
Cell Biology :: III SEM

B.R.K KISHORE,LECTURER IN ZOOLOGY
SGK GOVT DEGREE COLLEGE, VINUKONDA



Mitochondria













ఆڒరం : తంރࡔ ࡶ ڴࡱޔలవࡵ; ऴࢣ࠻ړలతߘ బܽद దంڒݞరం, గڒరం, 
వలڒ࠻రం, ڸంऴడంڝ ,ڴశంవࡵ 
 
పࠪࡍణం: 3-10 ࠳ऴڒనऱ ߰డ࠳ 0.2-1.0 ,ऴڒనऱ ࡱݥओ ;  
ఈࣆद- ۨనऒ  ణంࠪࡍదभ ప߭ ࡹటऱ࣌ల ఊࡌఉభయచ ;࠻ݟంऴڒ݇࠳ 
 
సంఖङ : కణం ࡅకए  ऴࢣ࠻ړలత; ఎڕए వڴ –  ࡱހండ కߧऴత ,ࡱހయ కࡶڒ
࣒࠻۲ ࣒࠻۲ – ऐࡍఅࣅ ,50000 140000-150000 ࡹలݞఅం ߤ



• The mitochondrion is a double membrane-bound organelle found in all
eukaryotic organisms. Some cells in some multicellular organisms may however
lack them (for example, mature mammalian red blood cells). Some cells have a
single large mitochondrion, but more often a cell has hundreds or even
thousands of mitochondria; the number correlates with the cell’s level of
metabolic activity. For example, cells that move or contract have proportionally
more mitochondria per volume than less active cells.



The mitochondrion is enclosed by two membranes, outer membrane and inner
membrane, each a phospholipid bilayer with a unique collection of embedded
proteins.
The outer membrane is smooth and has a large number of special proteins known
as the porins that allow the movement of molecules that are of 5000 daltons or
less in weight to pass through it.
But the inner membrane is convoluted, with infoldings called cristae. The inner
membrane divides the mitochondrion into two internal compartments. The first is
the intermembrane space, the narrow region between the inner and outer
membranes. The second compartment, the mitochondrial matrix, is enclosed by
the inner membrane.
The matrix contains many different enzymes as well as the mitochondrial DNA and
ribosomes. Enzymes in the matrix catalyze some of the steps of cellular respiration.
Other proteins that function in respiration, including the enzyme that makes ATP,
are built into the inner membrane. As highly folded surfaces, the cristae give the
inner mitochondrial membrane a large surface area, thus enhancing the
productivity of cellular respiration. This is another example of structure fitting
function.



• The mitochondria have their own DNA called mitochondrial DNA (mtDNA or
mDNA). It represents a small fraction of the total DNA in cells where most of the
cell’s DNA is present in its nucleus. The genes in the mtDNA are essential for
normal function of the mitochondria and these DNA help the mitochondria divide
independently from the cell. mtDNA is maternally inherited and in most
multicellular organisms is circular, covalently closed, double-stranded
DNA. mtDNA is susceptible to free oxygen radicals and mutations in the
mitochondrial DNA leads to a number of illness like exercise intolerance.









ఆవࡍంۨ ݡంࡓ ऴపࠪణ తछ ࡱۧ ; ఒڜए కए
ऴపࠪణతछ చం 60 A0 ల మందం 

హङࠈ తछ చం,  
అంతరతछ చం

తछݡంࡓ ۧల మధङ –  శంऴప ࡽయݟంऴڒࡍ߭
– 80-100 A0 – తڕए వ ࣃంऴదత, ࣄऒ ఘभత గల 
ऴదవంޜ 
 
అంతరతछ చం ࡹపల – ࠪऴޒక – ళच࢘ వంܽ 
घࡌߖ – ࡱހ ऴ࣋ړदࡱ 
ऴ࣋ړदࡱ సࠪంతరంࢡ ,ڴఖڴࡱ , వలڴ 
హङࠈ ࠻ݟంऴڒ݇࠳  తछ చࠈ ߩహङ తన, 
అంతరతछ చం ࡹపతన ऴߦథࠫక 
ऴపࠪࡶ ࡱހ F1 ࡱރࡔ/ ఆڔझ  /ࡱ࠭࣎
ఎలवڒदߤ రࡱރࡔ ހ 
 







