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DNA$→$mRNA$→$PROTEIN$→$TRAIT$

Another$name$for$the$trait$is$PHENOTYPE.$
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A$ly<c$virus,$called$a$bacteriophage,$was$used$by$Hershey$and$Chase$in$a$

very$famous$experiment$that$proved$that$DNA,$not$protein,$is$the$gene<c$material.$

The$HersheyHChase$experiment$proved$

that$DNA,$not$protein,$was$the$gene<c$material.$

The$HersheyHChase$experiment$was$successful$because$they$used$a$ly<c$virus,$which$injects$its$

DNA$into$the$host$cell.$$It$was$proven$that$the$virus$does$not$inject$protein$into$the$host$cell.$ DNA$is$polynucleo<de,$a$repea<ng$chain$of$different$nucleo<des.$

A$DNA$nucleo<de$is$made$of$a$sugar$(deoxyribose),$a$phosphate,$and$

a$nitrogenous$base$(A,$T,$C,$G).$$DNA$is$usually$doubleHstranded.$



In$DNA,$the$four$nucleic$acids$are$adenine,$thymine,$guanine,$and$cytosine.$

Complementary$bases$make$a$lock$and$key$fit$and$are$held$together$by$hydrogen$

bonds.$$Chargaff's$rules$state$that$A$bonds$with$T$and$C$bonds$with$G.$

The$DNA$“ladder”$is$twisted$to$form$a$double$helix.$$The$outside$of$the$"ladder"$consists$of$

sugars$and$phosphates.$$The$inner$"rungs"$consist$of$A,$T,$C,$and$G$held$together$by$HHbonds.$

This$diagram$shows$3$different$models$of$a$DNA$molecule.$ Watson$and$Crick$are$credited$with$the$discovery$of$DNA$in$1953...$ ...but$they$really$stole$the$credit$from$Rosalind$Franklin.$

DNA$replica<on$is$semiHconserva<ve.$

Each$daughter$molecule$consists$of$one$"old"$strand$and$one$"new"$strand.$

The$original,$template$strands$of$DNA$separate.$

The$new$nucleo<des$are$added,$oneHbyHone,$based$on$Chargaff’s$baseHpairing$rules.$

(This$picture$is$slightly$inaccurate$because$it$ignores$the$5’$and$3’$ends.)$
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(This$picture$is$slightly$inaccurate$because$it$ignores$the$5’$and$3’$ends.)$



The$original,$template$strands$of$DNA$separate.$

The$new$nucleo<des$are$added,$oneHbyHone,$based$on$Chargaff’s$baseHpairing$rules.$

(This$picture$is$slightly$inaccurate$because$it$ignores$the$5’$and$3’$ends.)$

Each$replica<on$bubble$actually$contains$two$replica<on$forks$(one$on$each$side$of$the$

bubble).$$Since$DNA$strands$are$so$long,$replica<on$occurs$at$many$bubbles$simultaneously.$

DNA$is$built$only$from$5’$to$3’,$which$means$that$the$template$strands$are$read$

from$3'$to$5'.$$The$enzymes$helicase,$polymerase,$and$ligase$are$used.$

An$RNA$nucleo<de$is$made$of$a$sugar$(ribose),$a$phosphate,$and$

a$nitrogenous$base$(A,$U,$C,$G).$$RNA$is$usually$singleHstranded.$

RNA$is$a$singleHstranded$polynucleo<de.$$It$contains$uracil$instead$of$thymine.$

The$main$form$of$RNA$is$messenger$RNA$(mRNA).$

This$chart$reviews$some$of$the$similari<es$and$differences$between$DNA$and$RNA.$

Another$difference$is$that$DNA$is$doubleHstranded$but$RNA$is$singleHstranded.$

Transcrip<on$is$the$process$in$which$DNA$is$converted$into$mRNA.$$The$main$enzyme$is$RNA$

polymerase,$which$temporarily$separates$that$DNA$strands$and$then$adds$the$mRNA$bases.$

Transcrip<on$occurs$between$the$“promoter”$and$“terminator”$sequences$of$DNA.$

RNA$polymerase$temporarily$separates$the$DNA$strands$and$then$adds$the$mRNA$bases.$

