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Abstract: Black cumin (igella sativaL., Family: Ranunculaceae) is an annual herb possessing wide range of medicinal
uses apart from its commercial significance as a spice yielding plant. Black cumin seeds are used in folk (herbal) medicine
all over the wad for the treatment and prevention of a number of diseases. Prophet Mohammad (Peace be Upon Him) said:
"Use this Black Seed; it has a cure for every disease except death" (Sahih Bukhari). The plant species is also important
cytogenetically and may be wbkas a model plant for better understanding of gene and chromosome relationship. Despite the
major advancement of modern medicine in human healtd, it is still intangible and beyond reach to ailing humanity,
especially the destitute and therefore inerg years plant based system has been utilized for traditional medicine and
phytotherapy. 'Medicinal plants are gift of nature' and black cumin is one such plant with potential uses, which can be
explore for safe and effective herbal medicine for humarefite Considering nearly all essential aspects of the species
(synonym(s), common names, origin of the name, distribution, varieties, plant description, floral biology, pollination
biology, scanning electron microscopy of seed surfaces, cultivation, regpadseases, pest, microscopical and powdered
characteristics, biochemical constituents, extraction methods of essential oils, therapeutic uses, insecticidal astivity, oth
uses, clinical trials, biosafety, tissue culture and patents), a monograppdsegren the laid formulation of WHO (World

Health Organization) as well as on other significant parameters (cytogenetics and molecular genetics) with the following
objectives:to provide an unabridged repository of references regarding the specieseffedtive and safe utilization as a
'Potential Medicinal Herbfpr creating awareness regarding the use of plant based medictierstanding economic status,
biosafety and patents for regulating herbal medicinal market Nationally and Internationadiypdoration of cytogenetical

and genetical aspects.
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INTRODUCTION oil) and its quality. Existing germplasms may not
substantiate the need for future, if not, at present.
N igella satima L. (Family: Ranunculaceae; Therefore, it is of utmost essentiality to raise
commonly known as Black Cumin) is an annual desirable plant type(s) iN. sativathrough induced
herb possessing a wide range of medicirsg$? not genetic variations and efficient breeding endeavour.
withstanding its commercial significance as a spice Considering nearly all essential aspectiNofativa
yielding plant. Black cumin seeds are most revered a monograph is conducted with the laid formalati
(Holy herb of the Middle Easf Yarnell and of WHO as well as with other significant parameters
Abascal; can heal every disease except death which will provide unabridged repository of

Il sl ami c prophet Mo h a mmaraferences foripmesent and futsire rebeardher$ who are
enegy and helps recovery from fatigue and | oo ki ng t o eugeni ze t he s pec
dispiritedness The Canon of Medicine, Avicenna;, me di ci nal herbé for human ben
included in the | i ste of natur al drugs of 60Ti bb
Nabavi 0; val uabl e r e miedySynbngm(s) number of diseases

Unani Tibb system of medicine) medicinally. WHO

(World Health Organkation) is providing emphasis Nigela indica Roxb. ex Flem.,Nigella truncata

on the exploration of medicinal plant species for Viv.®

benefit of human care system. Emphasis has been

laid mainly on scientific information, on the safety, Common names

efficacy, quality control / quality assurance, dosage,

toxicity descriptimn of the plant species, therapeutic English: fennel flower, nutmeg flower, Roman
uses, clinical trials, drug interactions amongst othercoriander, blackseed or black caraway, black sesame;
but genetic resources and its induction must also bdndia: Assamese kaljeera or kolajeera, Bengali
taken into consideration for significant utilization of kalo jeeray, Kannadd Krishna Jeerige, Tain -

a plant species under consideratiokffective karum jeerakam, Hindi/Urdu- kalaunji/mangrail;
utilization of N. sativafor therapeutic purposes as Russian: Chernushka; HebrewKetzakh; Turkish

well as for trade will vastly depend upon yield (raw ¢orek out; Arabic habbat abarakah; Persiarsiyah
plant product seeds; bioactive compoundsssential  dane; Indonesianjintan hitam; Bosnian | u’r ek ot
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French: nigelle de Créte, toute épice; Germany:indehiscent style and composed of variable number
Schwarzkimmel;  Portuguese:  cominmegro; of multi ovule carpel, developing into a follicle after
Spanish: ajenuz, arafiuel; Swedish: svartkumimin pollination; fruit single partially connected to form a
cgpsule like structure (capsule 5 to 45; mean
Origin of the name 20.0+3.37; capsule fertility 94%) dehiscence
through suture; fruits (length 0.4 to 1.7 cm, mean
Originally black cumin was the common name for 1.03 cm % 0.13; seta per capsule 4 to 8, mean
Bunium persicumand later named asCarum 5.10+£0.10) with numerous seeds (59.29+3.2; average
bulbocastanumwhich is now near extinction and seed productidplant- 935+177.9; seed yield 1.91
slowly Carum carvigraduated to the name and due gm; seed viability 80% to 90%); seeds ovate,
to inability of the species to all over India, latdr tetrangular, angles sharp, acute, more tapering at the
sativa was adopted from Portuguese or Turkish end (Fig. 4), color black (000021 British Atlas of

merchant$ Colour, 2007; seed size 33 mm £ 0.1 x 1.14 mm *
0.02.
Distribution The quatitative data of the species were provided

from plants grown in the Experimental garden of
The species is cultivatednd distributed all over Department of Botany, University of Kalyani (West
India especially in Punjab, Himachal Pradesh, Bengal plains, Nadia, latitude 22°50' to 24°11' N,
Gangetic plains, Bihar, Bengal, Assam and longitude 88°09' to 88°48' E, elevation 48 feet above
Maharashtra. Apart from India, the species is alsosea level sandy loamy soil, organic carbon 0.76%
grown in Syria, Lebanon, Israel and South Eufope soil pH 6.85i Mandal et al®) during the months of
aswell as in Bangladesh, Turkey, Midegast and  November (18 Nov i sowing; 40 cnbetween rows
the Mediterranean basin and 30 cm between pla)tas rabi crop and harvested

in last week of March or in first week of ApHll
Varieties

Floral biology
Following varieties of cultivated KalZira reported
with seed yield (g/plant) from Zira and Saffron Anderssoff suggested that increased allocation to
Research Station, Sangla, district Kinnaur (Himachal perianths leads to reduced allocation to direct
Pradesh), India: Rarang (1.7), Pangi (1.4), Stangcomponent of fitness. Plants both with and without
(2.1), Barang (1.3), Sanji (1.9), Rispa (2.0), Kanam perianths did not differ in fecundity of totadbfver
(2.4), Kilba (1.7), Ribba (1.8), Singla (2.3), Telangi number. Further, periafgss plants produde
(1.4), Thangi (1.9), Lobsang (2.1), Maiber (2.4), heavier seeds with earlier germination dates than the
Rogi (1.5), Kothi (1.8), Spillow (2.4), Morang (1.7), control plants. No detectable effect of perianth
Purbani (1.8), Sharboo (1.8) and Sunam (1.8) removal was noted on seed viability or the fecundity
Variety NRCSS AN 1 to different agrotechniques is of plants in the progeny generation. High seed mass
also reportetf. CheikhRouhouet al*?also reported  and germination speed had positive and indépen

varieties namely, Tunisian and Iranian. effects on progeny fecundity. The author was of
opinion that it is necessary to determine whether
Plant description large conspicuous perianths enhance the amount of

cross pollination and in such case perianth is to be
The species is an erect annual h@gfig. 1) attaining under stabilizing selection, the optimum phenotype
30.0 cm to 67.6 cm (mean: 52.18 cm4#?2) at being a compromise between pollinatediated
maturity. Number of primary branches per plant selection for larger floral displays and trade off with
ranges from 4 to 10 (mean: 7.0+0.71); leaf seed size and/or germination speed. The species are
arrangement alternate, leaf phylotaxy2,1pinnae of  capable of setting seed without being cross
leaves broad, number of pinna per rachig; Sotal pollinated, an advantageous feature in seed crop
branches per plant 22.5t4.1 -48); flower which dould be under strong selection for increased
hermaphrdite with determinate flowing patterns, seed production. Finally, the author concluded that
main axis terminate with a solitary flowéFig. 1), resource tradeffs with seed mass and time to
delicate; flower size 2.74 cm x 2.78 cm; co(big. germination may facilitate evolutionary reductions in
2) - french blue (43/3 Horticultural Color Chait flower size.
flowers without anyinvolucreof bracts, pedunculate;
peduncle long, erect; petalloid sepals broad, ovate inPollination biology
a single whorl, 46 mostly 5 and characterized by the
presence of nectaries; flower fertility 89.89%; Self pollinated; onsetf the male stage stamen stand
stamens in 3 to 4 whorlgig. 3), numerous (32 to  erect, curved outwards one by one, roughly in whorls
66; 49.6+2.7) and shed their pollen as the filamentand strictly reflecting the order of initiation, pollen
bent outward during male phase; gynoecium 5, grains released when anthers reach a horizontal
completely united follicles, each with a long position; male phase initiated a few days before the
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stigmas becameeceptive and lasted for five days;
anther receptivity occurred between 8.00 p.m. to
13.00 p.m. for one day only, male and female stages
synchronized on the last day of the flowering; weight
of pollen 0.064 mg/flower whereas the volume of
nectar 0.13 {if; empty anthers curved up; pollinated
stigma erect and made an angle of 180° with the6.
ovary; style and anther length nearly equal 1.73 cm;
pollinator honeybee, one bee per flower, visited in
morning around 7.00 a.m.; high temperature effect7.
fertilization success by affecting stigma receptivity

and

Scanning electron microscopy of seed surfaces

Datta and SaHhastudied seed surface ornamentation

of 2 cm. After 20 days of sowing thinning of the

plant to a distance of 20 cm is don

Sowing by bulbs (previous year roobgh) is

possible when soil moisture content of the field

is favorable for deep ploughing i.e. neither too

wet nor too dryf.

Manure and Fertilizer: NPK (5:3:2) is

generally applied every year along the side of

the planted bulldS.

Weed Control: Frequent weeding reduce weed

competition and produce good environmental

condition for growth and development. About 3

5 weeding at an interval of 20 to 25 daigs

recommendetby hand hoe or khurfii

8. lIrrigation: One or twoirrigations at flowering
and seed formation stage are helpful to increase

accelerating ovule degeneration

and found that surfaces werevith distinct
reticulation marks; reticulatiormore prominently

raised, pentagonal to polygonal, ovoid or irregular in

outline; reticulate rows consisting of smaller
tuberculate raised cells, cells either -uor multi

seriate or in aggregation along corners or junction;

cells of reticulate lines showeshrinkage structure;
bound area with variable number of cells5R2 each
cell comparatively larger, pentehexa, polygonal or

rounded in outline; lumen floor depressed or shallow

glabrougFigs. 510).
Cultivation
In India N. sativais mostly grownonce in a year as

rabi crop during the months of October (late)
November to MarctApril in plains; while, rarely in

hills in May-Juné®.

grain size and oil contefit

Harvesting: Black cumin grown as rabi crop in
West Bengal Plains are generally harvested late
March to first week of April. The crop harvested
before skdding at little green stage gives high
aromatic oil contents providing good market.
Black cumin retains seed viability longer when it
is full ripe. It is rather essential that harvesting is
done before shedding (shattering of fruits is a
major problem) an therefore 2 to 3 or more
pickings can be done to avoid loss of seeds due
to shattering of the capsules. The harvested crop
is dried under sun and threshed by beating with
the stick®.

Post Harvest Management: N. sativarequires
extensive labor in colleidn and harvest as the
capsules (fruit) tend to shatter at maturity. Post
harvest management of the fruits usually

1. Area of Cultivation and Production: Area of involves their harvest, one by one, by hand and
cultivation and annual production (sourde dry storage till natural dehiscence. The mature
Comparative Sales Report 2010DM Verlag fruits do not require much attention as thae
Dr. Muller AG & Co.) were reported to be selfpreservingand their essential oil is a great
India: 6234600 ha, 254000 t; Turkey: 8122010 deterrent to fungal attack, insect attack as well as
ha, 689350 t; USA: 16420 ha, 11200 t; UK: 500 rodent infestatiofy.
ha, 10 to 20 t respectively.

