2nd lecture. January 11, 195k
The discovery of Ds, Its behavior and its relation to mutable loci,

I. Review of previous talk:

1. Sudden appearance of a large numb-r of newly arisen mutable genes -=
exXpressing variegation-= in progeny derived from self-pollinations,

2+ The origin in plants that had undergone the chromcsome type of
breakage-fusion-bridge cycle in early development, Healed broken ends
of chromosome 9 in recovered branch,

3+ The various types of plant ch aractsrs showing varilegation, arious

types mentioned affecting & lororhyll expression, More types later affectin
other characters, '

li. About L0 different origins of mutability recognized in early experiment
5. The features shown by the seedling exhibiting variegation:

a)+ Background - altered phenotvre,

b). On background, streaks of normal phenotype

c)e The normal streaks present in a decided pattern.  Reflect:

(1) Time of change to normal during development of tissue --
determines the size of the streak

(2) The number of strecaks: reflects Prequency of occurrence of
changes to normal phenotype during development,.

(3) The relative {igtribution of streaks: reflect the distribution
among a growing tissue in wnich changes occur in specific cells,

(4): The different types of patterns: The Seedlings:

Many later occurring changes Few late occurring “any early
. changes. ¢hanges, Leaf
A?d a mosaic of many
,f:\'\‘t oL pattems.
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d) e Within a single progeny, one tyve of pattern usually predominant,
6. The changes in the pattern of mutations occurring during development,
a)e Sectors formed: I). “nereased number of streaks
2). Decrcased number of streaks
3). No streaks
L) e Large mutant sector

b). *he twin-sectors: One sector co posed of two parts:
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*ypes: 1), Normal phenotype: altered phenotype = no stbeaks
- 2). " " " " - Ancrease or decrease
in number of strezks,
3). No streaks : increased or decreased frequency of strcaks,

.9

). lncreased frequency of streaks: decreased frequency of
: streaks,

c). Lhe i ' Rt i8OS s Fach component of twin
derived from one of t er cells, sectors arose from single
cell as conseqguence of a mitotlis.Examk which produced two sister cells,

T. Interpretation of the nature of the change that occurred to give rise to
aingle or twin sectors:

). Particular rattern in seedling leaf reflects a controlled type of
expression ofgtime when rmutations will occur, andsthe cells in which ther
will occura \.@\,\\ﬁxm;- ROt v db 0 M

b). The factors responsible for this control may be altcred as
a consequence of a mitotle event,

c)e Following altereation, there will be a different pattern of rmtation
in the descendent cells from that present before the change occurred,

d)s The twin sectors suggest that controlling factors segregate at a
mitosis: one cell receives gsomething that the sister cell ilost,

8). *he rutant - altered pattern twin sectors: Suggest that the
mutation itself is consequence of a mitotic event altering somcthing,

8. The major quemtions and propositions:

l, What factor or factors are responsible for =mroducing a articulew
pattern of mutations during development? i.e,, (1) the tine during the
develorment of a tissue when mutations will occur, (2) The cells of the
tissue in wrich tris will occurj i.e., the frequency and distribution of [
changes that will ocecur in particular cells during develovment,

2, How does the factor, or do the factors segregate in certain cells
as the cconsecuence of a nitotic event?

3¢ 1s the process of rmtation associszted with the same type of event?

e What compinent of the mitotic process is involved?

a)e }s it a segregation of eytonlasmic cormeonents?
b). -8 it related to the chromosomes? To changes at srecific loci?
c)e ts it related to the process of chromosome reduplication?
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IT, The period of decision and t e early investigations,

l. Original onrupose, to analyse the genic components within the short
arm of chromosone 9,

2. The presentation of a wholly unexpected phenomenon -~ the variegations,

3. Gradual conviction, following growing of the v ariegated plants =--
that the phenomenon involved in the expression of variegatlon was far more
invortant than that of the original purposes, stated above,

s How could this phenomenon be investigated?

8). At Pirst, did not lnow,

b). As first step, decided to investigate inheritance behavior of
a number of gelected casgs; and the inheritance aspects of the pattern
controlling systems. This in order to get facts with w ich to think.

5. Yirst vear and a half -- Results confirmed earlier obscrvations,
Showed that the alterations of phenotype Were changes at the lomms of a
particular gene; a mutable gene, The change resulted in mutation from
recessive to dominant, (¢ uxivens).

The control of the mutation process not well distinguished in early
studies but suspected a similar tyve of change as that ~roducing mutation.

