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o experiment: To study plant coll and
¢h the help of electron micrographs or
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W An electron microscope iy a

) Th“‘“;}ﬂ ¢ uses a beam of accelerated electrong
Lk

}"‘-»\.ﬂa_s“?“ 0ﬁilumiuatim‘l. As. the wavelength of an
58 ‘\P-:m be up to 100,000 times shorter than that
5.:\.‘;;:\‘.’3@“; photons, elec@ron microscopes have a
m_:ﬁ lving power than light microscopes and can
L, structure of smaller objects. A transmission
¥ microscope can achieve better than 50 pm
= er) resolution and magnifications of up to
* 0,000,000 x whereas most light microscopes
f;;;téd by diffraction to about 200 nm resolution
¥ <<l magnifications below 2000x. Fig. 1.1. A Modern Transmission

fransmission electron microscopes use Electron Microscope l

seostatic and electromagnetic lenses to control the
~oun beam and focus it to form an image. These electron optical lenses are analogous to

% fass lenses of an optical light microscope.
 Electron microscopes are used to investigate th

2 norganic specimens including microorganisms, cells,

¥ and erystals. Industrially, electron microscopes are often used for quality control and

i‘e analysis. Modern electron microscopes produce electron micrographs using specialized

¥4 cameras and frame grabbers to capture the image.

L;{-:&mt Ruska and Max Knoll invented the first pro
+ fuska built an electron microscope in 1933 that exceed

————

e ultrastructure of a wide range of biological
large molecules, biopsy samples,

totype of electron microscope in
ed the resolution attainable
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with an optical (light) microscope. The first ' \

commercial electron microscope was Sdurce
produced by the company, Siemens in
1938. Now there are different types of

electron microscopes like Transmission 53
Electron Microscope (TEM ), Scanning SCosr:g;nser
Electron Microscope (SEM), Reflection c2 y
Electron Microscope (REM), Scanning Condenser

Transmission Electron Microscope aperture Sample

(STEM). With the modern high resolution Sample
TEM, an object is magnified above 50 holder

million times. Biological bulk samples
Upto some centimeters in size can be well
Imaged through SEM which gives three-
dimensional shape of the sample. A variety
of SEM called environmental scanning
electron microscope (ESEM), can produce
Images of sufficient good quality and
resolution with the samples being wet or f| : : S—
contained in low vacuum oy gas. Fig. 1.2. Diagram of a Transmission Electron

Microscope (VS, vertical section)

Procedure; The electron d

micrograph of an object is prepared by

using an electron microscope. Materials to be viewed under an electron microscope requires
processing to produce a suitable sample. The technique required varies depending on the
specimen and the analysis required.

Observation: The electron micrographs of plant cell and its cell organelles are presented
below (Fig. 1.3 to Fig. 1.12) and important points in each case are to be written.

S

Objective leng
Objective aperture

Projector System

Imaging

Mitochondrion

cytoplasm

nucleus

cell wall

large vacuole: Chloroplast
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of Cell Organelles through photomicrographg

gy =— S
/ —
/ Cellmembrane b

of upper cell

- plant cells ) Cell Wall Cell Wall
(in p'a of lower cell of uppercell Cytoplasm Plasmodesma
(25 nm wide)

Fig. 1.4. Electron micrograph of cell wall : A : Texture of plant cell wall,
, ‘B : Details of cell wall

Granum Lipid (fat) Membrane
(with chlorophyil) ] (lam/ella)

v

stroma
Inner membrane of

ane of
Perment hloroplast envelope

Starch
) st envelope C
grain chloropla

Fig. 1.5. Electron micrograph of a chloroplast (X 8000)
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F///C‘“’“;‘watin (:disorgnnized genetic
material) _

Nucleaplam

Membrane of cell surface
(x 100000). At this
magnification it appears

t as two (!) dark lines at the

Nuclear Outer  Inner edge of the cell.
pore membrane

Fig. 1.6. Electron micrograph Fig. 1.7. Electron micrograph
of a nucleus of cell membrane

—J
B

Inner membrane Lipid

Outer membrane

M atrix Cristae (Sing. crista)

Fig. 1. i
9-1.8. Electron micrograph of 5 mitochondrion (X 40000)
\
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fig. 1,40,
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plant cell was first disco
U | . ed by him. Cell theory w4
9 structural and function
b eical activity delimited by
.b“;(f:edium free of other livip

-1m

vered 1

ob
S put forth by eSr:hIiIgi(:lke (1665)
al unit of all livi

: Chiwann (185
2 Semipermeqy; o o OrBaNism, Ty 5 9. A

e eable 1, € and bl s
ste ca

! ystems, A plant cell, unlike the o :ltf flellir
General structure of a plap cell (Fig. 94, e

A plant cell has the following structureg,
1. Outer cell wall which may be round,
2. Below the cell wall, plagmg membr

ane is present which is Semi-permeable.
3. Generally each cell has 5 centrall

: rally placed nucleus, Byt
vacuole is large, the nucleys 18 present towards gne

4. Inside the cell, cytoplasm is present which cont

ains organelles like plastids,
mitochondria, endoplasmic reticulum, Golgi bodies, ribosomes etc.

5. The characteristic green colour of plant cell is due
choroplasts, containing chlorophyll pigments.

EXPERIMENT NO. 2

Aim of the experiment : To study the plant cell of outer epidermal peel of Rhoeo
' ° . ts.
bwolor or Tradescantia/Onion through temporary moun

icrosli -slip, n
 Requirements : Compound microscope, mclr()tsilggeészver slip
lh glass, glycenine, ethyl alcohol, safranin solu

1s a mature cell where the
side.

to the presence of many

eedle, distilled water,

,_4_—4
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. PLASMODESMA
——-MIDDLE LAMELLA

FREE RIBOSOME
——MITOCHONDRION

. __—pLASMA MEMBRANE
w1l ROUGH ENDOPLASMIC RETICULUM

NUCLEAR MEMBRANE
_H—— NUCLEAR PORE
CHROMATIN NETWORK

NUCLEOLUS
VACUOLE

. >4 SMOOTH ENDOPLASMI
- C RETICULUM

gt 4
PR R A R,
« .

-’. o g':"l-'.'y";
S e pplt ] GOLGIBODIES
&= 2 E]

NS — CHLOROPLAST
MICROFILAMENTS

su

NS “ ',r~ ‘
R ” " CELL WALLS OF ADJACENT CELLS

TONOPLAST
CYTOSOL

Fig. 2.1 Ultrastructure of a typical Plant Cell

PROCEDURE
A. For Rhoeol/Tradescantia Leaf

Fresh leaves of Rhoeo discolor or Tradescantia are taken and broken at the middle
80 as to obtain the violet peels of the lower epidermis. These peels are kept in watch
glasses. Then a peel of the leaf is kept on microslide at the centre with 2-3 drops of
distilled water. A clean cover-slip is put carefully and then examined under 2 compound
microscope first with low power and then with high power objective (Fig. 2.3).
B. For Onion Leaf

A pi .
- thinpvlvifiieoz ﬂ(:Shy scale leaf of onion (Allium cepa) from the onion bulb is taken and
Pidermal peel is removed carefully. A piece of the peel is spread over a clean
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. cgructure of plant cell through temporary m
L —— bt ounts

o 2.2. Rhoeo discorplant Fig. 2.3. Cells of epiderma| pee| of Rhoeo
discolor (Stomata are seen)

e Ccelntlz(e;xfnvgazhi?p (?fhdilute safranin solution is added. It is kept for one
with 50% ethanol carefully. Then 1-2 drops of dilute

wo I : i
¢ (30%) is pou?ed over it and a clean coverslip is put with the help of a needle
e is present outside the coverslip, then it is soaked by a blotting paper

gbrCerl eSS glycerin
a compound microscope (Fig. 2.4).

Fi

\

. th
. oro-S1 e at
m! jinutes am

If ZHZX mined under
an
Cell Wall
Onion cells
Cell Wall Cell membrane
Nucleus Cytoplasm
Cytoplasm
Vacuole Nucleus
Cells of onion peel Epidermal cells of onion peel
& (8)
Fig. 2.4. Cell of Onion Peel (A and B) l
gular cells of comparatively

Observation : Under low power magnification, many rectan
smaller size are visualized. But under high power magnification
wen. The cell walls are thick and clearly seen and rectangular

ore or less at th

is violet in colour. A round nucleus in seen m
stained red due to safranin is case of onion leaf and crinum leaf peels. Stom

n Rhoeo/leaf.

) Conclusion : Each pl
Nucture is clearly seen in case of epiderm

few cells of larger size are
is shape. The protoplasm

e centre. The nucleus 1s
ata are seen

lasm and nucleus. The plant cell

ant cell has cell wall, ctyop .
Tradescantia and onion. In

al peel of Rhoeo/

L ——S
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case of Rhoeo stomata are also seen in the leal peels. Each stoma is guarded by a pai
kidney-shaped guard cells. pair of

Precautions:
The peels should be taken carefully from the lower side of the leaf of Rhoeo/

1.
Tradescantia.
9 The leaves should be freshly plucked.
3. Stomata should be carefully studied in the peels of Rhoeo taken from the lower

surface of the leaf which contains more stomata.
4. Glasswares like slide, watch glass should be cleaned and dried before use.

00000
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Aim of the cxn.crimcnt': To study the different stages of mitosis of onion root tip
by gquaﬂhi"g technique, using aceto-carmine or aceto-orcein solution.

Requirements : ]’_’/n Acetocarmine or acetooreein solution, HCI, watch glass, measuring
cylinder, Petri dishes, slide, coverslip, spirit lamp, squashing needle, compound microscope.
plant material : Onion (Allium cepa) root tip

Theory : Mitosis is a process of cell division which occurs in the somatic or vegetative
colls of the plant body and also in the animals. In this type of cell division, each cell divides
equally into two in(lun.t.icnl cells, hence it is also known as equational cell division. The
quality and quantity of chromosomes remain the same in the daughter cells in comparison
to the mother cell. Mitosis has two phases-(a) Karyokinesis, where the nucleus is divided

into two, (b) Cytokinesis, where the cytoplasm is divided by the formation of cell plate
to form two cells.

Karyokinesis is divided into four phases i.e. (1) Prophase, (2) Metaphase,
3) Anaphase and (4) Telophase. In onion root tip the duration of mitosis is about
L5 hours and in each cell 2n = 16, i.e. in each diploid cell 16 chromosomes are present.

Procedure : A previously fixed onion root tip (approximately 1 em in length) is taken
and is kept in 1 N HCI (1 ml. conc. HCI + 11 ml. distilled water) in a watch glass for
5 minutes and then gently heated with the help of a spirit lamp for some time
145 minutes) so that the middle lamella of the cells are dissolved due to acid hydrolysis.
This facilitates the cells of the root tip to be smooth and to spread easily. Now the root tip
% taken and kept at the centre of a microslide and a drop of acetocarmine or aceto-orcein
whition (1%) is added. Then it is gently pressed with the help of a squashing needle
Musting of this needle helps staining the chromosome more deep) once or twice. Then a

| .
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. 5 irit lamp. Then it ig
coverslip is placed over it carefully and warmed a little over a spirit lamp. Then it ig

vertically pressed gently by thumb by keeping a piece of blotting paper overoti:‘ic?i)::li:\ls
So that the cells are spread out., Now it is observed through the low power objective ¢

then high power objective of a compound microscope to see the different stages of mitosis,
Observation :
Prophase : (Fig. 3.1 A & B)
(@) The chromatin reticulum, is organized into distinct thread-like chromosomes
which are coiled,

(6) Each chromosome has two chromatids, present closely together longitudinally
and are attached together at a point known as centromere.

