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Abstract 

This study examines genetic diversity of the common mummichog (Fundulus heteroclitus) in the 
Gulf of Maine.  Fundulus heteroclitus samples were taken from two locations in Downeast 
Maine in the winter of 2008 and spring of 2009.  Microsatellite data from these two samples 
were compared with three previously compiled samples (Adams et al. 2006), and significant 
genetic differentiation was observed between northern and southern Maine populations 
(FST=0.192).  The findings of this study represent new knowledge about the genetic structure of 
the northern range of F. heteroclitus and may have additional relevance to other northern 
estuarine species. 

Introduction 

The common mummichog Fundulus heteroclitus is a small estuarine teleost that exhibits a wide 

geographic range along the Atlantic coast of North America from Florida to Newfoundland and 

occurs almost universally in the near-shore salt-water marshes, estuaries, tidal creeks, and bays 

of the Gulf of Maine (Bigelow and Schroeder 1953).  Fundulus heteroclitus has been studied 

extensively by biologists as a model organism that displays marked clinal variation for a variety 

of physiological, morphological, and genetic traits (e.g. Burnett et al. 2007, Bernardi et al. 1993). 

Molecular genetic techniques, including microsatellites (Adams et al. 2006) and 

mitochondrial/nuclear DNA sequences (Bernardi et al. 1993), have been used to detect 

population structure both within and between the northern and southern populations of F. 

heteroclitus with particular attention to the phylogeography of historically glaciated sites (Haney 

et al. 2009, Duvernell 2008, Adams et al. 2006, Bernardi et al. 1993, Schulte et al. 1997).  These 

studies have focused primarily on detecting large-scale genetic differentiation within the entire 

range of F. heteroclitus along the east coast of the United States, in an effort to gain insight into 

the effects of climate change during and since the Pleistocene on current distribution and 
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population structure.  These studies have been completed with only limited sampling from the 

northern range of the species and no sampling east of the Penobscot River in the Gulf of Maine 

(Downeast Maine).   

 This study sought to begin a molecular investigation of the connectivity of estuarine fish 

populations in Downeast Maine with the use of previously published F. heteroclitus 

microsatellites (Adams et al. 2005).   The population structure of commercially exploited fish 

species present in the Gulf of Maine has been studied extensively (e.g. Palkovacs et al. 2008, 

Lage et al. 2004, Knutsen et al. 2003, King et al. 2001) but less attention has been focused on 

estuarine species such as F. heteroclitus that play important ecological roles as the dominant fish 

species in east coast estuaries but have limited (or nonexistent) commercial value.  Fundulus 

heteroclitus is just one of several predominantly estuarine fishes in the Gulf of Maine. This 

group includes fish species with more restricted adult and larval movement between estuaries 

(e.g. common pipefish (Syngnathus fuscus)), similar movement between estuaries (e.g. three-

spined and four-spined sticklebacks (Gasterosteus aculeatus and Apeltes quadracus, 

respectively)), as well as those with much more extensive movement (e.g. Atlantic silversides 

(Menidia menidia)).  Characteristics of F. heteroclitus, including its intermediately migratory 

nature, ecological significance, and extensive molecular knowledge of the species, make it an 

ideal species with which begin a study of the connectivity of estuarine fish populations in 

Downeast Maine. 

 Previously completed studies have found a pattern of broad isolation by distance in F. 

heteroclitus populations inhabiting previously glaciated regions (Haney et al. 2009, Adams et al. 