11T, ihawdiaggygrngfmawyari@gation,system‘tgat<altored the chrrmosore
O] son of nuc el . during de ~%§§ﬁ§ﬁ%ﬁ”””*ﬁ§‘magor mode oI operdtion:
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1, ¥Exkhmrxa¥ixar A part of short arm of crro-ogome 9 eliminated in
certain cells during the development of a tissue,

24 The pattern of such losses in the various tissues simulsted the
pattims produced by the mutable genes, where rutation from recessive to
dominant occurs,

Loss®" At Hutationt
fo
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Ji

3e The changes in patterns of loss, as seen in sectors, similar to
the changes in mutation time and frequency noted with mutable loci:
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,_recognized:

l, First seen in some kernels derived from self-pollination of one
plant that had undergone chr-mosome btype of b,f.b, cyvecle in early development

2. “his plant == carried two chromosocries 9 with newly hcaled broken ends,

3« The genetic factors carried by each chromosomes?

Ve W 3 \‘t,
W I Sh Bz Wx
2 j 4t + 0 ‘eecevess
W C Sh Bz wx ~
- RN

. The factors carried in the short arm of chrocrosome 9 -- necessary to
know them to continue study:

W, wy Yg, y8. == At end of short arm.

I, C, ¢

Sh, sh (a) Crossing over between markers
Bz, bz (b) Physical positicn in chromosone
Wx, wWx

ILLUSTRATICNS (),

5. The pattern of variegation exhibited on some kernels of self-pollinated
ear: =
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V. The structure of the maize kernel and its development.,

1, Must understand this for any discussion of maize genctics or cytoe
genetics, Will be given diagramatically for those w-o are not familiesr
with the morphology and development of kernel,

2. The morphology of the mature kernel: (ILLUSTHATICNS # Cut kernels),

View from embryo side  yawi Crese section -~ longitudin
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3e The origin of the endosperm and embryo in the kernel,

a), *he ovule on ear, before fertilizatinrn:

Ovule Meiotic mitoses Megaspore
Megasporocyte = -n- L n
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o The development of the male gametes:

—

a). the young tassel, Inside of leaves: telespgpoed effect,

b). Composed of flowe s along branches of tassel .

¢)e. Bach flower has three anthers .

d). Inside anthers at young stage are enlarging cells = the
micrcsporocytes,

e). The meiotic mitoses and development of microspores:
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f)e. The development of thc microspore:
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g)s “he development of the pollen grain and sperm cells:
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Se The process of fertilizations

Pollinationgy pollen tube; break into embryo sac

The embryo and endosperm develop,
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VI, Return to case of chrorioscme loss variegation, The particular kernels

l. Assume femdle Cwx / C wx X male I Wx

2e Loss of I and Wx during development: Arsas of color in aleurone,
Unde:lying areas, exactly corresponding, wx.

K;%:? (o r

3e Cross section of kernel:

lie *he pattern of guch losges:

a)e. Exceedingly uwniform in some kernels with regard to d ze and
distribution of recessive spots,

b). Not like pattern produced by otrner known mechanisms that r:osult
in losses of chrcmosones: “he breakage-fusion-bridge cveles
Ring chromosome belovior,

¢)e Conclusion: A previously undiscovired mechonism at work here that
produces the losses of I and Wx simultaneously,

Se 2lgnLﬁ,grgnn_ﬁrgmwzhﬁwzaziagaﬁgdwggxgg;§. Showed:

a)e. White streaks on normal green backgrounds: )
W AOML CBARY,

D). Segpgrs amnsaved: no losses,.incrgased or decroased freruency of
s earlier or ater lﬂ'llng o1 :EOSSGS.




¢c)e. The twine-sectors: No losses -~ increased or decreased req. of loss

Altered pattern of losses in each sector: Uften
increased in one and decreased in other.

6. Conciiision: The mechani responsible for loss of & romesome

e e A

must be bagically similar or the same as that prodicing &he gene mmutations,

a)e *he Mloss" corresponded to the gene mutation, recessive to dominant,

b), The system controlling the time of loss, and the cells in which it
will occur is the same trpe as that controlling when gene mutations will
occur in the cases of the mutable genes.

¢). Somatic segrezatimns, occurring at a mitosis, of the factors
asgsoclated with the controlling system occur during develorment and this
results in altering the time and frecuency of losses in descendent cellc,

d)e. Some reciprocal relationship exists in the two sister cells resulting
from this particular type of mitosis =~ as if one cell gained something
that the other cell lost. in corparison with system present in the mother
cell,

Te The sumary: Corme risons betwecen chr, loss and muthble loci:

a)e. Mutable loci: Mutation from recessive to dominant; Not chromosome
loss,

System present controlling when these mutations will
oceur,
Controlling s stem altered as consequence of a mitotic
event, Resulting two cells differe from mother
cell,

b). The chromosome loss phennmenon: Very sarme kind of mecronism involvede
Change occurs resulting in chrromosoime loss
“ystem controlling when this will occur

‘his system altered as consecuence of mitotic event

Resulting cells differ from mothsr cell with
regard to this,

c). Somethiing happens to chro~osome to r. sult in loss, What is 1it?
d). th_lgggwmusimhgnggﬁﬁNxgmigﬁlu@gmhgthxq”nearly all of short arm of

chromogsome 9 as seen in the sectors: Iosses of W, I and Wx,

e)es *herefore, this mechanism is subject to microscopic examination,
(1) Should be able to find evidence of t-is loss,
(2)This hes been accomplished, and will be described in detail g.ortly.

