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The dogma that male and female embryos develop
in identical fashion until SRY initiates Sertoli cell

ifferentiation in the hitherto bipotential gonad is in
eed of reevaluation in the light of data that do not fit

nto this scheme. One of the exceptions that proves
he rule of sex determination is true hermaphrodit-
sm, the existence of individuals with both testicular
nd ovarian tissue. Furthermore, the two types of
issues are asymmetrically distributed, ovaries being
ore common on the left side and testes and ovotestes

n the right. Hermaphrodite mice also exhibit bilat-
ral asymmetry of gonad differentiation, but in the
pposite direction: ovaries on the right, testes and
votestes on the left. To explain these asymmetries, it
s necessary to consider the relationship between
rowth and gonadal differentiation. The idea that ac-
elerated growth precedes histological differentia-
ion of the testis has recently been confirmed by the
nding that Sry induces cell proliferation in fetal
ouse gonads, suggesting that the differentiation of

ertoli cells may be dependent on a critical cell num-
er. Recent evidence has also shown that XY embryos
evelop faster than their XX counterparts at very
arly stages of development, and it has been reported
hat SRY and ZFY are expressed in early human and
urine embryos. The relationship between growth

nd sex differentiation links the mammalian system
ith those of nonmammalian vertebrates with tem-
erature-dependent sex determination. Early growth
ifferences between male and female human embryos
uestion the belief that all sex differences in later life
re due to gonadal hormones. © 2000 Academic Press
1 Address correspondence and reprint requests to the author.
Fax: 144 (0) 20 7627 1560. E-mail: u.mittwoch@ucl.ac.uk.
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NORMAL SEX DETERMINATION

In humans and other mammals, sex is determined
at fertilization by the sex chromosome of the sperm.
Those containing a Y chromosome give rise to XY
males, while X-bearing sperm form XX females. It
has been widely assumed that the early develop-
ment of genetically male and female embryos pro-
ceeds in identical fashion, until the formation of the
genital ridge or “bipotential” gonad. Then their
paths diverge. The Y chromosome carries the “testis-
determining” gene SRY (Sry in the mouse). There-
fore, if a Y chromosome is present, it will trigger the
indifferent gonad into the path of testicular devel-
opment.

On the basis of electron-microscopical studies on
the gonads of rat embryos, Jost et al. (1) concluded
that the appearance of Sertoli cells is the first indi-
cation of testicular differentiation, and it was as-
sumed that SRY functions by causing the differen-
tiation of supporting cells into Sertoli cells (2). Once
formed, the Sertoli cells were believed to direct the
formation of the other cells of the testis. Sertoli cells
secrete anti-Müllerian hormone, while fetal Leydig
cells secrete testosterone (3). In the absence of SRY,
the supporting cells develop into follicle cells and the

gonad becomes an ovary. Whereas the differentia-
tion of the male reproductive tract depends on hor-
mones secreted by the fetal testis, the fetal ovary
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seems not to be required for the development of the
female tract, which is believed to occur simply in the
absence of testicular secretions (4). It follows that
the differentiation of the genital ridge into a testis is
a pivotal event in the development of the male phe-
notype. For this reason, a “testis-determining fac-
tor,” TDF (Tdy in the mouse), was mapped onto the
Y chromosome before any candidate gene had been
proposed.

SRY has many properties expected of TDF. Two of
the most important are the existence of mutations in
SRY in patients with XY gonadal dysgenesis (XY
females) (5), albeit in only a minority (6), while the
role of Sry in testis development was confirmed in
transgenic experiments, in which a proportion of XX
mice bearing Sry developed as males (5). It is be-
lieved that Sry is particularly involved in the devel-
pment of Sertoli cells, since it was found that in
X7XY chimeric mice the proportion of XY cells in
ertoli cells was much higher than in other cell
ypes (7).

It has become evident, however, that sex determi-
ation cannot be explained by a simple switch; in-
eed, a considerable number of non-Y-chromosomal
enes are now known whose normal function is re-
uired in the process (2), including SOX9, WT1, and
AX-1. Haploinsufficiency of SOX9 causes cam-
omelic dysplasia as well as female development in
Y individuals (5), while heterozygous deletions of
T1 predispose to childhood tumors and are also

ssociated with genitourinary abnormalities, which
an include incomplete masculinization. By con-
rast, DAX-1 causes XY sex reversal when the gene
s duplicated (8). As yet, it has not been possible to
lucidate the mode of action of the sex-determining
enes in a molecular pathway.
It may be instructive, therefore, to look at some

nomalies.