హङࠈ ࠻ݟంऴڒ݇࠳ తछ చࠈ ߩహङ తన, 
అంతరతछ చం ࡹపతన ऴߦథࠫక ऴపࠪࡱހ 
झڔఆ /ࡱރࡔ F1 ࡶ  ހర ߤदڒఎలव /ࡱ࠭࣎
 ࡱރࡔ
 
ఆڔझ  రఫలకం (F0), వృంతం,  తల߄ఆ : ࡱ࠭࣎
హङࠈ తछ చంࡹ ఉంރࡔ ݦలڕ వృంతం 

ఉండ 
అంతరతछ చంࡹ గల ऴߦథࠫక ऴపࠪހలڕ 
వృంతం ఉంܿం 
ऴపޒ F1 ރࡔ మధङ రం 100A0   ఉంܿం.



• The inner membrane as well as its cristae possess small tennis-racket
like particles called elementary particle, F0 – F1 particles or oxysomes
(= oxisomes).

• A mitochondrion contains l x 104 — l x 105 elementary particles.
• Each elementary particle or oxysome has a head, a stalk and a base.
• The base (F0 subunit) is about 11 nm long and 1.5 nm in thickness.
• The stalk is 5nm long and 3.5 nm broad.
• The head (F1 subunit) has diameter of 9—10 nm.
• Elementary particles contain ATP-ase. They are, therefore, the centers

of ATP synthesis during oxidative phosphorylation.
• Enzymes of electron transport are located in the inner membrane in

contact with elementary particles.































Cellular Respiration
• The purpose of cellular respiration is to harvest high-energy

ELECTRONS from glucose, with which to produce ATP Energy. This is
accomplished by a 4-step process, which oxidizes the Carbons
of glucose to Carbon Dioxide and Water.

• Step 1. GLYCOLYSIS
• Step 2. PYRUVIC ACID CYCLE
• Step 3. KREBS CYCLE
•Step 4. OXIDATIVE PHOSPORYLATION/ ELECTRON TRANSPORT CHAIN



Step 1. GLYCOLYSIS
• Initial removal of electrons from glucose to make two 3-carbon Pyruvate 

molecules
• The word “Glycolysis” means to break down sugar: glyco = sugar, and lysis = 

to break. Glycolysis occurs in the cytoplasm of eukaryote cells. Glycolysis has 8 
steps each catalyzed by a specific enzyme which nets 2 ATP molecules and 2 
NADH from each molecule of glucose broken down.

• Glucose →2 Pyruvate + 2 NADH (electron carriers) + 2 ATP
• After glycolysis, the pyruvate molecules enter step 2.
• Other sources of pyruvate to fuel next step (PYRUVIC ACID CYCLE)

– Fats can be oxidized to make pyruvate
– Fructose can be metabolized to pyruvate in the fructolytic pathway



Step 2. PYRUVIC ACID CYCLE
• Formation of Acetyl CoEnzyme A from Pyruvate
• Pyruvate is shuttled into the mitochondrion where it is decarboxylated (a 

carbon group is removed as carbon dioxide) - and the now 2-carbon compound is 
attached to Co-enzyme A (CoA, a derivative of vitamin B5) forming a molecule 
called Acetyl CoA, stripping off another 2 electrons, which are carried by NADH.

• 2 Pyruvate+ CoA+ 2 NAD+ (electron acceptor) →
• 2 Acetyl CoA+ 2 NADH (electron carrier)+ H+ + CO2

• Insufficient Oxygen produces Lactic Acid - Pyruvate is turned into lactic 
acid instead of forming Acetyl-CoA.

