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v ABSTRACT
, . /

Structural, cytological and chemical data are used to
establish synonymy, taxonomic relationships and a classufncation of the
herbaceous ‘taxa of Cornus L. The two species, Cornus canadensta L. and
Cornus. suecica L., are structuraily distinct and diploud (2n=22) A
chemical difference (the presence or absence of quertetin 3-0 gentio-
bioside) further separates these specnes. The populations WhICh are
structurally Intermediate between the two . species are separated into
two'taxa, a diploid (2n=22) hybrid, Cornus canadensis X suectca.(2n=22)'
and an amphidiploid specnes Cornus unalaschkensts Ledeb. (2n=hh) The
chemical compound that separates Cornus canadensts from Coxrnus auectca‘
also separates the two |ntermediate taxa. The dlploid Intermediate
exhlblts pollen |nvnabi||ty. A hybrld Orlgln of the diploid inter-
mediate is proposed based on tife results presented. The formation of
the amphidnplo:d through a1l0polyploidy is also proposed.’ The disjunct
distribution of the amphidiploid with respect to C. suecica Is '
discussed in relation to the effect giaciation and climatic changes had

on the spread and distribution of the two species.

:1§? :
. ' Iv
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CHAPTER |

- INTRODUCTION

’ ) . , - . o
The status of taxa‘within.the family Cornaceae has been the
. source df-much.discussion in the pgst., The high degree of heterogeneity
gi'uilt‘h.i » the family has led to difficulties in establishing taxonomic
bdundaries.;> s a result,'SeVeral generic classifications have been
iproposed (Wang rin, 1910; Hutchinson, 1948; Core, 1955, Gleason ‘and
Cronquist, 1963) The relationship of the family to that of the
- Umbelliferae, Rosaceae, Alanglnaceae and Nyssaceae has been periodically
examlned, changed and reproposed by various workers (Dermen, 1932;
Rickett, ISHS, Eyde, 1967). _The opinlon currently expressed by many
taxonomists is that the Cornaceae are a family, separate from, although
closelv related to, the Nyssaceae, Alanglnaceae and Arailaceae (Takhtag- S
an, 1959; Gunderson 1950; Rodriquez, 1957, Phlllpson, 1967) .
The Cornaceae are represented in North Amerlca by one.genus,
Cbrnus Linnaeus (1753) which originally Included five* species Cornus
mas L., C. sangumea L., C. suecica L., C. canadensis L., and C. (ﬂé?'tdd
L.. Cornus mas wasvdeS|gnated by Dumortier (seé\Ferguson, 1966) as the
type species for the genus. A numper of infrageneric.ciassification‘sys-
tems have been proposed in .an effort to satisfactorliy deal with the
diversity in both gross habit and floral structure that the genus Cornus
embodies (Nakati, 1909; Hutchinson, ISﬁiﬁ Hara, 1942) . 'A.review of-the
various classifications of the genus Cornus has been presented by
Ferguson 11966) . ,A'. | : o ‘.--'.: o o

ln most of the c5a55|facatlons which have been proposed, the , &

a . !

L. e e Ll mimmemmbad Taba o ,fanarata
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taxon. The rank of this taxon varles, depending upon the classification.

A list of the various taxa described containing the herbaceous members

of Cornus is given in Table 1. -

One of the'proposed changes is the segregatiOn'of'herbaceous
‘Cornus into the genus Chamaeperzclymenum HIll1.." In my opinion the

correct authority name for Chamaepercclymenum is Hili not Graebner as

AIS often given in the literature (e. g. Love and Love, 1975, Hutchinson,
v19h2). The reason for this apparent error o; citation is that, Hill's

~ description of Chamaeperzclymenum appeared in a volume which did not
‘use the Linnaean system~of blnary nomenclature consistently His
generic name is therefore very commonly ‘considered not to have been .
vaiidiy pubPished However, according to Artlcle 23 of the Internation- '
- al Code of Botanicai Nomenclature (1972), oniy SpeCIflC epithets ' |
published in .such works are consndered to be lnvalidly published.
Therefore, Huli's name, since Tt Is a generlc name,. is vaildiy pubiished.,
This is the position of Dandy (1972) in his consideration of the |

o

question. Further, Hili‘s Indirect, yet unmlstakabPe reference to the
\ ~

: Linnaean species Cbrnus 8uecica as being contalned in Chamaeperzely-
menum served to typify the genus. The publication of the name Chamae-
’ perzclymenum by Graebner (Ascherson and Graebner, 1898) is superceded g

»

| by Hill's name . \

Aithough .the separatlon of the herbaceous members of the
genus Cbrnue into the segregate génus Chamaeperzclymenum has been ' _\\
supported by a number of authors, retentlon of theSe taxa within the
genus Cornus is the most common method of ciassufication in North . o

“ America at this time (Rickett, 19h5, Fernaid iSSO-‘Huitén, 1968) Foh

'this reason, the herbaceous taxa will be treated as members of ‘the
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TABLE | |

A list of the proposed taxa contalnlng the herbaceous e

specles of Cornus L (after Ferguson, 1966) '

v
L

Chamaepertclymenum HilY (1156)

R .
"Gprnus a. Arctocranta Endl. (1839) ' ?j

Cornus sect Cornton Spach (1839)

Cornus subg. Arctocranta Re|ch (18hl)

(&}

. Cornus Sect. Arctocranza (Relch ) Lede. (l&ﬂhlj

. Cornella Rydberg (1909)
: Arctocranza (Reich.) Nakai (1909)

Mesomera [Rudbeck]” NJewland and Lunel] (1916)

Q

e

(38



| | 4.
genus Cornus subgenus Arctocrania Endl. ex Relich. in this study. Only
ghe herbaceous taxa of Cornﬁs are contained in the subgenus Arctocrania.

Research inuélvlng~the genus Cornus has been ﬁarrled out lﬁ
the cytbtaxonomlc, chemosystematic, and developmental fields of botany.
These Sfudiesvhave‘servéd to aqémentwthe data avai)aSle for Classific-
atory purposes. k _Y \ \‘ ' |
| Eyde (1967)nrelated'Nyssa L. and Alangium Lam. to Cornus, based
“on evidence derived from g;nbecial vasculature., Chopra and Kauér (1965) ,
after Qtudying tﬁe embryo developmeat of Cornue, suggested that Alangiwm
(Alanginaceae) should be included in the Cornaceae. Vilkinson.(l94h)
s;udied the flpra1 vasculature of a number of species of Cofnus, but
did not propose any new taxonomic groups. However, C. jiorﬁda was
considered to be ;he 1éast specialized; baéedfupcn the extensive
HVasqglgture in the sepals and ovule, and a vestigial vascular trace'ln
the receptaéle (this occurrence suggégts a reduction in sepal s.ize ané
ovule number which'has’not been accompanied by vascﬁ)ar reduction).
Eﬁnversqu,’c. alternifolia L.i/g;’gtolonifbra, and C. suecica were
consideréa tHe moSt'advaniig,/’ |

Fo Cytological.studies of the genus revealed basic’ chromosome
numbers of x=9, IQ,\li wiéh x=11 fhe most common (bermen,-l932);
" Cornus mus (n=9) has two pairs of lpng chromosomes '
with mediéngor sub-median constfictl6ns. The fragmentation of thése
3chrdmosqmes could result i& tﬁgk;=lb and xéll chromosome numbers
obserVed.-:Cornus mﬁa could then be considered tb hayé given rise to
| ther membérs of the genus with higher‘chrémosomé numbers. One poly--

ﬁloid taxon was found; Cornus canadensts (n=22). (Nyssa sylvatica Marsh

a

’



also has a chromosome number of n=22 and this is clited as evideqce

for Yits affiliation to the Cornaceae [Dermen, 1932].)  Clay and Nath
(1371) found some specimens of C. ruéosa Lam. to contain an extra
chromosome This further suggests the posslbiity of chromosome
addltlon to the basic x=9 number A}i but one species examined In
this study contained one pair‘of chromosomes longer than all others.

- Cormus canadensis had two longer palrs. Polyplordy was not considered
an important method of speciation within the genus, since only one
tetraploid species uas found.

Definitive‘phytochemical research within the family started
with a serologfcal study of the Cornaceae and the related family
Nyssaceae (Falrbrothers and Johnson, 1966). Antisera were produced
against four species of Cornus (C amormum Mill., C canadenszs, c.
fiortda, and C. racemosa Lam.), two species of Nyssa (N. sylvattca
‘Marsh. and N. aquatica L.) and Davidia involucrata Baill. The results

5upported the, inclusion of all the Cornus species in the same genus as

well as supportlng Rickett's (19h5) exclusion of Nyssa and Davidia from
Ve

"

cornus. The serologlcal evidence also supported the separation of the
herbaceous taxa into a distinct group, whrch was not considered by the
authors to be of generic rank. : " , .

" A chemical sur ey of the genus Cornus using nonflavonoid
glycosides'has also bee7 carried out (Jensen et al., 1975a). The
classnfncatlon, based dpon chemical data, which resulted from thls’
survey was very snmllar to other proposed classnficatnons. most closely
resembling the classﬁfncatlon proposed by Nakai (1909) Again as in

/
the study carried oPt by Fairbrothers and Johnson (1966), it was found

that the herbaceous species could be separated from the rest of thé



\\ ' | , , 6.
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genus Cornus (in this case by their possession of monotropein and

genepos ide) .

The relationship of the herhaceous species of Cornus to the

/
/

rest of the genus has been outlined (see Table }; also Ferguson, 1966).
Although'con%iderable work has been dope relating the herbaceous taxaq
to other Cornus, very little reséarch aimed at uncovering
the relationships withfn the\subgenus Arctocrania hag been carried out.
Results of these studies indicate that further | | |
study is necessary to answer certain questions which can be
raised concernfqg the classification of the herbaéeous taxa of Cornus.
Three herbaceous species Of,Cornus have been recégniied,
Cornus.éanadensis, Cornus sﬁecica, and (ornus unalgschkensis Ledeb.
and hence are the concern 6f the present work. Cornus canadengis is
found mainly in North America, but alsg in nortﬁwestern
Asia and at higher altitudes in Japan (see Map 1). It has been
distinguished from C. suecica. by th; Presence of a whorl of Q-6rleaves -
at the apex of the shoot and only one pair of leaves‘(usuaily reduced)
on the lowe; stem, Cofnus euegica has 3-6 pafrs of approximately
equal;sized leaves along the stem; Sometimes they resemble a whorl at
.the shoot apéx. The inflorescence of C. canadensis isjb%mllar to tgét
of C. suecica but lacks the/purple pigmentation on the perianth which
is characteristic of é. suécica. The distribution of C. suecica is
cfrcumpolar. It has been collected On poth the Northwestern and ndrth-
_ eastern coasts of North America as wel}] as Greenland, Great Britain,
'Scandinavia, and Siberia (see Map 2). | o o
A taxon intermédiate betweeén these two Speciés was flirst

described by Ledebour (1841-1846) as Cérnua unalaschkensis Ledeb., then



MAP 1 \

Geographical Distribution of Cornus canadensis L. \
(béged on data from Rickett, 1945; Hultén, 1968; and A

herbarium specimens examined).

MAP 2

Geographical Distribution of Cornus suecica L. L v
(based on data from Hultén, 1958; Hultén, 1968; and

herbarium specimens examined).

'
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Hultén to be a hybrid. Farr (1904) stared that the whorl of upper

.9.
as Cornus canadensis var. intermedia Farr (1904) and eventually asc

Cornus canadensis X suectica Hultén (1937a). It was considered by

leaves and tbe~pale colour of the flower are constant characters which .

relate the - taxon ‘more closely to C. canadensis, and therefore it should’

 be considered a variety of C. canadensta.

