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Abstract. The plant genus Sainipaulia (African violet) is endemic to a small area in northeastern
Tanzania and has undergone a recent radiation producing species which are difficult to distinguish
morphologically. Previous molecular work identified a group of eleven species of the ionantha com-
plex that are indistinguishable using sequence analysis of the internal transcribed spacer (ITS) of the
ribosomal DNA gene. Exon 2 of the chalcone synthase (CHS) gene was PCR amplified producing 21
sequences from Sa. ionantha and 11 sequences from four other Suintpaulia species. The genus Saint-
paulia contains two CHS genes (SaCHSA and SaCHSD). SaCHSD was used to construct a gene tree
of six species. The sequence analysis clearly distinguishes four of the five closely related species of the

ionantha complex.

Introduction

he chalcone synthase (CHS) gene is a
small gene family that encodes the first
enzyme in the production of flavonoids
in green plants. The number of copies of the gene
ranges from two in Zea mays (Franken et al.,
1991) to eighteen in Dendranthema (Yang et al.,

Exon | has a variable length (111-192bp) de-

pending upon the species and exon 2 (~1,200 bp) -

is highly conserved among many different plant
genera (Wang et al., 2000) making it useful for
evolutionary studies.
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~2002). There are multiple copies in most species
except Arabadopsis and Antirrhinum (Forkman,
1993). There are two exons in the CHS gene.”

The plant genus Saintpaulia of the family
Gesneriaceae is endemic to northeast Tanzania
and coastal Kenya. The genus was first described
as a group of nineteen species (Burtt et al., 1958)
and later revised to twenty species (Burtt et al.,
1964). Little morphological data have been
added to this initial description. In 1997, DNA
sequences of the internal transcribed spacer

=-(ITS) region of the ribosomal RNA ‘gene were ™~~~ ==~~~

used to produce a molecular phylogeny of sev-

enteen species (Moller and Cronk, 1997). Eleven.

of these species could not be completely re-
solved by sequence analysis and are called the
ionantha complex.

This study serves to take an alternative ap-

~+ proach and examine the DNA sequence of the

CHS gene in several species of Sainipaulia; S.
grandifolia, S. grotei, S. intermedia, S. ionantha,

and S. orbicularis. It is our goal to determine the:

number of CHS genes in the genus and use the
sequences to construct a relatedness tree of
Saintpaulia. '
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Materials and Methods

Live plants were obtained from the American
Gloxinia and Gesneriad Society members. Two
grams of leaf tissue were ground in liquid nitro-
gen and solubilized in 3.43 M guanidinium thio-
cyanate, 0.04% polyvinylpyrrolidone, 0.12M
beta mercaptoethanol, 1% Sarkosyl and ex-
tracted once with chloroform. Nucleic acids
were ethanol precipitated, collected by centrifu-
gation, and resuspended in 5 mM EDTA (7.8).
RNA was removed by resuspension in guani-
dinium thiocyanate: 95% ethanol (1:0.75), and
DNA was collected by centrifugation and resus-
pended in Tris-EDTA buffer.

PCR was performed using Tuq polymerase
(Promega Corp., Madison, WI) or iProof (Bio-
Rad Laboratories, Inc., Hercules, CA) and two
sets of primers. Redundant primers were pre-
pared as outlined in Wang et al. (2000); CCK
TCH YTG GAY GCN MGR CAR GAC and GG
BCC RAA NCC RAA NAR MAC ACC. These
primers correspond to the CHS conserved amino
acid sequences of PSLDARQD and RVLFG-
FGP. Primers specific for S. ionantha CHS exon
2 were also prepared; GCC CCT YGC CGG
TCG AGC TC and GTG GTA GAG GTY CCC
CGG CTC G. DNA was amplified using 34
cycles of 94° C (40 sec), 55° C (60 sec), and
72° C (60 sec) with a 72° C 10 minute final in-
cubation. The amplified fragments are 861 base
pairs long and were cloned into the pGEM-T
Easy vector (Promega Corp., Madison, WI) or
the Eco RV digested pBlueScript (Stratagene,
Inc., LaJolla, CA) using modified versions of the
manufacturers instructions. Both strands of indi-
vidual clones were sequenced (Northwoods

DNA, Inc., Soloway, MN) and aligned using the
BCM Search Utilities software. Inconsistencies
were corrected by examining sequence chro-
matograms using Finch TV software (Geospiza
Inc.. Seattle, WA). Amino acid sequences were
produced and aligned using Clustal X software
(Thompson et al., 1994). Clustal W and PAUP
4b10 (Swofford, 2003) were used for construc-
tion of cladograms. A BLAST search was con-
ducted from the NCBI website to compare Sain!-
paulia CHS sequences among genera.

Results

Sequence analysis

Twenty-one double stranded sequences were
obtained for S. ionantha. Each sequence is 757
base pairs in length and can be translated into 251
amino acids with CHS protein motifs. For the
four other Saintpaulia species, a total of 11 CHS
sequences were obtained. Conceptual translation
of these sequences results in two distinct protein
groups. Within each group the nucleotide se-
quences are translated into identical amino acid
sequences. The protein sequences were aligned
using Clustal X 1.83 (Figure I). SaCHSA has
five amino acids different from SaCHSD all near
the carboxyl end of the protein. An analysis of
the CHS sequences from five other Sainipaulia
species fits this two-gene interpretation.

