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Regressive Evolution in the Mexican Cave Tetra, Astyanax

mexicanus

Meredith Prgtaslv’a, Melissa Conradz, Joshua B. Grossl, Clifford Tabinl, and Richard
Borowskyz’

1 Department of Genetics, Harvard Medical School, Boston, MA, 02115, USA
2 Department of Biology, New York University, New York, NY, 10003, USA,

Summary

Cave adapted animals generally have reduced pigmentation and eyes, but the evolutionary forces
driving the reductions are unknown; Darwin famously questioned the role of natural selection in eye
loss in cave fishes; “As it is difficult to imagine that eyes, although useless, could be in any way
injurious to animals living in darkness, | attribute their loss wholly to disuse” [1]. We studied the
genetic basis of this phenomenon in the Mexican cave tetra, Astyanax mexicanus, by mapping the
quantitative trait loci (QTL) determining differences in eye/lens sizes and melanophore number
between cave and surface fish. In addition, we mapped QTL for the putatively constructive traits of
jaw size, tooth number, and numbers of taste buds. The data suggest that eyes and pigmentation
regressed through different mechanisms. Cave alleles at each eye/lens QTL we detected caused size
reductions. This uniform negative polarity is consistent with evolution by natural selection and
inconsistent with evolution by drift. In contrast, QTL polarities for melanophore number were mixed,
consistent with evolution by genetic drift or indirect selection through pleiotropy. Past arguments
against a role for selection in regression of cave fish eyes cited the insignificant cost of their
development [2,3], but we argue that the energetic cost of their maintenance is sufficiently high for
eyes to be detrimental in the cave environment. Regression, a ubiquitous aspect of all evolutionary
change, can be caused either by selection or genetic drift/pleiotropy.

Results and Discussion

Absence of light drives the evolution of cave animals towards a suite of characteristic, cave-
related (troglomorphic) phenotypes. In the dark, eyes and pigmentation lose their functions,
and tend over the generations to regress or disappear. Without light there is no photosynthesis,
and the trophic base of many cave communities is narrow. Cave animals typically cope with
the scarcity of food by evolving more sensitive tactile and chemical senses and slower or more
efficient metabolisms. Compensatory changes like these probably evolve because of strong
selection, but what causes the regression of eyes and pigmentation? The three modern
competing hypotheses for eye regression are natural selection, recurrent mutation/genetic drift,
and pleiotropy [2].
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Astyanax mexicanus is an ideal species to study the genetics of troglomorphy because it has
both eyed surface and cave adapted populations, all of which are interfertile. Cave fish were
collected from Pachdn cave in NE Mexico [locality map in 4] and surface fish were collected
from nearby streams (Supplemental Fig. 1). We hybridized Pachon cave and surface fish,
creating a mapping progeny of 539 F, siblings. We mapped 178 loci in the cross (2191 cM)
for an average distance between adjacent markers of 14.7 cM. We phenotyped the F, fish by
measuring eye size, lens size, counting the density of melanophores in four places on the bodies,
measuring the lengths of the dentary and maxillary bones in the jaw apparatus, and counting
maxillary teeth and taste buds (Table 1 lists sample sizes for the different traits). This gave us
a set of standardized phenotypes that could be correlated with genotypes. Phenotypic and
genotypic data (see Supplemental Online Material) were used to identify chromosome regions
where genes affecting the traits were located. Quantitative trait loci (QTL) were detected in
two phases, first by simple interval mapping (SIM) of putative QTL, followed by a refinement
phase using multiple interval mapping algorithms (MIM). We used MultiQTL software
(www.multigtl.com), with P < 0.05 and a false detection rate < 0.10. (Supplemental Online
Material details Material and Methods.)

With few exceptions, phenotypic correlations among traits in the F, are weak or non-existent
(Table 1). Not all correlations could be determined because some traits (notably lens sizes)
were assessed in different siblings but, of the 26 correlations we calculated, only six were
significant at the P = 0.01 level, and three others at the P = 0.05 level. Eye size was significantly
negatively correlated with three melanophore traits and the number of maxillary teeth and
positively correlated with lens size. MelE and MelD were strongly correlated, and the length
of the maxillary bone was significantly correlated with the length of the dentary and the number
of taste buds. It is notable that eye size was not significantly correlated with the lengths of the
dentary or maxillary or number of taste buds.

