
Patterning a Simple System


	determined = cells cannot alter their anterior/posterior identity early in 

                    development (though they can alter proximal distal identity)

HOX genes - determine mammalian anterior/posterior fate

                located on chromosome in same order as they are expressed 

homeotic genes - determine Drosophila anterior/posterior fate

                  similar to HOX genes

Unfertilized Drosophila egg:  MATERNAL expression

         bicoid - mRNA expressed at head

         nanos - mRNA expressed at tail

        **both code for MORPHOGENS:  substances present in a gradient

                                  specify different cell fates at different concentrations**

         **both are TF's**

Early Drosophila embryo is a SYNCITIUM

           before cellularization (when cells reform), gradients form

           bicoid expression leads to HUNCHBACK protein txn/expression

                 a threshold of bicoid is needed to activate Hb txn

           nanos codes for a transcriptional REPRESSOR

                 no nanos --> Hb is expressed throughout ENTIRE embryo

**bicoid and nanos create a gradient of Hb (which is itself a TF)**

Hunchback regulates expression of other TF's  (GAP genes)

        kruppel (hunchback activates)

        knirps  (hunchback represses)

        giant     (hunchback represses)

        high hunchback expression --> all repressed

        60% of egg length --> kruppel activated, other repressed

        45%             --> kruppel inactive, knirps active, giant repressed

        30%             --> kruppel inactive, knirps REPRESSED, giant active

         0%              --> kruppel inactive, knirps repressed, giant REPRESSED

        what represses knirps and giant repression in absence of Hb??                         

                                                                                  embryonic TAILLESS

         Tailless is expressed in response to Torso-Like (made by maternal 

                                                               anterior and posterior follicle cells)

                      Torso-like activates Torso (RTK) – both are maternal

                      Even though Torso is found all over oocyte, only the anterior 

                      and posterior ends are activated due to follicle cell localization

                      no torso like --> no head and tail in embryo once fertilized

                      too much TL = ubiquitous torso activation --> midsection 

                                                                                                 abnormalities

DORSAL/VENTRAL PATTERNING 

    due to asymmetric nuclear localization of DORSAL in blastocyst

             ventral:  nuclear-localized 

                            activates twist and snail

                            represses decapentaplegic, tolloid, zerknult

            dorsal:  cytoplasmic

                            does not act as a TF

                            decapentaplegic, tolloid, zerknult are expressed

         Pre-Fertilization:  Gurken causes a differentiation of follicle cells 

         Post-Fertilization:  ventral follicle cells secrete Spatzle 

                                        Spatzle binds Toll (on ventral side)

                                        cascade activated that results in dorsal migration

***TorsoLike, Gurken, and Spatzle are involved in an EXTRACELLULAR GRADIENT that causes an intracellular gradient***

PAIR RULE GENES -  mostly TF’s

        Expression is controlled by gap genes (hb, kr, kn, gt)

        Loss of function of one ( deletion of EVERY OTHER segment

         Expressed in seven alternating stipes (7 of the 14 total)

       Primary:  enhancers controlled by maternal genes and embryonic gap 

                        genes

       Secondary:  controlled by other pair rule genes

         Ex/ HAIRY expression

                Stripe #6 expression activated by Knirps

                                                Repressed HIGHLY by Kruppel

                          **there is only one region (segment #6) where Kn is high 

                             enough and Kr is low enough for expression**

                 slightly overlapping binding sites

         Ex/ EVEN-SKIPPED expression (stripe 2)

                  Bc and Hb activate, Gt and Kruppel repress

                                                   (anterior and posterior limits, respectively)

         Cross and autoregulation among pair-rule genes stabilize final patterns

             Each row of cells in a two-segment repeat expresses a unique 

             combination of pair-rule genes (anterior A6 = anterior A8)

                    this is achieved because primary and secondary expression 

                    patterns overlap slightly

SEGMENT POLARITY GENES

Mutations here affect EVERY segment

Missing pattern elements are replaced by mirror image duplications of what remains

Encode a wide variety of proteins

             Extracellular signaling

             Transmembrane proteins/receptors

             Protein kinases

             TF’s

             Cell adhesion

Expressed in identical patterns in each segment (anterior border of each parasegment)

INTERDEPENDENT expression patterns

HOMEOTIC GENES

      Expression controlled by gap, pair-rule, and segment polarity genes

       **specify developmental pathways for each segment (which structures 

         will ultimately form**

         code for TF’s for more downstream targets:  homeodomains 

                                             (HTH motifs confer DNA binding specificity)

       ultimate fate of cells determined by 3 systems

           position w/in segment (specified by pair-rule and segment polarity)

           dorsal ventral position (dorsal-induced patterning)

           segment identity (homeotic genes)

                      ex/ salivary gland formation

                             Scr (homeotic gene) expressed in parasegment 2

                                    Would be expressed everywhere but is repressed 

                             Dpp (D-V patterning gene) prevents dorsal expression

Vertebrates:  HOX genes are homeotics

       Colinearity:  3’( 5’ arrangment of anterior ( posterior expression

       paralogs:  high similarity to Drosophila (can interconvert)
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