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Abstract

Using flow cytometry to measure the mass
shown t-hattclbgation of a tetraploid with
to a ferRaslsei ttiydlrpal dh lieque al so confirmed t
severaebumedaplamiddsal | owed t he DNA ratio of
species to be .cBheunwadleaelan nMNA ercdatliyo of th
I's consi stentPavd gihf I6tadysd ro meatray caxmt only of
i nvestigatiPagssihleyoptoddsy bt is potentiall

l i ght on the parentage of hybrids with an

l ntroducti on

The term, "ploidy," r eoneorssomeos tihne cneulmbse.r M
organi sms are diploid: because an individtl
each somatic (body) cell occur in pairs, é

and contain unpaired chrbmomosmeses Ther acse
varies among di ffer ent Tshpuesc ideisp, | caindd o rsg adneir
denot ed. alsn *"RhAsspeEmosad specPassihlbhsedldenus

= 18, whereas modPecapbdmes 2li2nn subgenus



Pol ypyl,oior having more than two sets of <c¢h

various mechanisms, but is rare in wild pe:¢
are morphologically almost identical to ¢t
fl oweAbout a dozen records of wild natur al

mostly fr ®mcaltlp g sonl y k noovau rnraitrug al |y
pol ypl oi dyPasnsisiBldbogrieangaanta e anm ap BG4 [da nadt adn

octaploidiifmeanspricdenst [ 2] .

Polyploidy can be induced by chemical ager
[5] created thesdiifrlisdr apdt 03f6l)c,( 4blased on a ¢
oP. incaPRdaeéedullhies resul tirmrg' BybondBelhnonowh,
four copies of each chromosome in somatic
ot her tpeatsrsa,of|lloondhs species and hybrids, usi
These tetraPl o¢ @asrHmMmeld 6KiRegdaearanfd ot her s. I
theory, colchicine treatment can mpeEoduce f
54) and onctagPpl@didise( & are no confirmed exa

Passiflora

The ready avai IPalisli ihtayr aft hteamerdaop lbeei d&ised f
hybridisation. Pwo Beudty Hb reistlséeaarmeaepb’k y(
P. | oéfl proes@inidRa’d’ L a mbPi.e kcianesr unh{ela ¢eXKugl er’

P. |l oéefl proes@inigada’ shown in Figure 1.

Figurlkeflt tPassifbhettay MylPes LYobrag’di mra’

unr egi sstierPeedt Bogf My | e swiYtohu rRyyi'cpal eoriludt .le @ w



These hybrids were presumed to be either t
arise when a tetraploid (hybrid or species:s
confirmed +r @MFPg sodidiBl(o3rxac.aplotniappears that t
unexpectedly when the two diploid parents
uncertainty exi s/ s BobohoBetittys MyaR.eesn tYaoguen g’

‘“Lambiekins’ aR e BaidsyaMyyndgeritml|l garti cul a
readily with opermpapasliifilMseanaisotnr ifprloom dotphlearnt
because their chromosomes are unable to se
and egg production)hatttiwasmbberkef bkhkekbybekf
that these two hybrids were tetraploids ar
mal e Par d ote fl(proerminiga’ ) had produced unredu
or Phaltoefl proegmrminiga’ Ilici8ld t[Solmfe & vti eltemae f or
could be ftdhhenodbservatPonl oeagpehanfghbobweares
much | ar gerP.t hlaone ftGhooesnep a0 f, whi ch, from its

al most certainly diploid.



The possibelittiypt bFaatls siofaibgshéa fexi st has bee
for some ti me9 Idne s2cOr0ilb,e dKutghleerex[peri ence o
Schwartz, who had prBduBRyrdorf rBia a&utoyn’ (& fettere
with (B pdaoa€dphlseance EIliott’”. The resul tir
grew to mature plants. This cross was repe
matter was complicated by the kBypywbedge t I
Beauty’ are inofPacindaphatdehgbhmedyear, Fi
thah* Cl earP Sklydr and(both tetrapl-oids) prod
pol |l i nd&tedawir@tdnsat an®e Hhieoftat e[ of t he sece
these crosses i 4 owrkkndwrs, alsute vkidemnlteer t hat
Yet again, other explanations Were possi bl
caer uUlGoanst ance EIliott’, but some other te
the fruit represdrhtagd ther tofdm@pgeae mags iwse,r eort

from unreduced PameatacesQUdmressttaned Byi ot t’

Al t hough there have been many reports of I
oPassi specaes, |ittle ishlkenowhybbouwuts.t he |
decided that the above questions could be
|l evel s of a number of speciesi andmbhbgbtradt
that, wunli ke conventional me CtromeEtompy ci £ ha ¢
comparative technique which does not meas:!

