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Present Da y Conc epts of the Gene with Special Re f e r ence to 

the Saliva r y Ch r omos ome of Drosophila mela nogaster. 

A gen e is a unit of inh erita nce s itua ted a t some parti­

cula r locu s of a particula r chromos ome a nd tra n s mitted a ccord­

ing to the l aws of .M end el. Th us it may b e r egarded as a physi­

c a l entity , the unit ma teri a l of hered ity. For s ome time the 

chromosome was known to cons i s t of functiona l uni t s ~hich were 

the a ctua l tra nsmitters of heredita r y cha r a c ter i st ic s , but it 

wa s not until the l a s t ten yea rs t hat a n y r esults were a c h ieved 

in the field. 

The cha ng es brought about by chromosomal aberra tions, 

tra n s locat ions and g ene mut a tions were recognized but th e 

nature of the g onia l chrom osomes pr ev ented the a ctua l loc a tion 

of g ene loci. Obs erv ed under oil immersion, th e g eni a l chromo ­

somes a p ear as opaque b od i e s with their inner content not de­

monstra b le. At t he t i me of nuclea r d ivisi on, only deeply st a in­

ing r ods a r e vi s i b l e and a t e a rli e r phases, suc h as the pro ph a se, 

only knotted s -r a nds or t h r ead s a re pr esent. 

Not until 1932 was the sea rch for a n org a nism with chro­

mosomes l a r g e enou gh to ha ve vi s ible diff e rences for gene loca ­

tion succ essful. It w s a kn own f a ct among cytolog i s ts tha t 

the saliva r y g l a nds of the Di ptera l a rva e c onta ined a " p erma ­

nent s p irem e" a nd chrom os omes l a r g e e n oug h t o show light and 

d a r k a r eas . In 1 93 2 Theophilus s. Pa inter of the University 

of Tex as beg a n a series o f investigations u p on t hese structures 

i n t h e l a rva e of Drosophi l a mela nogaster. 

He found tha t the chromos ome cons i s ts of a n elongated 
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cylindric a l rod with a lte rna t ing b a nd s of light a nd d a r k s t a in­

ing ma terial running a cross the long ax is of the c h romos ome . 

The pa tt e rn of e a.ch ch romo som e was f ou nd to be rema r kab l y con­

stant in a g r e a t number of ind i vidu a.l s . Thu s , he proved tha t 

there wa s pre sent a definite b a nding a rra ng ement for ea ch chro­

mos ome . Here a prob l em etros e . Droso phi l a h o. s e i ght ch romosomes 

a ll ar i s ing from a common substra te, a nd consi s t ing of four 

pa irs of l i k e ~ lemen t s . The saliv r y c h romo s ome s, howev er , ws r e 

only s ix in numb er. By furth e r r eseRrch it wa s found tha t the 

chromos omes h a d underg on e a fusion proce s s a nd t h e t wo arms of 

the II a nd III chromo s omes a ppea r ed as sepa r a te e l ement s . Thu s , 

the number of g onia l a nd saliva r y c h r omosomes w s proven equ a l. 

¥ork was begun u p on the a c t u a l loc tion of t h e g enes for ind i­

vidu a l ch a r a c t e ristics . 

The experimenta l work c ons i s ed of r a i sing Drosophila 

l a r voo, d i ssec t ing out the s a liva ry g l a nds, st a ining them, a nd 

r e l ating t h e ir ch romosoma l st r uctur e to the cha r a cteri s tic s o f 

t h e a dult flie s . Va ri ou s cul t ura l medi a a re in use, mos t of 

them wi th a b a s i s of aga r, b a n a n a s , a nd a syrup fr e e from sul­

phuric a cid. The fo r mula I h a v e found s a ti s f a ctory c ons i sts of 

30 g r a ms of a g a r-agar, 400 g r a ms of corn-mea l, a nd 37 5 cubic 

c ent i meters of mola s s es . Th e a g a r is dis so lved b y b o iling in 

1725 c ub ic c ent i meters of wa ter . To it i s a dded th e mo l a s s es in 

600 cubic centi~eters of wa t e r a nd the corn-me a l mi x ed with a n­

other 600 cub ic centimeters of water. Aft e r e a ch add ition the 

mixtur e i s boiled . Th i s med i a i s pl a c ed i n s t e rilized b ot tles 

to a depth of one-half inch, a nd a yeast sus pension sprinkl ed on 

op . Then a Diec e of filter pa pe r i s inserted f or pu pa tion . A 
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wad of cotton form s a g ood cork . Six or eight flies a re kept 

in a 250 cubic centimeter fl a sk. 

