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ARSTRACT. — The polyvotyledorsy and the double (split) leaves in Col-
linaia heterophylla Buist are considered as precocial manifestations of the
action of the Po~loeus, which is assumed to be invelved in the formation of
the trimerous Whorls of the inflorescence, The pentamerous cyvles of the in-
fleyescence and flowers appear {0 be the result of o combination of a bime~
rouz and a Yrimercusz nods,

Genetle analyesis of Collinsiz heterophylla Bulst fScrophulariacsae)
conducted wy Gor&ld (1973) revealed that the polyeotyladeny (szhizocotyly)
is u simple rosezsive trait, The polycotyledony 1s knewn o occcur in move
than 30 families of Dicotyledopeae (Compbon 1913, Earle 1938, Johnsen 1936,
Purd 1941, Swamy 19149). The wide-spread ossurrence of this trait and the
existenee of pure-breading polycotyledonous lines; in the nermally diccetyle-
denbus apssies, suggests the possibllity that the gene!s) for polycctylsdony
{Fe-doeus) may be a part of the nermal genetic make up (genome) of plants of
many, puasibly all, families of Dicotyledoneae. If so, Hhen, it 1ls reason-
able to assume that the Pe«logus may be Involved in a control of some bagic
pattern of morphogenssis in plants.

Gver 2000 plants were grown in the green-house (wmathod for ralsing
planis has been reperted Ly Cordis, 1-957§s The modifications of leaf deve-
lepment and the number and arrangament of lsavex of the polycotyledonous
plants wore compared wilth the worphological characteristics and the number
and arrengemant of brachts in the wherls of the inflorescencs, In additien,
the gequence of the maturation of flowers in the individual whorls was re-
sopdad,

In this article an attempt is made to explore the pole the Pe-locus may
play in the formation of the inflorescence and in the Pormaticn of the pen-
tamerous flowers in C. heterophylla,

OBSERVATICNS AND INTERFRETATIONS

Folyuetyledonous ssediings of Q. heterophylla {Figs. l-3) may have one
normal snd one split (double) cotyleden [1.8), both cobyledons split (2.2),
three distinet cotyledons (1,1.1), one normel and one twice (1,3) or three
tlmes {1.L) split cotyledor, etc. Flants of this species have a decussate
ieal arrangement, One leaf of the pelr is ususlly largsr, The leaves of the
pelycotyledonous plants dend to split - become double - (Figs. L=6)., Trice=
tyledonous plants cormonly produte three leaves per nods., Polycotyledonous
plarnts in whieh the nedes with normal Lleaves alternated with the nodes having
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one leaf split (Fig. L), and plants in which the nodes with normal leaves
alternated with the nodes having both leaves split (Fig. 6) have been ob-
served. Flants having two nodes combined into a tetramerous whorl of four
leaves as the result of the inhibition of elongation of the internode have
also occurred (Fig. 7). These features of leaf and node configuration appear
abnormal but, as will become apparent later, they reflect the normal stages
of the development of the inflorescence and flowers.

The reproductive growth-pattern in C. heterophylla was usually initi-
ated at the fifth node or higher nodes in plants of certain genotypes and
in plants grown in light of low intensity. Leaves at that level of plant
development became sessile, the blade widened at the base, one leaf of the
pair split, and the result was a trimerous whorl of large bracts (Fig. 8).
The first whorl of the inflorescence had either three distinct bracts and
1-3 flowers; or one entire bract with or without an axillary flower, and a
split (double) bract with one, two or no axillary flowers (occasionally the
entire and double bract became connate, Fig. 8). Rarely the lowermost node
of the inflorescence had two leaf-like bracts and one or two flowers. Plants
with a four- or five-flowered whorl at the base of the inflorescence oc-
casionally appeared.

These variations in the number of bracts and flowers at the first node
of the inflorescence indicate that the transition from the vegetative growth
-pattern to the reproductive growth-pattern occurs in some plants more ab-
ruptly than in other plants.