(¢) Presence of cell wall, nuclear membrane and nucleolus in the early stage of prophase,

(d) In the late stage of prophase, the nuclear membrane and nucleolus gradually
dissappear.

Metaphase (Fig. 3.1C)

(@) Absence of nuclear membrane and nucleolus. L

(6) The chromosomes become more clear and more condensed.

(¢) The chromosomes are arranged along the middle line of the cell known as
equatorial plate.

(d) The arms of the chromosome face towards opposite poles or to one pole and their
centromeres lie on the equatorial plate.

(e) Spindle fibres or tractile fibres have developed from opposite poles and are
attached at the point of centromere of each chromosome.

Anaphase (Fig. 3.1D)

(@) Absence of nuclear membrane and nucleolus. |

(b) Each chromosome splits at the point of centromere so that each chromatid is ‘
covereted into a new chromosome.

(¢) The spindle fibres (made up of tubulin protein) are contracted towards the
poles so that the two chromatids move to opposite poles.

(d) The new moving chromosome, look like ‘V’ or ‘L’ or J or I-shaped depending
upon the presence of centromere in metacentric, submetacentric, acro-centrie or

telo-centric chromosomes respectively. But in onion only ‘V’ and ‘L’-shaped
chromosomes are found as it contains only metacentric and submetacentric

chromosomes,
() Thle arms face towards the equatorial plate and the centromeres face towards the
poles,

W ?hr; cg{eful observation, 16 chromosomes are seen in each set separating towards
e.

Telophase (Fig. 3.1R)

(@ Two sets of chrg .
of the mother ce];]m:?aﬁ ®S one in each pole, are present within the compartment

o

i

h__g
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,fv‘f"’"" stages of mitogjg usin

9 Cytolg i
Qica| preparatlon of Onion root tips

CHROMOSOME

EQUATORIAL REGION

CELL WALL
POLAR REGION

—— CELL WALL

NUCLEOULUS
NEW CELL WALL

CYTOPLASM

NUCLEAR
MEMBRANE

Fig. 3.1. Different Stages of mitosis
(A)EARLY PROPHASE, (8) LATE PROPHASE, (C) METAPHASE, (D) ANAPHASE,
(E) TELOPHASE, (F) CYTOKINESIS

(® The chromosome in each pole are gradually become thinner, less distinct and
Appealm\t’em - solus i lar region.

¥ ﬁh:m ;:::l\dni: L:: tzll:: 3irllnc:l{:c:lzioe formation.

@) Spindle Y,

Cytokinesis : (Fig. 3.1F) et e |

::: Cell | : r:i:tf;z tphr::mopiast which in turn

produced from Golgi

3
plate is solidified

. <0 that the cell
. cates are deposited 50 ¢
) Calium and magnesium pectates arc
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< stages of mitosis using Cytological preparation of Gnion room figs m

ouches the water. After 2-3 days, new roos Wl ,}“:r wur ,), the A
poxtionrl roots are cut (approx L em. Jong from the tip) at 5.00 4.m ’/,,'f,,;.:“,ifgr ,/G
fr‘rlg healt ?'ymum), and then are kcpt i aceto aleshe) (aextic acid ;’{’[Ij ',A", 71 .,, 1: . 1;3,1,
o max! . Then these are transferred to 70% ethy) sleohol for oress r;/f:,/" -y
- are used for squashing technique, EHPRCEYRION. S

'uSt t

cetocarmine stain : Carmine is 4 hos >
| 1% a ke fomal "]ta'm (/a{'mml, 18 4 hasic dye, reddish purple
preP is obtained from the lema’e scale ingect Covcus conti which Yives on the cactus
gl cine clifera. From the dried bodies of these females carminic acid is obtained.
2 iarmm o is formed by mixing an alum with the carminic acid.
t' e . 1 1 v allsr 3 > g0 o) . >
e dy e powder 1s fhssolved gI"dJ'JUd.]] y in 100 ml of boiling 45% acetic zcid.

08 °. |eated for 15-20 minutes carefully keeping it a5 simmering point. Then the
- down to room temperature and then filtered. Now 1% acetocarmine
? ution i ared. Staining can be intensified by adding 5 ml ferric chloride (FeCly,
* jtio” o tion. But the total volume should be 100 ml.
N, so 3 * Pl od » g0 - 4 = st
682 aration of 1% aceto-orcein solution : 55 ml of boiling glacial acetic acid is

prep orcein powder. Cool the solution and add 45 ml of distilled water and

1.08
Pou;edp‘;‘e'g;re fresh before use.
fiter-

el ation of
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Aim of the experiment : To study DNA packaging through photomicrographs.

Requirements : Photomicrograph of DNA packaging.

Theory : DNA (deoxyribose nucleic acid) is a double helical structure and is the
bearer of hereditary characters. It is the genetic material of all higher plants and animals,
The thread like structures of DNA are ultimately packaged in he chromosomes in the
nucleus of eukaryotes. During interphase chromosomes are present as long fine thread-like

—

DNA double helix

RV A

. P ~—~] Histone
Ty T
Nucleosome core of ~f6\‘fo'7 SN=—= o477
eight histone molecules , " 10nm / f
300 nm Cnr-‘:mato%comes A O :
\ 000 \ W U nm é 74)

250 nm wi
k- ':lde fiber
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NA packagmg through Photomicrographg
D

f .
oy ° tures known as chromatids whog ——————
gtv struc " 8 which contat ) . i
meuchromatm). Nucleo ntain DNA-higgyyq, PrOsAn compheres

e 1 SOmeg are hor |

(ﬂﬂ(f:d pu© oter of 10 nm whereas DNA molecules }, head hlf:e SCkures on 5 sring
‘ng dia™ coiled and compacted to produce 30 ave 2nm dinmetep, The ,,-.,,.g,,,,“,”m',‘,
haﬂf‘lrther matin. There is further higher level of Dnm solenoid fihres fo t/uiu‘;l Hu
g oro° ?:hromOSOmes during mitosis and meiosiSNr%hDucl}mghm of the 20 nm solencid
. i e N atide we - 4 .
rlt‘z” hile metaphase chromosomes haye 1400 nm dia(:r::.zf?'”’"l” are of 100 rum in
v e ] . M . . < WASL,
i sexvation : The photomicrograph is to be studied. The ey
romosorne 1s In Lhe ToNOWIng sequence, gradually towards

10 " NA double helix with 2 nm (204) wiceh,

Nucleosomes ‘.Nlth core of 8 histone proteins having width of 1¢ ) nm,
30 nm Solenoid fibres

2
3. 700 nIm fibre of chromatid
4.

Is of packaging of DNA
more complexitics,

1400 nm fibre of metaphase chromosome

C'onclusion: The supplied photomicrograph is identified to he various levels of DNA
starting from 2 nm DNA fibre upto 1400 nm metaphase chromosome having two

PaCk;gaTiﬁs ~ach with 700 nm width.
chr0
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Aim of the experiment : Ty study the effect of temperature and org
(methanol, acetone, formaldchydu) on the permeability of cell membrane,

Requirement Cork borer, scalpel, test tubes, pipette, test tube stand, beaker, spirit,
lamp, ice, methanol, acetone, ethanol, distilled water,

Plant material : Fresh beet (Beta v

Theory : Plant cell membrane ability. Leaching of pigments
is a physical phenomenon, where the pigments like chlorophyll, xanthophyll, anthocyanin,
carotene etc. of the plant cells come out due to increased cel] permeability, Cell permeability
may be increased if cel] membrane

is expanded or ruptured or damaged, It may be cauged
when the plant or plant parts are

subjected to high temperature in aqueous medium or
organic solvents like ethanol, meth

anol, ethanol, benzene or acetone ele,

ifferent colours and depending upon the depth of the
1 ] nt pigments are as follows:
chlorophyll- green, xanthophyll- yellow, anthocyanin- purple, « (alpha)- carotene-violet, f
yeopene (of tomato)-red, Carrot containg

all the three types of S ! unt of beta-carotene is the highest (85%).

anic solventg

ulgaris) root,
has different rates of perme:

ghly with water. A cylindrical
portion of the root through the help of a cork borer and lcut’
thoroughly b!ces of almost egual thickness by the scalpel. The slices are then washe
oy et o that  SThents are removed. Now six test tubes marked
methang, . Ued with 10 ] of distilled water (control), hot water, ice-cold water,
- cohol), acetone and ethangl '
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Flg. 5.1. Leaching of beet root experiment A. Beet Root B. A cylindrical piece of beet root

c. Small pleces of beet root D, Incubation of beet slice in ice-cubes E. in bolled hot water,

. In distilled water (No. 1 test tube), methanol (No. 4 test tube), acetone (No. 5 test tube),
and ethanol (No. 6 test tube).

—— R .

—

Observation. The change in the intensity of the colour in different test tubes is
herved as follows :

Degree of
Leaching

SI. NoJ !
Test tube No. !

. in
! Distilled water (control) No change No leach\hi g
| iaht purp Mild leacnt
| ; ter (hot) Light purple
: Boiled water (hot) .
| loe-coid wat No change No leaching |
: Met wai o Dark QU'Q!F Highe( leaching
Acstone Medium purpe | - |
» ‘ - : i Higher leachng
g Dark purpe S
\\
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Inference : The leaching of plgmentn in beet r.m)t when. kept in mm
o organic solvents like mothanol, nestone or uLImnpl is due to increased cell perrnea}?ﬁre
Cell ;;ermeability is not altered when heel rool slices are kept in distilled water OrlltY-
temperature (ice-cold water), Boiling waler or chomicnls damage cell membrane enhanciow
cell permeability. ng

Precautions.

(1) The beet root slices should be of oqunl thickness.

(2) The slices should be thoroughly wanhed,

(3) Equal volume of the test nolution should be taken.
(4) The test tubes should be shaken carofully after fifteen minutes of incubatiop

(5) For maintaining high or low temperature, the test tubes should be kept in beakerg
containing boiled water or ice cubes respectively.
\ . 3 My "t v 4 4 .
. (_,()fl(.lumon. From the above exper m.u‘:nl,, it i concluded that high temperature and
organic solvents enhance the cell permeability leading to leaching of pigments in coloureq

plant parts.

00000
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FXPERIMENT No. 6

aim of the Experiments .

dihybrid experiment.

Principle of segregation includes three laws : 1. law of unit character 2. law of
dminance and 3. law of segregation. From principle of independent assortment, the law
o indep endent‘ assortment was subsequently derived, A character (gene of today) has two
alternative traits (allelles of today) out of which one js dominant and the other is recessive,

Procedure : The characters and number of seeds of pea/pigeon pea are studied and
wounted respectively. Then the data are analysed and conclusions are derived.
Observations:

1. For law of unit character. The characters and traits of the supplied seeds of Fy
Rneration are studied and observed as follows :

SINo. Characters Alternative Trait-1
1 Shape of the seed Round Wrinkled
2 Coldur of the seed coat Grey White
Green
\3‘_ Colour of the cotyledon Yeliow

(. .
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cter shape of the seed has two alternative trait
e,

It is observed that the chara . ..o the character, colour of the -
1'ou11d11(:;s (;nsg 1:\,rrinkledness of the Seflds'hIthl: e’I“‘,}llseeSZEd coat of each seed is remz‘i:il P
has two alternative traits. i.e. grey and Wire= at the character, co]
the colour of the cotyledons is notegl. It 1s Oﬁsivw:fdtg};een' Thus Mendel’s f(';lrlsf‘t (1)f o
cotyledon has also two alternative traits €. yelo aw of
inheritance (law of unit character) is verified.

