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CYTOLOGICAL  STUDIES  OF  CORNUS

Hate  DerMEN

With  plate  58

THERE  ARE  some  forty  or  more  species  of  Cornus,  of  which
some  thirty  forms  are  in  cultivation  at  the  Arnold  Arboretum.
This  genus  has  quite  a  wide  distribution  all  through  the  northern
hemisphere,  with  one  species  in  the  tropical  mountains  of  Africa
(Wangerin  1910).  According  to  Berry  (1923)  over  fifty  fossil
forms  have  been  described,  the  oldest  of  these  coming  from  the
Upper  Cretaceous  period;  the  majority  of  other  forms  have  been
found  all  through  the  Tertiary  formations.

Out  of  fifty  existing  forms  described  by  Wangerin  (1910)  and
Rehder  (1927)  twenty-four  are  found  in  central  and  eastern  Asia,
two  in  western  Asia,  one  in  western  Asia  and  Europe,  ten  in  Atlantic
North  America,  six  in  Pacifie  North  America,  three  in  Central
America,  one  in  Alaska  and  middle  western  United  States,  one  m

Africa  and  two  in  the  boreal  and  arctic  circumpolar  region.  Al!
but  the  last  two  mentioned  are  woody  while  the  latter  forms  are
perennial  herbs.

cytological  preparations  is  described  in  an  earlier  publication
(Dermen  1931).  e  at

A  table  is  given  below  showing  the  basis  of  the  taxonomic  group-
ing  of  the  genus  Cornus  based  on  Rehder’s  classification  (1927),
but  with  slight  alterations,  and  the  corresponding  chromosome
grouping  of  the  species  investigated.  _

TABLE  I.  a
A,  Flowers  in  ¢  mes  or  panicles  itk  tan  ii  volucre.  f  ‘21  :  .

B.  Leaves  alternate...................  ee  ea  (10  pairs  of  chromosomes)
Cornus  alternifolia,  C.  controversa.  Sa  :  eae

BB.  Leaves  opposite........  =  thle  eee  me  eee  dS  (11  pairs  of  chromosomes)
As  alba  Rosenthalii,  C.  _  femmesflaviramea, C. stolonif. era coloradensis, C’. rugosa, C. Amomum,

»  C.  arnoldiana,  C.  asperifolia,  C  glabrata,  C.
racemosa, C. paucinervis, C. coreana, C. sanguinea, C. Breisch-
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AA,  ersAA.  F  in  dense  umbels  with  an  involucre.
B. Flowers yellow with a yellowish involucre not exceeding the

flowers and deciduous during anthesis. . . . . gee (9 pairs of chromosomes)
Cornus  mas,  C.  officinalis.  :

BB. Flowers greenish yellow with large white or pink bracts.

i oe ee a ee eee

eee  WIERTS  bed  oe  aie  ee  been  ee  (11  pairs  of  chromosomes)
:  ornus  ida,  C.  kousa  chinensis.
ee  cae  tevpmeeods  plant...  0...  2...  ee  ee  eee  (22  pairs  of  chromosomes)

Cornus canadensis.

From  the  above  table  it  is  seen  that  chromosome  numbers  corre-
spond  to  the  system  of  taxonomic  grouping.  This  investigation

_  showed  four  groups  of  species  with  basic  chromosome  numbers  9,
10,11,  22.  In  Plate  53  are  illustrated  meiotic  and  mitotic  figures
a8  representative  of  cytological  groups.  Meiotic  chromosomes  of

 €.  mas  (fig.  1)  are  considerably  larger  than  the  meiotic  chromo-
somes  of  C.  florida  (fig.  2)  and  much  larger  than  the  chromosomes
j  of  C.  canadensis  (fig.  3).  These  size  differences  are  also  noticeable

mn  the  somatic  chromosomes  (C'.  mas,  fig.  4;  C.  florida,  fig.  5).  Both
_  Meiotic  and  somatic  chromosomes  of  C.  officinalis  correspond  in
oh  na  and  structure  to  the  C.  mas  chromosomes.  Cornus  kousa
Bi  chinensis  (fig.  6)  was  similar  to  C.  florida  in  all  respects;  both  had
eee  pair  of  chromosomes  with  minute  trabants.  There  were  no
:  trabants  observed  in  any  other  species.  The  chromosomes  of  the
i  C.  alba  group  were  somewhat  smaller  than  the  chromosomes  of
F  the  C.  mas  and  C.  florida  groups.  In  this,  as  well  as  in  the  C.

