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WHAT THISARTICLE ISABOUT

The subtribe Flaveriinae (Asteraceae: Helenieae) includes a
number of plant species sometimes called yellowtops, glowworts,
and fal se broomweed. Different species of thissubtribe differ intheir
chemical pathways involved in photosynthesis. Somes species use a
system known as C, photosynthesis, some use a system known as
C, photosynthesis, and others display characteristics intermediate
between the two. The authors apply a creationist research method
known as baramnol ogy to deter mine whether the species might have
been created separately, or whether they may have descended from
a single created ancestral species. They present a large amount of
evidence that suggeststhe entire subtribe belongsto a singlelineage
which includes additional species not included in the study. The
evidence also implies that the originally created ancestor used
C, photosynthesis, and that the C, photosynthesis present in some
species emerged since the creation. The characteristics of the inter-
medi ate species and the genetics of C, species support the hypothesis
that latent genetic information may have been present in the ancestor,
and activated during post-Flood diversification of the group,
possibly through a mechanism called Altruistic Genetic Elements.
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INTRODUCTION

Creationists have long specul ated whether the “ created kind” can
be approximated by a traditional Linnean classification level (Marsh
1976), with several creationists proposing that kinds may be equivalent
tofamilies (Jones 1972, Siegler 1978, Woodmorappe 1996). In general,
these speculations are based largely on hybridization studies of verte-
bratesor on thelists of organismsin Leviticus. Although the family/kind
approximation may be adequate for mammalsand birds, for many other
types of organismsthisestimation may certainly beincorrect. Flowering
plant familiesfrequently contain thousands of species. For example, the
Iridaceae contains 1500 species, the Melastomataceae 4000 species,
and the Euphorbiaceae 7500 species (Cronquist 1981). Thelargest plant
family is Asteraceae, with estimates ranging from 20,000 species in
1100 genera (Cronquist 1981) to 30,000 speciesin 2500 genera (Kim
and Jansen 1995). While it is certainly possible that the Asteraceae
could be a single created kind, its species diversity would be without
parallel among the vertebrates. Thus, the magnitude of variation in the
plants should be cause for skepticism in too quickly equating “family”
with “ created kind.”

Asapreliminary case study of created kindsin plants, we present
here areview of the taxonomy and phylogeny of the plants of subtribe
Flaveriinae (Asteraceae). Wise's (1992) method of baraminology
evaluates additive and subtractive evidence separately in an attempt to
approximate the complete membership of the created kind, or holo-
baramin. Additive evidence suggeststhat two speciesare genealogically
related and is used to delineate monobaramins. Properly understood,
monobaramins are simply a group of species which share a common
ancestor; the group may be monophyletic or paraphyletic. By revealing
acommon devel opmental mode, the traditional hybridization criterion
(Marsh 1976) is a source of additive evidence. Subtractive evidence
suggests that two species or groups have a separate ancestry and is
used to define apobaramins. An apobaramin is any group of species
that are separated from all other species by aphylogenetic discontinuity;
the apobaramin may contain oneor more holobaramins. Nove biological
features, such as flight in bats, are frequently used as subtractive
evidences. Additive and subtractive evidence can aso be evaluated
together using the ANalysis Of PAttern (ANOPA) method, which is
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effective in identifying significant continuity and discontinuity in
phylogenetic data (Cavanaugh and Sternberg, in prep).

Currently, two different definitions of subtribe Flaveriinae exist.
Flaveriinae sensu stricto includesonly three genera, Sartwellia (4 spp.,
Turner 1971), Haploésthes (3 spp., Turner 1975), and Flaveria (21 spp.,
Powell 1978); while Flaveriinae sensu lato includes those three genera
and the genera Clappia, Jaumea, Pseudoclappia, and Varilla (Karis
and Ryding 1994). For simplicity’s sake, herein we will use the strict
definition of Flaveriinae with only three genera, referring to Flaveriinae
sensu lato where necessary.

