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Laboratory Instructions

Do not forget to carry labogetem=apron, observation book and
other requiredagcessories.
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PRACTICAL PAPER - VII
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PRACTICAL QUESTION PAPER -VII

CYTOLOGY, GENETICS, EVOLUTION AND PLANT
BREEDING
Time: 3hours Max Marks: 35

. Prepare a temporary mitotic sIjie material A & identify the stage with
diagram.
. Prepare a té

diagram.

id ntificatio of stage/ % Hiialik an

0! e L gmEER .
petentif -1
» ti |vtag&‘\,\.‘l‘!15;« ang diggsam - 1 mar

sketch, identification — T mark, fflia

iii.
iv.  Supplementary factd
V. Epistasis — 5 marks

. 1. Record — 5 marks

Ii. 3 Mitotic and 3 Meiotic permanent slides ¥2 mark each — 3 marks
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Cytology, Genetics, Evolution And Plant
Breeding
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PREPARATION OF ACETO-ORCEIN STAIN

Aim: To prepare 1% Aceto-orcein Stain

Materials required: Orcein 2g, Glacial gggticeagid 45ml, distilled water-55ml, filter paper,

glasswares-measuring cylinger, conical flagk, beaker, @lass rod, funngl, brown bottle with lid etc.,

Introduction:

temperaturg then filter. wg “the fil

be done in a Wate' -
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PREPARATION OF ACETOCARMINE STAIN

Aim: To prepare 1% Aceto-carmine Stain

Materials required: Carmipe 29, Glacial§acetic acld 45ml, distilled water-55ml, filter paper,

glasswares-measuringe i 8K, , el, wguvn bottle with lid etc.,

Introduction: Carmirgis a basic dye, re W colour and obtainegl from the female scale
insect Coccuscacti (clg8 Ives on

The bfdies of the dréa
| with boil ate

again treatgl wit ph
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Alternatively, the heating

long narrow glass tube) to the conical flasKes seillthe solution is prepared. Sometimes a little
extra dye may be added or even a 2% solution may be prepared.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY




PREPARATION OF PERMANENT SLIDE

Once a good preparation has been made during mitosis or meiosis, one would like to make the
slide permanent for future reference. The following chemical combination is used for making
permanent slides:

1. Solution A: Acetic acid + butanol (3:1 ratio)

2. Solution B: Acetic acid + butanol (1:1 rati@

S
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solutions A, B, C ang/D.
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STUDY OF MITOSIS IN ONION ROOT TIP

Introduction:

Mitosis is a type of cell division that results in two daughter cells each having the same number
and kind of chromosomes as the parent nucleus, typical of ordinary tissue growth. Mitosis is a kind
of indirect cell division takes place in the vegetative cells of multicellular organisms. It results to

form more number of cells to increase the sife of the pfant body. Mitosis occurs in all meristematic

For the

pterial.
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gprepared

opic slide, so that the

different stages of nitegis pregent in the @nion root @p cells ca isgefized by treating with
DNA specific stains, like Felilgen stain andiAcetocarghine stain.

Orcein stains the chromosomes and HCI dissolves the middle lamella. Middle lamella — the
cementing materials — lying between cells — is made of mainly calcium pectate and magnesium

pectate.
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When treated with HCI it dissolves as pectic acid. And now, when pressure is applied, the cells
separate from one another and form a one-layered smear. Heating quickens the staining and middle
lamella dissolving reactions. It is better to heat less than overheating; because over-heating will

break the chromosomes into fragments.

Materials required:
Onion plant with root, aceiggarmine stain, LN HCI, Scissors, Watcipglass, Spirit lamp, Forceps,
Razor blade, Microsg#pic slideSand covelips, Wateflbath, Liggt MicroSSape.
Procedure:
. Cut the tip 5 to 8 m@ from th t. Discarg the rest of the root.
. Wa B in \wlter in %
. PJgice one drop oé‘? ace ine stain to theéyvatch

gla

. Warm {#ile w gla , ger@r the i gout e until the
fumesgappedtz1Do got aIIowt‘sllde 0 the tough; you d@n't t to §ok either