ie,  oP  A  pair  of  chromosomes  were  noticeable  that  were
=  _nspicuously  longer  than  the  others,  with  double  constrictions
:  (C.  stolonifera,  fig.  7;  C.  stolonifera  flaviramea,  fig.  8).  Most  of  the
2  other  chromosomes  had  subterminal  constrictions  (C.  paucinervis,
oe  ).  Cornus  controversa  (fig.  10)  and  C.  alternifolia  have  20

(C.  candidissima)  the  chromosome  count  2  =  8-9  a
glabrata  n=  11-12.  Both  these  species  have  11  pairs  0

mosomes,

1)  quite  small  in  size,  but  showing  at  least  two  pairs  ©

‘Roticeably  longer  than  the  others.  Several  efforts  were
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made  to  study  Helwingia  japonica  and  Davidia  involuerata  (the
only  species  of  these  genera  available  in  the  Arboretum)  but  the
chromosomes  were  found  too  crowded  together,  thus  making  an
accurate  count  difficult.  The  chromosome  number  for  Davidia
was  estimated  40+  and  for  Helwingia  80+.  Both  had  small
chromosomes  like  Nyssa.  The  root-tip  cells  of  Cornus,  Nyssa  and
Davidia  were  of  the  same  nature;  half  of  them  were  thick  walled
showing  the  presence  of  a  gummy  substance.  Helwingia  did
not  possess  these  gum  cells.  3

Cornus  mas  (fig.  4)  and  C.  officinalis  have  9  pairs  of  chromosomes.
The  somatic  chromosomes  of  these  forms  indicate  the  presence
of  2  pairs  with  median  or  submedian  constrictions.  These  3  pairs
are  longer  than  the  other  chromosomes  of  the  group.  When  other

forms  are  compared  with  these,  one  finds  that  all  the  chromosomes
are  quite  short  with  only  one  long  pair  and  with  a  double  constric-
tion.  From  these  facts  it  may  be  concluded  that  the  two  median
constricted  pairs  were  segmented,  giving  rise  to  the  four  extra
chromosomes  of  the  11  pair  group.  The  chromosomes  of  the  10

pair  group  showed  two  pairs  that  were  considerably  longer  than
the  others.  In  this  case,  apparently  only  one  of  the  nine  pairs
was  segmented  to  give  rise  to  this  additional  pair.  The  22  pairs
of  chromosomes  of  C.  canadensis  undoubtedly  are  from  the  dupli-
cation  of  the  11  pairs  of  some  species  like  C.  florida  or  some  her-
baceous  diploid  form.  To  shed  some  light  on  the  origin  of  this
species  with  a  tetraploid  number  of  chromosomes,  the  author
intends  to  study  C.  suecica,  another  herbaceous  species,  and  some
other  varieties  of  (.  canadensis.

From  the  chromosome  counts  and  structure  it  is  suggested  that
nine  pairs  may  be  taken  as  the  basic  number  of  the  genus  and  that
other  forms  with  10,  11,  and  22  pairs  are  merely  alterations  of  this
basic  number  due  to  segmentation  of  some  chromosomes  é
duplication  in  the  case  of  C.  canadensis.  There  is  evidence  ™

supporting  the  hypothesis  that  fragmentation  of  chromosomes
may  give  rise  to  new  forms.  Stern  (1928)  gives  a  case  describe
by  Seiler  that  clearly  demonstrates  this  point.  There  were  found  —
two  races  of  butterflies,  Phragmatobia  fuliginosa,  one  with  28  and
the  other  with  29  pairs  of  chromosomes,  Seiler  finds  that  the

long  chromosomes  of  the  28  pair  race  are  four  units  long,  while  "
the  29  pair  race  the  long  chromosomes  are  three  units  long.  _  When
these  races  are  he  finds  that  long  chromosomes  pair  wit?
the  fragmented  chromosomes.  Anderson  (1931)  has  made  #
comparative  study  of  the  chromosomes  of  the  genera  Allium
and  Nothoscordum.  The  genus  Nothoscord  scordum  is  considered  closely  :  5
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elated  to  the  genus  Allium.  In  A.  stellatum  he  finds  seven  pairs
of  chromosomes,  while  the  characteristic  number  for  the  genus

 jseight  pairs.  In  N.  bivalve  are  found  nine  pairs.  In  the  nine
:  chromosomes  of  the  microspore,  seven  were  with  median  or  sub-
median  constrictions  and  two  with  terminal  constrictions.  In  the

words  of  the  author,  ‘‘These  latter  are  conspicuously  marked  by
t  large,  deep-staining  insertion  points.  The  chromosomes,  like  those
of  Allium,  are  large  and  ribbon-like.  The  attachment  constrictions

in  Allium  are  usually  median  or  sub-median  (or  at  most  sub-
terminal).  It  seems  quite  possible  that  Nothoscordum  may  have
been  derived  from  an  eight-chromosomed  parental  stock  by  the
division  of  one  of  the  large  median-constricted  chromosomes.
This  is  further  borne  out  by  the  fact.  that  the  combined  length  of

|  the  two  chromosomes  with  terminal  constrictions  is  only  a  very
little  greater  than  that  of  the  longest  chromosome  with  a  median

