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ruTRODUC'£ION 

The successful exploitation o.f heterosis as a res ult of hybridi­

zation between inbred lines in maize has le:l to many sim.i.lar investi­

gations with other crops . The cultivated potato of Europe and North 

Americn., Solt.mum tuborosu.111 L. Group 'l'uberosum (2n = 4x = 48) is gener­

ally considered a t etrasomic polyploid by most investigators. Although 

several workers have reported inbroeding studies in cultivated tetra­

ploid potatoes , similar investigations in cultivated diploid potatoes 

-have not been reported probably because the diploids are mostly self­

incompatible. Research in thi~ area is now possible as a result of 

s tudies of haploids of the cuJ..t,ivatwl totraploid potato. Crosses 

b etween the cultivatEXl dipJojd Grotlp;'; Phurcja and StenotomuJn (2n = 2.x = 24) 

and mal e-fertile Group Tuberosum lw.ploids prodnce vi5orot\s , highly fer­

t ile progeny. Most of these 24-cb.romosorne hybrids are self-incomp3tible, 

but cros::ics involving haploids from an inbred Minnesota seedling, Hinu. 

20-20-Jl~ ( prilrArily US-W 4), were found to be self-compatible ( Cip.•n•, 196h; 

Smiley, 1963). 

Genetic studies in potatoes have been h,~mpered by a scarcity of 

suitable well defined m..ei.rker gen9s. This can in part be attributed to 

t he fact that the early genet~c work was done exclusively with the t etra­

scmic Gz·oup Tuberosum . Thus progress in describing new markers has been 

very slow. The self-comJ:)3.tible, highly heterozygous 24- chromosome hybrids 

t hat. are now available form the genetic base for much rr..ore efficient 

studies of 5.nbroeding and potato genetics. 
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2 

An :investigat:iou with e. geneti.c base of d.ip)oid hybrids involving 

culU.vatcd diploid!> and Group Tuberosum h"\ploids , has sever,.nl advantagm~ 

over sirnih1· i.-;t.udi0s on the t.etraploid level : 

1) Since both the tet-1-aploids and the self-comp'.'l.tible diploids rray have 

seve1·al racessive genes nut frequently expressed, these hybri ds should 

be an ext.remel y f er.tile source of unexploi••ed genetic variability ( Ht)l:­

gas and Peloquil1, 1962 ) " 

2 ) The rat e of progress tO\•:ards homozygosi~,y f ollO\;ing selfing :5.s illUch 

fas t e1· ,dth diploids thsm Nit.h autotetraploicis, The nllrrher of genem­

t .ions needed to reduce heterozygosity by 50 )$ by self-pollinatine is 

1 in diploids and J.8 in autotetraploids (Bnrtlett and Haldane, 1931,. ) . 

3 ) Stocks horr.ozygous f o1· 1:fl.r};er genes of pot5ni;:ial value for fut,u.re gc~ 

netic inv~sti 6ations can be obtained mueh faster wH,h diplo:i.ds . 

4 ) 'l'he seg~'e[':'3.t:ion r,itios obtaini:..J. fo2' proi:;enies from selfed seed ,:ould 

be much e:J.nier to c1nalyzc with a disomic inher itance 1--~ ttern. 

Self-comJx1.tible diploid hybridr, .-!ere utilized t herefore to evalwi.t,e 

the effectfi of inbree:lin,'.; and to c!l.9.racterize sor1e of thEi qua:U.tc1.tive 

genetic variation pr·eser.t in these hybrids. 'l'he specific ob j ective'-' of 

t his stndy •,;ere : 

1) To measure the inbreeding depression for several qti.ant5.tati vely inl1<;r-

i tcd ch2racters . 

2) To s earch for narker genes which can b e used in future genetic studies. 

3) To develop clonos and inbred li.11es ,-d.th knm•:n genotype::, for such mwke1~ 

genes. 
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LITEnA'l'IJR.8; R:E.VIN:l 

A. Inbreedins in t etraploid pote,tocs 

Several inbreeding studies have been r eported in tetraploid pota­

toes and have been reviewed by Abdalla (1970), Engel (1957), Feistri.tzer 

(1952), Howard (1960) and Rudorf (1958). Inbreeding by sel fing tctrnploid 

potatoes has been proposed as a method of genetic analysis and for t he 

develoµuent of superior lj.nes for future bre,:;Jing ½ork ( Feistritzcr, 1952; 

Gowen, 1956; Krantz, 19L,6 ; Ri ens.n et al. 1956 ). Soma old American potato 

varieties such as Early Rose are reported to be derived by selfing Rough 

Purple Chili ( rrU\drth, 1935; Salan-a.n, 1926). 

Krantz (19h6) r eported high yielding selections from the cros s es of 

variet.y x inbred but none from t he inbred x i nbred crosses. Guern (1940) 

was also unable t o produc~ hig!,er yields than the parental varieties from 

inbred x inbred cross,~s. To detenni.ne ·whether heterosis is play:i.ne an 

irapor·tant role in superior varieties , 1n8el (1957) calculated the 

coefficients of inbreodi.116 and relationship for several comrne:r:cial varieties 

and their parents . ~le concluded that the presence of heterosis in the 

c oTiiTnon potato was still an unproven hypothesis. 

Crossing inbred lines to obtain heterosis has also been pr opos€-d for 

tetraploid potatoes (Rudorf and Ross , 1952 ). However , in a theoretical 

model, considering two alleles per locus, Dudley (1961+) has shmm t hat the 

sys tem of using inbred lines to produce highly hetero~ygous single cross es 

.3 
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4 

cunr~ot h e us,::d uith 2.1.J.t..otetraploid crops . In t.hi::: model, r.cl.>:iJnt1m hu'Lei·o­

zygos:ity ,..,ould be rea.J.ized in single croszes bet.w~en non-inbred pJ.Bnts 

rd.her 'c.hun in cros::;es between their selfed progenies unless effective 

selection occurs durlng ~clfing. 

In anothr:r model, Busbice and Wilsie ( 1966) suggested t he.t allelic: 

i ntcr;,ctions at trig:m_j_c and tet1·ag•~nic l oci are i mportant factor's contl.·i­

buting to hybrid vigor in au.tc,tctruploidG . \·d.th this model, i nbrr;eding 

,,,ould result in a very rapid lose of second and. third order inter,tcticn::, 

but cros:3es bet,•reen two homo,~ygous i nbred lines could at best r esult in 

progeny in th,; duplex condition. The obscrv.:i.tions th.1.t sevc~al autotetr·a•• 

pl.oid crops lnve an inbreeding clepr•es~io1, which is more n~rly like thr.d:. 

expected of a dip) oid tr.::in 0r r. tctrc\plo~ d (n-~1'.·;hice anc\ 1'lilsie , 1966; 

De·,;~y, 1966 ; I·\8.lton .0 . .::.J.: .. , 1952; Lundqvlst, 1966 ) ,.-ould sup11or·t cuch a 

hypotl1 ··si~. t rnnt:•, ( 191.6) alco ob: erJ :;:l t~10.t in tetraploid pota t.o:-:'.s II The 

yields obtc1.in€d :Ln the first , second Hnci third inb1.'-ed generations v. c).''?' 

hj gh-::r thnn the calcula t ,::d yields b;n,cd on the reduct-ion in heterozygo:::it7 

in ?n amrhidif)loi.u., but l.ow1;..r tha.n yields c.c1lc;Datcd on the 03.sir. of -\:.he 

r ed.uctio,i in h,:tc.0!ygoei':,y c,f r,•1 at\totetr;·ploid. 11 The ob~crv!:.t:i.on-i by 

Ecnclibw·u ( 1 t)71 ) on potatoes also lend support to the hypothe:,i~ of Bu;;l·,i.C' ·. 

and tiilsie ( 1965 ). rte: found unusually high pe1'formanc0 in tetrJ.ploid P~'ot:­

enic~ from cros~es betuecn tet,,·t>.ploids and d:i.ploid Phur?ja-h~ plo:i.<l Tubr-ro::an1, 

hybr:\.ds. This l•,"?R jntc1·prct.ed as a r..anifesu-.tion of the C<'lf.,.'\city of· 2n-J ol­

len, fornad by first ni~iot:Lc division restitution, to inss onto the pror:,~11:,i 

t he aJ.re:i.dy hcterotic diploid genotype i n a lareely i ntact array. Bencfici:\l 

int:ra- and intc1·-Jocu:; j nter:lcti.ono are prcsur..:i.b:ty COI!,bined upon fer·t.i):1 ... 

zati<.m of an n-r,~~ frc,rn the t ctraploid fe,r.:>.le p1.rcnt \-;1th a 2n-gaF.ete J.rvil1 
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De::~•:ay ( 1966 ; 1969) ::;ug0e!3tcd th.'\t en ac~u;1uJ.atj on of chrc,r.1o~om~ abcr-

1·ati ons and unfavo1•ablc gene co:nb:imtions coulct be the nnjor cause of an 

i nbreed i.ng di;pressio~ \-,hich \-13.G grea. t er than expected for autot etra ploid 

cro::;tcd whe1tg1•as0, j\gr-0T_?'{;_9_Q srj_0t?.'vlm; (L.) C::i.crtn. 1.'he gametic sc:cc.sn 

would e)iminate no;:;t chro:noso.ne aber .. --ations i n diploid"l but tl!e buffering 

effect of autoploids wonJ..d permit an accumul ation of such a bcl:'.ca.tions • 

Rudorf ( 1950) obta i ned several s
5 

r;cneration inbreds of t oc.raploid 

potato~s, but in n•3.ny cases could not go beyor1d t he s
2 

as n r esult of 

sterility, general wc-d~ne3s of the plants and vi 1·us i 11.f ections. 'l'hus, th :: 

same could bo said of :!.nbreeding t e::t.raploid p ot .. '.\tocs aa Dusbice ( 1968) 

said of inbrccdinc t ctrapJ.o:i.d ali'a) f'\ : 11 •• ••• t.he b".:rrio1· to producin~ 

homozyaous .?.1 r:- J.fa i s r.:it the U .me r t:quii.0 cd to c? chievc ln .. ozygosity but. 

i n ,,h:lch th•J tcch'.l~.ques of i "1'oreed~r:e. and vJ..old.y n:.lnlpui ::i.tions ,-:ouJ.d b(, 

utili?.r.:d. Ihploi ds ext1·t~ctcJ :f.1•oi., zru::.ot<:t.1·:1plo:o.ds c oulrl be cro.:;scd with 

diploid 3p:?c:\c..,, aftc.· \·1hich :lnbrc:::lillJ of ti,, diploid P
1 

croz::;u~ woul<l 

b e r oqui r•E.rl. t.o fix. cl :-shabls:: g•)ne;,ic 1·-.t.,,::rfal. Ilesynt.h,;:.:;i::i of the tetra•• 

ploid level i', po3J:i hlc thi'ough colc.l-·d.c:i.r.~ c~o11h):i n~ o.· bJ the t1s0 of 

B. Inbrccdi.?13 in diplc;id }X>tatocs 

No iriuN:.di.nG studi es luve b een r eported in cultivated d:i.ploid 

potntoe.J, prob.:1bly because the diploids arc mostly self•inco,nr.:itible 

(Cir:.:1.r ~t ?.J .• , 1964) . Grahur,1 (1 963 ) rcportccl little or rio inbrt;cdln.:; d> 
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hybrids of§. ~l)~.9.~IB!, Abdalla ( 1970) fo1md. a severe inbre-c!ding de­

pre3sion for stem heit,;ht., l eaflet sj_ze, per cent sta.inable pollon, seed3 

per fruit, tuber nurub•?-!' and tubcA• weight.. Within §. ~z:~~W.~, F 1 hy-• 

brids perforinod better tr.an inbreds. For- several chE>.ra.cter3, tho :t~gn:i.u 

tude of heterosi s in the F
1 

and the degi·~a of inbre::::ding dopr;:,.ssion in 

the F were found to be assodated. Al.thou eh s. tt1bl'!rosum G).'OU.p Ph1n·ej~1. 2 ...... - ..,-----·-· ... 

i s norr-.B.Lly self-:i.ncomP9,tiblc, self-corn.P3-tibl0 p]ants do o~cur spo1:ad-

i ca.l1y (Dodds, 1956; Paxrean, 1958; 1960) a.nd have been used in prcdu.cin6 

i nbred pl~nts (Abdalla, 1970; LB.m:n, 1945), 

Self-pollination of no111n.'llly self-comr.atible cro3s-fed:,ilized c1~ops 

f requently result~ in sr..:J..rply re .UC(;d seed set. In fully sclf-comy.>.tihl o 

sion. In species or hybrids ,-hich ara only f..r.lrtial1y solf-c::1,:JlX!,t:l.blo, i~. 

is difficult t.o di:,t.inguif;h if r educed seGd s ~t :ts dt1.e to ef fee to of in­

breeding depression, or o:f po,rti::il ~G.lf'-comptibil i.ty. Cooper anrl B:.,;i.r.'.--'.: 

( 1940) conside1·etl thnt in alfalfa the en'losporm re.t.;w~· th.:m the embr.Yo 

was the b:1.sis for th9 inbreed:Lng depre;:53ion ef:fec'c,. It lns been suz:;~$t.C-d 

al8o tlnt epista.tic gene actiot1 f"_,y be the iMport,,?.nt fact.or 1.n z:n:otc 

locu~ may 1cask the offects of vic.lbilj.t~y gen~s at all 0th:;!' loci (B:1sbk~~ 

1968). Othe:t examples from the litcr.i.ttu•~ as quoted by Brjn1c and Coop;);' 

( 1947) ,-,here selfing in a norrr__. L7..y cro::rn-polliP..'.'l.tad sp,::cie.:: caUS(,3 a 

rralfunctioni..116 of the endospe:ri1t include z,::-:1• n::1~~ L. nnd. ~~£.-'l1~ .£.?2?1..£ L. 

Reduced seed set up:m selfing h:l8 be,,m r oport.e:i 1n th-3 scJ.f-~o· f.:\t•­

i ble species .§. ~D!C~l'W!, but the ef.fect, of inti1.'e~ing up0n th•: er:rlo­

spel',1l in p0t,r,t<.1-b not kno·.;n. H~y-;e-,_r, th~ o __ · yr·-~. fit·: .. !it(, j,l. 
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an :iJitportant role i n the success and failure of interspecit':l.c crosses 

( Lee and Coop el', 1958). The i1np,J).'i.ance: of the endosperm in s ~ed develop­

ment in pot~-\to i !3 also evident from the observat ion t hat the r ecovor-y of 

haploids f 1•or.1 t etraploids is rcsu.1.arl y as~ocutcd w:U:,h t he prasence of a. 

h exapl oid endospersn (\'iangenhei.m ~ ~1• , 1960) . 

The d :i.ocovery t l l,;t.t hiehly sel.f~comp'lUbl e plants occurred in h:rbr:i<l 

f runil:i.es when Groups Phurej a and Stcnoton:n..tru wcro crossed with haploids of 

Group Tub~rosum (1!1.linly US-'il L~) (Cipar, 196l~; Smiley, 1963 ) has r,-adc in­

b reeding by selfi ng poss i ble in culti vat ed diploid potatoes . Seve1•al work­

~rs (Abdalla., 1970; Ci.par, 1963 ; Hollenback, 1966; Hov•ard, 1960j Sinlley, 

1963 ) h:i.ve reviernxl t he genetics of self- and cross-i ncompatibi l ity in 

potatoes. The one l ocus &,Dctophytic s~stern i s repor·t:.d to occur in r.;o~~ 

So:}!-\1.1\~ species, i ncluding § •. t\32.~~ Groups Phureja and St.enotomun, 

}..aploids of Groups Tube .. ·osum and Andigena and hfn·icts b eb,een h,~ploids 

of GroupJ Tubero:::um anct Andigcm with Groups Pliu1•ej a. and Stcnoto,,'\U\ 

( Ciµr , Peloquin and Hougis, 1964j 1967). A tHo l ocus gl!metophyLfo ey$t~ .. .1 

ha$ a l so been reported for so=ie Sot.\~ ~peCJ.€3 (Pandey, 1962) . Such o. 

syste:n h3.s been po:.tula t1,;d fo!' Groups Ph1n•ej~~ and Stenot.or,-uu1 [!.S , 1011 

( Abdal.J.;)., 1970) o 

'l'he occurrence of self-comr..il t,ibility in a hybrl d bet,·,cer1 t wo self~­

i ncomp,.'ltiblo p::.reots has not bc'.!n fully explained. Stdley ( 1963 ) postu­

l a t ed a t ype of complE.;:ientary gene action in t he self-co;afatible hybrid 

UG-Vf 11 09. If' the ps.re!'!tn, Group Phurej 3. WRF 359 ,9 and US-H 4, would h<\vc 

t he r espective genotypes FF and .E 'E', then thei r hybri d US-H 1109 "ould 

b e IT' and s elf-co1ni;aU.ble. The progeny outaincct by scl ffog US,-\T 1109 

; rould t hen segreg,,te in a. 1 : 1 ratio for self•-comp.:i.tibility arid S(;lf­

i 1,co· ·::-:,t iuili',j . ~,.,~J.ey :i.nl,erprctr;:1 his cat.a to fit ::;11ch ~- h:ri:oth ..... · . 
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Hollenback ( 1966 ) proposed a scha--nc s:uniJar to the one po:-;tulated by 

Pandey ( 19611-) fo1• crosses bet.~•re1m W.cotfa.r.1 ~.M!ta and ,N. l ar.~sdorl'i'i_io 

I n this schc;nc a hypomor})h:i.c condition of the S all ele ( s,.
1

) is assun10d. 
- -l,' 

The diploid speci es, s
1

• and t.110 iu'.ploid US-~H 4, S • would both be 
- I -Fr FI 

- - --'1"'°--• 

s e lf-tncor:;JY1.t:lble but the hybrids S • would be s el f-comptible i f there 
-J; E.:t: 

a:t:•o no alleli;3 jn common, i. e. S • x sF
3

. ,;,l • With one a llele in conno.1 
- 1 2 -- I 1< } - ---- - --

t he progeny ,,;ould s egrc~.1.te in a J : 1 ratio and vrith 'c,\-iO alleles in cot-

mon ( such as in selfing) a 1 : 1 ratio wo1:,1ld be e,_,-pected. 'l'he homozygou!l 

.§.l "El genotype m:lght be pseudo-self-,comr.:e.tible and could increas o the pro­

portion of. sel f-compatiblo pl.ante . 

There are r eports of tm fr1cr -:-:\se in _§-specificitle0 upon inbreeding 

( Dem·r:trd, 1963; Nci:/i;,.:mcou.:.-1, and Ecochard, 1969; Pandey, 19'/0) . Net t .. ~n­

court ( 1969) St\ggested th.at the self-incom1✓.ttihl? plant 1::'\y be equipped 

with a switch f,yr;tr111 o:r· a mui:.'.1,EClnic r.nch1.niem Hh:lc h or .. 1.bleo it to d:\.opla.y 

a nc·.·1 specificity when th:Ls op:,cificity :i.s needed for increasing t he 

l evel of genetic polymo:.·phisn in the populat:i.on. 1-'andey ( 1970) pr op:>scd 

t h~.t the pr incip~l m~clv.'.ni5ru of t he goncr:,.tion of rim, 2_-:1lh:J.e'.; K~s 

intraciotronic r cccmbi~.1tio1,·:J :i.n th~ stru.ctural cistron(s ) of the.§-

genes . Inbrcoding ,1ould produce ho1~ozygo3ity of these gcmio and co;-inc­

quently r educe the suppreossion of r cccr.1bi m tion at the .§-locus. 

Recessive genes are l,nown tli.:i.t control chromosor:ie p.:i.iring (Riloy 

and L:i.w, 1965 ), Thb su[;gcsts t ha t va rious abnor;T.alit:i.es in chroi:-osomo 

berov1or can be expected to occur upon inbre-::ding cros~-pollinatcd 

speci e::. . Such pl::nts h1vci b een found upon i nbreeding in r,ovcral crop 
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frequency th!l.n the f ,'.)..rent and several plants with t,,,o or more uni v:1len:. u 

a t mota.phaso I . 'l'he s1 plants aloo segrcE;.:itcd for ll'.O:rpholoe:t~J. clnrac:­

t eristicn and varied widely :in pollen fed:il..:i-ty. Abd?.l h ( 1970) re:i:ort : i 

severe inbrc.,.ding dcpr0!:sion in r~J.e fc,rtility upon selfing G1'"0U!) Phu.rej:.:.. 

Seve:('al i nbred plants with reduced pollen stainn.b:l.l ity ,-rare foud. t.o hwe 

f rom 2 t o 8 u1u.val ents at met;o.pl19.se I (}.bdalla 1 1970) . 1:!nng ( 1971) }~3 

foW1d scgi:·e&,,atfon for several meiotic abnor1:-alitfos in F popuJ.at:i.ons <:if 
2 

bot h i nte.l'- and intra- specific crossoa of , rilcl tubc1'-bcaring Solc.nu:,.:;o 

She p.!'ovided evidence t h'J.t a.bnonnJ.:ttj_~s snch n.s pooz· p.:i.i.ring at p .chy­

t ene ,. high f requ.enci es of r ine b ival ent:, a t diakino::ds and high t~r1ivahr~~, 

f r aqn-enci es at meta.phase I rm.y be inhcr:i.ted 8.~ sint~lc rece..:;siv0so 

c. Gerlc'cic nt?.r!~ers 

There ara very feH genetic r!,li.'kP.re, th~t are avail.Able for rc­

s rorch in t he comri:on pots.t o . H·..tch of the worl~ in the ~-11•ly pJ.rt of. thi'~ 

c entury ,ras based on t he assumpti on thz.t Group Tt:.bero~m .. n }.. .cl a dist;~ti c 

i nhe1"it ance pattern and h3.s t herefor.:: b eecuio 0~1.solct-0~ Fr1.r :J.rth ( 1925) 

e:rs lus been very slow because of th::; lnrg-J pupuhtiom tbt arc re­

quiroo ( Hougas and Peloquin, unpublish2ct ) . Furth.srmorc, a large r-ropo:r­

t ion of t he more recently r.sported rc.utants are either se;mi-let1':ll (non•• 

f l o,'ler j.ng) or forms of cytopl;).smic w.alc sterility th!lt do not l e11d thei;.­

s e ).ves t o usa e.s genet:i.c JD..'-\l'k~rs . A l ist of r cccntJ.y identified or cm• ... 

r ently used genes i s presented in the Appendi x (A) . There is no stand~2c 

nor,wncJ.ature for gcmes in potatoe3 ; the sar.ie syr:.l;ol h:i.~ hc~n us ed for-
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l-iougc1s and PcJ.c,qu:i.n ( 1962) h.?. vc poh1tcd out tho. t n. g0net:i.c shl.dy of 

self-coin.patfole hybrids betwcien culth-.:i.tt:d diploid Groups Phu1·cj:i. ~.nd Steno-

t omu;a and haploids of Group Tuli<=::'o9Ut 1l c<1n 1Jc expected to pro..iucc several 

m~.rker gem·s . l<!'l.ny r eces3ive gene~ c)::i.st j_n Group Tubcrc,sum which A1·0 :in~ 

fr equently exrJl'eSsed due to tei:.rn:-.::oiaic inherit~.ince. The Grou~ Phureja and 

Stenotornum ax-o lrn01m to be sources of gre~.t g~r.ctic diversity. Du':! to MH­

j nc.omp.:i.ti'bi) ity, r occss:i.ve genes of these tlio Group .. arc also infrequ<~·ntl:r 

exprcsRc.d, Inbre::d progenl{'S from self-compatible diploid hybrids, involving 

Groups Phure j a and Stenotomu1.:1 and Tubcros1.ll!l haploids should therefore Le a 

f ert.iJ e source of unexplored ger,+;:;tic diversity. 

i . Genes cont.roll:i.ng s:mth0sis and distdbuticm o.f. e.nthoc;•,:,.nins 

Dodds ( 1962) otated th:i.\., : 11 In cuJ.t.iv-ati:.-J uo'rntoes thm·e .'.\re no 

chc>.rr.cters of 1;,ay.orioinic vnlue based on d-1.ffcr<:::nces o~ colour due i:.o c:•.r>t.hc­

c yanins. The gen0tic s:,•ztct1 .for the p!'vduction u;:d controJ .:i.s the snr.e in 

all putatoes, They are <'.ble t o d:-velop e.nt,hocyanins but their appc-arar: .r 

and distribution are governed by gcr!CS different from t.hc,s0 cont.l·olJ:i..ng 

prcd.uct:.k,n of pigm::·nt. The s~n':! anthocyr,.nins ccct.t' :i.n d >-r :iJ.:ir· p?,tt~rn.,. 

196~ some diff€•rence:'3 ln ve been report t:d in p ig;r.cnta {;ion s~ .. :., t c,:r,s bet.'10 .:;n 

the cultivJ.tcd diploids and the cultivated tetraploids (Ho· :ard, 1970; 

Howard.£!:. £2:•, 1970) . 