HERMAPHRODITISM AND BILATERAL
ASYMMETRY

One of the exceptions that proves the rule of the
enetics of sex determination is the existence of
ndividuals with both testicular and ovarian tissue.
part from a small minority of patients with more

han one cell line, true hermaphroditism requires an
xplanation of either the presence of ovarian tissue
n the presence of SRY or the presence of testicular
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issue in the absence of the gene. An even greater
ifficulty, which is rarely considered in molecular
odels of sex determination, is that the two types of

m
m

issue are not symmetrically distributed within the
ody. When large numbers of patients are examined,
t is found that ovaries occur about twice as often on
he left as on the right side, whereas testes and
votestes are more frequent on the right (9,10)
Fig. 1).

Hermaphroditism is not the only abnormality that
xhibits bilateral asymmetry. In one of the most
ommon congenital anomalies, cleft lip with or with-
ut cleft palate (CL/P), unilateral clefts are far more
requent on the left side than the right, as was
learly shown in the pioneering investigation by
ogh-Anderson (11) and confirmed in two later stud-

es (12,13). While transforming growth factor alpha
as been shown to play a major role in the expres-
ion of the CL/P phenotype, epigenetic factors re-
ulting in minor growth differences between the left
nd right side of the developing face seem to be
qually important (14).

FIG. 1. Distribution of 414 ovaries and 860 testes and ovotes-
tes in 637 patients with true hermaphroditism. Combined data by
van Niekirk and Retief (9) and Krob et al. (10). L, left; R, right.
Illustration from Mittwoch (14).

WOCH
Hermaphrodite mice also exhibit bilateral asym-
etry, but in the opposite direction to that in hu-
ans: ovaries are preferentially situated on the
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right side and testes and ovotestes on the left side.
The data shown in Table 1 give the combined results
of the distribution of gonads in unilateral and lateral
hermaphrodite mice (but excluding bilateral her-
maphrodites) from four investigations (15–18).

To explain these asymmetries, it will be necessary
to give a brief review of the relationship between
gonadal differentiation and growth.

GONADAL DIFFERENTIATION:
HISTOLOGICAL VERSUS QUANTITATIVE

CRITERIA

The tendency to equate the beginning of gonadal
differentiation with the time when histological dif-
ferentiation can first be detected has persisted, as
illustrated in the statement by Swain and Lovell-
Badge (2) that “The gonad” (of the mouse) “initially
develops in a non-sex specific manner, being mor-
phologically identical in XX and XY embryos until
;12.0 dpc.” By limiting the process of differentiation
to the appearance of morphological differences, how-
ever, the authors have overlooked a substantial body
of evidence that differences in size between male
and female gonads precede overt differences in his-
tology.

Following the demonstration that in embryos of
the rat, the volumes of XY gonads had exceeded
those of XX gonads before any histological difference
could be detected (19,20), a similar quantitative dif-
ference was observed in the gonads of other mam-
malian species (21), including the marsupial Mono-
delphis domestica (22,23). In human fetuses, it was
found that, on average, right gonads exceeded those
on the left in wet weight, DNA, and protein content

TABLE 1
Distribution of Gonads in Lateral and Unilateral

Hermaphrodite Mice

Left Right Total

Ovary 30 61 91
Testis 212 36 248
Ovotestis 80 225 305

Total 322 322 644

Note. Combined data from Eicher et al. (15), Ward et al. (16),
and Biddle et al. (17, 18). Mice with bilateral ovotestes have been
excluded.
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(24), while testes exceeded ovaries in the same cri-
teria when related to crown-rump length (25).

This relationship could provide an explanation for
the bilateral asymmetry of the gonads in human
true hermaphroditism: if testes need to grow faster
than ovaries, and right gonads grow faster than left
gonads, we may conclude that the predisposition for
testicular differentiation is inherently greater in
right than in left gonads. This is of no consequence
in normal sexual differentiation, which is firmly con-
trolled by the sex chromosomes. In the development
of hermaphroditism, however, we witness the break-
down of the sex chromosome mechanism, and we
also see the bilaterally asymmetrical development of
testes and ovaries in accordance with the basic
asymmetry of normal gonadal development (21).

