
were grcmn from these kernels, all should posaeaa two noxmal 
chromo~o~s QI The aeleotiton of the C 3% - C bz, 3h - sh, $1~ - wx 

kernels, on the othor hand, shrruld ~fve rise to plants with a normal 

ohronosm 9 crarryiw C sh bz wx da and a Wpllmtion chromosom 9 

with t;l~ various constitutiona indicuted in the supplement to 

table 8, Beclause the rs&fon between Bz gsnd Jr ie the longest, the, 

most frequent of the cross-over classes should be;nomal chromosomes 9 

with I ?I& Yh Bz wx ad 3upliaation chromossonaeter 9 with C da eh be Ix 

kYx 9h IIs2 (oromover region 4, supplement to table 8). azWssin$ o‘pter 

ratios may be detamlnad in regions 2, 3 and 4 by compearinii; the 

frequencies of the ttarloua classes of I kernels showing variegation. 

The numbers in the P bz - C bs, sh wx 01~8, (region 21, the 

1 bz - G bz, Yh-ah, wx class (region 3) and the I - C Se - C bz, 

dh-sh, wf class lre&m 4) are 12 t 3 D 76, raspeotlvely. The 

mossover units for rec:fons 1 to Sh, Sh to 9z and I32 to Jz SD normal 

ohromosom@rP 9 are approrimataly 3 t 2 t 21, reapeotioely. The 

agremcnt in tha two cases in relative frequsncies fn the several 

mmsovv5r reqiom is olofm~ No serious disturbance in the relative 

frsquenciea of crossing-over in them regions 2s ocourrinr;; in the 

plants that am heterozygous for the duglfaatfon, 

3oreover to test the projeatad conatitutiona of the gmmtes 

producad by plants 4628x3-10 and 11 (table 8) It would be necessary 

to grow plants from the various elassee of kernels in thfs table and 

test the chromosomal fand ganic constitutbona of the chromosome 9 

contributed by the naal,te parentI %c&use the constitutf.om of the 

chromosome 0 in the gametea of ther nother plant (4306) wcrc probbly 

the mm as those produced by the tt"b~ tested plants of csub-culture D, 

tha probable constitutions of the plnnta In sub-cultures Y' to 1, cm 

bs anticipatmL 
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On the self-pollinated em of plant 4306 the vasiaus croabomr 4’ 
classes of kernela of the tyqas indiaat in table 8 were likswlrss 

prmmnt. The chromosome 9 constitutions of the esxaminad pl;;intts ar:sing 

front a eeleoted number of such ketrnc-!ls has been given in tchblc 6, The 

corraspondenae a% ehraaoaolnti constitution with expectancy on the 

baniffi of the selectfan was conlirl?.ed bg the ~ytolo&~G amr*~mm, 

Flmts In sub-oulturas U and f3 of m.U,ure 4628 a?muld carry two norm1 

ohromoaornes 9, one with I Di Sh Rz wx and one with S da sh bz VJX* 

3~esa plants should be A:LC ac, as the type of variegation observed in 

the kernels from which they arose would suggest, The plants in sub- 
culture 3' should have the sgtr,@  two &romOssmcrrs a28 plants in sub- 

cultures C and II but these plants could be sither z&c Ac or ac ac, 

The giants in culture X, not exaninsd cytologically, could be expected 

to imw two norAm chromooome8 9, one with 3 3~3'97~ bz wx (an I ds'ah 

bz wx c’nromatid is infrequently groduced) and only with C da sh bz WX. 

These plants could be tic Aa or QC SC. The exact panic constitutions 

of chromsomes 9 in the plants in sub-cultures I? and 5 ccmld not be 

projected in advancte other than to anticipate the presence of the 

dunlication chromosome 9 resulting from a crossover in re:C;ions $2 to 5 _ ______ -- --.--- -- .- .-- ._ ,.-_ -a 
in the nother plant (or rarely in rqion 1)-s of the gsnic 

an8 chromosomal consLftutlons of these plants wwill now be givan. 