2006), but it remains unknown how F. heteroclitus populations interact at a regional scale in 

Downeast Maine.  Knowledge of local connectivity between northern estuarine fish populations 
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is vital scientific knowledge with potentially broad implications for conservation and 

environmental policy.  Understanding estuarine connectivity in Downeast Maine could affect 

regional implementation of the Endangered Species Act, which allows specific protections for 

“any distinct population segment of any species” (ESA, 1973).  In recent practice this has been 

defined as genetically distinct populations in Downeast Maine (see National Research Council 

2002 for discussion of Atlantic salmon (Salmo salar) population segments).  Additionally, 

greater knowledge of connectivity between reserve and non-reserve estuarine habitats could 

enable more effective implementation of conservation plans for public reserves with extensive 

estuarine habitat, such as Acadia National Park.  The connectivity, impact, and effectiveness of 

marine preserves have been broadly examined (e.g. Shanks et al. 2001, Palumbi et al. 2003), but 

considerations of reserve function have largely been omitted from estuarine research.  Thus, 

while previous authors have sought to answer questions of historical persistence or 

recolonization, this study is primarily focused on the conservation implications of gene flow 

within populations of F. heteroclitus as a model for non-commercially exploited estuarine fish.  

Materials and Methods 

Fundulus heteroclitus samples were collected from two sites in Downeast Maine in November 

2008 and early April 2009 using minnow traps and hand-seines.  Although the goal of this work 

is ultimately to detect fine-scale genetic differentiation among estuarine fish populations, this 

pilot study began at a broader scale.  Samples were collected from Northeast Creek, on Mount 

Desert Island, and Englishman Bay, in the vicinity of Jonesport, Maine (see Figure 1).  These 

two sites were chosen because they were easily accessible and spatially distant enough for 

regional genetic differentiation between populations to be probable.  When possible tissue clips 

from the caudal fin were collected, however many individuals were too small to provide enough 
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tissue for this method.  For these smaller individuals it was necessary to sacrifice the entire fish, 

enabling the collection of both fin tissue and muscle.  Tissue samples were preserved in 80% 

ethanol and stored at -20◦ C prior to use, and twenty-five individuals were evaluated from each 

sampling site.  In addition to the two samples analyzed in this study, microsatellite data compiled 

by a 2008 phylogeographic analysis of F. heteroclitus (Adams et al. 2006, Duvernell et al. 2008, 

original data provided by Duvernell) were used for comparisons. These samples were collected  
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Figure 1.  Sampling locations of Fundulus heteroclitus included analysis.  Numbers and abbreviations correspond 
with Table 1. 
 

Table 1.  Sampling locations for Fundulus heteroclitus, with site abbreviations and locations.  Sites 1 and 2 
represent data collected for this study, while sites 3 – 5 represent data collected by Adams et al. (2006).  
Abbreviations for sites analyzed by Adams et al. (2006) correspond with site abbreviations used in that publication. 

Sample Abbreviation Original Study(Year) General Sampling 
Location Latitude (N)/Longitude (W) n 

1 NEC This study Bar Harbor, ME 44°25.49’/68°19.61’   25 

2 JME This study Jonesport, ME 44°34.82/67°34.36’   25 

3 HVNS Adams et al.(2006) Bridgewater, NS 44°22.00′/64°31.00′ 17 

4 CME Adams et al.(2006) Chewonki, ME 43°57.30′/69°43.20′ 50 

5 WME Adams et al.(2006) Wells, ME 43°19.20′/70°34.20′ 32 
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in Chewonki Neck, Wiscasset, Maine; Depot Brook, Wells, Maine; and the Lahave River, 

Bridgewater, Nova Scotia (n=99).  The total analysis thus included five sites and 149 individuals. 

 Genomic DNA was extracted from F. heteroclitus samples using DNeasy blood and 

tissue kits (QIAGEN).  Individual polymerase chain reactions (PCR) were performed to amplify 

the eight trinucleotide (ATG) microsatellites identified by Adams et al. (2006) as loci with 

relatively low allelic diversity (see Appendix 1).  These loci were selected for this characteristic 

as well as for ease of comparison with Adams et al. (2006).  Twenty micro-liter PCR reactions 

were completed following the protocol described in Adams et al. (2005) modified with an 

additional 15 minutes at 72° C as a final step to resolve allelic stutter that made data initially 

difficult to interpret (see Appendix 2).  This addition of a 15 minute terminal extension step in 

the PCR appears to be somewhat common (Rey and Turgeon 2007).  PCR products were then 

visualized on 2% agarose gels run at 60 - 90 volts for approximately one hour to determine 

success of the amplification.  Once successful amplification of microsatellite loci was verified, 