ou nge@r th€ root. Do _not let the root dry out). Theg_QQ\oI the at@ for el =

11 /74 ﬁ
|tav0|d|ng ubbles. Plac‘é“tﬁé’sllde a plotting gaper, fold

ll\\
20m|nutes ,;I:- F 1\ H
& L1 LL z )
. Now transfer a rdpt tip an a ee shq-ﬂﬂ(imlro of ffesh aceto-orcei
rslip

stain & a gve
the bloging p SO ithin it; now tap with t nd offa pencil or
needy® blot o t e exX8gss stain, mowv ightly to one sj apply firfagnd even
Skessure. (Av0| uashimith such »e th"re cover slig reaks*ides) by the il of
theNforefingemgr th g Or nee@ aref blot thgfexcess

stain With a blotting pape % ‘?0
. Observe it under & compound b& stages in 1Qx objective. Scan and

narrow down to g'region congiiMmgedividing cells andsw8 to 40x forgg better view.

Mitosis is a type of cell division in which one cell (the mother) divides to produce two new cells
(the daughters) that are genetically identical to parent cell. In the context of the cell cycle, mitosis
is the part of the division process in which the DNA of the cell's nucleus is split into two equal sets

of chromosomes.
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During development and growth, mitosis makes body cells to multiply, and throughout an
organism’s life, it replaces old, worn-out cells with new ones. For single-celled eukaryotes like
yeast, mitotic divisions are actually a form of reproduction, adding new individuals to the
population.

Phases of mitosis: 1.karyokinesis 2.Cytokinesis

Karyokinesis is the division of nucleus, which takes place first followed by cytokinesis where the
division of cytoplasm takes place later.

The Karyokinesis of Mitosis consists of Interphase and four basic phases: Prophase, Metaphase,
Anaphase, and Telophase. These phases occur in strict sequential order, and cytokinesis - the
process of dividing the cell contents to make two new cells - starts in anaphase or telophase.
Interphase is a preparatory phase and physiological activity will be on its peak. The cell in
interphase has large nucleus and nucleolus. Three important stages are recognised in Interphase.
They are G1, S, G2 Phases. In G1 phase RNA and Proteins are synthesised. In S phase (synthetic)
DNA synthesis takes place. In G2 phase RNA and protein synthesis takes place. Chromosomes
are not very clearly seen at this point, because they are still in their long, stringy, decondensed
form.

In animal cell, a copy of its centrosome takes place, an organelle that will play a key role in
orchestrating mitosis, so there are two centrosomes. (Plant cells generally don’t have centrosomes
with centrioles, but have a different type of microtubule organizing center that plays a similar role).
Total spindle fibres in plants are called as anastral as they are formed without centrioles or aster.

Prophase:

- N\ ol 4 y 4
Early prophase. The chromosomes start to condense (making them ea5|er to pull apart later on).

The mitotic spindle begins to form. The spindle is a structure made of microtubules, strong fibers
that are part of the cell’s “skeleton.” Its job is to organize the chromosomes and move them around
during mitosis. The spindle grows between the centrosomes as they move apart. The nucleolus (or
nucleoli, plural), a part of the nucleus where ribosomes are made, disappears. This is a sign that
the nucleus is getting ready to break down. In late prophase (sometimes also called prometaphase):

The chromosomes finish condensing, so they are very compact.
The nuclear envelope breaks down, releasing the chromosomes.

The mitotic spindle grows more, and some of the microtubules start to “capture” and organize the

chromosomes.
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Microtubules can bind to chromosomes at the kinetochore, a patch of protein found on the
centromere of each sister chromatid. (Centromeres are the regions of DNA where the sister
chromatids are most tightly connected.)

Microtubules that bind a chromosome are called kinetochore microtubules. Microtubules that
don’t bind to kinetochores can grab on to microtubules from the opposite pole, stabilizing the
spindle. More microtubules extend from each centrosome towards the edge of the cell, forming a
structure called the aster.