(c) Sub-culture .F 

9y appropriate CWOBWZ~ of plants in sub-cultures F to L, the 
genie constitutions of the two chromosomes 9 in each tested plant 

was dstetrmined. Plant 4628B-1, kaown to hme two ,7norpholo$mlly 

normal chromosomes 9 because it was examined cytologically, was 

croosed to two C ds ah bz wx ds QC female plants. The tya>es of kernels 



appetrring on the two resQlting ear8 are glvern in table 9. This 

plant wagl obviously AC Aa (mllelic positions] in conotitution, 

That rsupplement to table 9 Itndicmtes the types of uhrcmmtids that plant 

4688B-1 would produce on the baaia of the given oonstitution, The 

obs@rP@d ratios of the various classes of karntsla on them 88~s 

uontirms the projected constitution of this plant, The plant had Et 

normal ahromosome 9 with I Ds' sh 732 wx and a namal ahro2nosorae4 9 

with C da sh bz wl~, The Ds locus is prasant just to the r1Fl;b.t of I. 

Tt should be noted that crosalng-over between I and Sh is not affected 

by the presence of this Ds locus (4.9s crossing-over). 

ilith the same aleurone gem8 in chromosome 9,the variegation 

pattern produaad by a ?3s loous in this new position is strikini;;ly 

differmt frogl that produaed by n Ds locus in its standard location, 

In thi8 new position,a I)s mutation will give an acentric frsgmant 

oarrying f and a diocntrlc chromt;ld with Sh Bz wx, 88 shown In the 

followin& diagram 

WX 0 we 
0 -- 

x Yh 3% wx 

The dioentr5a chromatfd produced by a 3s mutation at this locus will 

undergo the breakmge-fusSon-bridge cycle beginning in the anrsph~ae 

fo3.lowin.g the Ds mutation. In this first ~inaph~~ere, the genes Sh and 3z 

will be loaatsd alasa to the middle of the bridge: 

Because the brfdgs may bts broken at any position between the two 

cex&romres, it can bs antlel?ated that some of the brenka in this 



C ars sh ba 4628P-1 

Rsrnc;l type 

14 3%-C be, Sh-ah 

C sh bs 

I arh 

C 3%-C br,3h-rh 

I ba-C bz, ah 

C 3h 3% 

I ha-C bq Sh-sh 

C ah l3z 

I 3h 

C bnj sh-arh 

I 3s-C bq sh 

C Sh bz 

Blegion 2 

Regiona lob! 

RQgiQM m 

Raggfons 2$&3 

Re&ms 2k3 

183 

lb3 

1 

0 1 1 

8 4 12 

6 6 lb2 

10 6 X6 

2 3 8 

0 0 9* 

1 0 1 

0 0 0 

0 0 0 

89 

83 

1 

era 

236 

2 

Tottilrs 871 193 364 



Chroneetids produaad by glmt 4628%1 
C! be ah bz 

Chromt id 
aomtitutiona Appeeranaa of ictwnal in fable 9 

G Urar ah b% C srh bz 

Crose;-over8 

Xegfon 1 

cros8~ooerEi 

I da ah bn: 

C Ds Sh % 

I Da sh bz 

X sh 

C ?3%-C bz, shwsh 

X bz-C bz, ah 

iCcl,:lons 1 and 2 

Re.::yions 1 a;:d 3 

--. 

&@one 2 anb 3 

c sh bz 

I Bh 

C bz, Jh-r;h 

I 3%-S ba, sh 

c Sh bz 



division will ocmr to on8 Bide of thlrtr 73% Sh Sh Ba es@gmsnt instead of 

within this laeg*mentr This would give rise to two daughter cellar, one 

aonttxini~ no 3h or Bz loous and one containing two 3h and two Dz 

looi. The I looua, carried by the acentrlo trargment, would bz lost 

to both daughter o%lle: 

A 3 

MO I 
i 

Sh or Bz 
oaf 

Sk3 I lOaaS$ two Shy 
two Bz loe;i 

These two sirster cellar should g$re rim to two sdjaaent (twin) 

sectors in the endoqmm, one hating a C ba phenotype land OM hating 
a C Bz phenotypa in which C ba areas appear* These C bs areas would 
arim from t&a aontinuatllon of the breakxqe-fusion-brfdger cycles in 

cell 3 that was lnitfated by the original Ds mutationt 

Subsequent 
iinax>h8kse 

bretak 
t 



Twin sectors of the type diagrammed above were present in all of 

the variegated kernels Ln table U.that reoeired sn I De Sh BS wx 

chromosome from the male parunt. Thi8 v'ari~atioa pattern is very 

striking: and is etrong evfdcaue f3r tL5 presenae 0r a De locus just 

to the right of the I locus, That this looation is aorri?et, is 

obvious from ths gsnia oonstitutlons and aaoampanyixtg variegation or 

lack of varl8eotion in the crossover chromatids recovered from plant 

4628~.1 (table 9). 

