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Abstract-Thirty-eight species, including thirteen previously uninvestigated genera, in ten families usually 
grouped in the Centrospermae were surveyed by electrophoresis and chromatography for the presence of 
betacyanin and anthocyanin pigments. Betacyanins were observed in all thirty-eight species but no antho- 
cyanins were detected. 

THE knowledge2 that betacyanins. formerly considered to be “nitrogenous anthocyanins”, 
represent a new class of plant pigments of restricted distribution, has stimulated interest in 
the phylogenetic significance of these compounds. The history of these pigments from the 
1860’s to 1960 has been reviewed comprehensively by Dreiding.3 More recently Mabryl 
has discussed the structure of the betacyanins and reviewed their systematic distribution, 
particularly with respect to phyletic implications. 

The formula was deducedl** for betanidin hydrochloride, the aglycone salt of betanin, 
the betacyanin from Beta vulgaris. It is apparent that the betacyanins are unrelated 

chemically to the well-known flavylium salt structures of the anthocyanins, although the 
two classes of compound are visually indistinguishable, both having 2_ around 540 w. 
The unusual chromophoric polymethylene cyanine group is shown in two resonance struc- 
tures above. 

Distribution of the betacyanins is limited, so far as is known, to ten families usually 
grouped in the Centrospexmae: Chenopodiaceae, Didieraceae, Amaranthaceae, Nycta- 
ginaceae. Stegnospermaceae, Phytolaccaceae, Ficoidaceae, Portulacaceae, Basellaceae and 
Cactaceae. All of these families but the Stegnospermaceae and Dideraceae had already 
been known to contain members producing betacyanins. In 1961 Rauh and Reznik4 
observed betacyanins in the Didieraceae and concluded that this family belonged in the 

1 Presented, in part, by T. J. MABRY, Proceedings of the International Confiience on Taxonomic Biochemistry, 
Physiology and Serology, Sept. 4-6, 1%2, University of Kansas, Lawrence, Kansas. Ronald Press, 
New York (in press). 

* T. J. MABRY, H. WYLER, G. S-u, M. MERCIER, J. PAR~ICH and A. S. I)REIDING, Helv. Chim. Actu 45,640 

8 !??buwxx Recent Developments in the Chemistry of Natural Phenolic Compounds, @liti by W. D. 
OLLIS). p. 194, &amon Press, London (1961). 

’ W. RAUH and H. RBZNIK, Bot. Jb. 81,95 (1961). 
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Centrospermae. Such an arrangement had been suggested earlier by RadlkofetJ on morpho- 
logical grounds (see also Dalla Torre and Harm9). We have now found betacyanins in 

TABLE 1. NEW ADDITIONS TO THt LIST’ OF BETACYANIN 

SPECIFS 

Voucher 
numbers* 

-- _ . -_____-.. 
Chenopodiaceae 

Atrcplex bawlayana 
Atriplex lentijormis 
Chenopodium ambrosioides 
Chenopodium berlandieria 
Chenopodium glourum 
Coriovpermum nitidum 
Cwloloma atriplirifohum 
Sahcornio perennis 
Suarda hnearw 

Amirranthaceae 
Amaranthus acanthocarpa 
Amaranthus palmeri 
Amaranthuc pringlei 
Froelichia drummondii 
Gomphrena decumbens 
Gompkrena nealleyi 
Gomphrena sonome 
Tidevtromia lanuginosa 

Nyctagmaceae 
Ahronia ameliae 
Abronia cvcloptera 
Abronia fmgrand 
Ahronia villow 
Allionia incarnata 
Bowhaavia erecta 
Boerhaavia intermedia 
Boerhoavia spicata 
Cyphomerip p.wphiloidez 
MirahiliJ II .tlY heimeri 
Nyctaginia capitata 

Stegnospermaceae 
Stegno~pprma halim~folium 

POtiUlacaCeae 

C lawonia lineurir 
Claytonia megarrhiza 
Clavtonia viteinico 
Montia perfoliata 
Portulora prloAa 
Spmeutw urn&llata 

Aimaceae 
T*!anthwna portulacrwtrum 

Cactaceae 
Opuntia Ieptocaulic 
Oprmtia lindh&neri 

190314 
I83946 
171885 
Mabry II 
169317, 169318 
197422 
195354 
Mabry 12 
53586 

Mabry 15 
Mabry 4 
200689 
Mabry I3 
193081, 189691 
179298 
190367 
195909 

178059 
172412 
1664x3 
54616 
174249,200677 
193034 
200657 
200655 
206819 
Mabry I 
Melchert 246 

190384 

135561 
I75433 
Mabry Ih 
_%04;.7200579 

175430 

Mabry I4 

Mahry 5 
Mabry 6 

l Except where otherwise noted, the numbers refer to 
accession numbers of the University of Texas Herbarium 
where all specimens have been demited. 

6 L. RADLKOFER, Die naturlichen Pfinzeqfimilien, Vol. III (5), pp. 460-462, A. ENGLER and K. PRaNn. 
editors. Wilhelm Engelmann, Leipzig (1896). 