Metaphase: In metaphase, the spindle has captured all the chromosomes and lined them up at the
middle of the cell, ready to divide. All the chromosomes align at the metaphase plate. At this stage,
single kinetochore becomes two and the two kinetochores of each chromosome should be attached
to microtubules from opposite spindle poles. Before proceeding to anaphase, the cell will check to
make sure that all the chromosomes are at the metaphase plate with their kinetochores correctly
attached to microtubules. This is called the spindle checkpoint and helps ensure that the sister
chromatids will split evenly between the two daughter cells when they separate in the next step. If
a chromosome is not properly aligned or attached, the cell will halt division until the problem is
fixed.

Anaphase: The sister chromatids separate from one another and are pulled towards opposite poles
of the cell. The microtubules that are not attached to chromosomes push the two poles of the spindle
apart, while the kinetochore microtubules pull the chromosomes towards the poles. The protein
“glue” that holds the sister chromatids together is broken down, allowing them to separate. Each
is now its own chromosome. Microtubules not attached to chromosomes elongate and push apart,
separating the poles and making the cell longer.

All of these processes are driven by motor proteins, molecular machines that can “walk” along
microtubule tracks and carry a cargo. In mitosis, motor proteins carry chromosomes or other
microtubules as they walk.

Telophase: In telophase, the cell is nearly done dividing, and it starts to re-establish its normal

structures as cytokinesis (division of the cell contents) takes place.

e The mitotic spindle is broken down into its building blocks.

e Two new nuclei form, one for each set of chromosomes. Nuclear membranes and nucleoli

reappear.
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e The chromosomes begin to decondense and return to their “stringy” form.

Cytokinesis in animal and plant cells:

Cytokinesis, the division of the cytoplasm to form two new cells, overlaps with the final stages of
mitosis. It may start in either anaphase or telophase, depending on the cell, and finishes shortly
after telophase.

In animal cells, cytokinesis is contractile, pinching the cell in two like a coin purse with a
drawstring. The “drawstring” is a band of filaments made of a protein called actin, and the pinch
crease is known as the cleavage furrow. Plant cells can’t be divided like this because they have a
cell wall and are too stiff. Instead, a structure called the cell plate forms down the middle of the
cell, splitting it into two daughter cells separated by a new wall.

When division is complete, it produces two daughter cells. Each daughter cell has a complete set
of chromosomes, identical to that of its sister (and that of the mother cell). The daughter cells enter

the cell cycle in G1.

When cytokinesis finishes, we end up with two new cells, each with a complete set of

chromosomes identical to those of the mother cell. The daughter cells can now begin their own
cellular “lives,” and — depending on what they decide to be when they grow up — may undergo

mitosis themselves, repeating the cycle.
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Fig. 10.7. Different stages of mitesis in a plant cell.
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STUDY OF STAGES OF MEIOSIS IN ONION FLOWER BUDS

Aim: Study of stages of meiosis in Onion flower buds.

Principle: Meiosis is a type of cell division in which the number of chromosomes is halved (from

diploid to haploid) in the daughter cells, i.e., the gametes. In higher plants meiosis occurs in pollen

(microscope) mother cells which are present in the anthers and also in the megaspore mother cell

which lies within the ovule. An ovule conflains onlyfone megaspore mother cell surrounded by

several layers of vege ¥ , Wl is rather d

elosis. It is

waumey
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Materials required: %AB ALLBQ

Onion flower buds, glcetocarmi ain, Scissors, Watch glag&s, Forceps,

eedles, Microscopic
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Smear Technique

Procedure:

Take a flower bud of suitable size. Fix them in 10ml colchicine for about 30 minutes, then wash
the flower buds with distilled water. Select and take one median sized flower bud on a cleaned
slide, dissect out 2 to 3 anthers with a nee sfer them onto a clean grease-free slide in

Meiosis is a specialized type of cell division that reduces the chromosome number by half, creating
— g

> B | W @'
four haploid cells, each genetically distinct from the parent cell that gave rise to them.

il AL O maCh. 1 =

This process occurs in all sexually reproducing single-celled and multicellular eukaryotes,
—— TN A /N INA R o4 a0 ) m—m——

including animals, plants, and fungi. In meiosis, DNA replication is followed by two rounds of
| U &7 I A - A |

cell division to produce four potential daughter cells, each with half the number of chromosomes as
a s

the original parent cell. v .
\vision is compl@in t meipsi jofs |1, Vosis

ch chr . islhi
g aﬁ[gr cells. Sgges of meiosis can be
observed in a cytologi€al preparatjon of the ollen mother cells frogn the anthers.