• Inefficient Fat Metabolism causes Brain fogging - ß-oxidation of fats supplies 
the best source of Acetyl-CoA, however the brain can only generate Acetyl 
CoA from glucose, not from fat. Aging causes fat metabolism inefficiency, causing 
us to burn and use up glucose instead of fat (glucose that would otherwise have 
been available for the brain), to form Acetyl CoA. This explains why older people 
complain of brain fatigue. Acetyl CoA only lasts 2 hours in the system.

• Amino acids can also be converted to Acetyl CoA for entry into the Kreb's Cycle.



Step 3. KREBS CYCLE (Citric Acid Cycle)
• Changes Acetyl CoA into Energy -Electrons are removed from Acetyl

CoA forming carbon dioxide. This cycle occurs twice
per glucose molecule. The Citric Acid Cycle has 8 steps each mediated
by a specific enzyme. As each acetyl CoA goes around the cycle 2
carbon dioxide molecules are given off, 3 NADH, 1 FADH2, and 1
ATP. Net energy gain from Krebs per molecule of glucose is 2 ATP.

• 2 Acetyl CoA →4CO2 + 6 NADH + 2 FADH2(coenzymes carrying
electrons as hydride ions + protons) + 2 ATP

• (Coenzymes NAD+ & FAD* are reduced (negatively charged hydride
ions added) to become electron-carrying coenzymes NADH& FADH2.
A hydride ion H- is a hydrogen atom which has gained an electron. By
adding this to the NAD+, the group containing nitrogen becomes
neutral, forming NADH)



Step 4. OXIDATIVE PHOSPHORYLATION / ELECTRON TRANSPORT CHAIN
• Electrons from the Kreb's Cycle are used to make a maximum 32 ATP molecules
• The goal is to create a strong potential difference across the mitochondrial membrane, which

can be used to create ATPenergy - Specialized proteins and enzymes located on the inner
mitochondrial membrane form a molecular “wire”(an electron transport chain). By a process called
oxidative phosphorylation (the coupling of oxidation with the addition of a phosphate
molecule), NADH & FADH2 donate their electrons via this “wire”(through a series of intermediate
compounds)to molecular oxygen, which becomes reduced to water, producing ATP.

6 NADH &2 FADH2 →. . .. . .. . . →2 H+ and O→ H2O +32 ATP
• Chemiosmosis - Hydrogen ions (protons) are used to maintain an Electrochemical Gradient that

turns the electron energy into ATP – involves pumping protons across mitochondrial membranes
to establish proton gradient, which passes protons down the gradient via the enzyme ATP
synthase, whereby the energy of the protons is used to generate ATP.

– When NADH & FADH2 release their electrons, hydrogen ions (H+) are also released -These
positively-charged hydrogen ions are pumped out of the mitochondrial matrix, using ATP
energy, across the inner mitochondrial membrane into the intermembrane space creating an
electrochemical gradient (this process is called the cytochrome oxidase system, which uses an
enzyme proton pump called cytochrome oxidase acting as a step-down transformer)
– At the last stage of the respiratory chain these hydrogen ions flow back across the inner
mitochondrial membrane through ion-channels - where they drive a molecular enzyme
“motor”called ATP synthase in the creation of ATP from adenosine diphosphate (ADP) and
phosphoric acid (ADP is phosphorylated into ATP), somewhat like water drives a water wheel.



ATP Energy is made using the electrons that were passed down the line from glucose:
C6H12O6 (Glucose) + 6 O2 (Oxygen) →6 CO2 (Carbon Dioxide) +6 H2O + ~36 ATP + heat
The energy released from ATP through hydrolysis (a chemical reaction with water) can then be used for biological 
work.

