2. For law of dominance: The traits 0
with that of the parental seeds and obseltved
another trait is suppressed in the F; generation.
trait and the expressed trait is known as dominan

observations are noted.

Character

f the seeds of F1 generation are compqyqq
that a particular trait is expressed ang
The suppressed trait is known as recessive

t trait. From these seeds the following

Recessive Trait

Dominant Trait

Wrinkled seed
White seed coat
Green cotyledon

Round seed

Shape of the seed
Colour of the seed coat Grey seed coat

; Colour of the cotyledon Yellow cotyledon
Moreover, it was observed that the number of seeds having dominant trait is higher
than that of the seeds with recessive trait.

Thus mendel’s second law of inheritance is verified.

3. For law of Segregation: The character (seed shape) trait of the seeds of F,
generations are observed and the number of seeds in each case is counted and presented

below:
SINo- [ Tl ofth seed shape | No-of Seeds | %ol Towl | _ a0 _
1. Round seed 62 76.54 3.06 ~ 3
2. Wrinkled seed 19 23.46 0.94 ~ 1
Total 81 100 4

The percentage of round and wrinkledg seeds are found to be 76.54 and 23.46
respectively which is equal to 3 : 1 ratio. The F, seeds were found to bhe all round seeds.
It indicates that the pair of traits of the character (shape of the seed) i.e. roundness and
wrinkledness are segregated or separated from each other in the Fy generation. Thus the

third law of segregation is verified.
From the F; findings, the phenotypic monohybrid ratio of 3: 1 is also verified.

4. For law of independent assortment: The number of seeds of four types of
samples i.e. (i) round seed with yellow cotyledon, (ii) round seed with green cotyledon
(11?1.1) \wlnllded seed with yellow cotyledon and (iv) wrinkled seed with green cotyledon of

2 Pea plants are collected, counted and presented in the following table.

Traits of
the F; Seed % of total
Round and Yellow

Round and Green

;, i J
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wrinkled and Yellow
wrinkled and Green

F, seeds are found to e .
1

With round gh,
| Wi Pe and ledon, f th
.+ 35 observed that eacll trait of a pair le, either round or  secd T
ple it led independently wit}, ach trajg, op
5 ﬁ;"r I;l(;f so that 4 types of Progenieg
g JedO™"

p . .I‘e found in the F2
ﬁoﬂ 0 1 known as the phenotyplc dlhybnd ratio,
g: b

Trait (Allele) . R r
or Seeq Shape

Trait (allele) for coloy, :
of the Cotyledon

" ving rise to four types of gametes in equal frequency i.e. RY, Ry, rY and ry
it GiVing T : of T .
lgher pair glced four types of Fy plants |
;lu'ch produ ion. From the above observation
sion.
Conclu

and analysis, Mendel’s four laws of
erified.

N v
horitance 8TC
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Aim of the experiment : To map a chromosome using three point test cross data,

Requirement : Graph paper, 3-point test cross data.

Theory : Genes (points) are present in a linear manner on the chromosome. All the
genes present on a chromosome are known as linked genes. The distance between genes
is known by recombination frequency represented by map unit, called centimorgan (cM).

1% recombination = 1 map unit (mu.) = 1 cM
The linkage map using three point (or gene) test cross data can be plotted in a graph.

Procedure : The 3 point test cross data supplied is to be analyzed and the linkage
map is plotted in a graph.

Three-point test cross data

Suppose the endosperm characters of maize are taken into consideration. The three
characters and corresponding genes are :

1. Coloured aleurone : C versus colourless aleurone : C
9. Full endosperm : Sh. versus shrunken endosperm : sh
3. Non-waxy endosperm : Wx versus waxy endosperm : wx

bet The recombinant values can be known from the crossover values in a test cross
we wecleln a coloured, shrunken and non-waxy homozygous parent with a colourless, full and
axy homozygous parent (3-point test cross), which are as follows:

;. % of single crossover between C and sh = 3.414%
3. % of single crossover between sh and Wx = 18.291%

% of double crossover between C and Wx = 0.0829%
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o Mapping using Three Polnt test _Oron Data

i

¢! 'om'}";',"mp dintance would be \\_n
27 pinka

Botweon G and ah = 3,414 0,089 - 3608 ~ g5 cM
Between ah and Wx = 18201 0.080 - 18,98 184 M

Botween C and Wx = 8,414 + 18997 @ % 0.89) = 97 gq3
~ 219 ¢M
J3.0 em o+ 184 em o= 9219 cM

or we datais plotted in o graph and {he lix
(

b kage map bhetween the three genes
'l‘l‘;‘ luml Wx is prepared,
\
0 O 8
’J . - e ———
/’ (} i 8%',‘ W
e—1 ‘ 5 cm 18.4 cm \*\
‘,_33‘:— lxv(:"—\"” ‘ N —> 2 4
<

21.9¢cm =

Fig. 7.1. Linkage map of 3 genes,
/

jusion: From the above
onc |
'm; ich shows that the map d
h wh

grap! 184 cM and between C and Wx is 21.9 ¢M. 1t shows
x 18 )

in the middle.
v

C sh and Wx (scale:1cm=05 cm)

g

data, linkage map of three genes can be plotted in a

1stance between C and sh ig 3.5 ¢M, between sh and

that the gene sh is present
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EXPERIMENT No. S

Aim of the Experiment : To demonstrate the hybridization techniques of emasculation
and bagging.

Requirements : A plant having bisexual or hermaphrodite flower, forceps, polythene
or plastic bag.

Theory and Procedure :

I. Emasculation : Removal of stamens or anthers or killing the pollen of a flower
without the female reproductive organ is known as emasculation. In bisexual flowers,
emasculation is essential to prevent of self-pollination. In monoecious plants, male flowers
are removed, (castor, coconut) or male inflorescence is removed (maize). In species with
large flowers e.g. (cotton, pulses) hand emasculation is accurate and it is adequate.

Methods of Emasculation : There are various methods of emasculation out of
which some important ones are :

1. Hand Emasculation : In species with large flowers, removal of anthers is possible
with the help of forceps. It is done before anther dehiscence. It is generally done between
4 and 6 PM one day before anther

s dehisce. It is always desirable to remove other young
flowers located close to the emas
selected flower js

culated flower to avoid cenfusion. The corolla of the
. opened with the help of force s and the anthers are carefully removed
With the help of forceps. d = ° Y

In cereals, o i
anthers. In wh,
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Fig. 8.1- Emasculation of a tomato flgyer
g with the help of a forcep

=

: s fro -

10 ery important which should be sufficien 1. tamk TS The smnvmms ot e

oecium. In thlg, method considerah]e Self-poﬂinaﬁom - E:.ﬁ‘“:f’_‘ i e o

the stigma with a Jet of water may help in reducing se]f,l'gjzg‘ = Bl 10 ceor. Wz

can not be eliminated in this method. SU0D, Howeyer =0 —

3. Hot Water Treatment : Pollep gTrains are more sensitive 5
organs to both genetic and environmen SR

T
3 & oe—

02 female recred s
. tal factors. In case of hot water eo 2 2 s
temperature of water and duration of treatment vary from e o STREeE e
for every species. For sorghum 42-48°C for 19 minutes is ;(;j';{:ih‘j - B = determineg
of rice, 10 minutes treatments with 40 S e SEEEn

: -44°C is adequast e hteos
anthers dehiscence and prior to the opening of th equate. Treatmens

) e flower. Hot water
in thermos flask and whole inflorescence is imm waler

R S S :E::i‘:'_
ersed in hot water.
4. Alcohol Treatment : It is not commonly used.

the inflorescence in alcohol of suitable concentrat

with water. In alfalfa the inflorescence imme
effective. It is a better

- 2 -

) fw s SN p = -
ms< T N et A8
o AU Qs R o

: S O T
10n for a brief period SR a3 by roser
rsed in 57% alcohol forl0 second was hin
method of emasculation than su

ction method

_5.Cold Treatment : Cold treatment like hot water
without dgmagmg gynoecium. In the case of rice, treatment with cold water 0.8°C bk
pollen grains without affecting the gynoecium. This is1

ess effective than hot water tres
('i. Use of Gametocide : It is also known as chemicsl hybridizing ageat (CHA
: *micals which selectively kills

the male gamete without affecting the fomal

Sealy

Treatmaert b lie

WUTAUICTI K315 1D Doen ovss
.
b

-

3
- ) ——aw R e e

S -

» Sodium methyl sulphonate, Zinc methyl arsenate in rice, Maleie hydraside for
wheat.

-
~ 2 >
S -
R RR - S

i 1 = ha fower or inflorescence 1 enciosed
\'ith& Ag8Ing : Immediately after emasculation the flower or inflorescence s enviose

i thy table bags of appropriate size to prevent random cross-poiinai

DT DEGRTL Ll SaE e
1 3 . . ~ ;\“_ A h s SRt “~ ATt | . :\\‘_\‘.: \f‘-_q__: :.‘.
covering the flowers of selected female pare v §

. Al MaGNede N
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o

Bag

Emasculated
flower

Pistil

bags to avoid contamination by foreign undesirable pollen grains. The bagging will

plastic
continue till the stigma is no more receptive or functionless. Bags are removed when fruits
start to develop.

The flowers are tagged just after bagging. They are attached to the infloresence or

to the flower with the help of a thread. The following may be recorded on the tag with
pencil.

1. Date of emasculation

2. Date of pollination

3. Parentage

4.  No. of flowers emasculated

Conclusion : From the above demonstrative experiment the techniques of emasculation
and bagging during plant hybridization are studied.
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Diphenylamioene.. DN/A
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il e Methog

3
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Theory and Principle : Deoxyribonucleic acig (DNA) is the icon ¢

{00 stimate DNA, it is treated with diphenylamine

f'modern bios;
R 105Clence
: under acidic condi; :
is formed with a sharp absorption mag; ndition so that a blye
ound 18 maximum at 595 nm which cq
: n be measureq

c0 : ‘trophotometer, This reaction ie o
rimeter or spectrop meter. This reaction i give A .

a ,(i(())ltoe gactly for DNA. In acid solution, the struightmc\:;: );o2rﬂczmin(§gscs " genen}]
ﬂn,wcrt od to highly reactive hydroxy levuinaldehyde which reacts with dip(})lxgr?;;l;:):;::
DPA) 0 give a blue mmplc.x. In DNA only the deoxyribose of the purine nuclcotides
1(‘(‘11.0“ 50 that the value obtained represents half of the total deoxyribose pregent.

Material :
Calf thymus DNA (standard 1000 xg/ml) or salmon sperm (can be ohtained

]. . 3 ' . ‘ B
from a standard company like Sigma Chemicals), spinach leaf.
9 D.P.A. reagent (1g of pure diphenylamine + 100 ml glacial acetic acid + 2.5 ml

conc., sulphuric acid).

Note: D.P.A is a poisoning reagent.
All the reagents are made fresh.
Colorimeter/Spectrophotometer
Pipettes (1 ml and 5 ml).

5 x 10 ml test tubes.

Water bath

Parafilm B
Measuring cylinder 10. Dig:

o1 de o2

-3 o

tal balance.

e
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Procedure :
1. Add the following amount in seven test tubes. (The weight of diffract chemica)g

can be taken with the help of a digital balance).