PCR products were diluted and combined into multiplexes for submission to an ABI 310 Genetic  

Table 2.  Protocol for 40μl PCR multiplex primary dilutions for submission to automatic sequencer.  2 μl of this 
primary dilution was pipetted into a mixture 10 μl HiDi formamide and 0.6 μl ROX 500 size standard, and then 
submitted for genotyping.  Microsatellites identified are those utilized by Adams et al. (2006) and Duvernell et al. 
(2008).   
 

  
Microsatellite Loci Target Range Fluorescent Color Label μl in Primary 

Dilution 
Multiplex 1 FhATG-6 183-198 Green (HEX) 1 

 FhATG-17 135 -147 Blue (FAM) 0.5 
 dH20   38.5 
Multiplex 2 FhATG-18 149 - 164 Green (HEX) 2 
 FhATG-B128 132 - 144 Blue (FAM) 1 
 FhATG-B101 100- 115 Yellow (TAMRA) 3 
 dH20   34 

Multiplex 3 FhATG-4 140 - 152 Green (HEX) 3 
 FhATG-20 111- 129 Blue (FAM) 3 
 FhATG-2 62 - 74 Yellow (TAMRA) 1.5 
 dH20   32.5 
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Analyzer (Applied Biosystems) following the protocol in Table 2.  Multiplexing dilutions were 

necessary because the signal strength of some PCR amplifications was substantially stronger 

than others. The forward primer was fluorescently labeled with one of TAMRA (yellow), HEX 

(green), or FAM (blue) for these purposes.  Results from the automatic sequencer were analyzed 

using PEAK SCANNER version 1.0 (Applied Biosystems).   

 Final allele lengths for each individual within the Northeast Creek and Jonesport samples 

were not resolved until after the majority of individuals had been successfully genotyped.  Raw 

base pair lengths were recorded into Excel (Microsoft) and later binned into whole base pairs to 

ensure consistency within the dataset.  Multiplexes that resulted in ambiguous readings were re-

analyzed to ensure accuracy.  Once allele base pair lengths were resolved within the dataset, they 

were compared and resolved with the Adams et al. (2006) allele frequency data. 

 Basic statistical calculations including allele frequencies, expected heterozygosity (HE), 

observed heterozygosity (HZ), and mean number of alleles per locus, were calculated using the 

Excel Microsatellite Toolkit (Parks 2001).  This program was additionally used to format data 

for use in other statistical programs.  FSTAT version 2.9.3 (Goudet 1995) was used to calculate 

global and locus FST (θ; Weir and Cockerham 1984) values and the associated 95% confidence 

intervals, as well as allelic richness.  Tests for genetic disequilibrium were implemented using 

the log-likelihood G-statistic in FSTAT, with the significance level set to 0.05.  GENEPOP version 

3.1 (Raymond and Rousset 1995) provided pairwise FST statistics, probability of genic 

differentiation, and tests for Hardy Weinberg equilibrium for all samples and all loci.  For the 

purposes of this study, FST was used for analysis of all cases, as Duvernell (2008) has previously 

concluded that RST does not provide a more sensitive measure of population structure for 

populations of F. heteroclitus.   
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Results 

Of the eight microsatellite loci identified in this study, six were easily resolved with the 

previously compiled northern F. heteroclitus microsatellite dataset  (Adams et al. 2006).  The 

remaining two loci, FhATG-2 and FhATG-18, displayed notably different allele lengths and 

frequencies when compared with samples analyzed by Adams et al. (2006) (see Appendix 3).  