The difference in the direction of asymmetry be-
tween humans and mice could be connected with the
difference in size between human and murine fetal
gonads. An analysis of kidney weights in wild mice
showed that right gonads tended to be heavier than
those on the left, but the data suggested that this
difference decreased with increasing kidney weight
and that the direction of asymmetry may eventually
be reversed (26). In contrast to mice, Henry Gray
(27) wrote of human kidneys that “The left is nearly
always heavier than the right, by about two
drachms.”

A relationship between bilateral asymmetry and
organ size is further substantiated by an analysis of
left and right gonadal volumes in embryos of the
gray short-tailed opossum M. domestica, in which
gonad volumes averaged less than 0.01 mm3 and
which showed a highly significant difference in favor
of the left gonad (28). In newborn opossums, this
difference was reduced.

SEX DIFFERENCES IN DEVELOPMENTAL
RATE OF EARLY EMBRYOS

Side by side with the search for sex-determining
genes that characterized the last decades of the past
century, there appeared an impressive, if less pub-
licized, body of data that contradict the view that the
switch directing the indifferent gonad into the tes-
ticular pathway is the first step of sexual differenti-
ation and that all differences between males and
females derive from it (29). Evidence of an increased
growth rate of male compared with female fetuses
prior to the time of gonadal differentiation has been
reported in rats (30) as well as in human fetuses
studied by ultrasound, which showed that at 8 to 12
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menstrual weeks female fetuses were 1 day behind
their male counterparts in crown-rump length and
parietal diameter (31). The data suggested that at
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least part of the difference between growth rates of
male and female fetuses is determined by the sex
chromosomes. A similar sex difference is shown in
preimplantation mouse embryos, and Burgoyne et
al. (32) have presented evidence that this is caused
by both an accelerating effect of the Y chromosome
and a retarding effect of the X chromosome.

In the mouse, a sex difference was established
already at the blastocyst stage (33), and the same
applies to bovine embryos (34,35). In human em-
bryos produced in vitro, male embryos had on aver-
age more cells than female embryos on day 2 after
insemination, and the male embryos showed evi-
dence of higher metabolic activity (36). Evidence of
increased metabolic activity had previously been re-
ported in male preimplantation bovine embryos (37).

In addition to the very early growth differences
between XX and XY embryos that are now known to
occur, it has been reported that the Y chromosomal
genes Sry and Zfy are expressed at the two-cell stage
in mouse embryos (38) and that their human homo-
logues are expressed in the zygote (39). Sry expres-
sion has also been found in mouse blastocysts (40).
Although the significance of these findings is still
controversial (41), there is now ample evidence dem-
onstrating that the process of sex differentiation
begins long before the stage of genital ridge forma-
tion. Clearly, the topic is in need of reevaluation.

Sry AND CELL PROLIFERATION

In a morphometric study of fetal mouse gonads
carrying the Steel mutation Sl/Sld, which causes
the gonads to be virtually devoid of germ cells, Mc-
Coshen (42) found that the growth of the somatic
cells of the testis, but not of the ovary, was indepen-
dent of the presence of germ cells and that XY go-
nadal somatic cells possess an inherent capacity to
grow at an accelerated rate compared with XX go-
nadal somatic cells. This led to the suggestion that
either there are additional Y-chromosomal genes in-
volved in gonadal growth or the testis-determining
gene itself exerts a growth influence even prior to
sex cord differentiation.

The latter suggestion has now been shown to be
correct in the laboratory of Blanche Capel (43). To
investigate whether the rapid size increase of the
rudimentary testis is dependent on the presence of
Sry, the authors used 59-bromo-29-deoxyuridine
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(BrdU) incorporation to label dividing cells. The re-
sults showed that the size increase was accompanied
by a dramatic increase in cell proliferation in XY
gonads, which was absent in XX gonads and ap-
peared to be independent of the number of X chro-
mosomes. The increase in cell proliferation began
less than 24 h after the onset of Sry expression in
cells giving rise to Sertoli cells. The increase was not
seen in B6 XYPOS mice, in which testis development
is inhibited, but was present in B6 XX mice carrying
a transgenic copy of Sry and forming testes. The
authors concluded that a high level of cell prolifer-
ation is tightly correlated with testicular differenti-
ation.