2. Climate: Grows well in cooldry with light Shelf life
showfall areas to warthumid areas. @ol and
humid weather favors flowering and seed The seeds oN. sativastore well for one year as
setting®. planting material and as spice,they are stored in

3. Soil: Sandy, loam rich in microbial activity is airtight conditions to prevent the loss of aroma. As a
the most suitable soil for cultivation. The sloppy spice, it is recommended to be stored away from
soils of heavy rainfall areas and leveled and well other species as the species has a overbearing flavour
drained soils of moderate rainfall areas argequ and aroma and disturb the flavour of other spéties
suitable for cultivation. Soil pH 7.0 to 7.5 is
favorable for cultivatioff. Economy

4. Preparation of Land: One ploughing followed
by 2-3 harrowing and leveling will be suitabfe Reports

5. Method of Sowing: Seed sowing or by
replanting previous year root stocks. Seed 1. Rs. 275300/kg in local market (P#éthan

sowing is done during Octobédovember by

broadcasting (1.5 kg/hectare) or seed drill
method or by line sowing keeping space
between lines (30, 40 or 50 cm) and at the depth

Mingora, Din, Peshawar, Pindi, Lahore, Gilgit
and Astore), whereas in down country it cost Rs.
450-500. In Internatinal market it is sold for Rs.
850-1000/gn?°.
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Germany: Black cumin oil 1000 ml 23.90
EUR + shipping coét.

Black cumin MGS Heirlom Seeds; Product
code: NIG02:300 seedsl . §°0 U

Black cumin USA. (i) Product No. 1130.F, 29.57
millilit. - $1.40. (ii) Product No 1130.G, 59.14
millilit. - $1.99. (iii) Product No. 1130.H, 118.29
millilit. - $2.46. (iv) Product No. 1130.1, 236.58
millili t. - $3.50. (v) Product No. 1130.J, 476.16
millilit. - $6.00. (vi) Product No 1130.K, 5lbs
minimum - $5.00. (vii) Product No. 1130.N,
10lbs min.- $4.50. (viii) Product No. 1130.0,
25Ibs min.- $3.95°.

Black Seed 100 capsule$9

Black Cumin Tea (Organj0 Bag- $6>.

In Indian market Rs. 25800/kg. Since its
cultivation fetches high income per unit area,
therefore, it is highly suitable for cultivation by
marginal farmer¥.

Diseases

Sinha and Singi reported Macrophomina
phaseolinanfection in rats causing its deformation.
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globules; powdered characteristics brownish black,
parenchymatous cells and oil globdfed

Biochemical constituents

Constituents ofN. sativaseeds e fixed oil1 32 to
40% (saturated fatty acidabout 30%; palmitic acid,
stearic and myristic acid; unsaturated fatty acids:
arachidonic, eicosadienoit 3%, linoleici 50 to
60%; oleic acid 20%; dihomolinoleic fatty acids
10%), volatile ot 0.4 to 0.45% (nigellone,
thymoquinone,  thymohydroquinone, dithymo
guinone, t hymol ,
limonene, dcitrinellol, p-cymene), proteins 16
19.9% (arginine, glutamic acid, leucine, lysine,
methionine, tyrosine, proline, threonine), minerals
1.793.74% (calcium, phosphorus, potassium,
sodium, iron), cebohydrate 33.9%, fibre 5.50% and
water 6.0%°. Ramadan and Mors8Ireported that
apart from physical constants: 2% w/w, foreign
matter; 6% wi/w, total ash; 0.2% w/w, acid insoluble
ash; 20% wi/w, alcohol soluble extractive; 15% wi/w,
water soluble extracte; 3.91% w/w organic matter;
4% wiw, loss on dryind. The seeds contain

Wilt (causal organism grows along the seedling andcarotene, whiclis converted to vitamin A in livéf.

leaves and branches look light green in colour, leavesAcetylated

shed and plant dries up; control: spray Dithand
0.2% or Dithane Z’8 or Blitox 5 w.p. at 15 days
interval) and rottig of bulbs (emit a special odour;
control: dipping bulbs in 0.3% bavistin for 30 mins.
before planting, field kept free from stagnant water)
are diseases report8dEarly report by McRae and
Shaw® also suggesteBusariumwilt in the species
Prolonged srvival of F. udumfor upto 8years was
reported in roots

Pest

1. Caterpillari Makes holes in the bulbs and cut
down seedlings.

Control: Dust the soil at the sowing or hoeing
with 5% Aldrine, 10% BHC at the rate of 25 kg
per hectare; application ofvell-decomposed
farmyard manur.

Armyworm and semlooper i Feed on the
flowers, seedsand damage the crop.

Control: Spray with 0.05% methyl parathiorl
ml/l water or Thiodian or Endosal 35EC, 1 ml/I
of water at 15 days intervdl

Microscopical and powdered characteristics

triterpene saponin (penta hydroxyl
pentocyclic triterpene) has been isolated from the
specied’.

Phytochemical Compournds: Categorically different
phytochemical compounds of seeds argelloné?,
nigellicine, nigellimine, nigellimineN-oxide,
avenastereb-ene, avenastergtene, campesterol,
cholesterol, citrostadienol, cycloeucalenol -2y}
lophenal, gramisterol, Idenol, 243
methyllophenol, obtusifoliol, sitosterol, stigmastanol,
stigmasterol, stigmaster@lene, betaamyrin,
butyrospermol, cycloartenol, 2hethylene
cycloartanol, taraxerol, firucallol, -Q@-[ fb-

xyl opyr anblsryh aminYo3p)y r a-ttosy | (1Y:

L-arabinopyranosyip8-O-[ dll-rhamnopyranosyl
(1YBDglucopyranosyl -b-D-
glucopyranosyl] hederagenin, volatile oil (AL5%%),
fatty oil (35.641.6%), oleic acid, esters of
unsaturated fatty acids with C15 and higher
terpenoids, esters of dehydrostearic and linoleic acid,
aliphatic alcohdt*>* nigellidin€’, carvone, d

| i monene, -ongammbedhydroky,ketdne,
steroids, hederagenin  glycoside,  melanthin,
melanthigenin, bitter principle, tannin, resin, protein,
reducing sugar, glycosidal saponin,-Of -
xylopyranosyt( 1 Y-B-H)-rhamnopyranosy{ 1 Y-2 )
b-D-glucopyranosyHl1-methoxy16,23dihydroxy

Transverse section of seed show single layered28-methylolearl2-enoate, stigm&,22-dien3-b-D-
epidermis, thick walled cells, covered externally by a glucopyranoside, cycloag3-methyt7,20, 22triene

papillose cuticle and dark brown contents:4 2

layered, thick, tangentially elongated
parenchymatous cells followed by reddish brown
thick walled rectangular cells; endosperm thin
walled, cells rectangular to polygonal filled with oil

3 b ,-dbb nigellidine4-O-sulfite®  nigellamines
A3, A4, A5, C¥ nigellamines A1, A2, B1, and B2
Seed Oil: The seed oil contains cholesterol,

campester ol ,-sisttd gupasstle,r ol ,

(+)-citronellol, (+}limonene, pcymene, citronellyl
acetate, carvofit nigellone, arachidic, linolenic,

-picenet dacr ol ,
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linoleic, myristic, oleic, palmitic, palmitoleic and process that imlved apoptosis and cell cycle arrest
stearic acids. Fixed oil: linoleic acid (55.6%), oleic with little effect in nonRcancerous cells i
acid (23.4%) and palmitic acid (12.5%). Volatile oil: Buyukozturk et al®®), antihypertensiv®, antiviral
transanethole (38.3%),-pymene (14.8%), limonene (Infections Laryngotrachietis virus Zaheret al®),
(4.3%), and carvone (4.096) 2-(2-methoxypropyl antrasthmatic  (crude seed extracts exhibits
5-metyl-1, 4benzenediol, thymol and carvacrol  spasmolyic and broehodilator activitiesmediated
Root and shoot are reported to contain vanillic#cid possibly through calcium channel blodes Kalus
et al®®), antiallergic (oil is an important adjuvant for

Extraction methods of essential oil the treatment of allergic diseageDahri et al®’),
anti-diabetic, antilipidemic, antiobesity,
1. Conventional methoidl extraction by hexane in  anticonvulsarit®® antitoxi¢® properties apart from
Soxhlef®. having immunomodulatory (extract inhibit human
2. Enzymatic extractioff. neutrophil elastase activity which is mainly attributed
3. Ultrasound assisted extractfén to carvacroli Mansi'®), hematological (oil play role
4. Microwaves assisted extractfén in modulating thebalance of fibrinolysis/thrombus
5. Supercritical solvent extractiéh formationby modulating the fibrinolytic potential of
6. Surfactant assisted method; based on the use oéndothelial cellsi Gilani et al’, Zaoui et al?),

aqueous solution polyethylene glycol sorbitan gastreprotective (thymoquinone protect gastric
monolaurate (Tween 20) amongst other mucosa against injurious effect of absolute alcohol
methods. and promote ulcer  healing T NaZ),
Oil extracted were analyzed and characteribgd  nephroprotectivé’*"> diuretic®, cardiovascular
using classical analytical procedures, spectroscopidactive ingredientitymol has shown to lower blood

and chromatographic methods. pressure through blockade of calcium channels
Gilani et al’*, Paarakf) properties as well as the
Therapeutic uses species is protective against heavy niéf4l effects

nitric acid productin’®, possesses analgesic activity
Traditional U ses In traditional system of medicine (volatile oil i Ramadhanet al®) amongst others.
black cumin seeds are effective against cough,Moreover, essential oil was found tme effective
bronchitis, asthma, chronic headachmigraine against C{Vl) hazard and may be a promising
dizziness, chest congestion, dysmenorrheal, tpesi candidate against different environmental
diabetes, paralysis, hemigia, back pain, infection, pollutant§*®* reported that the species is a good
inflammation, rheumatism, hypertension, and absorbent for the removal of cationic metals coming
gastrointestinal problems such as dyspepsia,from wastewaterTasawaet al® reported that black
flatulence, dysentery, and diarrRkdt has also been cumin (tested on 80 subjects, divided randomly into
used as a stimulant, diuretic, emmenagogue, 2 groups) is effective to change the lipid profile
lactagogue, anthelmintic and carminatfvas well as  significantly in a way whiclis beneficial to heart.
it is applied to abscesses, nasal ulcers, orchitisBlack seed has also been used externally where it is
eczema and svllen joints™. Seedil is considered to  applied directly to abscesses, nasal ulcers, orchitis,
be local anesthefit>* eczema and swollen joiits N. sativais also a
Pharmacological  Sgnificance: The species potential source for antidermaphytic drugs. The ether
possesses antimicrobial (diethyl ether extract andextract of seeds andits active principle
methanol and chlorophyll extract and plant extract asthymoquinone are found to be effective after clinical
well as seed oil were found to inhil8taphylococcus trials against many species of three important genera

aureus Pseudomonaseruginosa Escherichiacoli of dermatophytesTrichophyton Epidemophytomnd
and a pathogenic yea€andidaalbicansi Hanafy =~ Microsporuni®® The volatile oil inhibited the
and Hater’, Hosseinzadelet al®®, Chaiebet al®’, spontaneous movements of emd guinea pig uterine

Khalid et al®®), antimalariaf® antioxidant smooth muscle and also the contraction induced
(thymoquinine constituent of seed oil, enhance theoxytocin suggestinits antioxytocic potentidf’. Hot
oxidant scavenging systemi Saleni%, anti water extract of NS as well as whole seeds in large
inflammatory (the oil and thymoquinorie Saleni®: oral doses causes abortion in human pregnant
thymoquinone has the ability to attenuate allergic female&. The species is alsosed in long term
airway inflammation by inhibiting Theytokines and  treatment of opioiddefens&. Thymoquinone has
eosinophil infiltration into the airways and been reported to exhibit effect on dopaminergic
exploratory effectsi Isik et al’), anticancerous neur ons against’ Parkinsonés d
(methanolic extract of plant exhibits potent inhibition

of cancerous cell growth against H0 and U937 Insecticidal activity

cell lines with 1G, value 13.50 pg/ml and 28.31

pg/ml respectivelyi Ravalet al®?), antitumerogenic ~ Essential oil from dried fruits was isolated by
(active components i  thymoquinone and hydrodistillation and testedf its repellent, toxic and
dithymoquinone; tymoquinone kill cancer cell by a developmental inhibitory activities against wheat
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flour pestTribolium castaneurff. Results indicated peroxidation levels in hyperlipidemic rabbits, thereby
that the essential oil reduced the oviposition potentialindicating that seeds may be considess a useful
and increased the developmental period Df therapy for hyperlipidemia.

castaneum in comparison to control group. Abbaset al® reported thaiN. sativaoil possesses
Fumigation of essential oil inhibited development of antiinflammatory and bronchodilator activities.
larvae to pupae and the pupae to adults and alsclinical trial with mouse model suggested thst
resulted in the deformities in the different sativasignificantly reduced blood eosinophil count;
developmental stages of the insects. All the IlgGl and IgG2a levels, cytokine profiles and

responses were found concentratitapendent. inflammatory cells in lung tissue. These effects were
comparable to the effects dbexamethasone except
Other uses unchanged IFN level.