A maJor obstacle to the acceptance of-a hybrtd origin of this
raxon by certain workers is outlined by Porsild (1939). Collections“
have been reported over .one thousand mules from the’ nearest C. suecica
location. ~ Such a disjunct distribution is. explained by Hultén (1968)
as a range extensuon of both C. suecica.and the lntermednate prior to

glaciatlon, followed by. the survival of only the more contlnentally

‘adapted intermediate. The distribution of the in@%rmediate'taxon is

shdwn In Map 3.
Photdgraphs of the type.sbecimens of'Cornué canadensiE, c.
suecica, and C. unalaschkensis are shown id Figures 1-3. ‘
The chromosome numbers that have been repqrted for the

herbaceous taxa of Cornus are éuﬁmarized in Table 2. The table has

been taken largel$ﬂfrom,L6ve and L6ve (1975) and serves to illustrate

another problem related to the classification of these herbaceous

Cornus. The ‘chromosome number of 2n=22 reported by LOVe as Chamae~

periclymegum unalaschkense (Ledeb.) Rydb. (Cornus unaZaschkensze Ledeb )~

o

and attribyted to Packer (1964) was in fact reported by Packer (196h) as

. _ \
Chamaepericlymenum canadense (L.) Graeb.. The count attributed to

Mulligan and Cody (LSve, 1971) under ChamaepericlymenumiunaZasehkense

~was also initially reported as Cornug canadensis. The actual specific

status of these specimens is abparently a subjecf of contrdversy.
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FIGURE 1.

Type Specimen of Cornus canadensis L.
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FIGURE 2

<

. | .
Type specimen of Cornus suecica L.
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FIGURE 3.

" Type Specimen of Cornus un_c_zlaschk_,eh'sis Ledeb.
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The relatiqnship.of.the_intermediate taxon to Cormis

L@

~canaden318 and C. suecica is considered at present to be unclear. . The

‘ ’

morpholagical, phytogeographical, and cytotaxonomlc anformation so

far reported is inadequate and in part contradictory\
!

A study of various populations of the herbaceous Coirnus

species collected throughout northwestern North America has.been carried

1

out using the‘following approaches: phytochemical data ac&umulate&-
through the stydy of population flavonoid profiles; cytological data:
compiled from chromosome cbunti of the populations; and morphological
data'bfsed on comparaejve poeu]ation studiee and hybrid indices.

A cbrrelatide interpregation of these data have also been
attempfed to assess the mode of‘speciation'end distribution

. . (
Ld 4 . " \ .
of the Cornus canadensig-suecica complex in northwestern North America.

S Iy

¢ s



\ , CHAPTER 1|

MATERIALS AND METHODS ' .

N Collections were made throughout Alberta, although primarily
in the Rocky Mountain regioﬁ, as wel) a;uﬁa?f;-cehtral British-Columbia,
‘Queen Charlotte lslands,‘Yukén Territory and Alaska. -Living_and dried
material, as well as pressed specimens were obtained from most sites.
The living specimens were used for cytological study while the dried
material was necessary for phytochemical work. In addition to the '
ﬁressed material coflected,.herbarium spec imens were éxaﬁine& to obtain
%orphological and distributioﬁal data. Loans of herbarfum material
éame from the National Museum of Caﬁada, the Canada Department of Agri-
culture, the Komorov Botanical Institute, Lgningrad. The University of
Alberta ;peiimens were also examined. The abbreviations in the citation
Qf spécimens examined (appendix’ are those adopted in lnd;x Herbariorum
(Holmgren and Keuken, 1974). Mofphologica}-variation was studied at
‘ both an infraspecific and an inferspecific'level,'

Chroﬁosome couhts were made from activel; Qrow?ng root tips

: (in_mitotic phases). fheugpurce of the root tips was,liLing

material transplanted froﬁ the field ;;to k-inch pots and grown in the
greenhouse. éome root-tips were‘collécted in the field and

preserved in a soluéion of acetic acid and 95% ethanol (1:3).

| Root tips to be ékamined were°prep$red using the method of
Tijo and Levan (lBSO).&T%é tissue was fixgd in 0.004 M‘g-hydroxyquino;
‘line for 2'-3'hoqfs at 13-16°C, then washea in distilled water for five

minutes and transferred to a watch glass containing 1% acetic orcein
20



21.
solution mixed with 1 N HC) (9:]). The solut{on containing the root
tips was heated over a bunsen for a few minutes and stained for thirty
minutes. Slides were prepared by placing the root tip in a drop of’
45% acetic acid ana squashing it under a coverslip. Voucher slides
were made semipermanent by ringing the coverslip with a mixture (1:1)

. of Mastic gum and paraffin. A Qodcher spec {men forleach colleetion is
deposited in the Herbarium‘at the Univefsity of Atberta.

Guard cell length measurements were taken as another method of

\

5

e*amiﬁing differences between organisms belonging to a pofyploid serieé;
Various.workers have found a correlation between cell size and ploidy
level (Stebbins,.197j; Sa; and Sax, 1937). The most reliable me thod
for recording these differences is thought to be measuré of guard

cell length (Sax, 1938; Kliphius, 1973).

Preparations wefe‘made from livingvmatefial by’peeling the
epidermis from the lower side of the leaf with a razor_blad;, then
mounting the peel in_wafer on é Ticroscopg sliae. Length of guard célls was
measured with anAéyepiece micrometer at 400 X using aﬁ A0 mfcroscopef_

’ A'pHytochemiéal study of the flavonoias of various populations
was carriéd out, usiﬁg the methods of Mabry et aql. (1969), Harborne
(1973), and Ribéreau-Gayon (1972).

whoie plants psgd in fl;vonoid extraction were collected fn
the field and dried in paper bags. Prior to‘ext?action, collectidhé,
wére sorted to ensure only leaves and stems wefe used for‘éxtraétion.\
Appro*imately 20 gm dry weight of plant material was uéed:in the

. A\
analysis. The material was eluted in approximately 300 ml of 80%

e ——— e st G
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ethanol and ground up Iq a gster blender for’15 minutes. Separation of
the extract wag accomplished by filtration through cheesecloth and a
Buchner funnel, then Whatmann #1 dr #2 filter paper and a Buchner.funnel.

The solution was evaporated in vacuo using a Buchler roto-

evaporator until reduced to apﬁfﬁ;?;;)e\y 50 ml. Ten drops of the

\
extract were spotted.on each of the 32 sheets of Whatmann #3MM chroma-—

tography paper. These were run using deééending chromatography in two
diﬁensions‘with two different solvents. The first dimension was run
using l-butanol:acetic acid:H;0 (BAW h:l;S, upper phase) énd the second
was run using 15% acetic gcidf The resulting spots were exam{ned using
u/Q light (3660 R) on unt?eétéd sheets and on sheets‘fﬁmed with ammonia.
Spots werelalso examjned‘unden_visible Iighf after they had been\treated
with ferric chloride - FérrOus cyanide stain* or Benedict's reégent
(spTayed). Ferric chloride-ferrous cyanide stains pHenoiic compounds.
Benedict's reagent stains flav&noids.

‘Spots that overla?ped on the initial chromatograph c;uld, in
most cases, be separated by eluting the spots together and.streakfng the
mixture on full-size sheets of Whatmann #1 papeé'theﬁ chromatographing
in one Aimension, using BAW (4:]:5 BAW; upper phase) as-;he solvent.

Compounds exhibiting a pasitive reaction with bqth.ferfic
chloride-ferrous cyanide (blue).énd éenedict};,reagentx(yellow) were cut

out and eluted from unstained chromatograms in a minimum amount of

spectral grade methanol. They were then analyzed using ultra-violet

3% FeCly in H0 ) |
3% KiFe(CN)¢ in H20 ) |
Dip chromatogram in solution then in 10% HCl then in H.0.

equal volumes/dilute X 10.

-
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spectrophotometry, so that an identification of the compound could be
. 3 .

obtained. The analysis was carried out on a Unicam SP 1800 ultra-violet
e B ! ) I [N

spectrophotometer. Scans were recorded for the methanol solution, \

- followed by scans of the solution after the addition of sodium metho-
xide, anhydrous alumingm trichloride, aluminum trichloride and hydro-
chloric acfd (N), sédidm,acetate. and sbdlUm'acetaté ana-bdric écid.
_ , ‘ ‘ 1

1

(Mabry et al., 1969, pp. 35461);

’ AN

To further aid Tdentification, all pure compdhnds were
chromatoéraphed in onefdimenSion‘usfng four differentisolVent systems
on half-sheets (23 x 57 cm) of Whatmann #1 paper. ..The solvent systems
were: | -

(a) l-yutaﬁo]:acefic acid:H,0 (h:l:s, ;ppéf phase) ;
(b) saturafeﬂ pBenol (80% phenol :H,0) ; o

,(c) _fsz qceticaécid;

(d) water.

The glycosides were then hydrolyied to aglycone and sugér,
constituents by refluxing in.5-7 ml of 2N HC1, .Variqtion in, the

i

amount of HC)1 added occurred because of a variation in'concentrafion of

. . ‘the methanol-glycoside mixture as indicated by the';olour of the

o
¥

e

solution. Befluxing was carried out for fifteeﬁ migutes in a reflux

, condsnser at 100°C. After hydrolysis the solution was éooled_and.
partitioned againSt three to five ml o% eth}l ether. The lower aqueOué
layér containing the sugars ?nd the upp;r ethgr”layer containing the
églycones were Sepérated. -After drying the aglycone and redissolving
it.in spectral grade methaﬁol, part of the extract was analyzed spectro-
photometrically.as outlined above and the ﬁemaihing solution chromato-

graphed in one dimension using 4:1:5 BAW. Identification in all cases

.
b
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was made from spectral scans and supporte&.by Rf data. The aqueous
fractfop, containing the sugars, was concentrated, then spotted on half-
sheets of Whaémann #1 papef. In each case two spots of the'unknOWn.Sugars
were made. To one spot was—added 30 nl of 6.005’Molar staﬁdard solution-

of glucose.'«TheVChromatographs were run using 80%4iso-propahol as the

solvent. . The sugars were stained usfng ahinﬂe-hydrogeh pgﬁalate sbl-

ution. 'Unknowﬁ sugars were identified by their Rg (dispance from drigin/ :

\ |
distance of glucose from origin x 100) and by their colour after staining.

ldentification of the compounds was confirmed for three

separafe populations (Collecton. # 75033} 75029, 75070), then .the
‘reamining populations weresanalyzed chfomatographically in two dimensions

I

in a manner similar to. that previously described, usihg a reduced.amount

. ‘ . \
of material. Three grams of plant material were eluted in 50 ml of 80%
ethanol for each of.the populations. ‘Seyen drops of extract were spotted
, by d A ,

on only two sheets of Whatmannﬂ#BMM chromatography péper. No atteimpt.

was made to condense the extract by roto-eyaporatfon. The two sheets
f e . N W - .

 were run chromatographically in two diménsions in"the manner previously v

described and the chromatographic profiles were comppared with no attempt
to elute the spots. A series of ‘flavonoid profiles was obtained. ’Spots

with the same Rf values were identified by cbmparisonwith the original '

-»

major populafions. -
Pollen grain vfaQility can be useful as an indicator of

sterility, a tralt which can be used ‘in diStingéishing

suspected hybrid ofganisms from non-hybrids (see L;wrencet'ISSI). fhe

pollén grains of hybrids may be nop-yiéblé, shrunken and may'lack

turgidity. Using fresh pollen gathered frog'specimensvgfown in"the

greenhouse, slides wére made by p1acing the pollen in a ¢rop of -
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lacto?phenol cotton blue stain and waiting five minutes. The slides
were then examined at X200 magnificatibn of an AO micrdgcope.‘*Pollen

grains were considered viable if they took up stain and appeared a

deep blue in colour. The taking up of the stain indicates the presence

of living cytoplasm.



CHAPTER 111

RESULTS

Analysis of the results of this study has enabled the delimit-
‘atcon of four taxa: two dlploid species Cornus canadensis (2n=22) and
Cornus suecica (2n=22), an amphidih]oid sbecies, Cornus unaZaschkensis
(2n=44) and a diploid hybrid, Cornus canadensis X sdecica (2n=22). In

the reportlng of the results the taxa will be referred to by these four

names. A discussion of th|s classification is glven later in the text.