These results represent a decisive step forward in
the study of sex determination, which has ramifica-
tions in at least two different areas.

EVOLUTIONARY QUESTIONS AND A FEW
POSSIBLE ANSWERS

The perceived function of SRY as a testis-deter-
mining factor led to the expectation that the gene
was an integral part of the sex-determining process,
and, therefore, its absence in nonmammalian verte-
brates came as a surprise (44). It has also emerged
during the past few decades that genotypic sex-de-
termining mechanisms are by no means universal
among fish, amphibians, and reptiles. In some spe-
cies of reptiles, including snakes, some lizards, and a
minority of turtles, sex is determined by the geno-
type, whereas in other species sex is determined by
the temperature of incubation (45). Whereas geno-
typic sex determination is clearly a necessity in
mammals and birds on account of their homoio-
thermy, it appears to be a luxury in reptiles.

In reptiles, temperature is an important factor
influencing developmental rates and can also affect
vertebrae number and some morphometric traits
(46). In the turtle Emys orbicularis, gonads of em-
bryos incubated at the male-producing temperature
of 25°C initially grow faster than those of embryos
incubated at the female-producing temperature of
30°C; subsequently, ovarian growth accelerates in
conjunction with aromatase activity (47). The com-
parative evidence suggests that SRY is an internal-
ized factor that accelerates developmental rates,
and the puzzling question why SRY is confined to
mammals may be simply explained as an adaptation
to the reproductive biology of mammals, in which
both sexes are exposed to the estrogenic environ-
ment of the uterus (48,49).

WOCH
The sex chromosome mechanism of birds, ZZ
males and ZW females, appears to be the opposite of
that in mammals, and bilateral asymmetry plays a
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major role in the differentiation of the female gonad
(50). It has recently been shown that the Z chromo-
some of chickens carries an orthologue of the human
DMRT1 gene, which is located on chromosome 9 and

as been implicated in XY sex reversal if one homo-
ogue is deleted (51,52). The question of whether
irds, likewise, require two doses of DMRT1 is par-

ticularly intriguing, since developmental studies in
chick embryos have shown that initially ZZ gonads
grow faster than ZW gonads (50). Could this be due
to a dosage effect of DMRT1, and might this gene act
in a similar way to SRY by enhancing cell prolifer-
ation?

Ongoing studies on sex determination in non-
mammalian vertebrates will undoubtedly throw
light on the human situation.

CONCLUSIONS AND OUTLOOK

It is evident that the sum of the research findings
of recent years requires a modification in the current
dogma of mammalian sex determination, which was
based on gonadal histology and tended to ignore
quantitative criteria. The finding that Sry functions
by increasing cell proliferation in the fetal mouse
gonad emphasizes the significance of cell growth in
gonadal differentiation and suggests that the differ-
entiation of Sertoli cells may be dependent on a
critical cell number. This relationship should help in
the elucidation of the etiology of true hermaphrodit-
ism, where the evidence suggests an interaction be-
tween genotype and epigenetic factors.

It has also become apparent that sex differences in
growth begin soon after fertilization, which could be
of particular significance in view of recent evidence
of an effect of fetal growth rate on disease in later
life (46,53). It remains to be determined whether
sex-determining genes are involved in early differ-
ences in growth. Nevertheless, it can no longer be
maintained that all differences between males and
females in later life are the result of gonadal hor-
mones.

As we enter the second century of genetics, the
aim will be to look beyond simple switch mecha-
nisms by unraveling the relationship between genes
and epigenetic factors on cell growth during devel-
opment and its effect on the phenotype at later

SEX DETERMINATION: EXCE
stages. This knowledge should also increase the op-
portunity for providing the best possible conditions
for optimum cell growth during development.
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4. Jost A, Vigier B, Prépin J, Perchellet JP. Studies in sex differ-
entiation in mammals. Rec Prog Horm Res 29:1–41, 1973.

5. Koopman P. Sry and Sox 9: Mammalian testis-determining
genes. Cell Mol Life Sci 55:839–856, 1999.

6. Ferguson-Smith MA. Clinical contributions towards under-
standing the genetics of sex differentiation. In Sex Differen-
tiation (Hughes IA, Ed). Cambridge, UK: Frontiers in Endo-
crinology, Serono Publications, pp 5–12, 1996.