Before meiosis begins, G1 phase is followed by S phase. In G1 Phase proteins required for cell
division are synthesised. During S phase‘of the ceI.I cycle, the DNA of each chromosome is
replicated so that it consists of two identical sister chromatids, which remain held together through
sister chromatid cohesion. This S-phase can be referred to as "premeiotic S-phase™ or "meiotic S-
phase”. Immediately following DNA replication, meiotic cells enter a prolonged G2-phase where

again proteins are synthesised.
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https://en.wikipedia.org/wiki/Sister_chromatids

Here are list of stages of meiosis 1 and meiosis 2 as below:

A. Meiosis I:
Prophase |
. Metaphase |
. Anaphase |
. Telophase |
. Meiosis I1:
Prophase 11
. Metaphase II
. Anaphase II
. Telophase Il

 QEMY&,, (

Prophase 1 of Meiosis is the first stage of meiosis and is defined by five different phases;
5 s NG Vi T— At VN .

Leptotene, Zygotene, Pachytene, Diplotene and Diakinesis (in that order). Prophase 1 is essentially
V4 r.° & -— - Y. A \

the crossing over and recombination of genetic material between non sister chromatids - this results
- LY £ SN Srumra (o

in the genetically unidentical, haploid daughter chromatid cells

I ~ /7 1\ a =,

Leptotene

Leptotene is the first of five stages of Prophase 1 and consists of the condensing of the already
replicated chromosomes, this procedure continues throughout Prophase 1. The chromosomes
become visible by using electron microscopy, which can distinguish between sister
chromatids. The appearance of the chromosomes at this stage of Prophase 1 is likened to "a string
with beads', these beads are called chromomeres. Each sister chromatid is attached to the nuclear
envelope and are so close together that they can be mistaken for only one chromosome. This is a
very short stage of Prophase 1. It is also called as the bouquet stage because all the telomeres tend
to contact the nuclear envelope in one spot so that the looped chromosomes balloon out from that

point like flower petals

Zygotene

Zygotene is the sub-stage where synapsis between homologous chromosomes begins. It is also
known as zygonema. These synapsis can form up and down the chromosomes allowing numerous
points of contact called 'synaptonemal complex’, this can be compared to a zipper structure, due to
the coils of chromatin. The synaptonemal complex facilitates synapsis by holding the aligned
chromosomes together. After the homologous pairs synapse they are either

called tetrads or bivalents. Bivalent is more commonly used at an advanced level as it is a better
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choice due to similar names for similar states (a single homolog is a 'univalent’, and three homologs

are a 'trivalent’).

Pachytene

Once the synapse is formed it is called a bivalent (where a chromatid of one pair is
synapsed/attached to the chromatid in a homologous chromosomes and crossing over can occur.
Subsequently, the synapses snap completing the crossing over of the genetic information. As a
result the variation in genetic material has been increased significantly, because up and down the
chromosome there has been an exchanged of the mother and father's genetic material. The
two sister chromatids separate from each other, but the homologous chromosomes remain
attached. This makes the complex look much thicker. The synaptonemal complex is complete,
allowing chiasma to form. This is what allows the crossing over alleles to occur as this is a process
that only happens over a small region of the chromosomes.

Diplotene

During this phase the two homologous chromosomes begin to migrate apart as the 'synaptonemal
complex' disintegrates between the two chromosomal arms and they begin to repel one another.
This allows the two chromosome to move apart, held only by the chiasma(ta). Whilst this process
occurs the chromosome begin to uncoil, contrary to the natural progression of Prophase, however,
they are still coiled enough to allow a distinct image of a chiasma formation under a
microscope. The chiasma are fully visible at this stage, so can be seen to move towards the end of

the chromatids in a process known as terminalization.