Abou-Gabal et al® studied the effect of the oral
N. sativaseed cakes in the feed of buffalo and lambs administration of aqueous suspension Nof sativa
improved their body weight and reproductivity as (50 mg/kg.b.wt) against chromosomal aberrations
well as seeds in the food of broiler chicks improved and ultrastructural changes of the bone marrow cells

their immunity and feed conversion effic4t$/. in mice treated with carbon tetrachloride ¢Qivo
dose level: 1.9 ml/kg.b.wt and 3.8 ml/kg.b.wt).
Clinical trials Mitotic activity decreased in bone marrow cedfis

animals treated with Cg¢las well as significant
Significance of tk species has been documentedincrease in the number of bone marrow cells with
from some clinical trial experimentsl-Ghamdf?* different types of chromosomal aberrations was
administered aqueous suspension of the seeds orallyecorded. Ultrastructural changes were also dose
at two dose levels (250 mg/kg and 500 mg/kg) for dependent including both nucleus and cytoplasm of
five days to assess carbon tetrachloride IgEZC erythrod and myeloid elements of the bone marrow
induced liver damage. QL (250 microl/kg cells. Treatment of the animals with. sativa
intraperitonelly/day in olive oil) was given to the improved both genotoxicity and ultrastructural
experimental group on days 4 and 5, while the changes induced by CCI
control group was only treated with the vehicles. Al-Kubaisy and AINoaemi” reported protective role
Animals treated with CIz showed remarkable of seed oil against effect of CQin the iver cells.
centrilobular ~ fatty changes and moderate SamirBashand$ reported that administration of NS
inflammatory infiltrate in the form of neutrophil and oil to hyperlipidemic rats improved their
mononuclear cells when compared to the controls.reproductive efficiency (increase in seminal vesicle
This effect was significantly decreased in animals weight, testosterone level, sperm motility and sperm
pretreated with N. sativa Histopathological or count and a decrease in sperm abnormalitées)
biochemical changes were not evident following produced additional protection against
administrationof N. sativaalone. Serum levels of hyperlipidemia induced reduction in fertility.
aspartic transaminase (AST), -danine Najmi et al?’ performed clinical study (2 groups of
aminotransferase (ALT) were slightly decreased 30 patients each) to evaluate the adjuvant effect of
while lactate dehydrogenase (LDH) was significantly seed oil on various clinical and biochemical
increased in animals treated with IGCwhen parameters ofthe metabolic syndrome. Group |
compared to control group. LDH wasstered to  (standard group) patients were given Atorvastatin 10
normal but ALT and AST levels were increased in mg once a day and tablet Metformin 500 mg twice a
animals pretreated witN. sativa In conclusion,it day along withN. sativaseed oil 2.5 ml twice a day
appeared that seeds are possible safe and protectiier six weeks. Results indicated that Group Il
against CC-induced hepatoxicity. patients showed gnjficant improvement with
Ali and Blundef? examined the hypolipidemic and reference to total cholesterol, low density lipoprotein
antioxidant effects of dietary black seed in and fasting blood glucose, thereby indicating that
hyperlipidemic rabbits (24 male rabbits were fed seed oil is effective as an add therapy in patients
with 0.5% cholesterol diet for 1 month, randomly with metabolic syndrome and also possessing
assigned to two grougdscontrol group received the therapeutic activity indiabetic and dyslipidemic
hypercholesterolemic diet and the black seed grouppatients.
was fed 7.5 g/kg W/day crushed black seed + 0.5% Al-Sdaidi et al’® determine the effect of alcoholic
cholesterol diet, each for 2 months). Fasting blood extract of black seel. sativaon fertility parameters
samples were obtained at baseline, afterin white rat. A total of 60 mature males were divided
hyperlipidemia, 1 month and 2 months of treatmentinto 3 groupsi the first group (control) intake
to determine serum lipid profile, malondialdehyde drinking water, while the other two groups,(&nd
(MDA) level, total antioxidant status (TAS), T,) intake the extract in two doses (0.5 and 1.5 g/kg
superoxide dismutase (SOD) and glutathione respectively) daily for 53 days. The results revealed
peroxidase (GPX). Results indicated that black seedthat treatment with alcoholic extract Nf sativaled
can favorably decrease serum lipid profile and lipid to significant increaseP&0.01) in body weight &n
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(9), reproductive parameters (seminiferous tubulesAttia et al’® performed experiment on male rats and

thickness and diameters, account of spermatogoniawere of opinion that omega polysaturated fatty acid
primary and secondary spermatocytes, spermatids( 3 and seed oil oN. sativamight prevenbxidative
free spermatozoa, account of sertoli and Leydig cells,stress and attenuathe changesni the biochemical
diameter of Leydig cells and the height oftbplial parameters (levels of urea, creatine, total bilirubin
cells entirely covered epididymal caudal), hormonesand uric acid contents and aminotransferase,
(testosterone and follicle stimulating hormone) as phosphatases, and lactic dehydrogenase) induced by
well as protein concentration and significant decreaselLindane (kHCH-r-hexachlorocyclohexane).

(P<0.01) in leutinizing hormone and cholesterol El-Goharyet al!® studied the effect of carptatin (a
concentration. synthetic antineoplastic agent used for cancer
Mohammadet al®® from clinical trial experiments treatment) andN. sativaoil alone or in combination
with male albino rats suggested that the aqueouson human breast cancer cell (MCFin vitro and
extracts ofN. sativahave increased spermatogenesis Ehrlich as cites tumor bearing female miae \(ivo).
activity in seminiferous tubule. The in vitro experiment on MCH cells illustrated
Al-Attar and AtTaisa® reported the preventive that |G, of carboplatin was 11.8 pg/ml, ¢gof N.
effects of black cumin seeds (seed extrac800 sativaoil was 39 pg/ml and 163 of the combination
mg/kg/day) on Spragu Dawley Rats (clinical trial between carboplatin and black cumin oil was 3.78
performed with 50 male rats, divided into four and 40 pg/ml respectively. Thia vivo experiment
groups) exposed to Diazinon. Results indicated thatillustrated that carboplatin (10 mg/kg) inased the
seeds can be considered therapeutic agent againgnzyme activity of aspartate amino transferase
hematotoxicity, immunotoxicity, hepatoxicity, (GOT) and aniline amino transferase (GPT) by
nephrotoxity and cardiotoxicity induced by 56.52% and 51.14% respectively as compared to
diazinon and may be against other chemical both healthy control (netumor transplanted mice)
pollutants, environmental contaminants and and negative control. The activity of GOT and GPT
pathogenic factors. was inceased by 14.75% and 19.84% respectively as
El-Naggat® investigated the cytotoxicity ofN. compared to healthy control under the effectNof
sativa dry methanolic extract on cultured cortical sativa oil (12 ml/kg); while, the enzyme activities
neurons and itmfluence on neurotransmitter release, decreased in comparison to negative control. The
as well as the presence of excitatory (glutamate anccombination of carboplatin and oil appeared to
aspartate) and inhibitory amino acids (gamma increase the reyme activity of GOT and GPT by
aminobutyric acidGABA- and glycine). The 62.41% and 49.39% respectively compared to both
secretion of different amino acids was studied in healthy control and negative control. Agarose gel
primary cultured corticaheurons by HPLC using a electrophoresis revealed that carboplatin induced
derivation before injection with dansyl chloride. NS DNA damage of liver tissue bit. sativaoil showed
modulated amino acid release in cultured neurons;intact DNA without anydamage.

GABA was significantly increased whereas secretion Parhizkaret al’®® studied the estrogenic activity of
of glutamate, aspartate, and glycine were decreased. N. sativa by vaginal cornification assay using an
Mohamedet al®? investigated protective role dfl. ovariectomized rat model (40 ovariectomized
sativain DAB (dimethylaminoazobenzene) induced Sprague Dawley rats, weighing 250 to 350 g were
liver carcinogenesis. The study included 140 Albino used; NS powder given at 300, 600 and 1200 mg/kg
mice weighing 4660 gm divided into 4 groups: for 21 consecutive days; compared with 0.2 mg/kg
Group I- normal control; Group It N. sativatreated  conjugated Equine estrogen as positive control). Data
control; Group Il treatel with DAB; Group IV obtained from vaginal smear suggested that NS
treated with N. sativa and DAB. Biochemical possesses estrogenic function which can be helpful in
investigations, flow cytometric analysis and managing menopausal symptoms as an alternative
histopathological examination of the liver tissue were for Hormone Replacement Therapy.

performed and the results showed significant changeRayanet al’*’ studied the effect of black cumin oil

in the DNA content, histomorphology,and (BSO) againsiToxoplasmagondii Me 49 strain in a
antioxidant enzymes in liver tissues of the DAB murine model of infection. After clinical diagnosis
treated group. These changes were restored to normalith mice (35 mice were studied in 3 groups) and
with N. sativatreatment. Further, it was noted that assessment of survival eatand brain cyst burden,
treatment withN. sativaonly showed comparable brain histopathological lesions and
result with control untreated group. Thus, it was immunohistochemical expression of inducible nitric
inferred thatN. sativa lonely induce no harmful oxide synthase (iINOS) it was noted that BSO in
effect on the liver rather it exerts hepatoprotective prophylactic or therapeutic regimens significantly
effect against liver carcinogens. enhanced protection of infected mice againsatd
Al-Nageepet al'® reported (experiment conducted (P=0.01) and reduced brain cyst burdens at 5, 7 and
on HC rabbit) thatN. sativaseeds powder or oil 12 weeks post infection compared to the infected
showed hypocholestolemic and antiatherogenic untreated control.

cardioprotective properties.
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Antitumor - Ait et al!® suggestedhat essential oil
(IC5=0.6% v/v) and ethyl acetate @{&0.75%)
extracts were more cytotoxagainst P8L5 cell line
than butanol extract (Kg=2%). The authors further

suggested that TQ induced apoptosis and inhibitedused

lipid peroxidationproducts and antioxidant enzymes
like catalase, superoxide dismutase, reduced
glutathione and glutathione peroxidase in liver and
kidney. Meralet al!® suggested that NS might be
in diabetic patients to prevent lipid

proliferation in pancreatic ductal adenocarcinoma peroxidation, increase in andkidantdefensesystem

cells. TQ also increased WAF1 expression,
inhibited histone deacetylase adfvand induced

activity and also to prevent liver damagkAwadi et
al."reported the significance of NS seeds for its use

histone hyperacetylation. TQ is reported that it actsin noninsulin dependent diabetic mellitus. An

as a novel inhibitor of prnflammatory pathways
which combines aninflammatory and proapoptotic
modes of actionBanerjeeet al®° performedin vitro
studies on pancreatic cancerlggreexposed with
thymoquinone (25umol/l) for 48 h followed by
gemcitabine or oxaliplatin resulted in 60 to 80%
growth inhibition compared with 15 to 25% when

aqueus decoction of a plant mixture containing NS
was found to lower blood glucose level after oral
administration®®. Al-Hader et al?! suggested that
intraperitoneal administration of volatile oil of seeds
produced a significant hypoglycemic effect in natm
and alloxan induced diabetic rabbit.

Oral supplement ofN. sativaseeds to normal rats

gemcitabine or thymoquinone was used alone whichwas investigated and the results showed intrinsic
suggested that the mechanism of thymoquinonecardiac properties without evidence of an increased

could potentiate thkilling of pancreatic cancer cells
by down regulation of nuclear factor kappa B (NF
kappa B), Bcl2 family, and NFkappa Bdependent
antiapoptotic genes. Breyeet al!® tested 4
acylhydrazones and -@lkyl derivatives of
thymoquinonefor growth inhibition of human HL
60, leukemia, 518A2 melanoma, KB/Vbl cervix
and MCF7/Topo breast carcinoma cells. The 6

cardiac work load or energy consumptigm vivo
which makes theseeds an isotropic agent with
hemodynamic  profil€?*'#  Shafei et al*
examined the effects of aqueous and macerated
extracts fromN. sativaon heart rate and contractility
of the isolated heart. Results showed a potent
inhibitory effect of both exacts on both heart rate
and contractility of guinea pig heart that was

hencosahexaenyl conjugate was most active in allcomparable and even higher than that of diltazem

resistant tumor cells, with kg (72 h) values as low
as 30 Nm in MCF7/Topo cels. Nagi and AlmakKki*
investigated the effect of thymoquinone (TiQ)vivo
andin vitro male albino rats on fibrosarcoma induced
by 20-methylcholanthrene. It was found to inhibit
tumor incidence and tumor burden significantly.
Shafi et al!*? reported métanol (1G-2.28 pg/ml),
n-hexane (1G-2.20 pg/ml) and chloroform (I
0.41 pg/ml) extracts of the seeds effectively killed
HeLa cells by inducing apoptosis.