Eggs a re so on l a id a nd within a f e w d a ys l a rvae a re found 

cra wling u p the filter pa per to pupate . These l a rva e b e ing 

f u lly deve l o ed , a re the best for experimenta tion . If p l a ced 

in a cold blood ed Ring er's solution, the g l a nds may be dissected 

by g r a s p ing b oth end s o f t he l a rva wi th fin e forcep s and pulling . 

The l a rva s plits just p os terior to the head, and t h e s a liva ry 

g l a nds a re revea led a s glist ening wh ite bodi e s. There a re tra n s ­

ferred to a s lide and s prea d ou by b ring ing pres sure to bea r 

on the c over sli p . Aceto-c a rmine, a satura ted solution of c a r­

mine in 45% a cetic a cid, i s t h en introduced b enea th t he cover 

sli p . Th e g l a nds a r e sta ined f or a proxima t e ly f ift e en minutes . 

They a re the n f l ooded with fresh dye solution . Th e excess dye 

is r em oved wi t h b lotting paper, a nd t he cove r s li p is s e a led 

by applying melted par offin t o the ed ges . This produ c .es a tem­

pora ry mount which will l a s t tw o or thr e e d a ys. Permanent 

mounts a r e no t s e a led a t t h i s point, but desicc a ted for t welve 

hours in 95% a lcoh ol fume s a.nd sea led with eupar a l. Va rious 

other techniques 

most efficient. 

a re used, but the se a re among th e simplest a nd 

In these p re pa r a tions the bands de s crib ed by 

Pa int e r a re cl early vi s ible. 

Dr. Bridg e s ma d e a de t iled s t udy of t h e nature of t h ese 

b a nding s . He f ound them to b e s olid discs c omposed of a bundle 

of small rod s . Th e se rods were c ontinuous f r om disc t o d isc in 

t h e fo rm of a c a b le c on s isting of spira l thre ads of which sixt e en 

we r e f. ound i n ea ch chromo some. Kost off contend s tha t these 

el ements ma~ b e only discoida l light a nd d a rk comp one nts . 
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Other investigations found the discolda l e l emen t s pr esent only 

on the surface with a deeper inne r ax is. Thus, the r e l s still 

g oing on an a r gum ent between the ex ponent s of the discolda l a nd 

t hose of the spira l s trand th e ories. Actua lly t her e i s no de­

finit e proof t h a t the gen es li e in t h '3 s e bands, wha tever t heir 

s tructure, they may lie in the mat rix. 

More imn ortant wor k h a s been d on e on t h e l oc a t ion of t he 

genes on t he ch romosomes . To d o th i s it WB S neces sar y t o de­

v e lop a cyt olog ic 1 map of e a ch ch romosome, by mea n s of its 

norma l morpholog y. From t h i s , by compari son wi th abnorma liti es , 

the os i t ions of g ene s a r e det e r mined. I sh 11 t ake u p the 

n orma l rn or h ology fir s t. 