Ho,1ard ( 1970) showed a general sche,.i:e3 of c>.t l east. six. rr~ijor r,e~_~s 

controlling arthocyanin pi;~n:!';ntation :i.n Group Tu'r,BrostH,;, The inherit:>?H:C; 

of p:i t,-r.:ento.tion in the cultivated diplold sp~cie.3 p~•opt,:;,,,:t by Do.:'d:J ar ! 
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the,·<.: fa no d:i.stinction bet\ 1C-8n pc.ddcrJ..:J and phclloder,n p:i.eini~ntuti.on ot 

the tubers, , ~hcr.::.:i.s in Group Tube1·osun1 tll.i.s :i.s contre:llr:d by tw~~ ~tlp~rat.e 

nw 
TuberoslU•l .I! rray be 1n.ore COTIIJ,;•'.l.rabl e to the ~- than to the n of the c.ulti-

va tcci dj_ploi ds . There. i s n0::n1:1 cviJ£lI1Ce tha t G1•c,up Tubcros um g is l:i.nl<ed 

\·:ith .E (L1J.ndc11, 1960). Ho•.-·~ver , thJs is no·~ true in the diploicls ( Hov:u··tl, 

1970), ,,1here E is kno.-:n to be lirtl{(:d \,ith E, and _! ( Dodds and Loni~ 1950) . 

On the basiG of thoi:r effect on tuber pig,G•,mt3 tio:-1, l in the d:i.plo5.d :=i 

see}j;_,c_; to b e identical to J2 in Group '1\,her0surr. (Ho•1:ard, 1969; 19?0). SJJ.1j .. 

lar difi'ercnce.3 a.ppear to exist b etween the :tnherit.'.l.nce scheinez of spr!c­

t a cle in the cult.i v;it.c•d ctl.ploicl2 and Group Tubs:,1·0::11:;. J n ~.he rl.i.plc,i,J s , 

~ the ten,)typ~ lt t o~; .,t.h•'l' ,1H,h td1· .h<.>!' ,L or fl: OJ bot h prc<luces spcd: .. ::,r,1_f.,. 

r cst.dct.fon t'.nd :i.s cJ os,c:ly 15.tl.Y.d to Ii ( Ho.-:irci, 1970). In t he dirloicfa, 

aJ.leJ o of l and i'J nnc l.i.r1:(,d to li• 

va.rt a tion assoebtcd u:i.th th~ B e.nd Ac l oci in the cuJ.t.iv~ted t:,'pes . T:1 

11 

I . , ,, ( 1 '., i ) . 
) 
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.~ is linked to t.hc .!LT~}: l:l.l.,mge gi-.iup of thf:' cult.ivar:J. 

The close lin~<••f.0 of the thr.'.:c t,C:"lv.3 £!, 1 and !, ell of \lh:kh nffc~t 

t he dist,ribution o.f nnthocYcrnin,; ~-n diploid potatoes, :i.s very slmil.:.r to 

t tc s5.t-u t:icn h1 e:g;pwnt (f--1~ !.S.,1:s,n~·-r. L. ) whe:r:•a tln·~::i close:ly 

l inked .fci.ctor.:; for ant.hocyattirn.1 nro postul:.tzd (Tigchelao.r et e.:1•, 196:":) ) . 

One locu~ is thought, to havo thi·c~ nllclct{_. Thu !i locu.s in ~tato con:::i.stn 

of a eroup of allele:'. in a h:lt rarchical s:,,.;tE.m of do~i mn~e in the folJ .:;1-;j~i: 

orcic.r : ~>n,£ ..... ~ B~ b ( Dodds and Lon.<.?, 1956) . - - " -> ->-· -
Instance:, of multiple ~llcles, •isupcr. e'3nes" ox- p:;r,udo :lllolc» affcc-

mantati,..,n th01·oin. The stfr..ul.1.ts, if found, would be a k~y to gcnJ ~ct:!ui, 11 

\lhich he obta.inec.l fro 11 the cross eG I:'.EP.E x r>212.E and 12§dt;! ~ .chlj_c! \Tould bti 

dll!.1 to n diffcrt;nt de~:t"t..~ of double rduction. He suggested th:l.l, tho f: C•­

t or f .roi.lld b0 loc:ite::d clo~c to th-:: centrou,ere a.n:l t he factor .Q far frortt 

Aardevo Exhibit 1034 
Page 0022



PcJ.oqu:.tn and Hong.is ( 1959) bavo dc:Jo!"!'3tratc~i the , a l110 of p:i-5,rc:1-

t a tion gone:, in the extraction of h.'.l.ploidrJ fro:'I G:,:oup 'I'ubc;."osum. Tho 

development of a line ,1ith the ge,1o~ype p,: ;_~g:1 by Hci'u.:len ( 1970) ., " c. 

13 

Phyu:tologically ~ a.nthocy,:min production i s often the result of con­

ditj.on-:i \'7hich ar e lnjuric,us to the pJ.a.rrt. P.lsLcm ( 1959) listed t lw fol­

l o:'lin~ conclition:J whi ch m .. ~y b o ror.p.:>!1sfolc for c.nthocyanin foH'.l tfon in 

plants genetically coi!lpetent, to prodt•ce th.e pic.nent, : l oll t crr1p:irature, 

t i ssue d:>.rr1.gc, plant t wnor::: , r.iineral ctoficicn~y, abnorn.--.lly h5.t;h concc;1-

t rations of growth f a ctors and autunn coloi·.=:d:.:i.o::1 . Nilsen ( 1971 ) h,B shca::l 

t h: ..... t nec'1r-ultrav:i.olet. light c':ln i nduce anthocj'A11·ln s:>,~nth"-:;i:: it1 tL'.::l d5.•~ 

ploid pot<>.to clone US-H 52'/9 ,1 5~ 

i i. Chc:.'"ogenctic rrarkers 

- ~·A 
C..-1 • ..l. 

ou.t-. 

of 

voltn'linou;; J.it e2·attU'.J which },_".\s app:~rd to--d:J.te i n rchtion to tho TLC 

method. Structures of some phenolic co:i!FOl.llds of potato.~s ~.ro civen i n 

Fie. 1 • 

Tho chnd.c:>.l rct i vity of th:: .fl loou., c.~pp: :-.rs to be l'c'.th ·r C():.,_ 7 - :. 
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not class:i.fic>.ble D.s ecnes within th3:1.r 01·rn ri13hts . u These authors al::;o 

notc,l tJ->.?.t t ha nct:i.v5.ty of th'.) subunit of tl10 11 locus concerned w.:i.th flo­

r al pigms.nt, i:3 not sup1 ._·cssd by r_, whorc:i.s tlie sul>un:U, of _!& r c::;ponsibJ.0 

for t uber- pigment, is supprosscd i.11 the presence of f.. Thus epistasi:=.i oc­

cur::: in the tuber;; only. 

The .!: locus :::o~ms to b e less comp1:i.catcd. In Group Phurcja, .E con­

trols the prod.uction of d '.:!lphtnidin in both flo1<ro1·s and t ubers (Harbor:1e., 

1960 a ). The b:!.och cmfoal inUn·ay o.f pigr,:ie:nt synthesis a.s it r cl..11tes t o .E 

and E fa not clear although so,...:~ p'lth1-:ays have b een proposed ( Dodd::; and 

Long, 1955; H01·:~rd _£1. tl•, 1970). Any hyr.-0thcsfo rmst t ~ke j_nt,o accou,.'lt 

t he ff;ct t h:i.t epista.sis of f over !i docs occur in the tubers but not i n 

the: fl01-1cr.s o 

The f:.CJ. locuJ i s concerned with the acylc,t:ion of the anthor.:yariji~s \,it,h 

p -corn· . .iric ad,d, the utt..:icJ-.ir:i-:;'lt of a glu.cosc rc3iduo in thu 5--positlon c.nd 

tho msthyl:ttio:.1 of de,lphinic\in and c;y-:,u1icl:i.:1 dc~·ivativ~n. On the b.:vds of 

t hese w.rious bior,}rnclcal effect.a, H-1.1·bo1n.:: (1 967) h:1s su15gest ed th.t, 

l ike the n locus, the !~£ locus n".3.:y be co:-.1pour1d. Both acyhtion rmc\ 1:~st:i • 

yl.-"l.tion r.r-c 11ot corrpldc:;ly effective :l.11 pJ.0 .nts ,,ith !}£- g:motyp,::;. 'l'lmo 

often both c.cyJ . .J.tcd and 1rn2.c;i-lat...:~l fol'Jl\S of the t.bovo in.•ntio;1ed p · :,·.::.n-~, 

arc folL'1ct in the p:r·e::,cncc of J..\':." • Plants with the genotype ~ Ii::wa on1.y 

the um.cy~td. pi3i:nc:11 t;s. 

Tubers of tie', ~r.al Vci.ri ct:i.bs of Group Tnberoswn contain only sil1gl;1 

pieriwnt:; which contra.st::; id.th the r.ri.xt,urcs of pigments in f lo,-,ero nn:i 

tubers of cnltim t cd diploids report ed by Dodds and Long ( 1955) and l ia1·­

born -: ( 19~)0 u ) . Tubcn·s of G:coup Andie,:.rJ. ffimr.iin.;d by Ho· .. :i.rd .f1. r. \. ( 19,0) 

cl i.d cont?.in r.ri:-.t;,1 rc.J of pi~;:::mcs s:lnilar t o t he cul ti v::i. tcd diplo:i.clJ. '.£': 1 y 

P p;:;,~u] ~ i., i.;,l i.}1 t, 11 'lit'' c.l:i fi'ercn,;,_ . b Jt; r,~ "n tht· Andj c~1 '.t r,ot.:1 to•: :1 ~;.i th t:, h · 
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mixed pi@ll.ents and the 'l'uberosum vn.ri cties with s ingle pigments ll'.'.l.y be 

correlated ,dth the fact th3.t 'l\lberosllltl varieties are descemied from a 

very SZU3,ll number of i..~troduction~ from South Ameri ca and that variability 

in the Tuberosum group \ \'l:\S .further cut down by the extcnsi ve in})reed:ing 

.following the blight. epidemics of the 18/+01s. 11 

I n Group 'l\1berosum tubers, t he gene I adds an OCH
3 

group t o pelar­

gonidi,n to p1•oduce peonid:in. The fact that t he genes ~ and B of Tuberosum 

produce t he same anthocyanin in the periderm and pheD .ode:rm r ospec·~ively 

has been considered additional evidence that these genes are allelic 

(Howard ~ al. , 1970). 

Samorodova-Bia.nki ( 1965 ) has analyzed t he anthocyanidins and flavo­

noids 111 t ubers and flowars of $ev~rLl §.rd!'-:.!mll species. Rutin was f ou.nd 

t o b e the irain flavonol of potato flm-.'ers and va.ricrJ. in per cent of co­

r olla dry weight from 2o5 in.§. tw~t.!!L~ to 12 .5 in certain Group Tu.­

berosmn varleties . 

The distribution of a number of phenolic glycosides in potato species 

appe-:irs t o h.'.lve t axono;nic significance. The berries of 19 wild tuber­

b earinz ~~ apacies have bMn found to contain a caffeic acid dcriw.­

tive which i-138 absent from the berries of cuJ.tiv,\t~d pota.to-9:5 and of 110n 

t uber-bearing SolanlllillJ. In contrast, berries of cul.tivated potato2s a.re 

k nO\m to c onta:i.r~.'\ couiraric acid derivative and a cour.n.rin ,-rhich are not 

present or. are very rare in the wild species ( Harborne and Corner, 1961). 

Harborno (1 962) found a total of 9 flavonol g1ycosides in flowers of 

60 wlld speci~ b elonging to 12 different Series and 39 cult i vars. Kaemp­

ferol 3-glucocido was found on.1y in f. l!~ol_alh..£. All species in th~ 

t hree Scr-ies , C.011:i<2..ib2cc2.ta., Pit~2Jl'l and Q..ga~ \':hich a.re knovm to b e 

closely rcktcd1 ,1ere found to be part; cularly rich in kacmpferolglyco-
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Fit> 1. Stl·uctures of some phenolic co;r,r-,ounds of J.iotatoes 

A, J\.nthocyanictinn 

R 

HO 

OH 

B. Fla vonoJ.s 

HO 

C. Courn::i.:t'ins 

OH 

Pel argonidi11, R = R 1 = H 

Cyanici:w, H = OH, R1 = H 

Pcord.din, R = OGII:,, r.. 1 
:=-; H 

Dclph:.i.niclin, R = R 1 = OH 

Petuntd:i.n, R = OH, R 1 = OCH3 

Malvidin, R = R' = OCH3 

Kacmpferol, R = R' = H 

Quercetin, R = OH, R 1 = H 

Hyr:i.cctin, R = R 1 :: OH 

AescuJ.et,in, R == OH 

ScopoJ.etinJ R:.:: OCH3 

D. Pete.n:.i.n ( Pctuni.:i.in 3-( p,-courr.aroyl ru.t:inoside ) 5--p)ucoside ) 

OH 

0 
l 

Cle 

16 
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sfJo:i (;" '~ c~ ( ,)"'•ti\ 1 --- -- ---- .... 

t ranofer of glucose to qu9rcetin 3-rh~n-nosyl~lucos:i.da , £:1, w~s found in 

70 o"t.hcx• sped.es (H?.rborn-e, 196.2). 

i ii. G'31JeD controlJ.1 ng morphol.ogic,d and p'.1;y.3:i..olo:::;icD.l ch~~H1.,::toi.'.'.J 

to the p:c-aforentia.l sc:Lect:Vm of het..::r·ozygoi:.c·s :~nd h~,-1cc to U.-:::h· h:i.:)1 

t rophic l.l:ute.nt.::; by Siir:r,onds ( 1965 ) pz-ovcd unsui;c,:;:;sfuL 
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r eviewe1 more recent c-~ses. Noiie of the~c rnutn.nts ln. ve been r eported to 

flm·ter and arc the1·efore of li't.t,lf.l us e as genetic rmrkers. 

A cons i derabl e number of genes h').Vc been desc:i:·ibEd which confer 

disc:ise r esi st~nce ( App~ndix, A). Teats for the p1·e..;cnce of ro,:)st of these 

genes are r a thc1· complicated b ecause often n.any :i.nde pendcnt gones cc:i. n con­

f er r osistanr.e and the express i on of r osi s t t>.ncc i s frequently a rratter of 

degre~. The group of genes ,,hich p:c·oduco the rosistr..nt r c::i.ction::. to. pot-s'i:-o 

virusc<1 A, B, C, X, Y and S r~quirc r el atively l ess complic~ted. procedure:, 

for their detection. It appec1.rs that these r eactions a re controlled by 

sing.l..e dominant genes . Howevers disturbed segregation r a tios , due to aa 

y et undetermined causes, arc sometimes encounter6d ( Cockerham, 1970) . 

How~rd and Fullm.' ( 196 5) reprted th~ t in Group 'l'uberosu .. 11 ~ , ~ and I£ 

,,rere loce.t ed on 3 different ch:t·oL1osorc,.e3 of the S:).mc ho!:iologous g1'm\p of 

4~ ]i?. , .:ls found to b e :l ndep .... :id{;nt of lT;< <1.nd .Ke.• Jn another family of 

diffcn·ont origh1, N.~, .U..12 nnd 1:1£ wore found to be independent of each othct 

(Ho\,:>.rd and Fuller, 1965 ). The sm11e genes nre alno present in seve1•al 

dj,ploid spoc:i_os ( Gsn1.:,1lly, 1963). 

Cockerl ·~iJ ( 1970) p:i.·ovidd evldencc from c.ro6$ 03 b el':1ccn the Group 

Tub3rosv.Ll cu.ltiv..ll:'3 C1-aiga Defianco (f:~, ~ , El,, .li£) and FJ <,1,u·baJJ. (!'!;, 

n.'Q, !1-1:, .n£) tha t 1:!~S nnd J:~ arc c1o~wly l in1:ecl in tho coupline ph:t~1e a.rd 

t ha t H!2, segreg::,.tes i nclepenc\cntly of ~ ' };~ anct [fa. The r elationship b.: -

t wcon the li\ib.ge group on ,1hich Ir:<: and N.1 arc l ocated and !!.£ is s'd .ll 

not clear ( Cockm.·bn, 1970). Becc:.u se the old sys tem of symbolism fo:.' 

genes c!ffcctin~ r esi s t ance to vi.I•u::;c3 X and Y ";as not sufficiently di.s­

c r11air1".ting i...'1 d istin:_::.td..shing gcna~ uith simila r effect, but loc.:.tcd. :i..n 

cliffer<.,nt spc,;'i.cs o~· at d.Hferc!nt l oci, a nE!w :::yi.,bolis:-n in which tl..! c:-!;·;'tc 
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five. different l oci ( Thore ar~ no de.ta cm the r ~htio.1shin of IL 
1 

,d.th 
# • - ~rt.. 

!J1h_,p_~_). T\:o of th0:rn lod., N:::._b anrl Ih. h , appo..n t o be c!ssod . .?.t,~d :i.n a 
v , • -1,., r .. -- ,~ le -- -

lin!:~ge g:c,Ju.p whicb also con~Rins the loci of gen::o col!t:colJ.in:s l'c""-' cticmi, 

f e-:i.ture of this associf\tion is t h?.t €.:lch of the g.:nc:.:1 concr::!.'ncd cc;1trol.9 

a l ethal necrotic r e.action end i t n:sy wcl:l be th<>.t th0 ~1hole group of 

genes :i_s situat ed. within a section of cm.-o;.'10::.;c,,i,e which is in overo.11 ccn-

Young ( 196S) r er-0.rted thi s t ypa of r csis,anct:, to vie-us S in the Gz·ot:.p 
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HATR.~IALS AND H.E'l'HODS 

Th3 1':i.cld o::~p::::r·:i.n~nt.s werc.1 conducted ut. the Interrcg:i.on..1.l Potato 

Introduc;tion St2.tion, Sturgeon Bay, \•fiaconsin. Thu initfol pJ...:mt rr..:1.terials 

us ed in t herm investieations are J.:intcd in Tnble 1. Du.ring the:: cour::;e of 

t hese studie::: several· lnbred lines and clonei. w:i.th l(J1own genoty p':.-s for 

c ertaln genes have been der ived. 

A. Vigor and yield 

In each generation, plants were solf-pollin.:i.tcd nnd the s e~d 

produced by sclf-comp-1tiblc plants b1i)Jrnd to produce subsequent ganr:rutions. 

Observ.:ition:J \!:3:r:'e L.:adc 0:1 populations gro'\>m f rom t rue s e<:d ::.nd f 1•om tuber:, . 

Families gro'\m from t:?.'tH~ seed il.:!re st·.1.rtcd i n the greenhouse and t.t?.ns­

plantcd to t '.l(: f:i.a l-.i. T-, :o r eplir.:.1tes of sc~dlin,'.'s ·populations ,.,,er-:: obtain.:d 

by dividing c. buU::ed popul,1.tio:i of M~J into 2 eq11al lots. All plants 

producint: tubers uore s:!.ved for evaluation in t ub~r phnt.:ings . Rcplic:"t'"d 

t rials Hv!'e plc.ntcd in the fiold in 2 y.:-:1.r::. 

Tho foD.o·,ing cl:a.ractcri5U.r;.J H::.rc r..-::cH:.ur: 1 

1, Pknt, height ~- in cm 1•1JK;!1 th0 pl,:1.rito P.?d r~:,'1ch.::d i,~ . .xlr,ttm he igh~. 

2. Vigor 5.nde;: - t 2.sC"l on tot.a l ar;:~unt. of folb.ge. IndiYidt,:i.l pJ.Jmts 'l·:0, e 

rated on a scv.le f ro::r. 1 ( vi;ry W(~.".k or sr;all) t o 5 ( vei,y vieorou·, ). 

3. Nu.r'1)cr of' tnbcr·G pr.:·r hiJ.lQ 

4. Tuber weight - g per hill. 

20 
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B ~ Ferti...1 ity 

In 1968 a fertility stud.y ,:cl[, con<l11ct-:-d on all replicate~ pl~n'.:-:;i 

fror:1. t ubers . The dnta l'iere obtained by usine the dc~capit:i.tion teclmiciue 

( Peloqu:l.n and Houe,as, 1959), and methods siaUar to those el"llploycd by 

Hollenback ( 1966). For e£1.ch flm·:ering inbred clone to be t c~1tcd, 3 stems 

wit;h h buds each were collected a.t !'<',ndor.i fron a l::r·ga populo.tion of 

Group Phureje. plr.nts , a.nd these 12 flm•:ers W'.}re then used a::; fc,·,0 1.J.cs to 

test the pollen-fertility. Up to 2 stems, also with 4 buds 0<.ch) \•7;:;re cut 

f rom each flo,•;eri.ng clone of the inbred r,opula tions. On ectch steu, 3 fJ.o·.-;­

ers \•;ere used to test the self-ccopc1.tibilit,y, and one flo~•,er was c~scu•­

l ated and pollinated with a mixture of J>:>lle:n from tho Gro'l.lp Phur<3ja popu­

lat:i.on to measur0 the fcnalu-fert,i1it~,. k tot·.,J. of .3651 pJ.li.nJ. tic-n..., 

"'ere nlso used t,o classify individunl clones :Ln f.:i.rnil.ic:, US-;[ 53C9 aml. 

US-\17 5.328 for thd.r co:np'1tibih;t.y b,~havior. 

Th-9 progenies obtained by sa]J.'ins tlla t\·:o sJJ.f-cc~.-r·1 t:i.b).c s
0 

c}cn~-) 

US- ',! 5328- 11 and US-\·! 5328-20, H.'.:.l'O EW l) yzed for selfn.cc ':\::\t.:i.biJ l tJ :i. n 

study in 1968. In contrast to 1968 dun th.; po1.11htio~!- t1:J:?ii 1.1er..: d c:. iv..::l 

f rom buH::ed lots o.f seed., the popnlation..J of th>1 1970 sturly uc:!.'e S P"0"-1 "-' 

enics from 2 lcno,,n p.1rent 11 clont1<). A tot.'.:!.l of 2036 p01J i m tior.s 1:~rt: 

n-3.dc in this stl'dy. "\·lithin the;-;c 2 s1 lin ,5 , C.."\ch flo1.~er:i.ng pJ_,..,,nt u.>.s 

classified for its self-•comp.-:i.tibility a3 volJ. as for it~ pollen- nnd 

fewn.le~f ertility. Th·) follo,rlng ru.l~s H,1re set up in the clr!.s.:, if:1.c-..ti,,i:-1 ! 

1 • .l:1.ants ',:hich prcduccd no fruit \•;h?n less tl:?.n 3 r:-oUj i_.,_tion, ,,; _r-e 
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the cases menLioned undc:i.· Rule 3. 

2. Only plnnts \-.hich were pollen-fertile ancl hlghly f c1;aJ.e-fcrtile w...:1•c 

clas:,if.i cd .for sclf-cor.-,ptibH:ity. 

22 

3. Plants which produced seed upon sd.fi.ng but. not upon crossing uith the 

t est.er_ plants l:3re classified. as both pollen-fert:\.le and f cm,110-f ertile. 

[i.. A distinc tion ,,,as m:1dc between self-con1r::·d:.ibility and p3eutlo-cclf-cor·.­

pa.tibility at. the level of> 15 seeds p ~r fruit. 

5. A s:lJ11.i.lar distjnction as under Ru.le L} ,-m.s r.1'->.de between pl::rnts ,-d:t,h a 

high femal e-fertility and thooc with a l ow f er,,alc- f ertilit,y at the 

l evel of > 15 seeds p~r fruito 

C. Genet.-Lc r.·,.rkers 

i. Gcne1J.l procedure 

\/3ra e::LJ.rniu,;d fo~ cp1alitc\tivz traits uhich might be controlled by sin01,~ 

genes., Th.i.s examin~t~ on ,·~s done b oth by Yisual :inspection and hy chro:.:{l-

pe-:ircJ to h·:e rx,tcnti. J_ly use.£'ul gf,1o't:.yp3s \l~:fO s.z:lf-~pollir....c'l.tc.:::l m.d. 

por,r.d.blc crosBrd ·,ril.,h oth&r plan'.,s Hi.th f'.:"ld without the trait in q,t.::,.Ti..i,:,n., 

In ~.ddition to th':) h~br.:d 1:1.nc::; ut.1ed for stud5.cJ on vi.:;or· and yfold, <'cl'll•· 

tio11~l p]ent ratsrie.l ,.'!l.D inco1~porJ.tcd in this p.?.rt of the rosc2.rch (T~blc 

2 ) . 

ii. Chemoee:n~tic rw:t'kers 

All o.na.lyti.--rtl c}1ruiCltogra.phy r:a.s done by me.D.us of TLC. Ssvcr~1l 

recently d~n1or,:d , ,tt.:r-kls and 11tcthods arc d cscrihccl by Stahl ( 19t,9). 

i - ' . . ' Jl 
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(See : Pr0l:i.minary SUl'V-A:/ of rr,te.dals and m?thods for tho det.cdion o.r. 