Diabetic and Cardiovascular Activities- Meddahet
al.™*®observed improvement of glucose toleramnd
body weight in rats after chronic oral administration
in vivo, which validate the traditional use of black
cumin seeds against diabetes. Chandtaal**
reported that HIV protease inhibitors, nelfinavir (5
10 uM), saquinavir (8.0 uM) and atazanav(5-20

which may be due to calcium channel inhibitory or
an opening effect for the plant on potassium channels
of the isolated heart. Dichlomethane extract of
seeds (0.6 ml/kg/day), essential oil and
unsaponifiable matter of oil, volatile oil and
thymoquinone found to be cardioprotectze?®"66!
Gilani et al'*’ reported that thymol has shown lawe
blood pressure through blode of caldum
channels. The effect of oral treatment of Wister
albino rats with different doses of powdered seeds
(100, 200, 80 and 600 mg/kg/day) foofir weeks on
the levels of serum lipid was investigated, and it was
found that it causes significant decrease lomv
density lipoproteircholesterol levels, triglyceride
levels and increase in high density lipoprotein
cholesterolevel*®

Pulmonary Activity - Nigellone was found to inhit

KM) with N. sativa seed extract decreases glucose effectively the histamine release from the mast cells
stimulated insulin secretion from rat pancreatic beta suggesting its use in #snd®’. Padmalathat al**°

cells. Altanet al'™ were of opinion that combined

treatment with NS and hPTH alone in improving
bone mass, connectivity, biomechanical bétwasnd

strength in insulidependent diabetic rats. NS
treatment alone or in combinations significantly

studied the antinaphylactic effect of a polyherbal
formulation containing NS on mesenteric mast cells.
The antinaphylactic activity was possibly due to the
membrane stabilizing potential, suppression of
antibody production andinhibition of antigen

increased the area of insulin immunoreactive -beta induced histamine release. Gilaeti al’?’ suggested
cells in diabetic rats suggesting that NS might be that bronchodilatory effect of NS seeds was mediated

useful in the treatment of diabetic osteopeniantiéa
et al'® and Kaleemet al'’ suggested that oral
administration of ethanol extract of black cumin

possibly through calcium channel blootta.
Keyhanmaneshet al!®*' studied the prophylactic
effect of TQ on tracheal responsiess and WBC

seeds (300 mg/kg body weight/day) to streptozotocin(white blood cell) count in lung lavage of sensitized
induced diabetic rats for 30 days significantly guinea pigs. The results suggested the preventive
reduced the elevated levels of blood glucose, dipid effect of TQ on tracheal responsiveness and
plasma insulin and improvement altered levefs inflammatory cells of lung lavage of sensitized
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guinea pigs. Suddé¥ was of opinion that TQ tolerability of powdered\. sativaseeds in capsules
induced relaxation of the precontracted pulmonaryon serum lipid levels, blood sugar, blood pressure,
artery is probably by the activation of Algensitive  and body weight in adults (123 patients were
potassium channels and possibly by ftompetitive recruited; 64 and 59 patients were randomizethe
blocking of serotonin, alphlh and endothelin intervertion and the control armsespectively; 39
receptors. patients in the intervention group and 34 time
Immunomodulation- Islam et al!®® studied the control group completed the study). Favourable
effect of volatile oil ofN. sativaseeds (NSVO) forits  impact of powderedN. sativaseed in capsule was
immunomodulating and cytotoxic properties in rats noted on almost aNariables however, larger study
and it was found that there was a significant decreasavith adequate sample size was recommended.

in splenocyte and neutrophil counts, but a rise in

peripheral lymphocytes and monocytes itsrd G Biosafety

values for NSVO werel55.02+10.4, 185.77+2.9,

120.40+20.5, 384.53+12.1 and 286.83+23.3 micro 1. Seed powder did not produce any toxic effects at
g/ml respectively against the SCL, S®l. SCL-376, very high doses (28 gm/kg orally) in rabbifs
NUGC-4 cancer lines and 3T6 fibroblast line. 2. Seed oil safe when given orally to rats gyf
Results indicate NSVO as a potential 28.8 ml/kg)>

immunosuppressive cgtoxic agat. Swamy and 3. Oral thymoquinone was found safe ({®f 2.4

Tan™* performed in vitro cytotoxicity of seed g/kg)*.

extracts (in ethyl acetate fraction) in different cancer 4. Oral thymoquinone (LB, of around 1000mg/kg)
cell lines P388, Molt 4, Wehi 164]1/2, HePG2, SW and intraperitoneal (LE of around 100 mg/kg)
620 and J82 as measured by43-dimethylthiazot in mice/rat,safest*.

2-yl)-2,5-diphenyltetrazolim bromide (MTT) assay

and the ethyhcetate column chromatographic Cytological and cytogenetical studies

fraction (CCG5) showed selectivity against HePG2,

Molt 4 and LL/2. CG5 was relatively noitoxic Karyomorphology: Gregory*® was pioneer to
against human umbilical cord endothelial cells at 50 enumerate the number of chromosomes={2) in
pg/ml.  Results therefore indicated thaCC-5 somatic complement dfl. sativa Bhattachargya'**
possesses a potent cytotoxic effect as well as aevealed five pairs of very long {L to long (L)
potentiating effect on the cellular immune response. chromosomes with median to sub median primary
Contraceptive Activity - Hexane extract of the seeds constrictions and a single pair of medisized (M)
prevented pregnancy in SpragDawley rats treated chromosomes with suterminal primary
orally at 2 g/ kg -1@ pait T y constrictéors io the sdeaigsdSecontlary constrictions
coitum. The active hexane extract exhibited only were located in two of the long pairs of
mild euterotrophic activity comparable to ethinyl chromosomes and karyotype formula was suggested
estradiol, but was devoid of any estogrity in the as h=12=21,+4L°+4L+2M.

immature rat bieassay’>. Agarwalet al*® reported ~ Saha and Datt® reported four morphologically

that ethanolic extract of seeds possesséfeditity distinct chromosome types (A, B, C, D) i Sativa
effect in male rats which is probably due to inherent (2n=12) on the basis of chromosome length (very
esterogenic activity. long 15.0 to 20 um; long 10.0 to 14.9 um; median

Nephroprotective Activity- Ali**’ investigated the 5.0 to 9.9 pm),nature of primary constriction and

effect of oil (oral treatment: 0.5, 1.0 or 2.0 ml/kg/day presence or absence of secondary constri¢tays.

for 10 days) on gentamycin induced nephrotoxicity 11-12). The somatic complement possessed one pair
in rats. A dosedependant amelioration of the AA (very long, 19.13 um; F% 44.01), one pair BB
biochemical and histological indices of GM (very long 16.70 um; both primaryF% 44.88 and
nephrotoxicity that was statistically significant at the secondary constriction were present), three pairs CC
two higher doses. Treatments enhanced antioxidan{C,C;- very long, 15.31 um; €,- long, 14.86 um
status in plasma and also reduced glutathioneand GCs- long, 13.80 um;F% 44.@ to 45.43 and
concentrations in renalortex and enhanced growth. one pair DD (madium 6.64 um, F% 7.23)
Badary et al'® studied the effect of TQ on the chromosomes (TF% 41.38, haploid chromatin length
nephropathy and oxidative stress induced by86.50 um * 3.3).The somatic chromosome types
doxorubicin  (DOX) in rats (10 mg/kg/dayi could easily be marked in meiotic plates (Figs: 13
supplemented with drinking water for 5 days before 14).

DOX and daily thereafter) and found thaGTTC  Ghosh and Datt4® karyotyped N. sativa through
and serum urea lowered significantly. TQ has beenimage Analyzing System (Micro Irga ™ Lite
suggested to be protective agent for protienuria andSoftware, Version 4.0 for windows, 47N40155 2000
hyperlipidemia associated with nephritic syndrome. 0515 MAN VG MIX) and revealed four
Effectiveness Qidwai et al™° performed clinical  (2n=12=4A+4B+2C+2D; karyotype formula:
trial experiment (study design was randordize 2L%%g#+2L;+2Lsn+2S) morphologically  distinct

doubleblind trial) to assess effectiveness, safety, and chromosome types(e very 1 ongO015. 0

Om,
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13.0 to <15.0 um, M= medim 7.0 to <13.0 um, S= between 1.67 um and 8.30 um) nuclefHigs. 20
short <7.0 um; m= metacentric, sm=sub 25) in different mutant (42: Lax branchingand
metacentric, t= telocentric and sc= satellites). Theviridis; 1-5: bushy chloroxantha crinkle leaf
somatic chromosome complements in the speciedeathery leaf narrow leaj lines of N. sativa
formed graded karyotype which was symmetric in Nucleoli was either free or found in association to
nature (TF% 42.90). Total haploid chromatin l#ng different bivalents but occasionally two nucleoli of
was noted to be 78.62 um * 2.87. different or same sizes were seen attached to a single
Meiotic Analysis and Pollen Fertility : Saha and bivalent. Multiple and variable sized nucleoli
Dattad“® reported regular 6 bivalentformation at  formation were presumed as an outcome of disturbed
diplotene andnetaphase | (MI) in most PM(Figs. genetic state of theplant types caused by gene
1517); while, the rest demonstrated 5II+2] mutation and the mutant genes possibly have induced
formations (175 meiocyteassessed). Frequency of changes in the regulatory system of the cell thereby
bivalent and univalent per cell varied from 5.88 to activating various latent loci capable of #yesizing

6.0 and 0.00 to 0.23 respectively. Frequency oftiny nucleoli. HikoLchi and CherHui Kad™’
bivalent and univalent per cell was 5.95 and 0.10 atrributed size variation of nucleolus on the basis of
respectively. The bivalents formed rings (range difference in the inteity of nucleolar forming
2.85:0.51 to 3.58+0.24/cgll and rods (range power.

2.41+0.24 to 3.15x0.3¢ell). Average frequency of Mitotic and Meiotic Abnormalities A rising out of

ring and rod per cell over the plant was 3.18 and 2.77Irradiations: Kumar and Nizart' assessed the
respectively. Chiasmaer nucleus range between effect of Xrays on dry and prsoaked seeds df.
8.87£0.21 and 9.62+0.32 (average: 9.34+0.28).sativa and noted that the frequency of mitotic and
Frequency of bivalents, ring and rod cagpufiations meiotic aberrations in the psoaked seeds was
per cell and chiasma per nucleus showed randomhigher than that of the dry seedBhe aberrations
distribution over the plantsp$0.05) but univalents encountered were mostly related to spindle
per cell was nomandom p<0.01) as evidenced from organization and formation of dicentrics, rings,
¢ test of heterogeneity. Mostly (99.49%oo0led micronuclei andacentric fragmentsMandal and
over the plantsyanaphase | (Al) cells manifesl Basd®* studied Xray induced chromosomal
equal 6/6 separatioffFig. 18) of chromosomesrare aberration from leaf meristems, pollen mother cells
often unequal separatidd/7), lagging chromosome and endosperm and reported that aberration
and bridges were also noteHollen fertility among  percentage increased with an increase in doses and
black cumin plants varied from 95.2% to 100.0% decrease with time lapse from 2 td Bours after

(average: 98.06%)Baha and Datt& were furtherof irradiations. Most resistant tissue was endosperm
opinion that the meiotic chromosomes could easily though it had the largest Interphase Chromosome
be identified and marked in meiotic plates. Volume (ICV).