Morphology o o ' :
: _ f

| Eleven)Jey or critical characters by whicl 7. canadensis and
C. suecica specimens could be separated were chosen. They are given'in
Table 3. ¢

lnitial examination of the intermediate specimens collected

indicated that they exhlblted many combnnatlons of the eleven character
tralts of the two other species. In addltlon, many |ntermed|ates
exhibited character.states somewhere in between ‘the
variation defined by the character states of the other two species.

.

This problem was dealt with in the following manner.

The eleven characters previously mentioned were used in the .
examination of all collections. For each of the eleven characters a
numerical value.was given to each of the two contrasting character:

states; zero for the character state extreme associated with c. sueeica;'

and one for the character state extreme assocnated wlth C canadensis,

For character states between these two extremes,

a numerical value between zero and one was glven, which reflected

26



'l pue. g ussmiaq anjea
_mu_Loaac 93ejadosdde ue cu>~m o.49M. cxocm muumum o&mguxo oMy ay3 cvoZuon 1193 Yos|ym saiess Jd9312BUaRYY Y

.

ﬂw 9| A3s cmcu J3buo| 9[A3s uey3 sabuo| 30U ,,.. ks Yyabua| uswesg 11
?({dund 4o sn|q . . ysimoy||ah . - 4nojod (e334 0y
3seq 1e A|uo sawoys)i3 B3 ym yam _ ale( (9o 9duaossaqnd pue
23R} |12 pauno|od ysijdand to ean(q >~—m:m: vmuzo_ou usaldb o031 wesaud 4No |03 wn)yjuedAy pue ledas g
‘o_n_cuoum_v lou ssydueuq Asewyad 91q1uUJadsp saysueuq >LmE_La Y swA> ul saydueuaq Atewjay °g
SJaMO(4 G|> . siomoly Sz< ‘ ~ 49qunu Jemoyy */
- | sl o .. . qlapiu
jo 9seq wo. 4 Bujsjise sujan /¢ . 30 dpls J9Yl|d U0 sujleA -7 Uojleusa jeaq ‘g
: alojlad :
@seq je buidse|os I2UL3sip yim aseq e vaOngc oseq je9 °g
9sn3qo o3l ajnoe Aipeosq - 93eujwnoe A|3l4oys 03 ainoe : d)31 jesq 4
331eA0 03 @3e(|09dUE| 213d]||® 031 @23en0 . o . - odeys jeaq ‘g
$eAB3| jo suied [enbagns mum‘b J1WUNS 1@ SIARD| 9-p U] [JOym . Juswebuedae jeaq 7
TAN TS o . 05'1< - ol3es yipim/ybus| jesq °|
#(0 - ®@njea _mu_gmsscv x(| = anjea {es}awnu)
pogosng 9 818UapPLDUDO ‘) o
°3e1g5 J83dedey) 2jels Js83ideuey) S - 433deaey)
. . A : %3 | dwod Unmmw:m - *

SNUIO)~818UBPDUDO 8NUILOY. 9Y) 30 s)sAjeuy _mu_mo_w:axoz.ugu uy vwm:_mguuommeuto>_umLma50u

€ 37avl



_ D

J ' o 28,
whi;h extreme this character»state most closely resembled, and to ’
what degree. 'This technique was reviewed by Gay (1960). Consequently,
each collection was given.a numberical value expressed as a percentage
of the total. A 'pure' C. canadensis specimen would have a numerical
morpho!ogiéal Index value of 100% while a 'pure' C. suecica specimen
would have a value of 0%. The results are given in Table 4. In no
Instance was a collection of 'pure' (0%) C. suecica found, but two pop-
ulations (75066, 75063) were, after a more complete analysis, idéntifled,
as C. suecicq. |
e Morp ological analysis‘resulted iﬁ ‘the recognition of a key
or critiéal chaf;cter, petal colour. Plants whose.petals showed any
purple pigmentation did not correspond to the mére complete C. canaden-
sis description afforded by examining the Other,characters; Hence
this character could be used as a quick method of separating C.bcanaden-
sis from C. suecica and the intermediate form. Unfértunately, the |
separation 6f C. suecica from the intecmediate was not accomplished
so easily. In;orporation of cytological and phy;ochemical data iIs

necessary to separate the two entities; a point discussed in a later

section.

Chromosome Numbers

Somatic chromosome counts were determined for 48 populations

as outlined in Table; 5 and 6. Chrbmosome studies of cells undergoing

-

meiotic division were attempted but were not successful. Two chromosome

races were present among these collections: the diploid (2n=22)

and tetraploid (2n=h4) races (Fig. 4) described in previous publications.,

Map 4 (pg. 36) shows the distribution of these two chromosome



Morphological Index Values (%) for Collections of Herbaceous*

\

Collection #

and Name

75007
75037
75043
75046W
75058
75059
75003
75005
75009
75004
75011
75036
75008
75010
75014
76101
175073
76102 B
75035
75026
75031 .
75019
75032
75016
175033
75038
75018
75028
75024

J

L)

C. eanadensis
C.,canddeneis
C. canadenstig
C. canadensis
C. canadensis
C. canadensis
C. canadensis
C. canadensis
C. canadensis
C. canadensis
C. canadensis
C. cantndensis
C.—canadensis
C. canadensis
C.
c
c
c
c
c
c
c
c
c
c
c
c
c
C

canadensis

. canadensis

. canadensis

. canadensis

. unalaschkensis
. unalaschkensis
. unalaschkensis
. unalaschkensis
. unalaschkensis
. unalaschkensis
. wnalaschkensis
. unalaschkensis
. unalaschkenstis
. unalaschkensis
. unalaschkensie

TABLE 4

Cornus

89

(%)
100

100

100
100

100 .
100

99
99

99
.98
.98

98
96
‘95
95
95
94
92

88
86
85

84 -

82
82

82

81

. 80

79

29,.

Morphological Index Value



TABLE 4. Conkinued.

Colldection # Morphological Index Value
- and Name ’ , ' . (%)

75052 C. canadensis X suecica ’ 79

75083 . C. canadensis X syecica ' o 79

. 75055 C. canadensie X suecica ' 78
76104 C. unalaschkensis i 77
.76107 - .C. unalaschkensis T 7
76110 C. unalaschkensis * . 71
75048 C. canadensis X suecica .70
75046P C. canadensis : .70
75067 c. canddgnsis X sueecica - 70
76108 . C.‘unalaschkeﬁsis ‘ ' ) 67 .
75054 C. canadendis X suecica _ 64
76111 C. unalaschRemgie’ - 57
76109 C. unalaschkonsis 46
76106 C. unalaschkensis - 7 uo
76105 C. unalaschkensig- : s 37
76103 C..unalaschkensis : | _ | 31
75063 C. suecica o 28
75060. C. suecica . | 21

*The morpholpgical index value in each case represents. the a'efage

value from 5-7 specimens.

ey ;



| TABLE §

List of Diploid Specimens uééd’in Cytological Study*
CANADA | '
Alberta: Pembina River, 75001, June 15/75; Nojack campsite, 75002,
June 1§/755 Mulhurst, 75003, June 18/75; 20 mi E. of Rocky Mountain
House, 75004, June 18/75; 35 mi W. of Rocky Mountain House, 75005,
June 18/75; Herbért Lake, 75006, June 19/75; Lake Louise, 75007, June
19/75; Mt._Norquay; 75008, June‘lS/fS; Finn Creek, 75009, June 19/75;
26 mi E. of Rad%uﬁ, 75011, June 20/75; Altifude Creek, 75012, June 20/
75; Sunshine Village, 75013, Junet26/75; Lake Minnewanka, 7501&, June
21/75; Sulphur Mtn., 75015, June 21/75; Reesor Lake, 76101, June %3/76;

o

Spruce Coulee, 76102, June 23/76.

British Columbia: 20 mi S of Smithers, 75036, July 6/75; 55 mi W. of

McBride, 75040, July 7/75; 75 mi W.‘of“JéSpef,hjgphT, July 7/75; Summit -

Lake, Alaska Hay., 75073, July 27/75; 90 mi N. of Ft. St. John, 75074, "

July 27/75.

’

Yukon: Mi. 46, Dempster Hwy., 75070, July 24/75.

L : . , S
U.S.A. ’
Alaska: S. Delta Jetn., 75043, July 12/75; Paxon, 75046, July 13/75;
Mi 27, Denali Hwy.,'750b7,-Juf9 13/75; Mi. 42, Denali Hwy., 75048,
July 13/7§; Mi. 42, Dewali Hwy., 75050, July 13/75; Mt. Eliason,
McKinley Pk., 75652, 75053,‘July 1#/75;.30 mi E:-of Fairbanks, 75056,;
‘July 16/75; Glen'HyY; near Taélina. 75059, July f9/75; Mirror Lake,. near
Anchorage, 75060, July 19/75; Seward, 75062, July,20/75; 37 mi ﬁ. of

Seward, 75063, July 20/75; 12 mi N. of Houston, 75065, July 21/75;
: find b 22
%

a . ’ SN

&



TABLE 5. Continued.

4
Mi. 102, Hwy. 3., 75066, July 21/75.

*A11 collections were made by the author.

32.
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TABLE 6.

List of Tetraploid Spﬁcimens used in Cytologicél S tudy*

Canada

British olumbia: Moresby Lake, Queen Charlotte Is., 75016, 75017,
75019, June 29/75; Upper Victoria Lake, Queen Charlot;e Is., 75024,
75026, July I/75;.Tow Hill, Queen Charlotte Is., 75030, 75031, July 3/
75; Tlellvﬁiver, Queen Charlotte Is.; 75032, July 4/75; Olive Lake,

: \

75033, Ju\Y 6/75; Seely Lake Prov. Pk., 75035, July 6/75; Purde% Lake

Prov. Pk., 75038, July 7/75.

‘U.S.A,
Alaska: Petersburg, 76105, July 12/76.

*All -coltections were made by the author.
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Figure 4." - Somatic Chromosomes of Herbaceous
Cornus. |
A. 2n=22
B. 2n=44
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MAP 4 .
Chromosome numbers of herba;eous‘Cornus int

northwestern North America.

A - diploid Cornus ednadensis (2n=22)

O- diploid Cornus canadensis X suecica (2n=22) -

A~ diploid Cornus suectca (2n=22)

W- tetraploid Cornus unalaschkensis (2n=hb)
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\conditnons The results of this test were:

37.
races, based upon the collections cited in Tables 5 and 6. For some
ofllhe locations indicated on the map, chromosome number was inferred
from guard cell size because plant materlal necessary for obtalnlng a -
chromosome count ‘was unavaslable lnformatlon concerning guard cell
size is contained in a later section. K |

To verify the Fdentlflcatnon of some of  the
previous chromosome counts reported, voucher specimens for the counts
reported by Packer (1964) and Taylor and Brockman (19669 were A

examined. The former specimen was Chamaepert—

elymenum canadense (Cornus canadensis) as the author reported

It was .not Cornus unalaschkenszs (Chamaepermclymenum unalaachkense) as
reported by Love and Love (1975) (see Table 2) The latter

speC|men was Cornus canadénszs and not Cornus inter-

media (Farr.) Calder & Taylor (Cornus unalaschkensig) as was reported

by the authors (see Table 2).

Pollen Viability

A test to determine pollen viability, as previously outlined,

was carried out on those specimens which flowered under greenhouse

Collection # and Name ' X-some # % viable pollen grains
75005 C. canadensis 22 . 7 99

75008 C. canadensis - 22 99 '

75024 C. unalaschkensis T - 98 ’
75035 C. unaiaschkensie - Ly 95?‘ '
‘75053 c. canadenais X suecica 220 | 54 . .

75054 C. canadensis X suecica 22 52



38.