A_er$transcrip<on,$the$mRNA$is$modified.$$It$receives$a$5’$protec<ve$cap$and$a$3’$polyHA$tail.$$

The$introns$are$removed$(put$IN$the$trash)$and$the$exons$remain$(they$are$EXpressed).$



Transfer$RNA$has$a$very$important$role$in$transla<on$(protein$synthesis).$$tRNA$brings$the$

amino$acids$to$the$ribosome$according$to$the$mRNA$sequence$and$the$gene<c$code$chart.$

Transfer$RNA$(tRNA)$brings$the$amino$acids$to$the$ribosome$according$to$

the$mRNA$sequence$and$the$gene<c$code$chart.$

This$is$a$computer$model$illustra<ng$the$3Hdimensional$view$of$

a$ribosome$during$transla<on.$

Ribosomes$consist$of$a$large$subunit$and$a$small$subunit.$

The$mRNA$slides$between$the$subunits$and$the$tRNA’s$bring$the$correct$amino$acids$

over.$$No<ce$that$the$tRNA$an<Hcodon$is$complementary$to$the$mRNA$codon.$

The$mRNA$slides$between$the$subunits$and$the$tRNA’s$bring$the$correct$amino$acids$

over.$$No<ce$that$the$tRNA$an<Hcodon$is$complementary$to$the$mRNA$codon.$

Messenger$RNA$has$special$“start”$codons$and$“stop”$codons.$

These$signals$mark$the$beginning$and$end$of$the$translated$mRNA$sequence.$

This$is$the$gene<c$code$chart.$$There$is$a$lot$of$redundancy$(repeated$codons)$

on$the$chart.$$This$helps$protect$a$cell$against$point$muta<ons.$

Transla<on$always$begins$at$the$start$codon,$AUG.$$The$first$amino$acid$is$always$

methionine.$$The$first$tRNA$lands$on$the$"P"$site$of$the$ribosome.$



Addi<onal$tRNA's$land$on$the$"A"$site$of$the$ribosome.$

The$tRNA$an<Hcodon$must$be$complementary$to$the$mRNA$codon.$

Next,$the$growing$strand$of$amino$acids$is$transferred$onto$the$amino$acid$located$on$

the$tRNA$at$the$"A"$site.$$The$"P"$site$tRNA$no$longer$contains$any$amino$acids.$

The$tRNA$in$the$"P"$site$exits$the$ribosome$through$the$"E"$site.$$The$"A"$site$tRNA$slides$

over$to$the$"P"$site.$$Note$that$the$"E"$site$is$not$shown,$but$is$to$the$le_$of$the$"P"$site.$

The$tRNA$with$the$growing$chain$of$amino$acids$is$now$in$the$"P"$site.$$A$new$tRNA$

will$land$in$the$"A"$site$and$the$process$will$con<nue$un<l$a$stop$codon$is$reached.$

To$review,$the$gene<c$process$is:$

DNA$→$mRNA$→$PROTEIN$→$TRAIT$

Transcrip<on$converts$the$DNA$to$mRNA.$

Transla<on$converts$the$mRNA$into$a$protein.$
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Transla<on$converts$the$mRNA$into$a$protein.$



This$is$a$more$detailed$review$of$transcrip<on$and$transla<on.$ This$is$a$more$detailed$review$of$transcrip<on$and$transla<on.$ This$is$a$more$detailed$review$of$transcrip<on$and$transla<on.$

SickleHcell$anemia$is$a$gene<c$trait$caused$by$a$point$(subs<tu<on)$muta<on.$

A$point$muta<on$occurs$when$one$DNA$nucleo<de$is$subs<tuted$for$another.$

A$frameHshi_$muta<on$occurs$DNA$nucleo<des$are$added$or$deleted.$$This$changes$the$"reading$

frame"$for$the$ribosome$and$all$of$the$amino$acids$a_er$the$muta<on$will$be$incorrect.$

GENETIC$ENGINEERING:$$A$plasmid$is$a$special,$round$bacterial$chromosome$that$is$

capable$of$receiving$DNA$from$an$outside$source,$such$as$a$different$organism.$

GENETIC$ENGINEERING:$$A$restric<on$enzyme$is$used$to$cut$both$the$plasmid$and$the$

gene$of$interest.$$The$"s<cky$ends"$allow$the$gene$to$fit$perfectly$into$the$plasmid.$