We detected 48 QTL for these traits: eight affecting eye size, six affecting lens size, 18 affecting
pigmentation, seven affecting lengths of the jaw bones, six affecting the number of maxillary
teeth, and three affecting the number of taste buds (Table 2). The total proportions of variance
explained by QTL for each trait ranged from 0.11t0 0.77 (mean = 0.44) and the total proportions
of additive variance explained ranged from 0.03 to 0.52 (mean = 0.28).

Some of the QTL co-mapped and might represent the effects of single genes or tightly clustered
genes (Supplemental Fig. 2). On LgP7, LgP9, and LgP15, there were two, four and two co-
mapping QTL for different melanophore traits. On LgP8 and LgP20, QTL for eye and lens
size co-map. Because of the possibility that these sets of co-mapping QTL each represent single
loci, for statistical comparisons of eye and melanophore QTL we counted each region only
once. On LgP13 QTL for maxillary size and number of maxillary teeth co-map. While these
may represent one gene, the polarities of substitution effects are in disagreement, with smaller
maxillae associated with more teeth. On LgP27, QTL for eye size and number of maxillary
teeth co-map. On LgP5 and LgP25, QTL for eye or lens size co-map with QTL for taste-buds.
Other examples of co-mapping traits can be seen in Supplemental Figure 2.

Trait means (u), and estimates of allelic substitution (d) and heterozygous effects (h) are given
in Table 2. Expected trait values for cave and surface homozygotes and heterozygotes are p +
d, p—d, and p + h, respectively. We calculated trait values for all 48 QTL and identified loci
at which the heterozygote fell between the two homozygotes as intermediate in dominance.

Based on this criterion, 36 of the cave alleles are of intermediate dominance. The remaining

12 loci cannot be classified unambiguously because the standard errors of estimate sometimes
exceeded the differences in trait values among genotypes, but at four of the loci the cave allele
seems recessive, at two it seems dominant, and at two more it seems clearly overdominant. We
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calculated a measure of dominance as the absolute value of the ratio of h/d and found the median
value to be 0.44, or semi-dominant.

In order to compare patterns of substitution between eye/lens and melanophore QTL, the two
regressive trait classes, we calculated trait values for all three genotypes at each QTL using
estimates of d, h, and p. To standardize the scales, we divided expected trait values by their
trait means. In the three cases in which two or more melanophore QTL co-mapped and it was
possible that single genes were affecting multiple traits, the scaled trait values were averaged
for each genotypic class. This reduced the number of melanophore QTL to 13 for statistical
testing. In the two cases where eye and lens QTL co-mapped, we chose the one with the higher
LOD score to represent the QTL.

The patterns of substitution effects differ radically between QTL for eye/lens size and
melanophore numbers. Cave alleles at all 12 eye/lens QTL effect relatively modest, but steady
decreases of eye/lens size (Fig. 1a). In contrast, cave alleles at QTL affecting melanophore
number have positive (n = 5), as well as negative slopes (n = 8), and their substitution affects
are much larger (Fig. 1b). The distributions of polarities differ significantly between the two
classes of traits (12:0 vs. 8:5, 2-tail P = 0.039, Fisher’s exact test). Comparison of the slopes
for the two trait classes (Fig. 1) also reveals an obvious difference in dispersion (Wilcoxon
two-sample statistic for testing homogeneity of variances, R11 13 = 186, P = 0.005).

Our interpretation of these differences in effects between the two classes is that regression of
eyes came about primarily through selection, while decreases in numbers of melanophores
resulted mainly from recurrent mutation/genetic drift or indirectly through pleiotropy. If there
were strong direct selection against melanophores, it is unlikely that five QTL, all with major
effects, would have cave alleles increasing the numbers of melanophores. If eye/lens reduction
were accomplished through genetic drift, it is unlikely that the pattern of effects would contrast
so radically with that for melanophores.

If eyes regressed through selection, was the selection directed against the eye itself or was it
indirect, through negative pleiotropy of alleles selected for affects on other traits? Hedgehog
signaling pathways direct the development of midline structures, including jaws, teeth and
tastebuds (reviewed in 5). Hedgehog activities also have important affects on eye development,
in part, because Hh expression is antagonistic to that of PAX6 and alters patterns of expression
of PAX2. Yamamoto et al. [5] have shown through experimental alteration of gene activity in
A. mexicanus embryos that hedgehog activity is a strong determinant of eye size. Increased
unilateral expression of sonic hedgehog (shh) and tiggy-winkle hedgehog (twhh) in surface fish
suppresses the development of the treated eye. Thus, one hypothesis is that increased feeding
efficiency may be an important adaptation in cave fish, accomplished through up-regulation
of hedgehog signaling but at the expense of eye development [6].