The plants of each genus of Flaveriinae prefer gypsiferous soilsin
arid climates. Sartwellia and Hapl oésthes are both found in overlapping
ranges in New Mexico, Texas, and Mexico (Turner 1971, 1975). The
range of Flaveria extendsfrom the southwestern United Statesthrough
Central Americainto South America and includes Florida and several
Caribbean idands. Isolated Flaveria species are also found in Africa,
India, and Australia (Bremer 1994, Powell 1978). Like all Asteraceae,
the Flaveriinae reproduce by miniature flowers, which are aggregated
into heads resembling larger single flowers, and one-seeded achenes
(such asthefamiliar, striped shellscontaining the edible sunflower seeds).
Unlike other Asteraceae, Flaveriinae contain large amounts of sulfated
flavonoids, presumably as an adaptation to or consegquence of the saline,
sulfate-rich niches they occupy (Powell 1978).

The genus Flaveria is surprisingly diverse, containing annual and
perennial species as well as woody and herbaceous species. Most
remarkable of al, Flaveria is one of only a handful of genera that
contain speciesthat photosynthesize by the C, and C, pathways aswell
as various C-C, intermediates.

To review, the C, plants fix carbon dioxide into a three-carbon
compound, 3-phosphoglycerate (3-PGA). Thisreactioniscatalyzed by
the enzymeribul ose 1,5-bisphosphate carboxylase/oxygenase (rubisco).
3-PGA then proceedsthrough aseries of reactionsknown asthe Calvin
cycle, whereby CO, from the atmosphere is incorporated into sugars.
True C, plants are characterized by the presence of Kranz anatomy, a
ring of specialized bundle sheath cells (BSC) that surround the veins of
the leaf. CO, is fixed in the regular mesophyll cells (MC) of the leaf
into a four-carbon compound, oxaloacetate or malate, catalyzed by
phosphoenol pyruvate carboxylase (PEPC). These four-carbon
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compounds ultimately aretransported to the BSC wherethey are broken
down, releasing carbon dioxide, which isthen fixed into 3-PGA by the
enzymerubisco (Figure 1). The advantages of C, photosynthesisinclude
better nitrogen-use efficiency and lower photorespiration than in
C, plants (Edwards and Walker 1983).

Althoughit may seem that thisdifferencein biochemistry issufficient
to warrant the inference of direct divine design, the evidence is far
from conclusive. Thereisno single C, pathway; to date, three different
subgroups have been described based primarily on the different enzymes
used to liberate the CO, from the four-carbon compounds transported

\ Bundle
Mesophyll Sheath Cell
Malate » Malate

OAA

o %?P E /
Pyruvate /

Pyruvate

Figurel. Asmplified C, photosynthesispathway of the NADP-ME type, as
found in Flaveria species. CO, isfixed in the mesophyl| cells by phospho-
enolpyruvate (PEP) carboxylaseyielding oxaloacetate (OAA). The OAA is
converted tomalateand then transferred tothebundlesheath cells(BSCs).
TheCO, isreleased in theBSC by NAD malicenzymeyielding pyruvate. The
CO, isthen fixed by rubiscoyielding 3-PGA, which isdelivered tothe Calvin
cyclefor normal photosynthesis. The pyruvateisretur ned to the mesophyll
for recyclinginto PEP. Notethat in C, plants, the pyruvatecycling pathway
doesnot exist. Only thereactionshighlighted in grey occur in all leaf cellsin
C, plants. (Figureafter Edwardsand Walker 1983).
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to the BSC. The different subgroups use PEP carboxykinase, NADP-
malic enzyme, and NAD-malic enzymeto catalyzethisreaction. Further-
more, 23 different speciesin seven different genera and five different
families have been identified as exhibiting traits intermediate between
C,and C, photosynthesis (Monson and Moore 1989). Theseintermediate
traitscan belimited to ssmpleanatomical changesinthe cellssurrounding
the BSC, or may include biochemical alterations such as compartmen-
tation of enzymesinto the rudimentary BSC. All C_-C, species possess
alimited Kranz-like anatomy of specialized BSC that lack the thickened
cell walls characteristic of true C, BSC (Monson et al. 1984). Many of
the BSC of C,-C, species also concentrate organelles (mitochondria,
chloroplasts, and peroxisomes) that contain enzymes critical to the
C,pathway. In Flaveria, a limited C, pathway and enzymatic com-
partmentation has been observed in F. ramosissima (Monson et al.
1984). C.- C, intermediatestypically undergo photorespiration lessthan
C, species but more than C, (Moore et al. 1987).