comparing samples with known existing star

Met hods



Passi slampaes were taken from our | iving c

weredstior @l astic bags beMloarnet ddystpoantecthr ya nSde

P. O. Box 299, 5 4 8 0d sA¢Ga fS cnha tPedreiire, ¢ uN(edt ahl eernlta nt
500 mg) was chopped wi aboat shml poaftapbr 7Db
4°C, in a plasAi<i pieltan aguamBiutxywsof i nterna
sempenwas added. The buffer, slightly modi
ArumugamatriEdefl [acont ai 4 edfi a22Mmagihe difndol e

(DAP) . fTwios essehtecdyeel y cesmplaenxdeesd WINAh tdo
give a product that fl uor esbciensdiantg 4p6r50 pnenr.t

with prefer darhoyemifnen ¢ddigriquences. The buf f

consmitsuand | argestpassedrgemmeamsyilbo navaf5i0 t er
The filtrate nbomsahgscontaeihl nucl ei . The
nucl el I s pascyytdo mertreoru g(hCyaF Ifd vo wML , Partec

Hahnstr aks4s0k0 3NGNn Dt er , wiGeh maagly ) pif @ adperde mer
( OSRAM HBO 100 Il ong Irrséed)i agd hoppfépRPCIi BAEI
UV]and3&8)G and emi ssion (GG 435). The fluor
passing through the focus of the beam fror
phot omul t iwdriteeed ainndt ccomol t age pul ses. Thes
el ectronically prveeaesd soh® 2usdeng Ghbéelnakx o yi e
and peak si ¢POMNaAl shiasltlbegwigmoeAd tsaiendy.l e anal ysi s
made fBaseiabshopad ef;f itchheenctoeof variation of

to be approxi mately 5%.

Apart from the I mmediate interest in the t
P. ‘Betty MyP.es' LYaommmige k iamsd’ ) , an opportuni:
the statusteofamntheexamiane a | i mited range ¢



hybri Bs badrmultelmei r ancestry, and this was
referencRassiahldari@das akteeh emaepnort @d8) asndtit pek
l it engRurhAesclfk el t he reproducibility of th
di fferentP.sazmapadvwall| as Pt.he aeh@idmesavrancant
Eli ott’ were ikBcladidepdmt eaddda g i2tjinpanod d by
its unname® ‘hMbmi dLamhbh were also tested,

parelRt'  BPdppet ', -sap eccoingpsl ehxy bfroiudr of wuncert ai

Fi guPaes i f'lRPopapet’




Results and Discussion

The typical out put hirsyt ongertahno do fi st hseh ofwino w nc
first peak i s Buluixus ndemingnatl W srt sevadand geak i
P. ‘“Poppet’”. The r el Btgiswred ) IBA mahsiss (h"ylbmrd edx
times greater than the time ereladt ista@andMA dmg
call ed the DNA rmtiR.8)c adirsu lHeabd®i, p It dhiech (i 2

concl u®ed Rdompget'’ has approxi mately 50% mo

therefore a triploid.
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Figure P4 sSsWbiwse Wedding’, and its flow cyt
Figure 5. The DNA mass was 3.39 times gr e:
exactly t wiPce ctaleglutheetaePl bloitse t Wad di ng’ I s a

tetrapl oi d.

Fi guPes &4i f Whoirtae Weddi ng’




Figure 5. Fl ®avs iy ftihonrdder yWeafd i n g’
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The DNA ratio (relative DNA mass, or "1 nde

i's sihmwhabl e 1. There was ¢gP0o0d aaegoudeenae hs b
(Samples 1 and 2), each havinB. 1lc®&&€r wlhhed s
‘“Constance Eliott’ (Sample 3) at 1.60 was

forma. odualeed@dhe DNR. raci Pampgl e 4) was signi f

at 1.10.