_  Sonstriction.”  Thus  it  may  be  assumed  that  when  a  long  chromo-
_  Some  is  fragmented  from  the  point  of  so-called  “  spindle  fiber  attach-

ment  point,”  then  the  derived  chromosomes  build  up  anew  their
|  own  spindle  fiber  attachment  constrictions.
ae  Tt  may  be  safe  to  assume  that  a  species  with  a  small  number  of
|  chromosomes  is  the  most  primitive  of  its  genus.  Taking  the
ee  eytological  findings  based  on  number,  size  and  structure  of  chromo-
_  Somes,  it  may  be  said  that  a  type  like  (.  mas  is  the  most  primitive

et SAL, we ‘etal ee aa ee ee oe ee | Un SS te

e  of  the  genus  aad  others  are  derivatives  of  this,  both  in  respect  to
cytological  characteristics  and  morphology  of  inflorescence.

fe:  !  ?  fortunately,  due  chiefly  to  difficulties  of  cultivation,  the
Arboretum  does  not  have  some  of  the  species  like  C.  Volkensii,  C.

iS  cilicia,  C.  Nuttallii,  etc.  that  could  have  helped  to  make  this  study
_  ‘More  complete.  These  species  mentioned  are  of  special  interest

fe  in:  +a  their.  geographical  distribution  and  because,  in  some
of  their  close  resemblance  to  other  forms,  like  C.  Nuttallii

latter  ip  i  ,  the  former  growing  in  Pacific  United  States  and  the
Set  tea tlantic  United  States.

ected  with  Europe

ia  was  the  land  bridge  between  Europe  and  Asia.
aat  C.  mas  has  the  least  number  of  chromosomes  and

in  icated  above,  and  that  there  are  many  varieties
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is  in  the  middle  point  of  the  early  geographical  formation  of  the
earth,  indicate  that  forms  with  higher  number  of  chromosomes  may
have  been  derived  from  C.  mas  and  these  forms  spread  to  the  left
through  Europe  and  America  and  to  the  right  through  Asia  and
down  to  the  present  African  tropical  mountains.  Two  species,
C.  alternifolia  and  C.  controversa  (alternate  leafed),  with  two
additional  chromosomes  are  very  similar.  The  former  has  moved  .
to  the  west  occupying  Atlantic  North  America  and  the  latter
moved  to  the  present  tropical  regions  of  the  East  Indies,  China,
Korea  and  Japan.  Other  forms  with  four  additional  chromosomes
must  have  originated  from  (.  mas,  changing  morphologically  in
some  respects  but  retaining  the  opposite  position  of  leaves.  Other
species  with  11  pairs  of  chromosomes  are  most  likely  derivative
‘orms  of  a  species  like  (.  florida  or  may  very  well  be  direct  descen-

dants  of  C.  mas,  .

It  was  stated  above  that  Nyssa  sylvatica  had  44  chromosomes

ably  longer  than  others.  If  this  observation  is  correct,  then  this
genus  may  be  considered  a  derivative  form  of  a  Cornus  species  with
11  pairs  of  chromosomes.

In  connection  with  the  chromosome  study  of  Cornus,  pollen
grains  of  25  species  were  measured  and  the  percentage  of  pollen
grain  abnormality  was  det  rmined.

:  .  ‘TABLE  Ir.

Per  Cent  of  Pollen  Measurement  _
Name  of  Species  Grain  Abnormality  in  &

C.  alba  Rosenthalii......  15  215
€.  :  See  yee  id  50  260
C.  Laat  PE  WET  RESP  CELE  Ree  Q  215
C.  ifera  flaviramea.......  2  215
C.  stolonifera  coloradensis.  é  260
C.  TUNG  eet  gee  30  varC.  Slavkast®  025  OY  a  15  or
C.  Astontwms.52)  2G  es  ae  30  280
C.  dubia®  5  eta  eee  65  =
C.  obliques.)  cca  ise  4  250
C.  arnoldiana?  2  5  40a  eae  -  80  190
C.  aspera,  2  ooo  te  25  aneC.  Dunbarit®  0  15  215
C.  glabrate..  2...  pig  EF  ae  ee3  a
C.  racemene  oo.  be,  Pe  ae  50  180
C.  COTEGNG.  .  on  ek  ee  10  215
C.  Bretschneideri.  .  2  2.  |  205
CO.  florida...  i.  ea  Ea  ee  con  ae  170
C.  florida  rubra’,  Fe  95  160
Cc.  Bin  Sa  PUL  a  ge  ee  70  135
C.  kousa  chinensis...  .......:..,...  |  3  125
CL  MGS...  ie  ea  ee  3  He
C.  mas  flaws  o.oo  a  ee  3  ard
C.  fing.  pe  aa.  110
C.  canadenaia.  5  10  ed