An irreducibly complex system is “composed of several well-
matched, interacting partsthat contribute to the basic function, wherein
the removal of any one of the parts causes the system to effectively
cease functioning” (Behe 1996). Thus, any system of interacting parts
that continues to function in alimited fashion without one of the parts
cannot beirreducibly complex by definition. The existenceof trueinter-
mediates demonstrates that the C4 photosynthetic pathway is not
irreducibly complex, for the C, phenotype can continueto functionina
limited fashion even when biochemical partsof the underlying mechanism
are absent. Because of thisreducible complexity in C4 photosynthesis,
Behe's design inference cannot be applied, and the question of direct
divine design remains (Behe 1996). Thus, if it were shownthat C,, C,,
and C_-C, plants were members of the same holobaramin, the post-
Creation origin of C, photosynthesiswould beimplied by the majority of
C, speciesin Flaveriinae. Thus, Flaveriawould be an excellent system
to study the post-Creation origin of biochemical complexity.

RESULTS

Wise'sbaraminol ogy matrix (1992) consists of aseriesof questions
designed to alow researchers to detect phylogenetic discontinuity.
Unfortunately, many of the questionsin the matrix do not apply to the
Flaveriinae. For instance, thereis no mention of the Flaveriinagin the
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Scripture, nor could wefind any referenceto fossil Flaveriinae. Though
the matrix cannot be used, the traditional baraminological practice of
examining additive and subtractive evidence will be presented (Wise
1992; Robinson 1997; Robinson and Cavanaugh 1998a; Robinson and
Cavanaugh 1998b).

Additive Evidence. Hybridization between the members of
Flaveriinae is extensive. In the wild, only F. floridana and F. linearis
readily hybridize (Monson 1989). The remainder of the crosses sum-
marizedin Figure 2 aretheresult of artificial hybridization studies con-
ducted by Powell (1978). These hybrids are very good evidencefor the
assignment of monobaramin status to each of the Flaveriinae genera.
Of 59 Flaveria interspecific crosses reported by Powell, 40 were suc-

Q

61 F. anomala
F_australasica

F bidentis

F. brownii

F._campestris

F. chloraefolia

E floridana

F linearis

F._mcdougallii

E oppositifolia

E palmeri

F pringlei

F pubescens

F. ramosissima

F_sonorensis

F_trinervia

S. flaveriae

S. gypsophila

S. mexicana

S. puberula .
H. gregoii

H. robusta

Figure2. Known hybridsfrom subtribeFlaveriinae. Black squar esrepresent
known successful hybridsasdescribed by Powell (1978). Thediagonal line
separ atesthe male parent on theleft from thefemale parent on theright.
Artificial crosses of Flaveriinae specieswere conducted in a greenhouse.
Crossability wasdeter mined by visually estimating seed-set, asdescribed by
Powell (1972). Fertility of theF, hybridswasnot reported.
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C3 C3'C4 C4

oloi F_anomala F. australasica
F pringlel E chloraefolia F. bidentis
E floridana F. campestris
FE linearis F. palmeri
F. oppositifolia E trinervia
F ramosissima

Figure3. Successful hybridizations(represented by thedark linesconnecting
speciesnames) between the photosynthetictypesin Flaveria (based on data
from Powell 1978). Connecting linesindicate successful hybridization. See
Figure2for explanation of hybrid success.

cessful (Figure 2). Of the six possibleinterspecific crosseswithin Sart-
wellia, two were observed to be successful, and the two Haploéthes
species were also successfully crossed. These crosses are strong
indicators of the monobaraminic status of each genus of Flaveriinae.

Hybridization within genus Flaveria revealsasignificant pattern of
hybridization successversus photosynthesistype (Figure 3). At thetime
of Powell’sexperimentsin the 1970s, no C,-C, intermediates had been
conclusively identified, although they were suspected to exist. Never-
theless, examination of the hybridization datareported by Powell indicates
aclear hybridization success bias between the different photosynthesis
types. No cross between a C,and C, species was directly successful,
indicating that perhapsthedifferent photosynthesistypesmay themselves
constitute monobaramins. The monobaramin status of genus Flaveria
is not necessarily called into question by this data, if one assumes
associ ative hybridization in baraminic assignments (Scherer 1993). For
instance, F. pringlel (C,) crosses with F. oppositifolia (C,- C,) which
crosses with F. linearis (C,-C,) which crosses with F. palmeri (C4).
Thus, gene flow between C, and C, species can be achieved.