* D. G. DF DALLA T~RRE and H. HARW, Genera Siphonogamarum, p. 606, Sumtibus Guilelmi Engehnann. 
Lipsiae (19OOl. 
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Sfegnospernta ~ali~?l~~li~~~. The treatment of Stegnospermacese as D family htcrn5 from 
Hutchinson’s eIevation of the subfamily Steg~os~rmatoi~iae of the Phytotnccaccuc to the 
rank of family. ~utc~nson, however, placed this newly erected family in the order 
Pittosporales, a woody group, phyietically far removed from the herhac~~s Centro\.pcrmnc. 
In ad~tion to Sfeg}i~s~c~j~ya ~tu~jt?tt~li~itt we have e~~rnjncd th~rt~s~vsu pr~vi~~~l~ly un- 
investigated taxa, including thirteen genera, among the Ccntrospcrmnc. 

The results of electrophoretic and chromatographic examination of the plants, presented 
in Table 1, indicate the presence of betacyan~lls and the absence of ~llth~yanins.~ Bcta- 
cyanins and anthocyanins apparently do not co-exist in the same plant or even within the 
same family, a~tho~gl~ other classes of ~avono~d pigments may occur together with beta- 
cyanins in the same plant. Our experimcntat procedure utilized a crude aqueous extract 
of dried plant material. The pigment extracts were compared by paper e~~ctrophoresis and 
paper chromatography against pure betanin, and a mixture of the pigment extract with 
pure betanin. In most analyses the pigment migrated slower than the pure betanin standard, 
but the extract-betanin mixture generally gave only one broad spot which corresponded to 
the spot observed for the extract alone. Further studies with purified extracts are required 
but these preliminary results suggest that the number of betacyanins may be fewer than 
previously suspected. Even purifi~ extracts should be mixed with pure betanin for 
chromatographic and efectrophoretic studies before this type of evidence can be reliably 
used for i&nti~~tion purposes. 

Betanin, the only betacyanin which has been crystallized*+ has glucose attached at one 
of the two phenolic positionss in the betanidin structure. Significantly, all betacyanins which 
have been hydrolyzed produced beta&din as the aglycone.‘l Therefore secondary modifi- 
cations of the structure shown above, involving the presence of different sugars or esterifi- 
cation of the carboxyl groups, probabbly account for the different betaeyanins reported.*1 

For many years the correlation between the betacyanins and the Centros~rmae was 
recognized. Reznik,l% for example, has discussed the systematic value of these pigments. 
but at a time when these substan~s were considered to be flavonoid in nature. ordinarily, 
major taxonomic importance would not be accorded a singie c&mica! character, but we 
believe that the totally different structures of the two types of pigments, betacyanins and 
anth~yanins, which indicate different synthetic pathways, their mutual exclusion, and tho 
limited distribution of the betacyanins make the presence of these latter substances of 
particular taxonomic sibilance. It is suggested that the order Centrospermae (Chcnopo- 
diales}, as classicahy constituted, and including the Cactales, be reserved for the betacyanin- 
containing families, and that those anthocyanin-containing families such as the Caryo- 
phyllaceae and Iilecebraceae be trcatcd as a separate phyletic group whose relationship is 
close but not within the betacyanin producing order. A more comprehensive analysis of 
the Centrospermae and the significance of the betacyanins is in progress. 

EXPERlMENTAL 

The dried plant maternal was extracted for several hours at room tem~ratur~ with 
water. The pigment extracts were concentrated under vacuum and, in most instances. 

5 3 H~H~~~~, Fu~ii~~s af ~~o~r~~~ flnnrs, Vol. I, 11. ~la~ndon Press. Oxford (f959t. 
@ Anthocyanins only were observed in Rmtex, Eriogmm, Ant&own and Chorizanth@ of the Poiygo#aceae. 

Paronwhia of the Illecebraceae, Kranwria of the Krameriaceae and Hydrocotylr of the Umbeiliferae. 
@ H. WALER and A. S. DRFICNNG, Heir. Chitn. Acfa 40, 191 (1957). 

lo 0. TH. SCHMIDT and W. SCHONLFBEN, %. Ilaturforsch. 12b, 262 (1957). 
If. H. WYLFR and A. S. DRIXXNG, ~~~ie~fia 17.23 (1961). 
*1 H. REZNIK. 2. &tan. 43,499 (1955); Planta 49,406 (1957). 
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spotted directly on Whatman No. 3 paper strips. With some extracts the pigment was 
precipitated with aqueous lead acetate, redissolved in methanolic hydrochloric acid and 
filtered to remove the lead chloride. The filtrate was concentrated before use. The pigments 
were compared by paper electrophoresis (0.1 M formic acidP and paper chromatography 
(01 M formic acid and O-1 M pyridine formate) with pure betanin and a mixture of the 
pigment extract and pure betanin. Frequently, the pigment was eluted from the paper 
strip with water and rechromatographed. A Lab-line electrophoresis apparatus was used 
at 450 volts. The descending paper chromatograms were run for about 4 hr. 

Ackrrowk&emen?~--This work was supported by Grant 15890 from the National Science Foundation. We 
thank Dr. R. E. Alston for helpful discussions. 

Ia Betacyanins are present as anions in solutions of about pH 2 or higher and thus migrate towards the 
anode.. 