The second and higher nodes of the inflorescence had typically 3-5
flowers; the whorls with five flowers were prevalent. Two types of penta-
merous whorls were observed: (a) in some, three flowers subtended by larger
bracts matured ahead of the remaining two flowers subtended by smaller
bracts (Fige 10); (b) in other whorls two flowers were ahead in the develop-
ment and three lagged behind (Fige. 11). In tetramerous whorls carrying five
flowers one bract was always split (Figs. 9, 12). The typical tetramerous
whorls were also of two types: (a) in some, two adjacent flowers matured
slightly ahead of the remaining two; (b) in others, opposite flowers opened
in succession with a 2-3 days interval (Fig. 13).

Thus, the formation of the inflorescence of C. heterophylla may be out-
lined as follows. The splitting of one of the two bract primordia at a node
results in a trimerous whorl. Normally, the splitting of a bract occurs at
every second node, but it may occur at adjacent nodes, or it may be skipped.
The inhibition of elongation of alternate internodes results in a combination
of nodes of the peduncle in a two by two pattern. The combination of a bime-
rous plus bimerous node results in a tetramerous whorl (another type of the

PLATE 1. Collinsia heterophylla., FIGURE 1. Semitricotyledonous (1.2).
FIGURE 2. Semitetracotyledonous (2.2). FIGURE 3. Tricotyledonous (l.lel).
FIGURE L. A double (split) and a normal leaf of the sixth (left) and se-
venth (right) node. FIGURE 5. Split leaf of the second node. FIGURE 6., Two
split leaves of the fifth node (left) and two normal leaves of the sixth
node (right). FIGURE 7. A whorl of four leaves. FIGURE 8. A trimerous (1.2)
whorl of the inflorescence., FIGURE 9. A tetramerous whorl of the inflorescen-
ce with a double bract.
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inflorescence is reflected in the pentamerous cycles of the floral parts.

The flower of C. heterophylla has a five-lobed calyx, and a zygomorphic
corolla composed of five united petals. The corolla has a two-lobed upper lip
and a three-lobed lower lip (having two side lobes and a folded middle lobe

TABLE 1.~ Patterns of flower maturation in the individual whorls
of the inflorescence in Collinsia heterophylla

1 i > 3 0 S D D D S o S D D D D P Y T R D D D D D D o D D D D D B e D D P B (D D D Y Y W B a2 A D e o D R -

No. of bracts No. of bracts at Pattern of maturation of flowers"
(flowers) the nodes making 1-0 1-1 1-2 2-2° 2.22 2.3 3.2

per whorl up the whorl
l-st 2-nd 3-rd  O() OGO O@ O@O O@O %ﬁ ngg

2 1l =em - + + - - - -
3 12 =e= ae- - - + - - - -
I 1.1 1.1 =-- - - + - - -

242 eme wem - - - - + - -
5 1.1 1.2 --- - - - - - -
1.2 lnl - - - - - - - +
3-321 2.} b2 -3 3-k L-b L-2-3
L P gS b Lh fRay
6 1e2 142 =e- + - - - - -
Lol 202 =-- - ¥ - - - -
2.2 1l --- - - + - - - -
7 2,2 1,2 wem - - - + - - -
102 2-2 - - - - - + - had
8 242 2,2 ~=- - - - - - + -
9 2,2 1.1 1.2 - - - - - - +
* (O O - Flowers of the l-st node (older)
O - Flowers of the 2-nd node (younger) @ - Peduncle
e - Flowers_of the 3-rd node (youngest)

adjacent al alternate © opposite

called keel)., Attached to the basal part of the corolla tube, in alternate ar-
rangement with the petals, are five stamens (the stamen located between the
lobes of the upper lip is reduced to a staminodium; the filaments of the upper
two stamens are hairy and spurred). The pistil is composed of two united car-
pels. The ovary is superior, two-locular, and contains about 18 ovules.

Flowers of the polycotyledonous plants and flowers of the wild-type plants
were morphologically identical (pentamerous).

