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There has been and continues to be considerable interest in the global population status of

tlM lTiarlnc angiospcfnl Zostera marilka. S1Acc flM l930s, thcfc has bccA 8 substantial decline kn

thc Gvckall BbuMIBAcc Gf thks BqUatlc plaAt, which fnBy hBvc slgAlflcaAt ccologlcal conseqUcfkccs

on estuarine environments  Muehlstein et al, i99l; Short 2009!,

Z, lkukrina is the mast prevalent seagrass found in shallov coastal waterS aCrOSS the entire

Nolihern Hemisphere  Olsen et al, 2004!, lt serves a multitudle Gf important ecological functions

such Bs pl imarv production ln coastal environments, AutflcAt Uptake arid storage, oxvgcn

prOduCtiOA, water fiiltration, StabilizatiOA Of CoaStal erOSiOn, and it ServeS as a nursery habitat for

a variety of coastal marine fauna,  Olsen et ai, 2004; Short 2009!, Decline in the Z, marina

populations affects not only the species itself, but also all other organiskns that are dependent

UpoA its pkCSCACC  Short 2009!,

ln the early hvcntieth century, Z, nvariIka populakions in Atlantic North America Bnd

Europe experienced a sharp and drastic decline in population quantities, the result of a wasting

dlscasc caused by thc pathogcnlc plotlst Lo&p'F>17!hlllQ zostcMe  MuchistckB ct Bl. i99i!. Sknce

that tlAM, thc spcckcs has cxpcficnced AUAMrous G'tlMf stressors, mostlv BnthfopogcAlc ln nature,

leading to instability in genetic structure Gf many populations  Oisen et al, 2004!, Nutrient

loadkng from hufnBA dcvcllopkTkcnt has lcd to cutlophkcktlon 1A sonM Bl'cas, causing Akacroalgal

blooms that bloC sunlkght access to eclgrass meadows SlAcc cclgrass depcAds Upon clear watct'



for sunlight, eutrophication has grealJy influenced the survival of eelgrass Ineadows  Grllo et aJ.

2012; Short 2009', A Joss Qf 15% of the world's seagrasses was reportedl between 1994 arid 2004

alone  Olsen et al. 2004!. Aside from sunlight quality, eclgrass meadows respond to a variety of

Qfhcf cnvkronmentaj fBCtorS, %~ater CjuajktkeS SUCh BS nutrlCAI. Bvakjabkjkty. Skjtatkon, temperature

and sallmty ajj lnflucncc fnctal3QJkc propcrtkes of thc plant, Bnd drastic changes ln anv of thcsc

properties can result ln metabojkc stress Bnd posskl3lc death. Other physical fac'tors BJso prcscfk't

gf'eat risks to ccJgfass bcd survival, sUch as water tUrbUjcAcc, boating or flshlng Bcitlvltlcs Blkd

Increased wave CxpOSurC, BJJ Qf whiCh JCavC thC plBAt vulncrablC tO UpfootiAg Of 13Urkal  Short

2009',

Because cclgI'ass ls such 8 vlkJAcrablc spcclcs, methods for restoration rnanagcment must

bc implemented to arrest thc spcckcs decline Bnd ko rcpopUJBte afflicted meadows. Restoration

manBgcmcAt Qf thc spcclcs I'cqulrcs 8 mujtk-step approach from 8 varkcty Gf dlsclpllncs  Short ct

al. 20 10!. Genetic testing must first be completed Qn a wide range of populations geographically

to determine gcnctlc dlvcfslty wlthln Bnd BAMng populations. Field siudkcs and mesocosIT1

experimental testing must also be performed Qn a variety of populations to test for stressor

toJcrancc. Cojjectivcjy, thCSc data will provide 8 13CttCr Understanding Qf gCACtlc and

envIronlnental interactions on the health of eeJgrass that will aidl in site selection for restoration

donors  Short ct 81. 2010!.

A, 68Ã8rke APPPOKfcII Po POPQkFi!Vwk AIIQkgsls

Thks project focused GA 8 su13sct Qf thc gcnctlc cornponck3t to 8 larger Nature CcnsclvaAcy

kkdy Gf cclgrass populations ln Southcln Ncw Fngjakkd BAd 1 GAg island Sound. with 8 focus Gn



gcnctiiC Structure of eelgrass populations in the New England coastal regiOn, The purpOSe Of

gcnctllc 811alysks fof thks project ks fo offer M evlldcncc-based Bppk'Qacllk to dcfcfrnilnkAg population

structure fron'k 8 knolccular pckspcctkvc. Molecular ecology tcchni jUlcs arc widely crnplovcd kn

conservation biology to assess genetic variability wiithin and aknong populations  Beebec and

Rowe 2008!. Populations with high genetic diversity are thought to have higher potential

resilience to cope with envirokkmental stressors. A population that is low in genetic diversity can

often be expJained as the resulf, of a population bottleneck in the past  Beebee and Rowe 2008!,

A populatkoA bottleneck Occurs when 8 popUIJafkon skzc 1s dk'Bstkcallv reduced Bs Qccukkcd wkth Z

IPJ'EAQ pOpula'tkOAS kn thC pBSt  BCCbCC Bnd ROwC 2008; Muehlstein Ct al, 1991!.

