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PREFACE

The practical study of the subject is of immenséueaThe
laboratory work develops confidence and scienbdfitlook. Students
always need some guidelines to facilitate theirkniarthe laboratory.
| hope this will be fulfilled by this lab manual vwadh covers the
portions of Il B.Sc.Botany ofSeethalakshmi Ramaswami College. It
includes Anatomy, Embryology, Cytogenetics & Biorgetwith
labelled illustrations and brief descriptions. Rlanatomy covers all
topics related to the histological aspects of wagiglant parts.
Embryology deals with anther, ovules and embryoto@gnetics
includes ultra structure of cell organelles, Meratelexperiments,
genetic interactions and solved genetic problememBtry includes
solved problems of mean, median and mode. The mgdestion
paper and spotters are appended.

| express my deep sense of gratitude and indeldsdioe our
Managing Trustee, Coordinator and Principal Dr.j\M@naka Bhashyam
for their encouragement and support. | extend mgese thanks to
DBT star college scheme, New Delhi for their Finahéssistance.

Mrs. P. Kamaladevi
Associate Professor
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ANATOMY

 The plant body of a typical seed plant basicallpststs of two
parts, theoot andshoot.

» Leavesare regarded dateral expansionsof stem.

» The primary meristem found in the apical regiontgbates to
the three main types of tissuewascular tissues, epidermis
andcortical tissues

o All the tissues derived from apical meristem arenownly
calledprimary tissue.

» Thevascular and cork cambiumproducesecondary tissue

shoat tip
{apical bud)

EFIDERMIS

lateral bud

node
internode

WASCULAR TISSUES

seeds }fruit

GROUMD TISSUE

primary root

lateral root root hairs

root tip
root cap

PRIMARY STRUCTURE OF ROOT
* The epidermis hasnicellular hairs.
e Cuticle and stomata are absent.

» Hypodermis is not differentiated.
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Cortex is broad and well developed.

Endodermis distinct witlsasparian stripsandpassage cells.
Stele isactinostele

Pericycle is single layered and parenchymatous.
Vascular bundles amadial.

Xylem isexarch.

Lateral branches arise endogenouslygezicycle.

PRIMARY STRUCTURE OF STEM
Multicellular hairs are present.
Cuticle andstomataare present.
Hypodermis is well marked.
Endodermis indistinct.
Stele ispolyfascicular siphonostelein dicots ancatactostelein
monocot.
Pericycle several layered and mosttferenchymatous
The vascular bundles acellateral andconjoint.
Xylem isendarchin nature.

Lateral branches arise exogenously.

STRUCTURE OF LEAF
The dicot leaves aralorsiventral or bifacial leaves and

monocot leaves are isobilateral leaves.
The outermost layer isniseriate upper andlower epidermis.

Presence dbulliform cells in monocots.
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Mesophyll tissue is well differentiateghalisade and spongy

parenchyma in dicots.

Vascular bundles are surroundeddajerenchymatous bundle
sheethin monocot leaf an@arenchymatousin dicot leaf.
Bundles arecollateral and closed Xylem faces towards upper
epidermis and phloem towards lower epidermis.

Presence of'Y” shaped Xylem and protoxylem lacuna in

mMonocots.

Embryology

Embryology deals witlstructure and development of embryo.
Flower is areproductive part of the plant.

It consists of the floral parts likealyx, corolla, androecium
andgynoecium

Androecium andgynoeciumare essential organs.
Androecium made up of stamens. Each stamen has filament
with anther lobes.

Anther enclosepollen grains (Male gametophytes).
Gynoecium made of pistils. Each pistil hasvary, style and
stigma.

Within the ovary presence of/ules.
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* Process of transfer of pollen grains from stamerstiggma of

pistils is called pollination.

» Fertilized egg develops in to embryo. In dicots,beyp has a
suspensor two cotyledons, and an embryonic axis with
plumule, epicotyls hypocotyl andradicle.

GENETICS
 Branch of science which deals witlteredity and variations
among related organisms.
 Mendel is called the father of genetics and histrdmuttions to
genetics are callellendelism.
e He worked in Pisum sativum and produced ratios in
Monohybrid & Dihybrid crosses.
* Deviations from Mendelian ratios lhcomplete dominance,
Lethal factors, andinteraction of genes.
 Inheritance of characters through sex - colourdnlass in Man.
» Inheritance of characters through cytoplasm - Kgpgaicles in
Paramecium.
BIOMETRY
» Collection, presentation, analysis and interpretation of

numerical data.
* Measuresof central tendency &jode b)Median c¢)Mode

« Mean is an average. Adding all the values divide by tibial

number of items.
 Median ismid value.

* Mode is mostfrequently occurring value.
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T.S. OF DICOT ROOT

E.g. BEAN

* Epidermis is single layered unicellular root hairs without
cuticle.

» Cortex ix broad anlomogenous parenchymatous

» Endodermis is single layered withsparian strips

* Uniseriate pericycle.

e Vascular bundles areadial, closed, tetrarch with exarch
xylem,

* Pith is small angharenchymatous

Ground Plan

— Epidermis

Endodermnis

""""""" Pericvcle
W Pith
= Pldoem

N . 8 (3 1]

e — i 1 T LTI TE RN E .
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A Portion Enlarged

ROOT HAIR
EPIBLEMA

CORTEX

ENDODERMIS

PERICYCLE TETRARCH EXARCH RADIAL
YASCULAR BUNDLE

PHLOEM
META XYLEM

FROTOXYLEM

PASSAGE CELLS
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T.S OF MONOCOT ROOT

E.g. CANNA

 Epidermis issingle layered with unicellular hairs without
cuticle.

» Cortex is broagharenchymatousenclosing large space.

* Endodermis is distinainiseriate with thin wall.

» Pericycle is single layered and parenchymatous.

» Vascular bundles amolyarch, radial, and closed with exarch
xylem.

* Pith issclerenchymatous

Ground Plan

ROOT HAIR

EPIBLEMA

— ENDODERMIS
PERICYLE
PITH

PHLOEM
CORTEX
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A Portion Enlarged

ROOT HAIR
~ EPIBLEMA
AIR SPACE
" CORTEX
ENDODERMIS POLYARCH,
RADIAL,
PERICYCLE TRET
META XYLEM sty
PITH BUNDLE
PROTOXYLEM WITH
PHLOEM EXARCH
: XYLEM
- CONJUNCTIVE TISSUE
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T.S OF ORCHID ROOT

E.g.Vanda

* Rhizodermis - Single layered with unicellular hairs.

 Velamen tissue- Thin walled parenchymatous, multilayered
and absorb atmospheric moisture.

» Exodermis- Uniseriate, radially elongated cells.

» Cortex - Parenchymatous with intercellular spaces contains
starch grains and raphides.

» Stele -Polyarch, radial, closed with exarch xylem.

 Endodermis - Single layered with passage cells Gaggparian
thickenings.