Adams et al. (2006) found that an allele length of 65 was fixed or dominant at locus FhATG-2 in 

northern samples, but no allele of that length was found in this study.  Additionally, the 

discrepancy between the allele frequencies discovered in this study at locus FhATG-18 and those 

found by Adams et al. (2006), if valid, indicates substantial differentiation between Downeast 

Maine F. heteroclitus populations and the rest of the northern populations.   

 All tests for genetic disequilibrium completed in FSTAT resulted in non-statistically 

significant p-values (P>0.05), suggesting that there is no evidence of linkage between alleles at 

different loci.  Tests for Hardy Weinberg equilibrium (HWE) revealed that locus FhATG-2 

deviated from HWE for both NEC (P=0.006) and JME (P<0.001) due to a heterozygote 

deficiency.  The JME population additionally deviated from HWE at locus FhATG-B101 due to 

heterozygote deficiency (P=0.0036), suggesting evidence of null alleles within this population, 

non-random mating, or some mechanism of selection at this site.  As noted by Lage et al. (2004), 

care should be taken interpreting population structure when assumptions of HWE are not met.  

Loci FhATG-2 and FhATG-B101 in fact contribute most to the detected genetic structure 

between CME, WME, NEC, JME, and HVNS (locus FST= 0.609 and locus FST=0.578, 

respectively).  When these two loci are removed from analysis, evidence of genetic structure 

within the subpopulations remains (FST=0.109, and 95% conf. int.= 0.042 - 0.186), indicating 

that the population structure detected is quite robust.  In an effort to complete a conservative 
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analysis, the majority of the analyses within this paper omit FhATG-2 due to its substantial 

deviation from HWE, except where noted otherwise.    

 Using the seven identified microsatellite loci (FhATG-4, FhATG-6, FhATG-17, FhATG-

18, FhATG-20, FhATG-B101, and FhATG-B128), strong genetic differentiation between the 

five northern samples of F. heteroclitus was detected (FST= 0.192, 95% conf. int.= 0.043 – 0.40).  

This result remains apparent if all eight microsatellites are included in the analysis (FST= 0.309, 

95% conf. int.= 0.08 – 0.485).  The total number of alleles sampled per locus ranged from 4 – 7, 

with a mean of 5.0, and allelic richness ranged from 1.0 – 3.94 for each locus and sample with a 

minimum sample of 17 diploid individuals. Among the sites included, NEC individuals exhibited 

the highest allelic richness (mean=3.14).  Adams et al. (2006) suggest that F. heteroclitus exhibit 

an apparent correlation between latitude and allelic richness, but no significant relationship was 

detected across the five sampling sites included in this analysis (R2= 0.475, P=0.20).  There does 

appear to be a generally inverse correlation between mean allelic richness and latitude, as 

observed by Adams et al. (2006), and this trend may become more apparent with a larger number 

of samples in the Gulf of Maine.  

 The data additionally demonstrated strong genetic differentiation between Maine F. 

heteroclitus samples from southern (CME, WME) and northern (NEC, JME) regions of the Gulf 

of Maine.  When compared as two subpopulations, the northern and the southern samples show 

clear potential for genetically distinct sub-populations (FST=0.290, 95% conf. int.=0.018 –  

Table 3.  Pairwise FST values comparing all five samples, omitting FhATG-2. Bold values indicate strong genetic 
differentiation between two subpopulations, across all seven loci combined. 

  NEC JME CME WME  
 JME 0.0574     

 CME 0.2905 0.2788    
 WME 0.3323 0.3383 0.0208   
 HVNS 0.3477 0.3799 0.0851 0.0585  
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0.503).  Pairwise FST values provide additional support for this subdivision of Maine samples 

(see Table 3).  In contrast, Adams et al. (2006) reported a maximum pairwise FST value of 0.33 

within 15 samples collected from Georgia to Nova Scotia and a maximum pairwise FST value of 

0.196 among northern samples.  Further comparison within the two Downeast Maine sites 

yielded little evidence of strong genetic differentiation between JME and NEC (FST=0.0574, 95% 

conf. int.= 0.023 – 0.113), although this could in part be due to the limited sample size and range.  