Collgction‘# and Name ‘. \\i;some # % viable pb]leh grains
'15063 C. suecica ‘ 22 98

Viable polleq grains a}e defined, in this ins&ance,Aas those pollen
grains which'took'up fhe stain and so appeare& a dark blue colour under
the microscope. Although the results of this‘test cannot always be
considered to be definitive, in this case the diffefence in coiour'ﬁf
staining was great enough to eliminaté‘any ijficulfy in discerning

a positive from a negative reaction. The results reported in each

. case were from a single plant.

Guard Cells———

Guard cell length was positively corre!ated with
ploidy level;"Diplold spééimens pos;;ssed‘guarq cells of a smaller
iength than tetraploid sp;cimens. There was a sfgnificant differ~
ence between the mean guard cell sizes of the dibloid (R = 25.20; IGOBW
cells) and.tétraploid (x = 32.05; 90k cells) specie§ as
demonstrated by a two sample Student's t te;t (s = 1.48, t.=.h.6h)a
Guard cell length of theldibloids ranged from 17.9 to 38.3 u while
‘the guard cell length of the tetraploids ranged from 23.0 to 43,4 p.
A grabh i]lustratiﬁg the rénge of guard cell lengths found of the

o

two chromosome races is shown in Fig. 5.. This relatidnship was
’ 3

established by measuring guard cell ]engfhs inHSpecimens—of known

chromosome 6umber,'but the résults were applicable when predi;tigg tHe
ploidy level of speciﬁens for which chrombsome‘number of the specimen
was not available.» fhe graph illustrates é relatiohship of plpidy
]eQel to guard cell s%ze only. No evidence of a differeﬁie in guard

cell size between different species of the same_chromosome number was

found.
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®-diploid
(1008 cells)

m-tetraploid
(904 cells)

Figure 5.

guard cell length {(microns)

Guard Cel]l Length Frequencies in HerhaceouS‘

Cornus taxa.
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Observations of Floral Development and Reproduction

No experiments were carried out to ascertain the type of
breedung system found in the herbaceous Cornus specues ‘However, some

observations were made of the floral development of plants in the
L4

greenhouse,

At the t|p of each flower bud, attached to one of the four
petals is an awn-like prOJectlon which stands erect from the bud.
The bud itself is similar to a small tent in structure with the stamen
bent and completely enclosed by the four petals (see Fig. 6). The
whole bud 'springs open when the awn-1ike projection is touched.
Simultaneously, the anthers dehfsce, sending a cloud of pollen into
the air. Much of the polien lands on the flower's own stigma. Fruit
very seldom developed in the greenhouse. Protandry is suspected as the
means to prevent obligate selfing. The most likely means of triggering
.the bud opening and pollen’}eleaSe is the touching of the awn-ljke
~ptojection by an insect. The . insect could act as a pollen carrier,
effectingvcrossfpo]lination. ,Vegetatjve.reproducti ~ by means of

underground rhizomes is very commonly observed in the field.

Phytochemistry

T phytochemlcal results reported are based upon separate

\extracts, prepared from dried plant ma%erial from the collectlons
.

listed in Table 7 (pg. 62). o .
/ A diegram of hypothetieal méeter chromatograﬁ which shows the
~ total number of flavonoid compounds identified is shown in Fighre 7.
Rf and spectral .data for these compounds (identified.as flavonoids by
‘their colour reaction with Ferric chloride/ferrous cyanide (blue) and

Benedict's reagent (yellow). are given in Figures 8 through 14,

e R d
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FIGURE 6

Inflorescence of Herbaceous Cornus

(#75024, C. unalaschkensis)

A. - flexed filament of étamen
enclosed in flower bud.

B. - petal of closed flower bud.
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0f the eight flavonoids identifled, all were of the flavonol

>

variety. The basic structure of a flavonol is:

3'

R 41
Y
. 5'
R 0
A-ring B-ring
) The three most common types of flavonols are kaempferol,

quercetln, and myrlcetln 'They.differ from one aﬁother fn their b;ring
hydroxylatuon pattern, Kaempferol has a snngle OH group at the b
position, while quercetin has two OH groups at the 3' and &' positions
respecfiveiy and myricetin has three OH groups at the 3;, H'; and 5'
positibns on the molecule.

No glycosides of the myricetin type were found in any
collections examined. However, glyc051des of both kaempferol and
, quercetin were isolated from all collections examlned (see Fig 7).
The kaempferol glycosides were visible on the chromatogram as one spot
but further chrqmatography Separated the spot into two separate entities
with a possible third compound visible. After identification of the
two easily discgrnib]e SpOtS.aS kaempferol 3—0_gluco$ide and kaempferol
3-0 arabinoside, the original lafge spot Was.hydfolyzed. The ;nly
aglycone present in the large spot was kaempferol; however, three sugars,
glucose, "arabinose, and galactpse‘Qefe isolated. This result shows that |
é third very similar cohpound is present in thé original large spot ;.
kaempferol 3-0 galéctosidé.- No figuré showing Rf and spectral data is
presént‘for thi; compound because not enough material was available for

analysis.
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Seven of the eight flavonols identified were present in all
the collections examined. The eighth compound was’present only in,
some of the collections examined as outlined in Table 8. Map 5 outlines

\ .

the distribution of the collections which contain quercetin 3-0 gentio-

bioside comﬁared with the distribution of collections which do not

contain quercetin 3-0 gentiobioside.
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- FIGURE 7

Quercetin 3j0 glucoside

Quercetfn 3-0 arabinoside

i

Quercétln 3-0 gentiobiosiﬁe

‘Quercétin 3-0 galactosidéi v

Quercetin 3-0 sophoroside!

Kaempferol 3-0 glucqsige .

Kaempferol 3-0 arabinoside

|
i

Kaempferol 3-0 galactos.ide
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FIGURE 8

Rf and Spectral Data ‘for Quércetin 3-0 Glucoside:



Quercetin 3-0:giucosidé

OH
H

Chromatogqraphic Data

Spot Colour
“uy UV/NH3

Rf Values

BAH H,0 HoAc Ph
60 11 29 40 ppl yiw
UV- Spectral Data

MeOH 259, 266sh, 298sh, 361

NaOMe 279, 331, 411
AICT, 275, 308sh, 330, 402
A1C13/ 270, 30Ssh, 341, 373
Hc] » o s » » )
NaOAc 268, 310sh, 362
H.BO. 264, 299sh. 380
3803
AlCT,
ATCT 3+ HCT--one ..

48.




FIGURE 9

Rf and Spectral Data foF Quercetin 3-0 Arabinoside



Quercetin 3-0-$rab1noside

Chromatoagraphic Data

Rf Values Spot Colour
BAH’HZO HoAc Ph uv UV/NH3
80 09 g? 66 ppl y]w

UV Spectral Data
MeOH 258, 268sh, 298%h, 356
NaOMe 281, 334sh, 418 -

AlCl, ° 275, 301sh, 321sh, 400

3 N
| Sé?lal . 271, 295sh, 331sh, 369

NaOAc 266, 318sh, 372

H3803 261, 295sh, 379

50.

MeOH
NaoMe cscsnsas

A]C13 ——
A]C]3+ HCY evcvene-




FIGURE 10

‘

' Rf and Spectral Data for Quercetin 3-0 Gentiobioside



Quercetin 3-0-gentiobioside

- . . 0.
Chromatogranhic Data \\dk
Rf Values Spot Colour

BAW H,0 HoAc Ph UV UV/NH,

35 17 28 40 ppl ylw
UV Spectral Data

MenH 258, 270sh, 359

NaoMe 270, 330sh, 409

AlC}) 272, 301sh, 325sh, 431
A1Q13/ )
Hey 3 270, 302sh, 342sh, 4n3
NaQAc 269, 306sh, 384

H3B05- 263, 304sh, 375

52,

MeQH
NAOME veoranes s

AlCly ————

ATCT g+ HCT “eeeevne

NaOAc —

H3BO3 teeoseane
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FIGURE 11

Rf and Spectral Data for Quercetin 3-0 Galactosidé




Quercetin 3-0-galactoside

_ Chromatographic Data

.Rf Values Spot Colour
~ BAW Hzo‘nonc Ph UV UV/NH,

68 14 37 "6 ppl  ylw
Uy Spéctra] Data

MeOH 258, 268sh, 302sh, 361
NaOMe 284, 330sh, 426

AICI 270, 308sh, 345sh, 411
A3y

HC1 3 268, 300sh, 333sh, 381
NaDAc- 266, 313sh, 378

H3BO3 263, 308sh, 381

5h.

MeQH

NaOMe ses e man s

A]Cl3 ey
A1C13+ HC] cvavesnee
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A o FIGURE 12

Rf and Spectral Data for Quercetin

SN

{

3-0 Sophoroside



Quercetin 3-0-sophoroside

Chroma;ograghic Data \\dc
Rf Values .Spot Colour
BAW H,0 HoAc Ph . uy ‘UV/NH3
46 28 47 37 ppl \¥1w

UY Spectral Data

0, 300sh, 358
, 322sh, 431 |
306sh, 352sh,428

02sh, 342, 403
% 306s5h* 376
50, 301sh, 390 .

&

A]C]3 ——

CATCY g+ HCT eeaeeesn

56.

MeOH
NaOMe

Cr———————
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FIGURE 13
| .

Rf and Spectral Dafa for Kaempferol 3-0 Glucoside



Kaempferol 3-0-qlucoside

o

Chromatographic Data
Rf Values

BAW ”20 HoAc Ph
72 18 42 70
uv Spect}él'nata

Spot Colour. © |
UV uv/NH,
ppl ylw

MeOH
NaOMe

o ——————

Se 6t 08 psY

*req
.-c,."'

. .
seset sesseantotes
.

IR

MeOK 268, -300sh, 358
NaOMe = 284, 329sh. 408
AICl, 274, 306sh, 350, 400
ﬁéf‘a’ 274, 306sh, 350, 400
NaOAc 273, 302sh, 362 -
Hy80, . 268, 359

A]C]3 —_—

, A1C13+ HC1 |

“" EETRAE ST . .
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RO g
o \

|
NaOAc

_H3BO3 ,”};’,.
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Kaempferol 3-0-arabinoside

Chromatogqraghic Data
Rf Valués

Spot: Colour
BAW uzo HoAc gh‘ uv llV/NH3

88 08 27 34 ‘ppl ylw

UV Spectral Data

MeOH 268, 332sh, 351 .
NaOHe 284, 327sh, 366, 406

_AICY, 275, 306sh, 352sh, 398
s613/ 275, 3065k, 353sh, 396
NaOAc 273, 304sh, 360

H,80, 268, 302sh, 351
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TABLE 7
List of Specimehs used for Phytochemical Study*
CANADA h -
Alberta: Nojack Campsite, 75002, ’uune 15/75; Mulhurst), 75003, (June
l8/75; 20 mi. E. of Rocky th House, 75004, June 18/75; 35 mi. W. of

Rocky Mtn. House, 75005, June 18/75; Herbert Lake, 75006, June l9/75'

‘Finn‘Creek 75009, June 19/75' Olive Lake 75010, June 20/75. E of
lfRadnum 750lT June 20/75 Lake Munnewanka, 75014, June 21/75 Sulphur

;Htp , 759]5,,4une 21/75; Reesq{ Lake, 7610l June 23/76; Sp- ‘=e Coulee,

e

R

'ﬁrltlsh'Columbia : Moresby Lake, Queen Gharlotte Is., 75016, 75017,
"fVZSOIB 75019, June 29, 30/75. Upper Vlctorla Lake, Queen Charlotte Is.,
- jsozu, 75026, 75028, July 1/75; Pt. Clements, Queen Charlotte Is.

| 75029 July 3/75 Tow Hull *Queen Charlotte Is., 75030, 75031, July 3/

75, Tlel) Rlver Queen Charlotte I7.,ﬂ75032,AJuly 4/7s; Ollver Lake,
75033, July 6/75; Terrace,-7503h ﬁuly 6/75; Seely Bmke Prov. PK.
75035, July 6/75;.20 'mi. S. of Smlthers, 75036 July 6/75; S. of Burns

';Lake 75037, July 6/75; Purden Lake Prov Pk , 75038, July 7/75. 15 mi.

