
SPT: 2.3A Molecular genetics 

Lecture by  
Dr. Kokilamani A. L. 

Faculty  

DOSR in Zoology 

Tumkur University 

Tumakuru 

On 

Unit – Gene Regulation in Viruses 

LYTIC AND LYSOGENIC CYCLE IN PHAGES 

 



LYTIC AND LYSOGENIC CYCLE IN 
PHAGES 





Lytic Cycle 







Two types of regulatory event control the lytic cascade 





The T7 and T4 genomes show functional clustering 



The map of T4 is circular. There is extensive clustering of genes coding for 

components of the phage and processes such as DNA replication, but there is 

also dispersion of genes coding for a variety of enzymatic and other functions. 

Essential genes are indicated by numbers. Nonessential genes are identified by 

letters. Only some representative T4 genes are shown on the map. 

T4 - larger phage genomes (165 kb) 



 Three phases of gene expression 

The early genes are transcribed by 

host RNA polymerase. 

The middle genes-  also transcribed 

by host RNA polymerase, but two 

phage-encoded products, MotA and 

AsiA, are also required. 

 The early and middle genes   

concerned with the synthesis of DNA, 

modifying cell structure, and 

transcribing and translating phage 

genes. 





Lambda immediate early and delayed early genes 

are needed for both lysogeny and the lytic cycle 

 
• Lambda has two immediate early genes, N and cro, 

which are transcribed by host RNA polymerase. 

•  N is required to express the delayed early genes. 

•  Three of the delayed early genes are regulators. 

• Lysogeny requires the delayed early genes cll-clll. 

• The lytic cycle requires the immediate early gene cro 

and the delayed early gene Q. 



• Phage lambda –provides one of the most intricate cascade 

circuits. 

• the cascade for lytic development itself is straightforward, 

with 2 regulators controlling the successive stages of 

development. 

• the circuit for the lytic cycle is interlocked with the circuit 

for establishing lysogeny. 

• The lytic and lysogenic pathways start off the same way 

when phage enters into the host cell. 

• Both require expression of the immediate early and delayed 

early genes. But then they diverge: lytic development 

follows if the late genes are expressed; lysogeny ensues if 

synthesis of the repressor is established. 



• Lambda has only two immediate early genes, transcribed 

independently by host RNA polymerase- 

• N codes for an antitermination factor whose action at the 

nut sites allows transcription to proceed into the delayed 

early genes (Antitermination requires sites that are 

independent of the terminators). 

• cro has dual functions: it prevents synthesis of the 

repressor (a necessary action if the lytic cycle is to 

proceed); and it turns off expression of the immediate 

early genes (which are not needed later in the lytic 

cycle). 





• The delayed early genes include two replication genes 

(needed for lytic infection), seven  recombination genes 

(some involved in recombination during lytic infection, two 

necessary to integrate lambda DNA into the bacterial 

chromosome for lysogeny), and three regulators. The 

regulators have opposing functions: 

• The cll-clll pair of regulators is needed to establish the 

synthesis of repressor. 

•  The Q regulator is an antitermination factor that allows 

host RNA polymerase to transcribe the late genes. 

So the delayed early genes serve two masters: some are 

needed for the phage to enter lysogeny, the others are 

concerned with controlling the order of the lytic cycle. 





The lytic cycle depends on antitermination 





Genes are clustered by function in the lambda 
genome 
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Lysogeny is maintained by repressor protein 

 

- Mutants in the cl gene cannot maintain lysogeny. 

- cl codes for a repressor protein that acts at the OL and OR operators 

to block transcription of the immediate early genes. 

- Because the immediate early genes trigger a regulatory cascade, 

their repression prevents the lytic cycle from proceeding. 





Repressor maintains an autogenous circuit 

 

Key Concepts 

* Repressor binding at OL blocks transcription of gene N 

from PL. 

* Repressor binding at OR blocks transcription of cro but 

also is required for transcription of cl. 

* Repressor binding to the operators therefore 

simultaneously blocks entry to the lytic cycle and promotes 

its own synthesis. 



Lysogeny is maintained by an autogenous circuit (upper).  

If this circuit is interrupted, the lytic cycle starts (lower). 
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