The Hh hypothesis has two parts. The first is that up-regulation of hedgehog activity suppresses
development of the eyes; the second is that hedgehog activity was up-regulated during cave
fish evolution by selection to improve feeding efficiency and that this was the primary cause
of eye regression. The evidence linking hedgehog activity to eye development seems
compelling, but our data do not yet provide a definitive test of the second part of the hypothesis,
although they suggest it cannot be the sole explanation of eye regression. Six QTL for eye/lens
size co-map with QTL affecting feeding traits (jaw bone sizes, numbers of teeth and taste-
buds), but six others do not, and the QTL in the latter group control a much greater proportion
of explained additive variance than those in the former (not co-map vs. co-map groups: Eye:
0.233 vs. 0.087; LensE: 0.364 vs. 0.070; LensL: 0.014 vs 0.015). Furthermore, it is not just
feeding trait QTL and eye/lens QTL that co-map. Feeding trait QTL co-map with QTL for
melanophore numbers three times and QTL for eye/lens size and melanophore number co-map

Curr Biol. Author manuscript; available in PMC 2008 October 21.
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four times. We attribute this co-mapping to a general tendency towards pleiotropy with these
traits [7] rather than to any specific relationship between feeding efficiency and eye loss. In
addition, if the QTL affecting feeding traits were major contributors to eye regression, we might
expect to see strong negative phenotypic correlations between these traits and eye size in the
F,. Such correlations are weak or non-existent (Table 1). In sum, definitive tests of the
generality of the second part of the Hh hypothesis await the molecular identification of the
genes underlying eye loss and feeding morphology, and characterization of the fitness effects
of their alleles.

We also mapped candidate genes shh (LgP28), twhh (LgP15) and PAX6 (LgP10). No eye QTL
are located near these loci, making it unlikely that mutations in any of them are directly
responsible for eye regression. One eye QTL maps to a point near the gene for ocular and
cutaneous albinism (OCA2, LgP5).

Is it possible that Darwin’s premise was simply incorrect? Are eyes in a cave disadvantageous,
and if so, why? In essence, the argument against selection is that the cost of making an eye is
trivial compared to the cost of its replacement tissue in the socket [2,3], or that the
developmental cost is paid by cave fish anyway because the eyes start developing and only
degenerate after many cell cycles of tissue growth and replacement [4]. However, modern
physiology and molecular biology suggest these arguments might address the wrong costs. The
vertebrate retina is one of the most energetically expensive tissues, with a metabolism
surpassing even that of the brain [8]. Underscoring this high metabolic demand is the
observation that one manifestation of genetic defects decreasing the efficiency of mitochondria
isblindness (e.g., Leber's Hereditary Optical Neuropathy [9]). Thus, maintenance of eyes might
pose a significant burden in the cave environment. Increasing this burden, the vertebrate retina
uses more energy in the dark than in the light, because the membranes of the photoreceptor
disks must be maintained in the hyperpolarized state until depolarized in response to light
[10,11]. Oxygen consumption by the vertebrate retina is approximately 50% higher in the dark
than in the light [8]. Adding further to the retina’s cost is its structural maintenance. Ten percent
of the photoreceptor outer disks in vertebrates are shed and renewed each day, and the structure
may be completely replaced over 35 times yearly [12].

Thus, while the energetic cost of making an eye may be trivial, the expense of maintaining one
is much greater. In the dark, it may be costly enough to create effective selection for eye
regression. In contrast, the argument of metabolic cost cannot be made for regression of
pigmentation, and the QTL trait value data (Fig. 1) show that the two traits have regressed
through different mechanisms.

This study shows that regression may be effected by active selection as well as by the passive
accumulation and fixation of damaging mutations, and that the various possibilities can be
distinguished by the patterns of allelic substitutions involved. Thus, regression, an integral part
of the progress of evolutionary change, can be accomplished in a variety of ways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Standardized trait values for surface homozygotes (SS), heterozygotes (SC) and cave
homozygotes (CC), for eye/lens and Melanophore QTL.

Curr Biol. Author manuscript; available in PMC 2008 October 21.



Page 7

Protas et al.