Pachytene Chromosome Aalysis Dattd*’  Datta and Biswds® (X-irradiations to dry seeds,
reported that the length of pachytene chromosomesioses 6, 8, 10, 20, 30 kRL.Dsy lie between 8 kR
(Fig. 19)in the species ranged from 51.86 pm to and 10 kR), Dattaet al*** (gamma irradiations5,
140.55 um with mosyl median primaryonstrictions 10, 20, 30, 40, 50 and 60 kR doses, seed moisture
(F%: 41.60 to 47.56; arm ratio: 0.71 to 0.91). A 1.8%, LDy lie between 20 kR and 3R, treatments
telocentric (F%: 12.36; arm ratio: 0.41) was also beyond 30 kR were lethal) and Mukherjee and
marked in the pachytene complement. Four Datta® (gamma irradiations50, 100, 150 and 200
(chromosome type AL40.55 pm; type B109.75 um  Grey, moisture conteni9.04%, LQy lie between 50
and 97.89 um; type ®4.93 um and 8.32 um; type Gy and 100 Gy) reported physiological (germination
D- 51.86 um) morphological types were suggested and seedling growth under petriplate conditions) and
with 2 bivalents (B type) documenting secondary chromosomal disturbances (mitotic and meiotic
constrictions. However, further studies on the including pollen fertility) in irradiated samples.
somatic complement has suggested that one pair oFrequency of totalmitotic anomalies hancedin
chromosome were with secondary constrictior. treatments but the percentageof dividing cells
Accessory Nicleoli: Rang and Datfd® revealed decreased witanincrease in the radiation doses, and
consistent presence of single nadles (size 8.36 um it was suggested thamitotic disturbances have
+ 0.08) in PMCs (pollen mother cells) of. sativa  affected physiological processes like germination and
and it is in accordance to the number of chromosomeseedling growth.Apart from normal chromwsome
with secondary constriction in the configuration 2=12 (Fig. 26), irradiations (X
complemerif®****¢  however, nucleolus is not irradiation as well as gamma irradiations) have
commensurable to the number of secondarilyinduced chromosomal aberrations like fragments,
constricted chromosomes and it has been prtivat ring configuration of chromosome, pseudochiasma
those chromosomal regions which code for 18S andlike configurations, diplochromosomes, lselwith
24S RNA are nucleolar organizing in nattife polyploid and aneuploidchromosome number and
Rang and Datfd® found 1 (48.3% to 65.57% deformed cellular configurations at metaphase (Figs.
PMCs; size: 8.30 pm % 0.18) to 5 (size variation 27-31), and bridges (single, double, ct3®ss, inter
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locked and incomplete) with or without fragments (2 induced cytological aberrations viz., fragments,
to 4 identical sized and rare often wihe fragment laggards, micronuclei, grouping and stickiness of
Figs. 3241), and multipolar organization of chromosomes and reduced mitotic index in
chromosomes at anaphase (Figs:482 At resting  prolonged treatments and in higher concentrations.
cells micronuclei (34 variable sizes; condensed as The authors wer of opinion that the chemicals
well as uncondensed) and giant cells were also notegossibly affect nucleic acid synthesis in differential
(Figs. 4447). Meiotic abnormalities studied manner which ultimately causes hazards in
following irradiations (apart from normal 6l replication thereby inducing chromosome breakage.
formation Figs. 4849) were univalents (8, Figs. Kumar and Nizarh?® studied induced somatic pairing
50-52), fragments (paired identical sizeBig. 53), of homologus chromosomefrom root tip mitosis
multivalents (Figs. 547), stickiness (Fig. 58) and following treatment with mitomycin C. It was
cell fusion (Fig. 59) at metaphase | (MI); while, observed that the homologs chromosomes become
fragments, bridgs with or without an accompanying juxtaposed to each other with remarkable regularity
fragment were observed in anaphase | and Il cellsin the prometaphase cells following treatment for 40
irrespective of normal segregation of chromosome atminutes, whereas the untreated celiswed no such
AIS3134155 (Figs - 6065). Mukherjee and Dattd®  associations. It was presumed that these movements
noted enhanced frequency of quadrivalents (mostlymay be due to kinetochore activity which normally
ring- 89.79%, reswere of chain configuration) was causes congregation of chromosomes towards the
noted in higher doses of treatments. Most of the ringequatorial plate of the spindle but which does not
guadrivalents were of adjacent orientation (63.64%); occur contemporaneously in all chromosemén
while, the rest were alternate (34.09%) and rare ofterview of the observation, the authors were inclined to
non coeoriented (2.27%). A PMC at 200 Gy was believe that kinetochores were responsible for
observed to psses 6ll + two nearly identical sized placing homologues near each other and stickiness
(2.93 um and 2.59 um) fragments (1.21%) thereby has been attributed to be a factor for association of
suggesting localized breakage in chromosome due tdhomologus chromosomes.

irradiation. Paired identical sized fragments (5.38 Chand® reported the pentachlorophenol (PCP)
pm) at Al was also studied in one of the two inhibited mitosis in shorter duration of treatments
telocentric chromosonse(one telocentric is marked and cytological abnormalities were formed.
intact at one pole). Pollen sterility and meiotic Incorporation studies revealed that PCP inhibited
anomalies studied have shown dose dependenDNA synthesis. The chemical was found to affect
increasing tendencies thereby indicating that formernuclear membrane cycle, chromosomevigibn

is an outcome of the latter. cycle, spindle organization and chromosome
Rang and Datta’ exposed dry, preoaked (12 hours movement, condensation and spiralization of
in distilled water), totally dehydrated and stored (one chromosomes and DNA and protein synthesis.

year six months stored under desiccation; one season

stored seedyeed samples (moisture content: 7.5%) Induced mutagenesis

of N. sativato gamma irradiations (5, 10 and 20 kR

doses) and also that some amount of the dryVariants in M; Generation: Data and Biswa$®
irradiated materials were treated with ethyl methanereported that as compared to the erect naturdeof t
sulfonate (EMS) and hydrogen peroxide,C) for stem in untreated control plants, stem anomalies
six hours at 0.25 percent to evaluate the cytogenetidncluding bifurcation(Fig. 66) trifurcation (Fig. 67
changes that might occur due to gardAmadiation 68), twisting (Fig. 69), unbranched (Fig. 7&nd
influenced by the physical and chemical factors. twining nature of stenfFig. 67)were observed &,
Assessment of radisensitivity has been made from 10 and 30 kR of Xay doses and 2 and 4 hours
attributes like seed germination, rate of seedling treatment with 0.75% and 0.50% EMS respectively.
growth, mitotic index, frequency and spectrum of Interesting floral anomalies were found to occur in
chromosomal aberrations in root tip cells and pollen all treged doses of EMS and only 2BR X-
and seed sterilities of Mplants as well as M irradiation. In relation to control flower (Fig. 71)
mutdion  (macromutants) frequency. Results interesting loral variatiors like adnation of sepals,
indicated that the factor§physical and combined elongated and strap shaped petals, two gynoecium in
treatments) have influenced gamma radiation the same flower and presence of bract like structures
sensitivity in inducing cytogenetical and genetical (incompletely forked) similar to that of the petalloid
changes along with Mmutation frequency. sepals were observed (Figs. 728). The
Mitotic Abnormalities Induced by Chemical abnormalities studied at Mhave not recurred in M
Treatments: Biswas and Bhattachaaya™’ studied generatbn and these were ndmheritable changes
the effect of some mutagenic chemicals like mateic (chimeric in nature) possible arising out of somatic
hydrazide (MH), acridine orange (AO), ethyl mutation.

urethane and ethylesddaminetetracetic acid Macromutants and Their Inheritance Pattern:
(EDTA) at variable concentrations and durations on Kumar and Nizaff! induced (Xrays and gamma
the root tip mitosis of the species. The chemicalsrays) few viable mutants such as multicolor capsular
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fruits ard color fruit coat with ornamentations crumpled leafmutants showed that the mutant traits
including mutation affecting branching pattern and were controlled by two pairs of recessive genes.
fertility at M,. Data and Biswa$® induced (Xray  Datta and Rarf§® spotted a viablechloroxantha
and EMS) several chlorophylalpina > xantha> mutant in EMS treated popuieb at M. The
chlorotica > chloroxantha > albescens > albino seedlings of chloroxantha (Fig. 86) were pale
terminals > xanthaerminals > Iuea > viridis = greenish yellow in color (2012 i Di cti onary o
marginata = coeruleovirerjsand morphological (13 Col our ¢ by Ma ey and thenndutar®® a u | 19
different types; 9 viablé lax branching- Fig. 8Q could be easily marked at the very seedling stage.
feathery leaf, bushy, male sterile, crumpled leaf, The mutant plants showed delayed flowering (17 to
dwarf, early flowering, prostrate- Fig. 81, and 29 days from control plants) and maturity, which
brown seed coat4 nonviable types cup - Fig. 85 indicates that the mutant being deficient in
needle leaf, crinckle leafind cotyledonary legf chlorophyll content might have utilized their
mutants in relation to normal trait (Fig. 79) buffering capacity to maintain the photosynthetic
Threshold doses were effective and efficient and efficiency by increasing the number of branches
0.5% EMS, 2 hours treatment was the best among al(consequently pimae of the leaves increased in the
the treated doses. Chlorophyhutatuions occurred mutant) and duration of the crop to complete their
predominantly than other types and among themlife cycle successfully. The inheritance of the mutant
viridis and chloroxanthawere the viable types and trait was recessive and was under the control of two
were found to be controlled by two pairs of recessive gene loci. The mutant was compared with control at
genes; while, the mutant trait(s) aushy dwarf, M, and reslis indicated thathloroxanthapossessed
feathery leaf, lax branching and early flowering higher number of primary branches and capsules per
mutants were controlled by a single pair of recessiveplant and had smaller seed (length) than normal;
gene. Datta and Bisw&8assessed different mutants although, other traits were more or less comparable
(lax branching, feathery leaf, bushy, early flowering, to normal plants. The authors presumed that the color
prostrate, dwarf, brown seed coand viridis) for of chloroxanthamay be exploited as genetic marker
different quantitative tigs at M,, M3 and M, for efficient breeding.
generations (ANOVA performed in mutant lines with Rang and Datfd’ spotted five dark reddish brown
control at M) and were of opinion that the mutants (color code- 3/2), one yellowish brown (5/4) and one
have exhibited superiority over the control plants in peach (512/1) coloi(colors were confirmed from
some of the characters only but not in all the Horticultural Color Chart 1968 and Msell Soil
parameters. This observation waignificant as it  Color Chart 1975)seeded plantat M, following
offered scope of improvement through hybridization differenttreatmentf gamma irradiations and EMS.
and selection. Mutation frequency of dark reddish brown color
Mitra and Bhevmick'®® induced ten different types (Fig. 89) vyellowish brown color(Fig. 88) and
of chlorophyll mutation in two cultivars dfl. sativa bicolor (peach color was associated with blackish
following treatments with gamma irradiation and tinge at the base and the apical regiotherefore
EMS. Higher dosesof gammarays and lower desi gnat e d Fig 90 wabeastonatéddorbé
concentration and duration of EMS were reported t01.92, 0.055 and 0.54 percent respectively (7956
be most efficient.Mitra and Bhoumick* studied the  plants scored). Dark reddish brown and yellowish
mutagenic effects (gamma irradiation and EMS) of brown seeetoat color traits were monogenic
some biological parameters in;Myeneration and recessiveto black seedgFigs. 8790), while, the
suggested that gamma irradéats were more inheritance of bicolor trait of seeds was under the
effective than EMS anthe cultivarKS-1 was more  control of two pairs of recessive genes (mutant x
sensitive to mutagens under the tested doses andormal i reciprocal crosses were performed, iF
concentrations. black and ksegregation analyzed followirgj i test
Datta and Rar§® screened seven viable analysis). Crossing experiments suggested that black
morphological mutantdgx branching, feathery leaf, coloration of seeds is dominant over other seed
bushy I- Fig. 82 bushy II- Fig. 83, lax pinnae- Fig. colors and gene symbols assigned were B for black,
84, needle leatindcrumpled leaf from 7956 treated  b™ for dark reddish brown and YBfor yellowish
plants at M following mutagen treatments (gamima brown colors and p for peach color of seeds| the
rays, EMS and kD, and their combined treatments) dominant form (P) of this gene has no effect on B or
to dry seeds (moisture content: 7.5%)sEgregation  on any allelic forms of B #b’) and the mutation
(control x mutant, F normd) revealed thatlax involving both the dominant genes-@ results to
branching, feathery leaf, bushy(associated traits: bicolor seeds. Following genotypes were proposed
synchronous flowering, compact habit, thick dark for the seegtoat colorsi BBPP, §§" b* PP, b’b’PP
green pinnae of leaveshushy Il (thick dark green  and bbpp for black, dark reddish brown, yellowish
pinnae of leavesandlax pinnae(pinnae elongated) brown and bicolor seeds respectively. The true
mutant traits were controlie by a single pair of breeding mutant plants were evaluated at i
recessive genes; while, selfed linesxeédle leafind comparison to control for several agronomic traits
and it was noted that dark reddish brown seed coat
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mutant was as productive as normal; while the Datta and Biswas? screened four extremely dwarf
bicolor and the yellowish brown seed coat mutants plants at M having identical leaf phenotype as their
were sort sized and small seeded plants. progenitor from the selfed Mfeathery leafmutant
Polygenic Mutation: Datta and Biswa$® analyzed  (0.50%, 2 hour EMS treatment). Meiotic studies
variations for quantitative characteristics (plant revealed the characteristic presence of paired
height, number of pmary and total branches per fragments in the parent (M and multivalents in the
plant, total capsules, capsule chamber/fruit, capsuledwarf mutant plants (Mas well as M). The dwarf
length and seed per capsule) from 10 randomlyplants were designated &sescopicmutants as the
selectedplantsof each of the M (X-irradiated and leaves were found to be clustered around the stem
EMS treated lines and computed mean and forming a crownrlike appearance. Out of four
coefficient of variations and alstetermined student telescopicmutant (Fig. 91) one of which showed
t-test between control and treatment. The magnitudeprevalence of ring quadrivalent. The cytogenetically
of variability released (as evidenced from C.V.) marked telescopicmutant was semisterile and the
through induction of mutation was both positive as possible origin of the mutant lines has been ascribed
well as in negative direction, thereby suggesting due to deficiency of genes as an outcome of
random nature of mutation. chromosomal deletioin the parent.
Biochemical Sudies on Induced Mutants: Saha and Datt®# induced 5 translocation
Electrophoretic characterization and evaluation of heterozygotes 4 and P26 from 5 kR and 832, R
seed protein in control and EMS induced mutant line 36 from 10kR) following gamma irradiations (5, 10
of the species were performed from seed sarfffles and 20 kR) to dry seeds (moisture content 7.5%). P
and the qualitative as well as quantitative variations 14 (possessing long drooping floral sho#32 (lax
in banding padrn among the plants were noted. The branching) and 86 (semidwarf with thick and non
authors were of opinion that electrophoretic shattering capsules) were viable translocations;
characterization of the mutant lines may be used aswhile, P-26 and P37 yielded only abortive seeds at
an additional parameter to supplement cytogeneticR; following selfing and on open or controlled
data in understanding genetic variations. Baal!” pollination. The translocation heterozygotes
extracted protese from germinating seeds of wild exhibited the formation of either a ring or a chain of
type and seven EMS induced mutant linesNof 4 chromosomes in 38.7% to 77.7% meiocydpart
sativa and the activity was assayed with casein asfrom 61l formation (Figs. 92L01). Predominance of
substrate in the pH range 38%. Results indicated rings occurred in all translocation heterozygotes
that most protease types showed pH-B® and excepting P26 where rings and chains were nearly
more than one proteasezgme in the plant types equd P-14 and P26 had more adjacent orientation
tested. Amylase activity and variation of amylase of quadrivalents than alternate; while3R, R36 and
isozyme pattern were also studied and it was reported®-37 demonstrated random orientations. The
that gene(s) controlling enzyme production/activity quadrivalent behavior was found to be persistent in
have been affected differentially in different mutants. all generations (R R, and R) of P-14, R32 and P