7. Palmer S, Burgoyne PS. In situ analysis of fetal, prepuberal
and adult XX7XY chimeric mouse testes: Sertoli cells are
predominantly, but not exclusively, XY. Development 112:
265–288, 1991.

8. Goodfellow PN, Camerino G. DAX1, an “antitestis” gene.
Cell Mol Life Sci 55:857–863, 1999.

9. van Niekirk WA, Retief A. The gonads of human true her-
maphrodites. Hum Genet 58:117–122, 1981.

10. Krob G, Braun A, Kuhnle U. True hermaphroditism: Geo-
graphical distribution. Eur J Pediat 153:2–10, 1994.

11. Fogh-Andersen P. Inheritance of Harelip and Cleft Palate:
Contribution to the Elucidation of the Etiology of the Con-
genital Clefts of the Face. Translated by Aagesen A. Forlag
Arnold Busck, Copenhagen, 1942.

12. Chevenix-Trench G, Jones K, Green AC, Duffy DL, Martin
NG. Cleft lip with or without cleft palate: Association with
transforming growth factor alpha and retinoic acid receptor
loci. Am J Hum Genet 51:1377–1385, 1992.

13. Holder SE, Vintiner GM, Farren B, Malcolm S, Winter RM.
Confirmation of an association between RFLPs at the trans-
forming growth factor-alpha locus and non-syndromic cleft
lip and palate. J Med Genet 29:390–392, 1992.

14. Mittwoch U. Unilateral manifestations of bilateral struc-
tures: Which phenotype matches the genotype? Serono
Symp Publics Frontiers Endocrinol 16:121–129, 1996.

15. Eicher EM, Washburn LL. Inherited sex reversal in mice:
Identification of a new sex-determining gene. J Exp Zool
228:297–304, 1983.

16. Ward HB, McLaren A, Baker TG. Gonadal development in
T16H/XSxr hermaphrodite mice. J Reprod Fertil 81:295–
300, 1987.

17. Biddle FG, Eales BA, Nishioka Y. A DNA polymorphism
from five inbred strains of the mouse identifies a functional
class of domesticus-type Y chromosome that produces the
same phenotypic distribution of gonadal hermaphrodites.
Genome 34:96–104, 1991.

18. Biddle FG, Eisner JR, Eales BA. The testis-determining
autosomal trait, Tda-1, of C57BL/6J is determined by more
than a single autosomal gene when compared with DBA/2J

409S THAT PROVE THE RULE
mice. Genome 37:296–304, 1993.

19. Mittwoch U, Delhanty JDA, Beck F. Growth of differentiat-
ing testes and ovaries. Nature 224:1323–1325, 1969.



2

2

MITT
20. Lindh J. Quantitative Aspects of Prenatal Gonad Growth in
Albino Rat and Golden Hamster. Studied by Morphologic
and Experimental Methods. Department of Anatomy, Uni-
versity of Lund, 1961.

21. Mittwoch U. Males, females and hermaphrodites. Ann Hum
Genet 50:103–121, 1986.

2. Baker PJ, Moore HDM, Penfold LM, Burgess AMC, Mittwoch
U. Gonadal sex differentiation in the neonatal marsupial, Mo-
nodelphis domestica. Development 109:699–704, 1990.

3. Baker PJ, Moore HDM, Burgess AMC, Mittwoch U. Gonadal
sex differentiation in embryos and neonates of the marsu-
pial, Monodelphis domestica: Arrest of testis development in
postterm embryos. J Anat 182:267–273, 1993.

24. Mittwoch U, Kirk D. Superior growth of the right gonad in
human foetuses. Nature 257:791–792, 1975.

25. Mittwoch U. Differential growth of human fetal gonads with
respect to sex and body side. Ann Hum Genet 42:133–138,
1976.

26. Mittwoch U. Lateral asymmetry of kidney weights in different
populations of wild mice. Biol J Linn Soc 11:295–300, 1979.

27. Gray H. Anatomy Descriptive and Surgical. London: Parker,
1858.

28. Baker PJ. Gonadal Sex Differentiation in the Grey Short-
Tailed Opossum, Monodelphis domestica. PhD thesis, Univ
London, Faculty of Science, 1993.