ఒక  ڸऱ झڔఆ ރఅ ࣒ڝ కరణ = 40 ATP 
ڻ  ౖ ऱ࣒ࣄڒ ATP ࡆߖగం = - 2 ATP
ओޑఖర ఉߖ దకత = 38 ATP















కణం ߖࡹధ ܋వऴړయలߖ ߘయంऴޒంۨ సమనछ య 
పࣆࡏफం.

. ࠼ంܼࡱڴ࠙ ڷࡱߕ ࡹంऴదకంښ 

అښ ంऴదకతछ చం, ంऴదకऴదవङښ  ం,  ऴߤܽࠪڜ,  
ంశంڒంऴదښ

ంऴదకతछښ చం:

ऒߖڒంऴదښ  ఆవࡍంۨ ఉనऒ  ఆ ऐۧ దన.  

ऴపࠪణ తछ ݡంࡓ ࡹߖ .࠼ంܼࡱۧ

మధङ ܽ  ङߙࡍ߭  ړ ऱ࡛࠻ ऴపశం ఉంܿం.

ంऴదకతछښ  చంࡹ ఆకए డకए డ రంऴࡱ߄ంܼ࠼.

ంऴదకऴదవङښ ం

ఉనऒ ࡹంऴదకంښ   సޓ܉య ऴదవ పࡌब ऒߖ  ంऴదకښ 
ऴదవङ ం అంܼࡏ.

ڻ  ౖ ऱڝऴܾ߱ߘऱ, ङߙࠓࡕ  ړ ऱࡆ ऴܾ߱ߘऱ,  ఎంࡱ࠭ܒ,  DNA, 
RNA ߦమࡱ ܘࡔ,  ऴߤܽࠪڜ ఉంܼ࠼.



ऴߤܽࠪڜ పరबం:

• एڕۨ ࡹంऴదకంښ పݟ ఉనऒ  ల వంܽࡌ 
घࡌߖ ऒߖހ  ऴߤܽࠪڜ అంܼࡏ .

•   ऱߘऴܾ߱ ߤद࣎ࣕ DNA ࡹߖ

• కణం భజన జڼࡍటߩओ , ڴࡍదళస ࡱڷ߱ ఈ ݡ
߰ܽदࡍࠪ ڴ ऴ߰ࡐ ڴࡱ࠭࣎࠵ڝం࠼ޑ.

:ంశంڒంऴదښ

• ఒకܽ ࡶ అంతకం݄ ఎڕए వ సంఖङ  ంऴడܽڷ ࡹ
घࡌߖ గల ڷరం ࡏ࠭ ࡱހ

• ङޙऴప ߝఅ ࠹࣎࠵ڝన ऴ߄ంశ సంڒంऴదښ క 
ऴࡅ ࠹࣎࠵ڝకए छ   ంۨߘ ంచనంڕ యޓ
ంశం ఏరओڒంऴదښ .ంޔݡ

•  RNA ऴܾ߱ߘऱ,  అڜ ޒभڴ DNA

• ల ఉతओ࠭࣎ࠓࡕ .फޒ



: ࡱ߇
• కణం܋ ߖࡹవऴړయల ߖయంऴతణ చరङ లߗऒ  ࡹనంంऴదకం ఆښ 

జ࠼ޑڷࡏ.

•  అߘవంࢢక ऴపऴړయలߦ ࡹऴత వࣕࣆफం.

• .ఉంܿం ࡹనం߆ంऴదక ఆښ దనంࠡకణ ࡹमవృࠚݞంߧ 

• RNA సంࢩ ऱషణ జޔڷࡏం.

•  పࡌब ల ࠪࡍओ ంऴదకతछښ ࡹݟ చం ఉపࡆగపޔݡం.