'.t:'he Hdsu:cbcnt, v:'ls 11Lb.ed wi-c,h dlscilled \':ater to a slu:rry ~nd applid 

l o·r.::d to· d;."'y fo.r 12 hours at roc:11 tcnipcxattu·e before use. The dcyeloping 

part~ ,-:.1tcr ( on c. volu;t,J b:rnis ) . Tho noJ.vc,tt n1s e.[;cd for ap};l'OY.ir,~.tely 

2 days nfte:t 1r1.b:in3. 

Plant t5,srue to be analy,zed for anthoc~1:1.n:in3 ,,,7,:1 e:>.trd,cted by t he 

p_roccdure of Harborne ( 1955) . JixtJ-a.cts co:.1taininz chlo1'up\yll Hcr0 ,,tJ.shcd 

with p3trol0ur,t etho1• bd'orc a.p}Jly:i.~'t.s a s.:i:~(ple to the 'f LC pla te. Genex·al.1y 

extracts f)_ c ·i th~ vti.ric,u;; genotyp~s ~.ppl·lcd to th8 pl·-:ten H.)rc on .. 1..y AP­

pl'o:•:iJnt uJ y equnl . Spotu of r.eferc;,cc con.pounds U';!ro plc\ced or1 c:,.ch pl.{•.te 

' ' t •u r, :--1 · ., • ., l oth ·~• 
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phenolic bands ,,era only visible in ultraviolet light in a UV vie:-:ing 

box ( Cht•oir.'ltovul:l Hodel CC 20) or upon trca tment with certain cl11 oir.-:ige:.1.:i.c 

spray re:i.gonts (Harborne, 1959). 
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'l'able 1. In.tt:i.al plant mat.erfals used 

- ---------------

Family 

US-\~ 5309 

ti 5314 

It 5315 

11 5328 

Pedi grc3 

Phu PI 195191 x l!S-~-.' 1~ 

Phu PI 225708. 1 x US-'i'l 4 

Phu Pl 225675. 1 x US-VI h 

Stn PI 230513. l x US-\'J L} 

25 

-- ·- ~-----
Used for stud:i.es on 

----------------~-

V'igor 
and 

yield 

+ 

+ 

+ 

Effect. Sogreg. 
of for 

inbrdg. self-c. 

+ 

+ 

+ 

+ + 

1-hrker 
genes 

+ 

+ 

+ 

+ 
II 7139 Phu PI 320382. 3 x u:~.-';,' 531 5. 9 + 
ti 7143 
,, 

9175 

II 9568 

II 9569 

II 9570 

II 9571 

It 9586 

II 9587 

II 9588 

PI 365375 

US-i.l 5312 x self 

US-'H 80J0. 9 x US-W 8818,2 

Stn PI 230513. 1 

Sib3 of Phu PI 225702 x 

Phu PI 225682 (from 

Hermsen) 

..L 
I 

+ 

+ 

+ 

+ 

+ 

-:-

+ 

+ 

+ . 
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Table 2. I~tcr:bls and cqu5y:ncn-t. used :i..n cher oc:cnctic study 

lfatc::dnls o.nd cqu:Li:il!.ent Sou1·co 

·-·-- -- - -----------
A. Aclt":orhent". 

Avie el TG 1 04 (22 g Avie cl , 50 
Lll ,:J.tor for .five 20 x 20 crJ 
plates for a co~ting of 0.25 rrn). 

Sici2ccll Type 19. Hj C)''0Cl'yc3tal ­

l :i no cell\1lo~c, approx. p"rticlc 
size i s 19 m:icrono ( 20 g Sie ~­
cell + 50 ml l:ator fo1· fiv J 20 x 
20 cm plat.en for u coat inz of 
0 .25 Tr.!:1). 

American Viscose Div:i.sion, F~:c 
Corpor.11..ion, Nc.~x .. rlc, Dcl.P.warao 

Sigrra Chemical Co1cir.?..ny, St . Lou:t_r;, 
l!issonr:i.. 

----------------~--------------------
B. Equi p,ne.nt 

Chro•·e.tovuc hcdcl CC 20 vi(;,:;i_n.z 
box 

Quickfit 'l'I C r p1·arJ. tu::; ; Hoclol 
8 CR. 

Sandwi ch cku•wer for a 20 x ?.O 
Cll plate 

Ultra-v:i.oJ.ct Prod.nets Inc., S:rn 
G'\bri·:l, C<1J.ifm.'i1:.'\, 

J,J:, t.bc:>,on Sc icnt,ifJ.c , Chi ct> so, 
IJ.lir;r;li '3. · 

- --- - -··---------"'-------
C. nofcrcnco r .:1. terin ls 

AnLil.·rhin:i,1 ( c~d,ntd; 1 3-rh:i;::­
nos:yJ.,glucc,: 5 ct,,). 

Pcta.nin ( Pc:tunidin 3 .. ( D-cour ..1.­

r oyl r-t1t:i11:)~idz, )-5-gl1.1~03id.., ) 

Rut.:in (Q1.• c·,,:ot:in 3 l'l,'r:nocyJ. •. 
tluco~id, ) • 

i. R£.-.i flo1.·:crc oi': St11_:-:t,r,c"'r'r'''"'!• 
Seed ,:3$ obVd.n,::J f1·o~r. th.3 F,.n:{ 
Stied Cor.!'.'.).n? Inc., Gr0e11.1cod, 
South C·,ruli, ~. 

ii. Floi . .Jrs of }}ntiJ:.:r.!}} .Q; 1 , ·. i2_L, 
cul'd.var PadN. Su,::d 1·.r:is obt~illi ·l. 
f ro:u the Olds Seed Con,r."ny, ].:1.dir;o:'1, 
WisconGln, 

R:i.pe fruits of the garden hucldc-• 
berry, SoJ ".nm~ r,1.j_n,·:-:q£ . Seed •,:o s 
obtained frou tlio Olds S-:.ed Con,1-".ny, 
lfadison, \-iiccon":i n. 

I '·•.rLl'1 R"~:c,n·ch J·1l>o}'v.tor:l, ,, Nc-1 
Yoi.'k, i!-.. , Yo1·'.... 

---· .. - --- --
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RESUL'I'S 

A.. Vigor and y:i.dd 

Inorccdin~ dcp.cc,:;oi o1i ,-Bs c::.precs ed. by aJ l mC-J.sur.:-d ch:.: 2•2.ct.01•::, 

\'/hen a vera.ged over tho 4 familie0, the inbreeding d.:pres n:i.on gcn~1-_ :l lj· 

f ollo1•1.:;d the rnte expected b3.sc.d on rc.d:nct,ion of hetorozygooityo For. 

t uber \l~ight per hill for the p~pulations gro\·;n from tub ::-ra i n 1968, it 

was possible to calculat e n curv~ which n grcecl very uell with tho o'!.)­

served da ~,. ( F'ig .. 2 ) . Cons iclcr.,bl~ vari11.tioa in 1-~sponse t o inbl'c .. ci.5.n~; 

existed b ctuccn fa.1nili cs ( TabJ.e 3 ) . Progenies obtained. by sel fing f :t•o~ 

f amily US.-\'/ 5.328 exhibited. an i nbrc;.cd:lng dep1•esGfon a t each generation 

of jnbr-::E-ding . Such progo;1i0.:i fro1,1 f mILi.ly US--~'i 5309 h'.!d r, s!'.Jrp dop::·0ssi c,-, 

f rom th1 s
0 

to the s
1

, bu.t t}~() sub::-::qncnt s
2 

gcucration 1•:n.3 1~ot dcp•c..;:-,~:l. 

The 1:,,:;1·fo:c,·.1nc0 of such progcn··_.,::; fi·or: 1:1.:'.D.~ e•: U6-':! 5314 e.i 1r\ u,s .. ~/ 53, 5 

rcsp~ctivcly~ 1:-:\S slit5htly l m1cj • end slightly hi[;h~r :.LY\ tho s
2 

t.'.1:-,.a :.in 

th3 s
1 

( Table 3) 0 

The inbreeding dopJ.',JSsion of popul::. t-ir.>!l"\ obt.'\:inE;d by clor:" l rop~·o­

ductj on \ ':\S 11('9.rly ah.:\ys J.c.·s '.:.11:\n ::.-11 th:. f .;.1•D:1t. po:~·.c..'l:>,t,:i.on (Tv.bl-. :J 3 

and l;; F5.g. 3). P2,iJ11re of tub"'·:..·:i.rnti oll j_n p".r..::.'lt .F>f'-lJ.2:::.ion2 c 1y: .d v. 

r educt:lon in t he nu;~ber of g(:not~•.::s jn tha s,1h3eq11.,:;:.1 ::, FO!Jlll~tiom;. The 

percentage of tubcn·:i.zi.n~ pl£.nts d ecrc:i.s'-.:l uith each lcv•a1 of inb:!',:"'di?\~ 

('fablo 5)o 

A s evere i nbre1din~ deprc3sion i":C-.3 observ.:d fron th13 s
0 

to the s.1 

f or all charact ers for a.11 f amilies ,-:hen r;i.'o:,~ from true s c:cd .• Ther e , ."?.fl 

Aardevo Exhibit 1034 
Page 0037



Table J . Effect of inbreeding 0:1 fou.r e:.iploid potc0.to families 

,...; ..... ~ .. clor.-1 r-en"'.,."til"'"' (1968) J. --- •~'--' _,:;.. C ~ ... -. -• t. • -

~h:r.ber- of clones p1 '1~' · h,,,.. -~ ..-.ht ( c-,) 
.__._ •,. V 1 - l, .,J.~ I Vi '7or inde:~ Tube:r:s/h:5-1:1_ Tuba:- ·...,c:.rht r:/'r: .. J l 

~:.~::..:_~:- So S1 S2 So Sl S2 ~ s s2 So S, S2 So s, C' ~·o 1 ' '--'2 
► - -

_·-:--':,' 5309 12 l I _o 16 43 25 27 3.5 2 .:; 2. 5 21 16 , t:' 
• - .I 5l3 24c 269 

l : C! "l., r--:, ") r,. 
--•- ,. ).,1~0 9 ~? 

.L- 13 41 27 J.7 3.6 2.L 1.6 19 l5 8 390 425 167 
cs-:1 5314 0 l?. 11 2.7 23 2. h 2 . 2 13 7 2'27 88 

l'S-';i 5; 15 0 10 _:}_ 25 . 29 2.6 2.7 20 21 297 4, ,. ~:-

Tot.::.l 21 50 'I 4--~ 

i,'cighte:i 
.. ·~ .. ..... e 1·1. ~,; 42 26 25 3.5 2.4 2 . 2 20 16 14 499 304 l ", 0 -

r ' "" C ,:- 0 .l. ...,0 100 62 60 1 "r, __ vv 69 63 lCO. 80 70 100 61 36 

Second. ,-;:e~•r::rat~on (1969) 

'-:5_ .. l! 5309 12 10 11 31 .23 31 J .6 2 .5 3-7 10 lJ.;. 12 198 165 217 

r_iS-:•; 5328 7 11 4 '37 28 14 L... 0 3.3 2. 0 20 13 
,. 
/ 370 330 13 

us-:·: 5311~ 0 10 L~ 22 22 2.7 ..., ; 
~ . o 13 13 100 95 

'.l.3- :! 5315 0 ...3.. _ 7_ 20 ') ~ .... _, 2.5 3. 5 13 u. 202 237 

7otal 19 40 26 

· .. ej_ehttd 
.'~verace 33 24. 25 J.7 2.9 3 .2 1.4 1-::. _, l2 260 211 175 N 

~ 
.~ 0~ C' 
i.., - L.•o :;_oo. 73 76 100 78 86 100 93 86 100 81 67 
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Table Ji_ . Effect of inbrce:ling on potato populatfons grown from true 
s eed and t he i'il-::;t clonal [.Cn-:::t·ati on. 

-----◄ 

Seeclljng populations (1968) First clont:.l eencrati ons (1969) 

Chc'1.l'P.Cter s 0 Sl s2 s3 so Sl s2 s 
3 --

Numbe ... ~ of 
plants 29 163 184 163 11 41 48 35 

Plant height 
( cm) 25 16 16 15 46 21 20 20 

% of s0 100 6~, 64 59 100 ~-6 h3 42 

Vigor :i.nd.-::x 4,. 7 2.4 2.7 2.7 L,.$ 3.0 3. 0 3.0 
.., ... s 
I-' OI 0 l OCi 51 57 57 100 60 60 60 

'I'ub en, /'ri J :i 10 6 5 5 2.3 16 20 J.6 

% of So 100 60 50 50 100 '/0 67 70 

Tuber wcd-0ht 
( g/hi.11) 61 20 16 11, 1:26 236 234 193 

% of s0 lCO 33 26 23 1 00 55 55 h5 

% tuberiz.:!'lg 69 81 80 71 97 93 9h 83 
--------·----------·--

% ,-:ith ~ J. 
v io.blc tnl.J0r.s 
e.fter store.ee 62 70 72 63 

% with~ h 
v icl.blo tul.icrs 
after sto1·a_se 38 33 32 25 
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Table 5, Effect of inbreeding on ase.xllal r eproduction 

Nu.-rnber. of clones ph.nt.ed 

Yea.r so s1 s2 
-~--·----- ._,,~,,._,,.,. __ 

1968 21 50 M. 

1969 19 hO 26 

% rcple.nted in 1969 90 80 59 
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r1 300 - --·- vJ~~-·v :l 
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100 

..... ...... ..... 
80 

..... - s econd clon~l - - _genei·.:ition - ---
60 

20 

Fig. 3. Avcl',?,G0 tube~ ,,dE£ht in pe2· ce~1t of S for fir:::t and cccord 
cloml genera ti on, 1968 0 
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l ittle if any depression in the subsequent s2 and s
3 

generations. 'l'hcse 

populations tuberiz.ed fairly well i n the field even in the advanced gen­

erations of inbreeding. Host of these tubers were very sirall., however, 

and were not viable the follmling spring after standard winter storage 

conditions ( Table J~ ) . 

B. Fertility 

All s
0 

clones flowered but generally the per cent of flm·rering 

clones decre~sed rapidly from the s0 to the s1, but not from the s1 to 

t he s
2 

( Table 6) . There was no apparent d epression in the number of fr1.dt 

per pollination associated with inbreeding, but the average number of 

s eeds per fruit decreased with es.ch level of inbreeding for self­

compntibility and po1lcn- and f err.al e-f<.re,:i.lity. The average s el..f­

compatibility ,,;as much lo~·•er thnn l;)ither poJlen- or f emale-fertili"ty at 

all lcvolo of inbraeding when expressed as seed~ per fruit. The inbreed­

ing depression, espcciaJJ.y from the s0 to the s1, was much l ess severe 

fol' self-compatibility th.-=m for pcllen- cl.ntl f emale-fertility ( Table 7; 

Fig. 4). 

The follouing abbreviations \·mre used in clc\saifylng individual 

clones : 

SC= self-compatibility 

SI~ self-incomr...atibility 

PSC = pseudo-self-compatibility (.c. 15 seeds per fruit ) 

HFF = high f emale-fertility 

LFF = l ow fem:i.lc-f ertility (.c'.'._15 seeds p~r fruit) 

FS = f ennle-sterility 

PS= pollen-zterility 

U = u.~cl~ssified 
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Both .fA.:trd.lies US-~'! 5309 and US,-1;/ 5328 contnincd sclf-in:=.ti1i1pt.i.ble, 

p3vudo--e~l f --cornptilile und scli'-cc.111fJ."\tiblc cJ.om,s . All cl2,s:::iif.:tc.1,b] o clan;: s 

of b oth foni l:i c•c: u,we hie;11y fu.~le-fe::1·0ilt2! and pollcn-f~:.'ti) e ( 'fable3 S 

~.r'.d 9). Tli *: obaervd.tions on -the reJ.:i.tive1y r.nr«1ll smn1,1e of plants fl'(: :"\ 

f am5Jy US~ ~·! 532G ai e in gcne1;_1,l ag1·emn.2nt ,.,J.th th::>se of Holl enback ( Tnblo 

10) . 

I n the t ·.10 s1 l:i.11,·s ; US-1,·! 95h7 and Uf:>~-i·! 95;;01 the J1.:.q jority of tho 

flm:0r:ing clon(';s coulr\ noL be cl?.:;~_i..f::,ed for seJ.f-comp.:ttibility due: tC> 

t he hi!:h nml'l)◄::r of clones ,-1rd.ch l:cr,~ c.la%ifiod as either fcii·nle-'-:terilc, 

low fe:r.J.l c-fc:i.·tilc or pollcn-~terll,:, (Tables 11 aul 12 ) . A p1,oc;eny t e..-,t 

r evealed difi'cNnces betweEan the t v:o full s:lbc, us •. H 5328•• 11 a nd US--W 

5328--20, in rnJ.~tion to coti1 ,.,he .fc-1:-'.!.] e-fe:,:t:t1 ;i_t,y Drd. self-ccmp:itfoilH-.r 

r ea ction of th3sc t,,,:o clor:e~. US-1·i 5322-11 u ... s cJ.':"l~s:i.fi1-:d .'.ls ~. p:-:. 8u,l,;, -

s elf••cc,~··::-- ,i:,j blc cJc,:·. ·-, .:~nct C'""l15.b:Ltcd on:i y a JT~.cd h:;!1· d ::-gr.:-i:: of fe:; <i.lE>, .. fe;r· •. 

til:i.ty. With t'.1::: c~wcp'..,ic,n of' m • .;, <'lon,, nll of :Lt:., prog.,.;riy ( US-':-! 95.1;7) 

d uccd a pro~.-:ay ( US-':/ 9550) H.l~-it a r·.1lat:tvcly lA.rgc proport,io,i of s.2).f­

c or.-11;~.t:ihlc c lf'l!le~. Of th3 clci•1:-;::: cl;·:. ·· fj c:l for f cn.2.lc --fe:•t.:i.l:i.t:7 i "1 

f ami'ly US-':i 95l}7, only 6 of 19 ( 32 %) of tho cJ.ass iffab1e clones ,.-:re 

hi ~;11y i\:, "".J.,:,-forl.H o \ ;h~~:r-c•.::i in fatl:i.ly US-H 9550, 25 of 39 ( 6/+ %) of t he 

c bss:i.f:iable clo1e:i ,-mr;-; h:i.f1ly fc~·_,J.o-ferti1e (T.:i.blc· 13 ; Fie. 5) . 
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Tabl e 6. Eff P.C t. of inbreeding on flO':mriH~ 

--------· 
Avera[',e 
number Clon'=s flo·:;~rJ~g 

Level Numbf?l' of Cf of I') 

of clone:., clones t:J 
~ cl.ones 

Fa.rn.i.ly i nbrdg~ plr.inted crnen_:ed stand number plcntcd. 

---------·----· 
US-\'/ 5309 So 12 12.0 100 12 1 00 

II Sl 16 16.0 J.CO 6 38 
II S2 16 13, 7 85 12 75 

US- \·/ 5328 So 9 8 , 0 88 9 lC◊ 

fl Sl 12 10,0 83 9 75 
II S;2 8 4.3 5h h 50 

US-·:! 5311: $1 ]2 11.0 92 7 50·' 

II S2 11 6,7 61 5 1,5-'-< 

US-W 5315 Sl 10 8. 7 87 5 50~· 

ti S2 9 8.0 89 3 1~->•. -.) ,. _..,..._, ___ 
_, ....... -·------ --- --- _,..__ -·------ .. " 

\'leir:ht,,d avg So 21 20 , 0 95 ?.l lCO 

II II s 1 50 4~. '1 9J 27 5h 
II n S2 ~ r 32,7 74 2L~ 5l~ 

·--·-~~---- "'---·------- . . , ---·--- --
{r I s a rel at.i v.LJly lo-;,, estiJ.-..?~te si-:·1ce LhE: c:'lta f rom thi::sc clcl!~s 

were collacted r e.Lhar l a t e in t he f lo·,:.ering se:ison. 
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':..'able 7. Zff -ect of i:lbr eeding o:i fertility 

!1!1.lI!lbe::-
of Nl?.!nber E'er t ile c l on~s 

Level flowe:c-- of ir.. per cent of Fruits per Seeds per 
of i'1g ro11 ir~ t-1 ens D.c•·.,Ji3rt.~~,.,. clo:;.c~ r.iol 7 i!iation fruii:,, 

:'c..!:!:l;y· i::ordg c2.ones self .:..'"'er~i2.2..e pollen sdf J~CJ1:J.l~ pollen self i'ernale polle:i self fe::-..::i.lc pollen 
> 

~
1
: - ·: 530? 

,., 
12 251.:. <;-O 501 63 00 97 89 .38 .62 . 11 :i..1.4 72. 8 42 .9 

, .. 
S1 6 68 24 179 10 15 19 .32 1.00 .16 10.3 32.7 40.3 

i: S2 12 151 62 !~50 15 61 51 . 60 .65 .11 6 .1 .31.9 37. 7 
us- ·.-.~ 532s So 9 149 52 367 25 71 83 .35 • 61+ .14 13.2 82 .3 64.5 

sl 9 lU. 41 299 17 30 57 . 48 . 45 .17 ll.6 44-7 hl.7 
I! S2 4 36 

, ,, 12, lO 20 . 50 .12 2. 7 5.5 .,._;; ..l. -- - --
US- :·, 5314-r- Sl 7 50 .20 1(,7 7 21 21 .33 1.00 .13 1 . 2 16.3 29.5 

t; S2 5 32 :1..2 101 5 10 :_o 1. 00 . 67 -42 . 8 9.0 41.2 
.,.~~ • • r-..,..., r.:.-v~ 

Sl 5 i:.O 2.1> :u.ii. 16 2.3 .., c- . 67 .17 . 22 6 e0 "' ? " 19.2 u--- ·· )_;•.:...)" ;; ,~ .J...- " V 

ii S2 
,, .., ., u 76 3.S b3 3:3 • 52 ~ ".) . 07 9.6 14. 9 3.1 .J __,..., .,, .... - - - --

~oc~l pollinations 9:5 3h:i. 2'375 

· ·. ,',;::::: t·:s~ <~\''!, SO 4 7 86 85 037 .63 .12 11.8 75. 9 53 . 7 
,, :1 Sl 16 23 34 . ,~3 .59 .18 8.7 31+.4 35 .6 

J• S2 : 6 !+7 41 .60 .63 . 13 603 29. 9 37 .6 

0
1- C.:1:a collected l ate i n f l owe::-in.~ !!en so~ 

\.,.) 

°' 
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Tabla 8. CJ.nssification of solf-comptibility, f er.ale- and pollen-
f ertilitv of fa.mil.v US...\'/ 5'309 

Self-comp. Ferna:)..e-fert . Pollen-fort . Classification 

No. No. No. 
s eeds seeds seeds 

Clone No. No. per No. No . per No. No. per Self- Ferra.le Pollen 
number poll. frt.s fruit poll. frts fruit poll. frts fruit comp. fert . fort . 

1 23 11 ]2 8 6 · 68 33 3 69 FSC HFF PF 

2 22 6 10 8 4 52 30 4 4 u HFF u 

3 18 5 15 5 4 75 36 9 41. SC HFF P?' 

4 19 7 8 7 6 1,.7 31. 3 73 P3C Ht'F' PF 

5 21 0 7 7 h6 33 6 35 SI H?'F PF 

6 22 11 J.O 8 3 42 35 0 u HFF u 

7 23 8 4 7 5 65 33 7 52 PSC H?F PF 

8 24 8 19 14 . 6 154 36 3 22 SC HFF PF 

9 24 0 8 4 54 32 3 32 SI P.FF PF 

10 10 2 32 l~ 2 75 22 1 '18 SC HFP PF 

11 24 3 3 8 6 100 36 2 38 PSC HFF PF 

]2 24 5 11 6 2 72 33 2 2li FSC HFF PF 

Total 254 66 90 55 393 46 

Ave1· . no. 
seeds/ fruit 11 73 43 

Median no. 
s eeds/ fruit 11 67 38 

¥~ 
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Table 9. Clo'\ssifice.tion of s elf-comr...:i.tibility, f e1r.al e- and pollen-
f crtility of family US-1.-J 5328 

Self-comp . Female-fert . Pollen-fert. Classi.:'ication 

---·-- --- ------
No. No. No. 
seeds seeds s eeds 

Clone No. No. per No. No. per No. No. per Self- ? err,3. le Pollen 
number poll. frts fruit poll. fi-1:,s fruit poll. frts fruit comp. f ert. fert. 