» Conjunctive tissue Sclerenchymatous

* Pith- Parenchymatous
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POLYARCH,
RADIAL.CLOSED
WITH EEARCH
HYLEM
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T.S. OF DICOT STEM

E.g. TRIDAX

» Epidermis issingle layered cuticularised withmulticellular
hair .

o Cortex Is heterogenous The outercollenchymatous and
chlorenchymatous

» The endodermis is wavy in outline.

 Pericycle is multilayered heterogenous made up of
sclerenchymaandparenchyma

» Sclerenchymatous pericycle form thendle cap

» Vascular bundles amgolyarch, conjoint, collateral, openwith
endarch xylem

* Medullary rays are present between the bundles.

» Pith is broad angarenchymatous

Ground Plan

—MULTICELLULAR ROOT HATR
—— FFIDERMIS

ENDODERMIS
‘METAXYLEM
FITH

AR PROTOXYLEM
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A Portion Enlarged

CUTICLE

EFIDERNMIS

HYPODERMIS

CORTEX

ENDODERMIS

FPARENCHYMA

S ¢ 000007 R
SEEQ,
R
|

SCLERENCHYMA

THLOEWM

CAMEIUM

— METAXYLEM

MEDULLARY BAY

PROTOXYLEWM

FITH

MULTICELLULAR HATR

COLLENCHYMATOTS

CHLORENCHYMATOUS

HETEROGENOUS
PERICYCLE

polyarch, conjoint, collateral, openwith endarch xylem
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T.S OF DICOT STEM

E.g. CUCURBITA

* The stem haBve ridges and five furrows

 Epidermis is single layereduticularised with multicellular
root hair.

» Cortex isheterogenous, collenchymatoubelow the ridge and
chlorenchymatous below the furrows.

« Endodermis is distinct.

» Pericycle ismultilayered andsclerenchymatous.

* Vascular bundles are ten in number arrangesvonrings. The
outer five small bundles seen below the ridgesiandr larger
bundles below the furrows.

« The vascular bundles areicollateral, open with endarch
xylem.

 Pith ishollow.

Ground Plan

MULTICELLULAR HAIR

ENDODERMIS

PITH CAVITY
FERICYCLE

BICOLLATERAL VASCULAR
BUNDLE
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A Portion Elarged
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T.S. OF MONOCOT STEM

Eg. Bambusa

Uniseriate, cuticularised epidermis.

Hypodermis heterogenous - chlorenchymatous and
sclerenchymatous.

Ground tissue parenchymatous

Many vascular bundles aseatteredin the ground tissue.
Bundles collateral, closed with endarch xylem

Bundles are surrounded bglerenchymatous bundle sheath
Xylem - ‘y’ shapedwith two meta xylem oneprotoxylem and
protoxylem lacuna

Phloemwith companion cells

Pith -hollow.

Ground Plan

SQLERENUWM

PRoTo Y 1 B2y
LAconn

ScLEREN~

~CHY NATY g
BunpLe sye.
7L

Prin
CAvﬁy
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SECONDARY GROWTH IN DICOT STEM

E.g. Anona

» The outer most layer {geriderm replacing the epidermis.
* Presence ofheterogenous cortexis followed by secondary
phloem which is interrupted by bundlespbfloem fibres.

 Primary and secondary medullary rays are presetetween

the secondary vascular tissues.
» Secondary xylem consists wésselsandtracheids.
* Primaryendarch xylempresent in th@arenchymatous pith

Ground Plan

-{—' LENTICEL

CAMBIUM
CORK CAMBIUM
PITH

SECONDARY XYLEM

PEIMARY XYLEM
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A Portion

Enlarged

LENTICEL

COMPLEMENTARY
CELL

CORK
PHELLOGEN
PHELLODERM

SECONDARY CORTEX

SECONDARY PHLOEM
PRIMARY MEDULLARY RAY

PHLOEM FIBRES
CAMBIUM

SECONDARY XYLEM

SECONDARY
MEDUALLARY RAY

META XYLEM PRIMARY EWNDARCH
PROTO XYLEM XYLEM
PITH
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ANOMALOUS SECONDARY GROWTH

E.g. Aristolochia

 Anomalous feature — Bifurcation of vascular bundlesand
fissured xylem.

At the time secondarygrowth inter and intrafascicular
cambium fuses to form normal cambium but theembium
behaves abnormally

» Secondaryvascular tissues formed in the intrafascicular
region andparenchymacells in thenterfascicular region.

* The bundles are remainimlgscrete.

* In older stem the intra fascicular cambium behaat@sormally
and cuts off parenchyma cells resultfigsured xylem

* Phellogencuts bothphellem andphelloderm.

e Lenticels are also found.

Ground Plan
EPIDERMIS
%HYPODERMIS

_ ENDODERMIS
PERICYCLE
SECONDARY PHLOEM
SECONDARY XYLEM
PRIMARY XYLEM

PITH
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A Portion Enlarged
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E.g. Achyranthes

* Anomalous featurelncluded phloemorinterxylary phloem.

« Normal cambium is absent.

» Accessory cambium behaves abnormally forming semgnd
xylem alternating with conjunctive tissue on the inner side
and secondary phloem above the xylem and parenclajyoze
conjunctive tissue on outer side.

o After sometime, the cambial strip lying below thélgem
become inactive andew arcs of cambiumdevelop from the
parenchyma lying above it.

 The newly formed arc of cambium similarly cuts sffcondary
xylem and conjunctive tissue on the inner side secdondary
phloem & parenchyma on the outer side.

 As the result, the secondary phloem formed by finst
cambium gets enclosedy secondary xylem and conjunctive
tissue.

* Itis known asnterxylary phloem or included phloem.

Ground Plan

?

MULTICELLULAR HAIR

—— SECONDARY XYLEM

MEDULLARY BEUNDLE
- [NCLUDED PHLOEN
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A Portion Enlarged
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E.g.Bignonia

* Anomalous feature — Wedge shaped phloem.

* Inter and intrafascicular cambium fuses to fommormal
cambium ring.

* In the beginning cambial activity is normal — itt€umore
amount of xylem on the inner side and less of phlan the
outside.

» After some time atour diagonal placesthe cambium cutkess
amount of xyleminner side and more amount of phloem on the
outer side.

* As the resulfour deep wedgeof phloem are formed.

» After a short period, four more wedges are alsméat.

« The mature stem oBignonia has four big sized and four
small sized wedgesf phloem projecting in to the xylem.

* Phloem fibres are present in the phloem.

Ground Plan

LENTICEL
PHLOEM FIBRES
WEDGE SHAPED PHLOEM

EPIDERMIS
SECONDARY XYLEM
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A Portion Enlarged
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ANOMALOUS SECONDARY GROWTH IN MONOCOT STEM

E.g. Dracaena

« The anomalous feature ifracaena is the formation of
Amphivasal vascular bundle.

e The young Dracaena stem has following structures
sclerenchymatous hypodermisjosed, collateral, scattered
bundleswith endarch xylem.