Eight S«CHSD nucleotide sequences repre-
senting five Saintpaulia species were used to
construct a relatedness tree using PAUP 4.0 soft-
ware. The cladogram shown in Figure 2 groups
the species into clades using Gloxinia lindeniana
and Antirrhinum majus as outgroups. The tree
was made with 237 steps and bootstrap values
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Figure 1. Multiple sequence alignment using Clustal X 1.83 of the two Saintpaulia proteins in S. ionantha, S«CHSA and Sa-
CHSD. The boxed sequence shows the position of the synthase active site which is conserved between the CHS proteins. The

shaded bar below the sequence represents the homology of the t

substitutions between the sequences.
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wo proteins. The unshaded vertical bars highlight the amino acid
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Figure 2. Cladogram derived trom the DNA sequence comparison for CHSD from five representative Suintpaulia species and
two outgroup species, Gloxinia lindeniung and Antirrhinim majus. The numbers on the cladogram are the bootstrap values which

were produced using one thousand replicates.

were calculated using one thousand replicates.
Only bootstrap values greater than 50 are used.
While four of the five Saintpaulia species are re~
solved an additional node separating S. ionantha
from S. orbicularis collapsed due to a low boot-
strap value. The tree is supperted.by morphologi-
cal data. Gloxina is aghizadomis ne world ge-
nus~with-an.inferior ovary- 'in""tliq bfamily

N Qe51le1'iodia¢:_/,The Saintpaulia are zitii oraﬁ;s old
v&“o‘rld/- genus-with-a-superior ovary in the subfam-
ily Qy_ntandroiclaeag,_kMQO1'e, 1957). Growth
habit i§*a-key characteristic dividing the genus.
Saintpaulia grotei is well separated from the
other Saintpaulia species and is the only species
with a trailing habit.

Discussion

From the sequence analysis, two distinct CHS
genes have been identified in the genus Saint-
* paulia. This suggests that an original CHS gene
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duplicated at least once and the gene copies have
diverged by accumulating mutations. CHS gene
duplication and divergence to produce a small
gene family has been used to explain the multiple
copies in Dendranthema (Yang et al., 2002),
Gerbera (Helriutta et al., 1996), Ipomea (Durbin
et al., 1995), Petunia (Koes et al., 1989), and le~
guminous plants (Ryder et al., 1987; Wingerder
et al., 1989; Ito et al., 1997). The Saintpaulia
SaCHSA protein is most similar to [pomea pur-
purea CHSD (88% identity) and Gerbera hy-
brida CHS1 (87% identity). SaCHSD is most
similar to Ipomea purpurea CHSD (88% iden-
tity) and Gerbera hybrida CHSI (74% identity).

The amino acid substitutions in the amplified
portion of the exon are all between amino acids

- 210-250, the carboxy terminal one-third of the

protein. The consensus sequence of the CHS ac-
tive site is R_MMY_QGCFAGG_VLR (Contes-
sotto et al., 2001), which is conserved in the
Saintpaulia CHS proteins and includes amino
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acids 50-66 (Figure 1). This observation sug- .

gests that the Saintpaulia CHS proteins have not
diverged to the point of acquiring new enzymatic
functions as suggested in Gerbera CHS2
(Helariutta et al., 1996) and Saccharum CHS2
(Contessotto et al., 2001).

Arabidopsis thaliana and Antirrhinum majus,
a close relative of Saintpaulia, diverged 120 mil-
lion years ago. An average nucleotide substitu-
tion rate of 2.26 x 107° substitutions/site/year (r)
can be calculated for CHS in these species. The
Saintpaulia nucleotide sequence data can be
used to estimate the time of divergence of
SaCHSA and SaCHSD. The number of substitu-
tions per site between the two genes (K) is 0.085
and the estimated divergence time (K/2r) is 18.8
million years. This divergence is similar to the
Ipomoea purpurea CHSA and CHSB genes that
have an estimated divergence of 21 million years
(Durbin et al.,, 1995). In a later report, Durbin
estimates that the divergence time between two
less relatcd CHS subgroups of Ipomoea
(CHSA-B to CHSD-E) to be 146 million years
(Durbin et al., 2000). In Suintpaulia, there is no
compelling evidence to suggest more than two
genes and there are no data yet to support the
existence of more divergent subgroups.

The nucleotide sequences of SaCHSD used to
construct the relatedness tree in Figure 2 can also
be used to calculate the time of divergence of the
five Saintpaulia species using the average sub-
stitution rate and time of divergence of Arabi-
dopsis and Antirrhinum. The two most disparate
Saintpaulia species (S. grotei and S. grandifolia)
have been separated for an estimated 12.1 mil-
Jion years and the most closely related species (S.
ionantha and S, orbicularis) have been separated
by approximately 4.7 million years. A previous
report using ITS sequence data suggests that S.
intermedia was the most widely separated spe-
cies from S. ionantha (Moller and Cronk, 1997).
This observation is not confirmed here. The ITS
data fail to resolve species within the ionantha
complex, a group of 11 species including S.
grandifolia, S. grotei, S. ionantha, and S. orbicu-
Jaris. Presumably, this is due to the high copy
number of ITS sequences and the slow spread of
copies with nucleotide substitutions within the
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genome. By using the single copy nuclear gene,
SaCHSD, the species S. grotei, S. intermedia,
and S. grandfolia, are separated from the ionan-
tha complex and a more accurate description of
the Saintpaulia genus can be made.
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