--- ~-· 
1 18 7 2 6 4 51 34 7 60 PSC HF!" PF 

2 17 0 6 4 128 35 10 46 SI HF'F PF 

3 14 3 23 6 2 95 3h 3 78 SC HF'? PF 

4 8 2 49 4 4 105 24 2 71 SC HF? PF 

5 18 l 60 6 3 101 35 6 121 SC HF2 PF 

6 12 6 4 4 3 37 35 8 l~? PSC HFF PF 

7 10 0 4 4 91 23 5 46 SI H~'1' ' . Pt' 

8 17 l 0 6 4 51 35 4 79 SI HF'F PF 

9 11 0 2 0 11 l 59 u u PF 

Total 125 20 w~ 28 266 46 

----------------
Aver. no. 
seeds/fruit 13 82 64 

Media n no. 
seeds/ fruit 14 94 60 
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Tabl e 10. Summary of self- compatibility, f eir2.le- and pol len-fertility 
of f amilies US-W 5309 and US-W 5328 and compari son with data 
from other investig.~tors 

Self-comp. Fe1rale- fert . Pollen-fert . 
Family no . plants no . pl ants no . plants 

SC PSC SI U HFF u PP u 

US-W 5309 .3 5 2 2 12 0 10 2 

US-W 5328 3 2 3 l 8 l 9 0 

US-W 5328 (Hollenbnc.k, 1966) 13 5 z 2 

US-W 532<3 (Smiley, 1963 ) 17 0 
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Tabl e 11. Classification of solf-compltib:l.lity, f emal e- and pollen-
f ortility in the s

1 
f amily US-t/ 95L~'I 

--
Self-comp. Feoole-fert . Pollen-fert . Classification 

---
No. No. No. 

Seed- seeds seeds seeds 
ling No. No. per No. No . per No. No . per Self- Female Pollen 
no . poll . frts fruit poll. frts fruit poll. frts fruit comp. fert. f art. 

6 8 2 20 15 1 4 0 SC HFF Pr' 

8 1 0 1 1 26 0 u HFF u 

9 3 0 1 0 20 2 28 u u PF 

10 4 0 3 0 19 0 u u PS 

14 18 4 1 5 1 7 20 6 41~ u LFF p~ 

15 3 0 3 l 1 13 0 u LF1" PS 

18 3 0 12 2 15 10 0 u HFF PS 

19 7 L~ 5 11 3 68 24 7 75 PSC H?F PF 

21. 1 0 2 2 13 0 u LFF u 

23 4 0 2 0 13 1 2h u u PF 

24 ],l 1 12 3 0 ll l 64 PSC LFF' PF · 

29 11. " .) 4 4 0 15 3 38 u LFF PF 

35 5 4 1 10 2 12 5 1 57 PSC LFF PF 

37 7 3 3 3 0 13 5 15 u LFF PF 

38 12 0 2 l 2 31 0 u LFF FS 

39 11 0 1 0 15 0 u u ?S 

40 1 0 2 0 13 0 u u PS 

41 7 5 7 2 1 35 11 3 125 PSC HFF PF 

42 7 l 7 3 2 100 0 u HFF u 

43 15 0 4 0 18 3 30 u FS u 
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Table 11. Cont:umcd __ ..., ______ 
ScJ.f-co1,1p. r~ennl e-fcrt. Pol len-fert,. Cle s3if'icc1. tion 

--- -- -·-•-..--·-
No. No. No. 

Seed•◄ seeds i=;ec,,:is seeds Self- Feir:1le Pollen 
ling Uo. · No. per No. No. per No. No. per 
no. poll. frts f1·uit poll. frt.s fruit poll. f r ts f1~uit Col::lp, fert. fert. ________ ,,,,_ ____ ,_ ......... --------------·~#-.. _ ., ___ 

L.,l+ 2I~ 12 4 5 2 4 13 0 u LFF' u 

50 5 h 6 3 1 13 11 0 PSC LFB' u 

51 5 0 2 1 5 ll,, 0 u LFF f-3 

52 0 0 15 l 175 u u PF 

55 12 3 4 3 0 28 7 67 u u PF' 

56 3 0 2 0 12 3 JJ2 u u PF' 

57 lii- 0 3 l 1 25 2 38 u LFF PF' 

58 2 0 2 0 12 2 32 V V Pl~ 

Tota l 201, 46 109 22 381 l , 7 

Av.Jr. no , 
s cd:,;/ f'ru:i.t. 5 27 56 

lfodia~ no. 
seeds/fruit 5 )2 41 

___________ ,..._ .... -- _____ ,._.-. ... _ • ..,. _____ 1 • - - - . 
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Table 12 . Classificati on of sclf-compltibility, 

f crtility i n the s1 f amily US-W 9550 
f emale- and pollen-

Self-cor,1p. Fcmale-fert . Poll en-fert . Classification 

No. No, No. 
Seed- s eeds s eeds seeds 
l ing No. No. per No , l'-lo . per No. No. per Sel f - Female Pollen 
no. poll. frts fruit poll. frts fruit poll . frts fru:i.t comp. fcrt . f ez·t . 

12 13 2 2 5 0 ll 0 PSC Lr'F u 

13 2 0 l 0 11 0 u u PS 

16 11 0 4 o· 11~ 0 u FS PS 

25 25 14 19 5 3 32 23 2 55 SC HFF PF 

26 5 0 2 0 27 0 u u PS 

27 5 3 7 4 1 8) 10 0 u HFF u 

28 l l 6 3 3 1 9 20 9· 70 u LFF PF 

33 15 2 1 3 0 11 (, 7h u FS PF 

34 8 0 6 0 28 0 u FS FS 

38 16 2 25 5 2 202 28 10 43 SC HFF PF 

39 11 1 15 2 2 28 33 3 46 SC HFF Ko' 

L~l 5 0 0 15 0 u u PS 

43 16 10 3 6 4 2 19 0 u LFF PS 

45 13 4 l ll 1 132 14 0 u HFF u 

48 4 1 14 2 0 34 20 41► PSC LFF PF 

51 0 2 0 9 3 127 u u PF 

56 24 7 19 3 2 60 10 8 70 SC HFF PF 

64 14 0 2 2 3 l4 5 41+ u LFF PF 

66 27 5 37 L► 4 78 36 7 JO SC HFfi' Pr-' 

69 6 l 5 3 3 36 10 0 u HFF u 
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Table 12, ConLimwd 

Self-comp. Fon1ale• .fcrt.. Pollen--f ert . Classifica tio·r1 ____ .. ---- --------· 
No. Ho. No. 

Seed- seeds seeds sE.:cds 
lj ng No. No, per No. No, per No. No. per Self- r'cr,,:>-le Pol lf'n 
no. poll. frt.s fruit pell. frts fruit roll. frts fruit cor:ip. f ert , fer-t. 

-~--------- ---·--- --~----
75 6 0 4 0 13 7 74 u FS PF 

76 7 4 28 3 2 31 11 3 73 SC HFF PF 

79 3 3 28 0 0 SC HFF PF 

80 5 1 ).2 2 l ).8 0 u HFF u 

8L~ h 0 4 0 11 l 16 u FS PF 

87 J..2 5 17 4 3 51 ] J 0 0 SC H.F'F PF 

90 5 0 
,., 
r 5 9 30 2 29 u LFF PF 

96 9 ? 30 3 1 31 9 2 259 SC Hii'F PF' 

98 5 5 ll 2 2 26 9 3 75 PSO HFF' P? 

99 6 0 5 0 10 3 52 u FS PF 

lOL, 31 7 3 12 0 5 1 J.8 FSC I.FF PF 

105 10 2 25 3 0 17 4 118 SC HFF PF 

108 22 0 0 1 60 18 0 u lir'F' FS ✓ 

1C9 JJ. 2 55 3 3 90 31 12 25 SC Hi"F' PF 

112 5 0 2 1 23 0 u HFF u 

J.J.3 9 0 2 2 63 24 2 28 SI HFF PF' 

118 3 0 2 0 13 0 u u P.3 

119 21 l 3 3 1 15 8 0 u HFF u 

l?.O J.5 1~ 3 ' ) ,._ () JJ 1 165 u .u PF 

121 10 'I 6 1 0 14 l , 89 u u f'F 
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Tab] e J.2. Continued 

Self-comp. 

S eed-
line No •. 
no . poll. 

123 13 

124 19 

129 21 

133 7 

13l~ 19 

Total 509 

Av;::r. no. 
sc€ds/fruit 

Hedian no. 
~eeds/fruit 

No. 
frts 

10 

8 

0 

l 

5 

l'.)0 

No. 
seeds 
per 
fruit. 

18 

26 

30 

22 

16 

15 

Fem:J.le-fe:r·t. 

No. 
secdf; 

No. No. pf.Jr 
poll, f1~ts fruit 

3 2 21+ 

7 3 112 

7 2 6 

6 1 25 

5 l 310 

174 56 

47 

JJ. 

Polle:n-fert, Classil'.i.cation 

No. 
seeds 

No. No. p;;r SeJf- Fcir~.J.,:, l-'o]Jcn 
poll. frts fruit co:ori. fcrt .• fert.. 

J.6 11:,. 78 SC Hf>'l~ PF 

10 1 ?.05 SC J-JFF' FF 

15 3 18 u LFF PF 

2.li, 1 3'1 SC HFJ.<' Fl 

12 1 12 SC HFF PF' 

?(J.3 J .38 

52 

Aardevo Exhibit 1034 
Page 0054



Table 13. Summar y of sel£- compatibility, female- and pollen- fertility data in the clones US-W 5328- 11 . 
US- W 5328-20 and their respective progenies obtained by selling -

US- W mur.ber 

5328-11 

951+7 (5328- 11®) 

5328-20 

9550 (5328- 20 ©) 

5328- 11 

951'-7 

5328-.20 

9550 

No. 
clones 

1 

28 

1 

45 

Self- compc.tibility Fel113.le- fertility 

t:o. seeds No. seeds 
No . No. ncr fruit No. No. Qer fruit 
poll.. frts Ave,;. !-:euian ::ioll. frts Avg. :Median 

31 12 ll 25 

204 46 5 5 109 ?2 27 12 

28 61 6 52 

509 130 16 15 174 56 47 31 

Classification (N:.unb~r of pl.'.lilts) 

Self- comYJatibilit_x 

SC PSC SI U 

1 

+ 

15 

+ 

5 

4 

0 22 

1 25 

F~~~lc- fertility 

H:F LrF FS U 

+ 

6 12 1 9 

+ 

24 8 6 7 

-:;- B~sed on sib- pollina.tions and therefore ~robably a lm1 estinnte 

Pollen- fertility 

No. seeds 
No. No. per fruit 
poll. frts Avg. \f" 't • c·,eaian 

4 2e-::· 

381 47 56 41 

1~ 3~ 

703 138 58 52 

?olle!l- fertility 

PF PS u 

+ 

16 7 5 

+ 

JO 8 7 

~ 
\.l't 
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Fig. 4. Averc.ge fertHity in seeds per fruit upon inbreeding 
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C. Genetic n:.:l.l'i{E:J'n 

i. GenBs controlling ~ynt.hesis and dis tribution of anthocyanins 

Progenies obtained from selfing self-co1npatibl e c l ones were am.­

l yzed for praviously described marker genes such as t hose l isted bclo,:: 

P - Control$ synthesis of blue pigment (dolphinidin and potunidin dcr:i.v~ 

ativ~, ) . 

R - Cont1·ols synthesi s of r ed pigment ( cyanidin and pelargonidin deriv:".-· 

tives ) . 

Ac - Controls acylation of the anthocyanin molecules by p-counr1ric ncid 

(Fig. 1 D and Fi g. 8) . 

d 
- I s a rr,ulti-allelic locus . The highest knmm all8lc, g-·, contt'olD 

t he clistributic~1 of piement to the stem nodes and to the cot.yJ c, 

dona l'.f node of the er.lbryo ( seed ap~t, Fig. ·6) • 

.I Controls cl:~st1·ibutio.1 of pigment to the tnber skin and stem, 

.E Controls distribution of pigment to the flower. 

A srorch for new :rrarker genes ,-~.s also nndortaken. Considerable cJ.t.­

tcntiou \·:>i; r-:.id to t,:o tr.?.its not prnvlously dzscribcd or an,i,ly~od: pi,:-. 

US-';i 8$18.2 exhibit cxt.re:nely he:i.vy piei:-.cnt·tt.ion in the nature l cav.:a 

wh~n grmm unde1· nor, ,1 g'J.'O',;ing concFtions in the field at Sturgeon D .. 1y. 

In the case of Us-~; 8.318.1 the ·l envt:..:: tu.en p1.trple ?.nd ,1ith US-W 881G.2 

t hey bccom~ r E.d. Th_; pi(;,7ncntecl ovary \:all i s illustre.ted in Fig. 9. The 

phcnotyp~ h1.s previously been described (Pushkarmth, 1960) but no infer-

m'.ltion on i ts j_nhorit~nce , :as ava:i.lable from the literature0 rthe pi£ucnt 

gynthct;:i s in th0 ov".ry \-'all se[.ns to stop wh .... :~ the flowers are op::m, be-
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Fig. 6. 

Seed spot 

Fig. 7. 

Pigmented stigua 

Fig. 8. 

TLC chromatogram 
in long wave 
ultraviolet light 

49 

~ ED GENOTYPES (pp R-) 

Tube.,~ Flowers 

ococ Ac- ococ Ac-
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Fig. 9. Pigmented ovary wall 

A. Longitudinal dissection 

B. Transverse dissection 
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'£his tra it app~U'n to be inherited a~ a sinele do:;1imt gene ( r;"G foJ,, 

small, but the preliwinary d:-1.ta indic.nti:: that this trait is rece:;;s:Lvo. 

The nu.ntlnr of genes ~nvo1vad in the control of p:i.[r,-,,,::nted stigrn.-:1 h,~,s no{., 

yet b e;(!(I deteri,rLnedo 

When the clone3 with pigmented leaves (US-;; 8$18.1 and. US.,W 8813,2 ) 

we!·e cros3ed to clones Hith non-pigu1c:1ted lc,w.:is, approxi.Jr.:.,tc1y 23 ;; o.f 

soma leaf pienentation Vc\l'ying from light. to heavJ ( Table 11, ). When non~ 

leaves and abnori..:i.l l eaflets. T110 ty_p8r:; of l.r.c...1.flets ,-:,:>re ob3fh'Vcd: "• 

had- a norrn'l l plant type and most of the non-pi0, ':?nL?.d pl.:rnts ~·I0,·e al.so of 

the norn:.-1.l pl:3.nt type. However, se:veral non-pi£:ITJ'mt ~d cl1 c.rf plant~_; ~-; ::~·c 

obscrv~d RS ,rell ( Table 15) o 

) ; , . ( i ' -I 
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1956) . This is confiroed by the seg1·0gation p.".tt.crn of land.:£ in fmn.:i1ics 

US-\·[ 951~7 and US-W 9581 ( Tables 16 C and 17 C) . '£he factor contr·oDj.n_; 

p i gmcnt.·1.t.ion of the 0V2.ry "~ 11 (.9'..'.!) nJ.so scgrcgatca j oint ly with th"'.l Lf. 

1..-ln.kage £.:t'oup ( T~ blos 16 A and D aud 17 A and. B ) . 

Tho. l ink2.ge of 0.,1 \·1ith _! i s fur ther supported by t he data from 5 

othe r S prosonies ,,hc1·c no deviation from the expected phenotypes oc-
1 . 

Ow I f 
curred '\'ih,m the p:.rental gc.:notype:3 were nssumod t o be ov:tf and no 

c rossing ov0r between the Q1 and 1. loci ( Tabl e 18). I n this case only 

plants with either fully pigmented or compl e t ely white t ubers were con­

s idered because of t he difficulties of assigning genotypes to the plants 

which produce t ubers with vari ons degrees of pink skJn color . I n f e.!nil ics 

US-\/ 9550 c>.nd US,.1;[ 9551+ ncEJ.rly alJ_ p1"'.nts H:i.th pin.1< tubers ha d tlio sa!,.3 

phcnotyp.) for ov:wy H~D. pl,y:..:inta t ion as dicl the plants \lith ,,h:it.c tuber .. . 

'l'he p:1.nl{ co10l'' hi this cn1>e rr:1y h.!:lve been the r e3ult of an i11co)1..pl •t,0 

snppre~sfon of' tuber p:.i.[,1n1t,ation in cer ta in i:h g."not Y1x,s . In fa1:rily 

US-\•1 9552, all of the pJ.a;-its Hith pink tubers co;."!·ospc,nd with th:, pl..1.nt,::; 

with fully pignented t ub ers :.In r e::.p.::ct to the phcnot:,r:09 for ova.rJ \·8.l 1 

pigrlle.:1t.:t't:i.on (Table 18) . In this i.c,st .. ncc, the phu; color could po~•~,:U;ly 

0 • I t Th' . kn t b t . l t ' t' _,P',!nt•',T £: in ~- geno ypas. 1.a is o~rn o c rUQ 1n p_.an · s w:t i1 ~ -;;;..::.. .• g -::n :.i·· 

t.y:J•:?3 ,::1ich, i n the presence of .E and L produce white flo;•,cl.'3 D.ncl pir:.;: 

tubvrs ( Dou.els ani l ,ong, 1956 ) . · Since all phnts i n thic f atdly aJ.ri.. '1dJ 

had ,-,m.tc flowers, prc3ur~.::i.bly a s a r esult of the g gonotyp~, a corre­

lation b ct,;een tuber a.nd flo•.-ter pigmentatfon coul d not b e rr..a.de . Thnc it 

was not possible to d ctcI·:-.1ine uh,:-th0r t he pink tuber col or in thi.<J 

f ar:d. l y \·::>.s th.J r -:::,rnlt of r. rcduc...:d activity c>.t the R locus such c>.s :5.n 
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clrx"te$ at v,· riou., l evels or inln'c.Jdine h:-i.ve b Gcn determined on t ho basio 

of a progu1y test . Sovur.:>.l pJ.'Og~nie3 e;.-J1ibi tcd a hi~h d~grco of unifo1 ,n-

ity not only for g2n•..!S contrnllil\~'. the synt.hc~is .<1. nd distribntfon of 

anthocj•anin.;; but o.lso f or several oth':}r t raits for which the i nlwr5.t.anc~ 

has not yet b (:'.::n solv~'.1 s1wh ?.s t.ubt3r sh:'\pe, t ub£:r flesh color and lof 

t y p·:i ( T:.i.bJ.e 21 ) o 

i i. Chen:,::,gs.netic D',;l.l'l<ers 

The ront,ine laboratory technic:uc \•!hich was d eveloped as p:,rt 

of this investig.:,.tion per:nitted screenin.s of fa11tiJ.:i.es segrego.ting fo'.l~ 

Al1 pJ...~nt.,, in family US-1:l 9559 had r od flo1;;;;,•s an:i. \-1h:i.te tub01•3, so 

hibited inLcr.r.:\J. con::i i::,t.ency, :i.. e: , •.-:he;. e the flo,wr pi,e:n:::nt.. m.d b ~:"'n cl:: s-

\•lith so.1n c~,pa1::lencc it 1,c1s quite e:,.sy to distin~--ufoh betwc.:n e.cy1a.td. 

r ed a~d u1 ~cyla.td red flo,, 3r p:i.gia,mts by a vfau3.l ins pection of th~ flO'. i-
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upon a visu•i.l il!Sp.:,ction of tho tt1bcr p:il'; ,,,nts . 'ih,1 s
3 

clone, us •. ~; 

91 8 7-2, pro-::l.ucC)d only a f c•,: flo\;e,·r- in t h~ sm .... cr of 19'i0 cmd h".:; t -Jn-­

t at:i.vcly l.ier.:ll da_, i.p,nat ed as ac.1,; on the b~~ is of a vist1:ll inspi:!ct:h:n , 

The feu plants in the s
4 

progony of thi::; clone which produced sc, 1a flow­

e!'s also a lJ. e.ppwr• to h~ve tho u.r: '!.t~yJ;:tc-d red flo,10r pigritnnt uron vis~-

U9.) inspection. 

Pla nt r.1at e:i.'ic1.l contnining th8 gene- .E \."'?.S very lirnited in this study. 

Conscquen',:.J.y no f amilies segregatine; f or ac:,rlat1;d e.ud up_q,cylc:. terJ bh1e 

piei,ients were detect ed . The l abor:-,to1•y 1;~:::,hod v:2r.. v01·y effcc l:.ive in d:i.s­

t ins-<li.shing the e cyl~ted r f;d pj.gments in o:i.thi;r fl.o,•;·.,rs or tube~-s f1·cn1 

soodng. 

of cert tdn b& nJ.s could b e obsci•ved :i n ti,e ch:1 ,:•,-i:,0~12-.r·__; of flo •;~r~· f:ro,t 

iii. G:.ma;:, c.:ontrolli.nG tub 0::r sh?.pe 

The follo•,d.ng chc~1 lficnt.fo'1 for tt~b E.':.~ frap0 •· ·~~ti u.:.:d. : 

ci •• Comprc:;sccl, longitudiml ayJ.s ( ~1, ,. .1 to i:!pic'l) Gr;d ) sho1·tcl' ti1' 1 \1 thJ 

diDrn:~ter ax:\.s . 

b. Hound. 

Cc Q··-..l. 
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d. Long. 

e, Very l ong, t ubers often curved or hocked. 

No att empts were nade t o subdivide the oval sh').pes a ny further jnto round­

oval, l ong-oval, etc . In evaluating tuber sh:i.po, i t must be taken into 

account t hat nearly a l l of t he tubers c lassified were harvested fro1n plants 

gro•.,n f rom true seed. The tubers ·uere ther£?fore si,::~ller th:in t hey might 

have b een if t he observations had been r..:1de on t ubers f rolll subsequent 

clonal generat ions. On t ha other hnnd, it has been sho1m in this study 

t hat a cons i derable number of genotypes derivGd by i nbreeding are u:,u ~.lJ.y 

l ost in the f i rst s everlll asexual r eproduction cycles . The best represen't:.­

at:ive sample of genot ypes is t herefore probably a~:,,,iJ.able in t he seedling 

year. 

Self •~co;,,pat :ibl e cl ones wi.th oval tubers produced progenies u:i:on 

s el fine with rel;:i.tivel y nio1·e long tubers t han did s5.L--.ihr clones with 

r ound tuberso In progeni es f rom p:i.rcnts with round tubers 9.r.d from prcl!ts 

with oval t ubers , t he t uber shapes y;cre not. r andonJ.y distributed betweE:n 

plants ·with white and pi g;:ented t ubers. t•:ost of the whit.e tnbe;.:-s rn:ir·e 

l ong and r,1ost of the piv-.ie11ted tube1·s w::re row1tl. ( Tables 19 and 20). 

Clones ,-rith long tubers produce only pro6eny with long tubers upon self­

ing where.!\s clones with oval or. rou..YJd tubers C<.'\n produce p,:,ogeny with all 

s hapes upon selfing (Tabl e 2 1 ), At le.:1.st one clone (US- W 9537- 7) h:i.s been 

found which pr oduces progeny with only round and compressed t ubers upon 

seifing. Clones US-\</ 9185-33 a nd US-W 91 90- 15 ,,ihich havC'! r ound tubers a l s o 

do not produce any progeny with long tubers upon sel fing, a lthough ·plants 

with oval t ubers do occur. All th0 sel f - com?:1.tible cl ones which have been 

f .ow'ld to breed_t rue for l ong t ubers are white, ,-,h ere.as the above mentioned 

c l ones (US-\•/ 9537- 7, US-t-1 9185- 33 and US-H 9190-15) all '1.-'.1vc pig.1rmteJ 

t ubers (Table 21 ). 
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'l'able J l~. Scp·eza tion for J.e::if pi6rnent;1 U on fo F 1 hyb r id far.ii lies 

Pa r .:mt s 

Ferr.3.l e 

no. 

8030.J 

7875-9 

7875.9 

8030. 9 

8030. 7 

PllcnotJ } ,e US-\·/ 
no. 

non•-pi ~ .• 8818.1 

fl 8818.l 

fl 88J.8.2 

II 8818.2 

II 8i31 8.l 

Phenot ype 

heavy bl ua pir;rn. 

It II 11 

heavy rc•d pi,:n, 

I) II II 

h _·a vy b h1'J p:i ~:in. 

Total 
- ------·- _____ ,,.,_ _____ ,_,...~----·---· 

% of totnl no . µ1-:rnt.o 

71L~J 

9568 

9569 

95'/0 

9571 

Pis,mm'sed pll'.d,s of all cl assc::; i.>1 d of t ot'.3.l ,a 

Progeny 

Le'lf pig;nsnta tj on 
Number o.f pl.a.nts 

none lieht medj u:n heu vy 

47 2 3 7 

30 ll 2 2 

10 1 l 1 

45 0 9 6 

32 l 2 0 

164 15 17 16 

----♦---

77 7 8 8 

23 

-.:.---------- -- .. ____ -· -------·-··-----------~-- ,,_ . 

Aardevo Exhibit 1034 
Page 0066



?:>.olc 15. 

TJS- '-" "1.o . 

9568- 1 

9570-2 

9571-1 

9571- 2 

Segrer,a~ion fo~ ledf piQ~entation ir. progenies from backcrosses between F1 hybr id5 and the 
pi o:v,.inteC: parents -

ParE:nts 

Feni.2.le 1-iJJ_-=:-

Phenotype US- \,: no. Phenotype 

very light 'blue piQ!l.. 8818.l heavy blu.e pi~. 

light red 9iQ'!l. 8818. 2 heavy red piem. 

no pigm. 8818.l h~.vy blue pi.sm. 

no pi£!!!.. 8818.1 h~.vy blue pigm. 