EET N 1
known) (Blank)
0.5 ml - NIL

Standard DNA 0.1
1m|o2m|03ml[04ml

(1000 zg/mi)

Unknown sample - - - - = 0.5 ml NIL

solution

Ho0 1amlismlizm |11 m[1.0m[10m | 15m

D.P.A. o5 mil25mil25m|25mi[25mi|25m |25m
—

The unknown DNA sample solution (should be aqueous) may be obtained from
spinach leaf In the test tube No.6, 0.5 ml of this unknown DNA solution may

be taken.
2. Place test tubes in 100°C water bath for 10 min.
3. Cool the tubes and measure the Optical density (0.D.) at 595 nm. (A595)

(A: Absorbancy).
4. A standz';lrd curve using the absorbance (Asg;) readings against the conc.
(ug/ml), is drawn in a graph. Then the conc. of DNA of unknown sample is

determined.

Tabulation :
L
1. 1 (known DNA, 0.1 ml) say Xq
2. 2 (known DNA. 0.2 ml) X2
3. 3 (known DNA, 0.3 ml) X3
4. 4 (known DNA, 0.4 ml) X4
5. 5 (known DNA, 0.5 ml) Xs
6. 6 (unknown sample) y
e, a standard curve may be plotted with

Calculation : From the above tabulated valu
known concentration of DNA is X-axis and Asgs in Y-
straight line passing through maximum possible points.
concentration of DNA present in the unknown sample can be calculated.

For example, if from the standard curve plotted in 2 graph (Fig. 9.1) the value of Asgs
with 0.5 ml of standard DNA soln gives 0.25 and the Asgs of unknown sample is 0.15 (y)
then the amount of DNA present in the unknown sample may be calculated as follows.

Standard DNA solution will contain 1000 xzg DNA/mI
Hence, 0.5 ml standard solution will contain = 1000 x 0.5 = 500 ug
Thus, standard known solution with 500 ug DNA gives Azss = 0.25

axis. The standard curve will be a
From this standard curve value, the

@ Scanned with OKEN Scanner
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<tim aﬂonVOf DNA by Diphenylamine Methdd '

V =
/ Y
03 '
025
I 0.2} ©
::) 015 F @
01}
0.05 | <
1 1 1
O 1 1
0.1 0.2 03 04 05 X
DNA Solution in ml *,-
> e mple gaph showing standard curye for DNA-by using ﬁphén&larﬁiné
reagent.
/
—

when Asos is 0.25, amount of DNA = 50 ug

- 200
go Aggs With 0.15, amount of DNA = 025 X 0.15 = 300 yug

Thus the unknown sample contains 300 ug DNA/5 ml or 600 ug/1 ml
Precautions:

1. The weight or volume of differe

nt chemicals should be measured carefully and
correctly.

9. The glasswares should be thoroughly cleaned, washed and dried before use.
3. Pipetting should be done carefully.

4. For plotting the standard curve in the graph for diphenylamine method, the
straight line (standard curve) should satisfy all the five points and it may go
directly through two points or more points.

Conclusion: From the above experiment, the amount of DNA of any sample can be
estimately quantitatively through colorimetric analysis using diphenylamine reagent. From
the standard curve, the value of Asgs for a certain conc. of DNA can be measured which
gives a more correct value. By the above experiment the amount of DNA present in the

unknown sample was found to be 600 xg/iml (for example, but after actual calculation, put
here the exact value).

00000
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1. Perform the Experiment A.
Perform squash on onion root tip, prepare the slide, identify at least one division
stage. Write the procedure and draw the diagram of reported stage.
1 X 15 = 15 marks

2. Give the experimental protocol of the experiments B 1 X 10 = 10 marks

3. Solving numerical problems on Mendelian in
heritance C,D
4. Record & Viva

2 X 7% = 15 marks
= 10 marks
Total = 50 marks

A-Onion root squash technique
B- Estimation of DNA by diphenylamine method
C&D Numerical problems on Mendelian Inheritance.
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cultivary of rice are existing today in the whole world. The improved crop varieties h
fmhun(:(,-d the food production of the country at a higher rate in recent times, so that In‘:l‘_'e
it nnw’m;lf'«mxﬂici(,-nt, in food. Some of the well known achievements are the developme a
of semidwarf rice and wheat cultivars, improved varieties of maize, soybean, bajra, jow, nt
sugarcane and many cereals, pulses, fruits and vegetables. L
viold (J}'r(z{) impr(.)veme{:t is define'd as the changing the heredity of a crop for highep
‘Huitu'bil)f‘t, (i" quulll.ty, rcsmtqnce to diseases, environmental stresses, shorter duration ang
by ity to paruc'u]ar enqunment. Several methods are there for crop improvement ;o

slection, introduction, hybridization, polyploid breeding, induced mutations, tissue Clﬂturé

and genetic engineering.

4.2, METHODS OF CROP IMPROVEMENT

. Plant b’r'eeding aims af; improving the genetic makeup of the crop cultivars, Crop
;lrmj)'rovcment, involves changing heredity of crops for higher yield, better quality, resistance
) disease and stresses, shorter duration, and suitability to particular environmental conditiong
The various methods used for crop improvement are as follows:
2. Introduction

4. Polyploid breeding

1. Selection

3. Hybridization

5. Mutation breeding
Selection, introduction and hybridization are discussed below. Mutation and polyploid

hreedings are discussed in the next chapter.

I. Selection

It, is of two types :

(@) Natural selection : As proposed
to natural selection during course
serves the desirable traits while discarding the
or wild cultivars of crops are the result of natural selection,

.1t is the selection of the desired individual plants from a

by Charles Darwin, origin of species is due
of organic evolution, Nature selects and pre-
undesirable variations. All the local

(b) Artificial selection
mixed population. It is of three types.
olves choosing seeds of a large number of phenotypically
superior plants and sowing them in a mass in the next season without any
progeny testing. It is a simple method which eliminates the undesirable traits and
enhances the frequency of desirable traits. This selection is suitable to self-pollinated
plants. However it may lead to inbreeding depression and loss of superior heredity.
(ii) Pure line selection : It is developed in plants obtained through self-pollination
over a few generations from single homozygous individual. These developed
plants are more pure and durable and exhibit homozygosity of desired traits.
These plants may be released for mass cultivation as a new variety. Example :
wheat variety PV-18 from V-18, Kalyan-sona from S-227, Ganga, Vijaya etc.
Maximum and permanent improvement of the desired traits are observed in this
type of selection. But this method takes a lot of time period and unsuitable for

cross pollinated plants.

(i) Mass selection: It inv
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\-Qm:tatiw] ?;:nn: It is the selection of plants with desirable traits thC_h al'ff"
T Mz - 8 6

*terozyron s‘“""fl“"-‘d.jhis selection is useful in maintaining superiority 0

SWeet. > Polyploiq individuals. Example: banana, sugarcane, potato,

" Potatq, Mangy, lemo l " . . :
A clope .. “Weet 'brangé’i-g‘“nge' apple. Specific cultnvars' are navel orange,
A Ohl;::;s — ne, vzmba:v green banana, Kufri safed I{Otato ete. H
e o ;.an th.e - ]gleatlx'el}' frqm a parent plant. Superior clones
Betatively, before ®Ir phenotypic characters, The selected clomes are
II. Introduction

BIVing tg the farmers for cultivation, .
Plants are int \
Toduceq
ther fro
a;mt ml;ntry Where thes, pl mt € area g another
plants are for t Cultivar, e area or from one country to
(i) use in - | sent. The reasons for such transfer of
yielding Plantg S Ndustry, ®&. cereals
- : . i & L4 1
Gii) fruit ang egetable o, Pulses, oil-, fihre., sugar- or drug-
(1i1) ornamenta] PUrposes s
(1) Increasing collectj, of plantg

(v) Improvemen¢ of locg] Cultivar. In botanical gardens ang parks
After a few 8eneratjq )
> S of the i, .
Dew environment anq ¢ Phenomen,, e 1on of neyy Plants, they
British people mntroduceg cabbage o0 is knowy as izat]
introduced tobaceo, guay maize, Callllﬂo\ver, i
Japonica variety ' Sroundnug

of rice g
for any kind of disease om

later generations .e. F3, Fy, F5 etc. called segregating generation. The degree of variation
depends upon the number of heterozygous genes in F; hybrid and number of different

traits in the parents. If the two parents are closely related, they differ in few genes and
if distantly related, then differ in several genes, even in hundreds.

—
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A. Types

Hybridization may involve.

(i) Single cross : A cross between two parents, qxample - A‘ cross betwee .
Japonica and O. indica producing the high yielding rice variety ADT-37 ;. i
a interspecific hybrid.

(ii) Multiple cross : A cross involving more than two parents. Example; whegg
variety C-306 was produced by multiple crosses between C-591 (Reagent, 1974
X Ch2-3) and hybrid of P-19 x C-281.

Hybridization may further be categorized as:
1. Intervarietal or Intraspecific

2. Interspecific i
3. Intergeneric

1. Intervarietal (Intraspecific) Hybridization : In this type of hybridization, the
two parents belong to two different varieties or cultivars of the same species, It may
involve simple cross or complex cross.

(i) Simple cross : In simple cross, two parents of the same species are crossed t,
produce the F; hybrid which in selfed to yield F; or is used in backcross programmg
Example, the rice cultivar Oryza sativa var. Ratna is developed by a cross betweep
two varieties ie. TKM 6 and IR8 (developed at CRRI, Cuttack).

(Zi) Complex cross : Here more than two parents are crossed to produce the hybrid,
the Iy hybrid is used to produce F; or is used for back cross programme. It ig alg
called convergent cross as it brings together many genes from several parentg
into a single hybrid. An example is the wheat variety C-306 as discussed above
(multiple cross), the model may be as follows:

e et St ——— e

Parents : AxB Cx«D

N |

Fi1(AxB) % Fi(Cx«D)

1

Complex hybrid [(A x B) x (C x D)]

Fig. 4.1. Production of complex hybrid

e i ot ]

2. Interspecific or Intrageneric hybridization: It involves crosses between two
different species of the same genus. It may lead to the creation of a new species. All
present day varieties of sugarcanes are produced by crosses between Saccharum officinarum
and S. barberi or other Saccharum species. Other examples of interspecific crosses are as
follows.
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G. raimondii (2n = 26)
American uplang cotton (large chromosomes)

Fig
terjlq hybrig (2n = 26)

Chr
G - OMosomg Doubling (Naturally)
. hfrsuz m (Ie hybrig (2n < 52
Smaj 5 . (New Worlg )
nd g lay Cotton)

The New WOrld

the old world cot °°tt0n
confirmed thgg into

as cal'l'led out between
* Ursutum whijch

Fomk, '
Yorid -
N. digiy (2n 72)
Fig.q.3,
L“““\\~ \\-\MW digluta by INOrspocitic crogg
3. Inter * hy

of liffe ‘KG“(\NL h&bl‘idimuon U involyes
Vb two different Henery Producing , ne o 1o betweg
Raphanobrassieg 18 a »

an clu.xsiml @
In 1927, G.D. Kar

X ' ! ne 18 an allg .
e il pech‘tnko, a Russian Beneticist reporieq ac -
‘aphanus sativus (2n = 18) and cabh, (

y . racea var, Capitata (¢ =
Fy ﬁ‘ﬂ.}l(' hybrid, Raphanwmssim (2n = 36) , Pltata (2n
roots like cabbage and shoots like radish
it is a novel Plant of genetic importance.