Th e five main ch r omosomes r e e a ch d iv id ed into t wenty 

sections , ma k ing 10 0 i n a ll. Chromos ome IV bas sect ions 10 1 a nd 

102. This g ive s u s a k ey for o s i t i on r e f e r enc e , pa rticula rly 

s inc e e Ach section beg ins with an eas ily r e cogniz ed b and. Each 

s ecti on i s in turn d ivided into s i x s ubdivi s ions b eg inning with 

s h a r p b ands a nd des i g na ted by c apita l l etters A to F. Thus , we 

a.y eas ily r e f e r t o a b nd as loc oted in 60A or 38D . Th is sys ­

tem elimina tes t he n e c es s i ty for futur e ch nges v1h ich would hav e 

been required, h d th e b and s themselves been nu mber ed . The 

knowl ed e of band p os ition cs n Jt b een c ompl e t ed sufficiently 

to a void p os s ibilities of fu ture chan ges . In f a ct , I sha ll 

l a t er r e f e r to s ome of t he i mnort n t changes a lre dy ma d e in 

the map of t he X-chromosome . 

In recog ni z ing pos itions on chromos omes , the b ands a r e 

oftimes not e as ily i d nt ifi ble a nd a s e ri es o f 1 ndmar ks h a s 

be en a do pted. Of these the " pu ff" i n 2B , the "four brothers" in 
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9A, the "weak spot" in llA, the two "cha ins" in 15, the "turni p " 

in 16, and t he "offset" in 19E distinguish the X-chrom some. 

I h ave, by the technique previou s ly described, d eveloped a 

series of s lides i n wh ich t hese char _cteri sti c s h ve been the 

main identi fic a ti on clues. By their use I h a ve f 0und the X-ch ro­

mosome r eci.dily i d entifi a ble. IIL is distingui shed by the "dog ­

colla r" in 21CD, t he "sh o e buckle" of 25A , the "sh i e ld" in 30 A, 

the "goose-neck"- in 31BF, the "s pira l loop " of 3 2-35 1 a "turn­

back" in 36 , a.nd the "basal loo " in 37- 39 . Recogniti on of 2R 

occurs by it s th ick "onion" b a s e and "huckleberry tip". IIIL 

h a s a "ba rrel" a t 61CF, a "ba ll e t skirt" in 68BC, "ch inese l a n­

t e rns " in 7 4 -75, a nd "g raded c aps ul e s" in 79CDE. 'rh e longest 

limb , IIIR, h a s a clea r . "cucumber" bas e 81-83D, a "duck ' s hea d" 

at 89E to 91A, a nd a "g oblet" tip. Chromos om e IV i s recognized 

by its very short l e ng th. 

The total leng th of moderately stretched sal iv ry ch ro­

mos omes wa s found to be approxima tely 150 times tha t of the 

g onial chromosomes . Of this l e ng th the X = 220u; II - 215 -

245 = 460u; III = 210 - 275 = 485u; IV= 15u; with the tot a l 

length b e ing l,800u. Total g otli a.l leng th equa ls 7.5u. Thi s 

l a r g e s iz e of the s a liva ry chromosomes is attributed to their 

compound n a ture . As previou s ly sta t ed, each of th e fu s ed ma­

terna l a nd paterna l homologu e s cons is ts of e i ght ch r omonemata 

g iving a tota l of sixteen st r a nds. These homologues a re quite 

evid e nt in the slides I prepa red. 

Dr. Bridges h a s g iven us his conclusions on the loc a tion 

of the g ene upon the banded area s . He believe s t hat the six ­

t e en dot s seen in cross- s ection of a b a nd correspond to the 
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loci of e i ght maternal a nd eight pate rna l sister genes . A count 

of the bands r esu l ted in 537 for X, 1,03 2 for II, 1,047 for III, 

34 for IV, or a t ot a l of 2., 605. Thi s agrees v e r y well with the 

a prox ima tion of 1,500 to 3 , 000 g ene s per ani mal. Whether the 

genes a ctually lie enclosed with i n the wall s of the s trands, in 

th e wa ll s , or in the v es icula r portion, is a t pres~nt undetermi­

n able. ~hey h a ve found, h owever, t h at bunching of the g enes is 

due to red uc ed cros s ing ove r a s tha t nea r the end of x. The 

s t r ands h a v e a t endenc y t o slip towa rd the end r a the r than to 

brea k. 