Pigmen­
tation 

none 31 

light .r; ., 

he:a ·.ry 0 

none 111 

lj_ght 25 

none 78 

light 30 

heavy lL:. 

none 68 

light 11 

heavy 1 

P::-oeeny 

i':omal 

29 

0 

-
111 

25 

63 

7 

0 

68 

9 

0 

Plo.nt type 

Dwarf plants 
Leaflet tyDa 

rour.d narro,1,. mottled 

2 0 

5 0 

- 0 

0 0 

0 0 

15 0 

17 6 

2 12 

0 0 

0 2 

0 1. 

__ .., 
--l 
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Table 16. Segr eea.tion of the geno Oi·1 with tho ~enes I anl E 
in .family us .• './ 9547 ( Proposul eenotypc of selfed 
pa r ent i s QLl..l) o,-, i F 

A. 8co·cga tion of O.r and J. 

Obscrv-ed E.xpect ed·:l-

------------··---------------------

Flowers Uncl::i.n- Non- Pigm. 
oifiecl. pigm. 

- - - - ·------------
White ( ff ) 18 l 1 16 

Pigm, (f.-: ) 25 0 8 17 

UncL.'\ct,if. 6 6 0 0 

- ---- ----
Total h9 7 9 3.3 

----~-

Obccrvc~l 

- ----------------

Tubers 

Owry Hall 

UncJ c>.s- Non- Pien. 
sified pigrn, 

- ----------~---------
\•/hite ( ii) 6 

Pi0 ·n. (_1-:) 4l 

2 

Tot-:) 49 

2 

5 

0 

17 

4 

5 

0 

9 

0 

31 

2 

33 

0 17 

8.33 16.66 

10, 50 31: 50 

Expected,".· 

O 36 

10,50 : 31.50 

----------- - - ---------------- ~-··· ...----·-------------
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Table 16 , Conti nued 

C. Segreeat:i.on of 1 and f. 

- ---··---·---------
Observed E..x pcct ed~:-

Tuber s 

----·-·-
Flov;en i Uncl.~s•• Non- Pi,011. 

s ified pir,m. 

White (ff ) 18 1 0 17 0 17 

Pie;m. (E:: ) 25 l 4 20 8 16 

Unclassif. 6 0 2 1~ 

Total 49 2 6 41 10 . 25 30. 75 

-~ Only plant-s classiffod for the rc:spec tivo C!l.'.\ract er ( s ) 
are cons ider ::d. . CoTipl <::t e J.j_nke.~c Hit hoL,t cr·o;-;::;i.!16-•over -~.·as 
assu.m::,d in ca lcula ting the e::p..:!ctc .. 1 valu.:is . 

59 
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Table 17. Segregat i on of th~ gene O,, with the gcmes l and E in 
f amily US.. ':l 9581 ( Proposed genot~,pc of s el fed p:u:cnt 
i.s Q~_r ) 

ow i f 

A. Segregation of 0f. and £ 

Hnite ( ff) 

Pi.gm. (F-) 

Unclassif. 

Totci.l 

Observed 

7 

22 

19 

48 

Ovary ,-:all 

Unclas- Non- Pigm. 
sified pigm. 

0 0 7 

4 7 11 

13 3 3 

17 10 21 

B. Segregation of o .. , and 1 

------------·-------
Ovary wall 

Tubers Unclas- Non- Pig111. 
sified pj g.-i . 

\·lhite (.:i) ) 7 5 · 2 0 

Pi.gin. CE ) 27 11 1 15 

Uncl;issH . 14 1 7 6 

'i'otal 1;8 17 10 21 
---------------

Expecteci-::-

O 7 

6 12 

2 0 

0 16 

7.75 23.25 
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'l'able 17. Continued 

C. Segregation of d and£ 

White (££) 7 

Piem, (F-) 22 

Unclassif. 19 

Total 48 

Observed 

'l'ubers 

--------
Unclas- Non- Pig;n, 
s ified pigm, 

4 0 3 

7 4 11 

3 3 13 

14 7 27 

E.,xpect er1-::-

O 3 

5 10 

8.50 25,50 

-~ Only pl.:mts classified for the respcdive cln.racter( s ) 
a re cons:i.dered, Complete l ink?.f;e \·:it.hout crossing-over \·.as 
assu.IT:.ed in c,:,.lcul2i.,ing the exp~cted values. 
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Table 18 . S'.)Gt"ogat:i.on of t h-:: gc,n0 Q:.~ wit.h tho g~nc I (Pro:i:oscil 
genotype of a l l selfed ptlI'Cff(;~\ :l'J 0:r l i' "5 o.i :i.. l' 
------ ----... ~ .. 

Ov:')1. ~, \·'~ll 

Fa111H:, ---· -- .. -.. ~-- - .. -- --.--...... 
I 

U ~; .. ~ l Unch:•:- tion-~ Exrec;~eJ ( a~s1.l.!:dJii., 
no. Tuuers sified pigt1l , PiG,,1. coupleto J.fo'C"t,'._'.t:!) 

--·--..-.-------------.. ......... _ -·- ---- .. ----·-- _________ ..,.,, -- ·---- ·•--- ... 

95h8 Hbi~e ( i i.) 13 9 lJ, 0 4 0 

Pionentcd ' ' ) t re,.1 ( I-) 11 h 0 J r .) 0 15 
Uncl assifi ed 7 0 0 7 

9549 \·ih.t.te ( H ) 9 2 7 0 7 0 

Pivncm1..Ed ( :ced) C!::) 2h 3 0 21 0 21 

Unclassif ied 4 0 1 3 
9550 Vlhite ( ii ) 34 lli 20 0 20 0 

Piem~nted ( pin.1< ) 18 5 12 J. ? 

PJer1ei1tr.=d ( re .l) (.J:., ) 66 11 0 55 0 . 55 . 
Uncl<i.ssj fj_,,(l 14 0 6 8 

9552 \·.'hite (.J:i) 19 11 8 0 8 0 

Piu,:en::.':ld (pink ) 10 5 0 5 ? 

P:i.g:,1entcd (red ) ( I-) 56 17 0 39 0 : 39 
Un8lassifid 9 0 0 9 

955h \:!-11.tc Ci~) 13 h 9 0 9 0 

Pi[i:'1fo:1t ~d l pfri1~ ) 4 2 2 0 ? 

Piun•.mt12,l (1·•~1 ) (I-:) 34 11 0 23 0 : ?" <> 
Uncl :,.ssHicd 10 0 2 8 

.... --------- -----~---------·---- ·- -------------------
Tot.:11 i 'h . t I • ,1 • ~ ( i\) aa l,,O l:j 0 L:S O 

Pl~1,t,nted ,' trl l"J'.,. ) \ - . - . 32. J.2 1,~ 6 
Pif,im1n t ed ( r-ed ) C.I·:) 199 /;6 0 153 O : J.5:3 

Unclassified L1h 0 0 
✓ 3'.> ----- ---·-----....... _ _. -.-.-

36.3 98 n 19/~ ______________________ .. __ -·-·-------------- -- ---·-------
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Tabl e 19. Scercc.:ition of factors controlling tuber sh~pc and tube .. · 
pie-..;1:mt~tion i n progcni ea from pa.rents 1,;ith round tubers 

-------------------------
Selfed parent Progeny 

------------
Phenotype Tube.r pi gmentation Tuber shape 

----------- ------------- .... 
US- 111 Tt~her Tuber US-i·/ Tokl no. 

no. PiB!'em3. tion · sh:\pc no. Color tubers Round Oval Li1ng __ .... ____________ r--•-- ·•-----.. --.---•--
5328-11 pi[',ln . ( red ) round 9547 ~;hitc 6 1 l l+ 

pigm, ( red ) 41 13 24 l~ 

5328 ·19 pigm. ( rad ) round 9549 white 9 1 2 6 

pigm, ( rad ) 24 5 16 3 

53213<~5 pi;J,1. ( r ed ) ro·,mct 9551+ white 13 0 7 6 

pi@n, ( pfok) l~ 1 2 1 

pigm. (red) 3'► 20 14 0 

·-~ ------·---------•-- -----
'l'otal ·.-1hitc 28 2 10 J.b 

Pit. ·11 .• ( pin1-:. ) 1, 1 2 l 

pi[.71 , ( rad) 9'1 38 511 7 - ------------- . ---- ----
131 hl 66 

Pc::r cent of 

Total 

21 5 15 67 

Cl II pi~rn. ( pink ) 3 2 3 4 
It II pigm. ( r ed ) ?6 93 82 29 

II I) r ound 31 

11 II ova l 51 

ft II l c,n,: l ,~ 

- --· - ---- - .. --~----· ··- ... ---------·----◄---·------·-----···--·--~--- ~ 
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Table 20. Segrq;,,tion of f actoi•s c ontrolling tuber shrpa and tuber 
pigmonto.tfon i n pj_'og0i1ic3 frora prents with oval t ubers 

Prorcny 
I -··-- -----... ------------·-------------~ 
Tuber pie,,nentation Tube!' slto.pe 

Tuber 'ruber US-ll Total no. 
no. no. CoJ.or tubers Round Oval Lor 8 

5328--J2 Piun, ( red ) oval 95h8 ;;hit.e 13 2 0 11 

pig,n . ( r ed ) 19 2 17 0 

oval 95'.:iO wh5.tc 3h 5 h 25 

pier.\. ( p:iJ1l{ ) 18 4 9 5 
pl gill. ( red) 66 31 30 5 

5328-21 pigrn. (rd ) · oval 9552 ,,rhiLo 19 0 l~ 15 
piGt,1. ( pill~'. ) 10 6 L; 0 

pia:1. ( r<2!d ) 56 26 27 3 .. - ------- ______ .. ___ ---
'l'otfll Hhit e 66 7 8 51 

pi.::m. ( pjnk) 2~ 10 13 5 

pi[01. ( red) 141 59 74 8 

235 76 95 6/, 

Per cent of 

Toto.l 

t hclt ,-·ere \fhite 28 9 8 80 

II II pig,n, ( pilJ!, ) 12 13 1,~ s 
II II p:i.gm. ( 1•ed ) 60 78 78 12 

II II round 32 

II II oval l~l 

(I II lO!!iJ 27 
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T;:ble 21. The assign~ent of genotypes to sclf- compati0le clo~es based on s egreg2tion ratios for t heir selfed 
pro[eny 

:i:::-o6e::.y Sev-egation ratios Selfed p.?.rent 

Level 
Jt::-ived of Gzno-
~rc::1 inbreed-

· 1 2) 
US-W Pheno;::;- type 

US- ~·i n,:, . f21Qil~r j-'16 Ch,'.l.r<'.cter Observed-) E.'---pected. no. type ..:: ) 2.ssigned 

9.'..iOO 5309 S, 
.I. 

flower piQ:?.enl...e.tion ;1 1{ 0 p 00 : 0 5309-1 i i :f 

II !I !I ..... "I ' ' ,Juoar s.v.m II .31 W : 0 p 00: 0 " T.~ :i_i .. 
ll '" 11 tuber s hape 29 L : 2 Crr : 0 R II L 

9509 5.309 Sl flo'.·1er pionentation 56 W (' p 00 : 0 53ff9- 7 w- ""' -
<I II II tube!' ski.'"! !l 56 T.l : 0 ? 00 : 0 a v.' ii 

II II II tuber flesh color 11 ~: : 7 LY : 36 Y : 5 DY fl y 

!I t! tuber 5J:-.:2.pe 52 1 4 Ov 0 R n· L 

9509 5309 S2 flo--1er pi[7:icm:.a "':.ion 35 W : 0 p O::J : 0 8762- 17 w ff 
II 11 II tt.:ber ~kir.. II 35 W 0 p o:J : 0 II w ---
ii ?t !I tuber flesh ~olor 19 \·1 : 16 LY rt LY 
11 11 II tube!· sh::~:)e 35 L : OR r: L 

9513 5309 S2 fl.m;e;.' pit,·.1crotaticn , ? p • 
J..,,,,: - • 5 l;l 13.50 : 4.50 9504- 1 p Ff 

n II flc·-:e:--- co2.or- 13 ;(ed 0 Pu 00 ~ 0 !! E~ed ~ 0--. v, 
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7: ~) .. ~ ~::1. Cont.i~ucd 

?1"0r:eny 

Level 
De.?"ived of 
f~c-::i. inbreed-

··s ' · ► f · 1 int: Charc1.cter iJ - 1·; '10. a:r.i .... y 

952.3 5309 S2 tube:- sltin pig-
mer..tatior:. 

!I :1 1: t~ber ~l~~h color 

:1 II 11 tu:,i;r sr~.pe 

9516 5309 (?) S2 flo"f-'t'!:!' pigm.er:t-2.tion 

!! It It ovary wall ll 

ll II !! -f:,uber skL';. ll 

II II If tuber sh:i.pe 

9521 5309 SL., flo•,\·er pi[;".':lent.a tion 

.. :, II flower cc:..or 

:, II I! c..cyls,tion 

ll !l II t ,_,_b';r !):.Jl~er~.ta ti.en 

II tr ':. 1.:b0r s i":.'.l. r.•-::-

.. 1: I? t!.1ber fle!::1 color 

Segref.a.:.ion ratios 

Observed 
)_) 2) Expected 

lt--2 W : () p oO :- 0 

6 W: 35 Lr: l Y 

35 L: 0 P. 

1,.3 ':l : 0 P 00 : 0 

h3 P : o 117 00 :• 0 

26 P OH CX) : 0 

4 R: 21 Ov : 1 L 

10 P : 0 :·; Co : 0 

10 Red : 0 Pu 00 : 0 

n.o data, probably e.ll UA 

31.,, \·: : 0 p C0 • 0 

; I~ Y"!., : 0;?, 

31.:, H : 0 Y 

Selfed. p~rcnt 

US-W 
no. 

p· _ neno-
t~roe 2 ) 

,J -

9504-1 1~! 

It LY 

II L 

8762. 7( ?) '? 

!! ? 

It ? 

It ? 

9187-2 'O 
" 

II Red 

II UA 

It w 

II VL 

I! w 

Ger.c­
type 
1'.ssigr..ed 

:U. 

f~ 

~~ 

E 

FF 

prR-

a~ac(?) 

2: 

°' °' 
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'l':-, hJ ? 21. Continued. 

Pro.c;cr.y 

Leyel 
Dc::-i vcd of 
frc:::. 

rs-:. :1b . fa::·i.1:r 

9:::•./ .,,., __ _ 5309( ?) 

I · 1: 

ll II 

,, 

II II 

Qi;').<:; 
~ .,- '- - 5312 

ll 

,, 

I! 

9527 5314 

1• fl 

inbreec.­
"nr:r ..... __ ._; 

S, ..,_ 

,: 

I! 

II 

t; 

S2 

II 

II 

fl 

S2 

ll 

C:r-:-i::-a ,;·~.er 

.:.'lowe!' nigme:1t:>.t::..o:1 

ovo.ry L"ll fl 

tuber ~J6.r.. II 

tube:r sinpe 

chromat . b:i.r..cl. ~-:1.' .62 

~<'101,:er picr.1ento. tion 

flo~•:e!' color 

sti£µ'Z pi.::;:,::c.:1t.,:.-~ion 

flo~•icr va:-.:'ieg;:i.tior.. 

flm•:1.=r pis1'le:1ta tfon 

tuber ski.'l ti 

Segre;ation ratios 

1 ,..., 
Observed - ) I(.) 

23 P ] , .. - ' 

2}❖ ? ! 0 .tJP 

).0 Red : ll Spect : 

20 R : 1 O;r 

9 Xe=: 5 l!o 

L.3 : 0 i,,: 

34 Fu : 9 Red 

2l:. P : 17 NP 

10 Var : Jl I~Var 

45 W: 0 p 

34 H : 37 Pi 

Expected 

DO . 0 . 
ow 

00 : 0 

32.25: 10.75 

S~lfed pa!'ent 

US-W 
no. 

9187- 9(?) 

ll 

It 

It 

fl 

9175-3 

ti 

rr 

ti 

9177- 7 
,, 

Pheno­
typ~ 2) 

? 

"' 

? 

? 

? 

p 

Pu 

p 

var 

w 

\-I( ?) 

Geno­
ty;:,c 
c>.ssignec. 

C>,i 0:1 --

FF 

Po..q-

ff 

°' ....J 
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Taol~ 21 . Continued 

Frogeny 

Level 
Derived of 
from inbreed-

US- W no~ f~T!'ily in.z 

9525 53li+ s~ 
II II !l 

,, 11 II 

0 - ~ C 
, ).) .) 5315 S1 

" ll II 

fl II 

,: !! tt 

II ll fl 

9 ~l:J_ ), S5 
ll ll 

:1 II II 

:• l! I! 

~: I: ll 

Cli.ar,;1.c:.er 

flower pigr::entatj_on 

tuber skin 'I 

. tuber sh?.:::-c 

flo:,;e:.' pio::ci:~~ation 

O .. v"c.ry \'!£..:J. 

tube:- ,...1 ... ~ :-,­
IJ! .. _ .. ..J. _ 

! I 

II 

t uoer :..'.:<~-:, r.olor 

t ub·:-: ... st'!:lp("! 

flOi· 3r ~'i[;r"'8Ptat.ion 

OVO.~"Y ,.~',:.1 

t!.!bcr <·· ,,,. _• 
.,;.>,;'\ .. .J..:1 

,. 

tul;:,e:· s!c":!·· cclor 

~u½cr s.h;•.;:,e 

Segret::ation r-atios 

Observed 1 ) 2 ) 

38 W ; O P 

9 W : 29 Pi 

20 :a : :;_3 Ov 

J.5 P : 0 1:.' 

l5 :;? : 0 -:, 

1+5 P : 0 Vi 

45 HeJ : 0 ?u 

25 R: 20 0v : 0 L 

7:;;:3 1.1 

3 P : lO NP 

3 0 P 0 ~·-: 

30 ?(25 IteJ ~;• 5 Pi) 
') \ 

3C' R .,.) .- ! 0 L 

Expected. 

co 

00 

00 

00 

00 

7. 50 

0 

0 

0 

. 0 

0 

2 . 50 

00 : 0 

OPuOO:O 

Selfed r-arent 

US-W 
no. 

9185-33 

l! 

ll 

9190-15 

I I 

11 

!! 

rt 

9537- 7 

tl 

I! 

!I 

II 

Phe:ic­
type 2) 

? 

Pi 

R 

p 

NP 

p 

Red 

R 

? 

if? 

p 

Rec. 

R 

Geno­
type 
assitmed 

ff 

F.? 

~ Z:!. 

II 

'Of'!11------
FF 

II 

t'DP,.J7tl 

°' ro 
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'.table: 21. Continued 

~!'OEe!:y S,~ireo-tion ratios Self ~d :2!'e!'l.·;; 

Level 
Dcri.ved cf Geno-
i'rcr.i inbre€d- US- 1,i ?:-!e!lo- t.;ype 

1 ~ 
type 2 ) US- ' :10 ~ fo.:r.ily ing Cmractc:- Observed-)-<-) E.xpected no. a~siened 

951:5 5328 s l flo•..Jer p:. v,,cmt1. tio:1 11 p : , ... 1': 10. 25 : 3 . 75 53?.8- 4 ? 'PJ"II .· ... 

r: ll II flo:·1~r colo:: ll Rcu : 0 Pu 11 : 00 It Red .2_'?::l-

II I! II · 0·1n.r:;- ·. ·::J2 , :..~- 10 :? : },. i(f 10 . 50 : 3.50 II p ◊,' ow - -1'.lcntatio:1 
II II II "':-~bQ!' :::-::;.n 1: 12 ? : 6 1..- 13 . 50 : ,~. 50 II p -4 

.:: 

ll II o.c~:at::.o!'! 9 .\ : 5 JJ~ 10. 50 : 3. 50 I: A :· C3.C 

II I! II tutitr ::;1,_,':? 5!.. · L.Cv : 9 R a R 

9547 5328 Sl flot,_'cr p:_~ten :,~ "":.:.c:1 25? 18 i.; 32. 25 : 10. 75 532$- 11 p Ff(?) 

ti ·~ fl flo~;er color 25 RE:d. : 0 ?u DO : 0 It Red Df:q_ 

., I! o':ary ,,·c.J.2. pio!1<?::1- 33 ? 9 z;p 31.50 : 10. 50 II p Ow_Q!! 
tation 

a II ti tube::- ckin 11 hl P : 6 \l 35 . 25 : 11.75 11 p Ii ( ?) 

1: I! tu~er shape 2V:. : 6L 25 Cv : 14 R It R 

9548 5328 3, ~10~:-'tar pi~rr..~:rL.J.tion 26 ..,., : OP 00 : 0 5328- 12 ,.r ff .. 
-- °' '° 
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T~o:'.~ 2l. Continued 

?r·ot':eny 

Level 
De:·ivcd of 
~rom inoreed-

US-!.' :1d. family i.i."1g 

951+2 5328 Sl 

II ! ~ !! 

II II !I 

I! !J II 

95l.,,9 5328 Sl 

!: r• ti 

II H II 

It u II 

~' II :, 

9550 5328 Sl 

II ll II 

'I .. a 

Character 

oYary we 11 pi:;­
mcnta tion 

tuber ski.'1 p:ig::e~­
t:.>.tion 

tuLer s~in color 

tuber sh.:1.pc 

flower pi&1entation 

ovary w:::.ll ti 

tuber sld_l'l II 

tuber skin color 

tuber sh::i.pe 

flower piEIDentation 

ovary t•,all 1: 

tuber skL-i 

C" • • J,. • uegrega~ion ravios 

Observed i) 2) Expected 
us-·,1 
:10. 

Selfed parent 

Pheno2 ty'.)e ) 

Geno­
type 
a. s s ig_(1 ed. 

22 P : 4 ~;p 19.50 6. 50 5328- 12 p 0,,1 otv --

19 P: 13 W 

19 Red 0 Pu 

4 R: 17 0v 11 L 

32 W: 0 ° 

24 P: 8 NP 

24 P : 9 v: 

24 Red : 0 Pu 

6 R : 18 0v : 9 L 

102 W: 0 P 

6L-, P 38 NP 

34 W: lo Pi 66 Red 

24 

00 

8 

0 

00 : 0 

24: 8 

24.75: 8.25 

00 

oO 

76 . 50 

0 

0 

25.50 

ll 

It 

I! 

II 

II 

I! 

II 

II 

5328-20 

11 

p 

P.ed 

0v 

w 

p 

p 

P.ed 

R 

w 

p 

Red 

Ii 

J):'J..'f:? __ 

g 

O,r ,2:.:! 

Ii 

o-::,:?.-

ff 

,~.,~ 

Ii 

-...J 
0 

Aardevo Exhibit 1034 
Page 0080



T.'.ltlo 21. Ccn:U_.,.u1ed 

Progeny 

Level 
Derived of 
f r o~ inbreec­

US-1,~ no. fo.,-nily ing 

9550 

II 

a~i::;,., 
/ ),~ 

n 

\I 

,. 

!' 

955.::, 

t: 

() - Ct' 
l., .. ~; 

5328 

II 

5328 

II 

,. 

:, 

II 

5328 

l' 

II 

I! 

I: 

5)23 

S1 

ti 

S1 

11 

.. 
1: 

I! 

Sl 

!I 

II 

,: 

" 

..: 
·-'2 

Character 

tuber skin co:::..or 

tt~°?cr shape 

flowor pi~r..~r..tr,tj_o:i 

ovar;,r ;,;2 l l .. )I 

t1.1.i)c1~ s\: i!l II 

tube~ ::;kin color 

tube:r sl"_'lpe 

flm•1er pi,'.jac:21taticn 

ova. ~-y ·.1.::i.lJ. 

tuber ::::c:.!: 
.. 

tuber- ::l:in colo!" 

t.ub~::: sl:.:'..;_,,J 

flo',.•.::.· !):.[:.:c:1t,:,. t io'.'1 

Scg2•e,eE.tio:1 ratios Selfed pa.rent 

Observed. 1) 2 ) 

6h (Red + Pi) : 0 pu 

~~ ...,) L : 43 Ov : hO R 

61 't{ 

53 P 

19 W 

0 p 

8 !(P 

10 ?i 56 R.cd. 

66 (~ed + Pi) C Pi~ 

l,S L 35 ("--' : 32 R 

i,,I+ w 0 p 

.,, p 

..) .. ._ - 13 m-~ 

l.3 H 4 Pi : JL; }led 

38 (H':ld + Pi) : 0 Pu 

'7 L : ~3 o,, ~~l f{ 

1+7 P = o-r:.r 

US-~f 
Expectro no. 

ex) 0 5328- 20 

II 

Co 

45. 75 

0 5328- 21 

15.25 n 

!t 

co : 0 !I 

t· 

00 : 0 5328- 25 

33: 11 n 

, . 
00 0 . 1• 

ti 

00 : 0 8775-J!:. 

Pheno­
type 2) 

Red. 

Ov 

, .. ,, 

p 

~ed 

!~ 

Cr.r 

~,1 

p 

Rec 

11 

R 

? 