•  ऴܾ߱ߤ సంࢩ ऱషణڕ అవసరమ࠼న ࠪసद࡛ ऱߦ   .ఉంܿం ࡹంऴదకంښ ߤ















ంऴదక తछښ చ రంऴࡱ߄ /రంऴధ సంړ ऱషदం

ంऴదక తछښ చంࡹ అకए డకए డ 
అంతښ - ࡱ࠻ࡌంऴదక తछ చ రంऴࡱ߄  

ఇ200-400  A ङ సం కڵ ఉంܼ࠼ .

ఈరంऴధం వదभ అం۪లښ ࡹంऴదక ࠈహङ ,

అంతర ऴపࠪణతछ అ ࡱۧ ऐۨ నऒ ంڴ 
ఉంܼ࠼ .

ऴపޒ రంऴధంࡹ రంऴధ సంړ ऱషदం ఉంܿం .

రంऴధ సంړ ऱషदంࣇ  ߖࡹभ घࡌߖ రڒߦ ऒߖހ  
ఏߘङ ల࣒ అంܼࡏ .



ంऴదక తछښ చ రంऴࡱ߄ /రంऴధ సంړ ऱషदం

ఏߘङ ల࣒ ఒక ۨవర కణऴదవङ ంߘޜ ఇంڜక 
ۨవర ښంऴదక ऴదవङ ంޜ సంబంధం కڵ 
ఉంܿం.  ఈ అంޑङ లࠏ  ߘऱࠗ झ  అంܼࡏ .

ఏߘङ లࣇ 6-8 ࡹ ࣒ घࣾ मࣇ  ࡶ ࡱߦ
ࣇ घࣾ . ࠼ఉంܼ ڴࡱߖ ࡱకࢀߕ

ంऴదకతछښ చ రంऴڝࣆ ࡱ߄గల 
మڝ۪ࡏޘ ࠾ࡍగల .

छܽ बࡌ߄ప ࡌ ల రހ పరब
పࠪࡍణం,  రࣃయన సछ ऒߖ࠙  బܽद  ࡶ 
ంޔڷࡏజ ڴణంڷߘఅ ܽ







ంశంڒంऴదښ



ంశంڒంऴదښ
 (1781) ߕܼ.ߤ߷

ऴపޙङ క లࣾࡱހ

• ంశం ఎపओڒంऴదښ ܽకߩओ ఏరओ ڴతనంߙ ݡ డటం, 

• फࣇࡍవߕߖ  తछ చం ࡶక߱వడం, ऒߖڜ  దశలࡹ ఉంݟ మߖڜࡍऒ  దశలࡶ ࡹక߱వడం 
వంܽ లࣾހలߘ కڵ ఉంܿం . 

సంఖङ

ఒక ښంऴదకంࡹ కߗసం ఒక ښంऴదڒంశం.

ల సంఖङࢡంڒంऴదښ   ऴ࠹࣎࠵ڝ వࡌठ ల సంఖङ  ࠬద ఆ߄రపݟ ఉంܿం.

 ఏకࣄमޒకంࡹ ఒక ښంऴదڒంశం,

 దछ యࣄमޒక  ࣄमࡓ ࡹޒంښ ݡంऴదڒంࡱࢡ ఉంܼ࠼ .

ఉభయచࡌల ఊ࣌టऱ600-1200 ࡹ ఉంܼ࠼ .

ڔࠈ द࠻ࡍ, ,द࣒࠽  ऒߖڜ  ,ࡹలవࢪ  నऒޔంۮ భజన   కހలࡹ,  ँరద RBCࡹ 
  ంశం ఉండڒంऴదښ



ంశంڒంऴదښ
ఉనऒ ऴߦంతం

 ऴ ࠹࣎࠵ڝछ ంచనం వదभ ఉనऒڕ యޓ  
ంశ వङڒంऴదښ వࣅमకరణ ऴߦంతం వదम 
ఉంܿం.

పࠪࡍణం

కణం ࡅకए  ऴࢣ࠻ړలతߘ బܽदࠪ  ޕࡏ
ఉంܿం.  