Ca lvin Bridg es h a s recently revi sed the map of the X-chro­

mosome. By us e of perma nent pr epar a tions a nd c amer a lucida d raw­

ing s, he h as increa sed th e number of known b a nding s from 725 to 

1,024. He h as discovered a n umb e r of r evers ed r epeats a nd done 

cons i d era bl e work u pon t h e i mporta nt 3C reg i on which i s the loci 

of white a nd a r e i on of h i gh c r os s ing -over. 

Having considered the norma l mo r pholog y, I shall now pre­

sent a discus s ion of t h e methods of gene locat ion. In order to 

do t h is, one must f irs t underst a nd th e proc ess wh ich Pa inter 

c a lls "soma t ic syn apsis''. In somat ic synaps is two homolog ous 

chromosomes, one ma t erna l nd on e paterna l, uni te into one ap ­

parently s ing le struc t ure. 

Pa inter lists three general me thods of d etermining the 

pos i t i on of g ene loci. I shall t ak e them u p sep r a tely. The 

first method i s a study of s i mpl e mutua l tra n s locat i ons or in­

v e rsions in which we know g enetic a lly e tveen wh ich g enes the 

brea k or brea ks h ave occured. In l a rvae heterozyg ous for a norma l 

a nd a broke n chromosome, syn c p Pi s t akes p l a ce u p to the p oint of 
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the break, wh ere the a b errant diverges. A compari s on i s t h en 

made o f t he two elements and t h e t wo g enes separ a ted by the break 

det e rm i ned on e a ch s ide of t h e point of breakage. The mis s ing 

b a nd s a r e then e as i .l y f ound . Pa int e r h a s loc a ted g enes on the X­

chrorno s ome to with in t he a r ea of t wo or three bands. (Fig . 1.) 

Prof ess or Pa tt e r s on, of the Univers ity of Tex a s, h a s c on­

tribut ed some v ery int e r est ing s t ud ies on the production of tra n s ­

loc a tions in Droso phila. He firs t cros sed a n X-ra yed wild -typ e 

ma l e with a fe male h aving an X-chromo s ome, homozyg ous for mut ant 

g ene y e llow, a nd t hree pa ir of a utosomes , homozyg ous for brown, 

eb ony, a nd ey eles s, r e spectively. The F1 heterozyg ous, wild-type 

ma les were b a ckcros sed with the s a me type of f emale. This pro­

duc ed an F2 genera tion showing e leven t ypes of tra nslocat ions a s 

follows: 

(X-II) males non-brown; fema l e s b r own. 

(X-III) ma les non- ebony; fema l es ebony 

(X-IV) ma l e s non- ey e l ess ; f ema l e s eyel es s. 

(II-III) flies ei t her n on-b rown, n on-ebony, or e l s e brown, 

ebony. 

(II-IV) flie s eithe r n on-b r own, n on- ey e l e ss, or e l se b r own, 

eye less. 

(III-IV) fli es eith e r non- ebony, n on- eye l ess , or e l s e 

ebony, eyeles s. 

7. 

(X-II-III) ma les non-brown, non- ebony; f ema l e s brown, e bony. 

(X-II-IV) mal e s non-b rown, non- ey e less; fema l e s brown, 

eyeless . 

(X-III-IV) ma l e s non- ebony, non- ey e less; f ema l e s ebony, 

ey e l ess . 

(II-III-IV) flie s e i t h e r normal or e l s e b r own, ebony , ey e les s . 



8. 

(X-II-III-IV) ma les norma l; fem l es bro wn, ebony, e y e l ess . 

While c a rryin5 on t h is study, Mr. Patterson discove r e d that 

t he break s occur at the free or spindle-fiber ends o f the chromo­

somes. In the X-chromo some the maj ority of breaks occur bet ween 

scute a nd ocelliless or forked a nd c a rna ti on. I n the II-chromos ome 

the ma jority were det e rmined be tween bla ck and purple in the left 

a rm . a nd between pu r ple and ·curved in the spindle fiber a rea . The 

break loci li e b et een sc a rlet and pink on the III-chromo s ome a nd 

betV1 een sooty and claret in the right a rm. The v a ri ous types of 

tra nslocat ions a re found to be due to four things : · ( 1) Length of 

the chromosome involved, (2) p osit i on of the c h romos omes within 

the cell, ( 3 ) regional a ffini ty e ithe r for brea k age or for a 

n on-homologous chromosome, (4) si ze of the cell. Another inter­

esting result of thi s investigat ion was the pl a cement of hyper-

o r hy poploidy abs ence in thses r a nsloc a tions i n the autosomes, 

not in the X-chromosome. 