36. The rings showed preponderance of adjacent
Cytogenetical ~ consquences  of  induced orientation and the chains demonstrated frequent
mutagenesis alternate orientation. Though normal 6/6 separation

. . . 1 of chronbsomes at Alwas observed in 85.8, 83.3,
Translocation Heterozygosity Datta and Biswa¥ 69.4, 82.3 and 86.4% cells of12, R26, R32, R36

@sol_at_eda_cytologically marked plant_ (phenotypically 5ny p37 resgctively (rest showed unequal
!ndls_tmgwshable)_ from the lR)ongatmn of gamma separation of chromosomes and bridge formation
irradiations, which showed ring or a chain with a lagging fragment Figs. 102103) pollen

quadrivalent in 49.38% mutytes at MI (241 cells fertility was reduced in the heterozygotes (8.2 to
scored). Although normal 611 formation was noted 37.5%). KO s

predominantly (50.72%) at MI, the most common
type of configuration studied in the marked plant was
411+11V (34.25%); while in the remaining meiocytes

theT quadrivalent ap_pear.ed in asigtion with 2 were suggested to be associated.

univalents. PMCs with ring of four chromosomes Desynapsis (Synaptic Mtants): Datta and

(41.08%) occurred more frequently than those with g "d73 [ oaq desynaptic ' behavior  of

cham_ quadrlvalent (8'3%)'. Amo_ng the meolocytes chromosomes ina bushy mutant (M, generation,

showing interchanged configurations, 65.55% were 0.5% EMS, 2 hour treatment) and the mutant trait
0, i H ’

alt_erna;e and 34.45% were . with adjacent reported to be controlled by a single pair of

orientdions. Anaphase | separation was mostly o occive genes. Thbushy mutant plant could

(82.0%) balanced (6/6) although pollen sterility was always be characterized by their delayed

: 0 . .

high (55.8%) with extremely poor seed setting germination, flowering and maturity, dfi frequency

(12.245.7) per capsule as compared to normal (pollen

I X of sterile pollen grain formation, poor seed setting
sterility I 2.2to 3.6%; seed setting 65.6+4.2/capsule) 4" nivalent formation in the meiocytes. Desynapsis
plants.

and P36 were meioticallyassessed and the results
indicated that same 2 ndromologus chromosomes
were involved in translocation and the 2 longest pairs

rai sed fr onrl4,iR82t ercr os:
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studied in the mutant was partial or weak because ofdevelopmental disturbances might be responsible for

high frequency of bivalents per cell (4.70 to 5.24)
than univalent per cell (1.53 #.59). Compared to
controls (5.24 + 0.41 chiasmalcell), frequency of
chiasma has been found to be decreased,ibughy
mutant (4.57 = 0.49 /cell). Univalents formed in the
mutant line were found to be distributed randomly in
most of the cases, which wemet affected by the
number of bivalents per cell. Less frequently,
however, occurrence of univalent in close proximity

arrestation of pollen formation.

Rang and Datt4® reported a male sterile plant which
exhibit broad elongated lax pinnae along with
yellowish green pinnae in the shoot apex of the
primary axis at the oes of floral bud initiation(Fig.
113), and nordehiscent and pollenless anthers at
anthesis.The male sterile plant showed desynaptic
behavior of chromosomes and the chromosomal
association studied at diplotene, diakinesis and Ml

to each other could be marked, which may be an(168 PMCs scoredjvere 61 (4.76%) - Fig. 117

indication of their belonging to same pair and their
very recent separation. Anaphaseeparation was
irregular (34.44% to 44.23%) in the mutant line

leading to the formation of laggards and unequal respectively,

511+21 (9.52%), 4l1+41 (4.76% and 121(80.95%)-

Fig. 118119 Mean frequency of univalents and
bivalents per cell was estimated to be 10.10 and 0.90
chiasma frequency per nucleus

separation of chromosomes. Lagging chromosomesobserved inthe male sterile plant wa3.31+1.2 as
at anaphase Il and unequal size of microspores-in tricompared to 9.9+0.74 in normal plants. Unequal

and polysporous condition were also noted.

Saha and Datt4' reported two synaptic mutants
(DS-1, 5kR gamma irradiations; D3, 10kR) at M
(screened from 6582 Mplant progenies) possessing
distinctive phenotypic marker trait (lax branching).
The synaptic mutants (medium strong type)
demonstrad fuzzy appearance of chromosomes at
early prophase (Figs. 104105) along withunivalent
frequencyranging from 0 to 12 (enhanced frequency
- Figs. 106112) per cell (control: 0.10, D3: 2.47,

separation of chromosomes wagudied in Al
(71.43%) and All (42.62%) from 82 and 122 cells
respectively. The male sterile plant produced tetrads
mostly with unequal sporyFig. 120) followed by
near complete degeneration of microspor@sig.
121) compared to normal oval shaped fertile pollen
grains in control plants (Fig. 122)

Datta and Satd’ categorized male sterile mutant
plants into five (I to V)types on the basis of sterility
and morphology The mutants were type I: mutant

DS-2: 3.50), reduced number of chiasma and bivalentdwarf, pollen grains 100.0% sterile and showed sign

per nuéeus (control: 5.95 Il/cellchiasma9.34 + 0.3;
DS-1: 4.77 ll/cell, chiasma 7.40 £ 0.3; B35S 4.25
[l/cell, chiasma 5.59 * 0.4), few meiocytes with
unequal separation (5/7,-156 and 4/8) at Al
(control: 0.5%, DSl: 15.6%, DS2: 22.5%),
cytologically balamced All cells and high pollen
fertility (control: 98.06%; DSL: 96.57%; D:
93.95%).

Male Serility : Male sterile mutantsvith distinctive
phenotypic marker traitsbgshy EMS treatment;
Datta and Biswag> chlorophyll deficiency 6 hours
0.25% EMS- Fig. 113 Rang and Dattd® dwarf
chlorophyll deficiency Fig. 116 crumpledpinnae-
Fig. 115 bushy- Fig. 114 and lax pinnag gamma
irradiation 5, 10 and 20 kR and EM®.25, 0.50 and
1.00%, 3 hours; Datta and SaHp were isolated
from M, mutagenied population. Concomitant
association of phenotypic marker trait(s) with male
sterility was unique as it not only givselective

of degeneration, pollen grains were round and small
sized 27.2 pm x 24.8 um(Figs. 128129) as
compared to oval shaped pollen graifsg. 130)
39.0 um x 38.08 um; typB: mutant yellowish green
color, 100.0% sterile pollen grains, small roundish
with thick wall; type Ill: mutant with crumpled and
deformed pinnae of leaves, anther small sized 3.74
mm x 0.05, brownish, shrunken amtiehiscentand
were completely pollents at maturity. Meiotic
analysis revealed no clear bivalent formation, rather
the chromatin agglutinated into unequal masses
(Figs. 123125). Agglutination of microspores was
also evident which consequently degenerdteds.
126:127), type IV: bushy normal cytological
behavior, 100.0% sterile pollen grains; type V: the
mutant plants were with long elongated and dissected
pinnae of leaves and the pinnae were lax in nature.
The mutant plants demonstrated normal meiotic
chromosomal behavior and formed telsabut the

advantage but will also be of immense value in the pollen grains were completely sterile. The male

breeding behavior of the crop.
Datta and Biswd$® isolated a male sterilenutant

sterile mutants showed monogenic recessive (IV to
V) as well as digenic recessive (lI) mode of

which was indistinguishable at earlier stages of inheritance patternType | and Il were both male
growth, but the mature plant could be recognized byand female sterile. The mutants arising out of gene
its characteristics dark green, thick and leather like mutation and the mutant genésve favared the

pinnae of the leaves and synchronous flowering.

Although the mutant demonstrated normal bétrav
of meiotic chromosome with 6 bivalents in Ml cells

continuation of meiosis and thereafter they have
acted on microspores and on pollen grains. The
mutants were nostructural nuclear type as per

and usual formation of tetrads, none of the pollen classification proposed by Gottschalk and KA&ul
grains could be scored in the mutant which is anand Johnetal.'”.

indication of complete inhibition of pollen grain
development leading to male stity. Post tetrad

Trisomic: Datta and Biswa&® isolated a trisomic
(detected after male meiotic studies) plant from the
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selfed progenies of Mlax branchingmutant at M.
Morphologically the trisomic plant was weak with
slender stem and drooping lamina at the degdl
stage. At maturity the plant attained adigiof 19.7
cm. Howering in the trisomic was delayed by-10
days as compared to normal plants. Only four flower
buds of the trisomic bloomed, while the rest dried up.
Flowers were smaller in size and at ody the
stamens turned brownish in contrast to yellowish
green color in the control and ultimately rudimentary
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2.6%, 5I1+11T 7.9%, 411+31T 7.9%, 6117 26.3%,
1IV+ 411+21 7 5.3%, 7IIT 5.3%, 12 Il 36.8%, 78
PMCs could only be analyzed) with remarkably
higher pollen sterility (78.5%). Both stained and
unstained pollen grains were considerably smaller
sized (10.05 pm % 0.2; norm&l39.8 um +0.6) than
control pollen grains (Figs. 14¥45). Moreover,
functional instability of the stained (fertile) pollen
has been evidenced by the formation of only
rudimentary seeds in the marker plant. The aberrant

capsules with abortive seeds were formed. Thehas been ascribed as the outcome of cytonmated

trisomic showed 611+1 (87.8%) and 511+ 1111 (12.2%)
chromosomal associations
respectively(Figs. 1331133). At Al, either the extra

chromosome appeared as laggard or has bee

incorporated in any of the two polésig. 134) The
aneuploidplant appeared to be a primary trisomic,
with 58.17% pollen sterilityand it was completely
seed terile.