Another bright example of intergeneric €ross is the production of Triticale, the first
man-made crop, developed by

' @ Cross between wheat (Triticum aestivum) and rye (Secale
cereale) reported by A, Muntzing (1939) from Sweden. However, triticale was first

mentioned by A. Stephen Wilso n, a Scottish bot::rxist,.'{ﬂ'l0 Wwas successful i’t‘ a"" h{cdin_ﬁ
two Triticale plants, which were found to be sterile. Triticale, the rye-wheat hybrid is

, 4 new geneti
Xample of INtergener g

raws 4
e, L DY ARey .. ot e .ow

=t~
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Brassica oleracea var. capliata

Raphanus salivus
(Radish) (18R) X (cabbage) (18B)

v

Fy Sterile hybrid (9R + 9B)

Chromosome Doubling

r
Fp Fertile hybrid (18R + 18B)
Raphanobrassica

Fig. 4.4 Production of Raphanobrassica

S———]

resistant to drought. It is now grown on a commercial scale in more than one milljg,
hectares and research is in progress at several centres all over the world to improve thig
man made crop. Several hundred cultivars of triticale have been released in the last threg
decades. In 2014, according to the Food and Agriculture Organization (FAO), 17.1 milliop,
tonnes of triticale were harvested in 37 countries across the world.

Triticium aestivum X Secale cereale

(2n = 42) (2n = 14)

F1 Sterile hybrid (2n = 28)
1 Chromosome Doubling

F2 Fertile hybrid (2n = 56)
Triticale (Rye-wheat hybrid)

Fig. 4.5. Production of Triticale

B. Technique of Hybridization

The various steps involved in hybridization are as follows:

(i) Selection : The parent plants having desirable traits to be developed in the new
crop are searched and listed. Two or more such types of plants are selected as the
parental plants for different type of crosses.

(ii) Selfing : The selected parent plants undergo self breeding (self-pollination) for

a few generations to get pure plants which contain homozygosity of the desired
traits. In this process the defective plants are discarded. Healthy and vigorous

pure plants are choosen for subsequent crossing.

B
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Plant Breeding m
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atura] malpaxzer. over the nflorescen e When the anthers come oyt eg. Ragi.
arley maize see ?’ﬁlshfound I plants Jike sunflower, cucumber, tomato, carrot,

b . W C
(iv) Baggi, ©an be taken g female parepg.

* It is the Process of covering the flowers of
50 after g par ent Plants by Polythene o Plastic bags to avoid contamj
» . : Wers of the desired plantg are also ba
ceptive o functionless. The crogs Pollination is
€1 grains from, the flowerg of d
C¢lean paper or test

€S or polythene bags.
€ receptive stigmag ¢ 8. The

nation.
gged till
done by
ed male parent carefully by
Se pollens are then dug
S of the selected female parent
fruits start to develop, Mature
llected for testing,

€s1r

Bag

Emascula\ed
lower

Pistil

g
3
vy
e R N AT

m«&%awm

2 tion in the next
) ing : Seeds collected are now sown for the next genera _ :
. T\f‘ Sit:: ?\'hich produce F, plants. The F, plants are evaluated for t’?ﬁpdesm tl::tt:
::f:ixthi'n the F, plants are selfed to proquce i fa gp?n?r;emt{orr;-
‘i ired traits are selected and allowed to inbreed for 2-3 g s
(i‘sl“ i~ A . N . hybrid t e 9 p - 4
. Al 3 sired trait is absent in thfe , eed for
s Pmng“ed't.h lfhae d;;'r:l?t plants. The offsprings are then inbreec
backcrossed wi
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2-3 generations to obtain homozygosity of the desired traits, which ultimately

released as a new variety.

C. Hybrid Vigour or Heterosis .
Inbreeding leads to reduction in vigour and fertility apd t@s phenomenon js known

& inbreeding depression. However, hybridization Wh:lCh involves Cross pol]ination
between two different genotypes, results in increased vigour and fertility. Thyg, the
phenotypic superiority of the hybrid over either of its parents In one Or more trajtg is
was coined by A.F. Shull (1919)

known as hybrid vigour a heterosis. This term
However heterosis was first studied by Kolreuter (1763) followed by Charles D n

(1876). Hybrid vigour leads to increased size, yield, vegetative growth, resistance to dise

insects, environmental stresses, agronomic superiority etc. This property of .hy brid Vigouxt
has been exploited in commercial crops such as rice, maize, sorghum, tomato, bajra, sugar

cabbage, cucumber, Petunia and Zinnia etc. Hybrid cotton produces large sized boll, cabbggy
produces large head, maize produces 30-50% higher yield in grain. Heterosis also leads {,
larger number and size of fruits in brinjal, tomato, mango, apple, larger tubers in potag,
larger roots in radish, beet and carrot. Even in some cases the yield may be increased upt(;

300%.
By inbreeding, the hybrid vigour is lost gradually. Hence, seeds should be produceq
every year by crossing the pure parental lines so that optimum heterosis is maintaineq,
However, heterosis is suitable for vegetatively propagated plants due to lack of genetj,

changes. For this reason vegetatively propogated hybrid varieties of mango, apple, guava,
sugarcane, potato, rose, dahlia and Chrysanthemum are so popular and commercially

profitable.

. IMBORTANT

* o B -

What in hybridization ? Describe the types and methods of hybridization.

Describe the different steps of hybridization.
Give a brief account of different types of breeding for crop improvement.

How the crops can be improved ?
Describe the role of heterosis in crop improvement.
How interspecific and intergeneric crosses help in crop improvement.

Enumerate plant selection and introduction.
How crop productivity can be enhanced by breeding programmes 7

Answer the following questions briefly :

1. Describe imporiant techniques of plant hybridization.

2. Give a brief account of distant hybridization.

3. How arificial selection differs from natural selection ?

4. Discuss the hybridization programme in case of dioecious planis
5.

What is hybnd vigour ?
G Scanned with OKEN Scanner
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4 | 6. Discuss plgng Selectig
| 7. Enumerate ¥
) o Plant INtroduction
n | 8. rite noteg on :
0 | .
ati\’vh | (@ Mass Selection
’ tgn (©) Heterosis
X i§ | (¢) Clonal Selection
912)~ | (s)] lnbreeding
. | 0] Raphano—brassica

(k) Hybridization
(m) Interspecific Crosses

Differentiate between the following :
(@ Mass ang Pure line selection.

®)

(b) Plant introduction

(d) Pure line selection

() Emasculation

(h) Rye-wheat hybrid

() Amber colour wheat
() Hybrid vigour

(n) Inbreeding depression

o Igterspec'rﬁc and intergeneric crosses.
C onti iati i
tinuous varnation and discontinuous variation.

00aao
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'5.1. ROLE OF MUTATIONS IN CROP IMPROVEMENT

I. Definition
The phenomenon of sudden heritable changes which alter the characters of organism

is called mutation. Mutation is also a discontinuous variation in contrast to continuoyg

variation as proposed by Charles Darwin in his principle of natural selection for creation
of new species. Mutations are heritable due to abrupt changes in the genetic make up of
the organisms. The individuals showing heritable changes are known as mutants, But an

individual exhibiting only an altered phenotype is called a variant till it is established that
the change is heritable. The allele of a gene producing the changed phenotype is called

mutant allele. Thus, a mutation is a change in phenotype, which is sudden, heritable
and is not produced due to segregation or recombination.

II. Types

In a broader sense mutations are of two types as follows :

1. Chromosomal mutations. Such mutations occur due to changes in chromosome
number and structure leading to heritable changes in phenotype of the organisms.
Changes in chromosome number is known as polyploidy, whereas changes in
chromosome structure is known as chromosomal aberrations which may be
due to deletion, duplication, inversion or translocation of chromosomal
segments.

=== ; |
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mutation theory, Ty, e
eye mutant. Mutagenie action f
Drosophila for Which he was nwm'd\ N
Mutagenic effect of Xeray in plantg .
effect of mustard gas and oth,
Robson in 1946, In, 1929, the first 1)
mutations now known g Mutation
In India the first mutation breeding

w

The rate of induced mutations varieg

one chromosome to another and from specie
or cell of an organism and at any developme

during certain stages of cell division e.g. S

Mutation o

MEhe ponotie
DO Prosony, §

(bm'ley) Wag
er chemijgg) mutg
Plant breeding

eeding wqgq
Program

ourring {n the gene (also known ’"l’
] i ‘
pronont, the term ‘mutation’ hag been use

varintionn existing in an organism,
nonly one form (the wild type alloles)

tWolon, ovolution nnd ponotic studies would

Hugy do Viig

8 (1901) ¢
OVoning ) 1o

6 Primroge), whick lator found to he
ranslocation and de

Aatlo Vries proposed the
Lui.lum  Drogophile i.e. the white
by H.J. Muller in 1927 i
. L] Y ln

I Medicing

or Physiology in 1946,

discovercdb .
¢d by Stadler in 9, onic
NS were 4\ n 1929 Mutagenic

lescribe sudden

B i

initiated in Swe

den, German
e began ig the e o

, USSR,
arly 1930’

considerable from one gene to another or from

s to species. Mutation can occur in any tissue
ntal stage. However, treatment with mutagens
phase may yield mutation at a rate higher than

these obtained by treatments during other phases of cell cycle.

V. Role of Chromosome mutations in Crop Improvement

Out of the different chromosomal mutations, ‘polyploid breeding’ is of prime importance
for crop improvement, which in discussed below.

&1 di .d se Depe dmg upOIl t«he Mber Of genomes (I. genome = one haplold

set), the polyploids may be as shown

Table 5.2.
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d physical and chemical mut
1. Some of the commonly use € agens
Talzfggr:ts most commonly used in plants are marked with an asterik)

Physical Mutagens

lonizing Radiations
Particulate radiations

Nonparticulate radiations
Nonionizing Radiations

Chemical Mutagens
Alkylating Agents

Base Analogues

Acridine Dyes
Deamination Agents

Other Chemical Mutagens

alpha-rays (a-rays)
Beta-rays (f-rays)
Fast neutrons*
Thermal neutrons*
X-rays*
Gamma-rays (y-rays)*
Ultraviolet rays (UV rays)

Mustard gas or sulphur mustard, Nitroge

mustard, Ethylmethane sulphona

Methylmethane sulphonate (MMS), E‘hyblhane‘
N-Methyl-N-nitro-N.

sulphonate (EES),
nitrosogunanidine (NTG)

5-Bromouracil (5-BU)
2-Aminopurine (2-AP)

Acriflavin, Proflavin, Acridine orange

Ethidium bromide
Nitrous acid (HNO,)

lnu

te (EMS)

Hydroxylamine (HA), Sodium azide*, DNA

sequences*

* Mutagens commonly used in plants.

Table 5.2. Types of Ploidy

No. of genomes |

n

1
1

YLy QULsYN

Type of ploidy

Monoploid or haploid
e

Triploid

i
Pentaploid
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: ; loids and
”/W;;,'ogplmds @ cuploids are again devided into (a) A}lt(.)pobtp they are
jlopolyploids. In case of autopolyploids, the genomes are similar, 1.e. T the
b) from parents havine « . : f all Olyplmds’
O inated from j aving same genot; But in case of allop
. ina SRR ¢ genotypes. Bu s or
or omes are not similar, ie_ they originate from parents having different genotype
. aT'S Or species or even genera. In case of aneuploids, there
rease or decrease iy

et WO different cultiv: um

]
i in€ - 1 the numhep of chromosome over or below the diploid number
o * {1 to -D}] where n = haploid number.

— —

|

Po|yploidy

—

Eupioidy Aneuploidy
Autopolyploidy Allt:)ll loi l —l
(Similar genomes) Nt gany

bty Hypoploidy Hyperploid
(DISSImllargenomes) (Decrease in chr. no.) (Inc 258 i che

rease in chr. no.)

| Fig.5.1. CIassiﬁcation of Polyploidy.