PLATE 3 (continued). FIGURE 27, Polypetaly - three-lobed upper lip of
the corolla., FIGURE 28, Polypetaly - the lower lip of the corolla with two
side lobes and four keels.
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The tetramerous flowers with four sepals, four petalz, and four stamens
hava been observed (Fig, 26). Soms plents developed terminal flowers at the
first node of their uppermost branches (Fig. 2L). The calyves of these flowers
were incompletely developed; three sepals were associated with two vegetative
leavas (Fig, 22), or four sepals were associated with one vegebative leaf
(Fig. 23), In the terminal flowers having a tetramerous corollsa and a pentaw-
merous androecium two ztanens were adjacently positiocned {Fig, 2L}, — This
observation supports the hypothesis of the autonomy of eycles in fleral mor-
phogenesis, — The plstils of the terminal flowers were normal, Similar hete-
romerous flowers (partly tetramerous partly pentamerous) wera observed among
the flewers of normal inflerescences,

This inponsistency in the number of floral parts indicates that here
too, as in the morphogenesis of the inflorescence, the splitting of a pri-
mordium of a floral organ may not oceur, and the result is a tetramerous
cycle. On the other hand, the sporadic occurrence of polysepalous, polypeta-
lous {®ig, 25), polystaminous and polycarpellate flowers in the inflorescen-
ces with normal flowers indicates that a primordium of any floral organ nay
split repeatedly, or that two or more primordla of an organ may split.

Two types of polypetalous flowers were observed in this study (Figs. 27«
~28}. In the pelypetalous-l type the increase in the number of peials of the
upper snd/or the lower lip of the corolla was asscciated with a comparable
inerease in the number of the stamens. The supernumerary lobes of the corolla
of these flowers were of two types: (a) major lobes with a true midvein, and
{b) minor lobes with 2 midvein derived from the lateral vein of the adjacent
petal)(petals and sepals of normal flowers have a midvein and two laleral
voins).

Corolla of the pelypetalouse2 flowers had 1-3 additional major lobes in
the lower lip, and, rarely, an extra stamen associated with the lower lip.
The upper lip of the corells of the polypetalous-2 flowers was not affected.
Pistils of the polypetalous-2 and polypetalous-l flowers were normal.

DISCUSSICN

The arrangement of bracts of the unegual size in the whorls and the
pattern of the maturation of flowers in the individual whoris of the in-
florescence, as well ag the configuration of the incompletely developed caly-
ces of the terminal flowers, corroborate the hypothesis that the pentamerous
whorls are the result of the combination of & bimerous and 2 trimerous node.

The phrase "spiitting of primordia", used throughout thir article, stands
for the "initiation of new growth centers'. The increase of the number of ore
gans per node is the characteristic of the reproductive growth-pattern. A
double bract (Fips. 8, 9, 12, 16) may develop when two growth centers are
initiated in the area where one bract primordiuvm normally occurs. At a later
gtage two such closely positioned primordiz may fuse, buf retain two growth
centers, and develop into 2 double bract with two flowers in the axil (Fiz.
12). A double bract carrying one flower in the axil {Fip. 16) would develop
when two growth centers are initiated in that part of the apical meristem
which has already been induced to develop inte a bract primordium; such double
bract is functionally one btract snd can truly be referred to am being split,
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Morvhogenetically of great interest is the formation of the minor lobes
in the polypetalous-l1 flowers., The minor lobes are produced as the side lebesn
of the pebtals. it the site where the adnate filament of the stamen becomes dew
tached from ths tube of the corolias, the lateral wein o¢f the adjacent petal
enlarges and assumes the role of the midvein of the minor lobe, When, during
the sarly shage of the flower development, the filament of the stamen dees not
attach itself properly along the line of connation of twe petals btut slightly
te one side, then the latersl vein of the petal and the vascular bundle of the
stamen are brought inte a close proximity or become supsrimposed, Under these
conditions, it appesrs, the regulatory influence of the growth center of the
stamen is transferred to the adjacent petal's lateral vein enabling it te
function as a midvein, and the result is the formation of 2 minor leobe. In
contrast, the major lobes (having a true midvein) of the polypstalous-l and
polypetalous-2 flowers develop upen the initiation of new growth centers at
the level of jncepiion of the petal primordia,

The tendency to increase the numper of primordia - that is, to initiate
new growth centers - of the organs with the determinate growth {cotyladons,
leavas, bracts, floral organs) of C. heterophylla presents itself as a conti-
nuum, which, in the wild-type plants, appears tc be repressed during the ve-
getative stage, but in the polysotyledonous plants the repression mechanism
seams to be broken down.
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