
affinity. These changes in FGF might easily 
activate nearby satellite cells to divide and 
form new muscle fibers and could explain 
persistent regeneration observed in the dys- 
trophic mouse. The mechanisms by which 
mdx mouse skeletal muscle escapes lethal 
phenotypes seen in Duchenne patients who 
have the identical mutation should provide 
clues to understanding and treating the hu- 
man disease. 
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Corn and Culture in Central Andean Prehistory 

SISSEL JOHANNESSEN AND CHRISTINE A. HASTORE 

The prehistoric development and spread of domesticated maize varieties in the 
highlands of Peru, unlike the drier coastal deserts, is little known because ancient 
maize remains in this area survive mainly as fragments, kernels, and cob parts. An 
analysis of fragmented charred maize from prehistoric households (A.D. 450 to 1500) 
in the Mantaro Valley reveals a developmental sequence of maize varieties for 
Highland Peru. The evidence indicates an adoption of large-kernelled maize varieties 
beginning in the Late Intermediate (A.D. 1000). This is centuries later than a similar 
change in maize, associated with the Wari expansion, that occurred in coastal areas, 
and indicates minimal Wari impact in the Mantaro Valley. 

D OMESTICATED MAIZE AND THE prehistoric maize varieties is valuable to 
human groups that use it are inter- understanding the evolution of both maize 
dependent. The hundreds of exist- itself and of the associated cultures. 

ing maize varieties are cu~tural artifacts cre- 
ated, maintained, used, changed, and moved Dqa-ent of ~thropology,  University of Mimesoti, 
by human groups (1, 2). The study of Minneapolis, MN 55455. 
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Maize in Peru is extremely variable and 
has had a long evolution shaped by ~ ~ ~ t u r a l  
developments and change (2, 3). This evolu- 
tion has been studied for coastal Peru, where 
arid conditions allow excellent preservation 
of ancient maize cobs, ears, and plant parts 
(3-8). However, in the wetter highlands, 
only maize charred in antiquity survives and 
generally is recovered only in the form of 
kernels, indurated cob parts (cupules), and 
fragments. This fragmentary material pre- 
cludes measurements such as ear shape and 
cob diameter used to classify more complete 
specimens (2, 9-12). In this case in the 
highlands, by analysis of charred maize ker- 
nels, we examined the changes in maize and 
maize use associated with 1000 years of 
culture history (A.D. 450 to 1500) in the 
upper   an taro Valley in the central Andes. 
An increase in kernel size and in maize type 
diversity took place after the Middle Hori- 
zon IA.D. 700 to 1000). 

&heological researih by the Upper 
Mantaro Archaeological Research Project 
and others has documented many prehistor- 
ic sites in this high Andean Valley (elevation 
range for sites, 3400 to 4100 m) (13-17). 
Plant remains systematically recovered 
through flotation and  fine-screening (18) 
include an abundant record of maize use. 
The maize remains consist almost com~lete- 
ly of separate kernels and cupules, most of 
which are broken. For this study, measur- 
able kernels from six time ~er iods  were 
compared. 

The maize from the earlier time periods is 
from houses, middens, and patios in four 
strata at the site of Pancin (15). The two 
lowest levels, Pancin 4 and Pancin 3, both 
date to the Early Intermediate (A.D. 450 to 
700). Pancin 3 is Middle Horizon (A.D. 
700 to 1000), and Pancin 1 is early Late 
Intermediate (A.D. 1000 to 1300). The 
material from the two later time periods, 
Wanka I1 (late Late Intermediate, A.D. 
1300 to 1460) and Wanka I11 (Inca period, 
A.D. 1460 to 1532), was recovered from 
households in two large town sites, Umpa- 
malca and Hatunmarca, respectively (14). 

Measurable kernels (a total of 536) were 
removed from over 200 flotation and screen 
samples taken from the four levels of Pancin 
and from the Wanka I1 and Wanka I11 
households. The following attributes were 
recorded for each kernel: length, width, 
thickness, angle, and cap type. Length, 
width, and thickness reflect the general di- 
mensions of the kernel. The angle formed by 
the two long sides gives an estimate of the 
row number of the ear from which the 
kernel came (19,ZO). Cap type was recorded 
as square, round, or beaked. Ratios of 
length to width and width to thickness were 
calculated to give relative indices of the 

shape of the kernels from the front and the 
top. 

The kernels show great overall variability 
and a pattern in time (Fig. 1). There is a 
general increase in kernel length, width, and 
thickness. The kernels become relatively flat- 
ter in cross section. The kernel angles found 
in Panc6n 4, 3, and 2 are similar and large, 
(probably from 10- and 12-row ears). In 

Pancin 1, small kernel angles probably re- 
flect 16- to 18-row ears. The much larger 
kernels of the subsequent Wanka I1 and 
Wanka I11 periods gradually become round- 
er in shape, and the median row number 
decreases, as angles reflecting 12- and 14- 
row ears become most common. 