ee ee ee en ee eee oe

ET i eg) ge eed ee et
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In  the  above  table  are  given  the  species  that  were  studied  and
recorded.  Species  with  asterisks  are  hybrids.  These  are  given  in
Rehder’s  Manual  of  Cultivated  Trees  and  Shrubs,  1927.  The

Bile «eae. kt

measurements  in  microns  are  180-280  for  C.  alba  group,  125-170
for  (.  florida  group,  110  for  C.  mas  group,  and  110  for  C.  canadensis.
This  record  shows  most  strikingly  that  chromosome  number  and
size  do  not  control  the  size  of  pollen  grains,  while  on  the  other  hand,
each  group  has  its  characteristic  measurement.  It  was  also  found
that  C.  mas,  C.  florida,  C.  kousa,  C.  officinalis,  and  their  varieties
develop  their  pollen  grains  in  the  fall,  while  others  develop  theirs  in
the  spring.  In  this  respect  there  was  found  an  affinity  between
the  C.  mas  and  C  florida  groups.  Cornus  canadensis,  while  related

to  C.  florida,  develops  its  pollen  grains  in  the  spring.  This  difference
may  be  due  to  its  being  an  herbaceous  form.

From  all  the  above  facts  it  is  suggested  that  C.  mas  or  a  similar
species  is  the  most  primitive  type;  that  the  C.  alba  group  may  be
considered  as  a  derivative  group  from  the  C.  florida  type  or  directly

from  the  C.  mas  type;  and  that  the  C.  florida  and  C.  alternifolia
groups  are  parallel  derivatives  from  the  C.  mas  type.  Cornus
canadensis  should  be  considered  a  derivative  from  the  C.  florida
type.  At  present  nothing  can  be  said  concerning  Davidia,  only
that  the  root-tip  cells  were  similar  to  Cornus  and  Nyssa,  and  that

cs  the  chromosome  number  is  estimated  to  be  40  +.

. r ee a eS eee ne) Oe a ee oe Ee eee ee ee er Pee VO ts | ee

of Allium stellatum
*  t  >

—  Anpenson,  E  (1931).  Th  |Bon.  ‘Ses  oF  e  Chromosome  complements
and  Nothoscordum  bivalv  (Annals  of  the  Missouri  Botanical  Garden,

an  North  Ameri  d  th  ‘cc  ld.  (Rhodora,  33:
0  erica  an  e  ‘orld.  odo:  Pe  ees

t,  A.  (1927).  Manual  of  cultivated  trees  and  shrubs.  The  Mac-
ot  =  _  mn  Co  _  New  ork,
A  ae  *8).  Fortschritte  der  Chromosomen.  Theorie  der  Vererbung.

P  oe
9SICAL  Laboratory,  ARNOLD  ARBORETUM,

2  Unrversiry.

a  a:  ich,  IV-229.)
(1917).  The  chromosomes,  their  numbers  and  general  importance-

berg,  3  ;
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DESCRIPTION  OF  PLATE  53

Fig.  1.  C.  mas.  Second  metaphase  plate  showing  at  one  pole  9  chromo-
somes

Fig.  2.  ye  florida.  First  aed  phe  plate  Slee  n=  1  chromosomes.
Fig.  3.  C.  canadensis.  First  metaphase  pla
Fig.  4.  C.  mas.  Metaphase  plate  from  sip  packs  with  2n  =  18

chromosomes
Fig.  5.  C,  :  Metagniass  plate  from  root-tip  section  with  2n  =  2

chromosomes.
Fig.  6.  anes  pram:  Metaphase  plate  from  root-tip  section  with

22 chromosomes.
Fig:  °  7.  °C.  Gilgen  r  Motatanes  plate  from  root-tip  section  with  2n  =

22 chromosomes
Fig.  8.  C.  stolonifera  flavir  ramea,  Pigepiions  plate  from  root-tip  section

with  2n  =  22  chromosom
Fig.  9.  C.  paucinervis.  Metaphase  he  from  root-tip  section  with  2n  =

22  chromosomes.

Fig.  10.  C.  ‘pe  hoxmipa  Metaphase  plate  from  root-tip  section  with  2n  =20 chrom
Fig.  11.  Nyssa  ipbvadicg.  Metaphase  plate  from  root-tip  section  with  2eihb  choies  ba
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