Plant 46281r-2 had the sama chromosomal and genie constitution 

se plant 4628F-1 with repeat to the aleurone genes carried by the two 

chromosomes 9, d%en amssed to C sh bz wx ds ac: fern&Lo planto, no 
vartegated kernels appeared (table 10-a). When orosaed to a 

C sh bz wx ds,xo ac plant, again no regular Variegate;'! kernels 
appeared (Table 10-b). From this cross, It may be concluded t;hat 
plant 4620F-2 has the constitution I Sh Bz wx / 6: sh bx wx. It does 
not carry a Ds locus that is.rcgularly producing a dfaentrio chromatfd 

ourrying genes in the short arm of chromosome 9, That a Ds locus miay 
be present was auggeasted by the presence of a small amount of varie- 

gation apnearing on a few of the kernels represented in table lo-b, 

This Dlant may havs a newly transDoaed 5s louus or a Da locus with 

s changed stats giving few if any dicentrlo chromatlds (extreme 

tew-late Ds?), These possibilities will be tested thfs 8ummer'F 

Plants 46H3 011, f34 an& C-3 proved to be similar fin the chromo- 

soma and genie constitutions of their ehromoeomes 9. All had a norm1 

chromosome 8 with I Ds Sh Bz; wx md a normal chromosome 9 with 

C ds sh bz wx. All were Ac a~, Table 11-a shows the tyqes of' kernels 



Table 10-a 
* 

Gross 

Kernel typea 

I Bh I sh C 3h BIB @ ah 3% C sh bg 

4563-2 x 462EII+2 us 6 t3 3 834 

4462C-4 x 46288-2 8x9 15 a3 6 226 

4462C*9 % 4688F*2 2310 14 12 13 213 



i 
I Sh I rsh C 9h Be c 6h 3% c ah bx 

0.0, region 1 t 0~0, mglon 1 0~0~ region 2 / 
/ I I 

I I 
146 / 0 11. 4 3 173 
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agp.mAng on the eara follawing the mom of these plants to 

C sh bz wx ds ETC fmd8 j-&ants, The r8SUltS obtained are stmi3,ar 
to those rsoorded fn table Q with r@s!,ECt to tlte types and f'r8qUenailes 

of Ch8 uhroretartids that were pro~Iu#ed by the heterozygous parent8, 



C sh bz 202 45 25 53 219 97 (541 

I ah 7 3 2 4 5 1 22 

C Bz-C ba,Sh 0 1 0 1* 0 1 ?Fk 3 

C Sh B% 8 2 2 0 17 6 35 

I bz-C ba, sh 8 1 2 2 12 1 26 

I ba-4 bz, Sh 3 0 1 0 6 2 123 

C sh Bz 10 2 0 4 6 3 25 

1-c 32-c b%,Sh 0 0 0 0 0 0 0 
Totals 454 99 75 134 479 220 1461 



8?on4roesovsr 
chrornatida, 

” I-C f3z-C ba, Sh-sh 351 
a I Sh 

Croefmtrers I Us ah bz AC nad IC - I sh 

Region 1 
C Ds Sh Bs’ 