. Failure in the anaphasic separation of
mosomes or cytokinesis leads to .
diploid gametes. If two diploid gametes

fuse, a tetraploid is produced. If a A S(‘;)\T;es X 8 S(%egt):es
: diploid male gamete fuse with a normal
7 egg, a triploid plant can be developed. l l
If a tetraploid plant is crossed with a o e
diploid plant also a triploid can be

produced. All autopolyploids exhibit
gigantic effect ie. larger size of
leaves, flowers, fruits and plants, more
grain and more juice and sugar in the

F1 Sterile hybrid
fruit etc. Examples of autotriploids :

(AB)
banana, sugarbeet, seedless Chromosome doubling
watermelon, apple, pear etc, (Natural or Artificial)
autotetraploids are tetraploid potato,
groundnut, tomato, grape, strawberry, Fa fertile hybrid
plum, coffee etc. The triploid (AABB)

sugarbeets have larger roots and more
sugar content than the diploids. Like-
wise the triploid apple and pear
varieties show larger size and more juicy
fruits.

Allotetraploid (Amphidiploid)

Fig.5.2. Production of an
allotetraploid
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(b) Allopolyploidy: Allopolyploidy may be intervarietal, interspecific or intergenerje
if the breeding involves between two different varieties or species or generg
respectively. Allopolyploids may be allotriploids (AAB or ABB), allotetraploidg
(AABB), allopentaploids (AAABB or AABBB), allohexaploids (AAABBB o
AABBBB or AAAABB) ete. Generally allopolyploid involves chromosome doub]jng
of the F; sterile hybrid so as to produce the Fs fertile hybrid.

Allopolyploid leads to creation of new species within a short period. Examples: Triticqle
or Rye-wheat hybrid (allooctaploid), Durum wheat (allotetraploid), bread wheat
(allohexaploid), new world long stapled cotton (allotetraploid), Brassica napus varie

(allotetraploid), tobacco (allotetraploid), Raphano-brassica (allotetraploid), Helianthys
tuberosus (autoallopolyploid, AAAABB) etc.

Origin of Bread wheat (Triticum aestivum). Wheat is now called ‘Staff of life’
which came under cultivation from 10 to 15 thousand years ago. It is an allohexaploid
(AABBDD) having 3 sets of different genoemes coming from wild Einkorn wheat (Triticum
boeoticum), and two wild grasses i.e. Aegilops speltoides and A. squarrosa during the
course of organic evolution by mutation and polyploidy (Fig. 5.3). Currently T. aestivum

Triticum boeoticum (Wild Einkorn Wheat) B
(2n = 14, AA, diploid)

Mutation
(non-shattering)

Tricticum monococcum (Dometicated Einkorn Wheat)
(2n = 14, AA)
Aegilops speltoides
(=T. speltoides)
(2n =14, BB)

Sterile Hybrid
(AB = 14)

Chromosome Doubling

Triticum turgidum (Emmer Wheat)
(2n = 28, AABB tetraploid)

Aegilops squarrosa LN
(= T.tauschii) . T.durum
(2n =14, DD) o (T turgidum var durum,

Marconi, Wheat)

Sterile Hybrid
(ABD = 21)

1Chromosome Doubling

Triticum aestivum (Bread Wheat)
(2n = 42, AABBDD, allohexaploid) (Fertile hybrid)

Fig. 5.3. Origin of Bread Wheat
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has more than 20,000 cultivars, T
now cultivated in Turkey
noodles. It is a hard whe

. m and it 15
he first domesticated wheat is T. monococci

; ing pasta and
and Yugoslavia. Marconi wheat is used for preparing P
at cultivated in drier areas,

VL. Role of gene mutations in Crop improvement

1.

[}

Some gene mutations have beneficial effects and are useful in crop improve-
ment. Mutations in both

qualitative and quantitative traits have been exploited
{0 b development of over 2,000 varieties of different crops, at present.
Mutations may be germin

\ al occwrring during reproductive stage or somatic, occurring
in the vegetative stage. For crop Improvement useful somatic mutations can be
neorporated in vegetative bropagated plants like delicious apple, navel orange, seedless
grape, Straw berries, Bhaskara banana, potato, superior shrub types of coffee plants.
The Somatic mutations are known as ‘Sports’. ‘Somatic mutation breeding can also
be gppl}ed to potato tuber, Sugarcane, tapioca, beet, sugar-beet etc. Vegetative propa-
gation is also beneficial

: In maintaining germinal variations obtained through sexual
reproduction, eg. Mango, apple, sugarcane, potato ete,

The fr‘equency or degree or rate of spontaneous mutation is very low. Hence
mutations are artificially induced in crop varieties by different, mutagens to increase
the: rate. Stadler first reported induced mutations by X-ray in plants, while in
amimals (fruit fly) it was first reported by H.J. Muller (1927) by X-ray. UV

radiation, ionising radiation (X-ray, gamma ray, ray, f ray, cosmic rays) are

acid, nitrogen mustard, nitroethyl urea,

EMS) etc. are chemical mutagens. Semi-dwarfism
by X-ray while rice variety Pelita-

e and good palatability. Another hi

Reimei is produced by gamma irradiation.

‘ , branched ears, lodging resistance, high protein and
lysine content, amber seed co i

in plant breeding.
By induced mutation, Todd’
variety of castor plant have been develo
pea, pigeon pea, tomato, cotton, mustard,
Jute etc. According to TAEA (Internatio
1542 varieties of plants have been releas

potential of mutation breeding in crop improvement.

In California, U.S.A. mutations were induced in groundnuts. Such thick shelled

groundnuts do not crack easily and hence useful for transportation.

s Mitcham variety of peppermint and Aruna
ped. Examples of other crops are oat,
groundnut, bajra, pearl millet, chili and
nal Aomic Energy Agency) upto 1991,

ed by induced mutation through out the
world (Ref - Mutation Breeding News Letters, IAEA) which demonstrates enormous

T e v

@ Scanned with OKEN Scanner



Cell Blology, Genetics and Plant Breed;
ng

, varieties developed in India by n'm‘ml,iun hreeding are whmm
8. Some crol ntath [T 60, K84 HM95), pea (Hans), cotton (Indore 2, Puga Ageti)’
(Jagan ‘ 412), french bean (Pusa Parvati), "Omat,(;

rice |
o (Aruna), jute (JRO 514, JRO 41 |
castor Iffl\ll lll\l,llet)arljlti, S 12), groundnut ('TGI), o.-nm.n(:nl;ul plants like bougainville,,
O, C themum (Basant, Kanak, Anamika) ete.

(Arjun), Chrysan

9. Limitations of th
(a) Most induced mutati(?ns
problems due to lethality.

Large number of induced m

e mutation breeding:
are lethal. Even some bheneficial mutants poge
utations are undesirable.

en large populations to select the desirable mutationg,
o difficult, the mutation rate being generally very low,

(d) Most of the mutations are recessive. Their detection, thereforgt, is almost
impossible. These can be expressed only if in homozygous condition.

(¢) Mutations must be produced in gametes, particglajlrly.the pollen grain so that
it can be transferred to progeny through hybridization. -
() Most of the mutations are not stable and generally get reverted.

5.2. ROLE OF SOMACLONAL VARIATIONS IN CROP IMPROVEMENT

Micropropagation : Micropropagatio
from the callus tissues or suspension cell cu

very short time period and space- The most advan ]
one within time and space. Therefore, huge number of plantlets of a particular species or

variety can be propagated all the year around. Example : banana, potato, tomato, grape,
coffee, bamboo, cardamom, sal (Shorea robusta), Begonia elc.

Clonal propagation : In vitro clonal propagation is a type of micropropagation,
where the plantlets are derived asexually through tissue culture technique so that
these plantlets are genetically identical. Thus multiplication of genetically identical

copies of a species by asexual reproduction is called clonal propagation. A plant

population derived from a single donor in tissue culture technique is known as a clone.

The p!ant§ with long seed dormancy can be generated faster by clonal propagation in vitro,
than in vivo sged propagation, for example, sal seeds need long dormancy which can be
avoided l:}y this method of micropropagation. In vitro clonal propagation of orchids is
commercially very much viable. It is also important in horticulture and sylviculture.

)
(¢) The breeder has to scre
This becomes even mor

n is the production of a large number of plantlets
Jtures through tissue culture technique within
tage of micropropagation is the numerical

I. What is Somaclonal Variation

contr%ilzzlalzgﬁ;?sn?lmr e, a large number of isolated cells or tissues under sterile and
cells capable of cell di are grown. During tissue or cell culture, unorganized mass of
the callus root and/oi-vls}:gntand growth are produced in vitro known as ‘callus’. From
and cytokinin. If both ot are produced by application of phytohormones like auxin

auxia and cytokinin concentration is equal then both roots and

shoots are generated
the rocd ed from the callus. Hence callus is cultured in specific ways as per
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aoleP'o Allus cultures maintained for longer time priod, there is a tendency towards
me ¢ cells mainly due to repeated division of the cells,

In SO0 | . f chromosomes in the . :
. varlatllon (l)oi dization of cells and genetically variable plants can be produced
yp aclonal variation. Larkin and

n"’neﬂ ds to PO : is is | as som

ead® " micropropagation. This is known 2 ” ion. Les :
; subseQue 1981) have proposed a general term Somaclones’ for plant variants derived
o wcl"’ft( Again it may be ‘«Calliclones’ if the plants are derived from callus
ol calture. & ast culture. Such variant plants exhibit

tissue
clone ; . .
by r ‘Proto lar disease or herbicide, stress tolerance,

()
ment. Somaclonal variation may

@™ ] characters li
me US€T i ble for crop improve
# rility etc. which are valua p somal aberrations, DNA

male ste apart from polyploidization; point mutation, chromo.

inc;)lﬁ‘f;ac,:ation changes in organelle DNA, epigenetic variation etc
Bm ]

1L Somaclonal variations and crop 1m . .
Genetic variation is an essential component of any conventional crop b.re‘ffdiing
rogramme. The typical crop improvement cycle takes 10-15 years to cqmplete @d includes
P rmplasm manipulations, genotype selection and stabilization, varlf:t:y testing, vgnety
glecrease, proprietary protection and crop production stages. Plant tissue cultu're is an

enabling technology from which many novel tools have been devel.opz.ad to‘ assist plza}nt

breeders. Tissue culture-induced somaclonal variation is akin to variations induced with

chemical and physical mutagens and offers an opportunity to uncover natu.ral variability f' or
their potential exploitation in crop improvement. It reduces the time req}Jlred for releasing
" the new varieties by at least two years as compared to mutation bree.dmg by three years
in comparison to back cross method of gene transfer. The in vitro induced somaclonal

variation has the following advantages.
1. It is cheaper than other methods of gene

‘containment’ procedures.
2. Tissue culture systems are available for more plant species than can be manipulated

by somatic hybridization and transformation at the present time.

3. It is not necessary to have identified the genetic basis of the trait, or indeed, in
the case of transformation, to have isolated and cloned it.

4. Novel variants have been reported among somaclones, and evidences indicate that
both the frequency and distribution of genetic recombination events can bhe altered
by passage though tissue culture. This implies that variation may be generated
from different locations of the genome than those, which are accessible to
conventional and mutation breeding.