తڕए వ ऴܾ߱ߤ సంࢩ ऱషణ ۫߮ కހలࡹ 
ంశం ۨనऒڒంऴదښ  ࡶ ڴ
ఉండక߱వ۪ऐ .





ంశంڒంऴదښ
घࡌߖ ణం

ऒߖࢡంڒంऴదښ  ఆవࣇࡍफ  ఉంݦ ऴߤܽࠪڜ పࡌब ऒߖ  ߤܽࠪڜऴ ࡍంశ పڒంऴదښ 
అంܼࡏ .

ఇ అకए డకए డ ښంऴదڒంశం۱۪ ړࡹऐ .ఉంܿం ࠼߱ ߖڜ ऒߖ   ంశڒంऴదښ 
అంతసम ऴߤܽࠪڜ అంܼࡏ .

నݟంߖ ޜకలށర కڒࡿڿ ޑంశం అంڒంऴదښ ࠪऴޒక 
 ࠪऴޒకࡹ RNA తంࡱޔ, ऴܾ߱ߤ, ङߙࠓࡕ  ړ ऱࡆ ऴܾ߱ߤ కށకࡱ,  DNA, 
ఎం࠴ ࡱ࠭ܒదࡷన ఉంܼ࠼

:ࡱ߇

 70-90% rRNA సంࢩ ऱషణ జޔڷࡏం.

ࢩల సంހల ఉపऴపࠪ࠭࣎ࠓࡕ  ऱషణ జޔڷࡏం.



 & 

Chromatin & Chromosomes



Chromatin





ऴߤܽࠪڜ = DNA + ऴܾ߱నऱ సంړ ऱషदం  = ऴߘ࠭࣎࠵ڝ ఏరओ  फంࣆࡏ

ऴܾ߱ߘऱ = ࣕ࣎दߘऱ + ఇతర ऴܾ߱ߘऱ 

H1, H2A, H2B, H3, H4 = ࡱڒऱ 5 రߘद࣎ࣕ

۪ ߘऴܾ߱ నऱ ޜకరణంऴࣃ క߅ఉండక, అ ڴంऴదక DNA ߰డښ दܿߖڜ ఉంܿం 

ऴࡓ ߤܽࠪڜంߦࡐ ݡలࡹ ఉంܿం 

एڕత : ߤܽࠪڜऴ వ ࣃంऴకరణޜ, అࡶߘఖనం జڛࡏ۪ ߮ࡍన జߘङ  ల ࠙గం

ङߘరࣕత జ࠻ړऴ ߖఖనం జరపࡶߘఅ ޜకరణంऴࣃ క߅అ : ߤܽࠪڜऴࡗܽࣛ ڵక ߘల

ऴࣇ ߘ ߤܽࠪڜ घࣾ దࡍज నऒۨޒफ అ࣋ࢣࡍప ޜߖ घࡌߖ గޓ సలవంܽߪ  ࠼ޑݡకనప ࡱހ



ङߙ ړ ऱ࠹࣎ࡆ ऴ߄ ߤܽࠪڜర, ࡌߖघ తघހ క 
ఉపऴపࠪణం 

ఎ࣎ࣕ ࠫߖदߤ ऴܾ߱నऱ ࡛ڝ ۪ द݀  146 ࣿరజంటల 
߰డ DNA ۪ दܿߖڜ ఉంܿం 

चࢂనక ݡంࡓ H2A, H2B, H3, H4 : ࡛ڝ  .࠼ఉంܼ ڴ
ङ సం 11nm

H1 ࣕ࣎दࡱ ࡛ڝ ߤపల ఉంݟ DNA ۪టऱڕ ࡛ڝ ߘ 
అࣆړޒफం

 

ङߙ ݡంࡓ ړ ऱ࠭࣎ࡆల మధङ  ఉనऒ  DNA  ߘంక࡛ 
DNA అంܼߖ ,ࡏ ߰డ38-53  ࣿరజంటࡱ

 