» During secondary growth, cambium originates fronteowells
of ground tissue.

e Cambium cut off outer parenchymatous and inner
sclerenchymatoudissue ancylem in alternate patches.

« After sometime, the cambium cut ogbhloem above xylem
Again it cuts xylem, so phloem encircled by xylefine bundle
is called amphivasal vascular bundle It is surrounded by
sclerenchymatous bundle sheath

» After short period theambium cuts xylemon the inner side, at
those places where it was previously forming the
parenchyma in the place of xylem.

o Similarly the activity of the cambium goes on chiagg
regularly and more rings of vascular bundles arséal.

» Cork cambium produces boimelloderm andcork.

Ground Plan
e u— LENTICEL

— ~. N ——DPERIDERM

= CAMBIUM
_ AMPHIVASAL VASCULAR BUNDLE
— CONJUNCTIVE TISSUE
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A Portion Enlarged
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T.S. OF DICOT LEAF

E.g. Helianthus annuus

» Leaf is bounded by twepidermal layers with cuticularized
bearingmulticellular hairs andstomata

« Stomata are distributedhore on lower epidermis than the
upper epidermis.

* Mesophyll tissue is well differentiated inpalisadeandspongy
parenchyma

* The vascular bundles are distributed in the midrib.

* In laminar portionxylem faces towards thepper epidermis
andphloem towards théower epidermis.

* In the midrib regiorhypodermisis collenchymatous.

CUTICLE
UPPER EPIDERMIS

MULTI CELLULAR HAIR
PALISADE PARENCHYMA | prcOPHYLL

SPONGY PARENCHYMA
I S— - STOMATA

> PARENCHYMATOUS

—— BUNDLE SHEATH
R ]
o
v A OEM
3

‘{‘E% ]?}Ii%'romm COLLATERAL CLOSED

YVASCULAR EUNDLE
o

META XYLEM
GROUND TISSUE
COLLENCHYMATOUS

HYP ODERMIS
LOWER EPIDERMIS
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E.g.Nerium
The upper and lower epidermis is covered whibk cuticle.
The lower epidermis is provided witbunken stomataand
covered bystomatal hairs.
The mesophyll tissue consists of palisade and spong
parenchyma.

The vascular bundles aceescent shaped

Xerophytics characters

SRC

Presence ahick cuticle.

Well developed xylem

Sunken stomata confined to lower epidermis covered with
stomatal hairs.

Well developed mesophyll tissue.

A CONICAL HAIR
P peS@n L v UPFER EFIDERMIS
ryew  CUTICLE
MESOFHYLL TISSUE
7 STOMATA
Zz COLLENCHYMA

STOMATAL HATR
PROTOXYLEM

META XYLEM

LOWER FFIDERMIS
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TS OF MONOCOT LEAF

E.g. GRASS

In grass leaf the upper epidermis hidges and furrows.

The stomata occur on the epidermis.

Thin walled, colourless and largeailliform cells or motar cells
are situated along the grooves of upper epiderrhisiwhelp in
the rolling of leaves to prevent excess of traramn.
Mesophyll consists of chlorenchyma and parenchyma.

Many vascular bundles are situated along the lemdthhe

lamina.

BULLIFORM CELL

CUTICLE
PPER. EPIDERMIS

PARENCHYMA

SCLEREMCHYMATOUS
BUNDLE SHEATH

PROTOXYLEM LACTNA

) *}\, .- MET A XYLEM
s PHLOEM

[ W
3 ¥

s
A ;{;ﬁ LOWER EPIDERMIS

[ e, 1

. N ;
Ak ] i ‘ i
£~ [ bR
|:-| e .|
1 =

SCLERENCHTMATOUS
HYFP ODERMIS
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TYPES OF STOMATA

RANUNCULACEQOUS STOMATA
E.g. Cephalandra

 The stomata are surrounded by indefinite numbesubfidiary
cells.

* They do not differ from the epidermal cells.

RUBIACEOUS STOMATA

E.g.Ixora
* One (or) more subsidiary cells are present.

* Longitudinal axis parallel to the guard cells.
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CRUCIFEROUS STOMATA

E.g.Brassica

o Usually three subsidiary cells surrounded the oak loeing

smaller than the other two.

J\

GRAMINACEOUS STOMATA
E.g. GRASS
 Guard cells are dumb-bell shaped narrow in middhe a
elongated at both end central narrow part has treck wall and

the bulbous ends has thin wall.

6 008 190 500 158 008 06 100 048 DO 0 Sl
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NODAL ANATOMY

UNILACUNAR NODE

 The node with single leaf gap of leaf is known adacunar
node.E.g. Justica, Anona.

TRILACUNAR NODE
 The node with three leaf gaps and three leaf trec&aown as
trilacunar node. Among the traces median one gelaand two
lateral traces are smaller in sieg. Polyathia.

MULTILACUNAR NODE

» The node with many leaf gaps and traces of lelafi@svn as
multilacunar node.

* One is larger and median in position.

« Other lateral traces are smaller in siZeg. Aralia.

LATERAL TRACE

MEDIAN TRACE

LEAF GAP
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T.S OF ANTHER

E.g.Kigelia

o T.S of mature anther show@ur microsporangia.

* Each microsporangium is bounded by epidermis, dmdaim,
middle wall layers and tapetum.

» Two anther lobes are attached by connective tissue.

* Microsporangia encloses pollen sacs.

* Thin walled stomium found in between two microspgjia

CUTICLE

EPIDERMIS

ENDMYTHECTLU M

TAPETLUM

POLLEN GRAIN

MIDDLE
WALL LAYERS

STOMIUM
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TRANSLATOR

E.g. Daemia

» All the pollen grains in a sponangium remain togetio form a
single mass callegollinium.

* Presence of translator is an unique featuil@aemia.

« Each translator cnsists caudicle, carpusulumandpollinium.

CAUDMCLE
CARPUSULLUNM

A0 LIKE
POLLINIUNM
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STRUCTURE OF ORTHOTROPOUS OVULE

» Orthotropous ovule istraight.

* Funicle is short.

* Micropyle, chalazaandfunicle are in straight line.
* Ovule is enclosed by two integuments.

 Embryosac consists afgg apparatus 2 polar nuclei and 3

antipodals.

— MICROPYLE
GG
ANTIPODALS

CENTRAL NUCLEI

—EMBRYO SAC
—ANTIPODALS

CHALAZA
FUNICLE
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STRUCTURE OF ANATROPOUS OVULE

« Anatropous ovule is aimverted ovule.

 The ovule bends & the integuments fuse withicle forming
theraphae.

» The ovule is covered by two integuments.

 Embryosac consists &gg apparatus two polar nuclei and3

antipodals.