Loci FhATG-18 (FST=0.312) and FhATG-B101 (FST =0.643) show the greatest promise for 

detecting genetic structure between these two potential subpopulations.  All pairwise 

comparisons conducted were found to be highly significant after Bonferonni corrections 

(P<0.01). 

 In pairwise FST calculations, the HVNS sample analyzed by Adams et al. (2006) 

displayed the least genetic differentiation with CME and WME (see Table 3).   As expected, 

when northern and southern Maine populations were pooled together the HVNS sample was 

most similar to the southern population (FST=0.067).  If HVNS is considered within the pooled 

northern population, some genetic structure emerges (FST=0.171), but the stronger grouping 

appears to be to include HVNS within the southern population segment (FST=0.300).  If all eight 

microsatellite loci are included in the analysis, this structure emerges even more clearly. 

Discussion  

This study reveals that there is the potential for regional isolation by distance within F. 

heteroclitus in Maine.  Duvernell (2008) proposed that the three northern samples included in 

that study (CME, WME, HVNS) comprised a genetically distinct unit when compared with 34 

other samples spanning the range of F. heteroclitus, and even with a conservative analysis that 

omits locus FhATG-2, these findings empirically support an even finer-scale genetic structure 



Lowery 10 
 

within these northern samples of F. heteroclitus.  Statistical analysis of population structure 

indicates clear distinction between Downeast and southern Maine F. heteroclitus samples, while 

the connectivity between these populations and Nova Scotia remains ambiguous.  Although the 

resolution of data known about the population genetics of F. heteroclitus within the Gulf of 

Maine has increased with the completion of this study, it is clear that further investigation of the 

connectivity between local populations of this species is needed.  

 The distinct population structure detected between southern and northern Maine F. 

heteroclitus populations indicates that gene flow is restricted in this region due to some 

limitation of dispersal (Mills et al. 2008).  Populations of F. heteroclitus are primarily restricted 

to near-shore, shallow water, rarely venturing beyond 100 yards from the shore (Bigelow and 

Schroeder 1953), and demonstrate clear preference for coastal marsh-type habitats (e.g. 

Gutiérrez-Estrada et al. 1998).  The limited seaward migration of this species suggests  that rock 

outcrops or deep water would pose definite physical barriers to dispersal in the Gulf of Maine.  

In a similar study of a closely related west coast estuarine teleost, Fundulus parvipinnis, Bernardi 

and Talley (2000) concluded that gene flow between estuaries was limited in some places by the 

physical isolation of estuarine habitats, although to a much greater degree than discovered in this 

study (pairwise FST=0.41 – 0.96).  Unlike the more southern range of F. heteroclitus, Downeast 

Maine consists of a series of deep bays separated by rocky points that may inhibit migration in 

this manner and therefore limit gene flow between bays.  The effects of physical isolation are not 

as apparent in Downeast F. heteroclitus populations as those detected within California 

populations of F. parvippinis, but this may simply reflect varying degrees of estuarine isolation.  

If physical barriers to dispersal exist between bays in the Gulf of Maine, it would be much more 

difficult for estuarine fish to cross these barriers than the vegetated soft bottoms typically 
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associated with the upper bays of Downeast Maine.  Fundulus heteroclitus and other estuarine 

fishes thus appear much more likely to disperse among estuaries within a bay than between bays, 

assuming that rock outcrops occur in both the intertidal and subtidal in these regions.      

 The life-history characteristics of F. heteroclitus may additionally restrict dispersal of this 

species across bays.  While for many marine fishes, dispersal can occur in both the larval and 

adult stages, many estuarine fishes, including F. heteroclitus, lay eggs demersally in the estuary 

(Bigelow and Schroeder 1953).  It remains unknown if the larvae that hatch from these eggs 

readily disperse to the open ocean or if they develop within their natal estuary.  Given the 

apparent physical barriers to adult dispersal and limited potential for larval dispersal, it seems 

likely larval dynamics are probably at least as important as adult movement in determining 

isolation in these species.  