DAPI only binds to the bases adenine (A) ¢
varies among di flfker eemtd plaaretl yf amimpiréda s e[s 5
the medéddbdhere does not allow absolute qua
calcul ated. However, t heP.abcadrstlderaowanl & ar
2.90pg3l ceMhuglan approxi mate DAPI conver si
coul d be usetdnet oDNAO nnvaesrs I ndex i nto pgl/cel
certain that the AT frequPRasyi Uouwa®nsthat
present results are | eft as DNA ratios r efj

i nt er nalBustuaredrngpred v(i r ens

Samples 9 and -67eweed bwbBratbey using col

13, and 14 were created by him using hand
of fspPasegf'lMreaar Sky’', for exadaimpées fWwaemse
fifty seedlings. All these samples were pt
been confirmed experimentally in al/ cases:s

DNA ratios ranged from 3. 11 .t5a .f3 dme(amean
units/ cell, i.e. close to the amounts expe
ot her species involved in theseadylbi etahse h ¢
four hybrids (Samples 6, 10, 15, and 19),
tetraploid female parent with a diploid ma
to 2.72 (mean-=.233.% H;f rmempe =unt/ts/ cell . T
amounts expected in a triploid, again ass:!

homouedbocaerul ea



Table 1. The nucl e drasBNAsIpmacsilseydorfa rddar i ou s
(rel aBuxestoemperawmiOr)ehe deduced ploid

N o Sample (Parentage i1 s | |DNADedud
ratl pl oi
1 |P. ca#rul ea 1. 4Dpl oi
[ Speci es] contr
2 |P. ca#2ul ea 1.6Diplo
[ Speci es] contr
3|P. caer@dresatance Eliott’ 1. €6Diplo
[ Sel ection of species] contr
4 |P. actinia 1. 1Dipl o
[Speci es]
S |P." " Berkdegb5Ay20067?) 2. 2Tri pl
[Hy br iPd esfulPgel t at a
6 |[P. ‘Betty Nylrees neggumdk 200 2. 5Tri pl
[P. " Cled®@r Slbefgpenmanga’ ]
7 /P. ‘“Blue BWaglbey, PUSAmelt®9| 1. §Di pl o
caer)ulkealamet Rystap®ul ealerul ea
8 |P “ Cl garfFliSkgHer, Germany 3. 3Tetr a

[R. amet RysthpaR.l eapérulcaprul e

9 |[P. " Emi | (KQRilsseaher, German|3. 4Tetr a
[P. caeR.ulederul ea

10/P. " Lambi(ekivin s'’e, UK 2006) 2.4Tr i pl
[P. " Emil PKogfF grpeonrkaing a

11lpP. ‘“Lunan{eMecscthai’a, ltaly 21.6Diplo

[P. ca€punbéeanck. EI o eéltpyorépniga

12/p. " Mini (Llambi’ ne, UK 2005)|1. 8Diplo

[P. " PurplPe Hazddopmrwampiai' ]

13/P. * Moni k a( *Fti bsicshcerer, Ger mi 3. 1Tetr a
[R. i ncRrnatmaj hB.s(k enraRe sicrag&r ul

14p. “Pa@anhtdhr’ (Fischer, Germa|3.23Tetr a
[P. *“ White PNedWoinnigkka xFi scher ']

15 P." " PoppktWK n2e0,0 8) 2. 4Tripl
[P. " White RNeddimg’' Lxamb’ ]

16/P. ‘“Whité*M)r(Wouters, Nel393Tetr a
[P. " Whi t e PNe dcda enrdtimhieta Kugl er ' ]

17/P ‘“White(Wpd@Fngther, Ge|3. 3Tetr a

Net her | a[p.d sc a2 0ad4dat a nR.e €Eil dl

18Unnamed hy(blrrivdi m#el, UK 200|2. 4Tri pl
[P. " Betty MYl e'sPWroping Hxze' ?]

199Unnamed hy(bkiindg,#2UK 2009) | 2. 4Tr i pl
[P." White Wedcdialeg'ul > a

N

200Unnamed hy(blrrivdi #e3 & King, | 1.
[P. acPi nMiani Lamb’ ]

Di pl

o

(*) cotchbacedetehydmil s disrom two tetrapl oi



The DNA ratio of some species and hybrids
resklorsexPaomplLenamé&aimpt @’ 11; 1.67 units/ ce
cro®s caCeornuslteaan'x® . EI pelfpareannglat f ol | ows t ha
cal cul at edP DNIAo élfapyoi réannegfa2-[ 11 6&d2/ 2)] = 1. 72.
cl osePtocaddiudlemi d control ®8ndleefgnghyi su
|l poranga’ i's also diploid. SA.milloaerflgyr,e niifi
(i .e. "Corupa’ and ‘Il poranga’) have the sc&¢
hy bri d SfaZn@] el. 43 wunitsPc'eMilni, sidamid’'ol | ows t
2[1-43 .10/ 2)] = 1P.7eMiwnni (LadmbEll ¢ .1 B) nice t h
P. ‘" Pur xPe Haz@drruepdPheh Pur pkEe 2HA&z1&67 2/ 2) ]