Powell also attempted more than 30 intergeneric crosses, but only
four were successful. Significantly, these four intergenerics unite the
species of all three genera, including the Flaveria outlier from Grand
Canyon, F. mcdougallii, which hybridizes with no other Flaveria
species. Again, by assuming associative hybridization, geneflow can be
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achieved between any species of Flaveria and F. mcdougallii via
crosseswith Sartwellia puberula (Figure 2). The sterile F, intergenerics
were described as “intermediate in morphology between the grossly
different species involved” (Powell 1978). The success of the inter-
generic crosses argues for the assignment of monobaramin status to
the entire Flaveriinae subtribe, and the morphologically intermediate
condition of these plantsfurther supportsthisassignment (Wise 1992).

Ecologicdly, all speciesof Flaveriinaeinhabit asimilar niche, adry,
gypsiferoussoil (Powell 1978, Turner 1971, Turner 1975). Wiseassumed
that the ecol ogical criterion providesonly weak evidencefor phylogeny;
however, inthisinstance, it may be significant that each species prefers
not merely a dry but a gypsiferous soil. In combination with other
evidence, this constitutesfurther evidence for the monobaraminic status
of Flaveriinae.

The chromosome number for each Flaveriinae speciesisn=18. One
specimen of F. campestris was reported as n=9; however, the author
concluded it to be anisolated case of haploidy (Powell 1978). Specimens
of F. pringlei have been reported to be n=36, but thisisthe only case of
polyploidy known for the subtribe (Powell 1978). It wastherefore con-
cluded that the fundamental chromosome number of Flaveriinaeisx=18
(Powell 1978, Turner 1971, Turner 1975). Thisisfurther additive evidence
for the monobaramin Flaveriinae; although by itself it iscertainly incon-
clusive.

Limited DNA seguence information is available for 11 species of
Flaveria. The genefor the H subunit of the glycine carboxylase system
(gcsH) has been cloned and sequenced (Kopriva, Chu, and Bauwe

F anomala
g Z% c;f;zszca Figure4. Hybridization
: = and DNA similarityinthe
E brownii genus Flaveria. Suc-
E chlo'raefolza cessful hybrids are
£ flor quna shown in black. Species
E lmearl; within theDNA similari-
E palmeri ty range of the hybridi-
F pringlei zing species are shown
F, pubescens hatched.
F trinervia
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1996). Althoughthisisalimited sampleof theentire subtribe, itissufficient
to further establish the cobaraminic status of the C,, C,, and C,-
C, species. Of all the sequences, none are less than 93.2% identical.
Most telling in thisregard isthe correlation of sequence similarity and
hybridization potential (Figure 4). Three species (F. anomala, F. flori-
dana, and F. linearis) can successfully hybridize with species that
possess the most dissimilar sequences. Powell also noted that several
Flaveria specieshavethe ability to hybridizewith very divergent Flaveria
species, which he attributesto stronger reproductive barriers present in
annual speciesthan in perennial species (1978); of 40 successful inter-
specific crossesof Flaveria, only 5 are between an annual and perennial
species. Further sequence analysisisnecessary, particularly from speci-
mens of Sartwellia and Haploésthes, before a full-sequence charac-
terization of the Flaveriinae monobaramin can be made. Nevertheless,
this sequence similarity certainly constitutes further additive evidence
that the C,, C,, and C,- C, Flaveria species are cobaraminic.