29. Blecher SR, Wilkinson LJ. Non-hormone-mediated sex chro-
mosomal effects in development: Another look at the Y chro-
mosome–testicular hormone paradigm. In Evolutionary
Mechanisms in Sex Determination (Wachtel SS, Ed). Boca
Raton, FL: CRC Press, pp 219–229, 1989.

30. Scott WJ, Holson JF. Weight differences in rat embryos
prior to sexual differentiation. J Embryol Exp Morphol 40:
259–263, 1977.

31. Pedersen FJF. Ultrasound evidence of sexual difference in
fetal size in first trimester. Br Med J 281:1253, 1980.

32. Burgoyne PS, Thornhill AR, Kalmus Boudreau S, Darling
SM, Bishop CE, Evans EP. The genetic basis of XX–XY
differences present before gonadal sex differentiation in the
mouse. Phil Trans R Soc London B 350:253–261, 1995.

33. Tsunoda Y, Tokunaga T, Sugie T. Altered sex ratio of live
young after transfer of fast- and slow-developing mouse
embryos. Gamete Res 12:301–304, 1985.

34. Avery B, Madison V, Greve T. Sex and development in
bovine in-vitro fertilized embryos. Theriogenology 35:953–
963, 1991.

35. Xu KP, Yadav BR, King WA, Betteridge KJ. Sex-related
differences in developmental rates of bovine embryos pro-
duced and cultures in vitro. Mol Reprod Dev 31:249–252,
1992.

36. Ray PF, Conaghan J, Winston RML, Handyside AH. In-
creased number of cells and metabolic activity in human
preimplantation embryos following in vitro fertilization. J
Reprod Fertil 104:165–171, 1995.

37. Tiffin G, Rieger D, Betteridge KJ, Yadav BR, King WA.

410 URSULA
Glucose and glutamine metabolism in pre-attachment cattle
embryos in relation to sex and stage of development. J
Reprod Fertil 93:125–132, 1991.
38. Zwingman T, Erickson RP, Boyer T, Ao A. Transcription of the
sex-determining region Sry and Zfy in the mouse preimplan-
tation embryo. Proc Natl Acad Sci USA 90:814–817, 1993.

39. Ao A, Erickson RP, Winston RML, Handyside AH. Tran-
scription of paternal Y-linked genes as early as the pro-
nuclear stage. Zygote 2:281–287, 1994.

40. Cao QP, Gaudette MF, Robinson DH, Crain WR. Expression
of the mouse testis-determining gene Sry in male preim-
plantation embryos. Mol Reprod Dev 40:196–204, 1995.

41. Edwards RG, Beard HK. Hypothesis: Sex determination and
germ line formation are committed in the pronucleate stage
in mammalian embryos. Mol Hum Reprod 5:595–606, 1999.

42. McCoshen JA. Quantitation of sex chromosomal influence(s)
on the somatic growth of fetal gonads in vivo. Am J Obstet
Gynecol 145:469–473, 1983.

43. Schmahl J, Eicher EM, Washburn LL, Capel B. Sry induces
cell proliferation in the mouse gonad. Development 127:65–
73, 2000.

44. Pask A, Graves JAM. Sex chromosomes and sex-determin-
ing genes: Insights from marsupials and monotremes. Cell
Mol Life Sci 55:864–875, 1999.

45. Pieau C, Dorizzi, Richard-Mercier N. Temperature-depen-
dent sex determination and gonadal differentiation in rep-
tiles. Cell Mol Life Sci 55:887–900, 1999.

46. Bran̂a F, Ji X. Influence of incubation temperature on mor-
phology, locomotor performance, and early growth of hatch-
ling wall lizards. J Exp Zool 286:422–433, 2000.

47. Pieau C, Dorizzi M, Richard-Mercier N, Desvages G. Sexual
differentiation of gonads as function of temperature in the
turtle, Emys orbicularis: Endocrine function, intersexuality
and growth. J Exp Zool 281:400–408, 1998.

48. Short RV. New thoughts on sex determination and differen-
tiation. Glaxo Vol 39:5–20, 59–60, 1974.

49. Wolf U. Reorganization of the sex-determining pathway with
the evolution of placentation. Hum Genet 105:288–292, 1999.

50. Mittwoch U. Phenotypic manifestations during the develop-
ment of the dominant and default gonads in mammals and
birds. J Exp Zool 281:466–471, 1998.

51. Nanda I, Shan Z, Schartl M, Burt DW, Koehler M, Noth-
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