CHALAZA

ANTIPODALS

EMBRYO 5AC
POLAR NUOCLEI
EGG

A Y NER GID

MICROPYLE
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DEVELOPMENT OF DICOT EMBRYO

The zygote formed after fertilization divides traessely to
form upper basal called lower terminal cell.
GLOBULAR STAGE
 This stage of embryo is named after tflebular shaped of
developing embryo.
» The outer cells of these embryo formgekrmatogenand inner

cell give rise tgeriblem andplerome.

PROEMEREYO
1~ SEED COAT

HEART SHAPED EMBRYO
» This shows the presence of latecaltyledonsdevelop one on
either side of these apex which are terminal initjoos

Procambium gets differentiated inentral region of thestem

HEART SHAPED
EMBRYO
SEED COAT
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COTYLEDONARY STAGE

Embryo consists ofwo cotyledonswhich are attached to the
embryonic axis.

The mature embryo iBorse shoe shapediue to curvature of
cotyledon.

The embryo is attached by means of a bsissphensor

The embryo axis is end in tiptumule.

The axis below the cotyledon is callegpocotyl with radicle.

. w SEED COAT

7 DISINTEGRATING
' INNER SEED COAT
¥ PLUMULE

-COTYLEDON
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STRUCTURE OF DICTYOSOME

» Dictyosome or Golgi complex is a cytoplasmic ordkme

It consists of 4 components.
1. Cisternae 2. Tubules 3. Vesicles 4.Vacuoles

» Cisternae are elongatédttened sacsdfilled with fluids and are
arranged one above the other to fatacks

* Presence ahtercisternal space betweecisternae

» From the distal end dfisterna, complex net work like structure
calledtubules.

 From the periphery of the golgi complex, presenteasicles
andvacuoles

 Functions: Formation of Acrosome cell wall formation,

secretionglycosylation lysosomeformation etc.

VESICLE

INTER CISTERINAL SPACE
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MITOCHONDRIA

» Granular or thread like cytoplasmic organelleower house of
cell.

« They are covered by two unit membranes. And thisknis
60A°.

* Presence obuter & inner chamber or matrix.

* Inner membrane givagistae.

* Inner matrix is filled with protein, lipid, enzymeso-enzymes,
minerals likeS, Fe & Cu,

* Vitamins, RNA, Ribosomeandcircular DNA.

* Inner & outer membrane contaifRsg particles.

* Functions:Respiration, Protein synthesisenergy supply

INNER MITOCHONDRIAL
MEMERANE

CRISTAE
MATRIX

RIBOSOME
F1 PARTICLE

DNA

: B\~ ;
- "',.. ~
' @ 0
TS
i ' /
OUTER MITOCHONDRIAL
MEMBEANE

SRC Practical Manual - I



53
CHLOROPLAST

» Largecytoplasmicorganelle.

» The chloroplast bounded Iwo unit membranes

» QOuter membranesmooth freelypermeable

* Inner membrane - foldedglectively permeable

* Inner membrane encloses the space calletha or matrix.

» Matrix containslipid, proteins, minerals, ribosomes RNA,
circular DNA, carbohydrate andGrana.

* The grana are connected fiogts or stroma lamellae

« 10 — 100 thylakoids are arranged one above ther athéorm
stacks of coins calleGrana.

» Thylakoid membrane hahlorophyll pigments.

» Functions: Photosynthesis protein synthesis &tarch storage

===~ OUTER MEMBRANE
-------- - INNER MEMBRANE

e LCIRCULAR DNA

?~----—-FRET (OR) STROMA
LAMFLLAF

~~—-—— STROMA({OR)
MATRIX
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STRUCTURE OF tRNA

» Transfer RNA -single stranded folded itself to formclover
leaf shaped.
* Itis made up o¥3-95 nucleotides
e It has 5 and 3 ends.3' is ending withCCA and5' is ending
with G or C.
* tRNA has 5 sites
I.  Ribosomal site
ii. Enzyme site
lii.  Anticodon site
Iv. Aminoacid carrying site
v. Mini loop
« Each tRNA shows specificity in carryiramino acids
* Mini loop or variable arm contains unusual aminm@sac

* Function: Protein synthesis

- AMINO ACID
4 e CARRYING SITE

[ 1]

T T smosonsas s
p— MINILOOP

ENZYME SITE

ANTICODON SITE
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MONOHYBRID CROSS

Monohybrid cross is a cross between two plants déring in
a single pair of contrasting characters.A cross between pure red
(RR) and pure whiter() flowered variety. The off springs of thg
generation are all red. When this is selfed, Bhes produced in the
ratio of red: white. The checker board shows tHd8 of the red is
homozygous having the genoty@@R) which always breed true &
remaining 2/3 being heterozygougRr) and pure recessive white
flower (rr) always breed true.

Phenotypic ratio = 3RED: 1IWHITE

Genotypic ratio = 1RR:2Rr:1rr
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IWHITE v

(8 SELF FERTIALIZED

Il
rod
m
=
2
]

P, PARENTS

0 0 0 61 IAMETES

GIENIDTYPIC RATIO:
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PHENOTYPIC RATLD P> Eg HYBRID

? Sa-NO*- | - HoMoZYApvS RED [RRJ
So.N0:1,23- 3RED % _

Sa.no: 4 = 1 WMTE R
3RED: 1 WHITE
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T B Lh ' lRR:o‘err.'lwf
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MONOHYBRID BACK CROSS

Monohybrid back cross is the cross between the,Fhybrids
with their dominant parents. Here, theF; red flowered variety is
crossed with its dominant parent. The dominant mianell produced
only one type of gametd®) andF; hybrid will produce two types
gameteR & r. This back cross will bell are red. The ratios are

Phenotypic ratio = all are red

Genotypic ratio = 1RR: 1Rr
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P, PARENTS

&, (tAM ETES

i 1S CROSSED WITH DOMINANT PARENTS

RED RR

Py PARENTS
611 WAMETS

PHENOTYPIC RATID:

Sq.ne: 1,2,3,4 - RED
NLL ARE RED|

SRC

F, HYBRID
a&? R ¥
R RR R+
R| RR Rer

OiENOTYPIC RATID:

Sr-Nb:1,3 - X HoMozytovs REDLR)

SR-NO1Q,Y - o HETEROIY(o0S RED [ R
ARR : Q Re

‘l_iRR’:']_RPrI
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MONOHYBRID TEST CROSS

Monohybrid test cross is a cross between;Rybrid with its
recessive parent.In this cross thd=; hybrid Rr will produce two
types of gametes such &' and‘r . The recessive homozygous
parents will produces only type of gaméte. The offspring in the
F,shows that, the genotype as well as the phenotgbics remains
the same. The significance of test cross is thaffinrd out the
heterozygositynature of the parents. The ratios are

Phenotypic ratio = 1RED: 1IWHITE

Genotypic ratio = 1Rr: 1rr
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P, PARENTS
RED Re G, (IAMETES

(1

WHEN F, 1S CROSSED WITH RECESSIVE PARENTS

\A.IHlT‘E v
l !‘ P. Pazr-:ms
g QHMET ES
PHENOTYPIC RATID: F; HVBRID GENGTYPIC R ATID

? s

Sang:|,2 ~ RRED | & ¥ S8-NO- 1,2 - 2 HETERDZYEo0S RED [RY]

SR-Nb-3,4 - 2 IWHTE E. R« Rv Sa.ND:- 3,4 - 2 HOMOTYbwus WHITE]

| RED: | WHITE [ Rv: a7

a| 7 xrr
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INCOMPLETE DOMINANCE

In a heterozygouslominants allele does not completely mask
the phenotypic expression of the recessive alleénd therefore an
intermediate phenotypeappears in th&, generations. This is called
iIncomplete dominance.