Cytomixis: Datta and Biswdg® studied transfer of
nuclear materials from one PMC to another at
prophase | and MI while performing male meiotic
analysis in M mutants (observed ifax branching
mutant). Chromatin transfer between adjacent
meiocytesoccurred through cytoplasmic links and
the migration was at random within a group of PMCs
(Figs. 135137). The phenomenon of cytomixis was

restricted between/among few clusters of meiocytes

of a single microsporophyll squash preparation.
Cytomixis resultd in hype and hyperploid variation
in chromosome numbers (19.87%) in meiocytes,
thereby producinganeuploidand polyploid PMCs.
The nucleolus of the meiocytes, undergoing

chromatin transfer, in most cases remained in the

donor cell; rarely it passed toghcytoplasm of the
recipient cell along with the chromatin materials.
Clumping and sticky nature of the nuclear materials
were also noted in certain PMCs.

M eiotic Instability: Datta and Biswd§® identified a
phenotypically aberrant and sterile plant afiNlthe
selfed progeny of EM$duced M mutant (ax
branching, which showed aneuploid variatioim
chromosome numberdhenotypically, the aberrant
plant exhibited lax branching natur@ig. 138)
attaining a relatively shorter height (32.7 cm) at
maturty as compared to rather erect (43.65 cm %
1.72) and compact habit of the normal plants. During
the initial growth period of the plant the pinnae of

lamina were represented by linear, thicker appendagé® . .
P y PP g|value of induced autotetraploids. Howeveone

like structures and at the latter stages few normal
leaves degloped. Most of the flower buds
terminated in rudimentary flowers excepting a few
which bloomed after 121 137 days after sowing
instead of 70 98 days in controplants. The flowers
had only 12 normal lo&ing stamens, while rest of
the microspaophylls were represented as leafy
projections. These flowers produced only
rudimentary capsules with abortive seeds. Meiotic
analysis revealed distinct chromosomal instabiity
Figs. 139143 (2II+51 i 2.6%, 5117 5.3%, 11l

in 72 and 10 PMCs

in lax branchingM, mutant.
Induced polyploidy

Biswas and Chatterj€® induced tetraploid plants
following seed and seedling treatments with various
concentrations of colchicine and the plants were with
increased number of branches, enhanced aimd
frequency of stomata, increase in the number of
flowers, variation in pollen size, fruit setting and the
rate of germination of seeds, increase in the number
of septa per fruit and seeds per septum and delayed
flowering. Biswas and Datt¥ performed meiotic
analysis in colchicine induced (seedling treatments)
autotetraploid plants andfound prevalence of
chromosome irregularities producing varying number
of quadrivalents (@), trivalents (62) and univalent
(0-10). The tetraploids were seed sterile.

Saha and Datt¥ induced one autotetraploid {@; 5
hour treatment with 0.5% aqueous solution of
colchicine for 3 consecutive days) following
treatment with colchicine at the apical meristematic
tips of young seedlings bearing only two
cotyledonary leave The autotetraploid at maturity
yielded 37 healthy seeds, 30 seeds were sown in C
generation and 11 plants were obtained of which 4
were cytologically confirmed to be autotetraploids.
The seeds of Ctetraploids were bulked and 25
randomly selected hdhly seeds were sown in,C
generation from which 5 plants were obtained and all
were meiotically confirmed to be tetraploids. The
most prominent morphological changes of-1C
tetraploid and its progenies at; @nd G were
increase in flower and capsule dtgr and reduction

in seed number per capsule and seed fertility
(expressed as per cent of control). Seed set in the
tetraploid plants varied from 0.64 to 12.62% of
ontrol, thereby demonstrating negative selection

autotetraploid (€2) possessed some useful traits
compared to the diploid and other tetraplo{8&s.
146:147) The G-2 plant yielded 118 good seeds
(12.62% of control) and the flowers (significantly
larger than those of diploids) of the plant
(synchronous flowering) remained in blooming stage
for a considerably long period (25 to 32 days) than
the flowers of diploids (4 to 5 days) and the other
tetraploids (8 to 12 days) studied over two
generations. Compared to norngglg. 148)diploids
(2n=12) the induced tetraploids 1(24x=24) formed
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quadrivalents (&), bivalents (112) and univalent
(0-14) in varying proportion at M{Figs. 149151).
Trivalents (B2) were only observeih Cy-1 plant.
The induced tetraploids formed 0.80 to 2.08
guadrivalents per cell and the coefficient of
guadrivalent realization was low. Géguare test of
heterogeneity revealed that

were observed and

for genetic improvement of the species. Igbtah

and between Mg and Ca and Mg and Cu. Based on
principle component analysi$PCA) six clusters

it was suggested that the
genotypes may be utilized ivarious combinatilcégs

L

recorded genetic variation for plant height, days to

the frequency of first flower, days to 50% flowers, days to maturity,

bivalents and quadrivalents per cell among thebiomass, capsule weight, yield, seed weight and
tetraploids was random (p>0.05) but number of harvest index while stildg 31 genotypes under field

univalent per cell was nerandom (p<0.001). The
mean chromosomal association in,-Z was
1.371V+9.0011+0.501 (32 PMCs scored). The

conditions with 3 replications. Three accession
(MP00023, MP00111 and MP00120) were found
better for more than one character and are expected

univalent frequency among tetraploids demonstratedto be a potential for improvement Wf sativa

significant positive correlation with abnormal Al

(laggards, bridges, groupings and unequal separatior] ISSue culture

- Figs. 152158 cells (r=0.81; p<0.05)Anaphase I

Callus Induction: Banerjee and Guptd raised

cells showed unequal and multisporic conditions ¢4jjyses from leaf tissues and were of opinion that

(Figs. 159160).

induction of calluses depended on the balance

The abnormal Al cells showed significant negative petween auxin and kinetin in the medium and

correltion with pollen fertility (r=0.99, p<0.001).
However, the correlation between dreency of

coconut milk factor as a source of kinetin. Chand and
Roy*®® used different concentratis of 2,4D, NAA

abnormal Al cells and seed set and between polleny,g |aA to explore maximum callusing in the
fertility and seed yield and between pollen fertility ghecies. The concentration of kinetin has been kept

and seed fertility were nesignificant. Cytological

constant throughout the experiments. The calluses

examination of induced autotetraploids leads to thegrown in medium containing NAA, have been found

conclusion that reduction in polleerfility was the

to be friable, soft and green in color themmedia

result of chromosomal disturbances arising from containing IAA and 2.4. It was suggested that
pairing irregularities. Seed sterility seems to have anaa was most favorable for producing callus tissue.

genetical rather than cytological basis.

Genetic variability

Dattd*’ studied relationship between vyield and its

attributes  (plant heght, number of primary
branches/plant, total capsules/plant
seeds/capsules) and found significant

Ghosh and Gaddff® initiated callus culture from
excised hypocotyl segment when cultured in MS agar
medium supplemented with IAA, NAA, IBA and
2,4D. Chand and Rdy° observed that in presence of
GA in the media the seeds as explant grew into

and plantlet an there was no callus formation; while in
positivethe presence of NAA in the media seeds first

correlation in all cases excepting for seed/capsule.produced calli from which plantlet developed. In the
Plant height was positively associated with primary presenceof IAA seeds grew into plants but at the

branches/plant  (r=0.71, p<0.01) and tlota

base callus formation took place. In all cases amount

capsules/plant (r=0.69, p<0.01); while, number of of kinetin and coconut milk were kept constant. It
primary branches/plant was significantly associatedwas also pointed out that in presence of-12,4

with capsules/plant (r=0.80, p<0.01). However,

kinetin and coconut milk seed proliferated into callus

capsules/plant showed insignificant relationship with tissuewithout formation of plantlets. Dt et al**

seeds/capsule (r=0.04, p>0.05).
aralysis revealed that the direct contribution of total
number of capsules/plant#R0.7460) was very high
and the trait indirectly contributed in high amount
through plant height and number of primary
branches. Direct contribution of plant height
(P15=0.2836) and seeds/capsule,££0.1296) to yield
was relatively low. Primary branches/plar®,-
0.3374 showed negative contribution to vyield.

Path coefficientreported calli formation from hypocotyl segment in

MS medium supplemented with 2[4 (2 mg/l) and
kinetin (1 mg/l), and they were creamy white
compact ones. Youssef al***reported that 0.05 per
cent casin hydrolysate promotes callus growth;
however, growth was reduced by increasing salinity.
On the contrary, it was also suggested that
accumulation of primary products in callus cultures

is enhanced by salt stregsl-Ani'®® cultured roots,

Results indicated that capsules/plant is the mosthypocotyls andeaves in MS medium supplemented

important trait for selection and crop improvement.
Igbal et al'® studied 34 accessionsith 2 check

with 2,4D (0.0, 1.0, 2.0, 3.0, 4.0 mg/l) and kinetin

(0.0, 1.0, 1.5, 2.0, 2.5, 3.0, 5.0 mg/l) and best

genotypes of black cumin for assessment of mineralcallusing was obtained from leaf explants with 1

nutrients. High variation was recorded for Fe, Ca,

mg/l 2,4D and 1.5 mg/l Kin. Such callus yielded

Cu, Mg, Pb, Zn, Co, Mn, Na, P, B, K and N amongst higher thymol concenations after 75 days by HPLC.
genotypes suggesting sample selection based on th8uspension Culture:Banerjee and Guptd reported

composition of rmeral nutrients. Correlation studies

revealed significant association between Cu and Caw a s

that in suspension culture 91% free cellsNofsativa
obtained i n WHI TEOG6s

me d i
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with casein hydrolysate, inositol and adenine. Ploidy anomalies like binucleate cell, micronuclei,
distribution patternwas similar in cell clumps of diplochromosomes, multipolarity, sticky bridges and
different sizes and free cells. Chromosomal ring chromosomes formation was also observed.
irregularities were more in free cells. A number of Anomalies might be due to endoduplication and
globular embryoid were formed when casein various mitotic disturbances.

hydrolysate, inositol and adenine were added in the .

medium after subsequent omission afixin and  Molecular genetics

coconut milk. _ Al-Hugail and AlSaad®® performed DNA
Embryogenesis: Banerjee and Guptd noted fingerprinting in 4 accessions from Saudi Arabia,
embryogenesis in leaf callus (MS media gihiopia, Egypt and Syria with an objective of
supplemented W|th casein hydrolysate; coconut m'lkgenotypic characterization between/among black
replaced). ~ Casein hydrolysate suppressed the;ymin taxa. Inter Simple Sequence Repeat (ISSR)
differentiating capacity at a concentration of 100mg/ method was employed in the PCR technique to detect
after fifth subculture. It was reported that-B4and  genetic polymorphisniThe scored bands of the DNA
kinetin have inhibiting effect on morphogenesis. On fingerprints (17 primers representing 3 types of
the histological examination of differentiated tissue, jhtermicrosatelites di, tri and tetra of short tandem

it was observed that roots, shoots, buds and 'eave?*epeats) were 108 in Saudi Arabia, 106 in Ethiopia,
have originated from group pf meristemoatells 100 in Egypt and 81 in Syria and the percentage of
whereas embryoids have initiated by the repeateddissimilarity was computed to be 21:36.3%.
division of 51269'9.03”- o _ , Twenty four genes representing 24 different enzymes
Elhag et al.™ with an objective of inducing and  anq jsozymes were selected and scanned via PCR
isolating somatic embryos for biosynthetic studies technique using suitable SSR primers and the

callus cultures were initiated from leaf, stem and root ypiained results showed some changes in the genetic
explants of axein seedlings on MSBS basal medium  girycture of some of these genegbdl et al?®

supplemented with kinetin (0.46 uM) and :DA(4.5  carried out investigation to explore genotype specific
or 13.5 uM) or NAA (5.4 or 16.2 pM) in the dark. fingerprinting of 32 germplasms based on randomly
Cultures initiated and subcultured on medium amplified polymorphic DNA markers. From 58
containing NAA produced friable callus with 5nq0m primers used, 15 primers generated 249
numerous roots regardless of el type. These ygproducible and scorable amplification product
cultures  differentiated into somatic embryos on 4cross all the genotypes, out of which 164 (66.0%)
medium containing NAA. The embryos developed fragments were polymorphic revealing a high level
into leafy structures on basal medium devoid of ¢ polymorphism among the genotypes. The
growth regulators. When the embryogenic callus wasyoportion of common bands was low (34.0%). In 13
transferred to liquid medium containing NAA, genotypes, 27 bands of different masses (kilobases)
numerous embryos and clusters of embryos wereyere recoded and were considered specific. The
released into the liquid medium but, in contrast t0 gyacific/amplified PCR products were reported to be
solid medium, development remained arrested at the;seq as molecular markers for identification of
early embryonic stages. germplasms and resource protection. The result of