...... 2T an an an an an an an an 2T 2T sus
640 an an an an an an an an GTT GTT 3susT]
an awn 112 01T §TZ an an 297 29T 612 612 Kepjixe
an an vweo 0 - 80T €12 an an 297 291 812 812 Arewsq@
an an 20 9T0 - YTt an an Ll LL LTT LTT spng.L
an an 2r0°0 0900 00 - an an 89T 89T lez L2z UrLxeN
an an an an an an 8zT an an 8eT 8cT BN
an an an an an an 1 I an an 8¢T 8¢t VIBN
an an 600°0— €210 1600 €700 an an viT viT viT E[EN
an an 9ET'0- Lv0°0 €€0°0 2200~ anw an 0.0 vIT vIT aenw
6020 6£0°0 1€0°0- G20'0— €LT0- 8yT0— 1€2°0— y8T°0— 0S0°0- 0To- 65 83
TsueT JsuaT] Kuejixen KrejueQ spngL yrixen T8N VISN EIE arn CIE| N ey

NIH-PA Author Manuscript

"J1eJ) yoea Jo) padAl sjenpiAIpul JO Jaquinu 8y sI N "P1og Ul UMoys
818 GO'0 > d Te JuedlIUBIS 8a1y) BY) pUe 99BY P|OQ PAZIdIEN Ul UMOYS ale T0'0 S d 18 1uBdI4IuBIS suone|a1iod XIs ayl ‘feuolelp ayy mojaq
saz1s a|dwes asiIm-ased pue [euofelp ayl aA0ge SIUSIOI0I UOIIR|aII0D “ApNls SIY) Ul passasse Siies) ay) Buowre suore|allod s1dAlouayd

Ta|qeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

Curr Biol. Author manuscript; available in PMC 2008 October 21.



Page 8

Protas et al.