Geno­
:.ypc 
a.ssignec. 

.9~~-

ff 

C,··01•~ 

I::~ (?) 

PT:11-

~f 

O:·~ · 

:i ( ?) 

£.1~-

~~ 
--J 
f--.1 
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Table :Z}.. Continued 

Prog0ny 

Level 
Derived of 
~rem inbr eed­

► US-1ti no . f.2:nily ing 

9559 5;28 S2 

:, !I II 

It II II 

!I l' " 
,. II " 

II 

9560 :328 S2 

!! " r: 

If II 

ff l! ir 

9572 T .. J9 s l 
:1 •: !I 

1t 11 t~ 

Ch~racte:-

.flower colo::-

ov. 1-·all piv!!e:itatio::1 

tuber s ld.n ., 

e.cylatio!1 

tu.':>e;:- sb..1.pe 

:.ube:- fJ '.'.Sh color 

:lower p:!.,::,1t~r!t:i.tio~1. 

ov. 1.ra:i.l pigr.t~~n~a Gion 

tu::>e~ $!ci-:-1 1: 

teber s2~in colcr 

~lo-:,·.::;!" p: :~~,:!1tr.t~.on 

f:l.o~:::r r.o l0::-

o v.J. ry · .. 1:.:l l !' i.:;i::.:::n-
:,.,.~tio~ 

Seg:-ogation rati os 

• 1 ') 
Observed · ) "-) Expected 

47 Red : 0 ?u 00 : 0 

C:> : J.,7 ;,:;' 0 : 0() 

0 p : h, 7 ~'[ 0 : OC) 

.36 A : 11 UA 35.25: ll. 75 

47 L: 0 Ii 

29 LY : 18 Y 

26 W : 0 p OCJ : 0 

20 1" : 6 NP 19.50 : 6.50 

11 P: 8 t: J.4 . 25 : h..75 

11 R-$<: : 0 P-~, 00 :- 0 

lo P : 13 t~1 21.75 : 7.25 

4 P.ed : 12 Pt: ' t:,. : J2 

10 P : 2J :·!f' 

Selfed parent 

US-W 
no. 

8775-34 

!I 

" 
I~ 

:t 

tt 

951..;6- 1 

rt 

It 

11 

7139-2 

I! 

ll 

Pheno­
type 2 ) 

Red 

ZJP 

,:, 

A 

L 

-.r 

w 
::, 

:? 

:ted 

'"' .r 

Pu 

p 

Geno­
:.:;,,-pe 
assigned 

n~R-

PY.l2J!. 

; ·' .L-

,. ('-;,.. 
~ 

ff 

~ 

Ii 

~ 

7f 

P-;-;::>_-q 

...._J 
1\) 
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T~Olc ~)_. Continued 

-- --
?ro~eny Se0re0~tion ratios Self ed. parent 

Level 
De:-:-ived. of G-::'10-
i:-o!': inbreed- US-W ?heno- typ~ 

:J.:S-'.-r rio: .rc.!r~ly i~g C!'.::i.-::-acter Obs e2·ved. 1 ) 2 ) Expected no. :-v;p 2) a.ssierred ...,; ,J .. ..., 

95'7~ 71 "j(\ 
• • _,1 I s 1 albino st.:-:>d~::.. ~.GS 14 Alb: 57 NAlb 17.75: 52.25 7139- 2 I!.-J_::, ~ 

957::. 7139 s, flower pi:.;n. :,ntr::.:2_on 50 · u 4 {l 7139- 7 D 

ll I! ll flo~1e2· color 1_.-J f1.l : 7 Rea. 37 .50 : 12.50 a Pu P,E:11-

oYary ~1.:>.ll ;_,i::;-
I' II II :;1ent.:-..tion 23 ~) : 34 1-;p ll p 

-,. a ll tuber skin 11 31 ? : 111ri 31.50 : 10.50 !I p Ii 

9:>75 ?J.39 ~ 
'- }_ albi:io sc2.<lJ_i:1£S l 7 P.lb : 42 Nl.lb 14. 75 :· 44. 25 71J9-8 NAlb Altl 

957~· 7139 S1 flo1·:er p:.[;:n·3nta·'.:,ior.. 48 W : 0 p 00 : 0 7139-19 w ff 

I' .. r, ovary vn.ll ll 27 P : 21 !TI> n p 

II II ti tuber skin 3 W : ::.J. ? 3 .50 : 10.50 n ? 11. 

9572 7139 S1 flo~•re:r pic::~nt.::. t ion 30 :·1:0 P O'J . 0 7139- 20 w ff . 
H " ?I ovary w2.ll 

,, 23 P : 7 NP 22.50 : 7.50 n p 0.-;ow 

,, .. I! -~~.ber pi:71~!!tation 14 P : i~ W 1.3. 50 : 4.50 n ? 
.,. . 
_g 

,, ,, fl ~lbincr sec:I::.r:,:s 23 Al~ : 62 !Hlb 21.25 : 6.3 . 75 " r,JAlb J,lal 
~ 
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7c.;Jl ~ 21. Continued 

Pror::my 

Level 
Derived of 
:ro~ in~~ced­

~S- \: no. f2.1nily in.; 

957c; 

It 

!~ 

9r
1
r,r, 

; . ... 

1: 

(HCt-'7 _,,,,,, - --
,. 

n 

o- .,, , ,.\:,.·., 

r,- . 
·"· ' ,., 

a 

7,~o _ _) / 

II 

It 

'(l39 

II 

H 

II 

7139 

1; 

:;:t,!1 

" 
II 

S1 

ll 

11 

Si 
11 

s 1 

II 

S1 

II 

C ..... , 

ll 

!I 

Ch:?.racter 

flo1-1er pigin.e!!ta:'.:.io.n 

ovary 11nl::'. a 

alb:i.no ~1;c.:il:i_'1,;s 

flmvc!· pie '·nt:;.ti:..):1 

ova x-:,r "tt:!.J_l l! 

flo·,-:cr ::·i.~·r.::1.::1, ;_.~•-~..15.0~ 

0 1.r~'.r:,· ;.?.l: ll 

t t:b c .. r sl:i-r! ri 

f]_o·~-~-J!~ -ci : ~~ .. c ... r!.t:1·;:. ::.o!~ 

ovary ~-.<!.::. II 

!lo'.•:c!"' p:;<~ .. d1t.1.,=ttion 

tuber ~l•j~·t ,. 

O\:J.j,•y ~·::111 ,. 

Segregation ratios 

Obse!--md l ) 2) E.xpected 

- -
21 P : 7 ;-1 21: 7 

0 p : 25 :~p 0: CC 

16 Alb : :>9 !:Alb 19025: 57.75 

20 P : ·; ~,7 21. 75 : 7.25 

OP ! 29 r.::, 0 : 00 

22 'J : 'I ~,r 21. 75 7.25 

21 ? : 10 :~=) 23.25: 7.75 

2" " • ,._, ~ , 7 H 26.25: S. 75 

31 .? ~2 '! 32025: 10.75 

20 24. l~P 

19 t,,! : 0 0 00 0 

19 P 0 '\',f 
" 

,,.....,,.,. . ('\ 
•~ • V 

19 P : 0 i'H: <X:> : 0 

Selfed parent 

us-~; 
no. 

7139- 22 

ti 

I! 

7139- 2J 

:1 

7139-32 

rt 

,: 

7139-.36 

!I 

Stn PI 
230513 .1 

1: 

,, 

Pneno­
ty,~~) 

-:--

}IT' 

):Alb 

T:l 

PP .I~ 

p 

p 

? 

p 

p 

., 
'? 

? 

Geno­
t~•pe 
ansi~cQ 

~f 

:E.E:.1 

Ahl 

PE 

c:;o:·; 

:.f 

~ 

t'" 

:.f 

TI 
=-- -.J 

~ 
fr.:Ow ~--Aardevo Exhibit 1034 
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...... ""!' ?a'i::. -2 .....;._:_. . Continued 

, •oi:-r.._.,_ ..... - . :_, ... ·•-._. 

Lc·:el 
:l :--i ·rcC: of 
:fr,):.1 

rs-1.: no. :'.::.1'!ily 

5' 5::, Stn 

II t ~ 

in::ircec.-
.;.,,...rr _ w.,u 

Sl 

:: 

Ch'.!.:·.-:ic tcr 

tube:· sI:i:c c 1 .. lo::' 

· acylc.tio!'l 

Segr(.~~:t.:i_or. ratios 

1) 2· Observed - ·) E.xpccted 

19 Fed : 0 Pu 00 : 0 

19 U:\ : 0 A 00 : 0 

Selfed prent 

US-~~ 
1".0 . 

Stn Pl 
23051.3.1 

11 

Pheno..., 
✓-' type .' 

? 

? 

G0:20-

t:1)e 
c:.~.s iencd 

puP.!l 

acac 

l S::..ri.~e not all floweri."lg plants tube:::.·::_zec':. and ·,ice v0:-s: ... :, the rc1.tios for fiow~rs and tubers of the same far:iily 

do r'.ot ~ecessarily correspond. 

2 C::-::'.1::: of :i.bb::-evi('.tio!"!s used: 

·1 = 1~cylJ.ted. Pi = PiPJ.: 

0:\ = ::~'.'~c;t,12..ated Pu.= PL:.r9le 

'O === P:i.o:,~::i..ed !~P = Non- pigme:-,ted 

W = :,h~_te 

.... 

.) Ir>r;l:.:c' ~ii b 11compressed': types 

LY= L:i..ght Yellow VL = Very Lone 

Y = Yellow L = Long 

DY= Dark Yellow 0v == Oval 

R = Roimd 

Var= Variegated 

NVar = Ncn-i."cl.riegated. 

Alb = Al':)i.'10 

N'A1b = ifon-~J.l:!'1 no 

---.:, 
\J't 
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DJSCU~)tiION 

Gen~rally the average pei.•forn <>,nee of tl1e h familiet, decr€'aS(:D. ',:ith 

fol: y:i.eJ.d for· the first clor,Al g,•n11rat::i on in 1 ')6$ coindd cri \·rith e cm•v,:; 

calcuJ.aLed on the bEJ.nis of hetc:rozn:osit.y in a diplo:id o:i·,:,nj.~;,1 ( 'l'nb)e 3; 

Fig. 2). In anothe!" sample from the sarr.e popul.:\tion, jn both tlw secclhng 

poptiJ.ations and the first. cJ.om.l ecn':!r2.tion; t.hr~ i nbrcedin.g depi1 • f$ion for 

yield and other chn.ractors related to v:1.eor exhibited n very sh3.rr de-

cre~se from th1; s
0 

to the s
1 

bt~t r···,J,y e. s!-i.L,;,·. (1.•,J>i."! '· ~:dc·, o~ no d·::-rz2-­

sion at an f rom ti1e s
1 

t.o t.h, s
3 

('I'd1l,· h). A c,:,:r-ir; r :'.': '.:ilc jn'}" 1 tli1:._ 

c1.nd crm,s-•pol.J~rntr.d, A depre;,sio11 fror.l th0 s
0 

to t h? s
1 

,:~1ic:1 ~:=; frntei' 

t b.n can be e;~pected on the 'b.:tsfa of u r( ductivn in hJti:rozyecsit.:,- could 

toe;-; ( h;r:dibu.ru, 19 71 ) . 

Upon inbreedinz t et.raploid p0t"k.:- , K:·.:.nh (1 916 ) c-tkind .-,,n s
2 

that yicld.~~1 82 % of the s
0

• In th-ts e-(rc:t.'i1:rnnt with diploids th~ fi· ·:d·. 

clom l gonr:ration s
2 

yiold 0 d ·only 36 ~; of th =; s
0 

(T~'o1,· 3). Th•~ diff , .•-21,c . .:. 

can be attribu.tej to the 110:re rar,5ct i nc.1,eac.c in hor·):·:·::os:i.t;:,r nt th~ c:i 

ploid l evel. The 4 families r ee.ponded cliffereat.J.y to i r:brce;dinz . The flue:-
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se;...c.nl. and a.t;cxn3l) wh:l.cli incrc::-1sc with inb!·ceding. Th~ eenetic diffe.:.·-

cont.r:ibu.tol to d.iff(:Jrence•; :ln respon::;c to i11ln e~cling. This ,,as ohs<:.~vcd 

at t.hH tc~r. pJ.olcl level by Krantz and Hutchins ( 19.29) . 

Atternpts to obta:in c~ch subsequent l evel of inb1·ce<ling f rom a l'ep-, 

r esentativo snt1ple o f parents at the preccdine generdt:i.on wor~ not al .. 

ways successful. Only the mere vigorous plants fJo:•;E:red., and only a 

portion of these ,,:ere self-•fer'i.,ile in the ad'tanccd ganero.t ions of in•• 

breeding ( 'l'e.blo 7) . Selection for vigor in the s<Uci.12.l cycle har; also 

b een observed upon inbrecdjn,g at the tctrJploid level (J(mntz, 1%6; 

Krantz and 1-iutchtns, 1929). Rudorf ( 195$) report eel similar difficnltie3 

ur,on inbr.::~clini 1.,f'b'aploid potl'..toc.:1, He could nr.1t obt.:.iirr the s,, :1..n m1r1t 
.) 

i n'brecl lin,:,, d11c t..o t.h~ i r l "ck of vi5or, and to virus it,f t?ction a1!1 i•1..•-

sion in rvl3t.:i.on to the re~,pect.i,,-1.") s
0

1s \I,1::: sir,:;.llcr foi' moct pro;;::.n:ic3 

t h.\n fo:· their respcct:i.vc asc::i.nl p'.lrent.al populet.ions (Table~ 3 ancl h; 

Fig. 3 ) . This c:.n p:.·ol:.!lbly be ·ctt:d.bu.tccJ., in I'.C.r-t, to failure;; of. ::.­

sexu~.l 1•:::product.io:n. L!lny plants th'•.t Here classified as 11tuberiz.in:::11 

i n the seedli11~ ye3.r, nevc1·i:.li-~}.e3s only prodti~cd si;-zll i mn.ture tubers 

,-1hich ,,.-:r-3 not vi'!ble th2 foJ.lo•,.;j_ng; cpri11e aft~:r st'ln,:lard $torage con-

foJJ 
,, 
, u' 
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a1 ... 1.,}1Qll.[..•h fh;,. f)~.1· c,~>1·~- of 111,e:1.n_t,r. c:J ... ~_,s.·~_•J.r,l•c.J h'' 11-'tti11-•1•{ .. 1'nn 11 ,,~,. ... )r· - \.I ,w, - -l v - ILi ~ .! ._...., • ~ .L •J. U ',,c,.,.-..1 ~ .. r ,l l_.110.,-: .... -. 

a tion, m· unt:i.l an ur:fa vm:abla re:.1ctj_0~1 bs::b:.3•:?a the environ nc.r,t P.11<\ th .... 

we~!rn1· wmotype::; occurs. The genotype;·; :in ,.-rd.ch lct1,"J.l 0't" sct;:!i-let lu.1 

subscq1icnt genc.;.•ation, uhich i n turn aff'act.s the r.:i r.e of inbrc0dil1:::. Jn 

zpite of theoe p1.•oble:ms jn rapreductj.c,nj sevor~l ft,ir-ly viem·ous s
5 

l'incs 

have b e,;n obt.i..ined. 

Assu.ming no selection for h::tcrozy6o::dty, thl" d::i.plo::l.,l s
5 

genr.P·uti0i1 

-l s :'I tl!;·>•o,v·1· -r . t,,,_1_,.;T 9r-r ,, h •-.-...,, •~()'1 T,1 r-.c.· ,__ •· 1•-i .. , .. ·, '( h ..,,., , ... 'c , 0 .l, n .; r] ~ _ ... ,,_ J-., (., ( ri ~·", . .J, •• fc..-,. i -.J• ·- ...,, I .:.•':-' ·~~·...., .... , ••i,.; •-vV ,l,.., , ... ,--..,1.1.1 .'-. 1-(' 
) 

gcnc:·ation> a5:-;1-\mint; r;indcl'1 cl1·1(,'1• •-:o·,J f--...;c:...:; i:.:~..:-n, wo~\ld on'.ly be- 53 ;; 

on _the d:i.plo:ld level where ad\--,mced itihr:_rl lh1.r-.:; c2n bo obt.··J.nrd i.1- .:i. 

relntively short tim~. A broad er gcn,~tic bo.~c \1il l. 1:i-co0:-.b:i.y b'.:: n~ca:.::- ·iry 
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D. FertiJjty 

Se1J'-compJ.tiLility ,,.,a,s cor,sidcrubly J.oHe::.~ than either pollen­

or fcn~,l<.,-•fe.rtil i ty fm, all l evels of inbrcedin_c; when expressed as per 

c ont of flowering clo''l<'::: or e.s seeds per fruit. A reduction in seed set 

foi· self-compatibility., pollon-, and fo.nle-~fcrtility could be dc;;,on­

stratcd ,dth ea.ch subsequent level of :i.nbre0Lli11~ ( 'l'able 7; Fig. h). In 

theso expcr:ir,:mts · no study ,,-.i.s J'1"'.ldc of the gro~1th of the pollen t ubes :Lu 

the styles, It is t herefore difficult t o ?oparate clc;arly the effects of 

inbrcc.di.ng upon the level of self-comy;1tibility fro!"\ t,I,at of various 

degrees of breakdoM1 of the solf-incor,1patib:i.15.ty ri::.act.ion s-i n<;e both 

phenonena. ca,n be ex1iect ed to affect the nur.iber of seeds per fruit. In 

addition, the l evel of seli',.co:npa.tibilHy c"m lrn ob,"lcurcd. by eit.her the 

levE:1 of poll er- or fra ;;.le-fertility or both. 

'.!'he chta obt:dn<!d on scJf-cc:r,p'.\t:ir-:Uity for faruiJ.y US-H 5328 ngr-30 

,'Ii th tho!: e c,bt~.ined by l!oll0nback ( 1966) for th·i ~ fD.r.tily ( Table 10) . Lri 

both inst.'.l.nccs scl.f-incomptible and paeudo-s01f .. coi1pa.t:i.ble plnnt:J occur 

i n the s
0 

fr.>PUlB.tion. Th;;se do.ta cont:t:1dicl:, tli•:1 rc::mlts obt:d.nccl by 

SJliley ( 1 :,'6.3) i,ho reported only seJ.~'-cor..:.::-tihJe pbnts in this fc1.1:ri.ly, 

experi.J.K:nt:il retu.lts so t},~·t e. further cor:11x1rison Hith his method~ of 

classHicn.t:i.on is not poss:iblc. 

Tho d-'!ta rcporl-e:d herdn a.nd. by Hollenbacl-: ( 1966) indicate no fcrt.2.le­

sterL1.5ty in fm:d.ly U.S -1.! 5328 ( 'l'ablc.s a, 9 f'.ncl 10) . Hollenback (1 966 ) did 

observe sone plants wj,th a red1~ced J.ovel of f er.2,.J.e-fer'c:ility in thi '3 

f amily. Ho,;cv1:.r > tho proecn:i E:S o!:>tl'.inul by [;Clffog us~ W 5328-11 D r,d u-;. ~! 
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lillltion froill the; progeny tests of t,he two clontcC> from f2:rJ.ly US--1. : 53°8 

of f.ei:".lc•fcrt:.ility i s gene~ically cont.rollt:d (Table 1J ; Fie. 5) . This 

coul cl be ini.crp;--eted -as an e.ddiU.ve effect of the E;<':v::~- for fc: .. :,J., 

ster:i.J.:i.ty. In t hat case, the clone lJS .1,-; 53211- 11 ,rJyi cli \'?,8 clai:-3if:i.d as 

pseu.cl.o-sei.f - compatible in.:c.y h~ve been mlsclassi.fied for self-t~oi,.}:~•.tibility 

since tl~B reduced l ev-el of f em-1.le-fcr-t.i 1.ity •,;01 1:l rl. c:J._;o r~clucc tho :.e ~d 

.set upon self:iJ:15, 

The inforr ·•.tion obt;dn€.d 0 :1 ::;e).f. -::omp".l.t :i.bilHy in the s
0 

€'.el' •=,'at :i.on 

s eems to fit thi2 sct.:,'lle pre3ent.,:l by Holli::,n'l:s•,_!•· ('JS>:,S ). Tl1 i.s h~.>p,:,~:!--.::L , 

less tlvrn S poll.c;1. Recir,:t'OC'l1 diffcr2-nc,::.;; c:pn th•)-•,;fo2·a b~ ex·,,Jcd 7: ·,J., -".EI . . , 
The S allcle3 differ fro:-:i th.i § allclBs il1 tb:•.t, they Jnve l c::;s }:-:,llcn 

·-FI I 

sp~cif:i.c jty thrn the _s_
1 

aJJ.ele::=.;. Both the _s
1 

• .l .. and t.hp S .i:-2'1ot.•n:es J-r' I°FIU •. -- -
are seJ.f--incomnc1_ ~tible. G:motype3 •.:ith cc;·n-on alle) C'.) nuc;-, c1 s $ -~..1.· n.' 
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Accord.int; to Holl ·nb:i.ck 1:; (1 9 1 6) hypoLhcs:is tl1~ foJ.lc,.iln.; rch,-.:·,.: 

C-3.ll tlii:,11 be .:ipi,lted to fit th<J bchoviol' of family US-\·! 5328 : 

SLn PI 2J0;,13. 1 X 

US-\1 532$ 

s 
-n·D. 

have an nllele, Jif _ ( fr -ilt.• :incor·iptibility), ,,h:i.ch wh,e.1 pre.:;1.;nt in tl1" 
.2: 

ho'" o~.;1 ~ous co."1ition ,ioul.d l ~ad to fe.r.alc-incor:1!)., t:i.bility. Untj l the 

cause of fen-alc-ate1·ilit,y is further eludd;.\tedil it. se0ms adv.i.unblc not 

81 
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Inbreeding by sclfil1g imp.ise;; sdlcct.ion for self-comr.,::i:tibilit.y. 

Lines homozygous for this trnit h:wc not. yet b een det ect ed. in the limit -

cd scope of this investit.,atfon. Or the tota l nu1r,be11 of plants of the s
1 

progenies inve:-stiet\ted, nearly 50 ►; ~f the plrmts which \':ere cl.:'ls~;ified 

for their fem .. "1. l e-fertility b"'~h·JVior were classified as either low fej,.:J.lc­

f ertiJ.e or as fein3.lc-•sterile and could therefore not b e class if led for 

their self--com}_.itib:D.ity r -:.:i.ctio:-i. Thus it appe.:irs tbt. a. b etter und i;;i•·­

st..:i ndlng of th9 f era.:i.1e-fertility systE;Tlt and possible , ,1:>.ys of p:.."'oducing 

i nbred l ines with a bj gh degree of both f e.1,,1. le-f e14:,ility and pollc11-

f erti.lity 1roy be r equil·<'xl before a successful s earch for lines hon:07,y­

gous for self-com:i:,atibility rr.3.y b e completed, 

Fu.tui·e investi gr-.tic::1s could focus on the ca.use of the r cdt:.Ct:;J ~.uc·.1 

t.ions of func:'.:,io:. .l cndospai.•11,~ in non- j nh1·ed r .. :n.0 cnts a.ncl their pro.:;~'ni?s 

obtairie-,d t lu.·ough S!3lfing. Linl-.age re:latio:-ts with the gene( s ) fo r SG1f­

com~~ tibilit.y ,,j 11 also b e of sped~· l inte:..~1cst . Sir,rronds ( 1966 ) rer,J1··0 ':1! 

Self-co;11r-J.tible diploid hyb.:-ids b et1·:een the s olf'-incorr:p•:\t:U:.iJ.e 

Groups Phur~j .:i. and Stcnotonn.1.m ancl h'.1.ploids of Group Tur;erosum h:w e b,~ n 

preiicted to b e excellent sources of unexplo:roo genetic variability 

( Hon6.2.s a.nd Peloquin, 1962 ) . The $Clfing of such hybrid clones lns we-
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inheritance of the nev trait, pigmented ovary v;all, could be deter·mined . 

Tho data indicaLe t hat the e1:one Q•~ Js closely linked with the .!LL_l: 

l inkage group. It appears th1t in t.hc 111aterfal used in t his study C.r.-1 is 

linkcJ with l in the coupling phase a.nd with .I in the r epulsion ph.-,se, 

such that a plc1.nt heterozygous for the 3 genes would tL:ci.ve the f ollowing 

Ow I f l inkage cons titution · ---~ The linear orde:- of these genes h!J.s not ._ ow i F. 

yet been determ.'ined . Witho1.J.t crossing~over, al). white flo1·1ering plants 

i n a progeny d".lrived by selfing a plant wh:Lch is heterozygous for 0.1, I 

and f are expected to have pie,rnented oVJ.ry \iall and pigmented tubers 

(assuming no other c;anes inhibiting flower pigmentation t.o b e present ) . 

Similarly, all plants in such a progeny wh:tch have white tubers are ex­

pected to have nou-pig•1~nte,l ovar·;y w.1.l l ari•i pift.1e-1ted floH~rs . 