In order to understand how the variation 
in the maize assemblages changed over time, 

Table 1. Upper Mantaro Valley data summary for ten kernel types. The kernel types were derived by a 
cluster analysis. The seven variables included in the analysis were length, width, thickness, angle, cap 
type, width to length (wil) ratio, and width to thickness (wit) ratio. 

Mean Mean Mean Mean Mean Mean typest 
Type n length width thickness Vw wit angle* (%I 

(mm) (mm) (mm) ratio ratio (day) S 

*For 8-row, 45"; 10-row, 36"; 12-row, 30"; 14-row, 26"; 16-row, 22"; and 18-row, 20". tS, square; R, round; B, 
beaked. 

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 
Canonlcai variable 1 

Fig. 2. Relations of the ten kernel types. Scatterplot of the first and second variates from a canonical 
analysis of the ten kernel groups. The bar graphs below the scatterplot show the percentage composition 
of the kernel types from each time period. The types are arranged in the relative order of their values on 
the first canonical variate (compare to the scatterplot). The standardized canonical coefficients are (for 
canonical variable 1 and canonical variable 2) angle, -0.2128 and 0.85 11; width, 0.6037 and 0.4123; 
length, 1.4202 and -0.4032; thickness, 1.0681 and 0.3841; cap type, -0.2335 and 0.0417; width to 
length, -0.3825 and 0.6856; and width to thickness, 0.8220 and 0.1265. 
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the kernels were classified into tvDes bv a 
, L  , 

cluster analysis method and use of nearest 
centroid sorting. T o  select the best number 
of groups, the cluster analysis was run four 
times specifying different numbers of clus- 
ters (6, 8, 10, and 12). Ten clusters corre- 
sponded most closely to the types perceived 
subjectively. The attributes of the ten types 
are given in Table 1. These archeological 
types should not be understood as repre- 
senting actual races of maize; they are ra&er 
an initial classification for assessing the rela- 
tive variation through time. 

Types C, F, and G are small, mostly 
beaked kernels that fall in the size range of 
the modern Andean popcorn races (2, 3). 
Type I is a short, thick type with a low row 
number (8-row). Types A, D, and E are 
larger, long in proportion to their width, 
with quite high row (12- to 18-row) num- 
bers &d many square-capped kernels. Types 
H and J are large broad kernels, with round- 
ed caps, flat cross sections, and low row (8- 
and 10-row) numbers. 

The relation among the ten types can be 
seen in a plot of the first and second canoni- 
cal variables, which together account for 
86% of the variability in the assemblage 
(Fig. 2). The first canonical variable (in- 
creasing width, length, and relative flatness) 
is associated with time. as is shown in the 
bar graphs below the scatterplot in Fig. 1. 
The two earliest assemblages are dominated 
by small type F. The Panch 2 assemblage 
appears to be more varied, although the 
sample size is small. Greater variation and 
domination by a new type (type C, a high 
row number beaked type) is evident in level 
1 of Panch.  Diversity in types is greatest in 
Wanka I1 and Wanka 111, each phase with 
kernels of all ten types, though in different 
proportions. Two unusually large type H 
kernels found in Wanka I1 contexts ap- 
 roach the size and sham of the ~ u z c o  
races, suggesting that large-kerneled, low- 
row number varieties were grown in the 
Mantaro before Inca times, rather than be- 
ing spread with Inca hegemony as has been 
suggested (2). 

On the coast of Peru researchers have 
noted, after a long and rather stable period 
dominated by popcorns, a sudden change 
toward new flint and flour maize types from 
the highlands (2, 3). They postulate that this 
change is associated with the Wari expan- 
sion out of the Ayacucho region (Middle 
Horizon, about A.D. 550 to 850). The 
Mantaro Valley data indicate that an influx 
of new flint and flour types there is not 
associated with Middle Horizon, but rather 
with the Late Intermediate (after A.D. 
1000). This maize evidence parallels the lack 
of Middle Horizon Wari architecture and 
the scarcity of Wari sherds in the area in 
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At the close of the Middle Horizon in the tn Peru, National Research Council Publ. 915 
Mantaro area a number of changes in ways 
of growing, preparing, and eating food are 
associated with the new use of large-ker- 

u 

neled maize types. Stone hoes become more 
common (15), as do the actual remains of 
corn and other crops (15, 21). Large grind- 
ing stones and manos become more-com- 
mon in relation to mortars and pestles (15), 
perhaps reflecting grinding of the new 
floury maize types. Bowls become larger in 
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(fine cornmeal cakes). Maize in Inca times, 

(1961). 
4. R. McK. Bird, Maize Genet. Coop. News Lett. 52,90 

11 97x1 ,-' ' -,' 
5. - and J. B. Bird, Am.  Antiq. 45, 325 (1980). 
6. D. Bonavia, Preterimico peruano: 10s Gavilanes: mar, 

desieeo y obis en la histon'a del hombre (Editorial 
Ausonia-Tallereres Graficos S.A., Lima, 1982). 