> 8
Chromosomal Instability: Chand and R0 genetic polymorphism was validated from UPGMA
reported very high number of chromosomesiedia 5 qpCA

containing 2,4D and kinein; while NAA resulted

very minor chromosomal variations. Ghosh and Genes

Gadgif®® found shift in ploidy level from diploid to o _

higher polyploids in presence of 2t and when 1. APETALA 3 i like protein (AP33) mRNA,
kinetin was mixed with 24D or 2,4D mixed with 746bp, linear, partial cds, accessioi
cocaut milk factor. Bansal and SEAreported that HQB94794”. o ,

polyploidy has been a common feature of occurrence?: APETALA 3 i like protein (AP32) mRNA,
in calluses induced from root, shoot and leaf tissues ~ 865Pp, Ilglear, partial cds, accessioi
and their appearance did not show marked difference HQ694795". o .

in the tissues. Ot et al’® studied numerical 3- PISTILLATA i like protein (Pi2) mRNA,
variations in chromosome number including 809bp, Ilglear, partial ~cds, accessioi
polyploidy, aneuploidy and haploidy as well as HQB94796" o _

structural anomalie(Figs. 161166) from callus 4. PISTILLATA i like protein (Pil) mRNA,
tissues raised from hypocotyl segment. Frequent 840bp, linear, partial cds, accessioi

01
chromosome elimination in different cell lines was HQ69479?_ :
noted; however, the marker chromosomes ©- Microsatellite NIG_HSP 70 SEquence, DNA,
(telocentric) were found constantly at different 345bp, linear, accessiérHM803244.1>.
ploidy level. Kumar and Ro¥?® were of opinion that 6. Nigella satlvavoucher A. Guener, M. Vural and
apart from occurrencef high frequency of aneuploid H. Sagban 9189 inteal transcribed spacer 1,

and polyploid cells in callus tissues, structural 5.85 ribosomal RNA gene, and internal
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transcribed spacer 2, complete sequence, DNA,Patents
621 bp, linear, EU69946%. _ _ _

7. Nigella sativainternal transcribed spacer 1, 5.85 Nigella sativacurrently has five FDA (Food and
ribosomal RNA gene, and internal transcribed Prug Administration) separate patents in the U.S.A.
spacer 2, completsequence, DNA, 621 bp, for the treatment of:
linear, EU69946%° 1. Inhibition of cancer cell growth, Patent.n@JS

8. Nigella sativa betaamyrin synthase (basl) 9653981, InventorR.D. Medenica. ) _
mRNA, complete cds, mRNA, 2430 bp, linear, 2- Diabetes, NeUS 6,042,834, Inventori Wasif

FJ013228" Baraka.
9. Nigella sativabetaamyrin synthase (basl) gene, 3 Improvement of the Immune System, N&IS
complete cds, DNA, 4444 bp, FJ0133%9 5,482711, Inventoii R. D. Medenica.

10. Nigella sativa squaleneepoxidase 1 (seq 1) 4. Viral Infections, No. US 6,841,174, Inventdr S.

mRNA, complete cds, mMRNA, 1566 bp, linear, - A- Shalaby and BM. A. H. Allah. )
FJ23294%°5 5. Psoriasis, Ne.US 6,531,164, Inventdr H. H. R.

Credé

Figs. 4. 1) NormalN. sativaplant. 2) Flower before pollination. 3) Flower after pollination. 4) Seeds of black
cumin.
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Figs. 510. Scanning Electron Microscopy of sksurfaces of black cumin. [Source: Cytologia 68, 2003]
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Figs. 1114. Chromosomes (&12) inNigellasativa 11) Mitotic chromosome. 12) Photoplate ideogram
showing 4 (AA, BB, CC, DD) chromosome types-148) Diplotene plates where the bivalents arekedr
Bar=15 pm. [Source: Cytologia 67(4), 2002]
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Figs. 1518. Meiotic configurations (2=12). 1516) 61l at diplotene. 17) Ml showing 6ll. 188 separation of
chromosomes at Al. Bar=15 um.
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Fig. 19.Pachytene chromosome configurations.
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Figs. 20625.PMCs at prophase | showing variation in number and size of nucleoli in control and in mutant lines
of N. sativa 20) One nucleolus. 222) Two unequal sized nucleoli, unattached to bivalents. 23) Three nucleoli.
24) Four nucleoli of which two are attaed to a bivalent (a) and three unequal sized nucleoli (b). 25) Five
nucleoli. Bar=15 pm. [Source: J. Phytol. Res. 12],11999]

Figs. 2631. Mitotic consequences following irradiations at metaphase. 26) ZhadPmal configuration. 27)
Pseudochiasalike configuration. 28) Ring chromosome. 29) Diplochromatic nature of chromosomes in a
polyploid cell. 30) Abnormal shaped cell with chromosome bending. 31) Aneuploid cell with fragments and
unequal chromosome length. Bar=15 pum. [Source: Cytologia 88; Lytologia 51, 1986; J. Plant Dev. Sci.
3(1), 2011]
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Figs. 3237. Anaphase bridge formation in irradiated samples. 32) Single bridge with a round globular fragment.
33) Double bridge. 34) Double bridge with equal sized round and rod fragmet®8) G&isscross bridge. 37)
Interlocked bridge. Bar=15 pm. [Source: Cytologia 48, 1983; Cytologia 51, 1986; J. Plant Dev. Sci. 3(1), 2011]
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Figs. 3841. Anaphasic events following irradiations.-38) Incomplete bridge with two identical sized

fragmens. 40) Paired fragments. 41) Four fragments. Bar=15 um. [Source: Cytologia 48, 1983; Cytologia 51,
1986; J. Plant Dev. Sci. 3(1), 2011]

40 41
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Figs. 4247. Mitotic events following irradiations. 42) Polyploid cell at anaphase showing multipolar
organization43) Multipolarity at anaphase. 44) Two condensed nearly identical sized micronuclei in resting
cell. 45) Condensed and uncondensed micronuclei. 46) Four unequal sized micronuclei. 47) Giant cell. Bar=15
pm. [Source: Cytologia 48, 1983; Cytologia 51, 198&Plant Dev. Sci. 3(1), 2011]
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Figs. 4853. Meiotic consequences of irradiations at metaphase4948ll. 5051) 311+61. 52) 211+8l. 53)
611+2 identical sized fragments. Bar=15 pm. [Source: J. Plant Dev. Sci. 3(1), 2011]
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Figs. 5459. Meiotic events at MI. 54)11V (adjacent orientation) + 4ll. 55) 11V (alternate) + 3l1+2I. 56) 11V
(adjacent) + 4l1. 57) 11V (nowo oriented) + 4ll. 58) Sticky configuration of chromosomes. 59) Fusion of two
PMCs. Bar=15 pm. [Source: Cytologia 48, 1983; Cytologial®B6]
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Figs. 6065. Meiotic configurations in irradiated samples at Al and All. 6®) €eparation at Al. 61) Two
fragments at Al. 62) Dicentric chromatid bridge with an acentric fragment. 63) Double bridge formation at Al.
64)Two lagging chromosomesAll. 65) A bridge with a fragment at All. Bar=15 um. [Figs.-86. Ref.:

Cytologia 48, 1983; Cytologia 51, 1986; J. Plant Developmet Sc3(@A011]

—
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Figs. 6667. Stem anomalies. 66) Bifurcation. 67) Twining nature. [Source: Cytologia 50, 1985]

Figs. 6870. Stem abnormalities. 68) Trifurcation. 69) Twining. 70) Unbranched. [Source: Cytologia 50, 1985]
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Figs. 7£78. 71) A normal flower. 7278) Floral abnormalities. 72) Unequally dissected petaloid sepal. 73)
Shield shaped sepal. 74) Triked sepal. 75) Elongated and strap shaped petal. 76) Presence of two gynoecium
in a same flower. 77) Small sized sepal in addition to the normal complement. 78) Incompletely forked bract
like structure. [Source: Cytologia 50, 1985]
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Figs. 7984. Contrd and mutants of N. sativa. 79) Normal plant. B&x branching 81) Prostrate 82) Bushyl.
83) Bushyll. 84) Lax pinnae [Source: Cytologia 50, 1985]

Fig. 85Cupleaf mutant.
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Figs. 8790. Seedcoat color inN. sativa 87) Black in normal. 88Yellowishbrown 89)Dark reddishbrown
90) Bicolor.
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Figs. 9297. Meiotic configurations at Ml (92, 987) and diplotene (93) in translocation heterozyg®@es6llI.
93)11V+4lIl. 94) 11V (chain, alternate) + 4ll. 95) 1IV (chain, adjacent) +96). 11V (chain, alternate) + 4l1. 97)
11V (ring, alternate) + 411. Bar=15m. [Source: Cytologia 67, 2002]
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Figs. 98103 Meiosis in translocate heterozygotes. 98 and 101) 11V(ring, alternate) + 411 at{¥0099.1V
(ring, adjacent) + 411 at MI. 102)-3B separation of chromosomes at Al. 103) Dicentric chromatid bridgeawith
acentric fragment at Al. Bar=15 um. [Source: Cytologia 51, 1986]

Figs. 104112 Meiosis in synaptic mutants. 10405) Early prophase | cells showing fuzzy chromosomes and
lack of pairing. 106112) MI chromosome associations. 106) 6l1. 107) 511428109) 4l1+41. 110) 211+8I.
111) 111+101. 112) 12I. Bar=15 um. [Source: Plant Archives 2, 2002]
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Figs. 113116 Phenotype of male sterile mutants. 113) Mutants showing chlorophyll deficiency in pinnae of the
apical part. 114) Bushy. 115) Crumpled @en116) Chlorophyll deficiency. [Source: Plant Archives 1, 2001]
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Figs. 117122 Meiosis in a male sterile mutant (£121). 117) 61l at MI. 11819) 12| at MI. 120) All with
unequal spory (near complete degeneration of one pole). 121) Degenaraticnospores. 122) Fully stained
round to oval shaped pollen grains in normal plants. Bar=15 um. [Source: Plant Archives 2, 2002]
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Figs. 123130 Meiosis in male sterile mutants. 2235) Agglutination of chromatin into unequal masses. 126
and 128) degemrative pollen grains. 127) Agglutinated pollen grains. 129) Small sized round unstained pollen
grains. 130) Fertile pollen grains in normal plants. Bar=15 pm. [Source: Plant Archives 2, 2002]

Figs. 131134 Meiosis in a trisomic plant (& 13). 131132) 611+11 at MI. 133) 511+ 1lll at MI. 134) 97
separation of chromosomes at Al. Bar=15 pm. [Source: Cytologia 49, 1984]
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Figs. 135137 Chromatin bridge (Fig. 136) and fusion of meiocytes (Figs. 135 and 137) in chromosome/

chromatin transfer. Bar=15 prfSource: Cytologia 49, 1984]

142

Figs. 138145 138) Aberrant plant showing lax branching nature and leaf deformityl439Meiosis in the

aberrant plant. 139) 211+51 (29) at MI. 140) 611 (&=12) at MI. 141) 411+31 (B=11) at MI. 142) 1IV+4l1+1

(2n=13) at MI. 143) MI showing 12Il {2=24). 144145. Pollen grains. 144) Stained and unstained small sized
pollen grains in the aberrant plant. 145) Normal stained pollen grains in control. Bar=15 um. [Source: Cytologia

50, 1985]

Figs. 146147. 146) Normé&diploid. 147) Autotetraploid showing synchronous flowering. [Source: Indian J.
Genet. Plant Breed. 62, 2002]
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Figs. 148151 Meiotic configuration at Ml and Al (151). 148) 61l in diploid. 2491. Meiosis in
autotetraploid. 149) 11V+9II+2l. 150) 2IV+4-8I. 151) 816 separation of chromosomes. Bar=15 um. [Source:
Indian J. Genet. Plant Breed. 62, 2002]

Figs.152155. Al configurations in the autotetraploid. 152)-13 separation. 153) 113 separation associated
with a fragment. 154) Tripolarity atgy with a lagging chromosomes. 155) Multiple bridges with fragments.
Bar=15 pm.