19T'9 ¥ 6/T°0T €T0°L ¥ 800'T2C 820°0 ¥ 8700 6200 ¥ GL0°0 0GFET 2000 a3 Sv0°0 vLT Gedb1
Y8Y'S F2I6'VC €2/'9 F809°0 900°0 ¥ ¥00°0 9%0'0 F 0ST'0 STFYSe 7000 96°¢ €700 6LT 8Tdb1
L1L€T F 9€9'v— 908'9T F LTZ'CE €900 F92T°0 650°0 ¥ 99T'0 T'.2F2¢€8 7000 Y 2200 962 Gdb7 0’66 Spng alsel
TST'0FOVT0 YET'0 ¥ 68E°0 9T0°0 ¥ 920°0 8T0°0 ¥ 6£0°0 98F TV Z100 88'C €100 00'0T— 8zdb1
60T°0 ¥ 8.T0- LTT'0 F89€0 €00 F€200 8T0°0 ¥ 9500 €EF60 0100 v'e 2200 €0°C Lzdb
TYT'0 ¥ 82T0- 621°0 F T0S'0 6T0°0 ¥ 0¥0'0 120°0 ¥ 1S0°0 00 FSCE 0700 T 1€0°0 €€ LTd67
69T°0 ¥ 960°0— 68T°0 ¥ 1950 G20'0 ¥ £50°0 0£0'0 ¥ G90°0 6'8E F£EET 5000 v6°S 1000 16 ¥1d01
GST'0F96T0 €YT°0 70050 2200 F2v0°0 6T0°0 ¥ T90°0 9EFOVI 5000 167 1000 66'S €Tdb1
Y0T'0 F TV’ 0— 9vT'0 ¥ G190 G20'0 ¥ 090°0 LS00 FTZT0 TLF€6C 7000 8’9 1000 16 9db7 65°Z UILXeN
900°0 ¥ 800°0— 1000 F /200 6T0°0 ¥ 0V0'0 6T0°0 ¥ 6¥0°0 9CZFL6 7000 w2y ¥00°0 18°C €Tdb1
800°0 ¥ L000- 1100 ¥ €00 8200 F ¥50°0 920°0 5900 S'GZF 9.6 5000 l4A> 8100 29T TTd67
G000 ¥ €T0°0- 900'0 ¥ 2100 800°0 ¥ 600°0 ¥T0°0 ¥ 620°0 9CFT6 5000 95T €00 9T zdb7 00°T Asejixen
100°0 ¥ 820°0— 0T0'0 ¥ 900°0 2T0°0 ¥800°0 eYO'0 F TIT0 2270718 7000 Yoy 8€0°0 92z 9zdb1
6000 F ¥10°0 1100 ¥ ¥¥0°0 1500 F62T°0 290°0 ¥ S9T'0 TETFE 7000 92'g 6500 12 0Tdf1
900°0 ¥ 8200 8000 F 200'0— 900°0 F ¥00°0 ¥€0°0 F ¥0T'0 vSFTI 7000 €67 G500 16T 9db7
900°0 ¥ 1200 100°0 ¥ 600°0— 0T0°0 ¥ 600°0 920°0 ¥ 690°0 90T F09. 7000 80y 1800 6L'T vdb 00°T AreluaQ
LETTFhYE T 9TSZ F ¥2r9— GE0'0 ¥ 850°0 9%0'0 ¥ 2800 Y9FSY 1100 ¥4 1500 ST 8Tdb1
2207 F888'T 88E'C ¥ SZEET— G90'0 ¥ 2220 2900 F T¥2'0 veFTGY 7000 609 2000 607 6db67 0€'6T 1e1I8IN
6657 F 2€9°C 626'S F VIS LT~ 1900 F 210 990°0 ¥ S¥T'0 G'0ZF2E9 7000 €Y Y100 11T 9zdb1
€€€°E ¥ 950°9- 8EV'E F LST' L LTO0F %200 6T0°0 ¥ 6500 TLTF06ET 7000 g5Y 080°0 €22 ¥1d67
GG8'T F 8.V T- £€5°C FE0T'82— 6£0°0 ¥ TOS'0 6€0°0 ¥ GOS0 JSFOTE 7000 79T 1000 90T 6db67
6ECTF L16E- GIV'E FT6EET 0€0°0 ¥0.0°0 120°0 ¥ G800 LOZFTLIT 7000 109 2600 20T 1db7 08'9€ saA3 13N
€5E°T F V0T - ZI8T F 2861 8T0°0 ¥ 8200 920°0 ¥ 2900 TY¥66 7000 6TV ¥00°0 29T Gzdb
68S'T F #8.'G TGT'Z ¥ 986'T— 2T0°0 ¥800°0 ¥€0°0 ¥ 600 09T F.'9€ 5000 vT'E 0200 Sh'z GTdb7
0LF'T ¥ €856~ £€8'T F 0L ST 0v0'0 ¥ /8T°0 050'0 ¥ 8120 G9F/LTE 7000 G2TT 1000 8eL 6db7
089°C ¥ ¥0L'€— 192C 72528 €00 F£L00 800 F ¥IT0 9TE FT'VOT 7000 99Y 2€00 19T 1db7
02,7 ¥98L°G— €19 F L6770 0T0'0 ¥ 2000 ¥€0°0 ¥ 6200 vYFETY 7000 207 9100 iz 9db7 0F'8T [esiod|aIN
€2T'T ¥ 088°E— 869'T ¥ /69, Y100 F ¥€0°0 8T0°0 ¥ TS0'0 L'0F00 0000 199 7600 T Gedb1
8YT'T ¥ LVO'S— 20T'T F €€V G- 2100 F8100 9T0°0 ¥ L¥0'0 viIFTT 7000 T4AS 2200 9eT £zdb
T/2'T ¥ 90V'G— 806'T ¥ 8I8'VT— L200F €2T0 2€0°0 F /ST SYFT6 7000 TTT £00°0 AN 6Td07
192 T €122 /88'T ¥ SCT ST ¥20°0 ¥ 960°0 G20'0 ¥ €0T'0 YTF28E 7000 50T 1000 00t GTdb7
G8T'Z ¥ 8Y8'6- €19 F 99ET G700 F ¥0T'0 990°0 ¥ 2120 LITF207 7000 29°L 2000 08'S y1d67
L00°T ¥ /ST'9- €L9TF/.L0T 8T0°0 ¥ £90°0 6T0°0 F¥0T'0 60702 7000 2TsT 1200 62 6db67
29T ¥ 609'G— V9T’ ¥ L6V°0T €€0°0 ¥ ¥90°0 ¥€0°0 ¥ 00T°0 9LTFELE 7000 69°2 G500 ' 1db7 0T'ST [euvIaIN
990°0 ¥ 962°0— 6TT°0 ¥ 08T 0— Y100 F ¥10°0 920°0 000 L'9F¥'SE 2000 vS'€ 0100 £z GTdb7
€10°0 ¥ £02°0- GZT'0 ¥ G8T'0— 9T0°0 G100 2200 FEV0'0 T8F2CE 9000 59T 0.0°0 88'T 9db7 00°T Jsua]
8700 F ¥02°0 8/0°0 F ¥0T'0— Y100 F£T0°0 0£0'0 ¥ T80°0 9EFTE 2000 ag'e 090°0 85T Gedb1
9v0°0 ¥ 690°0— 190°0 ¥ 8v70— T¥0°0 ¥ 09T0 LEO0OFTLTO 0T F£59 7000 v9'8 0100 60'S 02db7
190°0 ¥ 0120 ¥80°0 F 092'0— ¥£0°0 F LS00 6200 F IET'0 67 F 20T 7000 81’8 0100 €8y ¥1d01
LZT0F¥120 80T'0 F £T5°0— G90'0 F ¥02°0 180°0 ¥ £62°0 8GT FEET 7000 vZ'L 0v00 A7 8db7 00°T TIsusT
£70°0 ¥ 0100 6100 F LTT0- ¥T0°0 ¥ 9%0°0 ¥10°0  870°0 zeFEeT 2000 18 1000 oT'TT Lzd
€100 ¥ LT0'0- 8T0°0 ¥ 98T°0— 0200 F¥IT°0 0200 ¥ LIT'0 T0F9G9 2000 ST°0C 1000 0522 02401
020°0 ¥ 250°0— 6T0°0 F V€00 ¥00°0 ¥ S00°0 2T0°0 ¥ 5200 V6FL8Y ¥00°0 18°C 0070 002 6Tdb1
¥20°0 ¥ 0£0°0— 0200 F T20°0— 6000 ¥ 8100 €100 F /200 T€TFTL9 9000 L0°€ 00T0 8T TTd67
TS0°0 ¥ 9.0°0 1200 ¥ 090°0— 6000 F €100 T¥0'0 ¥ 990°0 STLFVTE 2000 LE°€ 1000 eLYT 8db7
2200 F 2200 020°0 ¥ SFT°0— 8T0°0 F2/0°0 120°0 ¥ 080°0 0'€E F6'G9 2000 66°0T 1000 009T 1db7
620°0 F 6100 0200 ¥ T80°0— 0T0'0 F£20°0 1100 F TE0'0 90T 849 2000 10°S 1000 62'S Gdb7
6T0°0 ¥ ¥00'0— 120°0 ¥ T60°0— 2100 6200 €100 F IE0'0 LETFE8E 2000 6TY 000 e ydb7 260 921S 943
(u) y08y8°4838H (p) 108y8°150NS peA3d A3d (n9) uomsod 110 anfeA d ao1nIn anjea d ao1 wiIs dnoug abexui () ues|y yea L