he 

’ a6 

I C Bz-C ba, Sh-ah 3 
& C Sh Biti 

C?Xi3?3OV8X3 

Ra&on 2 

l I be4 bz, ah 20 
a I eh 

C das Sh Bra AC and ac - C Sh 3% 

I Dla sh bs’ 
AC 

’ a(> 

31 I ba-C bz, dh-sh 18 
L I Sh 

C de rh Brt Aa and 80 - 0 ah Be 25 
w 

Z)oubl8 cwokllJe)Ver~ 
I de Sh Ba Ao and ao - 1 Sh 

Regions 1 and E 

C sh bz 

ft8#3iCXU? 1 nnU 3 I 4s iith 3% AC and ac - I rh 

C De Sh bs’ 
ha 

’ ac 

Ref~ions 2 and 3 a I Bz-C ba, sh 0 

* I sh 

C Sh ba 0 



Table 11-b 

Non 0.0, Ao and QO 
I Sh 195 147 IL.47 74 583 

Ragion 1 dt 2 
Aa and a0 

Rcq#,on 1 Aa an8 rat 
x 8h 11 6 11 4 32 n 8 Aa and ac 

* *,t 
c-o Yh Region 1 Ao 1 1 0 a 2 

C Yh 
Ry$on 1 aa 

2 7 2 4 15 
Region 2 Aa and act 

C-c eh Regions 1 and 2 AC 0 0 

338 170 xsas 



sure that no event other thin Ds mutatiannr were ree?onsibls for 

the qgewranae of the ::; Bz - C bz or C to a varfeg~tfon irr them 

kernels. The premznatr of the tih locus in all five of these kernels 

strongly supports D 2 Dar Sh constitution thvt tiri~se from a croe3~ove3e 

in rsgkm 1, 

la) * subcultur% H 

Toasts of the genie aonatitutions of the two narmril chromosomes 9 in 

aach of the two plants in sub-culture H are not extensive. Plant 

462W-1 wa3&1 croppkarad to a C eh bz wx ds, Aa aa fmmla plant, The types 

of kernel8 eippsaring on the remlting ear are glv~3n in table 12--a, The 
genfc aonatitutions of the ahromosomes 9 in this plant are the seme 

801 those in plantr PwJ., o-1, 04 and o-3 (I DE? 9h 3z wx / C d;s sh 

bz 9~3~1. Plant 4&8H-1 should ba Ao 8c from the ~ppo~~ancs of the 

kern%1 from which it aro&let. The kernels of the ear should be AC Ac Ao, 

A0 ho aa, Aa ac aa 01: aa 843 bar The Wxriegation pattern on the kernels 
oominhr; from thla arcx~ indiaate the presenae of thwss various ka 

aonatitutfons, Ln the Ae Aa cpa kernels, the gmsenaa of an I Dts Sh 2% 
chromosome WBS detected by the numero'ua rspetakler of C 3a phenotype, 

In the Aa Aa aC kernels aar~ylng an I Da 8h bz or I Ds sh bz chromo- 

wme, the speaklee of 0 bs sould not be detected, The color contrast 

las too iaint, In the Aa ac ac kernels, however, the C b% color may 

be wan for many larete motorsa of this phenotyp are prasent, 

Table 18-a doea not give satisfactory data, therefwe, on the presenae 

or abaenae of DI in some of' the kernels hying an 3 Der ah bz wx or an 

3 Ds 3h bz wx i?hromosome. The variegation pattern in the Aa ac ac 

kernels that received an X Ds Sh BE chromosome its like that described 
for sritilar ar088es Involving plant 468X?-1, Crossing over between 

I and 8h irs normal in frequency (3.6$), 



Table U-a 

C ah bz wz dss, ha daa 9 x f Da sh Be wx 
Aa tto d 

C Us sh ba wx 

4462C-7 4t628E-1 

K%rn%l type E-bar af kernels 

3 $h (not obviourly 
varlegatsd) 104 

I ba-0 bz, sh 

172 

10* 

2 

1 

C Sh ba 1 
C eh ba 2m 

Total 525 

* I DS sh bz, Ao AC ac constitutiorm not distfnguishable 
bsaaum oolor la R b bz speaks ill not aaep enough, 



Table U-b 

o Sh Ba wx dpo 
IL2 - auao9 x I DS Yh BZ WX A0 aa 2 

C sh bz wx drr C da tsh bz wx 

43%5-3 



Plant 4628&L WD also croemd to an w ac female plant having 

a rearrmged chromcmome Q with c Sh Bz w-x drs mU a nomal chrumusoms 0 

wfth C sh bz wx deJ, The types of ktwneZ# apr,c-~3% on this &dr are 

given in table 12-b. Them types and their mlutive frsqumcias are 

expected from the given chromummss 9 and Ao cmmtitutionrs of plant H-l. 