Subtractive Evidence. Unfortunately, subtractive evidence in the
literature regarding subtribe Flaveriinaeis scarce. No artificial hybridi-
zations between a Flaveriinae species and a member of a separate
subtribe have been reported; thus, the failure of hybridization gives no
ingghtsinto reproductiveisolation of the subtribe. Although the Flaveriinae
possess 18 chromosomes universally, the predominant chromosome
number for thetribe Helenieaeisn=19, with other membersof Flaveriinae
sensu lato possessing 16 or 19 chromosomes (Lundberg 1996). The
difference may be due to simple Robertsonian rearrangements, and in
light of chromosomal rearrangementsin mammals (Gibson 1984, 1986)
and Arabidopsis chromosomes (Lin et a. 1999), it is unlikely that
chromosome number will ever be astrong subtractive evidence. A phylo-
genetic analysisof Flaveriinae sensu lato has been conducted by Lund-
berg (1996). Hefound 12 equally parsimonioustrees, al of which show
a consistent clustering of the three genera Flaveria, Sartwellia, and
Haploésthes apart from the other genera of Flaveriinae sensu lato.
From the perspective of additive evidence, thisisgood reason to assign
Flaveriinae the status of monobaramin, but Lundberg’s dataset provides
very poor subtractive evidence (see below).

No gesH sequences from other members of tribe Helenieae are
availablefor comparison to the known Flaveria sequences; however, a
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comprehensive analysis of the entire Asteraceae family has been done
using the chloroplast gene NADH dehydrogenase (ndhF) (Kim and
Jansen 1995). Included in this phylogeny were two members of Fla-
veriinae sensu lato, Jaumea carnosa and Flaveria ramosissima, and
a species from subtribe Pectidinae (Tagetes erecta) of the same genus
as outgroup species used by Lundberg (1996). The ndhF phylogeny
consistently shows F. ramosissima more closely related to T. erecta
than to J. carnosa (82% bootstrap value) (Kim and Jansen 1995). In
contrast, the morphological analysis of Lundberg showed the genus
Jaumea more closely related to Flaveria than either are to Tagetes
(Lundberg 1996). Thus, the subtractive evidencefor apobaraminic status
of Flaveriinaeis ambiguous at best.

Analysis of Pattern. Cavanaugh devised the ANOPA method
specifically to resolve problems associated with reducing the multi-
dimensional variation in morphological datato only afew dimensions
without loss of data (Cavanaugh and Stemberg, in prep). A detailed
discussion of ANOPA is beyond the scope of this paper, but a brief
description of the method follows (for more detail s, consult Cavanaugh
and Stemberg, in prep). In 1D ANOPA, a morphological centroid is
calculated from the means of all numerically encoded characters. Next,
distances (termed a0) from each taxon to the centroid are measured. In
2D ANORPA, an additional outgroup centroid is selected which is most
distant fromtheinitia centroid, and a“hyperling”’ isdrawn between the
two centroids[ahyperlineisaone-dimensional linein multidimensional
(>3D) space]. The hyperline serves as a line of reference to measure
the distances t0 (along the hyperline) and d2 (from the hyperline) for
each taxon. These multidimensional distancesallow clustering patterns
to be detected, including significantly similar species and significantly
different species clusters. ANOPA is similar to discriminant analysis
and principle componentsanaysisinitsability to smplify highly complex,
multidimensional datasets. Unlike discriminant analysis, ANOPA does
not require any a priori categorization of the data points. ANOPA is
also capabl e of recovering moreinformation regarding the higher order
pattern geometry without the loss of information asisincurred in PCA
analysis. Of most significanceto baraminologistsisthefact that additive
and subtractive evidence can be evaluated together in asingle ANOPA
analysis.
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Figure 5. 1D ANOPA results for Flaveriinae and Pectidinae from the
mor phological dataof L undber g (1996). Outgroup speciesof Pectidinaeare
indicated with horizontal arrows. Seeresultsfor explanation of axes.

To apply ANOPA to the Flaveriinae, we used L undberg’s morpho-
logical data (1996). In addition to the sensu stricto Flaveriinae species
discussed inthis paper, Lundberg al so included speciesfrom each genus
of Flaveriinae sensu lato and four outgroup species from subtribe
Pectidinae. The 1D ANOPA results (Figure 5) show no significant gaps
between any of the species, including the Pectidinae. The 2D ANOPA
resultsare very similar (Figure 6), with aslight gap betweentheC, Fla-
veria species and the rest. Most significantly, the outgroup Pectidinae
areintermingled with the members of Flaveriinae sensulato, and Jaumea
carnosais very close to Sartwellia puberula. Based on these results, we
would conclude that all of these species form ahomogeneous cluster.