GENETIC$ENGINEERING:$

The$gene$of$interest$is$inserted$into$the$plasmid$with$a$lockHandHkey$fit.$

GENETIC$ENGINEERING:$$The$enzyme$ligase$is$used$to$create$the$covalent$bonds$which$

acach$the$gene$to$the$plasmid.$$The$plasmid$is$now$referred$to$as$recombinant$DNA.$



GENETIC$ENGINEERING:$$The$bacteria$absorbs$the$recombinant$plasmid$through$a$

process$called$transforma<on.$$The$gene$of$interest$is$now$part$of$the$bacterial$DNA.$

GENETIC$ENGINEERING:$$As$the$bacteria$reproduce$through$binary$fission,$

each$new$cell$will$contain$the$recombinant$DNA.$

GENETIC$ENGINEERING:$$The$bacteria$perform$transcrip<on$and$transla<on.$$The$

proteins$produced$from$the$recombinant$DNA$can$be$extracted$and$used$by$humans.$

GENETIC$ENGINEERING:$$In$summary,$restric<on$enzymes$allow$a$gene$to$be$cut,$placed$

into$a$bacterial$chromosome,$and$used$to$gene<cally$engineer$all$sorts$of$things.$

This$is$how$the$restric<on$enzyme$works$to$create$the$“recombinant”$DNA$molecule.$$No<ce$

how$the$"s<cky$ends"$allow$for$a$lockHandHkey$fit$between$the$host$DNA$and$the$DNA$fragment.$

This$is$how$the$restric<on$enzyme$works$to$create$the$“recombinant”$DNA$molecule.$$No<ce$

how$the$"s<cky$ends"$allow$for$a$lockHandHkey$fit$between$the$host$DNA$and$the$DNA$fragment.$

This$is$how$the$restric<on$enzyme$works$to$create$the$“recombinant”$DNA$molecule.$$No<ce$

how$the$"s<cky$ends"$allow$for$a$lockHandHkey$fit$between$the$host$DNA$and$the$DNA$fragment.$

This$is$how$the$restric<on$enzyme$works$to$create$the$“recombinant”$DNA$molecule.$$No<ce$

how$the$"s<cky$ends"$allow$for$a$lockHandHkey$fit$between$the$host$DNA$and$the$DNA$fragment.$

Gene<cally$engineered$DNA$be$placed$into$bacteria$or$into$ly<c$viruses.$$Scien<sts$store$

gene$samples$in$the$form$of$plasmid$libraries$(bacteria)$and$phage$libraries$(ly<c$viruses).$



Radioac<ve$DNA$probes$are$used$to$iden<fy$a$matching$(complementary)$strand$of$

DNA.$$Scien<sts$use$this$technique$in$the$laboratory$to$iden<fy$samples$of$DNA.$

It$is$possible$to$gene<cally$alter$both$plants$and$animals$so$that$they$

express$genes$from$other$species.$ These$sheep$have$been$altered$to$produce$a$human$blood$protein$in$their$milk.$

This$chart$lists$some$of$the$proteins$made$using$gene<c$engineering.$

E.$coli$is$one$of$the$organisms$most$frequently$used$for$gene<c$engineering.$ Human$insulin$is$now$made$by$bacteria.$$In$the$past,$diabe<cs$had$to$take$cow$insulin.$

DNA$profiling$is$an$extremely$accurate$way$of$determining$

“who$did$it”$at$a$crime$scene.$

Gel$electrophoresis$is$used$to$create$a$DNA$profile$(also$called$a$DNA$fingerprint).$

The$pacern$of$the$strands$is$indica<ve$of$the$size$of$the$DNA$fragments.$

Gel$electrophoresis$works$by$moving$small$fragments$of$DNA$faster$than$large$

fragments.$$Since$DNA$has$nega<vely$charged$phosphate$groups,$the$fragments$are$

acracted$to$the$posi<ve$end$of$the$power$source.$

STOP!$

You$are$done$with$this$chapter.$!$$