T ‘u g’
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8¢ Genetic tests made to determine if loss confined to particular
chro oscme T derlved from verlegated plants.

-

a), Nature of test: o
Female plants “*ale plants

3 Rearranged chroiosome 9
QRQNMW" Almost eliminated
crossing over in
short arm of chrom, 9.
I Wk
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b). Selected I Wx kernmels with Cux areas - the vari egated yernels.

¢)e Plants growm 'rom them: constitutions:

d)e :hese plants crossed to (1) female plants carrying C

(2) female plants carry e

ez. The types of kernels and frecuency of type on rewm lting eam o
cross (1):

Table 12 a (page 16) in Ac acccunt
11 ears gave 600 cormletely colorless 588 colorless with spots of C ¢

1550 eolored (C),

- Impomtant: Qply. one=half of the I carrylng chro 0someswere
variegatedse T TTTTTTTTTRTITTERES -

). *ypes of kernels on ear resulting from cross (2): to ¢

With very few exceptions, ratio of 1 « colorless (I) : 1 colored,
No regular type of C to ¢ variegation,

£). Conclusions:

q
(1), ;&Qﬁaﬁa“gggnxwin the chrorosone derived from the variegated
parent and not 1m the one derived from the oester planty T

(2)e Quly half of the keornels receiving the chroioscme 9 from
the original variegated nlant showed these losses,

Reagson for this will be discussed latar, Due to prezence
or absence of factor, loacted at position in complement other than chr. 9,

reculred for chroiiosore loss to occur? Rc ¥Luhmdm Actuale <n P%Mwm’lmfhy
“*he constitution of the gametes in above crosses:
' g BC = Variocgeted kernels W w woslug 4
I ac hon—vaﬂiecatcd kernels - ‘

fo

C vAc and no ac, =-=- all non-variegated, w iitilic



9« Tests conducted to deturmine whether or not a whole chro0some or only
part of chrompsome 9 being lost,

Wen- Uk okl

b). Conclusiong

2ome _Lactor 1o ) ] of Wx,
loss phenomenon, his 1is because Wx locus vej “TOT
KT Crocaavers wo th Eais 1og

a). Example given only.

Hany different types of tests conducted:
\ K

Variegated -lant withs I Sh Bz Wx

— 1 Ac
C “h Bz wx

crocsed as male to tester plant that was C sh bz wx,

Diagram normel crossing over between markers: G beboe”

Rousfug yaut - £ 55 Balor

The types of kernels obtained:
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us, bringing in wx do not show the loss phenomena.

c)e Cross of same plant as male to »lant that is ¢ sh Bz wx:

C. h
¢ sh Bz ux x I Sh Bz Wwx X

C gh bz wx x

Types of kernels expected from non~cressing over and e rossing overs
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Results: Same type of rosult obtained as in previous cross except

that a few of the C sh wx kernels showed losses of C, ) )
The excepticnal kernels -~ exwecgggwtypeug£mx§§}g£;§;on

pattern as if X were prescnt,

RCL

and _to right of Wx
| 010 80me e

10, ARuestion: Does the position of X indicate the position of brezk
in chrovosome 9 producing thc losses? If so, then wovld get:

W I oh Bz Wx ~ veeeee
Acentric fragment Centric segment,

11, Cytological examinaticns proved the above to be true, ‘hese will
be described next time,

12, Thﬁqwxif?Qer given4§hewggmpplrggwfor dissocliation,

The mutation=like event occurring at Ds results in the
dissociation of the chromosome at this position,

13, The genetic consequences of Ds events --The meaning of the sectors

dn the kernel and the plant:®
Female
C sh bz wx ds : I Sh Bz Wx Ds
Losses of I Sh Bz Wx during developnent, Yte to loss of acentrie
fragment,
The time of loss -~ shows as the size of the sector of C & bz wx

p—

The number of spots -- shows the frequency of 1oss.

1, General conclusions:

a)e. Genetic factor, Ds, to right of Wx in short arm of chromoscme 9,

b)., When Ac, another factor present, breaks occur at Ds.

c). Breaks result in loss of all factors in s:ort arm of chromosomne 9
from Ds to the end,

d). When Ac absent, no breaks occur, Would not know Ds present,

e). The break phenomenon at Ds compafable to mutation from recessive
to dominant in general behavior battern,

). Two components in systems: Ds, the locus showing change, and Aec,
the factor resmonsible for this change oceurring -- controls the breaks.

15, Next period: will discuss the crtological evidence for breaks at the
locus of Ds,