E. of Purden Lake, 75039 July 7/75 75 mi. W. of Jasper, 750#}, July 7/

75; 25 ‘mi. w of Jasper, 750&2 July 7/75. 90 mi. N. of Ft. St.”John,;

75074, July 27/75. o 'ﬁ
| SRRV SRS
Yukon: M aks oemps:eﬂ’uwy ..75070 July zh/75. Mi. 757, Alaska Hwy.,
75071, July 26/75; Coal River krossing. 75072, July 26/75.

¥ ]

¥
& %’
. .

TUSAL T g Ty

s, b4

Alaska: S. of Delta’JctnL; 75043, July 12/75; 30 mi. N. of .Paxon,



| 62.
TABLE 7. Continued.
750447 July 13/75; Paxon, 75045, 75046, July 13/75; Mi. 27, Denall
“Wwy., 75047, July 13/75; Mi. b2, Denali Hwy., 75048, 750h9, 75050, July
© 13/75; Mi. 115, Denali Hwy., 7505}, Jul\y.lh/75; Mt). Eliasqn, McKinley
k., 75052, 75053, July 14/75; Broad Pass, 75054, "Jul’l;IS/75; Mi. 8k,
Steese Hwy., 77055, July 15/75 E. of Fairbanks, 75056, July 16/75,_

;A

19 mi. 'W. of Delta Jct,n , 75057, July 16/75; .S. of 5341%5058 July
r

17/75; Tazlina, . .,059, July 18/_75, Mirror Lake, né ?g age, 75060,

: e . My
Jwly 18/75; 40 mi. N. of Seward, 75063, July 20/75; 12 mj. S. of
Anchorage, 75064, July 20/75, 12 mi. N. of Hous'ton, 75066 July 2‘/75%
Little Coal Creek, 75067, July 21/75; Mi. 138,. Hwy. 3, 75068, Julyw‘ -

75; Glenallen, 75069, July. 22/75 Perseverence ‘Lake, Ketchikan, 76103, M%J.J

July 7/76; Pat's Creek, 7610’4,<Ju|y 10/76, Petersburg, 76105, July 12/
$ Cl ' /

76; Ohmer Creek, 76106, 76107, July 13, 15/76; W. Gla'cier Tratl, ‘Junea\"u;

76;@9 July 18/76; Spaulding Trail, Auke Bay, 76109, July 20/76 L0

' Chllkat La’ke Haines, 76110, July 22/76; Halnes, 76IH July 23/,6

‘A K i .

*All collections were made by the author. L ‘. K

' e 4

~
. A
- . %‘ '
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TABLE 8

List of Specimens which contain Quencetin 3-0 Gentiobioside*

L4

CANADA

British Columbia: Moresby Lake Queen Charlotte Is., 75016, 75017,
75018, 75019, June 29/75 Upper Victoria Lake,-Queen Charlotte Is.
75024, 75026, 75028 July 1, 2/75; Ppt. Clements, Queen Charlotte 1Is.,
75029, July 3/75; Tow Hill, Queen Charlotte ls., 75030, 75031, July 3/
75; Tlell River, Queen Charlotte Is,, 75032 July 4/75 Oliver Lake,
75033 July 6/75; Terrace® 75034 July 6/75 Seely Lake P(ov. Pk.,

75035, July 6/75; Purden Lake Prov Pk., 75038 July 7/75 IS ml. E.

\

. of Purden Lake, 75039, July 7/75. : fwh e
’ 'r . . . Lt -'(‘.‘v"-" A0 ¢ R "'A
3ol Ly , <A
L{’ -‘...vl. . . . R o
\b{{ ‘?1{' o G - '., L .
"‘?}“r N RORDER

U.S.A. : . ' g;;l};7“ e
Alaska: Mirror Lake, Anchorage, 75066 July 19775 e m ; ﬂf;éf;:%~m‘\'ﬂ‘ﬁ .

gl
‘_Seward 75063, July 20/75, Perseverence Lake, Ketchlkan, 76103, Ju|y<7/ ‘
76; Pat's Creek, 76104, July 10/76; Petersburg, 76105, July 12/76;
Ohmer Creek, 76106, 76107, July 13, 15 965 W, Glacier Trail, Juneau,
76108, Judy 18/76; Spaulding Trail, Auke Bay, 76109, July 20/76
Chilkat Lake, Haines, .76110, July 22/76 Haines, 76]|l,»July 23/76;

*All collections were made by the author.
o
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_Geographical Distribution of the Herbaceous Cornus taxa

7/

. which contain Quercetinw}-o gentioblioside*

0- Cornus sueczca - quercetln 3-0 gentiobnpsnde ’
present

m- Cornus unalaschkenszs - quercetln 3-0 gentio-
' bioside present f ,

- A- Cornus: canadenszs X suecica - quercetln 3-0
gentiobioside absent
A- Cornus canadenszs - quercetin 3~é*gentlobuosude
absent -

*Based on collections cited in Tables 7 and 8.
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66.
Taxonomx

The results already reported under separate headings‘are
strongly interrelated. Because of fhis, these results may also be
reported with respect to the information they give when combined.,

‘ Col]ections of the tetraploid populaﬁﬁons were made mainly
along the eorthwestern coast oF_North.Aherica. in addjtioh,"two
collections from continental B.C. were made‘- Pufaen‘Lake (75038) and
New Hazelton (75035). All collections of the tetraploid eopulations _
were made from a Picea sitchensis (Bong.) Carv., Tsuga' heterophylla (Raf.)
Sarg.vdominated coas;al forest habitat; or. from the. peat bogs whfchlinter-
sperse the coaétal forest where Pinus contorta Dougl. is the domlnant
tree species. Map h shows the distribution of diplold and tetraplold
taxa. o

The dipioid populations haVe been collected from a wider
range of heblﬁats than those p0pulated by the tetraplo:ds Most commonly

'fﬁ‘v ,,

. the d|pl°|§%{%xa are found in a habltat receivnng less ralnfall than
4

the coastal forest, in assoclation w:th such tree species asPopulus

tremuloides Michx., Picea glauca (Moench) Voss or Pinus contorta.
Separatlon of two cytotypes is not in exact agreement with

separation of structural types All those specimens which are
morphologically identified as Cornus canadensis belong to the diploid
cytbtype. Other identifications based on morpholegy cannot_be‘made
with as_much assufance.as can the identification of C. canadensis, so /
cytological and chemical eVidence‘mqétagquéed to help fofm‘the gfoups.

. Those collections’wﬁich are Stkuefurally Fﬁtermediete‘are in
fwo groups cytologically and'phy@ochemically. Thesehintermediate fofms

are elther diploid or tétraploid'(see Map b4) and they either possess

Bald . -
- ~ .«
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quercetin 3;0 gentiobioside or they do not. All the tgtraploid

specimens examined possess quercetin 3-0 gentiobioside. All of the

diploid spécimens examlned do"not contaln quercetin 3-0 gentiob|oside.

f

In contrast, Cornus suectca Is de]Old (2n=22) aﬁﬁ pOSSeSSeS quercetin

3-0 gentiobioside. The combination of these lattgr two characters

- easily separates it from the intermediate populations. A comparison,

based only on structure does not permit such a reliablé classificgtion.
Téble 9 shows summary of the data collected for the four

- taxa.




68.

2
mw.
: ) .
] ) $
282-317 268-21€ 26L-%49 ' %001-%26 S8n|BA x3puj ed)6ojoydioy
: i
* %86~ .%86= 325~ 286= >u__~am_> usjlog
+ ”+ L - 9piso1qo3uab g-¢ ;_uougumd
77 = uz hh = ugz ¢ = uyg 77 = ugz 43qunN swosowouy?
Do1038Nng 818uUayyosvILUN Uomum:m X 818Uuspmmo ¥ \
_8Nuao) 8NUIOY . 818uspouvo gnuzoy ‘ _
: sNuz0Y '

§NUI0) SnOIdeqUaY 404 UaA|B ejep ay3

30 Asewuns y

z Lo

6 318Vl

v

T



Y = CHAPTER 4

DISCUSSION

The delihitatfon of taxa within any group of plantssrequires?
a certain amount of subjectivity. Strict adherence to elther the
biological or the morphological species definition does not inevitably
result in the most useful classification. In delineating {species' in
this study, three major factors were taken into account: structural
differences, distributfonal differences and genetic isolation.
foferences in structure were considered to be important\for two
reasons, First, these differences are traits most commonly Q;;éﬂ;n'
existing classifications to delimit speeles, and second, tneSe differ-

ences very often reflect genetic discontinuities between the téga

being compared. The final classification, however, incorporated all

o . (S
available information.

-« -

Previous attempts to“€lassify the taxa within the subgenus

- P ,..
Arctocrania have also relied heavily upon structural characters ‘and

some confusing results‘heve been obtained. For example, petal colour o

was consndered by Calder and Taylor (1968) to be the diagnostic character
by which thilthree species they recognuzed (c. canadenszs C. Suectca,

C. unalaschkensvs) could be separated Although, as has been prevnously
ment i oned (pg. 28), petal colour is useful in qunckly separating C.
canadensis from the rest of the complex, it has‘not_been found useful in

: ‘ o)
separating C. 8suectica: from either Cornus unalaschkensis or Cornus

canadenszs X sueeféa. The petals of C. suectca were thought by Calder
and Taylor (1968) to be completely purple ‘amd conversely, the petals
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of the interqﬁé?ﬁ%%s‘were

ered to be onlypartially purple. |
found this not so. '

/

Another classification based strictly upon structural characters

was proposed by Lepage (1946, 1950, 1955) who>des¢ribed variouslforms
(Figures 15-18). These forms of C. canadensis were separated,_mainly on
leaf and bract abnormalities. The results of this study indicate that
the forms aye rare and are most often contained in populations of
votherwise normal C. canadensis. The form names are, therefore; consider-
ed synonyms of C. canadenszs.

The structural variatuon ‘within the C. canadensis-sueeico
complex as outlined on pages 26 to 30, is most accurately represented
through the dellmltatlon of the three groups; c. canadensis, c suecica;
and an lntermedlate group. (The intermediate group is further sub- , /

divided into the two taxa Cormus unalaschkensts ang

Cornus canadensts X
qmeczca but thIS segregatlon is not based on str differences.)

"The use of all eleven morphologlcal characters (pg 27) does, ig,most

cases, give an accurate breakdown of. the complex into theSe three groups,

ﬁ but the lncorporatuon of the other data generated by this study into
- the classnflcatlon allows a more confndent Separatlon of the taxa as
~well as more clearly tndlcatlng the evo]utlonary relatlonshlps present.

.t ¢ The preV|ous reports of two chromosome numbers within the"

. .
complex (see Table 2) were confirmed by this study. Cornus canadensis

and Cornus suectca were both found to be dlplOld whlle the intermediates
‘mere found to be composed of both a diploid and a tetraploudvchromosome
race.?tAs preuiously mentioned (pg. 66) the latter is confined to a wet,
primari)y:coastal'envfronment. C.»sueéioa, one of the diploid members

of the complex, is also restricted to a primarily coastal environment,

I'e

i



FUGURE 15

A. Cornus canadensis L. forma secunda Lepage,

B. Cornus canadensies L. forma inf?qverticiilata Lepage.
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“A. Cornus canadensis L. forma aphyli;zt.fl.epage.
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. . ,‘}
Ssuggesting a close relationship between C. suecica and the tetraploid

bl

e

populations with respect to their envlronmental tolerances. The
distribution patterns of ‘these two groups do dlffer, as C. suecica ls
found on more northerly Qoasts than the tetraplold Although there is
no evidence in this survey that the distributions of the two overlap
in any area, no s:gnnflcant dlfference in habitat was found, so sympatrﬁ?_-

LI . ‘s 3

is congéiered likely. TR o LR

v,

Differences in dlstrlbutlon of the dlﬁ?’%d and tétraﬁlond taxa

o not support the theory that frequency of polyploidy.. lng{eﬁSbS with
< (
latltude since the dlploads are more“nd}thern than are the te@vaplolds..