)- J . } . 1 cle·1·i' ved fro:>1 ;:elfcd ~~ f ffa .n scvera_ progenies w n.c ·1 'Here · .. :o geno-

t ypes, no cross-overs b etween ~ and _i or betwee:1 ~ and ,I. could be de­

t ected (Table 18 ) , but such cross-overs app:i.rently did occur in the pa.rent~ 

of families US-1.-i 9 54 7 a.nd US-H 9 581 ( 'I'ables 16 nnd 17 N:s pactively). In 

c e.~;c~ \•,here viable tub~.rs are s ti:tl a ·vailable, those plants now considc:·cd 

as having been derived from "cross-over gametes" will b e re~-cxandned t.o 

verify th~r.13 resuJ.t.s. Eor.e d;.1ta on crossing-ove1· will be ne~:ded to deter­

mine the linear order of these genes . A large nur:ibe;' of cross-overs cannot 

be detected in progenies obtained. through selfing and thEa'efore a t est 

cross to a c,ester clone which i s homozygous recessive for t he.se 3 l oci 

will be n ecessary. 

It might b e argued t hn.t t he geuc Ow is an e.llele at the g locus 

\·ihich is kno• .. 11 to cont!'oJ __ the distribution of anthocyanfos in vari:ms 

phnt. organs . SincJ the!! locus is also closely linked to 1 and I'. such 

a hypothe,,h, is highly attractiv.=i. Horiev.er, p::--elL1L111ry evid.cnco 
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indic1:1.tcs that this is not the co.se . G:n:ctic material r ece ived f:rom 

Henc.Mn ( 1970 ) kno,•.n t.o be homoz:nrous B%~ did not:- exhibit pit;.1J1entc.:l ow,.-

1·y v,all. ldke;ds·e, nonci of the stocb:. used in the· gcn&tics o.f pier,:ented 

ovary , iall had sef!d spot, , ,1hich can only be conferr·ed by the t wo highc:;t 

alle].c,3 kliN;n to exist. at the rr l0CUG (l2_£and f) • Thus) if the pierr.•;!1t.(' l 

ovary w•,.Jl •,;as tli~ l',.:~ult o:: the a.ct j_vity c,f an until nn·,·: tmt.liRco,·orl'·l 

cl 
allele at the ll locus M.~her t k1.n !f4, t.hcn one could e.:q1ect pl-2.nt s w:i.th 

d 
01~- genotypes to exrd bit. the affects of 1?,- as well. If, on the otlv~r.' llr'.'.r:ti, 

Cr.; WO\lld be equiv-a) ent to an allele \-1hir:.1, j n hl01·a:rchical dor.tl.nr-:i.c,;, 

would fall sor:,e,·rr.cre b et1•1ee11 P.£ or 13_1 aP.d £ then onP, could exp<:!ct all phr:tr, 

of tht1 I--i locus. However, considering the thr~e loci g, l and L De-V!c; <!d. 

Long (1956) conclud e.:! tliat : 11 'l'he:. closeness of i.h ~::;1.: locL f;vldentl! f 1 r.D-

the deveJ.op;1ent of ant-hoc:y211ins and the prodnction of rx,.ttcrn effec~s, 11 

In add.iU.on to ht.~ving the facto cs rl, .1, .E ~nd (ft,; in Olli'; ) in':,,,[:'.: ~ l'(· .;.,, 

i t no\•~ ap;x·ar<: t hat. a ro.:i.jor gene contl'ol.lJ.r.g tuber sh:i.pe :i.s al:=;o lo~:-t ,-.-;_ 

on this cltro;t.oso:r.:e. Upon selfing cloM'3 which were of the ecnotype Ji. ,;ith 

either round 01· oval tubers, rr.ost of the long tuh!:rs '";er,:: ,-:hite (&) a 1d 

most o.f the round tubers were pigmente.d (J-) ( Tables 19 and 20). Ho11.:.1r<l 

( 1970) has r eported similar r esults. It is apparent that the long sh!ipc it, 

recessiv e since the lor.g form breeds true upon selfing, but segregation for 

shape often occurs upon selfing clones with rou:i.d o:r oval tubers ('l'abk 21) . 

Clqnes with roun1 tubers v-:hich upon selfing do not produc,:, any prog~ny with 

long tub '3rs caa then be considered homozygous for the do;nin.'1.nt gcno(s). 
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Crosses b etween plants with long white and round pigmented tubers have 

already been mado and se.::d :i.G £1·rni.b.ble for nnalysis. 

r'rc•:n U1..J bru"'-iin[, be};, v:io · o.!' Si:.n 230513. 1 .rnd of scv~ral s
0 

clones 

stit1.~tio11 o.r the t,::.iploid. U:3-',; 4. 'l'his h1ploj_cl is the 1\ibcrostUn parwt. c,f 

the hybrid fu.iily US-~. 53.w, a.., in;ikated belc:1 : 

St1i PT 230513.1 X 

l 
US- 11 l+ 

, :M.te f1.o· ;v!'s and 
white tubers 

pl".rit!."l ~.Eh ,. ,h"Lte .:ind pl<'nt~ \.ith 
p:L.9,-., r.t c:l flo•·,• \'-'> iu·r. fN,nJ 

.:i.11 _r,1., ./.:,._; 0":J;;. ~-,··,. d h. cl p.i.L. 1nte:d 
ovc:.r·y , ·,:. l J :1,t"1tl pi.r: ... 1t ~ i t ' tb."'"o 

85 

CN j_ }' 
U3-'.·: h w::>Ulcl be --:·- ~ 

01'/ 1 j_ • 

ers , ,c c:i.n p0sLub.t.c th.t H. ir. prob?.b)y homoz7;,ous r cces ... ivc at th., .!: locun 

-
t.n1..,i·1n. On l!::; i_,_.,j_s of t:1-:: ph;:·!0t.11,:, of 2. cl•)!': •.·:.t.'i :-1 }X>Ct.u1.at,xl c::":·~ ':.i.c 
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r,cnotyp·~ . Unfor'i:.1.m9.t,-3ly 

86 

r 
- clone,; art: not r 

t l'·/ 
more coNp-•.rable toll":.:- thnn to Jl of th~) cultivc\kd c1iploirl.s . The occ:urre·1cc 

coulcl h -:: th ,~ r asnlt of c ert:.d.n p::ogeny pJ c'."lts Lc:in-3: h~">i1:oz;:,zou~ f or Gro'.lp 

Consid~1•aoly mo:ra \·io rk r,e~ds to be c.kme to dete~,:1111'.:! thi:: gcn>;1tics o:":' 

enon :ls neve-rthcJ.ess very :inter0;1t:i.ng, an:l r:-:::.y ,-rc:11 bo a s eco:1,t.,.1·y ef.fee-r 

i t is p:tv'o~hly not reatr.:i.i::V-·d to any phy.:J:i.oJ.02:ic:i.J_ d:i.sor·der in t h3 rout 

sysLHc sinc0 scions of tlv~GB clon1s i;:rafted onto torr,;1 to r aotstocks even-

tu:i.J.ly sho~·:ed the sarn3 syr.1pto:-ns. 
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87 
t o tlte l e..,f pie,menta.tion observed in the clones from family US-W f3'.jHL 

'i'h:i. r, fmrd.ly ,-,as dc:dnd fror,1 f.;,.nily US--\•I 5279 by r1e:i.ni:, of 3 subnequ,~11t. 

sib-,polJ:i.n:: ... tion3 as imLi.cated in the pedigree below : 

Phu 195198.13 X U$-\·l 1 

t 
US-H 5279 

US-~1 . 5279. 5 X US-W 5279 . 12 

t 
US-1.\f 795-;_,_ 

US-W 7952.6 X US-\'i 7952. 5 

t 
US-H 8095 

tJS-v, 8095. 16 X US-\·l 8095.1 1 

J 
U:3-:·: ea 1g 

Thtis tha possi.b:i l:i.ty e;-J uts th;,t the s?.me genes affn·~t:i.ng 1 '3: f p\;•-

pH,sBn:. in lhe clon0s llS--1·; 8818. 1 and Uf-'./ 8818.2 , 'l'he difference bc:lt,:,;cn 

the pi,y1lented clonerJ fr0rr, families l!S-1.-I 8816 and US-l"f 5279 rr-y be due to 

a lo•.-;e.d ne of a µ~y2 iolo,-::ic'\l th:-c:shold :_i_n U3-W 8318 e.c a rcsuJ.t c,f' ir,., 

exhibit thi.s tr;.ijt ,.-;he,1 phnted in th0 ficlri in Sturecon B£i.y or in th~ 

grccnho'.tS8. A st.110.y of th~ latter· 2 cl•)ncs unde1· different lig.ht condition~ 

rl'S.Y prov:i.tle further clH-c--S. 

These clones Ti':J.Y also be excellent source 171.3.teri-:i.l for a study of gen0 

a.ctio:1. Alston ( 1959) has propoGed t~1e use of tissue culture for thj_s pur­

posu. Tim various c,w_ironr110ntal fe.ct.o;:•o which induce anthocya.nin r.;~1tt,hi::::.;:i.:..1 

in culture:, of J.c.:\f ti:3sn=:.3 of u.3-':i 8-318. 1 and US-1·/ 8612.2 It.J.Y Jw,:.v.1 :i~ 
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1'he chcr;og,•n;;:tic sh:c:y lBs er.':ti)1·-:l. the u:.~]jz:.t ic,n of vi:"' \1.::11 cl.c­

fin-...d P . ..trkei:· g-=-P.ll (11.s). In th':l fc.nd.]:i.c0 ~,;,:le}; ;,;cTe .:nin]yzf:'d, t he ):,.ho![, .. 

t.01·;,,, tc~ht..-iqu.,J could. b e wJ ed. to l'UJ1:·•l•"'·:-.::i!'L r.11cl s\:J,st:1nt.i·1tr, visi:·:•l n~u·in.:.. 

f or flo;wr pi0.!·,-:)nts fo:r th:i,t'\ lnCUc• . CJ.:i;:;~:-Lficn L-ic,n of tk: tulwr· pi.sn .. r.i:s 

was only possible ,dth the lo.bor£d:.orJ' t.d,hod . 

H:,'\ny d j ffm•~nc:e::; in flnvcnoid subs-Lance:~~ ,;er€ obse:'vecl bei-'.,CT(l :?Pl\­

~ species gro~d ne in the, ficJrJ t/~. Stur-.:;eor- R,l)'. 31.tch d:l. ff,J,i.:.n cB::, m.1~· b e 

exploited in eva luatj,ons of i ni:.erspi.;,c:ific l'ybr:idt; and r .?..J' h:,.ve t ::iz,,?·:0: d.c 

value as \'1ell. Althoueh t a:>:onc,my is b ~yond the scope of thi~ t.iVJld.~ ) th:: 

laborato17 t echnique d eveloped to d .:tcct cht:r(C0e•~net.i.~ r.:.\rkur:-; t ".J.? a l :-::o 

prove to be a useful tool j n future t,t::or:ond.c f; t 11di,::s . 

incl11.,-',r~ g (Dvdds a nd LoHf,, 1955 ) ~!•d !::£. ( P.:c::b fn1..,, 1c;:.,7), f. ,,r,,r,1• .. .; c-f' 

genE- cr)r,,p:i c:,.::~• nff ectine si;-;1i)ry funct-ior.s a:t'1.;: the £_I l'. . .9~ lfr,k,, ,:e [;,' <.,1.:.p 

,-:rdch nffect~- tht c:.i ~tritut:io.1 ..,-~ ,., : t:~:,:.1.•··iir, · c:..:'.1 t.h-.:- Hd:o ._:';: ~- 'c;11 .. ·.:i:frl1 

a co~apl,p,c r,.n tm,c ,1ill p1•obably h,:, .Ji;-;cc,v,,r.-:l 5n _r:il::,~-o-::: . 'l'1H=.: ,;1'i.,..: "-' r:- t­

tion€d c.:rnc:s of e•·me co1,,pl!:!xcs ca.1t b J com, .i.clc.l·,:d c.:.~ e·:lcie:r1 
,: of so'l'.:' :.; p::: 

of fu?!ct.i0r,6':t g e:1e t5.c int. e~:r-1. tioi, :i.n po t:J. toes. S cy-:_;p } c ,~; e;r; of r,·· n ·~ C'or·,., 

plexc;3 hn.ve alrc..:!.dy been reporteo. i n oth~r crops ( JJ_s:.c,i1; 1959; L,:·,,::: . . ) 

1967). G:::?1totic invt:stigati ur,s of co1,1ple:x l 0c :L in lli~,.;her 01·,s:in"i.sr,;s u~n;,·11J:1 
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The cultivated diplo5.d po t:.:,.to~s .§.ghrmt•l t ubero~im Groups Stenotoun.un 

and Phurcja. (2n = 2x = 24) are nm·,--:1lly sclf-jncomp3.tible and highly 

h eterozygous. C:tos~ing thcso stocks with tha Group Tubcrosum haploid 

( 2n = 2x = 2h) , US-\/ i~, produced 'the sclf.-c 01.1:;::~tibJe stocks for an inves­

t ir,a tion of i nbreeding in cuJ ti va.ted dipJ.o:i.d pobtoes . Inbreeding st1ch 

hybrids would be expected to uncover sever«l rccosl'iive gf:.nes not norm::..lly 

e xpressed. ilhcn compared with antotctr.aplo:i cl:, J diploids lnvc segregation 

r a tios which are relatively sir:1plc and the rate of prog:cess t m,;ards ho1r.o­

zygosity upon selfing is much faster-. Thr,::i stocl~s homozygous for rn:d,er 

genes of potential v :1 lue for fut,ure gmct:i.c :lnvc~tit:;.'.ltions c:?.n be obt.2.ine,l 

much f aste::..· by Gcl:t'ing s('J,i:'-c.;orAp?.tibl e d.ip1oid hybrids than by selfing tht.:: 

t et:raso;dc pol;yp1oid Gl")':.lp 'i'ube1.'os1.U/\. 'l'h ':! obj octivcs of t.h:i.c study ue:i.0 c: 

( a ) to l!'.c~suro th3 inbreeding depression fo:,_~ scver.:.11 qu2.ntjJ,cl..ti vely inhc~··­

i tcd cl~"' ,a~te·rs; (b ) to ce·u·oh for lilrl~cr gomis , ,hich can be used in fu-• 

tura gcne-t,:i.c ,rt.udii:::,; a•1d ( c) to develop c)ores and :i.nbro.:l l:incs w1th 

kno:,;n genotypzs for- such r.::i.:i•;.(r->:.· gc'1e:,. 

The i nbr..:l.:;d:i..ng d.::p .. ·c~::,5.on for scv<:11.:il ch:J.rc1ct1c:r~ , which arc e:::sut:cd 

t o be quantit:1tivcly :i.nherit.d, •.•,G\s rnt."Sm'cd i n 4 hybrid farr.ilie.s. Subse.­

qu(;nt i nbr.:.:l. gcn,:;1·<\t,ions 1-;c:::·c ob~,c.:i.ncd by ,rnlfing the flowering self­

compatible clone'3 of th::i precedfog generatj.on, and bulkint:; equnl e.raounts 

of seed fro£11 ench p~rent:i.l clone. The progeni es from individua l s clf­

com}.'J.tib] c clonca were scorc.d for segreg.J.tion of prnvious ly described 

rl11rl:er . gene=,> r',-:i'.Jt} y t h0s0 coi1t1 o.Uing anthor'. j .ln in syn th Js:i ::i and distrj_-
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butio::-i, and potentially u.sofuJ.. nm,; ll'"'·rkc1:a. A routin:} laborc.\tory tech• 

niquo, using thin-18.yor chror1,tog-rnphy, was developed for screening 

f ar,dlies segregating for gC:ncs ctffectine the synthesis of anthocy-<1.nin::: 

and other flavonoidn. 

90 

For a •nurnl>cr of characte1·s meesured, the average inbreeding deprcsoion 

for the 4 fo:uilics co:i.nd.d,·d , iit-h a cui·ve calculated on the basis of l o::is 

of hetorozygosity :! n a diploid organisl'll. The h families re:::ipon:led differ­

ently to inbreeding. This can, in part, be attributed to genetic differ­

ences b etween tho origiri:.~l prcnt population o.nd t.o selection f or vlgor 

in both th/3 sexual end asex.ttc\l reproduction cycles. Only the m<ire vig0ro\1,, 

plant:, flm·:cred, and only a sill3.ll portion of these ,·,ere self-fertile :1.n 

the adv:-.nc()d gc:iera tio.1~ of inbreeding. Scve~·.'.l.l eenotyp2.s were um.blc, du~ 

to lack of tube1·:l.z::i.tion, to produce the second cloml generation. Rr.du.ccd 

ase~{W!l r eproductio:i indic.?te::; tl~ .. it h-1rr..ful r0ce:rniv3 genes lf.1.y lc.·\.e been 

uncoverJ:l., the expression of ,·Thich u .5 dclay~d until e.n unfavorable r c,­

action betv;ccn the cnvironrr.ent and the inbred g~not.ype.s occu1credQ Sev ')1·c.l 

f airly vigorous ~'5 U.ncs were ob1,P-.incd, rr.any of which exhib:Ltcd 2. hi_c;h 

de.9:ec of tl.!i i.fo;•l!'-1ty. 'i'l1u rc1J.1id d.Jcline :in visor upon in'ur..:c~din,: su0.._:.:3ts 

th.:1.t. hybrid v.lgor 1,:::i.y be obt< inJd. from crosres bot\-iecn aclvv. nced fo~n-3 

cloncs o 

Since inbreeding by s.clf:inc 5.mpo~os selection for self-cor,tp.t:i.hility, 

thi::: proc0dure m:i3ht produce sorne homozygous nelf--comp;i. tible lines wh.i.ch 

would ·be very useful for an invest,igntion of the eenctics of self­

c omJ~3.tibility. Scoring for segregation of self-compatibility wn.s h:i.rnpcrcd 

by the occ:nrr~;1c~ of fc. ·ale- and pollcn-:,tcrili ty in the inbred pro6cnics. 

Inbrr,cd:i.nt: aF;x:i.1·cntly unco .rcred reccssi v:J get 1e;, for vario1.1s d 0grcos of 
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for sclf-coup:\tib.Hity Here ident.ificd. 

Progenies obta h1cd by selfing hy'u1·id diploid clones segreg,1.t.ed for 

mny t r[lits. 'fhe genotypes for seva:i:al knov.11 and potcnt:L:-.1 n~1.rkcr gene:, 

were established for 31 s e lf-comp:itible diploid clones. A gene, , ,hich 

c ontrols the pigmentation of the ov:J.ry ,;:all, ,;as found and assisnc.'d th0 

gene sytnbol £::!. This gene appe::trs to b e closely lintecl Hith sevcr·al othor 

genes controllins; the distribution of anth0cyanins. One of the genes af,. 

f ecting tuber sh.:lpe appo.rently is also nssocfatcd \·ii.th this lin.lcaee groupo 

Cultiva t ed diploid stocks with l:noi.m genotypes for marl:er genes h~,vo ~reat 

potent:i..8.1 value f or futurG genetic invostig,., tions in pot3.tocs o 
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APP,..:NJ)lX 

A. 
I 

List of recently assi(ncd or cu1·rently used gene symbols 

Gene 
s;inn'ool Character Sourcc)·) Reference 

Ac Acylat:i.on. ControJ s acycJ?tion of Phu Vide Harborne , J.96C a 
anthocy<J.nins with p-couP2.1·ic acid 

AF Ant.her-style fusion Tbr Grw1, 1970 

cl 

CQ 

D 

d.£: 

dx. 

albino, 1;/hite scedlinc lethal Stn 

Has at least 5 alleJ.es ,.rhich con- Phu 
t rol. pig,_ent,1tion of floral ab,~ 
scis"'.i.on layer, tub•3J.' e~;ebre;v, sted-
spot, an<l 11od2-l b2r,d. Lh1-~nd to l 
and E 

C01 .. po1..i.nd 102.: Phu 

Curled le;.\f Phu 

Corel)?. pi~;:.-1ntatioli, ~ c.np- n,ccl 
p1:e~1ses µig.,.e.ntntivn 0.f t.,·,,3 coroll?. 
in \1ild dipl oid.s. Link.::,d to B I_£, 

crui ,plcu Phu 

Basic gene for color, Acccrdin~ to Tbr 
Howc.1rcl (19ol, 1970) siniilar to r,cne 
1 of Doc.ds and Leng (1955) 

lJeforr1 eJ flo•.-·ers. Pla&r.on sensitive cllc 
male sterile. 

Droopy. Linkec to~­

Derect i ve xyle1n 

11Red !)igr:1ent no. 1. 11 ( in periderm 
of tuber, eyes , ste:n.s and fl.o· .. e1·s ). 
C1 osely linb,d to .!.! ( Ho\·ard, 1966 ), 

• Prc,b;1bly an nlJ elc of 'l\1!.Jcrostir:.. It 
(:·!o·, .;u·d, ! )(.,: ) -

101 

Phu 

Phu 

Tbr 

Dodds and Lone , 
1956 

Abdalla, 1970 

Sinanoncls , 1965 

Paxr.,an , 1961 

S )J1'UC'Tl1ls , J.96 5 

SaJarr:an , 1910 

Grun ct .:i.l ., 1962 -·-
Sir11nt(1nds , 1965, 19:i6 

Lunden, 1937 
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A. Continued 

Gene 
symbcl CharacLcr 

102 

Source1 ) Reference ____________ , ______________________ _ 
El 

F' 

Fa 

ill 

G 

Lethal, Plasr,;on sensitive , linked Phu 
with 1 

Controls pia:.Gntation of flOi:er in Tor 
~. tuberos_2:1_r~ •. Pos:3foJ.y liH!~ed to 
'l'ubercsurn g (Lundon, 1960) 

Controls pigi .. entat i on of fl01·;er Phu 
i n d iploid cultivat.ed species. 
Possibl v so.me as 'l'ubero:rnm t, but · 
not linked t o B. i n dirloid;~(H01· . .:irdJ 
1970) 

Resi stance to J!etcrojc.r_g. ros to- spg 
~SJ.§_ 

Fer:.iale--st erility 

Gr<~en pl nnts . f.£ plants prouuce 
chlo:cot,ic foliage. Linked Hi[,h 
a f actor conti·oll:ing anth0c;-73.11in 
p:i gment 

spg 

Tbr 

vrn 

GI Glycosy13.tion ~)f f1avor1ols, but. 
not of c.1.nthocy2.nins 

sto, 
chc 

hd. Hairy <l 1·-:ar f 

1 oasic g,me for tuber skin color . 

In 

K 

K 

Inclehiscensc of ant.hers . Plasinon 

Spectacle of tuber color. Allele 
of 1• Only 15.5 P plants produce 
spectacled r,ubers . 

hourd tuber sl~pc, (linked to 0?) 

Adg 

mJ.t 

St.n 

Phu 

chc, 
Tbr 

Pbu 

ktz 

'l'br 

Frandsen, J.96? 

Lunden, 1937, 1960 

Dodds and Lone,, 1956 

Ross, 1966 

Ross , 1966 

Grun, 1970 

Plaisted and Peterson, 
196'7 

Harborne , 1%2 

Ross, 1966 

Ross , i966 

Sir:mondb ' 1965 

Dodds and Lon['. , 1956 

Grun et al . , 1962, 
1970 

Dodds and P&...."{1·1:1. n, 1962 ; 
Sir/1Jl',onds , 1969 

Ross, 1966 

r I 
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A. Continued 

Gene 
sy;nbol Chc1racter 1 Source ) Reference 

103 

Com)iound l eaf kc.z C.:houdhuri, 191,l,; 
Sv.-a1dmt.hcm, 1956 

Lobed m:i.crospo.res. 
t ive , m:=tle-sterile 

Lobed pollen grains. 
Lobed pollen c;rains. 
Lobed pollen erains. 

Plasrnon soasi .. 

Presence of 
a.ny 2 r;enes 
j..n .Y.~ cyto­
pln.nm le2.d.s · 
t o lobed 
pollen grains 

chc 

USM,H 1~, 
ver 

Grun et £1., 1962 

Abdalla , 1970 

1!: Leaf roll. S:i.r,1Har to infoct:ion by Phu Sin-.:nonds , 1965 
l eafroll vi rus . 