7. A. Grobman. D. Bonavia. D. H.  Kellev. with P. C. 
~angelsdorf'and J. ~ h k a - ~ e r n i n d & ,  &t. MU;. 
Leap. Harv. C'niv. 25, 221 (1977). 

8. M. A. Towle, The Ethnobotany of Pre-Columbian Peru 
(Aldine, Chicago, 196 1). 

9. R. McK. Bird and M. M. Goodman, Econ. Bot. 31. 
471 (1978). 

10. M. M. Goodman and E. Paterniani, ibid. 23, 265 
(1969). 

11. F. B. King, thesis, University of Illinois, Urbana 
119871. 
\ - -  - '  ,. 

12. N. H.  Nickerson, Ann. Mo. Bot. Gard. 40, 79 
(1953). 

13. D. Browman, thesis, Hanrard University, Cam- 
bridge. MA (19701. 

A d  probably earlie;, was a high-prestigk 14. T. I?. ' ~ a d e ' e t  a):, Univ. Calif. Los Angeles Inst. 
Archaeol. Monogr. 28 (1987). and ceremonial food (22). 15. C. A. Hastorf, T. K. Earle, H.  E. Wright Jr., L. J. 

Comparison of charred maize kernels LeCount, G. S. Russell, E. Sandefbr, Andean Past (in 
press). from six time periods has in under- 

16. R. Matos Mend~eta, Revta Mus .\hi Ltma 37, 41 
standing changes in maize use and associat- (1971) 
ed culture in-the Mantaro Valley over a 
millenium. The data show (i) a continuity in 
use of small-sized maize into and through 
the Middle Horizon, indicating a lack of 
Wari influence there as compared to the 
coast, and (ii) a florescence of large-kerneled 
flint and flour types occurring in the 
Late Intermediate, associated with new cul- 
tural dimensions in farming, crops, and eat- 

17. I. parsons and C. Hastines. Peruvian Prehistorv. R. 
~ e a t i n ~ s ,  Ed. ( ~ a m b r i d ~ g ~ n i v .  Press, ~ a m b i d g e ,  
1988), pp. 190-229. 

18. C. A. Hastorf, thesis, University of California, Los 
Angeles (1983). 

19. H.  C. Cutler and L. W. Blake, Univ. Ill. C'rbana Bull. 
Archaeol. Surv. 7 (1973). 

20. D. M. Pearsall, Econ. Bot. 34, 344 (1980). 
21. C. A. Hastorf and M. J. DeNiro, Nature 315, 489 

(1985). 
22. J. V. Murra, Culture in History, S. Diamond, Ed. 

(Columbia Univ. Press, New York, 1960), pp. 393- 
A,," 

ing. tu/. 
23. We thank J. Doebley, L. Brown-Ewing, and J. 

Kadane for advice at various stages of analysis. 
REFERENCES AND NOTES Supported by NSF grant BNS 84-51369. 

1. B. F. Benz, thesis, University of Wisconsin, Madi- 
son (1986). 12 December 1988; accepted 27  March 1989 

Stereochemical Course of Catalysis by the 
Tetrahy menu Ribozyme 

The group I intron from Tetrahymena catalyzes phosphodiester transfer reactions on 
various RNA substrates. A modified RNA substrate with a phosphorothioate group in 
one stereoisomeric form at the site of reaction was synthesized in order to determine 
the stereochemical course of an RNA-catalyzed reaction. The reaction product was 
digested with a stereospecific nuclease to determine the configuration of the product 
phosphorothioate. The reaction occurs with inversion of configuration at phosphorus, 
implying an in-line pathway for the reaction. 

T HE GROUP 1 SELF-SPLICING RIBO- 

soma1 RNA intron from Tetvahymena 
catalyzes its excision from the pri- 

mary RNA transcript and exon ligation to 
form the mature transcript (1, 2). In vitro, 
the free intron can fknction as a site-specific 
ribonuclease, a terminal transferase, a phos- 
photransferase, and an acid phosphatase, 
depending on the RNA substrate provided 

and the conditions of the reaction (3-5). 
This RNA is a true catalyst in that it can 
mediate multiple turnovers of some reac- 
tions (3, 6). 

Whether the ribozyme catalyzes transes- 
terification reactions stereospecifically has 
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