= 1.80 wunitisneel IPurpiimaldlaypg bamelt ®mdt i na

P. caerttHheemmamet hy28¢1l(maowz2/2)] = 1.98 units/
conversion factor of 1.8 (see above), ther
P. amethgsappeaoxxi haB8elLyi(&.98 3.56 pg/cel]l
publ i sheB. vamaeh$s86pg/ cell) as 4r esaaenndt ed
i's concordant with the T=]PAorctoltl eatt i tomi o fs |

derived resulds2.is shown in Tabl



Tabl e 2. Estimated nudil playh dDiNdAp eh@aisess of C ¢
(rel aBuxestoempierBv,i rcares ul .e@0)

Hybrid/ sp Source of estirr?';lf
P. amet hyst/lP." " Purple Haze’ 1.9

(see bel ow)
P. eiantl eri|#17 Tet®Prap@Whoitd Weddin|1. §

[P. ca€mouwmlse¢eancP. EEi o]lht
P. | oéfCprraufAssumed Peqgualeftgppenang 1. 7
P. | oéflgproen#1A ‘ Lunameti sta’ 1.7

[P . ca€ounbeanck. Eleona tig
P. * Mi ni Lal|#20 Unnamed hybrid #3]1. 7

[P . acPi‘nMiani] Lamb’
P. ‘“Purple [#1R. " Mi ni Lamb’ 1. §

[P." Pur pkie. HaaefCpmrarmial
I n the absence of data for a@earatl gyisre ss peqives
some value. However, they should be treate
could accumul ate during the calculations.
possible to derive similar r easyulbtes pusoinneg tc
further uncertainties. For exampl e, among s
presence of aneuploidy cannot be ruled out
conceivable for a triploid organism to | os
chromosomes yet retain viability. This wou
unpredictabl e amount .
Data on the DNA conPessti shbesearsmhas bteat |
by Souzla]eThay .f und variable ammphés of n
P. edmyBdeBpo)(tdi.d2 pg) b2rR2pgiudulsi s
(3.1Bpgedfullavsi ¢ 8+ B 2R pgquadr grbg BH6argi) s

gal bgrBa P2 p gnu;c r(a3n aR0ap gnia;l i(f3o r7n8psg )s walnedr o s a



(1p8gBor compari sdn,r dmarltee e P3 .atahpg d,/aqgeaili le nfsa

whiAreumugamatrita8h [flound 4P55mgnhicepér mnfolia

The parent Bgek(eSfaenypl e 5) is unknown, but f
mor pholpgpeyarist tao b.e subh@pdaldt dtasdslul & mewhat
surprisingly, the DNA ratio (2.27 units/ ce
Al t hough it is conceivable that it could
P. “Cly¢ar a8kalternative expl @&natsiudnp eil st att haa

reported as dip[],j dhdy @®DehiMgh oPEAC madt ubeace

A further presumed triploid is shown in Tz
t heoRs ‘' Betty MYl e'sPWwWroplng’ Hxze?’' , i . e. [ tr |
vigorous and free fl owering with well forr
chromosomes segregate at meiosis, this tyrg

theoreticaldigputodadme & r(iip.leo.i d, tetraploid,
unnamed hybrid #1 is a triploid may be pur
i ndeed even haBoet hi nodfu ctende s'eplrfiimagr.y * Bett pl o
Myl es YoRind’'L aartbgd ehkaivnes gi v en urnirsed etacc ead n u mk
daughter hybrids, but al ways when acting &
subseque,nt Pk gblraindbsP e k ¢ a,¢siebeix g a,r eh &&Yye appear
mor phol ogically nor malandanfd ohwaevree dg.r oTwhni st oc
someassi tropaoi ds are fertile,

Fi guAbdobhre hyPb'rambi ékRkRi.nscajeraulmar phol ogi ca

nor mal progeny of a triploid female parent
comparison, ftwwoPfllooaer sl ea



Concl usi ons

The status of Fischer’s tetraploids was cc¢
finding of thi s Praesssd ahrlycbhr awdass atrheéartp gsdotomiea | | y
This is relativel yriuplusiuéds$s2 dameT Hhitas r fmdorstt i[ gl
fertility refers to the fact that the egg
we have no evidence that these triploids i
byHol t h@L®eanl i ps, Besoeyaeaschhows evi denke that
‘Betty Myl ePs. " Yaumbg 'e ka mda ’ both have abnorm
exine. Contrary PR.o leadlfipgjoeréamapap sdhtoavini d ros ,b e
di pl oid andooaotr ai mglthiee tnfudcg lecaird .DNA r ati os

examined here are ¢ ®Prmasiss tfdmtioawictyht oontehterry dne