H Restricts tubs r pedde.crr, p:Lo:ent·-~·-· Tor Kelly, 1921+ 
tion lo ,1.rc;J.s 3.rounci the eye"'. 
C ] • ; • .1. " ( IJ :1 10 , I ' losely . . J.TI1c€(1 l,0 !:!:. no .. ar, ' ,oo / 

ms. Eale-ster:ilE:, non p.lasi.1on sensitive, l B-\! 1,2, Aoch1la , 1970 
lI:§2 
lllSl 

Na 
--sto 

Natbr 

lr ~~tbr 

Ne 
~br 

.l!on-letl1al rie.cros:is to vi1·u:, l,. 
Identic2.l v.ith ?~ (:i.css, }96£)\ .. 
I nd(::;p€11dc:nt of lf:Lst 0 3.ad it.fsto---- -

II 

fl 

sto 

Leth£>.l necrosis to vil·u~ A. Ide~1U- Tur 
cal to eene for, .. crly de::;ip1.-:'"l.'ced as 
Nc1. . Lin;:ed to llE..:.::ir and possibl:r 

Ne~. Independent. of l:btlir• 

Lethal n,"3crosis to virus X, G1·oup3 Tbr 
1 at,d 2. Id.:ntical to gene fcrurn•-
l v dcsigm.ted a::; lfb, Indcoende,1t of 

" - . n 
NXtbr: 1!1.~ , Jlcfu and R.xJ_c:i:- , 

Lethal n8crosi8 tc virus strnin ye . 
I dE:nt icaJ. , :ii,h e:c.me forrr.erly c.esi,::­
n t1.ted as lfo • Possihl v ljnJ:~ ... l t0 

• • V 

Hx and !;?, • 
-tb:r --t or -- --

'I'br 

Cock:erhar,1, 1770 

Cocl:c~han, 19'70 

Cockcrh:1rn) 1170 

Cockerham, 1?70 
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A. Coniinur;d 

Gene 
syr.ibol 

Le:..h;-,., l necrosis to strairn, of 
virus X: wir.hin t irnups l r1.nci 3 .' 
Linked to !1::\_1.Pl.' ' and possibly .:i.lso 
t o Nc+t . , bm, -:,:ndel)ernlent of 

--v1).l· ' 

Nbt, r:-
-- 0 

Nx.,_b ~1 Allelic and probo.bly identicul 
-~_;_ with llY-.i. t .-• J,j_nk8d to tlx he 

Hs 

"l,U • - •- •_£ __ _ 
a nd i·'.v --=-· _ .._Cher 

Lethal necronJs to all str2ine of 
v irt.a X. Linked to J,;x. ) s 1)1 and - -~.~-'-• 
~~-

L~th..-i l necrcsi:3 to all straj_ns of 
virus Y aud vi1·us A. Lin:.;,~d tio 
N d ,

1
.-1.. snl 

-
xc',lc an .,.._., _....___ 

-~1~~ • 

Let,hP.l nec,·osis to all stl';c,_ins of 
-vh·u·_, Y c:rd ·,,J!,us A. Ident:.cc•.l 
v.ith f"n<:: fo :·:1,,:r-J y dec:ic.12.t~ll 'lS 
g:-z. Independeut of &12.~ • 

Necrotic r:>-;.ctio:1 to virut, ti . 

t!on sh,:;..l}ins; ani.h ,::·s , pJ.~,snr,n 
s enciti 1c, JL~tle st(•r-ile. E-a1.1c 
pi1~11otJ J)d .::.s nl. 

0 De,3p c~·cs. (Linted to f ? ) 

Q7 ll,;0is bnce tu li • r·y,tocl ,:Lr,nc·d ~ 

Q;i 

Tb:r 

spl 

chcJ 

chc, 
P1Cd 

Adt,: 

Phu 

Phu 

Phu 

1'br 

opl 

104 

Hcference 

Cockerhnr,1, 1970 

Cockerham, 1970 

C0c)(er::a1:1., 1970 

13aerecke, 190'/ 

Abct1:1lla, J.9'/0 

T 

AbtlallA. , )970 

,. 
Dode.ls and Pa:;:•::i.rl , 
1962 

Haris, 1962 

ROt.$ , 196,~, 
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A. Continued 

Gene 
s~1Jnbol 

p -

El 

Pu1·ple pi~.,,~nt;,tion of tub,'3rs, 
stems, flm·•ers 

Pollenl~iss. Pl.'l.srnon sen:;it:ive 
11J.3.le sterile 

I 

Pink e.nd yello;,. Leaflets are 
pink underneath .:1.nd have ycllm; 
Jl13.rgins 

105 

Sourc?l) Refcr-ence 

Tbr S.-~lan:.:rn, 1 910 

chc 

Adg Sirrunonds, 19~5 

1:§ Partly stained sterility. Pla!:tmon US-W 112, Abdalla, 1970 
sens itive, male storile. 

R 

R 

Red pie;mcntation of tuber phello­
d erm in t eti.~aploic1s . Allelic 
Hit.ri B (I-io\•.:.1.rd, 19-~8). ?ossibly 
lhllced lo £ (Lu:ic!er1, 1%0) 

Red pir:i!~ent:it:1.on of tube.r, stems , 
flm·:B!'S in diploid s;:•0cies. 
Allele ,V...''.:'. proa1.1ces pink tu:Jer3 
anJ. wh-Lte flmre2·s . 

Second i nc:)mr,-'lti:):i.lity locus in 
two locus sy::3tera 

.i~x.Lre,ne resi.sl'c!.1t<:.c l-O all sl1·cins 
of virus X. Ir.rl.•~~en<lent, of l~x~ 1"' •. . ---~ .,,. 

AlJ.de of Rx., ..• •• -·.,C ' 
to all strai1r~·of 
P'.mdent of iib,. b • 

-l.,, ! .... 

Leth:11 necrosis 
virus X. Ind e-

..&ctrG.mc l'esi::-tance to all strains 
of vir-us X. Ind ep2ndcnl.. of N;Stbr 
anrl. !i.:SacJ. • 

AEele or Ny 
io virus A-; -9 . .!:.:l 

l.etlBl necrosis 

J•::.t.~•,,;1 ~ r:::,-,j ';t -!lcr~ to ::.}1 cttaitn 
ot ·;:i..ru~,:--·, Y ?J.'l ,\, Jn.i::;i:m-i,~,,1. 
~ ., 

o, .!.'"".dr·c-; ' 

Tbr 

Phu_, 
Stn 

arp 

acl 

Ade; 

Adg 

drns 

h:)U 

Lunden , 1937 

Dcdlls and Lo,1r, 1956 

Pushk:lrn=1th, 1953 

Cockerh:1r.1, 1970 

Cockerham, 1970 

Cockerh,3.m, 1970 

Coclwrh:im, 1970 

Cod'.:erh.--i1.-., J 'frO 
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1C'6 
A. Continued 

Gene 
s~l\bol Char:.1cter Sourc1:/) Refc,r.::mce 

s 

SH 

TA 

Tr 

Excre1ro resistance to all strn.ins 
of viruses Y ani A. Jdent:i.c<1.l 
\'lith & (Hoss , 1960) . 

K-....i:.reH:e r es i stancc to vi r.us Y fl.nd 
leth:11 necrosis to Virns 1\ . 
Probably allele of h.Yst.o• Con­
fir med allele of !t~st0°:~'"l • 

Leth~l necros i s to virus Y, coupl"'d 
with suscc,1tibility to virus A, 
Ident i cal , 1ith ~~ (Ro3s , 1960). 
Allel e of !i'foto • Independc~1t of 
EY.s tcl:!:!£l::. ' li:Ys'to.n2, an::i !!!::.~~• 

Ind.e;)endent 

N\~ • 

Id.anU c:>.l 
Inc.lepend.er.t 
and t·!a t . - ·-_g;_~ 

Hes istance to virus S. 

Self-•inco:H;-:.1. tibility 

Shorty 

Shrivelled microB~ores 
plas1.1on 

Sporads s ensitive , 
m:1.l e stcd le 

Thin anther 

Tetrad sterility 

Undivided n:icrosporocytc 

II II 

sto 

st,o 

s 00 

st.o 

sto 

t br 

Stn 

Tb1• , 
chc 
Tbr, 
chc 
Tb:r 

vcr 

Cocke:r '.n1!!., 19?0 

Cockerham, 1970 

Cod:erh'l.ir., l 970 

Cod:crh?n, 1970 

E::>f,'.'.:.:ll e.:·:; ·::cir~, 
196~ 

see:·: ;,bc.-::.1!'., 19~ ·: 
Cir-2:-- , 19C>J 

S i.J;J,\C:lC~S , 1965 

Abd:>.1Jc1 , 1970 

us-1
. 1 1:2 , Ab~t;.J.h , :;_~70 
If 
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A. Continued 

Gene 
s y-i:tbol Cha 1·acter 

-------------
y 

V - V -·1 -1.:, 

w 

\J 

X 

Yello·.-r·-grecn s oedl.in.~ 

R~sistance to fl. rostochiensis 

Vcin3l chloros i s 

\·ihitc (albino) 

\iinged st.em 

Resist~nce to .§,ynchvtrium endo­
biotic~¥!! 

J. Resistance to S. endobioticum. 
~ Two comple;::-,ent.:.,.ry r,enf"s 

XJJ} Yello.-1 1,13. r [.i.n 

r 

10'7 

SoLtrce 1) References 
------ ·----

Tbr Lunden, 1937 

vrn Ross, 1966 

eon Sir..rflon~ls , 19b5 

'l.'br Lunden, 1937 

lllCd Choudhur:i., 19hl .. ; 
S,-rc.min~ than, 1956 

Tbr Lunden, 19YI, 1950 

Tbr Lunden , 1937, 1950 
Tbr II II ll 

Aclg Do:.lds , 1956; 
Dodds and PaxF.?n,1962 

1
) ror code of abbrovi;,.tionf, to potato ,,.:o.r.ics no~ Si1u0ncis (1963). 
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B. Prelind.n:i.ry survey of n~tcr:i.als and method~ for the det0~tion of 
chc:; ,:,6 , net:i.c 1:::-.rkc:r gc;ncs 

i~ Concent1'..l.t:i.o:n of the extrnct 

108 

Tha c;-:troctn were gen'3rally not conccntrzite,.i pr:i.or to epplic:ttfo 1 

to the plntcs. Only in cases ,·:hen it bec2-)n3 appc1rent th9.t a p:1:rticnl:lr 

extract. 1•;2.s too dilute and only if no r.:or-e fresh ti3suc \ ·:2.s available 

would. the extract be concentrated in a flash ev3po:,_tor at roc .. 1 t..c-.J·1pe1 -

a.turc. If conccntra tion of the c:;,.-trnct v1~,s .i.nticipJ.ted. then the c:•:tr.;1.c­

tion ,:01.ud be done \•1ith approx:lr .. •.:,.tcl:r 8 ~ c1,cetic acid in !".ethanol r~~th-Jr 

t han 11ith 1 % hydrochloric acid jn r.1eth:mol 11M.ch 1·:::ts used in all oth'3r 

case::; for anthocfi>.nin c;~tn•.ct-i.on. Concc:1t,r::tion of c'.n 2!YU!ocy2.nin so:1.uti0J1 

in hydrochlo1 ;i_c msth:'..no1 often ra<;u..1.t:, in ::, p:rt,i:-1 ~cid t;,·drol:5sis cl,;c 

to the incr-2--1.sini aciclitj' of tlw sol-vent n}x:,'1 concc.ntrntion (Von Flb J an•l 

i i. AdsorbGnto 

Several ad",orhcnts , nre tried in ::-. prcl:iJ.;.j.r. : r:, s11~v ;;y, \:it.h on~.::r 

cellu.lonc; unfo1·t.w:J.tely the production of tb:i.,; 1 ·1tcrial h:ls be-:i disco~­

t:i.nued by the nrmufe..ctl.'lrer. Good r csolutiono uere a.J.so obtained ,r:i.th the 

Sigm:i.cell 'fype 19 cellulose. The Cm:ng cellulose did not ssom to produce 

the clegr0a of r esolution as did the Avie el o::.· SiGJ:.'.l.ccD_ but t.hiG 1:3.tc:.:·:ir- l 

cou.ld stUl bo used successfully Hith p:i.cn-:nt:, contairiit1_g rcl:-.tiv._Jy fe~: 

components. In gerie,:nl the cclla.lo_,c8 ,..:i.th the :-,1"111 er F',rt i cl.-;:; f:.~ 1, 3 
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longer devclop:i.n~ time than the cc-:1.r;:;or r.dsorbe,1t~, but the h:.l,s·h-..r dc~:_:rec 

of ro·;;olut.io!'l far oul.,\;ej ehed the t:i.J.-1e factor. 

i ii.~ Appl:i.cat:i.on of the c;:t.N.ct t:ir.i.pJ.e ,to the pl~te 

Hnny tcchnj queG hu v0 been described by Stn.h) ( 1969). Only simple 

inexpensive instruments ,-:ere considered for our pu.rpos8. \,hen thE.: sarnpJ.e 

was applied with a capillary nti.cropipette, t'r1e layer of adsorbent , :as ofLcn 

d0.r..ai:;ed at the point of appUcat.:lon. This r esuJ.t1Jd in an tmeven solvent 

flo\-1 across the pl~.te and conseqHcntly in "tailing" of the pigment and un­

satisfactory sep,-:iratio11. Thece probler•1s ,-1ere eliminated ,·rith the brm,h 

t ype sample applicator describf'ri by Tai~ul'a ( 1965). 

i\:1.ny solvents which are used in p::q:,er c '1,'01 '" to[rRp!-i;y ( re) c?.n .also 

be used \•d.th tldll-kyer chro1'.1l.top·t·.ph;Y (TLC). 'fh'! c.:hofoe of solvent oft.en 

depends upon the ir2.tcriels to be scp.:·ated. Th';) soJ.venl:.s th:lt v:er~ screenc:i 

e.re lfrt.•:d in 'L'2.ble ?.3. The best £(neral sC11 vent. ,-.-h:i ch c<l.n be u se:cl. fc,:,' the 

sc1:,J.ra t 1011 of Lcd:.h aut.hoC/c,nins and fJavono~ flyco:_:j_d,::s i:-.; solvent 11: ,.hich 

is 2.lso ,-.idel:r used jn PC. Solvt::flt.s 4 arl'l. 9 al.;o pcr.'fo.cj,:C-J fairly • .. :?::U ?.s 

general solven ::,~:. Sol vet.ts 12 end 10 did ,-:311 in the b:o d:b:onsion.:,l TLC 

as first. and scCol"'d solvents respectively (See Eulli.ck, 1969, for pr0cedure ). 

The other solvent:-; \:ere net sn.tj sfo.ctory for use as general solvc·~ts on 

'£LC aJ.thout,h so1,1e others, espccfolly ~:iolvent 15 ui..d well on PC. Solvr:i1t 7 

has been used effectively j_n detcctjn[; fhvonol e;lycosidcs . Har'bornc 1s 

( 195<;1) ooscrvdtiou tli·\t alcohol - ace:tic add mi·,.:t.urcs (m1ch c1.c; solvent 

1/+) al.tel' :i.n c;c,'11:0:-d.t-,j~in i,ith c\f'•~ ..,...,_s cenf:ir1wd :in 01~1- ln1,c,r0.tory. 1~s t.h·J 
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vc1.lue:c; with the oltlc..:• solvent c!.G co·, 11\.1.r·cd H.i.th a 11fr.: sh 11 2--da:r old e1c.lvc:1t . 

Fuleki anct Fr2.Hcfo ( 196?) h3.'fe sh°'·:n that i,he pol,..._rit.y of a solvc,1t. CB.n bo 

alt.errc,d by cJ,·.1,n~i nt the mr,om1t of K:itcr in the:: orp1nic p',.?.so. 

v. Referc,nce zria terit> ls 

Ho:,;t anthocyard rw and fl&. vono) [] ycosid c<, c'lnnot. be f,Ul·cl1 :-t.C. 

coir:n,arc:iRlly, although s everal c1.nthoc;yanic1in c}:lo1•id(,s ;:~·e a 012il?.hle. 

lfost of the n.:.d'.urn.lly occurring flavc,110ids arc also diL'icult to o~t.ain 

f ro1:1 other invef;tir.!-( tors . Even when r?frieer~t.2d in a sli:ht.ly acid r.,edil.u 

mo.st anthocyanins beco;:1e c ontn.r.:.i.r!2.tcc. l:ith b1·t:.'"'!~do~·:r1 p1·oducts 1:>.ft•:.r 1 - 2 

months . 'i'lms co-chrrn:.3. togr,q:ihy , .. ;_th knoi:n antl'.c,r;J'::trdns f'-"' ~ becone a stand.;;.rcl 

procedurl!. Harbo1'nc ( 1967) h- ,; litn:.f-J tr1e 1. : • .:;0~' ::,:,U!'CE'5 cf a kl'[/-' niP·:1.;f' 

rnP:1t,s as \·:-::11, and it iu usually li r-c. ·,5:_:'1 r:v to sc:.: :·:ltt? t;·ssc pi5, . .:-:-.~~ 

chrorr~ top·c,phically ( prqx~x-ati\13 c!h·o~.rd:,or..1.eµh:;), ir:lcr.t:i..::T the p:,_;·.mrc. 

band Hhich is desirc:d and then elnt.e t.h::t. l.1cn1<l a ~J:l cc 1 c .:.t.rc'!.te t.h, cli.:.:>..tc., 

This is very ti.J::e consum:i11£ and rc(;_uJ-,.~s 2.c1.dH,;;_oj1c.l t:;,_:·•.i::-. ~nt . 

Tl:o exceptions ,·:<:re the sou:-:-ct•:c:. of pet~r.:i!l ,md of 1·\1l:.:l,1. 'l'J,8 b::~ 

som·ce of petanin ,·:as the £e.rdt?n 1:ac:1:J eb0•:1~.-, =~2:1:'-:2.:} ="l)_~·.....:._::,. ?::·· !'Id~ 

a.nd H::i.rborne (1 906 ) 1·eporled th:1t 93 ;~ o: th:: vici":,mt c:' th,23e b:::-1·ie2 i f 

petan:i.n. Our results c onfirr,, this to the ext.ent tlnt c,nJ.:: one r·a~c, b:1nd 

appeared upon chro!Tl"!toeraphy of · the extract of frozen hu.c~lc':)er::.-ies . Thus 

no furth0r purification , :as necessary i n this case. r.ut:i.r, 1ms av8il-?.ble 

commercially. 
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vL Prop;1ratory chron.'.l tozrap}1y 

0cca.sio11Hlli .l:I., ,:as ncccasary to purify ll. pigment chrom"tographi­

cn11y. F'or example, lth~n no ripo huclcl ~berri cn ,-,ere available, the p ctn1s 

of Petunia hybrid::i. 1 Flar.d.ne. Velvet 1 ,,,..-ere oui..· source of peta.n.in. In order 

to est abliJh on the b<1.sis of chemica l tests which of the s ever a l bands 

present was p ct antn, it \':as necessary to sej.XJ..rate the bands and elute 

them sep:i.ra tely. 

Preparatory chror.1atogr2.phy w,;,,s done by 1ne8.n s of PC as weJJ. as TLCo 

The method described by lhrbol'ne ( 1958 ) was used for p1·eparatm.-y PG. ~~he 

substances ,·1ere eluted from the paper strips ,-iith the techni.que. described 

byBa.l.linecr and F:in 1::3s (1 969). Scverf: l Tilethcds descr ibed for prer,ar2to17 

TtC hrwe b c-:.,n 2.tt0mpted ( A(:en, 1965; Bennett and H.3fc;- ',nn, 1963; Connolly 

~ aJ~., 1964; Klein a111 i 'ai;oport, 1970). None of t her.e methods ver2 co1:1-

plct.ely en. tfafe.ctory, a lt.l:r,u6h th~ ~~<!tl-.?d of Connolly £.1 a J.. ( 196/i.) h~s 

been u:;ed with a c ,::r"t. 0,-in a1,1ount of succe.:.t.. TM.s v:as stiJ l not Ei.ny better 

than H0.nt. cou.ld b e achic•:cd ,1ith hc,ny fiU,er rcp<:l' (\ ,nat,r: 0.n 31•J·f) arid. 

p1•oper cquiJ:..:ent. for PG. 0:.,:ince t he eJ.1.41.te fro11 prep1·2.tory ,-.-oJ:k a l\:a:rs 

had t o bo concc.r,t,r,,.t€'d,, the piu.1r:1t. , .. -.\s elutr:,cJ. with 8 ;b acet:i..c acid in 

metha nolo 

v:ii. Vi~ua l:i.iati on and r ecord;i.ng of chro1:1? t oerm/ll.l 

Since spots of anthocya nins on chrorrat ograL:.S graduaJJ.y fade m·:ny, 

the plat,c~ should be e:x;,mine.d on the s<1..me d~y as they are d evelopcJ. For a 

r outine chec!{ it v~s gencrnlly sufficient to rnake an inspect.ion in visible 

and under ultraviolet .liel1t in the clu·ouatovict•t ch,1mbcr . \·.'hen flavonoicls 

previously dc::;cribcd in the lite1·Rtu1·e were:: :i.dentifi e<l for thEJ fit·rit t ir.,o 

,-:ith '1'1 C, f.Cvc_·r:1 vi.c;ti:•li~r l ic!1 re"r:<.-'nt.:.·. 0S cl e~c·T:ihvt by brbo;·nn ( 1959) 
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,-:ere u sed in a.ddition to the exa1'lination under ult.raviolot light,. 

In addition to recording the Rf values of the various spots, it JJL'l.Y 

b e helpful for future reference to h .. 9. vc a general icle::,. about the color and 

the fluorcoccnce of the spots. The sy~tom for r.-.1.rkine fluorescc:nt spots 

under ultraviolet lic;ht developed by 1'lybom ( 1966 ) ,-.':ls used for this pu.rpose. 

Photography of chrorratograms under ultraviolet light \·1a.s pe1·formcd 

successfully by uning Kodachrome II Day film and a series of filters as 

descl'ibed by J ackson ( 1965) and the E3.stm-'ln Kodak Company ( Anonyn,ou.s). 
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Table 22. Adsorbents screened 

Haterial 

Silica eel • t • Cl t a • o • . . . 
II II 

_o • • o • • • • • • o • 

II 11 factory coated pJ.a t.es . • 

II ti II II II 
• • 

II 11 II II II • • 

Hicrocl'ystalline c ellulose . . . . 
II 

II II 
e • 0 0 

II II 
t • 0 0 

l·U croc.:rysto.lltne eel] l1lose 1'2.ct,01·y 
c oat eci µlo, t:. os o • • • • • • • • • 

• • • • e • • 

II It II . . . . . . . 

113 

Brand n-ir:c 

II 

Chromtplate 4 GF 

II 

II 

Aviccl '.i:'G 

Baker 'l'LC 

Carrag (no 

11 SG 

4 G 

7 G 

10h (~ __ 25 111icron~ ) 

Re3.i:;c:nt ( ~ 100 rn.i.c:cc1.s ) 

size indicated) 

II I! 

----·-----------~--
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Table 23. Solvunts scrt!ene:d - _____________ .. ___ , ___ '-" --·---·----------
Sol- Vohw1~td.c 
v ent. fogreclicnts proporti ons Reference 

-•-•--- - ---- _ _,.,._---- ____ ,,..,._. __ ...,I.,.__ 

Ethyl_ acetate, formic acid, N HCl 85 " 6 : 9 Harborne , 1%7 

2 Forr,ri.c acid, cone. HCl, H 20 
( 11Forest.nl. solvent 11 ) . . • • • • 5 ?, 3 Ha.rboxno, 1953 

3 Formic ad.d, cone. l!Cl, H 0 • • 10 3 Nyborr., 196L, 
2 

L~ Ethyl acetate, form:i.c ad.cl, H 0 8 " 2 3 H:lrborne, 1958 11 

2 

5 I sop.L'Op:'.nol, 2 N HCl 1 " Harborm~, 1958 . . • . . • " 

6 HO, acetic acid 7 " 3 Hai·b~rne, 1958 0 . • • • . • " 
2 

7 H O, 
?, 

a,cetlc acicl. • • . . • C 0 85 " 15 Harhorne, 1962 

8 Et-hyJ. .:.cetEO.te, forn,.:i.c acid~ H 0 70 15 : 15 Hess and Hoy~ .. '; 1962 
2 

9 n-Dv.t anol, -" . e.cid, H 0 85 5 10 Hc3s and l-:e:,-e1·, 1962 .1.0 l'.%1C • • 2 

10 iunyl <.1.lcorol, accU.c t>.cid, H () 
2 · • ?, N~/001'1, 1961; 

11 Cone. !ICl, fornic acid, H 0 • • h 8 Nybor.,, 11)61: 
2 

12 Hethan0\, cone. HCJ., H 0 190 .• 10 l-'.ul7 ict, 1969 . • . • . 
2 

13 n~!3ntano1, C • acid, Ii 0 6 2 Harbo:r,w, 1959; c:.~C-l-l.C • • 2 Nyho:-::, 196l: 

1L~ n-Bubrnol, c'.Cd,ic acid~ H 
2 

0 . • li 1 5 H:ll'OO!'D'.:!, 1953 

1 5 n-r3utanol , benzene, fornic 
ad.cl, H

2
0 0 0 • . • • . . . . .100 19 10 

25 Fuhki -'llld Franci s, 
1967 

---~--------.,._-........ ,-..,, __ ~-
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Full Name --Hie_lk~ _!2.e __ Jong-------------·------------------------------------------ --

Elementary and Secondary Education _ ~!~~!1!-_~ _s_c_l!_~~! _ .! _g_r_o~ _ (F): • L !-!i!'_ ,!J_e_t_ne.rlil.ls.i~­
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