ఆߙ ࡏङ ړ ऱࡱ࠭࣎ࡆ ۪ दܿ30 ߖڜnm సࡍओ లం/ 
ऴߤܽࠪڜ తంࡌߖ ݭ࠼ߕࡵ࣍ = ޔघ ణం

 

ऴߤܽࠪڜ తంࡱޔ ۪ दܿࣃ ,ߖڜంऴకరణ ۮం 











ऴࡱ߇ ߤܽࠪڜ :
* DNA ࡹంऴదకంښ  పࠪࡍణం 
తڕए వ  సभలంࡱߖ ࡹవ ఉంݦట ऱܿ 
,ࣄۯ DNA పߖހࠪࡍऒ ,  ऴకࠪߖऒ  
 .ంޔݡߦڒ

* DNA  ڴ ߤܽࠪڜంۨ ऴࡍకంऴࣃ
ࠪరడం వలऱ సమభజన, 
ࣾయకరణ భజనڴࡱࣆ ڕ 
 .ంޔࡏࠪ

* ऴ ࡱ࠭࣎࠵ڝ ऐۨ నऒ ం 
मరతछࣄ  ݞంڕڒ ం కࡱగܑࣆफం. 

* జߘङ వङ ڔ फకరణం DNA 
ऴపޒకృߖ ߖޒయంऴࣆޒफం.









Diagram of a replicated and condensed metaphase eukaryotic chromosome. (1) Chromatid – one of the two 
identical parts of the chromosome after S phase. (2) Centromere – the point where the two chromatids touch. 
(3) Short (p) arm. (4) Long (q) arm.



సనऒ ۯంߧߖక ࡹంऴదకంښ ङޙచల వంܽ ऴప߱ ߖ క ࡌߖघ ࡱހ ; ऴࠪڝ = రంڷ. 
ࠪ࣎ = హం ; పదం ࡶनయ࡛ 
ऴښ = ࠭࣎࠵ڝంऴదڒమऱం + ऴܾ߱ߘऱ 
అంతర मశࡹ ऴߤܽࠪڜ పࡱచߖ తంޔలవࡵ – ऴࠪߗ࠵ڝ 
ऴపథమ, మధङ సमదశࡹ – అ߅క ࣃంऴకరణం ۮం, ۨకए ڴ – ऴݭܽࠪڜ  - 
ऴࡐ ࠹࣎࠵ڝపంࡹ 
చలనదశࡹ ఆࡱࡌڒ సओ షदంڴ కࣃߧߖफ ࠼ – V, J, L 
߰డ࠴ : కए ऱࡹ  కߕऒ  తڕए వ, గࡍషदంڴ – అంతర मశࡹ, కߖషदంڴ చలనదశࡹ 
 ంޔࡏࠪ ణంࠪࡍబܽद ప ߖޒ܉
,ߘޜనऱ ߰డڒऴ࠳ ంۨ30ߘ 0.1 ङ నऱڒऴ࠳ 0.2 సం 
సంఖङ ࡹ܋  ఉంܿం ڴमరంࣄ  
దछ = ࡱ࠭࣎࠵ڝతफం ऴ࠴ యࣄमޒకం (ࡎࢡరక కހలࡹ); జతࡹ ఒకܽ = 
ఏకࣄमޒకం (ࠊజకހలࡹ) 
ఏకࣄमޒక దశۮ ڕంన ऴ࠭࣎࠵ڝలߖऒ ంܽߗ కߧ ऴ࠹࣎࠵ڝ జ दܿ –  ࠹ߠ܋
అంܼࡏ











