expectation may fail if the particular allowed for germination for 5-7 days.
was reported earliér However, similar plant population has the inherent natureThe germinating nucellar and zygotic
studies on multiple zygotic embryos in aof producing zygotic twins or triplets. embryos were identified following the
seed developed through the cleavage ofhere is no precise scientific method forprocedure standardized by Tiss&rand
the original zygote or zygotic embryo identification of nucellar and zygotic their numbers were counted. The seed-
are rare. In a natural cross-pollinatedseedlings from a raised seedling populatings were grown in sterile saisand:
population of citrus, embryos of zygotic tion. DNA polymorphism analysis of the organic matter mixture (21:1) for fur-
origin produce heterogeneous segregategeedlings by RAPD and other markersther observation. Seedlings of different
population and those of nucellar origincould confirm the differences betweenorigin were tested for their RAPD profil-
produce progenies identical to the mothethent. ing with three primers selected from a set
plant. It is normally expected that from a Seeds from twenty-eight mandarin orangeof 15, on the basis of reproducibility of
polyembryonic citrus seed the zygotic(Citrus reticulata Blanco) plants from bands and their efficiency of differentia-
embryo will produce a single seedlingten different locations of Darjeeling Hills tion’.

and multiple nucellar embryos will pro- in West Bengal, Upper and Lower Assam Occurrence of more than one embryo
duce more than one nucellar seedling. Sand West Khasi Hills in Meghalaya, within a mature seed was a common
roguing out the off-types (zygotic) seed-northeastern Himalayan region, Indiaphenomenon in all the 28 selected plants.
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Figure 1. a, Zygotic twin seedlings devel-
oping from a seed, Zygotic triplets, division
and sharing of two original cotyledonsf o
seeds by the tripletsc, Siamese twin seed-

lings having common radicle or primary root.

d, Coiling and fusion of two primary rootd o
closely developed twinse, RAPD profile d

three zygotic triplet seedling and one nucella

the original two cotyledons of a zygotic netic variation existing within this natu-
embryo of the seed were also divided andal populatiofi.

shared among the twins or triplets during
germinatiori (Figure 1a andb). During
the development of the twin embryos
into seedlings, some extraordinary mor-""
phological features were observed. Somg
identical twin seedlings showed a com-
mon primary root (Figure &). The twin
embryos in this case germinated with
common hypocotyls and primary root,
but the two epicotyls were distinctly 4.
separated from the cotyledonary node.
This type of development of embryos®:
into plants was comparable with the de-
velopment of Siamese twins. In other
cases, during germination the two hypo
cotyls and sometimes also the epicotyls
of the identical twins were fused. Some-
times the radicles of the twins rolled over7.
each other from the point of transition
node toultimately fuse as the primary root
rcommon for both twin seedlings. This 8

seedling obtained from a single seed of awas interpreted as anastomosis-like deve-

mandarin orange plant collected from Mirik,

Darjeeling District, using the primer OPAL4

(ACAACGGTCC).N and Z represent nucellar

and zygotic seedlings») Position of extra
amplified fragments found in zygotic triplet
seedlings.

lopment of the identical twins (Figurel}l
RAPD amplifications of genomic DNA

from zygotic seedlings (twins or triplets)

usually had one or more extra bands tha

1. Parlevliet, J. E. and Cameron, J. \Rtoc.

Am. Soc. Hortic. Sci1959,74, 252-260.
Das, A., Mandal, B., Paul, A. K. and Chau-
dhuri, S.,J. Interacad, 2003,7, 343-346.

. Frost, B. H. and Soost, K. RThe Citrus

Industry(eds Reuther, W., Batchelor, L. D.
and Webber, H. J.), University of Califor-
nia, Division of Agricultural Science,
1968, vol. 2, pp. 292-320.

Khan, J. A. and Roose, M. L1, Am. Soc.
Hortic. Sci, 1988,113, 105-110.

Bastianel, M., Schwarz, S. F., Coletta-
Filho, H. D., Lin, L. L., Machado, M. and
Koller, O. C.,Genet. Mol. Biol.1998,21,
123-127.

. Tisserat, B.Plant Cell Culture, A Practi-

cal Approach (ed. Dixon, R. A), IRL
Press, Oxford, 1985, pp. 79-104.

Das, A., Mandal, B., Sarkar, J. and Chaud-
huri, S.,J. Hortic. Sci. Biotechnol 2004,
79, 850-854.

Das, A., Mandal, B., Sarkar, J. and Chaud-
huri, S.,PGR News|.2005,143, 35-39.

Received 3 May2006; revised accepted 20
Eebruary 2007

those of the nucellar seedlings. As shown
in Figure 1le, all the triplet zygotic seed-
lings developed from a seed of a plant

In addition to the presence of normal zygoticcollected from Mirik, Darjeeling District
and nucellar embryos, in 24 plants twinhad three extra DNA amplified fragments
and triplet zygotic embryos were also(above 1000 bp). This was absent in théDepartment of Plant Physiology,
observed in the seeds. In these plants upingle nucellar seedling developed fromFaculty of Agriculture,

to 30% of the seedlings were recordedhe same seed. The nature of producing Bidhan Chandra Krishi Viswavidyalaya,
either as zygotic twins or triplets embryos.large number of zygotic twins of manda-Nadia 741 252, India

These embryos were developed by fistin orange plants in this region might be*For correspondence.
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Bioaccumulation of heavy metals in some commercial fishes and crabs

of the Gulf of Cambay,

India

Accumulation of heavy metals in marine in various organs of marine creatures ulti-of dissolved metals on tissue and mem-
ecosystems is of global importance. Metalanately leads to metal-related diseases ibrane surfaces.
generally enter the aquatic environmentthe long run because of their toxicity,

The Gulf of Cambay, India also known

through atmospheric deposition, erosionthereby endangering the aquatic biotaas the Estuarine Delta due to the conver-
of geological matrix or due to anthropo- and other organismi¥. Fishes being one gence of many popular rivers of diverse
genic activities caused bwdustrial ef- of the main aquatic organisms in the foodnature like Sabarmati, Mahi, Narmada,
fluents, domestic sewage and miningchain, may often accumulate large amount®handhar, Tapti and Vishwamitri, com-
waste?. The metal contaminants in aquaticof certain metals®. Essentially, fishes prises of a special ecosystem consisting
systems usually remain either in solubleassimilate these heavy metals througtof mud flats, dunes and scattered sandy
or suspension form and finally tend toingestion of suspended particulates, foobeache$ It receives discharges (domestic
settle down to the bottom or are taken upmaterials and/or by constant ion-exchangend industrial effluents) in significant
by the organisms. The progressive androcess of dissolved metals across lipoquantities due to extensivedustrial de-
irreversible accumulation of these metalsphilic membranes like the gills/adsorption velopment and urbanization, including one
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