In Mirabilis jalapa a cross is made between red and white
flowered varieties to yield pink flower. When thénk flower F;
hybrid was selfed. It segregated in the ratio of
1RED:2PINK:IWHITE . Here, the phenotypic ratio and the
genotypic ratios were the same. The gene for tdecodour(R) was
not completed dominant over the recessive genes Type of
Inheritance was known as incomplete dominance.

The ratios are

Phenotypic ratio = 1RED:2 PINK:1WHITE

Genotypic ratio = 1rr:2Rr:1rr
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P, PARENTS

Gr, GLAMETES

F. FYBRID

P, PARENTS

R v

“ 0 (ny LAMETES

SIENSTYAL RATIO :

SaND: 1 - 1 HoMoezVewws RED [RR]

$Q-nNe: | - 1 RED a“?

Sq. Mo 2,3~ R PINK R

Senprly - 1 IMKITE

RR

Ree

A RED:QRPINK ;1 INHITE

R~

adad

S&@Nb:2,3 — 2 HETERODZYbmoS Pnk [ RY)

Sm-ND: 4 -1 HoMoZYhovs \wHITE [y

| RR : Q Ry ¢ [~7]
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LETHAL FACTOR

Lethal genes are mutant genes, whidlve no effect on the
phenotype but influence theviability of the organisms and the
individual fails to survive.

In 1905 a French geneticist Cuenot reported lethal genes in
mouse body colour .yellow body colour is dominawnero brown
colour. In this cross two heterozygous yellow badyour mice are
crossed. Thd&~; checker board shows that 2 heterozygous yellow
(YY) do not exist because two dominant genes failsitae. So the
ratios are,

Phenotypic ratio =2YELLOW: 1BROWN

Genotypic ratio = 2Yy: 1yy
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DIHYBRID CROSS ”

Dihybrid cross is a cross made between two planthdt are
differing in two pairs of contrasting traits. When a cross is made
between a pea plant varieties havyedlow cotyledoncolour (Y) is
dominant overgreen wrinkled (r). Hence the pure breeding yellow
cotyledon, round wrinkled parent is represented tiy genotype
YYRR and the pure breeding green wrinkled parent isessmted by
the genotypeyyrr. During gamete formation the paired genes of a
character as sort out independently of the othe&r phe Fiplants are
YyRr i.e. yellow cotyledon with round wrinkled. THeg, is selfed,
dihybrid plants(YyRr) produce four types of gametes. They 4R,
Yr, YR, yr. The male also produces 4 types of gametes. The fo
types of female gametes fuse with the 4 type ofnlade gametes at
random. Hence there are 16 possible combinatioiss Tan be
clearly understood by checker board, out of the6e A yellow
cotyledons with round seeds, 3 yellow cotyledonthwirinkled, 3
green cotyledons with round seeds and 1 green edwgl with
wrinkled seeds.

Phenotypic ratio = 9yellow cotyledons round seeds
3 yellow cotyledons wrinkled seeds
3 green cotyledons round seeds
1 green cotyledons wrinkled seeds
9:3:3:1

Genotypic ratio =
1YYRR:2YYRIr:2YYRR:AYYRr:1YYrr:2Yyrr:lyyRR:2yyRr:1lyy  r1r
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VELLOW ROUND YYRR GIREEN WRINKLED yyoy

F, _HYBRID

\WHEN F. IS SELE FERT[L2ED

VELLOWI ROUND YyRe NELLOW ROUND VuRy

O, - HAMETES
PHENDTYPIC RATIO Fo GENERATION GENOTVPIe RATIO
SuNe:/,2,3 45 ,m‘},ro,:s-qyﬂ,_qfr_":' YR Y YR il Se.no- | - 1 YVYRR

SaNon 6,8 4 - 3 yEMew Wrwieed | YYRR | YYRv| VSRR | YyRv| o0, Fd,5-Q YYRw
SQ-ND- 11,12,15 = 3 GIREEN SMoOTH W o , O O O | sawersi-2 Yy RR
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¥ O & ; Sawei- 11~ 1 yyRR
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0| &0 %
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COMPLEMENTARY FACTOR

“Two or more dominant genes occurring in differentloci of
the same chromosome or different chromosomes intecawith one
another to produce a character but neither of thenproduces that
character in the absence of the other.”

Bateson and Punnestudied the inheritance of flower colour in
sweet ped.athyrus odoratus. There are two varieties of pea plants
one producing red flower and other white flower.

When the 2 pure breeding white flowered varietiesveeet pea
are crossed, thE,; generation are all purple, when this is selfed
produces purple and white varieties in the rati®.@f

Bateson found that a dominant géeéfe is responsible for the
production of chromogen when this gene is recessive’ the
chromogen cannot be produced. Similarly anotheridant geneA’

Is responsible for the production of the enzymeactivator which
converts the chromogen into anthocyanin. When #regs recessive
‘a’ the enzyme cannot be produced and thus chromogamtche
produced and thus chromogen cannot be convertegnthocyanin.
Gene G- chromogen
GeneA— Activator or enzyme
Chromogen + activator anthocyanin (red)

Both the non -allelic genes C and A are complenmgima

nature. In the absence of either one or both ofcivmplementary

genes white flowers are produced.
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SUPPLEMENTARY FACTOR

Supplementary genes are two independents pairs ofeges
which interact in such a way that one dominant genevill produce
its effect whether the other gene is present or nobut the second
one producer its effect only in the presence of thigrst.

Example:

Coat colour mice Inheritance of coat colour in mice was
studied byCastle.

There are different varieties of mice. They are wig@grey),
black and albino (white). Agouti colour is dominaatboth black and
albino. Black dominant to albino but recessive gouwi. Albino is

recessive to both agouti and black.

Agouti > Black > Albing

Agouti produced by dominant geiein the presence of another
dominant gend3. Dominant gené\ produced albino. The recessive
condition of the gene causes albino.

When black mic§dBBaa) are crossed with albin@@bAA), the
F, are agouti(BbAa). TheF; is selfed thd-, shows agouti, black &
albino.