Diakinesis

Diakinesis is the final step of Prophase 1 and is the termination of the condensing of the
chromosomes, this allows the chiasmata and bivalent structure to be seen more clearly under an
electron microscope. The chromosomes are at their most condensed form during diakinesis.
The homologous chromosomes in a bivalent are still connected by at least 1 chiasma. The rest of
this phase is setting up the cell to make way for metaphase 1. Therefore, the nucleolus disappears,

the nuclear envelope disintegrates and the centrioles (centrosome) move to the equator, whilst the

mitotic spindles migrate.
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Cell membrane
Nuclear
membrane

Chromatin
Interphase network | entotene Zygotene

Synapsis of homologous Nucleolus ]
chromosomes (Disappearing) Chiasmata Astral rays

Crossing
over

/ Bivalents Nuclear
with four membrane

chromatids  Crossing ~ disappears Diplotene Diakinesis
overin
Pachytene
Fig. : Prophase I of meiosis I

I L4 1 X L . hnmpmEEmn 3 g
Metaphase |

Homologous pairs move together along the metaphase plate: As kinetochore microtubules from
both centrosomes attach to their respective kinetochores, the paired homologous chromosomes
align along an equatorial plane that bisects the spindle, due to continuous counterbalancing forces
exerted on the bivalents by the microtubules emanating from the two kinetochores of homologous
chromosomes. This attachment is referred to as a bipolar attachment. The physical basis of
the independent assortment of chromosomes is the random orientation of each bivalent along the
metaphase plate, with respect to the orientation of the other bivalents along the same equatorial
line. The protein complex cohesin holds sister chromatids together from the time of their
replication until anaphase. In mitosis, the force of kinetochore microtubules pulling in opposite
directions creates tension. The cell senses this tension and does not progress with anaphase until
all the chromosomes are properly bi-oriented. In meiosis, establishing tension requires at least one

crossover per chromosome pair in addition to cohesin between sister chromatids.
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Anaphase |

Kinetochore microtubules shorten, pulling homologous chromosomes (which consist of a pair of
sister chromatids) to opposite poles. Nonkinetochore microtubules lengthen, pushing the
centrosomes farther apart. The cell elongates in preparation for division down the center. Unlike
in mitosis, only the cohesin from the chromosome arms is degraded while the cohesin surrounding
the centromere remains protected. This allows the sister chromatids to remain together while
homologs are segregated.

Telophase |

The first meiotic division effectively ends when the chromosomes arrive at the poles. Each
daughter cell now has half the number of chromosomes but each chromosome consists of a pair of
chromatids. The microtubules that make up the spindle network disappear, and a new nuclear
membrane surrounds each haploid set. The chromosomes uncoil back into chromatin. Cytokinesis,
the pinching of the cell membrane in animal cells or the formation of the cell wall in plant cells,
occurs, completing the creation of two daughter cells. Sister chromatids remain attached during

telophase I.

Cells may enter a period of rest known as interkinesis or interphase 1. No DNA replication occurs

during this stage.
Meiosis 11

Meiosis Il is the second meiotic division, and usually involves equational segregation, or
separation of sister chromatids. Mechanically, the process is similar to mitosis, though its genetic
results are fundamentally different. The end result is production of four haploid cells (n
chromosomes, 23 in humans) from the two haploid cells (with n chromosomes, each consisting of
two sister chromatids) produced in meiosis I. The four main steps of meiosis Il are: prophase 11,
metaphase 1l, anaphase 11, and telophase I1.

In prophase Il we see the disappearance of the nucleoli and the nuclear envelope again as well as
the shortening and thickening of the chromatids. Centrosomes move to the Polar Regions and

arrange spindle fibers for the second meiotic division.

In metaphase 11, the centromeres contain two kinetochores that attach to spindle fibers from the
centrosomes at opposite poles. The new equatorial metaphase plate is rotated by 90 degrees when

compared to meiosis I, perpendicular to the previous plate.
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This is followed by anaphase 11, in which the remaining centromeric cohesin is cleaved allowing
the sister chromatids to segregate. The sister chromatids by convention are now called sister
chromosomes as they move toward opposing poles.

The process ends with telophase Il, which is similar to telophase I, and is marked by
decondensation and lengthening of the chromosomes and the disassembly of the spindle. Nuclear
envelopes reform and cleavage or cell plate formation eventually produces a total of four daughter
cells, each with a haploid set of chromosomes.