A sec ond a nd better method was developed by Otto Mackensen 

under Profes s or Pa inter' s d irection. It c onsists of a study of 

short deletions where we know what genes a re missing . A del e t ed 

a rea i s one i n which a porti on of the chromosome i s missing . In 

the synaps i s of a deleted homologue wi t h a norma l, fu s ion takes 

p l a ce on both sides of the deleted a re . e.nd the n orma l e l ement s 

corres pond ing to the de l et ion a re ushed out i n a loop to the 

s ide. (Fig. 2 .) Such deletions h ave b een v e r y succes sfu lly pro­

duced by irradiat ion. Otto Mac k ins en irradiated normal ma le 

fli e s a nd cros sed them with f emales e a rring a series of reces s ive 

g enes a long the X-chromo somes . Thus , he produced in F1 femal es 

a ps eudo -domi n a nce of a fema le r ecess ive characteristic due to 

deletion o f the n orma l gene i n the ma le. La rvae heterozyg ou s for 



this deletion were s t udied. 

It was found th a t if bo th ends of the d e let ion oc cured in 

cl e a r a rea s , homo log i es were eas ily studied. Difficu lty wa s en­

c ountered in exact determination when the brea k s occured i n one 

or both ends in b a nded a re s . I n this c a se synaps i s of n on-homol­

ogous pa rts may s eeming l y occur. Th e most exact de t erm ina t ions 

were ma de when two s light l y ov erla p p ing de l etion s r emov_ed the 

s a me l ocu s . By this me n s , g enes were l oc a t ed between two defi­

nite ba.nds. 

By the use of thi s method, Otto Ka c kensen h a s loc a ted 

eight g e n e loci who s e p osition I sha ll give a s found on Dr. 

Bridg es' map of the X-ch rorr.osome. The prune locus lies between 

2D6 and 2F2 a nd was determi ned by a l ong d e l etion i n the X-chromo­

s ome . Her e the delet ed s ec t ion w s inserted into the right a rm 

of the II-chromosome. A delet ion i n 3c2 remov e s white but not 

prune, s ulit, or f a c et . The loci of f a cet, s pli t , a nd No t ch 

must lie be t~een 3C3 a nd 3C6 . In ex periment s in white , white ­

mot t led, a nd ec h i nus , the echinus loci wa s f ound to lie bet ween 

3 E2-3 E4 nd white - mot t led t o l ie i n the s me b a nd as white , 3C2. 

The cu t l ocus h a s been d e l e ted fr om the X a n4 ins e rt ed into the 

ri ght a r m of the II-c h r omosome . This _iece lies between 7 A3 a nd 

7 B4, a nd does n ot include s ing ed , ocellile ss , or c a r mine , a s 

shown by g ene tic e l test s . Vermilion wa s found by a c a se of in­

vers ion ~ ith a sh ort dele tion at ea ch end of t h e inverted a rea . 

I t wa s p l a c ed in a wide b nd, l OAl , to the right of t h e left point 

of breakage. Study of a break in X be tw e en forked a nd Ba r loci 

in fema l e s h as p l a c e d the forked c ondi t i on within the " B r" b a nd 

of 15El-15Fl. The l a s t char a cteri st ic determined was Beadix in 

17Cl-17Dl. This 1 tter one i s a ten tat ive loc a tion a ssumed fr 0m 

9 . 



the s t u dy of the forked locus. 

The third method c on s i s t s of the s tudy o f a number of 

brea k s wh i ch h a ve occured bet we e n g enetica lly adj a c ent g ene l oci. 