NIH-PA Author Manuscript

NIH-PA Author Manuscript

‘T ainBi4
[euswa|ddns ul paddew are 710 8yl ‘Ajaandadsal ‘y + 1 pue ‘p — 1 ‘p + 1 ase saj0bAzouslay pue se106Azowoy 8deyINs pue aAed 10} SanjeA
Hes) paoadx3 ‘sisAfeue A UO paseq s19aya () snobAzolsiay pue (p) uonninsgns pue ‘(peAdd ‘Add) 8oUeLIBA BAILIPPE pUB [e10} JO
suonodoid paurejdxa ase palsl| 0S|y “Ajsleledas palsi| ate sasA[eue NI PUe |AIIS 10} SanjeA d pue $8103s O 'T UWnjod ul paisi| ale
SUeaL 11eJ] puUe 1RJ | "SNUBIIXaW XeurAlSy 8eLINs pue 8ABI UOYIRd Usam1aq SSOJI B JO SISA[eue syl Ul paloslap SHell pale|al aAed 1oy 110
¢ dlqel

NIH-PA Author Manuscript

Curr Biol. Author manuscript; available in PMC 2008 October 21.



Page 9

Protas et al.

(u) yoay3°4819H (p) 108y43°350NS peA3d

N3d

(n2) uomsod 110 anfeA d ao1 WIn

anfeA d

ao1niIs dnouo abexul () ueay yea L

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Curr Biol. Author manuscript; available in PMC 2008 October 21.



	Regressive Evolution in the Mexican Cave Tetra, Astyanax mexicanus
	Recommended Citation
	DOI


	tmp.1484781984.pdf.IMVhZ