Phenotypic ratio = 9 AGOUTI:3ALBINO:4ALBINO
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GLACK BBaa ALBIND 65AA

P, PARENTS

F, HYBRID
—_—

|HEN E, (§ SELE FERTILIZED
AGOUTI Rpaa AtouTt BbAa

(HHAMETES
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CUMULATIVE FACTOR

The inheritance of two or more non-allelic genes atrolling
a single quantitative character in a cumulative fakion is called
multiple gene inheritance. These genes are catleldiple genesor
polygenes Such gene produces a small effect on the charactéhe
inheritance is also called cumulative inheritance.

Colour of wheat kernel

A whole gram or seed of a cereal such as whealdgypand
barely etc. are called kernel.

Kernel colour in wheat is a quantitative charactsrd its
inheritance was studied by swedish geneticist. Hsshn Ehle in
1908. When a cross between red kerfielR;R,R,), white kernel
(rirqroro) and F; is medium red F, is self-fertilized in k. The
phenotypic ratio is 1 dark red: 4 red: 6 medium red 4 light red: 1

white.

No of henotvpe Phenotypic
contributing P yp ratio
4 Dark red 1 coloured
3 red 4 coloured
2 Medium red 6 coloured
1 Light red 4 coloured
0 Albino/ white 1 colourless
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F, PARENTS
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SEX LINKED INHERITANCE
COLOUR BLINDNESS IN MAN
In Man colour blindness is due to a recessive gemdich is

present in theX chromosome when a carrier female marries a colour
blind man the off springs are produced in the rafid colour blind
female : 1 normal female : 1 colour blind male : Jnormal male.
The female carries the gene for colour blindnessffather to his
grand son. So this type of inheritance which ispted with sex
chromosomeX) known as sex linked inheritance.

NORMAL FEMRALE COLOUR BLIND MAN

B -PARENTS

Fi - GENERATION

NDRMAL COLOUR BLIND COLOUR NORMHL_
FEMALE FEMALE BLINDMAN MALE
T X< x© S %

Py — EMNERATION

2 COLOUR RBIIND @ 2 NORMAL
| co)ovR BXIND FEMRLE
I NORMAY FEMALE

1COLOUR BYLIND MALE
I NORMAL MARLE

.3 dz]) 2}
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CYTOPLASMIC INHERITANCE

KAPPA PARTICLES IN PARAMECIUM
The transfer of characters controlled by plasmagesecalled
cytoplasmic inheritance or extrachromosomal inheriance.

There are two strains of parameciunkiler and sensitive
Killer strain produces a toxic substance calpztamecin that kills
the other type. The production gdaramecin in killer type is
controlled by cytoplasmic particles known leppa particles. The
sensitive strains lack these particles. The kapgéigies pass from
one generation to the next generation in the psoésell division.
They are transferred through the cytoplasm. Mudgilon is
controlled by a dominant nuclear gelte

When killers KK conjugate with non-killers kk, the
exconjugants areKk. But the development of a particular type
depends upon thauration of cytoplasmic exchangeln normal case
of conjugation the nuclear material alone is exgeanand there is no
exchange of cytoplasmic materials. In such casas) exconjugants
gives rise to the organisms of its own type .i.dek exconjugant
produces kill and non-killer produces non - kill&ometimes the
conjugation period is prolonged and the cytoplashridge between
the two conjugants is larger, the cytoplasmic makte& nuclear
material are also exchanged. So that the sensitipas are converted
into killer type. This shows that thearamecium becomes a killer
when it receives kappa particles and it becomesdnsitive when it
does not receive kappa particles.
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GENETIC PROBLEMS

1) In Mirablis jalapa a plant hybrid for red flowefR) and white
(r) is pink(Rr). One pink plant is crossed to a homozygous red
another to a white. Give the genotypic and phenotyatios in

which the offsprings are produced in each case.

In Mirablisjalapared flower| RR |are crossed with whif rr

Homozygous Homozygous
red flower wh|te flower

P, Parents | RR]
G, Gametes @ §> @

Heterozygous pink

F, hybrid
Red flowerd R | is incompletely dominant over whitniers| r

So in the - hybrid is pink Rr intermediate colour.

Case-l

Test cross
When a pink plant or F1 hybrid [Rr] is crossed tatlate [rr].

Homozygous Homozygous
pink flower  white flower

P, Parents Rr X rr

w_—ehoyoto
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F, generation

?
p r r
R Rr Rr
1 2
r rr rr
3 4

Phenotypic ratio

Sqg No. s: 1 and 2 : 2 Heterozygous pink

Sqg No. s: 3 and 4 : 2 homozygous wj| 1:1

Genotypic ratio
SqgNo.s:land 2: 2 Rr
Sq No.s:3and 4 : 2rr

2Rr:2rris| 11

Case-ll

Back cross

When a pink plant (or) Fhybrid | Rr | is crossed to a r{ RR

Homozygous Homozygous
pink flower  red flower

P, Parents Rr X

e OB &

FOR R

RR | RR
1 2

r Rr Rr
3 4

F, generation

J
R
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Phenotypic ratio

Sq No.s: 1 and 2 : 2 Homozygous red
Sq No.s: 3 and 4 : 2 Heterozygous pink

Genotypic ratio

SgNo.s:land 2: 2 RR
Sq No.s: 3and 4 : 2Rr

2RR:2Rr is

SRC

1:1

82

Practical Manual - I



83
. In Peas, tall plant habit is dominant over diwdf a plant

homozygous for tall is crossed with homozygous dararf.
What will be the appearance of

a.

b. F,

c. Of the offspring of the cross of, with its tall parent.

d. With its dwarf parent.

a. In pea, tall plan{ 7t | is dominant over dwq tt

Homozygous Homozygous

tall dwarf
P, Parents X tt
qméééé
| Tt | |Heterozygous taIIl
F. hybrid
Answer:

1. The appearance of F1 hybrid is Heterozygous tall.
2. When F1 self fertilized

Heterozygous Heterozygous
tall tall

P, Parents Tt X Tt

AN
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F, generation

T t

C?T T | Tt
1 2

Tt |
3 4

Phenotypic ratio
Sq No: 1 Homozygous tall
Sq No: 2&3 Heterozygous tall
Sq No: 4 Homozygous dwarf

Phenotypic ratio 3tall : 1 dwar| 3:1

Genotypic ratio
SqNo 1: 1TT
Sg No 2&3: 2 Tt
Sqg No 4: 1tt
= 1TT:2Tt:1tt

1:2:1

c) When offspring of F1 crossed with Tall parent. Tisis back

Cross
Heterozygous Homozygous
tall tall
P, Parents Tt X

AN
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F, generation

) Tt

T TT | T
1 2

7T | Tt
3 4

Phenotypic Ratio
Sg No: 1 & 3: 2 Homozygous tall
Sqg No: 2 & 4 : 2 Heterozygous tall

Ratio: | 1:1

Genotypic Ratio
SgN0:1&3:2TT
SgN0:2&4:2Tt

Ratio: | 1:1

All are tall
d) When F1 hybrid is crossed with dwarf parent- Tests

Heterozygous Homozygous

tall dwarf
P, Parents Tt X tt
—sYolo
F, generation

Tt

C?t Tt tt
1 2

t Tt tt
3 4
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Phenotypic Ratio
Sq No: 1 & 3: 2 Heterozygous tall
Sq No: 2 & 4 : 2 Homozygous dwarf
2 Tall : 2 dwarf

Ratio: | 1:1

Genotypic Ratio
SgN0:1&3:2Tt
SqNo:2&4:2tt

Ratio: | 1:1

SRC
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lII) A tall plant is crossed with dwarf one prodsceffsprings of

which, one half is tall and other half is dwarf. 8¢hs the
genotype of the parents?
When a tall parent is crossed with dwarf plantdffeprings one
half is tall and other half is dwarf.
This is a test cross.