A

A possuble reason for the“lncrease in frequency of polyp#padgkln northern

k] . -

loras Is that polyplolds are perhaps bettercable to |nvade new ateas
< s . '

m -
‘eft open after the recessnoh of‘glacnal ice than are dlploldS (A e

reylew of thls theory is found in Johnson, et aZ [l965] ) tn: thls study,

the dlstrlbutlon pattern could be explalned ae:{esultlng from glaciation.

a ’s v
' -l areas R 0ccup|ed by the tetfaplond “were af* glacnated
oo durmg the last adv”%‘ﬁ:the lce, although various coastal refugia or
T unglaclated areas may have exusted along the coast (Heusseur 1965;
9 . . 13 :

Savule, 1968; Randhawa'and‘Beamxsh 1972). As the ice receded the areas

were relnvaded by ‘the tetraploud The more northern areas, although *

1J

“also unglacuated in many parts do fidt show evidence of |nvas:on'hy the ™

tetraploadg perhaps because the tetraploud race may not have ex:sted so

RA

far north in pre- gkggial times and so was not present to 1nvade these

_3reas. Perhaps also the tetraploud race is not well adapted to survlve

N

in more northern latltudes Map 7 shows approxnmatevextent of glaclatlon

[}

- Lo . ‘. Y
durlng*the Wisconsin. !ki " o
. . L. o N . .

LT -.‘AResulxgqefgpollen_vlabllity testslconducfed_tle.in‘very closely .

PR -
n
-

TN
1 -
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.

with informatlon‘pertaining to chromosome number. The few results
indicate partial sterility of the dlploidJlntermedlate.“ln this contextn
they substantiate field observations made by other researchers (Huitén,
1937a; Olsen, 1914) concerning sterility of the intermediate. The
problem of sterility within the complex is overcome partially, by .jﬁf
vegetatuVeureproductlon of these plants From the lnformatlon gen_‘}’ed'

J
by this study, it is not. possnble to predict what percentage of

diploid intermediftey are sterile or semi—sterile. I f diplold-lﬁ;jffa‘

mediate populations were completely fertlle, a hlgh degree of back-

-«

cross:ng with both the dlplOld parents could be exﬁgated : Observatuon
in the field of diploid |ntermed|ates grownngwbesnde c. canadenszs

‘with no ev:dence of lnterbreedlng, (Coll #75052 75048, 75046) suggests

o

that backcrossnng in these cases at least does not occur. However,

‘50% of the pgﬁlen in those specimens examinéd (75053, 75054) was vnable\
| lndlcatlng that backcr0551ng is at Ieast possible and hence would be .
‘expected to introduce varuabll:ty lnto the two parent species, .so that
they would resemble the lntermed|§¥es Tt would also tend to reduce

gaps in variation between the two species and the 1ntermed|ates Table

.

L (pg. 29) shows that the Cffgueczca pOpulatlons;analyzed have a
morphological index value much higher (21% and 282) than the postulated
0%. The gaps in. varratpon between the two species (C canadenszs and
q% suecica) and the lntermedlate taxa are alsc >mall (C. eanadenSiB 2

92%+ Jintermediates = 312 89%; C. suectca = 2124282). A certain degree

: \~ ' }
of, backcrossung therefore occurs, o j - : L
a - »o . 5 , .

The chemical profnle of the C. canadenszs-c sueczca complex

|s relatuvely simple. The presence of only flavonol glycosudes ln the

complex |nd|cates only a modest chemlcal dlverSIty The pfesence of



only'flavonol gTycosTdes within a plant group has Heen previously
reported. by Harborne and Williams (1971) and Rosler et al. (1966), for

Qypunﬁw&'* ‘The pattern is

: sndered common, The evoluqlonary signifi~

cance of this specuflc P jle is not clear. A major evolutionary step

wjthin ‘the pfant kingdom*which has heen shown to affect the flavonoid
content ot plants is the step from the woody habit to the more advanced
herbaceous habit (Swaln, 1975) The change produces threeAtypicaI
,changes in keaf flavonords: loss of protoanthocyanldlns loss-of b-ring

‘trihydroxylation, and replacement of flavonols by flavones.. QOnly the

-

last two changes were examined in this study. Because megﬁgrs of the

C. canadensis-C. suectica complex are the only herbaceous members of an

~

‘otherwise woody genus, it is thergfore not surprising that they only

exhibit one of. the chemical changes usually agsoctated with the

a . “
morphological change from'a woody to herbaceous habit, The‘loss‘of

b hydroxylaion is s'hov%y the lack of myricetin, but there is no

séng flavonols The uniformity of flavonof}
.3]y EXtends throughout the genu¥. #ird is perhaps the - -
reason Jensen ;t al. (1975a) turned to nonflavo%dld ‘glycosides in *

their attempt 'to establlsh phytochemlcal_relatlonshlps wgthin the o
gehus, | ‘ , | ¢ ” ; | /
| The only d|V|5|on within the C.. canadenszs—c sueiﬁca complex |

‘which Eould be drawn usﬁﬁb exd?ﬁgﬁvely.chemicaP data wae ‘based upon

presence or absence of quercet|n 3-0 gentxobiosnde.. ThlS dnv:sion'is‘

B

e J

P strongly correlated with a division bfsed upon chromﬁsgme number, .

Because these character sys&wms are concordant there are not intermedlate'

"&"
#%ﬁms whlch must be categorized subjectsVelif Corgelatnon -of. chromosome

>N o
number and’ ohemlcal constituents enables one to postulate the . poss1bTe .



.
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Inheritancé‘pattern for quercetin 3-0 gentiobioside ‘Some diplolds

(c. sueccca) and tetraploids Wave quercetln 3-0 gentioblosude whlle only

-
.some duplouds (C. canadenscs qpd C canadensis X suecica) Iack the

compound., |If one assumes that the diploid C. suecica gave’rise directly)

through sﬁmple'chrOmosome doubfing,“to the tetraploid. populations, ihen~

“

the pattern evident in the chemistry*is easy to explain. However,
morphological divérsity of the tetraploid .indicates that it was not

directly derived from C. sueciha. The”presence of a_diploid taxon,

intermediate in structure between C. suecicd and C. canadensis and -
.

therefore morphologncally very slmllar to the tetraplo4g species, strong=

u
A

ly lndncates that the tetraplond probably arose from this lntermediate .

-

through doub]ung of the chromosome nuﬂber. The dlploid intermedlate,

v ]
like C. canadenscs does not possens quercetun 3-0. gentnobiosnde lf the
- - .o
diploid is of a hybrld orngln, iﬁéﬂ’the mdst plausnble explanation for ‘J#

|nher|tance of quercetln 3- 0 g§g§£§§*psrde is thﬁ follownngt If one

consuders the pro uctnon on the ."-{,V‘U b @qtrolled by a homozygous
M B ; :

Y ” .
condutlon 'AA? and that. th‘s 'double" #?3be of the A allehe is

'requnred for the productlon of the compound then 'Aa' does not produce

- It}

- _the cOmpOUnd The doubling. of the»‘Aa' fou in'the dlploid,lnter- .

PE

mediate produces TAaAa" in ‘the’ tetraplond nntermedlate and" thus the-

double 'A! dosage necessary for the productlon of gentloblosude is once

agaln preséat‘? An alternative explanation would be that quercetln 3 -0
- ") .
gentiobioside |s controlled bywtwo recess:ve alleles c. sueczca would

>
-

be recessive homozygous 'aa while C. canadenszs would be homozygbus for’

tﬁ% dominant allele TAA', ‘ The duploud |ntermed|ate would be heterozygous'

"y

'Aa' and. thus, not produce quercetln 3-0 gentiobiosude Thq productlon f:A;_

of the compound agann in the tetraplo:d could only be explalned thpough

Y

Lo T } o m
p S ' - : o e
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' be of hybrld origln for the follownng reasdns, all of - whrch are ba;ed

85.

the now two gene
' W

N v

the re-arrangement of recessive 4l™Wes, so that o

loci controlllng‘the inheritance of gentiobloside, \ homozygous
recessive. The chance of this occurrlng, coupled ith the possibillty
of a Feqessive’a"ele actIVely’produclng a compound, or coding for the
production of a compound; is considered small. This theory is“

consequently consldered‘improbable Although the former theory best \

fits the |nformatlon available at present, much more lnformat10n would

-
i
.

<, s

be required o conclusnvely prove this mode of lnherltance. e . ¥
. L M

The data presented in this study have been gathered
a
a further understandlng regardlng the origin (of the lntermedlates) and

relatlonships wuthln the Cornus canadensze suecica complex in North

* . . T
America. S : , T

; : ot v .

’ The intermediate taxa.in thjs comp lex, Cornus canadenszs X

' v
_sueczca and - Cornus unalaechgfnszs are cons:dered by thlS author to both :

-4
‘
m ! %, g . i

. . ' i

- [\
on the results of thJS st:udly’5

LIS : v /
T s L e ‘ o

. j

e - Although their phenotypes exhlblt a high degtee of variatloo in g

2 ‘o-.“ v
expressnon thewdlpl0|d hybrld andmthe tetr’plosd are{ftructuhally &5 x h
"'in between' the two' parent’ 5pec1es. I . . . j;h
. The tetr;plOIds contaln tﬁi full complement of flavonolds éi.;\
| 'produced E} the two parent specues and a relatlonshlp'between the l

.‘ﬂlplbld hybrnd andﬁthe tetraploud can be postulated,.based on/chemlca

o - . " ’ A "‘" A ’
. data (see® prevuous .page) . - . . ‘. ;_ _ &

Ny

’the hybrld orngin of the genome IR \ % '

)'f ’-’The diploid hybrld |s restrlcted |n dlstrlbutlon ‘to the overlap

¢}

areas of the two specles. lt also exhnblts pollen lnvnabullty (pg 37)

-whlch suggests a degree of melot:c fallure, probably resultlng from '



| - ' e T

. . \ " on, *
. ' . . M ‘ a e -
-‘&hevtetraplold, although It was not found"in the overlap areas

- of the two specues, lives in a habltat which ls very snmllar to the

‘coastal overlap areas occupied by the dlplold hybrld 'Its survlval in

-~

these outlying areas ‘is not dlfflcult to envnslon since lt is fully

fertlle. o . ~ , 'é

1 Based" upon the evidence presented here, it is suggested that- -
the lntermedlates, both diploid-and" tetraplold, are the results of o " ? :
' . N
hybrnd,lzatlon or_lgn.nally and that the tetraplond has been deered from- '

-

" the dlploid intermed‘iate through chromosome dOubllng. The tetraplold

because it is fully Fertlle, and is wnder ranglng than the dlplold
|

o mtermedlate"s thought to represent an: older group oﬁ plants than the ‘
d|pl0|d hybrlds examlnod _ T
$ . Y- . . . . - .

L The ?gutatnve parent specles can be separated from/o‘nja}mheri‘
. ,. L N T .

qunte easi l'y Morphologlcally they a&e Zhst:ungulshable from one anothe

(pg 28) " They - dlffer by havmg or la@klng quercetln 3*-0 gentlobloside

(Table 8) and by havnng dlfferent dlstrlbutlon patterns -Coz@t;ii’ts

canadensw ls mostly contlnental |n its d|str|but|on wlule c. suecwa

?

|s malnly cOastg (Maps l and 2). Thelr areas of dlstrlbution overlap,

'“.\.‘ but it IS onlly”'ét the pernphery Altl'}uough the two specles do have thp B

" .same chromosome number, there IS some degree of lsolatlon in breedlng,

v v &g - NN
o asN hown by the Seml sternllty ev:dent in the d|pl0|d hybrid (pg 37). v
Lr RN . TS X .
‘ For t‘hese reasons no’ change lnﬂthe anonomlc sta@us of these two species

xh

G
:s propOSed Al though lt .can be argued th&-t the two. specues are vemy

| _-cIOSely related because of the morphologlcal varlatnon ,presant ln the

-

) 'V:.hybrid, wh:ch tends to make ‘the- complex look llke one group, the
ev:dence of hybrldlzatlon and subsequent evolutlon w:thln the group ls .
',there. ang; is best shown ln reta;nlng the speclflc status of the two '

- ) ” ) . i ’ E . . k] »,A_‘ .
S : . K o .
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~ ' . .
parental taxa. Akso, be*cause of the circumboreal distribut’lon of C

/\ * o "
suecica, there are other 'distlnct areas of dnstnbutlon where C. cczna@-

"enaw is not present, as in northern Europe Here the specific status.