The oonstitui;ion of plunt 4628&2 was not examined by outcrssslng 

to appropriate teat8r plEhnts, Its oonstitution is very probably the 

aam &LB that of M-1, This was suggested by B CTOBB of thfe plant 

to anti3 having; 8 cm-l locus, mqtypeaof kfsrne-fs i;,;ere on the 
rersultlng 8%~ and ivill not be deocr13@dr 

The tvra plants in sub-oulture I (those arfsing from I sh wx kernels, 

Cable 3j were cramed to a seriels of tester plants. Plant 461?8Ll had 

two normal chromosomes 0, Both rahrono~mes B mrrfed r: sh bz wx, 
This conatltution auggar;JtB that heterofertblization had occurred or 

that tha kernel fscm which this glent arose had bean :niscl.a8siffed, 

It may have been a C sh bz wx kernel with poor C bz color developmant, 

The C bs color in the kamele, on the ear of plant 4306 and on the 88~~ 

In oroaws of the plants in culture 4625 is, hcmiever, very well . 
developsad, Classification ror C bz phsnotype~ are distlmt, Plant 

4628Im2 had two normal chromosomes 9, one carrylxg I Ds sh bz wx arad 
one cmryfrg C 88 sh bz WI, This plant was ec AC. &em crossed to a 
C ah bz wx de ac female plant, no variegs ad kernels appeared on the 

ear (table 13-esjr 
+a ~LC rr 

IShAL+ 
;'ihe;l crossed to a W&&e / C Sh Be?e 84 plant, 

91 of the 04qkernsls $ 
4' 

were I-$vurie~::.sted 
(table 13-P). When crorjroed to a i: 3% / C bz, AC ac female plant, 

109 of the 198 I aarrying ksrncla urtere either I - C Bz or I bz - C bz 



4363-8 x 46281-2 148 120 

44mc-3 x * * 

Totals 



Table 13-b 

C Bz / C bz, Acr ae & x 46%8X-t ii 

109 



53 IU j 50 / 51 I 

Totalei 3 91 [ 114 ! 135 r 121 
, 

1 



Table 33-6 

_--- - 

43~8 x 4628X-2 42 1 70 



variegated (table 13&J, Thiar plant wm al80 crossed to a c / et 

Aa AC remala plant. &tong the 171 C kernels on the stir, onl~~ 1 

aagsartad to bs C - u variegated (table 13-d). Thie lattar kernel 

shmmd only very late Ds mtrationrs -a udform pattern of c epecks- 

uhmmteristfc of D8 muttdnml raqomlas to two dossr; of thfs particular 

ho loouS* The svidencs from a.l.1 of the GPO8888 indicate the oQX?rsctnsae of 

the given conetitution of plant 46E8I-& 

The oonatitutiom of the plants In sub-cultures F, 0, H md I, that 

ar088 rr0m the I crarrying ~Qas8 of cro886ter chromtids on ths ar- 
pollinated sar of plant 4306 (table 3), me those smectsd fra?n the 

given Constitution of thie parant plant, A 8urnmet.r~ Wm9W Of ths 
conatitutfone of these plants itr given in table 18, The rscigrocal 
crcmsovsr classes, thoas carrying ths dupUcation md &ving a r: locus 

instead of an I locus, should bs represented fn sub-oultusese R and L, 

The genstic analysis of' these latter plants, has Tivon the final evidence 

that is required to eubstant2ats the projected nature of ths evsnt that 

brought about the transposition of the De 10~8. 

w* Sub-cultuss K 

The constitution of plant 46$?8K*l (IRqMcatfon ahronasom 8 with 

6 ds rah bz Mx 'bvx I32 9h I)ag / normal chromosome 8 with C ds ash bz wx dhil, 

ko AQ) RJW dstemined by the types ot ksrnelw ap>enring an the ear when 

this plant was crossed to a :: ah bz de ac fsmle plant (tabls 14caf. 

All but three of the c: 9h BIB Ix kemmla were C Bz - C bz, Sh-ah,&x-wx 

variqatsd, fn these kernels, there wsrs no ssltsnaivs wf motors rsgu- 

lmly agperarbng fn the, C 3-x areas, Also, a13 bz arsae were wx and 
where sh could bs recogn&asd, all wsrs sh, This tyss of vttrieq3tion 
would indicate that only one De locus wae prsasnt and that it met bs 

located to the rfght Of the duplltdatad s8@8nt#. 



Crotw-overs~ Duplioationt C ds 8h bz wx Hx Brrt Sh Ds2 

Hcwmal chromaomst C ds sh bz Mx USC 

Cm fmovera : 2&i 



‘Fable 14-b 

4365-3 

ac ao Q x 462EK-3. @ 