In the meiotic cell division, similar to the mitotic one, segregation of chromosomes (nuclear
division) is always accompanied by the formation of a cell plate (cytokinesis). In plant male
meiosis, however, two different types of cell plate formation are documented; namely successive

and simultaneous cytokinesis.

Meiosis is now complete and ends up with four new daughter cells.

1) Prophase | 2 Metaphase | 3 Anaphase |
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KARYOTYPE OF ONION (Allium cepa)

Karyotype concept was developed by S. Navashin based on the observations that the number of
chromosomes and morphology of each chromosome pair is normally constant and characteristic
for a species. The term ‘karyotype’ is used for a group of characteristics that allow the

identification of a particular chromosomal sg

ifference). IncRgased

gnap n

digtinctive for each speues When all chromosomes ofa s@es aiemilg

chro

e
pss equal in siZg, thejkaryot led sym jcal karyqf% -‘\\
lll mman
_ : Aummyy

e

i DA %Iéthe centrom_tg‘ the ng#lldle, dividing the chro-
mosome in two equalglrms, the chromo metacentric.

constrictions at the sub-median position @ towardgfthe end respectively. If the centromere is
located at the end of the arm, it is known as telocentric. On the basis of position of centromere, the
chromosomes look ‘V shaped, ‘L’ shaped, ‘J’ shaped, ‘V shaped respectively during anaphasic

movement.
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Fig. 3.4: A, Chramosomes are classified according to the position of the centromere, B. Metaphase and anaphase configu-

rations of the four classes of chromosomes : {a) metacentric, (b) submetacentric, (¢) acrocentric and (d) telocen-
tric chromosomes
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(viii) Basic chromosome number,
(ix) The degree and distribution of heteromatic regions,

(x) Amount and location of repeated sequence.
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Idiogram is the diagrammatic representation of karyotype showing all the morphological features
of the chromosomes grouped on the basis of position of centromere and ordered in a series of
decreasing size. Karyogram is the actual representation of the karyotype performed from the

microphotograph or drawing.

Centromeric index (‘i’ value) is calculatgei@mél@i@rmine the location of centromere on the

Short arm length
chromosome. Centromeric index (‘i') = a0 “TE70 . 100
Whole length

Chromosomes are classified into different
groups on the basis of centromeric index.

are 16 in numbers. to 06 are ¥ (" values
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DIHYBRID CROSS

|

1. In Garden Pea, Round seed (R) is dommant over Wrinkled (r) and Tall plants (T) is dominant
over Dwarf (t).

If a plant with homozygous tall habit and round seeds is crossed with a plant homozygous for
dwarf habit and wrinkled seeds. What will be the phenotypes of F1 & F2? Bring out the F2
phenotypic ratio.

Solution: Tl

Parent : Round Tall - ., Wrinkled Dwarf
RRIT rrtt

Gametes ; b

F1 Progeny RrTt

(selfing of F1)

Gametes @ @ @

@)D | |

RRTT RRTt RrTT RrTt

Round tall Round tall | Round tall Round tall

RRTt RRtt RrTt Rrtt
Round tall Round Round tall Round
dwarf | dwarf
RITT RrTt rTT rrTt
Round tall Round tall wrinkled wrinkled
tall tall
RrTt Rrtt Tt rrtt
Round tall Round | wrinkled wrinkled
dwarf ' tall dwarf

Phenotypic ratio: 9 Round tall: 3 round dwarfs: 3 wrinkled tall: 1 wrinkled dwarf
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2. In sweet peas, yellow seed coat (Y) is dominant over green (y) and round seed shape (R)
dominant over wrinkled (r). What phenotypic ratio would be obtained in the progeny of followit
crosses? -

(Note: any two crosses may be given in exam.)
a)YYRR X YYRr
¢) Yyrr X yyrr
Solution:
a) YYRR X  YYRr

Yellow round Yellow round
YyRR YYRr

& o

/—\

S
i,

YYRR
Yellow round

f

1

‘ | YYRr

‘i | Yellow round

Progeny: All are yellow round

b) yyRr X YyRr
yyRr YyRr

o BB

(0D O)(O)