Thebaraminological interpretation of the ANOPA resultsisfar from
clear. Whereas the additive evidence strongly supports the mono-
baraminic status of Flaveriinae, the ANOPA resultsdo not support apo-
baraminic status of the same group of species. Thiswould suggest that
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Figure 6. 2D ANOPA resultsfor Flaveriinae and Pectidinae from the
mor phological dataof L undber g (1996). Speciesindicated areasfollows:
Dyssodia paposa (Pectidinae, Dpapo), Tagetes micrantha (Pectidinae,
Tmicr), Tagetes lucida (Pectidinae, Tluci), Chrystactinia mexicana
(Pectidinae, Cmexi), Haploésthesgreggi (Flaveriinae, Hgreg), Sartwellia
puberula (Flaveriinae, Spube), and Jaumea carnosa (Flaveriinaesensu
lato, Jcarn). Seeresultsfor explanation of axes.

Flaveriinaeisprobably amember of alarger holobaramin that includes
at least the species of Flaveriinae sensu lato, and probably the species
of Pectidinae aswell. Thiswould be cons stent with the ndhF phylogeny
that showed a closerelationship between F. ramosissimaand T. erecta.
Unfortunately, the ANOPA results show no significant gaps between
any of the speciestested, thusit isnot possibleto establish the boundary
of the apobaramin of which Flaveriinaeis a part.

Summary. Although the additive evidence seems to support the
monobaraminic status of Flaveriinae, aswell asthe monobaraminic status
of Flaveria, Sartwellia, and Haploésthes individually, the subtractive
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evidenceisfar moreambiguous. Further research isnecessary to clarify
the apobaraminic status of Helenieae and Flaveriinae sensu lato, before
an identification of the extant holobaramin can be made.

DISCUSSION

Weinitiated this study to addresstwo questions: First, can the holo-
baramin be approximated asthe family for nonvertebrates? Second, have
C,, C,, and C,- C, plant species descended from acommon ancestor, thus
implying the post-Creation emergence of biological complexity?

From our present analysis, we were unable to answer the first
guestion definitively. We could not define any clear apobaraminic unit
towhich Flaveriinae belongs, allowing for the possibility that theentire
family Asteraceae is a holobaramin. One observation in favor of this
interpretation is the fossil record of the family Asteraceae. The family
does not appear in the fossil record until the Oligocene and diversifies
substantially by the Miocene (Bremer 1994, DeVore 2000). This Ceno-
zoic appearance and diversificationissimilar to other post-Flood verte-
brate baramins (Wise 1994, Wise 1995, Garner 1998, Wise 1999).

The second question regarding the origin of C, photosynthesis has
been answered quite clearly. All of our evidence supportsthe view that
all speciesof the Flaveria genus are members of asingle monobaramin
and therefore share acommon ancestor. Since C, photosynthesisisthe
predominant type of photosynthesis for species of Flaveriinae and Fla-
veriinae sensulato (L undberg 1996), the most parsimoniousinterpretation
isthat the C, species have devel oped from C, ancestors. Based on this
conclusion, the C, photosynthetic pathway is a biochemical pathway
that has emerged in Flaveria after Creation and quite possibly post-
Flood (considering thefossil record of the Asteraceae mentioned above).

Although the sequence dataareinsufficient to aid in identifying the
apobaramin to which the Flaveriinae belong, the sequences can assist
in understanding the monobaraminic divisionswithin Flaveriaitself and
the evolution of Flaveria species. A phylogeny of the genus Flaveria
rooted by a homologous sequence from Pisum sativum (the garden
pea) isshown in Figure 7. The phylogeny showsthree distinct groups of
Flaveria sequences, corresponding to the C,, C,, and C.-C, species
groups. The phylogeny also shows that the C_-C, group branches
between the C, and C, groups, and thismay be explained by one of two
hypotheses. First, the occurrence of C, and C,-C, intermediates group
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Figure 7. Fitch-Margoliash phylogeny of gcsH sequences
from Flaveriaand Pisum.