Test cross

Test cross can be defined as a cross betweédryld¥id with its
recessive parent.

Homozygous Homozygous

tall dwarf
P, Parents %
G, Gametes ° o ° °
Fl hybnd | Tt | |Heterozygous taII

When F1 is crossed with recessive parent

Heterozygous Homozygous

tall dwarf
P, Parents Tt X tt
e B O O
F, generation
j T ot
t Tt tt
1 2
t Tt tt
3 4
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Phenotypic ratio
Sq No.s: 1 and 3 : 2 Heterozygous tall
Sq No.s: 2 and 4 : 2 homozygous dwarf

Ratio:

1:1

Genotypic ratio

SqNo.s:land 3: 2 Tt
Sq No.s: 2 and 4 : 2tt

2Tt:2tt

Ratio:

SRC

1:1

88
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V) In Snapdragons, tall (T) is dominant to dwarf (t) and red

flowers (R) are incompletely dominant to white @e hybrid

being pink. A pure tall white is crossed to a pdvearf red and

the R are self fertilized. Give the ,Fphenotypic ratio and
genotypic ratio if the F1 are self fertilized.

In Snapdragons tall [T] is dominant over dwarf [t] Red flower

[R] is incompletely dominant over white [r].

A pure tall white is crossed with a pure dwarf red.

Homozygous Homozygous
tall white dwarf red

P, Parents TTrr] x  [ttRR

—EhdE

F, hybnd TtRr Heterozygous Tall pink

When R hybrid is self fertilized

Heterozygous Heterozygous
tall pink tall pink
P, Parents X TtRr
G, Gametes ) () O @
OO O ®
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F, generation

?

TR Tr

tR

tr

3
TR

TTRR| TTRr
1 2

TtRR

TtRr

Tr

TTRr| TTrr
5 6

TtRr

Ttrr

tR

TtRR | TtRr
9 10

ttRR
11

ttRr
12

tr

TtRr | Ttrr
13 14

ttRr
15

ttrr
16

Phenotypic ratio

Sqg no:
Sqg no:
Sqg no:
Sqg no:
Sqg no:
Sqg no:

Ratio:

3:6:3:2:1:1

Genotypic ratio

1=1TTRR
:2,5=2 TTRr
: 3,9 =2 TtRR
:4,7,10,13=4 TtRr

SRC

Sg no
Sgno
Sg no
Sg no
Sg no

Ratio:

16 =1 ttrr

1:2:2:4:1:1:2:1:2

1,3,9 = 3 Tall Red
2,4,5,7,10,13 = 6 Tall Pink
6,8,14 = 3 Tall white
12,15= 2 dwarf pink
11 =1 dwarf red

16 = 1 dwarf white

90

Sqgno: 6 FTrr
Sq no: 8712 Ttrr
Sq no: 1itRR
Sq no: 12,15HRr
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V) In Man, brown eye [B] are dominant to blue [b].

Two brown eyed parents have a blue eyed child vanatthe
genotypes of the parents?
In man brown eyes[B] are dominant to blue [b], wiZehrown
eyed people produces blue eyed child, the genotygbethe
parents may be:

Case I:

If the parents are homozygous brown

Homozygous Homozygous
brown brown

P, Parents X

Homozygous Brown eyed

F1 hybrid
F. hybrid BB all are brown eyed so the parents cowdd be

homozygous brown eyed.

Case Il:

If any one of the parent is heterozygous brown

Heterozygous Homozygous
brown brown

P, Parents Bb X

oD
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F, hybrid

g

3 B B

g BB | BB

Brown eyeg Brown eye

b| Bb Bb

Brown eyq Brown eye

F, offsprings— All are brown eyed
Case llI:

When both the parents are heterozygous brown eye

Heterozygous Heterozygous

brown brown
P, Parents Bb X
wmfé&é
F, Hybrid 3¢
?
3 B bb
B BB B

Brown eyeg Brown eye

b Bb bb

Brown eyq Brown eye

Phenotypic ratio
Sq no:1,2,3 = 3 brown eyed
Sq no: 4 = 1 blue eyed

So the genotypes of the parents|{ Bb | X | Bb
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| Raw data

1) Calculate mean K) from the following data

BIOMETRY

93

S. No.

1

2

3

4

5

6

7 8 9 10

Marks

33

35

44

34

41

45

39 46  3f

O)
D
~

Step | -Add all the values of variables X (Markapldind outxX.
Step II- DivideXX by their number of observations (N).

Solution

Formula

X===

XX
N

n

o

Marks( X)

33

35

44

34

41

45

39

46

36

Blo|lo|~Njojo| s w|Nik =

47

Z
I

=
o

XX =400

X = Arithmetic mean

>X= Sum of all values

N = number of observations

400

X=——=40 marks
10

SRC
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ll. Discrete series (Grouped data)

2) Calculate the mean for the following data.

No.of children born

oer family (x) Ol 23 4) 56

No.of families (f) 7| 7| 10| 5 3 2 1

Steps
a) Multiply each value by its frequency (fx)
b) Add all the fx (Zfx)
c) Divide Zfx by the total of frequency (N &f)

Solution

Fx
0
7
20
15
10
10
6

Xfx =70

H

OO WNEFLOX

I~ (N w]|o

V|
—
W
a1

Formula

X=== X = Arithmetic mean

X =70/35 >fx = The sum of fx
X =2 >f = Total of frequency
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lll. Continuous series (Grouped data)

3) From the following, find out the mean

Marks 10-20 | 20-30| 30-40, 40-50 SO-dO 60-Y0 70-80

No. of

students (f 10 18 20 26 30 28 18

Step | — Find out the mid value of each class (xjid

Step 2 — Multiply the mid value of each class by fitequency (f).
Step 3 — Add all the productsf(mid x)

Step 4 =f mid x is divided byZf.