* ۪ द݀  ఉనऒ  తछ చం –  ࡽړऱ߭

 కޒऱ వంܽ ࠪऴࡰܐ పలࡹ *

– ࣗࠈदܽ߰ ࡱࣗࠈ ݡంࡓ • p, ߰డࣗࠈ  – q

• ऴࣃ ࡹ࠭࣎࠵ڝంऴకరణం ۮంన ఏక߱చ సహ ऴߤܽࠪڜ – ऴݭܽࠪڜ 

తవరࡶ ࡶ ంతంߦऴ ࣋క ࡱࣗࠈ ݡంࡓ • पߩ ऴߦంతం ڕߟए –  ంऴ݇ࠫయ࡛࣊
 ంచనంڕ థࠫకߦऴ ࡶ

छ •  ࡹరంڒX ఆ ߤܽࠪڜహ ऴచల స߱ ݡంࡓ ࡹ࠭࣎࠵ڝన ऴంۮ కృతంނڷ
ఉంܿం. ఇ ఒ ښధంڴ ఉంܼ࠼. ఒڜए కए  ߱చߘ ऴݭܽࠪڜ అంܼࡏ. 

• మధङ సम దశ ऴࡓ ࡶ ࡱ܉ࠜ ڷࡱߕ ࡹ࠭࣎࠵ڝంݡ ऴݡܽࠪڜऱ ఉంܼ࠼. 

• ऴݡܽࠪڜऱ ࣊ ࡱࣗࠈ ࡶంऴ݇ࠫయ࡛ ऴߦంతంࡹ కࣃࡱफ .࠼





ए࣒ݟ ంऴ݇ࠫయ࡛ ࠬద࣊ ళचࠉ ࡶ  –  ࡛ڝ݇ߜڛ

కణభజనࡹ ఖంݥతంޜ ࡛ڝ݇ߜڛ ࡱޔ అతకబడ࠼ޑ 

ऴߦథࠫక ڕంచనంܿߦ ޜ – छ  ࡱߕంచڕయޓ

छ – ࡱߕంచڕ యޓ ࡱޑంߦన ऴ߄ంశ సంڒంऴదښ –  

* అంతర मశښ ࡹంऴదڒంశంޜ సంబంధం కߩ ߖ ,ڵనరछ ङ వࣅमకరణࡹ 
ఉపࡆగపޔݡం 

* rDNA సంࢩ ऱషణ జߘङ  

छ घࡌߖ ంऴడܽڷ ۯంߧߖఅవతల క ړߖߕంచڕ యޓ ణం ࡶ బࡱख –  హం ࡷܽࢡ

* ऴ߇వޑछ ऒߖ  ऴపదࡍज  फంࣆ

* ఇతర ऴࡱ࠭࣎࠵ڝ అతకڕండ 
ంޔݡߦڒ













ऒߖޑంߦంऴ݇ࠫయ࡛ ऴ࣊  బܽद ऴ࠭࣎࠵ڝల రࡱڒ 

మధङ मࣃ   నంࡹ – సࠪన࠳న ࠙ࣗࡱ –  రంڒV ఆ -   ڡంऴܼܽ࣊࠱

మధङ ం ऴపకएۮంڜ ݞంڕڒ ࡹ ڴ – అసࠪన ࠙ࣗࡱ – సࠗ ܼ࣊࠱ంऴܽڡ  -- J 
or L ఆڒరం 

ऴڜ ࠹࣎࠵ڝనదగ ठరڴ- ఆऴ࣊ڝంऴܽڡ 

ࡹనڜ ࣗࠈ –  రంڒݞదం -  ڡంऴܽ࣊ࡹܾ

– ޙక߱ࡶ ంऴ݇ࠫయ࡛࣊ ఏ࣊ంऴܽڡ రకం 

ऱࡏంऴ݇ࠫయ࣊ ݡంࡓ –  ڡంऴܽ࣊ݧ

ఎڕए వ ࣊ంऴ݆ࠫయࡏऱ –  ڡంऴܽ࣊ࡰߦ

ङ   ڡంऴܽ࣊ࡹࣔ - ంऴ݇ࠫయ࡛࣊ ݦఉం ంۮ फߧ