’ " ‘ g

of C. su_ecica may not be in question, since there has been no opportun-

> .ity' for backcros$ing to introduce variation into the'specles Reten'tlon
of the speclflc status of C. canadenasis and C. euecwa is conservative

and untll a more- complete geographkc study is- made I believe thl’s
-, ‘ ¥ -

[

'classnflcatlon |$H:he most reasonable. S :

s

Classlfncatlon of the: mtermeduates represents another

Ledebour (l81ll-18h6) descrllbed the specues Cornus unaZaechkensw (see

JFag,« 3) w:th no knowledge of floral characters, and descrnbed“ the . eaf
Vo NG

) '

Vi ation patternnof c. unalaschkensv,s ?s belng sumljar to c. 3uecwa. .

@e latter2 descrnptlon of leaf venatIOn does. not: flt the type speclmen.g '
S

&

ThIS lncorrect de;crnp.@:aon, coupled wcth the lack ‘of mformatlon about

oA

the flowers, makes the descriptlon 060 unalaschkensts unclear It d_oe"s'

[}A‘, howaver deflnl‘tely descrlbe a ;pec~les mtermedlate between Cornus T

)

1 : ~--\ < D

¢
Farr 5. descriptuon of' canadensz.s vat. 1’mterm_gdza (Pg 9)
] does not comply mth the morphologlcal\ varlatpdn x-fo?nd within the inter-'
’ .medlates lt descrlbes only a small sector o? tllg group." o /,

-9

Because Hulten s descrlptnon of Cornus e enszs X sw¢zca |

4

: Hult (Pg 8) compltes wl‘th t’he rg,au’lttsebtaunedffrom this study k lt ;

o R e
h . ; s S £ oo %x‘s' '
N .~ o : RS -t

‘ o
canadensw and Cornuesuec‘bca. SRR f[ , {:) 5
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Botanical Nomenclature (Stafleau et al., |§72) for naming hybrids.

The allotetraploid or amphidiploid intermediate, because it-
is fully fertile and reproductively isolated.is considered to be a
dlStinCt species, Cornus unalaschkensts Ledeb. Examination of guard

ceiis from specimens collected from the type location suggests that the

v ,4'

type specimen is tetraploid. Examination of guard cells of the type
specimen produced inconciusave results. Although morphology does not
allow the easy distlnctlon of Cornus unalaschkensis from Cornus
canadensis X suecica, they can be sepdrated on the basis of their
different chromosome numbers, guard.cell sizes, pollen viability, geo-
graphical distribution and possession of quercetin 3-0 gentiobioside,
The formula Cornus canadensis ; auectea has been chosen to delimit the'!
hybrid rather than using the name Cornug8 X unalaschkensts because It Is
felt that the simultaneous use of the epithets unalaschkensts and

X unalaschkenszs would result in confusion. Article 50 of the Nomen-

clature Code (1972) intimates through example that the two epithets are

mutual ly exclusive, but more important is the fact that in the past

B )

. the two have been used interchangably, and such a similarity in name

S

would encourage the practlce to continue. .
' These two taxa are associated, in that ar earlier Cornus

canadensta X suecica presumably gave rise to Cornus unalaschkenaia. So

they are both originally of hybrid origin The difference in geographic —

distribution between dipioids and tetraploads is perhaps the result of

" reinvasion after glaciation. Hultén (1968) suggested that C. suecica

in a previous time had a more southeriy distribution which has been
reduced due to a change in climate. The tetraploid has apparently not

' ¢ . L
suffered the same reductnon in distrlbution. The existence of the
< ‘ ) '
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tetraploid chromosome race, as well as-extant members of the encestra)
diploid race, is unusual” and has possiblf resulted from the change®in
Hultén (1968) has suggested account for the restrncted distributlogtg;
C. suecica in relation to C. undlaschkensis may also have changed the
‘distribution of C. suecica enough to. create a new"overlép area’' rlth
C. ‘canadensis and allow the process of hybridization to begin. agaln in
a new, more northern area.- Tﬁé dnfrerent distributions of C. unalasch-

kensis and C. suecica could also be explainec as the result of the

Invasion of neﬁ, more southern habitats Ly C. unalaschkensis. The

presence of C. wunalaschkensis in central ithsh Columbia rden Lake

75038) is evidence that the spread of this species is possible\and is,

in fact, occurring.\\Ihe varfation within C. unalaschkensis sugdests

‘~that the doubling of thexdip[oid chromosome number has occurred
‘ \

v
than ‘one occasion and it can be considered to be a continuing event.

n mcoe

Therefore, although a breeding barrier does exist, it may not fin fact

be a barrier to’gene flow from the diploid to the tetraplojd Gene

exchange in the other directaon, however, is limited by yhis breedlng

barrner An alternatlve explanatton {or the variatloﬁ found withln ,

_C. unalaschkensis wou 1d be that numerous populations.were\isolated in

-

coastal refugia during the Wisconsin glacietion and were subject to
" evolutionary divergence. In view of the present day distribution and
. the previous glacial histdbry of the area, this explanation appears valid.

The genomes of the two parental species, Cornus canadensis
and Cornus suecica have presumably‘been combined in the amphidiploid
Cornus unalaschkenats If this combination has conferred upon it

the comblned envlronmental tolerances of these two parents, this could



P

.. . 90,
explain the wider distribution of the amphidiploid in relation to C.

suecica. |t appears that lack of moistdre is a limiting fac;or In the
d!str[bufion of the tetraploid for aithough it was found In the mesic
forests near Prinaé George, 8.C. (Coll #75938) it was replaced by the
diploid C. canadensis in the,drler:region‘between the coast and Prince
George. The distrlbution matches closely the areas of high annual.
pracipltatlon.as outlined by Map 8. It can be envusioned that further
evolution of the tetraploid ma* allow it to extend its range to other
habitats. The presence of tegraploids in eastern Nofth America

_ {Dermen, 1932) indicates that tﬁe,tetraplqid genome fs.not as restricted
to habitat as is suggested bythis study. épecific information éoncern- ‘ 8
ing the collection sites In eastern North America “is lacking, however,

sdrone can only genegally infer the conditions present, as different

fro; tha western coastal rain forest. The tetrapioid in northwesﬁerﬁp‘

North America appears to be a~vi§orous entity capable though [ts own

fertflity of. adapting, through gene exchange, to various environment#.

If it has‘ln fact combined the ecological toferances of the two parents

its gradual épread‘ia hfghly likely, perhaps at the expense of the

!
- diploid parents.
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= - " CHAPTER 5

-

CONCLUSIONS

- | v o .
The conclusions of this study, briefly stated, are as follows.
_ \ b : : .

Hybridization has occurred betwéen the two diploid species, Cornus

14

B canadeni%% and Cornua suecica. In the earliest of the -two - known "“T'r'“' )

instances a chromosome doubling produced a fully fertlle allotetraploid.
s tetraploid survlved the Pleistocene glaclations and climatic

changes in areas where Cornue suecica failed to survlve, so the present

southern extremities of the distributlonvof the tetraploid and that of

Cornus suecica are wndely separate. The sétond instance.of.h?bridlzatlon

has occurred in more recent times resulting in Formatlon of a dtplold

entlty in the preSent overlap areas of the two species. The eventual

production of'the tetrap{oid in these overlap areas is ceg;ainly

possible and would represent an example.of polytopic specfation. Both

‘exlsting diploid and tetraplojd entitles are considered also to have

~had a polytopic and polychronlstic origin.

ey
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Synopsis of Cornys subg. Arctocrania

In northwestern North America

. N
~ .

4 . .
Flowers greenish-white; stamens mostly shorter than the style; hypantheum

hoary,

Cornus canadensis

“‘Flowers purple or partly purple; stamens mostly longer- than the style-
hyparttheum sparsely strigillose to hoafy-

Leaves mostly arranged in a whorl of 4-6 at-the shoot apex,
often with 1-2 pairs of stem leaves 4-6 cm below the whorl;
leaves mostly petiolate, sometimes ‘sessile; leaf veins
arising from a distinct midrib, seldom from the leaf-base.

Distributlon restricted to continental Alaska;
Chromosome number 2n=22; pollien sometimes partially
invuable"Quercetun 3-0- gentlobloslde absent. . .

, L : Cornus canadensis X suecica

Distribution restricted to coastal northwestern North
America (including the Aleutian Is.) and the western
side of the Rocky Mountains; . Chromosome number 2n=kl;
-polien mostly all Viable; Quercetin 3-0 gentlobioside
present. N »

Cornus unalaschkensis

Leaves mostly arranged in 3-6 sub-equal pairs, sometimes
simulating a whorl at the shoot apex; leaves sessile to sub-
sessile; leaf veins arising from the base or If from the midrib,
§rom the basal l/k to 1/3 of/the leaf.

- Cornus suecica -

R Y Y O N N N P T o LL L el VPRI
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. Cornus canadensis L. Sp. P1. 118. 1753.%

' Chamaépericlymen&m canadensg (L.) Asch. & Graebn. F1. Nordostd. Flachl.
o f 799. 1898.

Cornella canadensis (L.) Rydb. Bull. Torrey Club 33: 147. 1906.
Arctoerania canadensis (L.) Nakai Bot. Mag. Tokyo 23: h4o. 1909.

Cynomylon canadense (L.) J.H. Schafn.- Cat. Ohio P1. 22. 1914, ,
(taken from Rickett, 1945).

Mesomerd eanadensis (L.) Nieuwl. & Lunell Am. Midl. Nat. 4: 87. 1916. -
' (taken from Rickett, 1945).

Cornus canadensis L. forma dutillyi Lepage - Nat. Can. 73: 10. 1946.

. Cornus canadensis L. forma infraverticillata Lepage Nat. Can.ﬁ73: 7

| 1946,
Cornus canadensis L.vfﬁrma bifaliata Lepage Nat. Can. 78: 342. 1951.
-Cornus canadensis L. fofma secunda Lepage Nat. Can. 78: 343. 1951,
Cornius canadensis L. forma albomacula Lepage Nat. Can. 82: 99. 1955.
Cormus canadensis L. form; apﬁylld Lepage Nat. Can. 82: 99} 1955.
‘Cofnus canadensis L. forma fblﬁolosa Lepage Nat. Can. 85. 101. 1955.
Cornus canadensis L. forma ornata Lepage Nat. Can. 82: 100.. 1955..

*A number of varieties and for&s of Cornus canadensis have been
described which have not been includ?d in this study.

] J

Plants herbaceous annuals with subterranean, perennial ‘
rhizomes; simple stems 4-20 cm high, exlcusive of peduncle. Leaves L-6
in a terminal whorl consisting of one terminal pair of leaves, each leaf
'subtended by one or two leaves from an undeveloped axillary branch,
with a pair of scale-like prophylls 2-8 cm below, these often approach-
ing the size of the terminal leaves; all leaves having a short but
distinct petiole, the blades 2-9 cm long, 1-6 cm broad, obovate to C
elliptic, entire, acute to acuminate, obtuse at base, sparsely strigill-
, ose above, underside glabrous; velns 2-3 on either side of the midrib *°
arising from the basal 1/4 to 1/3 of the midrib. Inflorescence a cyme
containiny 15-30 flowers; peduncle terminal and erect, 1-3 cm long, the
four primary branches of the inflorescence each bearing a white bract, .
"sometimes purple tipped; bract 7-25 mm long, 5-18 mm broad; hypantheum
1-1.5 mm long, green, hoary; sepals 0.4-0.5 mm long, broadly triangular,
greenish; petals 1-2 mm long, yellowish or cream-coloured; style 1,
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142 mm long, purplish; drupe red, 8 mm in diameter, one seeded. ?
Chromosome number 2n=22, . -

Cornus suecicd L. Sp. P1. 118. 1753.