 Further studies should compare the degree of population differentiation of F. heteroclitus 

found in this study with those estuarine teleosts of Downeast Maine that are more or less capable 

of significant adult or larval dispersal.  Without such a comparison, it is difficult to interpret how 

representative populations of F. heteroclitus may be in terms of estuarine connectivity.  If life 

history parameters or physical characteristics of the Gulf of Maine represent significant barriers 

to gene flow in similar species, similar FST values in similar geographic ranges would be 

expected.  Alternatively, higher FST values for species that demonstrate even more restricted 

movement, such as three-spined (Gasterosteus  aculeatus) and four-spined sticklebacks (Apeltes 

quadracus), might be expected.  More migratory species with broader population structure, 

including Atlantic silversides (Menidia menidia) and anadromous fishes such as alewives (Alosa 

pseudoharengus), would be expected to exhibit a broader population structure and thus lower FST 

values.  Palkovacs et al. (2008) found that samples of alewives (Alosa pseudoharengus) in Long 
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Island Sound exhibited a maximum pairwise FST value of 0.129 across a similar distance to this 

study, with mean FST=0.012, potentially supporting a hypothesis of less genetic structure relative 

to F. heteroclitus.  At present, however, genetic data for fish species in the Gulf of Maine is 

primarily limited to marine species with commercial value.   

 Before the preliminary findings contained here are considered conclusive, these results 

should be verified with additional sampling from either CME or WME to confirm the 

interpretation and integration of these two datasets.  There is a possibility that the clear 

population structure detected in this study is the result of different lab environments, as the 

highest levels of genetic differentiation were detected between the three samples analyzed by 

Adams et. al. (2006) and the two analyzed in this study.  Verifying the integration of the two 

datasets is important, but it is beyond the scope of the project detailed in this paper.   

 This project could be easily expanded to include other populations of F. heteroclitus.  It 

would be of scientific interest to determine if the potential for even finer-scale isolation by 

distance exists in estuaries within the Gulf of Maine and to investigate the presence any local 

adaptation indicated by divergence of functional genes or associated linked loci.  Knowledge of 

estuarine connectivity is vital for effective policy and conservation, and these preliminary results 

reveal that the degree of connectivity between estuarine fish populations in the Gulf of Maine is 

not well understood.  

 An ideal location for the continuation of this study could be the variety of estuaries and 

tidal creeks on and surrounding Mount Desert Island.  Studying the level of estuarine 

connectivity in this region would be additionally relevant to the role of Acadia National Park as 

an estuarine reserve.  The potential expansion of this study to other samples or species would 

greatly increase scientific understanding of estuarine connectivity in Downeast Maine and could 



Lowery 13 
 

inform future estuarine conservation measures.  Published microsatellite primers are currently 

available for three-spined sticklebacks (Gasterosteus aculeatus) (Taylor 1998).  As the 

development of Maine’s coastline increases, greater understanding of estuarine connectivity in 

Downeast Maine will be critical for effective conservation.   
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Appendices  

Appendix 1.  The eight microsatellite primers and loci used for Fundulus heteroclitus, with slight modifications 
from those published in Adams et al. (2005).  For each primer pair the forward primer was fluorescently labeled 
with HEX, FAM, or TAMRA, and it was necessary to modify HEX forward primers that began with a G. 