5. There is no possibility of obtaining chimeric expression if somaclones are raised
through cell culture.

" fon;iiiﬁnm va:i?ion ha:;(li)een most sruccessful in crops with limited genetic systems

[m» .i.m;t)‘(‘\nw. \t,h vege al ive xjep ugers)_ and/or narrow genfentf bases. In ornamental plants,

o n ance, the exp qltatlon of in vitro generated variability has become part of the

utine breeding practice of many commercial enterprises.

s’ if derived from protopl
ke resistance to a particu

provement

tic manipulation and does not require

. l!m.ugh techniques for selection of somaclones resistant to various biotic and abiotic
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m_.  hodn oxint for ,.,,,..plh-.nl.ml (raits such as yield, soluble solids, Sw
selection Jonal variation can become & part of plant hreegiy,,, . - Mesg
_ \egy

i, Somad

e or ghell T : cor s
(,;\.\“"\:xs horitable and p:unn(.u-nll‘v atable. ()nl_y a hmlt,%clll,nu,mber of promising Varie:y]ded
. “"\| “{ heen releanod uning qomaclonal variations. “1his 18 perhaps due §, v lles i
ar { Hh : .
fia saction hotween plant breeders and tissue culture scientists, and non-prediegy K of
intera varieties have been produced by somaclong abi ity
atig
n

SO d Mt i l ‘\l‘t l\(“ ‘l“'lu‘l‘ lll‘(A rl(/ bv
D (‘\‘\“ l\ \ \ \ ) ‘

constraints,

Some of the somaclonal variants so far is considered as boon to crop impro"ement "
e

as follows @

1. Sugarcane variants: Resistant to eye spot disease caused by Helminthospo,.ium

sacchari, Fiji disease (by virus), and downy mildew (1_)}' Sclerqspora sacchapj,
Most of the resistant lines exhibited a shift towards higher resistance, ‘

2. Potato. Protoplast culture in potato cultivar, Russet Bu{'bank, produced 1700
£ which only 15 stable somaclones were identified which ghy,

somaclones out 0 .
resistance to late blight of potato (by Phytophthora infestans) and early blight

(Alternaria solant) of potato.
3. Maize. Somaclones of maize exhibited the characters of male sterility and toxip
resistance and it is due to alterations in mt DNA (mitochondrial DNA) responsihje

for toxin tolerance.
4. Wheat. The somaclonal regenerants displayed phenotypic variations for the characters

such as plant height, maturity, tiller number, presence of awns, glum.e colour, grain

colour, appearance or disappearance of some specific bands of gladin protein,

5. Tomato. Tomato somaclones were isolated with variant phenotypes such ag
recessive mutations for male sterility, resistance to Fusarium oxysporium, joint
less pedicel, tangerine pedicel, tangerine veriscent leaf, flower and fruit colour.,

5.3. MOLECULAR BREEDING : USE OF DNA MARKERS IN PLANT

BREEDING AND CROP IMPROVEMENT

r assisted breeding (MAB) is the process of using
the results of DNA tests to assist in the selection of individuals to become the parents in
the next generation of genetic improvement programme. The choice among various methods
of MAB depends on the complexity of the trait and prior knowledge on the genes or
segments of chromosomes (known as quantitative trait loci (QTL). Molecular markers
facilitate coventional breeding, improve selection efficiency, reduce cost for developing new
varieties, and/or quality control (ensuring line purity and genetic identity). Various schemes
of MAB are being employed to accelerate variety development in cassava, maize and
cowpea wheras genomic resource development or preparation is continuing for yam, banana,
and soybean.

I. Molecular markers is plant breeding

The advent of molcuelar techni ieni b 4 '

: ques played a significant role in increaseing our
;u;:)wledg: (l)f cereal genetics and behaviour of cereal genomics. While RFLP ( Rcltrit'ﬂon
ragment length polymorphism) markers have been the basis for most work in aop

Molecular Breeding or Make
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pf je markers have bee
‘ﬁluﬂb e been generated f
7 ats _hic DNA) and AFLP (A od from RAPD (Random amplifi p
?lﬂ B . . mplified fragme plification of
fb e ot.h.ef improvised molecular markers such as me nt length polymorphism),
N L ellite marker have also been dcwlup“d t“ s simple sequence repeats (SSR)
ﬁ’ii i both marker development and im ‘l:‘“" major crop plants and initiate rapid
ﬂdv.entional plant breeding is time consuming ¢ Ld "llnt:\t.\m\ in breeding programme.
o mples breeding for new variety de\'elogx::elx tdte p:.nds s s
a . . s iy 1 anes N OO o O o
:"-’;hout any @t& of variety release. Hence “:1 -t\ botwoen ug\h(‘tn SUT JOR
A the entire b {56 1 =ainm K, ew molecular breeding technologies
ﬁ’"ection of desirable mmbinat{on of traits e.;}ll?}ple‘ speedy and sfficient ot e
p " | arker and traits traits. is approach can establish linkage between
et ts to be selected. In this ¢ s i v
f"nducted o the laboratory without \mitm.cr e S apptjmuh tblﬁedmg;f process can be
o g l M ing for expression of the gene for particular
otyPe- ample, resistance to plant path S ated i .
oher e ey s pathogens can be evaluated in the absence
i giseases- ry stress tolerance can be analysed in the seedling stage itselfl
L Mapping of plant genomes
Among d?ervera] important crop plants, rice has been the target
ng studies, apart from the other model plant, Arabidopsis thaliana.

mapp : ,
g for rice and Arabidopsis has also been completed.
¢ the identification of gene

mappin
Mapping smaller size of genome is ide
me. Molecular markers vom closely related species
i lite is a useful tool for

in the complex geno
reliable markers for constructing gene map.
h species whereas RFLP loci can be used to map at greater

constructing gene map to eac
degree in related taxa.

2. Linkage of molecular mark
Identification of genes respo

plant for intense
Currently, genetic

er to desired trait
nsible for useful trait may be established by a linkage
analysis with markers on & genetic map of plant genome. Polymorphic marker is generally
lished by a

used to identity linked markers. Finding of linked markers can be accomp

certain useful technique like bulked segregate analysis (BSA). This technique is used
to detect polymorphism between two DNA samples made up of bulk of individuals from

the segregating populations.
le DNA from one individual contains target gene while

pulation derived

For example, one bulk samp
other DNA from individual is devoid of this gene. The segregating po
sample contains both of the two bulks containing most genes.
to genes for the trait. The

likely to be linked
d co-dominant marke
h F, population.

hism between the bulks is
r (RFLP or microsatellite)

minant (RAPD) an
analysis of mapping wit

Polymorp
analysis of linkers for do

requires separate unique

3. Accelerated back crossing
Marker assisted selection facilitates the acceleration of whole breeding process, allowin
carlier release of commercial plants. This is achieved by two important methods ik
selection for 2 desired trait. Introduction of desirable tra

sccelerated back crossing and
has been the favourite choice for plant breeders without altening other character.
ith the genetic backgrour

’ Manbempﬁsbedbyrepeawdamsingo(meplanma
Fach and every generation requires selection of introduced trait. This requires number

SRR |
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+ of genorations since molecular ant
ber ol | marker Facili, B,ee%g

. ore num
crossing and m : OCUTT ome .
h more of the recurrent genome al each geéneration, It Seloy

be completed with

:)I:-?,Mdua,ii \Z(l)t fow generations. limgs br
tion for a Desired Trait
desirable traits can be directly selected by molecular mark

1e breeding programme. In addition to the avaﬂal?;eand @n p

{ RFLP marker to PCR based marker helps Significay arke, for

In addition, usage of molecular marker f; ., iy i

economy of molecular usage. % ) : . Ker for fry;  th
plant breeding requires availability of simple, inexpensive technique that Pioii I;Ctloni;
result in the assessment for next round of selection. €S rap;

5. Molecular Breeding for Resistance
PCR-based marker has been used in the bre?ding of desirable resistance £ virg]
fungal pathogen in plants. Barley yellow mosaic virus (BaYMV) has been s an
as important viral disease in Europe. Therefore, breeding for resistance to the gge ereq
Jications of closely linked PCR-based markers for the transnufl:; Is
ion

of special importance. App ed I
of resistant gene(s) against barley yellow mosaic virus are now successful and efficient
Similarly breeding for resistance to fungal pathogen has been advanced. Fusarj ‘

head blight is a serious disease of wheat. Molecular markers closely liked to the mg;
QTL involved in Fusarium head blight (FHB) resistance have been identified and rm'igzs
the possibility of marker assisted selection (MAS) for introducing resistant alleles ing,
clite wheat variety. These are some of the safety strategy in breeding. The new varietjog
d high yield performance and high level of resistance to Fusarium pathogen,

4. Selec

Several |
screen at any stage Il tl
routine use, conversion 0

combine

6. Identification of Breeding Lines
In the germplasm, labelling error can lead to breeding artifact because handling of

large number of lines may create problem in identifying molecular marker used to confirm

breeding lines.

7. Identification of Hybridity

Mglecglar mal.‘ker can be used to identify hybrid nature of individuals especially in
s'elf-polhna_tmg species. Production of hybrid through non-conventional hybridization method
like somatic hybrid also can be identical using RAPD analysis,

8. Purity of Breeding Lines

Accidental mixing of seeds or cross-contamination i

cidel of s tion in seeds harvested may lea
contammat.lon qf breeding lines. Molecular markers can be used to assist ecstalr)rll :{1 le?dt:
pure breeding lines and check contamination of breeding o

9. Prediction of Hybrid Performance (Heterosis)

Establishment of ic di

. genetic distance between the :

ascertain the performance of hybridity, °n the parents u:;il 1‘: ,::‘é l::msg c:;:: able :
Genetic distance betw ssible parents can

estimated by employin
ying molecular - :
useful markers for these pmdictionr:mm RFLP microsatellite markers are selected 8
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‘0 I,deﬂre quires suitable molecylay
/;ﬂf gormpIasm, for example, gy

Pl
S ?
W“

1\‘[5: i orteut, pla.nt breeders now use
5 sisted selection (MAS). To he]
" ‘ef’ ocific genes, scientists uge whaI;
i olecular or genetic markers
o ;rnarkers a{'e a string or sequence of
o id which makes up a segment, of
. markers are located near the DNA
[]Ance of the desired gene and are
5eﬂ“emitt9d by the standard laws of
tf”ﬂ%wnc ¢ from one generation to the next
gy 5 4). Since the markers and the genes
(Figurf:w Logether on the same chromosome,
af"clond 1o stay together as each generation
ey u:lw i produuxl. This is called genetic
0”)]0“, rhis linkage helps scientists to
liﬂk‘f"’t';vlw”"?r a plant will have a desired
prc‘(1 ”r(,m“ralwrﬁ can find the marker for
lglh:11 genty it means the desired gene itself is
nsg,(‘.llL
Ag 8eit
gachrom
cific gENES,
jpkage MAP- -
ation of marke .
moduce detailed maps in ©

Using very detailed genet:
DNA, researchers can
od seedling. Once the tissue 18

‘

ntists learn where markers occur
some, and how close they are to
they can create a genetic
h a map would show the

jplant’s
arminat
«atains the appropriate gene.
ashvsis of another seedling, even
peaific trait.

Molecular breeding through MAS 15
spavering or modification because:

L R works only for traits

. e |

y p;o
# I‘ﬂ,‘tifying ESeHmplasti
47~ tion of several
e e al useful genetic resources of

possible parents for use in

techni
1que. RAPD marker is a useful too] for the

f : rvey of ri i
[ Dresence of specific marke anl('llce gerrpplzi\sm using RAPD shows linkage
quantitative trait loci (QTL) for novel

yer Assisted selection (Vas)

*The middle
section indicates
the
presence ofa
desirable gene
in an organisms'
genetic code
that is associated
with two
genetic markers
(flags)."