Cornus borealis Krash. Gort. F1. Ingr. 2h. 1761 ) ) (Taken 3
Cornus herbacea Pall. = Fl. Ross. 1: 121, 1784, ) ) from i
Cormus biramis Stokes  Bot. Mat. Med. 1: 221, 1812. ) Rickett, 1345)
Chamaepericlymenum suecicum (L.) Asch. & Graebn. F1, Nordostd. Flachl,

. » " 539. 1898. .

Cornella suecica (L.) Rydb. Bull, Torrey Club 33: 147, 1906,
»Arctqcraniqugyecicd (L.) Nakai Bot. Mag. Tokyo 23: 33. 1909.

-
S

Plants herbaceous annuals with subterranean, perennial
rhizomes; stems 2-15 cm high, exclusive of peduncle, often with some
branching. Leaves opposite, in 3-6 sub-equal pairs, sometimes
simulating a whorl at the summit; Jeaves sessile, the blades commonly
2-3 cm long, 1.5-2.0 cm broad, ovate to elliptic, entire, acute to P
acuminate or apiculate, cuneate and clasping at the base, sparsely’
‘striglilose above, glabrous below; veins 5-7, arising from or near the
base, or if midrib is present veins 4-6 arising from the basal 1/4 to
1/3 of the midrib. Inflorescence an umbelliform cyme (primary branches
not discernible) containing 10-20 flowers; peduncie 1-2.5 cm long,
commonly sparsely strigillose, four bracts 8-12 mm long, 5-10 mm broad;
hypantheum 1-2 mm long, purplish, sparsely strigillose to strigillose
especially at the base; sepals 0.3-0.6 mm ‘long, triangular, purplish;
petals 1-1.5 mm long, purplish; style 1, 1-2 mm long, purplish; drupe

- red, 8 mm in diameter, one-seeded. Chromosome number 2n=22.

Cornus unalaschkensie Ledebour F1, Ross. 2: 378. 1844,

Cornus canadensis var. intermedia Farr . - Contr. Bot: Lab. Univ. Pa,
' 2: 423, 1904, (Type specimen not seen)
Cornélla inalaschkensis (Ledeb.) Rydb. Bull. Torrey Club 33: 147. 1906.
Arctocrania unalaschkensis (Ledeb.) Nakai Bt. Mag. Tokyo 23: 39. 13909.
Spida wnalaschkensis (Ledeb.) Heller Cat. N. Am, P1. ed. 3. 273. - 1914,
L o (Taken from Rickett, 1945) ,
Chamaepericlymenum unalaschense (Ledeb.) Rydb. Fl. Rocky Mts. 635.
' ~ ' 1917.
Cornus intermedia (Farr) Calder & Taylor Can. J. Bot. 43: 1396. 1965,

Plants herbaceous annuals with subterranean perennial
rhizomes; stems 5-25 cm high; exclusive of thewpeduncle, occasionally
with some axillary branching. Leavgs_either'arranged_in a terminal
‘whorl of 4-6 leaves with one.pair of large cauline leaves subtending
the whorl, or arranged in 3-6 sub-equal pairs; leaves often petiolate,
the blades often 3-7 cm long, 2-4 ¢m broad, entire, acute to Acuminate
or apiculate, obtuse or clasping at the base, sparsely strigillose
‘above, glabrous below; veins most commonly 4-6 arising from the basal
1/4 of the midrib or if midrib is absent arising from the base.
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Inflorescence a closed cyme or umbelliform cyme, peduncle 1-3.5 cm long,
sparsely strigillose to glabrous, terminal and erect, four white bracts
7-25 mm long, 5-20 mm broad, arising from the apex of the peduncle or
from.the four primary branches of the iInflorescence (when present) ;
hypantheum 1-2- mm long, greenish, or partly or wholly purplish, sparsely
strigillose to hoary; sepals 0.3-0.6 mm‘loﬁg,'triangular, greenish or . .
purplish; petals 1.0-2.0 mm long, purplish or partly purplish; style
"1, 1-2"mm long, purplish; drupe red. 8 mm in diameter, one seeded;-
Chromosome number 2n= g o S ,

/ ‘ ! Y '\3

Cornus &anadensis X suecica\Hultén F1. Aleut. 253. 1937.
I?/ - J/ ) l’_:_x_ ] . )

tHity. Chromosome number - -
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Représentatlve Spec imens

. Cornus canadensis L.
Type Locality: Canada, Linnaeus.

.

(LINN; holotype. DAO 029014 [photograph of holotypel).

Alberta: CAN 85847, Mt. Norquay; CAN assqs,“Laée\Loutse} CAN 85859,
Amgtﬁyst Lake; CAN 85860, Tonquin Valley; CAN 858;}, Mt. Rundle; CAN
267967, Wood Buffalo Pk.; CAN 85858, Rgd'oeer; DAO 118516, Kananaskis;
DAO 118510, Banff; DAO ll8h|7,”Elk Is. Pk.; DAO 118415, Waterton LaKes
Pk.; "DAO 118412, Maligne Lake; DAO 118408, Beaverlodge; DAO 118406,
Lake Athabasca; DAO llBhOl,“Ft.ASaskatchgwan; DAO 118395, 20 mi. N. of
'Vermili;n; DAO 627760, Mildred Lake; DAO 640032, Pigeon Lake; ALTA 1}5&0,'
Edmonton; ALTA 64416, Ma=-Me-0 Beach; ALTA 62865, Athabascé; ALTA 46467,
Cypress Hil];; ALTA 30521, Fox Creek; ALTA439339, Beaverlodge; ALTA* 24024,

Dutch Creek.

™~
~

sri:igh Columbia: CAN 341617, Fiéfence Bay; CAN 343423, Mt. Arrowsmith-
Vancouver Is.; CAN 363141, Glacler Nat;r\Pki; CAN 342214, Revelstoke Pk;;
CAN 264080, Laird Hot Spring; CAQU85888,'Yalé;\tAN\§§88§. Trail; CAN
85877, Prince George; DA01118466,'Mt. Robson Prov. ngéﬁagg ll8h6h,-
Galloway; DAO 118453, Rolla; DAO 118450, S.ﬁof.Ft.‘Nelson; 5;6\113§56,

Grand Forks; DAO 118436, Dawson Creek; DAO 118426, Kootenay Nat'l ?k.i

DAO: 118422, Quesnel; ALTA 53652, Ft. St. John.

Yukdnﬂ. CAN 303687, Keno Hill; CAN 293691, Dezadeash; CAN 270029,
\ . | ' o
Mackintosh; CAN 208721, Carcross; CAN 127187, McQueston; CAN 85908,

Whitehorse; CAN 85905, Dawson; CAN 85899, Mayo; CAN 85894, Cano) Rd.;



DAO 118016, Watson Lake; DAO 118010, Mcintyre Creek; DAO.i180Cs, Cassiar:.

Mtn.; DAO 118005, 60 mi. Rd.-W. of Dawson; ALTA 27322, Mi. 22-Dempster

Hwy .

-N.w.T.:A CAN 370054, Wood Buffalo Pk.; CAN 35982b, Hay RiQer; CAN 279895,
Ft. Smith; CAN 85341, Great Bear R.; CAN 268871, Brintnell Lake;‘CAN f
268872, Ft. S}mpéon; DAO 118002, Charleton |s.-Keewatin; DAO 117999,
Grea;HSlave”Lakq;'DAO,1i7998, Yellowknife; DAO 117994, E. of Ft.\Smith;
DAO 117991, Hay River; DAO 117985, Ft..éimpson; DAO 117976, Ft. Lalrd;
ALTA 13550, Great S)qye'Lakgg ALTA 30790, Wood Buffalo Pk.; ALTA 3551,

Ft. Smith,

Alaska:  CAN 362399 Mt. Hayes, CAN 362400, Big Delta Jctn.; CAN 363571
20 mi. N. of Cordova, CAN 298891, Circle Hot Springs; CAN 28!057,
Tanana Rlver, CAN 258492, Cathedralﬁéluffs CAN 2536&6, Prince Nillia;
Sound; CAN 85920, Gakona; CAN 85915, Unalaska.ls.; CAN 85912, Sew?rd;
CAN 85911, Matanuska; CAN 85910, Hope; DAO 118037, Cooper's Landing;
'DAO 118036, Mi. 187-Richardson Hwy.; DAO 118031, Mi. 140-Steese Hwy.:
DAO 118027, Glacier Bay Nt'l Monument; DAO f;éozz, Palmer.
Cor;;s éueczca L.
TypewLocallty: “Suecia, Norvegfa, Russia", Linnaeus.

(L[NN;"holotype.’ DAO 140742 [photograph of hoJotype])

Alaska: CAN 274322, KQtzebue' CAN 2536&3 Unalaska, CAN 2&8098 Middleton
Is.; CAN 2382&2 Kodlak Is., CAN 86214, Buckland Rlver CAN 86213, Akutan
vls.; CAN 86201, Seward DAO 626396 Adak - Is., DAO 117917 Attu Is.;
DAO 117918 Resurrection Bay (Seward) ; DAO 117920 Hope, DAO ll792h

. Kenal; DAO 117927, Sterling Hwy.; ALTA 20539, Kotzebtﬂg

T



 Quebec: CAN 86]97. BradO(é Bay; CAN 8619&, Seveg‘ls.; CAN 86175,

oo b

- Canso; CAN 86182, Tr!nity Cove; DAQ |l79kl

DAD 149400, Skeena Crossing; DAO 149398, Smithers; DAO 149396, Prince

&
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v

o R i s
Blanc Sablon River; CAN 86]92 “Ile du B[c; CAN'86|91 Magdalen Is.;
CAN 86]90 Coffin Is.; CAN 300329 Harrlngton Harbbur; DAO 643166,
lle aux Basques, DAO ll79h6 Lake Tashwak DAG‘II?SS# Kamouraska;

DAO I|7958 Port HarrrSon. . e

Nova Scotia: CAN“251079, Scatari ls ; CAN 227764, Scatari Is.; CAN 86181,

St. Paul lIs.

g

Newfoundland:' DAO 117931, Indian Harbour; D\O 117935.'St.‘Anthony Is.;

. o . \
DAO 117934, Seal Is.; DAO 117937, 'St. Anthony'Is.

! . )
{
i
Cornus unalaschkénsie Ledebour.
Type Locality: Unalaska, Ledebour.
(LE;~holotype. Cornus unalaschkenszs Ledeb. hho 2)

British Columbia: CAN 85924, Vancouver lIs.; CAN 152161, Triangle Is.;

&

DAO ll§h39..Lake'Azonzetta.

Yukon: CAN 85932, Canol Rd., MI. 240.

Alaska: CAN 326919, Amchitka ls.; CAN 85943, Unalaska‘T;.;_DAO 149331,
i . ‘ .

Queen Charlotte Is.; DAO lh9351, Queen.CharJOtte Is.; DAO 149359,

Queen Charlotte Isl; DAO 149364, Queen Charlotte I's.; DAO 149368, Hdpe

Island; DAO 149375, Glacier Nat'l Pk.; DAO Il8hh6,‘Grand Férks;

Ruper t .

Oregon: DAO 149403, Lincoln Beach.
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Cornus canadensis X suecica Hultén Iy
(vypical specimen: BAIN #75053).
Alaska: CAN 85938, Talkeetna; CAN 85937, Matanuska, . -
4 {
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