on two different branches implies that the modern C,- C, species are
not true evolutionary intermediates between the modern C, and C,
species but that extant C,- C, intermediates are the living descendants
of atrueevolutionary intermediate population. Alternatively, onemay also
concludethat C,-like adaptations have arisen twicein the Flaveria, one
producing the complete C, syndrome and one producing only apartial
C, syndrome. To distinguish these expl anations, weturn to the geography
of the new world species of Flaveria. The distribution of the three
photosynthetic types of Flaveria supports the hypothesis that the C,-
C, species are the descendents of the true evolutionary intermediates
between the C, and C, Flaveria species. The C, Flaveria species and
al species of Haploésthes and Sartwellia are restricted in range to
Mexico and Texas, implying that the geographic origin of monobaramin
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Flaveriinae isin thisregion. The C,- C, species of Flaveria are found
inarestricted geographic band north of the C, species (Figure 8). Further
north till, the C, species appear, from which they can then spread to a
much broader range (Figure 8), including South America and the
Australian F. australasica. It islikely that the C.-C, intermediates are
occupying alimited range because of their physiology, whilethe C, plants
are able to spread out much more readily because of their decreased
photorespiration. Thus, wheninterpreted together, the molecul ar, morpho-
logical, biochemical, and geographic data all point to the evolutionary
intermediacy of the ancestors of the modern C,- C, species.

Because the modern C, Flaveria species descended from ancestral
species that were C,, the C, photosynthetic pathway must have arisen

Figure 8. Geographic distribution of new world Flaveria species (Data
obtained from Powell 1978).

Number 52 21



after the creation of this holobaramin. Thus, one explanation for the
origin of C, photosynthesis can be eliminated: direct creation by God.
Superficially, the conclusion that C, photosynthesishas arisen since cre-
ation seems to deny the basic creationist belief that no increase in bio-
logical complexity has occurred, that al evolution has been degener-
ative (Nelson 1967, Morris 1974, Williams 1976, Davis and Kenyon
1993, Sarfati 1997, Sarfati 1999). Eliminating direct creation does not,
however, leave gradualistic, accidental evolution astheonly aternative
explanation. The emergence of C, photosynthesisfitswell with Wise's
notion of diversification, aperiod of rapid speciationimmediatdy following
the Flood, which resulted in drasti c changeswithin many holobaramins
(Wise 1994, 1996). Recently, Wood has proposed agenetic model called
the AGEing processthat is capable of explaining numerous features of
rapid post-Flood diversification (Wood, in prep). According to thismodd,
intrabaraminic diversification occurs as a result of specially designed
mobile DNA sequences called Altruistic Genetic Elements (AGEsS).
Hypothetically, AGESs are capable of activating or inactivating genetic
potential already present in an organism’s genome (Wood, in prep).
Thus, C, photosynthesis could be designed without being directly created
in its complete form. God could have made the genes necessary for
C, photosynthesisin alatent state and allowed them to become activated
at alater date by AGEs. The AGE-induced activation of latent genetic
material explainsthe origin of C, photosynthesis better than evolution
for thefollowing reasons:

1) C, photosynthesis is a complex characteristic resulting from
the interaction of three levels of biological organization: tissue
anatomy, cell structure, and biochemistry. All C, plants possess
specialized cells (BSC) intheir leavesthat house high concen-
trationsof relevant organelles (Edwardsand Walker 1983). Com-
partmentation a so extendsto important enzymesin the C, path-
way, especially rubisco. This coordinated evolutionisdifficult
to explain with asimple mutation/sel ection scenario; however,
if the information necessary to produce each of these traits
was already present in the genomes of the holobaramin, AGEs
could easily activateit during the post-Flood diversification.

2) The previous reason would have much lessforceif it were not
for thefact that C, photosynthesisisnot limited to asingle holo-
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baramin. C, photosynthesis occurs in 16 different flowering
plant families, two of which are monocots (Poaceae and Cyper-
aceae). Whileit is possible to imagine an evol utionary explan-
ation of C, photosynthesisonce, itisvery difficult to explainthe
parallel evolution of very similar traitsat least 16 different times.
Further, the grass family Poaceae appears to have developed
C, photosynthesisat least threetimes. All threetypes of C, photo-
synthesis(NADP-ME, NAD-ME, and PEP-CK), each of which
display different physical arrangements of chloroplastsin the
BSC (Edwards and Walker 1983), are found among the grass
species. TheAGEing process can explain thistypeof paraldism
both within and between baramins by either true transposition
of genetic materia or by activation of originally created genetic
material common to both hol obaramins (Wood, in prep).