YyRR | YyRr |[yyRR |yyRr
Yellow Yellow green | green
round round round | round

\ y| YYRr | YYir YyRr | Yyrr
. @ Yellow Yellow yellow Green
round wrinkle round wrinkle

Phenotypic ratio: 4 yellow rounds: 1 yellow wrinkled: 2green round: 1 green wrinkled

2
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Yyrr yyrr
Yellow wrinkled green wrinkled

Phenotypic ratio: 1 yellow wrinkled: 1 green wrinkled

«d) YyRr X yYRR

YyRr

0/5 D

OllolOlle

YyRR YyRr | YYR yyRr
G yellow Yellow w gl eenround | green round
round round

Phenotypic ratio: 2 yellow round: 2 green round
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INCOMPLETE DOMINANCE

3. In Antirrhinum majus tall (DD) is dominant over dwarf (dd) and red flower (RR) are
incompletely dominant over white (rr), the hybrid being pink.
A pure telt wiilRe is crossed to a pure dwarfred; give the expected phenotypes in F1 and F2.

@ l;\k{ Pec \ C\ W ()-&,}5\:‘\6‘

Solution:

Parents : tall red dwarf white
DDRR ddrr

Gametes ED

F1 progeny DdRr  all F1 phenotypes are tall pink

(selfing of F1) @‘

DR Dr IR: dr

CHNCYECD,
DDRR DDRr DdRR DdRr
Tall red Tall pink Tall red Tall pink

DDRr DDrr DdRr Ddrr
Tall pink Tall white Tall .pink Tall .white

DdRR DdRr ddRR | ddRr
@ tall. red Tall pink dwarfred dwarf pink

DdRr Ddrr ddRr ddrr

Tall pink Tall .white dwarf pink dwarfwhite

Phenotypic ratio 3 tall red: 6 tall pink: 3 taii white: 1 dwarf red: 2dwarf pink: 1 dwarf white .
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4. Il.l Snapdragons red flower color(R) is dominant over white(r), the heterozygous condition being
pink and normal Broad Leaves (B) are incompletely -dominant over narrow leaves (b), the
heterozygous condition being intermediate leaf breadth. If a Red flowered Broad leaved plant is

- crossed with a White flowered Narrow Leaved plant. What will be the appearance of F1, bring out .

- F2 phenotypic ratio. il ' v

Solution:
Characters . Red Broad White Narrow

Parent RRBB l ‘bb
Gametes

F1 Progeny F1 phenotype- intermediate pink
ReBb | , e
(selfing of F1)

Gametes
F2 Progeny : ;

RRBB RRBb RrBB ' RrBb
Red broad | Red inter. Pink{ broad | Pink inter.

RRBb RRbb RrBb Rrbb
Red inter. | Red narrow | PinK inter. Pink narrow

RrBB RrBb rrBB rrBb
Pink broad | Pink inter. white broad | white inter.

RrBb Rrbb rmBh. " rrbb
Pink inter. | Pink narrow | white inter. | white narrow

Phenotypic ratio & : RRBB -Red broad: 1
Genotypic : RRBbD -Red interm: 2
Ratio 5 s RrBB -Pink broad: 2
g RrBb -Pink interm: 4

RRDbD -Red narrow: 1
2

1

2

1

Rrbb -Pink narrow:
rrBB -White broad:
rrBb -White interm:
rrbb -White narrow:

When both characters show in-complete dominance the phenotypic ratio becomes same as genotypic ratio.

5
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DIHYBRID TEST CROSS

In garden pea round seeds are domlnnnt over wrinkled and fall plant habit is dominant over
dwarf. A tall plant with round seed (TTRR) is crossed with dwarf wrinkled seeds (ttrr). When F1
plant is crossed with a. dwarf wrinkled plant, the progeny consists of 79 tall and round, 81 tall and

wrinkled, 78 dwarf and round 82 dwarf and wnnkled plants Determine the genetic phenomenon
involved,

'
.

When the F1 hybrid is crossed with the recessive parents the progeny obtained is in the ratio

1:1:1:1 79 tall round: 81 tall wrinkled; 78 dwarf round: 82 dwarfs wrinkled. So the nature of the
cross is dihybrid test cross.