Solution
Marks | Mid | No. of students £ % mid x
(X) X ()
10-20 15 10 150
20-30 25 18 450
30-40 35 20 700
40-50 45 26 1170
50-60 55 30 1650
60-70 65 28 1820
70-80 75 18 1350
Xf =150 Xf mid x = 7290

Formula

Xfmidx
xf

X =

X = Arithmetic mean
>f mid x = The sum of products

>f = Total of frequency
7290

X="2""=48.6
15C
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4) The following are the marks scored by 11 studest Find

out the median marks.
15,18,10,14,20,9,21,30,6 ,10,13

Solution

Step 1 - First arranging the given marks in asecendrder.
6,9,10,10,1314,15,18,20, 21, 30

Step 2 - Apply the formula

th
+
Med = {NTl} value (or) item

N = No. of items

N=11
th
+
Med = [E} item
2
_12
2
=6"item

Median = 14 marks
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5) Find the median of the following data, weight offish in

grams.
11, 12, 15, 16, 19, 17
Solution
I.  Ungrouped data with uneven numbers
ii. The data are arranged in an ascending order. 15,18,19,17

iii.  Apply the formula

Med = {N—HT item
2
641
2
_f
2
= 3.5"item
So the median is in betweel{ &nd 4"item
3%item = 15
4" item = 16
15+16

Therefore Median =

Med :3?1: 15.5 gms

Median = 15.5 gms
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6) Find the median size of shoe

Size of shoe in inches 4 5 6 7 8 $)
Frequency 10| 15| 22| 16, 17

[@n|

Solution
1) Arrange the data in ascending or descendingrorde

2) Find the cumulative frequencies.

Size of shoes in Frequency (f) Cumulative
inches (X) frequency (f)

4 10 10

5 15 25

6 22 47

7 16 63

8 12 75

9 5 80

N = 80

Apply the formula Median

th
+
Med = {NTl} item

(80+ 1j:§1: 40.8" value
2 2

Here 40.8 value is in between 25 and 47 of cumulative

frequency, so, we take higher cf is 47 and theespwnding x value
of cf 47. Hence the corresponding x value of cis1@.

Median = 6 inches
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7) Calculate the median from the following table

Marks 0-10 | 10-20| 20-30] 30-40, 40-5(
Frequency 22 38 46 34 20
Solution

1) Find the C.F
2) Find out the median class by using N/2

SRC

Marks (X) | Frequency (F) CF
0-10 22 22
10-20 38 60
20-30 46 106
30-40 34 140
40-50 20 160
N =160
N _cr
Median = L +| -2 xC

f

Median class =N:1—60 =80
2 2
L - Lower limit of median class.
N - Number of items.
Cf - Cf prior to median class.
C - Class intervals
f - Frequency of median class.

Median = ZO{M} 10
46

= 20 {@}qo
46

=20+ (0.434x10) =20+4.34
Median = 24.34

99
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8) Determine mode from the following data

Solution

So mode is 50

43,48,48,50,50,50,50,62,62,63,65

In this data 50 is repeated 5 times

50,62,48,50,63,65,50,48,43,62,50,50

9) Determine mode from the following data

First the data is arranged in the form of array.

X

20

25

30

35

40

45

50

f

1

2

1

5

1

Solution

SRC

So mode is 35

Here the value 35 is repeated 5 times.

100
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10. Calculate the mode for the following data

Marks 0-10 | 10-20| 20-30 30-40 40-50 50-60 60470
No. of students 4 9 13 15 12 8 3
Solution

The highest frequency can be find out.

Number of

Marks students

0-10 4

10-20 9

20-30 13 fo
30-40 15 f1
40-50 12 f2
50-60 8

60-70 8

Formula

Mode (Mo) =L J{A}(AMA 2)}< C

L - Lower limit of modal class

Ay =fi- fo

A, =f- 1,

C - class interval

f, = frequency of the modal class

f,= frequency of the succeeding modal class
fo = frequency of the proceeding modal class

Highest frequency (J is 15
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Class interval 10

f, =15, £ =13, £ =12
Alzf]_'foz 15-13=2
A2:f1'f2:15'12:3

Mode = 30 +Lx10
[2+ 3]

=30 4{2}(10
5

=30 + (0.4 x 10)
=30+4
Mode = 34
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SPOTTERS
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Radial vascular bundle Xylem and
phloem arranged in different radit
E.g. Root

Collateral vascular bundle Xylem and
phloem arranged in same radi
E.g. Stem

Bicollateral vascular bundle On both
the sides of xylem phloem and cambi
IS present i.e. outer cambium & ou
phloem and inner cambium & inn
phloem.E.g. Cucurbita

Bulliform cells: In monocot leaves a fe
epidermal cells are large and em
called bulliform cells or motorcells. |
helps in rolling of leaves during d
weather.

Medullary rays or pith rays: The
elongated parenchymatous cells pre:
in between the vascular bundles.

Function: help in lateral conduction ¢
water and food.

Annual rings or growth rings: In T.S of
stem shows early and late wood apf
in the form of distinct concentric rings.
helps to find out the age of a tree.
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Lenticels: The minute pore in tr:Je

periderm of woody stem meant
gaseous exchangdilled with loosely
arrangecomplementary cells

o

Tyloses An outgrowth of xylem
parenchyma in the lumen oftracheids
or vessels It helps in maturation of
wood.

Periderm: Secondary protective tiss
derived from thehellogen It consists o
phellem, phellodermandphellogen.

10

Pollinium: All the pollen grains in
sporangium remain together to form
single mass callegollinium. It has
carpusculum, caudicle and pollinia.
E.g. Daemia

¢ Trarslane sppaais §
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MODEL QUESTION

Time: 3 hours Max. Marks: 100

1. Cut transverse sections of speciméh ‘B’ and‘C’. Stain and
mount in glycerine. ldentify giving reasons. Submhieé slides for
valuation.

(Slide-3, identification-1, reasons-4, diagram-2) (3 x 10 = 30)

2. Dissect and mount the given specimien

(1x4=4)

3. Work out the genetic problefg’.

(1 x 10 = 10)

4. Draw diagram, identify and write notes d#,"'G’, 'H ‘', '’ and
‘K.

(Identification-1, notes-4, diagram-1) (6 x6=36
5. Comment oriL’ .
(1 x10=10)
90
Record 10
Total 100
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KEY

A. Epiphytic Root(Orchid)/Monocot Stem(Bambusa)/Dicot stem
(Tridax)

B. Monocot root Canna) Dicot old Stem Annona)/Dicot Leaf
(Nerium)

C. Anomalous Secondary Growth (Bignonia/Achyranthes/
Aristolochia)

D. Embryo mounting/Pollinium mounting.
Genetics Problem.

F. Bicollatral or radial Vascular Bundle/Lenticel/grow rings/
periderm/tyloses.

G. StomataParacytic/Graminaceoug
Nodal Anatomy(Unilocunar/Trilacunar)

.  T.S Of Anther/Ovule @rthotropous/Anatropous)

Chloroplast/Mitochondria/Dictyosome/t-Rna.

Lethal Factor/Complementary Factor/Supplementactdfa

Biometry(Mean/Median/Mode)

- X <
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