3) Thefossil record of C, plants consists of several grass speci-
mensfrom the Pliocene/Upper Miocene (Thomasson et al. 1986,
Nambudiri et al. 1978), but 3C/*2C ratios in fossil herbivores
indicate the presence of C, grassesinthe mid-Miocene (Morgan
eta. 1994). A decreasein atmospheric CO, levelsin the Upper
Miocene is often cited as the selectional pressure responsible
for the radiation of the C, grasses; however, if the C, grasses
are already present during the deposition of the mid-Miocene
sediments, the Miocene drop in CO, cannot have driven the
initial emergence of the C, pathway in the grasses (Morgan
et al. 1994). Thus, the CO, decrease merely servesto diversify
a pathway that was already present in the grass population.
TheAGEing process predictsthistype of phenotypic evolution
prior to environmental selection for the AGE-induced trait
(Wood, in prep).

If AGEing is indeed responsible for the expression of latent
C,-specific genetic material inFlaveria, thevariousC,- C, intermediates
would represent species that have not yet had the full suite of C, genes
activated. Considering the potential for three apparently discretelevels
of C,-likeplants (anatomically C,, biochemically intermediate, and com-
pletely C,), thiswouldimply aminimum of threedifferent genetic changes
necessary for the C, trait to be fully expressed. Support for this theory
isfoundinthe geneticsof C, photosynthesis (Sheen 1999). In particular,
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C,-specific genes are known to occur in C, species of Flaveria (Lipka
et al. 1994). The primary differences between C,-specific genesin C,
and C, plants is the promoter region which controls the expression of
the gene (Sheen 1999). Further research into the physiology of C, plants
will no doubt shed new light on the source of these promoter differences
in C, and C, species.

Regardless of mechanistic explanations, the presence of two very
different kinds of photosynthesisin the same holobaramin highlightsthe
elegant design that isso prevalent in theliving world. Not only did God
create organisms with what they needed at that time; He also provided
an abundance of characteristics, which may or may not beimmediately
apparent, that would be necessary for survival in aworld damaged by
sin and ravaged by a worldwide Flood. From our narrow, utilitarian
viewpoint, we may label a structure ‘vestigial’ or a strand of DNA
‘junk,’ but given the proper circumstances, these usel ess features may
prove their value after all. The notion of AGE-activated latent genetic
material could become a powerful explanation of apparently useless
features of living organisms as simply the unexpressed abundance of a
benevolent Creator.
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METHODS

ANOPA. Thecladistic datamatrix of Lundberg (1996) wasused for ANOPA
analysis. Because ANOPA requires all datato be coded numerically, unknown
character states were recoded as 0's with subsequent states increased by 1.
Thus, acharacter statein Lundberg coded as?, 0, and 1 ishererecoded asO0, 1,
and 2, respectively. A complete matrix of thetransformed dataisavailablefrom
the authors on request. ANOPA was performed using standard methodol ogy
as described by Cavanaugh and Sternberg (in prep).

Molecular Phylogenetics. The sequence phylogeny was constructed
from gcsH sequences obtained from GenBank (http://www.nchi.nlm.nih.gov)
for thefollowing species. F. anomala (Z37524), F. bidentis(Z37517), F. chlorae-
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folia (237520), F. cronquistii sequenceA from Koprivaet a. (1996) (225854),
F. floridana (237528), F. linearis (Z37521), F. palmeri (Z37529), F. pringlei
sequenceA from Koprivaet d (1996) (Z225855), F. pubescens (237530), F. trin-
ervia (Z37523), and Pisumsativum (J05164). We omitted loci Band C fromthe
C, plants for simplicity and because the source of the F. pringlei gcsHB is
questionable (see discussion in Koprivaet al. 1996). Sequences were aligned
with CLUSTALW v. 1.75 (Thompson et al. 1994) using default parameters.
After trimming end-gaps, the final alignment consisted of 359 positions.
Distanceswereinferred usingthe DNADIST program of the PHY LIP package
(Felsenstein 1993). The phylogeny was constructed using the Fitch-Margoliash
method (Fitch and Margoliash 1967) asimplemented in the FITCH program of
the PHY LIP package.
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