Locus Sequences (5′–3′)  Range 
FhATG-B101 TATGGATTTAAAAGCAAC 94–130 

 CCGCTCGACCGCCTGAAC  
   

FhATG-B128 CCCGCTGCTGTTAGACTCATGAC 132–169 

 ACCGCTGCACTTTAAAACTCATGTC  

   
FhATG-2 AAAGAAATCCTCCCGCTGCTCCT 60–69 

 TTCTTTCAACACGCCGTCTTTCTC  

   
FhATG-4 TAAAATATTTACACGGAGCCAAAAT 140–176 

 TCATGCTCCAGATTCACCTGAC  

   
FhATG-6 AACATGAGAACCCCGCCCACC 186–204 

 CACAAGTTCAACTGTATATCCTCTCC  

   
FhATG-17 AGAAGAAGTGCTGATTCTTCATAACG 135–150 

 TGAGCATCATGTTTCTCGTTAGTGT  

   
FhATG-18 ACCACCAGATGGGGATTAATG 143–161 

 CATGTAGCACAACCTTTCAGTCAT  

   
FhATG-20 TTTAACTTGGACCGAGTCTCC 108–135 

 AGAGTAGTAACTGGGTCGCTGATTT  

Appendix 2.  PCR protocol utilized for 20μl PCR reactions. 

  Per Reaction (μl)  
 GeneAmp 10X PCR Buffer (Applied Biosystems) 2  
 GeneAmp dNTP Blend (10mM) (Applied Biosystems) 2  
 MgCl2 (25mM) (Applied Biosystems) 1.6  
 Forward Primer (10mM) 0.5  
 Reverse Primer (10mM) 0.5  
 dH20 12.9  
 AmpliTaq Polymerase with Buffer II ( 5 units/µL) 

(Applied Biosystems) 0.3  

 DNA (60 – 200 ng/μl) 0.5/Reaction  
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Appendix 3.  Allele frequencies for all five sites analyzed for all loci except FhATG-2, including the three samples 
originally analyzed by Adams et al.(2006) (CME,WME,HVNS).  The first row for each locus represents the number 
of included individuals for each sample, and “All” represents the weighted average allele frequency. 

Locus Allele 
Length NEC JME CME WME HVNS All  

FhATG-18  23 22 50 32 17 144  
 146 0.022     0.003  
 149 0.565 0.523 0.01 0.016  0.177  

 152 0.283 0.477 0.76 0.703 0.824 0.635  
 155 0.13  0.17 0.25 0.176 0.156  
 158   0.05 0.031  0.024  
 164   0.01   0.003  
FhATG-B128  24 22 50 32 17 145  
 132 0.708 1.00 0.99 1.00 1.00 0.948  
 141 0.104     0.017  
 144 0.167  0.01   0.031  
 147 0.021     0.003  
FhATG-B101  24 25 49 31 17 146  
 100   0.806 1.00 0.941 0.592  
 101  0.12    0.021  
 103 0.625 0.74    0.229  
 109     0.059 0.007  
 112 0.208  0.184   0.096  
 115 0.167 0.14 0.01   0.055  
FhATG-6  25 22 50 32 17 146  
 183 0.04  0.03  0.029 0.021  
 186   0.02   0.007  
 189 0.96 0.886 0.79 0.875 0.971 0.873  
 192  0.114 0.15 0.125  0.096  
 198   0.01   0.003  
FhATG-17  25 24 50 32 17 148  
 135 0.96 1.00 0.98 0.922 0.853 0.953  
 138   0.01 0.047 0.147 0.03  
 144 0.04   0.031  0.014  
 147   0.01   0.003  
FhATG-4  25 22 50 32 17 146  
 140    0.031 0.059 0.014  
 143 0.06 0.023   0.265 0.045  
 146 0.16  0.03 0.016  0.041  
 149 0.74 0.955 0.87 0.781 0.676 0.818  
 152 0.04 0.023 0.1 0.172  0.082  
FhATG-20  24 21 50 32 17 144  
 108 0.042     0.007  
 111 0.396 0.333 0.28 0.25 0.088 0.278  
 114 0.042  0.01 0.063  0.024  
 117 0.521 0.667 0.63 0.688 0.912 0.663  
 120   0.06   0.021  
 123   0.01   0.003  
 129   0.01   0.003  
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