Desirable
gene

t

Fig. 5.4. The genetic markers

rs and genes, and their distance
nly one generation of plant breeding.
¢ maps and better knowledge o

analyze only a tiny bit
analyzed, scientists know wheth

If it doesn’t, they can quickly
tually working only wit

s somewhat limited in scope compared 1o

M J
from other known genes. Scientists can

f the molecular structure of

of plant tissue, even from a newly
er that seedling

move on and concentrate on
h the plants which contain @

genet

already present in a crop;
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1. DNA mar%er gyippnss fove WD derdep wnd 2re W ,,: 2 range of 4

B W’%}/Wﬁﬁlm P rogponnt. Iﬂ‘r@b demrxmxim ffﬂ ‘f"": an?
yjrr ’ﬂfm ; ,;fk//;//r;ifir; [N ks (HAPTR), ,”%_r’;'mz Ta@ed | m;:» <7 '*:‘,;,}“
feaphifistion ¢ st Polymorghisns (LF1P%), :;)m?le afy-';:;ep%l tepeats (SR, oo
Vm”ngmi”lu:’,"/’:rid Gingle Nudetide Polymorphism (SNPs). The advantape, a
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(adopred from Koram, 2003)

Feature

f ( 10 002 0510 005 015
g:: mﬁd e High High Moxsee 29 Werserse &;.
PO 7 Yes Yes Yes Yes
Nursber of pokymorghic. | 1020 | 1550 | 20100 1030 | 10
& of use Not easy | Easy Easy Easy Easy
Amenable to automation | Low Moderate | Moderate High High
Reproducitiity Hgh | Unseliale | Hip High High
Development cost Low Low Moderate | High Hr)
Cost per analysis High Low Wesseats Low Low

These molecular techniques have been widely used o monitor differences in DNA
sequence in and among species. They also allow the creation of new souress of genetic
variation by introducing new and desirable traits from wild varieties into elite lines. While
RFLP markers have been the basis for most genetic work in crop plants, AFLPs and SSRs
are currently the most popular techniques used due to ease in detection and automation,

The adoption of the new marker system, SNPs, is now highly preferred with the Increasing

umwnth of sequence information, and the determination of gene function due to genomic
research,

2. Applications of molecular markers for crop genetic studies
The main uses of thess mol

ldentiﬁcutiun and ﬁngerprinting of genotypes
(iti) Estimation, of genetic dis o

mor—rn Istances between population, inbreeds and hreeding
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unguiculaty), banzans (Muss) and wihezt,

Bome Imporant terms asvocicted with molecular breeding

AVIR: fanglified Pragment Lengih Polymorphism. A highly sensitive method for
deteting UNA plymerphism. ¥ollowing restriction enzyme digestion of DNA, 2 subset of
the DNA fragments is mdected for PCR amplificstion and vieualization.

CGenetic Mapr: Amapflt}mmhunywmdmwrmadmmm,
determined on the basis of how ofben the loci are inherited together.

Linkage Map: A map of relative positions of genes on a chromosome. Genes inherited
together are close W ench other on the chrormosome, and said W be linked.

Microsatellites: Very short DNA motifs (1-10 base pairs) which oceur as tandem
repeats ot numerous loci throughout the genome. Also known as simple sequence repeats
(88R), simple tandem repeats or simple repetitive sequences.

Monogenic trait (Mendelian trait): a trait determined by the action of a single
genetic locus

PCR: Polymerase Chain Reaction. A method for amplifying 2 DNA sequence in large
amounts using a heat-stable polymerase and suitable primers to direct the amplification of
the desired region of DNA

Polymorphism: A detectable difference at a particular gene or marker occurring

RAPD: Random Amplification of Polymorphic DNA Avndeiy-used technique for
umplifying anonymous stretches of DNA using PCR with arbitrary primers.

RFLP; Restriction Fragment Length Polymorphism. Variations which occur in the
kngth of DNA fragments produced when DNA is broken down by restriction enzymes

-
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SO WRRRL e apeattle sequences of DNA, usually 4-6 base pairs long, ang
A O DN A thase points, known as restriction sites).
minute, variation that occurg

ok Nuekatide Polymorphism. A common, but

SOON sepuenens of & genome. These variations can be us
AUATRN O RN,

Q112 Quantitative Trait Locus. Location of a specific gene that affects a measurable
o euantitiable trait, These traits are typically affected by more than one g:(rile, and also
A the environment. Examples of quantitative traits are plant height (measured on a ruler)
and body weight (measured on a balance). N

Quantitative (continuous) traits: phenotypes that exhibit a range of measurab]e

ed to track inheritance jj

SN ‘
\\. \\ :Q\.\\\\,‘}\\

ouicomes.

III. RAPD (Random amplification of polymorphic DNA)

‘rapid’ : lification of Polymorphic DNA’,
RAPD (pronounced ‘rapid’) stands for ‘Random Amp :
It is a type of};’CR reaction, but the segments of DNA that are amplified are random. The

ikt " 2l arbitrary, short primers (8-12 nucleotides), then
scientist performing RAPD creates sever ary hoping that fragments will

roceeds with the PCR using a large template of ge.nom.ic DNA, !
zl:mplify. By resolving the resulting patterns, a semi-unique profile can be obtained from a

RAPD reaction. .
ed genome is required, as the

No knowledge of the DNA sequence of the target
g but it is not certain exactly where. This

primers will bind somewhere in the sequence,
NA of biological systems that have not had

makes the method popular for comparing the D ( . 1
the attention of the scientific community, or in a system in which relatively few DNA

sequences are compared. However it is not suitable for forming a cDNA databank. Because
it relies on a large, intact DNA template sequence, it has some limitations in the use of
degraded DNA samples. Its resolving power is much lower than targeted, species-specific
DNA comparison methods, such as short tandem repeats. In recent years, RAPD has been
used to characterize, and trace, the phylogeny of diverse plant and animal species.

RAPD markers are decamer (10 nucleotide length) DNA fragments from PCR
amplification of random segments of genomic DNA with single primer of arbitrary nucleotide
sequence and which are able to differentiate between genetically distinct individuals, ]
although not necessarily in a reproducible way. It is used to analyse the genetic diversity
of an individual by using random primers. Due to problems in experiment reproducibility,
many scientific journals do not accept experiments merely based on RAPDs anymore.

RAPD requires only one primer for amplification.

How it works
Unlike traditional PCR analysis, RAPD does not require any specific knowledge of
the DNA sequence of the target organism: the identical decamer will or will not amplify |
;segn?ent of DNA, dependir?g on positions that are complementary to the primers’ sequence. 4
or example, no frggment 1s produced if primers annealed too far apart or 3' ends of the
I%I&IXG;: tz;lre not facing each ther. Therefore, if a mutation has occurred in the template
" : eii site thaF was previously complementary to the primer, a PCR product will not

produced, resulting in a different pattern of amplified DNA segments on the gel.
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(0P 1P (Restriction fragement length polymorphism)
; R (riction fragment length polymorphism, or RII
IW:S in homologous DNA sequences. It refers to a d
0

P, is 0 technique tha exploits

ifference between samples of
vgﬂﬂt]lo Jous DNA molecules from differing locations of restriction enzyme sites, and to g
0

pom? o jaboratory technique by which these segments can be illustrated, In RFLP analysis,
feaDNA sample is broken into pieces (and digested) by restriction enzymes and the
the iting restriction fragments are separated according to their lengths by gel
esurophoresis. Although now largely obsolete due to the rise of inexpensive DNA sequencing
ele%tnologies, RFLP analysis was the first DNA profiling technique inexpensive enough to
wz widespread application. RFLP analysis was an important tool in genome mapping,
]s:caﬁzation of genes for genetic disorders, determination of risk for disease, and paternity

testing.

The basic technique for the detection of RFLPs involves fragmenting a sample of
DNA by a restriction enzyme, which can recognize and cut DNA wherever a gpecific short
sequence occurs, in a process known as a restriction digest. The resulting DNA fragments
are then separated by length through a process known as agarose gel electrophoresis,
and transferred to a membrane via the Southern blot procedure. Hybridization of the
membrane to a labeled DNA probe then determines the length of the fragments which are
complementary to the probe. An RFLP occurs when the length of a detected fragment

varies between individuals. Each fragment length is considered an allele, and can be used
in genetic analysis.

s
a (‘s
..

RFLP analysis may be subdivided into single-
paradigms. Usually, the SLP method is pre
easier to interpret and capable of analyzing
generated even when the DNA is degraded
Examples:

(SLP) and multi-locus probe (MLP)
ferred over MLP because it is more sensitive,
mixed-DNA samples. Moreover, data can be
(e.g. when it is found in bone remains.)

There are two common mechanisms by which the size of a particular restriction
fragment can vary. In the first schematic (Fig. 5.5.) a small segment of the genome is being
detected by a DNA probe (thicker line). In allele “A”, the genome is cleaved by a

restriction enzyme at three nearby sites (triangles), but only the rightmost fragment will
be detected by the probe. In allele “a”, restriction site 2 has been lost by a mutation, so
the probe now detects the larger fused fragment running from sites 1 to 3. The second

diagram(Fig. 5.6) shows how this fragment size variation would look on a Southern blot,
and how each allele (two per individual) might be inherited in members of a family.

A—-——A ‘ _ﬁ-

1 2 3

a---

5 — -
ﬁ Fig. 5.5. Schematic for RELP by cleavage site loss
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In the third schematic (Fig. 5.7) the probe and restriction enzyme are chosem
a region of the genome that includes a variable number tandem repeat segment (hogeg i
schematic diagram). In allele “c” there are five repeats in the VNTR (variable mllnbe:
tandem repeat), and the probe detects a longer fragment between the two restriction
sites. In allele “d” there are only two repeats in the VNTR, so the probe detects g shorter
fragment between the same two restriction sites. Other genetic processes, such as insertiong
deletions, translocations, and inversions, can also lead to RFLPs. RFLP tests require mUc};
bigger samples of DNA than do short tandem repeat (STR) tests.

Inheritance of Parents
RFLP markers

Siblings

il
$h

AA aa Aa Aa Aa aa Aa AA
[~ — ] [ —— N - —— - — ]
[ -] | —1 B ] o= I — ]

Fig. 5.6. Analysis and inheritance of allelie RELP fragement (NIH).

Applications
Analysis of RFLP variation in genomes was a vital tool in genome mapping and

genetic disease analysis. If researchers were trying to initially determine the chromosomal
location of a particular disease gene, they would analyze the DNA of members of a family

afflicted by the disease, and look for RFLP alleles that show a similar pattern of inheritance
as that of the disease. Once a disease gene was localized, RFLP analysis of other families could
reveal who was at risk for the disease, or who was likely to be a carrier of the mutant genes.

RFLP analysis was also the basis for early methods of genetic fingerprinting,
useful in the identification of samples retrieved from crime scenes, in the determination
of paternity, and in the characterization of genetic diversity or breeding patterns in

animal populations.
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Describe the role of chromosomal mutations in crop improvement.
gnumerate the role of gene mutations in crop improvement.

Give an account of role of somaclonal variations in crop improvement.

What is molecular breeding ? Describe the use of DNA markers in plant breeding.
Describe the role of molecular markers in crop improvement.
Write notes on :

(i) Somaclonal variation

(i) DNA markers in plant breeding
(yy MAS

(vij) RFLP

(%) Molecular breeding for resistance

(¥ MAS for pathogen resistance in crop plants
(x) Application of RFLP

R

(i) Mutation breeding
(M Molecular breeding
(v) RAPD

(vii) Molecular markers

OO0
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