Solution:

Tall round s dwarf wrinkled
Parent: TTRR

Gametes: Crg /é

F1 progeny:

F2 generationa: A5 ttrr

QIDICHIIC

“TtRr Ttrr ttm i ttrr
@ Tall round Tall Dwat; Dwarf
wrinkled rauj wrinkled

|
|
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COMPLEMENTARY GENES

6. In sweet peas, the genes C and P when present together produce purple flowers, but when either
C or P is present alone, it produces white flowers.

What phenotypic ratio will be obtained in the F2 when two white flowered varieties are crossed?

Solution:
Purple flowers white flowers
Parent CCpp ccPP

Gametes Q P

F1 progeny CcPp F1phenotype- purple flowers

(selfing of F1) M ,
Gametes @ @ @

CCPP CCPp CcPP CcPp
purple purple purple Purple
CCPp CCpp CcPp Ccpp
purple white purple white
CcPP CcPp ccPP ccPp -
purple Purple white white
[

CcPp Ccpp ccPp cepp
purple white white white

|
Phenotypic ratio: 9 purple: 7 white

This is a case of complementary genes since both C and P are needed for production of colors.
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. In sweet peas, the genes C & P when present together produce purple flowers, but when either C
or P is present alone, it produces white flowers. What flower color would the progeny of the
following crosses have?

a) ccPp x CcPp b) Cepp x CcPp

Solution:

White purple
a) ccPp X CcPp

ool OlOBIO

CP Cp cP cp

CcPP CcPp ccPP ccPp
purle purple white white
CcPp Ccpp ccPp cepp
purple white white white

3purple: 5 white

b) Cepp CePp
White purple

&0 OIOIOIO

CcP Cp cP ‘
|
CCPp | CCpp 0ch§
purple white purple
CcPp Ccpp ccPp
purple | white white

3 purple: 5 white
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INTERACTION OF GENES

In poultry the genes for Rose comb (R) and Pea comb (P) when present together produce_ Walnut
comb, the recessive alleles of both when present together in homozygous condition produce Single
comb. Determine the genotypes of the parents in the following cross.

a) A walnut crossed to a single produces 2/8 walnut: 2/8 rose: 2/8 pea: 2/8 single.
b) A Rose crossed to a walnut produces 15 walnuts: 15 rose: 5 peas: 5 single.

Solution:

a) A walnut crossed to a single produces 2/8 walnut: 2/8 rose: 2/8 pea: 2/8 single.

Walnut single
PpRr rrpp

PpRr Pprr
@ Walnut Single

lwalnut: 1pea: 1rose: 1single

b) A Rose crossed to a walnut produces 15 walnuts: 15 rose: 5 peas: 5 single.

Rose walnut

Rrpp

RRPp RrPp Rrpp
Walnut Rose Walnut | Rose
RrPp Rrpp 1rPp Rrpp
Walnut Rose Walnut | Single

3 Walnut : 3 rose : 1 Pea : 1 Single
(15 Walnut : 15 Rose : 5 Pea : § Single)

9
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SUPPLEMENTARY GENES
- gb\ 0 (7;‘/
(s .

9. White fruit color in squash is dependent on a dominant allele (W) and colored fruit on the
recessive allele (w). A dominant gene I if present with a homozygous recessive (ww) genotype
produces yellow color. In the absence of the dominant allele I, the (ww) produces green color. Give
the population of the different F2 phenotypes produced if a white fruited (WWII) plant is crossed
with a green fruited (wwii) plant ;

Solution:
White
WWII

green
wwii

/3

ORI,
WWII WWIi
white White
WWIi WWii
white white

Wwil Wwli

Parents:

Gametes:

F1 progeny

(selfing of F1)

Gametes:

Wwli
white

Wwii
white

WwIl
white

Wwli
white

ww[l

wwli

white

white

yqllow

yellow

0000 @ @

Wwli
white

Wwii
white

\)\M[i
yellow

wwii
green

The F2 phenotypes are in the proportion of 12white: 3 yellow: 1 green
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