I c a nnot clos e t hi s di s cus si on wi t h out some referenc e to 

the i mport a n t work of Dr. H. S. Muller on " po s ition ef f ec t ". 

10. 

Wbile work i ng with tra n s l oc a t i ons of the s cute genes of the X-chro ­

mo s ome, h e found t h at wh e n they li e next to new g ene nei ghb ors 

the f li es. or oduced a r e s o d iffe r e n t as t o const itu t e mut a tions. 

The e f e c t h _s been p roven to b e due t o the pro p inquity of the 

g en es a nd not t o dif f ere nces in genetic mater i a l. If t h i s princi­

ple i s f ound t :i h a ve gener ,l a pplication, it may g ive us a clea r e r 

understa nd ing of the way t he g ene o era t e s in c ontrolling d ev e lop ­

ment of morpholog ica l cha r a cters . 
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X-C HROMOSOME 

Illust r tions 

Fig . 1. The norma l e lement lies 

on th e l e ft and the aberra nt one 

to the right. The aberr ant e l ement 

syna pses with the normal right up 

to t he point of breakage . Th i s 

c a se i nv olves a mutua l exchang e 

with a f ourth c hromosome . (Painter) 

Fig . 2 . Deleted a nd normal 

X-ch romo s ome s a ft e r they have 

und er g one soma tic s ynaps i s . 

( Painter) 
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Summary 

1. The importa nc e of the saliva r y chromosome s lies in the f a ct 

tha t they h a ve a llowed the tra cing of the g enes to definite 

reg ions of th e ch romo s om es . This i s the ou tst a nding f e a ture 

of t he wo rk t o d a te. 

2. The del etion method i s v _lu abl e bec au se it prove s t h a t t he 

g enet ic defici encies ma y be a c c ompanied by cytolo ~ic 1 de­

ficienci es a nd, al s ~ , bec au s e by it we a re able to de t e r 1ine 

t he c yt olog ic e l locus of g e ne s mo r e exac tly than by t he usua l 

t r a ns loc a tl on method. 

3 . When a tra.nsloc at l on or deletion l s i so l ated , a c y tolog ic a l 

ex a minat i on of heterozyg ous l a rva e r evea l s immed i a t ely where 

t he bre k h ~ s oc cured with r efer ence to known g ene loci or to 

wha t g enes h ve been d 9l e ted. 

4. The saliva r y ch romos ome m p s h _ve been f ound useful in the 

study of a ll t pes of c hromosome rea rr ng em ents. In f act, it 

h a s a lrecdy b een proven tha t c ompl ex r ear r a ng ements , such a s 

those o f Pat terson ' s ex e rimen ts , are muc h more numer ous t han 

was s uspec ted from breeding ex peri ments. 

5. Through Patter son ' s exp erimen ts wi th X-ra y stimula tion, it h s 

b een proved tha t in m ny c ase s new species are pr eceeded by a 

c h r omosoma l r ea rra ng ement wh ich sets u p a phys iolog ic a l i so ­

l a tion wi t h in the parent s pecies . 

6. It h a s been p ossible by these methods t o deter~ ine the n a ture 

of a berra tions on the individua l s . 
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7. Pa inter' s di s c overi es in soma t ic s ynaps i s h a ve b een of great 

usefu lness in t he ·work in cross ing -over. He a l so expects the 

work unfinished to throw ligh t u p on the n ture of the mitotic 

s p ind le a s well as on chromosom e s a nd s pecia tion . 

8 . While g rea t a dva nc es h ave been made in the field of the g ene, 

it i s the a i m of t he workers to g ive e v e ry cha r acte ristic a 

definite g ene l oci on the c h r omosome . When th i s is don e , we 

may be able to control a nd pr edict more a ccura t e ly and with 

mo r e certa inty. Th is wou ld prove of enormous v lue in b oth 

p l a nt a nd a nima l breeding , particula rly if we wer e en abl ed to 

pr oduc e v . r i ed cha r a cteri s tics by g ene mani pu l at ions suc h a s 

t hose o f the X-ra y . 
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