Since the late twentieth century, genetic methods of comparison have been used in

systematics andi population ecology. Mendel postulated that unit factors, now called genes, are

passecl from parent to Offsprin. A/ternative forms of a single gene are alleles. Many genes are

distributed ack'Qss fAultkplc chromosokncs. Diploid spcckcs have pakt's of chromosomes JA sexual

reproduction. >Vith sexual reprodluction, every indlividual inherits one allele from each parent;

ovck' mu Jtkplc gcncs, thc combknatkofl of. Bllclcs rcprcscnts 8 dkstkAcf. gckkcfkc cornposkfkon, or

genofype  Heebee and Rowe 2008!. 1'he Hardy-Wcinberg equilibrium predicts that for a given

gcnc JA 8 laf'gc pop'ulatkoA of randomly mating kndkviduals, bo'th allclc ffcklucncics Mell gcAofypkc

frcq'ucAckcs rcktkam constant, That ks, kclatkvc pk'oportkons of homozygotcs  two copkcs of thc

sarnc allclc! Bnd hctcfozygotcs  contrastkng allclcs! should remain UAchMgcdl.  Bccbcc BAcl

Rowc 2008!. Populatkon bottlcnccks, Aon-JBAdofA mating, anchor adaptive selection chaAgc thc

frcqucncics Qf allCJCS Bnd the ratkos of homozvgotcs Mcndcjkan gcnct1cs and Yhc Halll

%einberg Principle becanke the basis for evolutionary and populatiion genetic studies, Modern



methods of genetic analysis still apply these theories, Evhich are complemented Ly molecular

rnakkkng techniques fok' populat1on structure analysis  Bccbcc Rnd Rowe 2008!.

A common Qrigkn fok' gcnct1c variation between kndkviduals kn 8 populakkon ks mutakkons

kn pBrt s! of thc DNA. Gcnekkc mutatkons Rrksc from 8 varkctv of sources; they may occuk' 8s 8

result. Qf radiation ok chcknical dankagc�or bc caused by errors kn DNA kcplication nkechanisms,

Genetic variation is measured by determining genotypic frequencies among individuals at

specific genornic regions knovE n as molecular markers. Manv different types of knolecullar

kkkarkers exist, and each type has advantages for diffekekkt types of akkalysiis. Codokninant

rnolccular mRlkcrs, those from 94ich Rllclcs Rrc inherited from both parckl'ts kn sexual

reprod'uctkon~ are frequently used because they Rljo~' for dkstknctkQn bct'!peen hefero7ygous and

hofno7vgous kndkvkduals  Bccbcc and RQ%c 2008 j Modern codollTiknant n1oiccular krkarkers Used

cxtcnskvcly kn gcnctkc analysks today inckEdc krkicrosatclllitcs. 5'licrosatcllitcs, Qr. Simple ScqUcrkcc

Repeats  SSRs!, ake typically neutral genetic markers  e.g. genes are not under adaptive selection

prcssure!, SSRs tend to bc hypckvarkablc, Evkth hkgh rnutatkon rBtcs rcsultkng From 'slkppagc" of

DNA replicatkon enzymes, They acquire mutatiokks by a Stepwise Mutation Model�where a

EYkutatkon typkcallv changes thc number QF repeats by +I- Qnc repeat Unkts Bt 8 tkrnc Because of

the frequenCy Of mutation, microsatellliteS Offer 8 preCise indiCation for genetic variability

betvEeen individuals, A critical assumption for molecular markers used in populatiokk genetic

analysis is that the markers are k>cutral Evith respect to natural selection�unbiased by the prcsektce



of adaptive alleles. Microsatellites, or Simple Sequence Repeats  SSRs! offer that quality

 Beebee and Rowe 2008!!,

CAAGGCGTTGACAGTGTGTGTGTGTGTGTGTGTCTTATCACTGCGTC

GTTCCGCAACTGTCACACACACACACACACACAGAATAGTGACGCAG

CAAGGCGTTGACAGTGTGTGTGTGTGTGTCTTATCACTGCGTC

GTTCCGCAACTGTCACACACACACACACAGAATAGTGACGCAG

CAAGGCGTTGACAGTGTGTGTGTGTCTTATCACTGCGTC  
GTTCCGCAACTGTCACACACACACAGAATAGTGACGCAG

htt: facui .vetmed.ucdavis. du i'acui ianzaro lab ima es microsateliite DNA. n

Figure 1: Microsatellite with tandem repeats units of [GT]�. Stepwise mutation of
Z[GT] units from A + B and B+ C

Reusch et al. �999! isolated seven microsatellite-containing marker regions  loci! to be

used for genetic analysis of Zostera marina  Reusch et al. 1999!. Physical proximity between

these markers on the chromosome was an important factor in determining the most favorable

loci; those dispersed between different chromosomes will not suffer from linkage disequilibrium.

Primer pairs designed for these loci allowed for multiplexing polymerase chain reactions, Each

of the seven microsatellite loci identified contained >10 repeat units in length. These SSR

provided statistically significant measures of the allele frequencies and genetic diversity for

eelgrass populations, something that previously used analytical methods did not adequately

provide  Reusch et al. 1999!.



Genetic Diversity Within Populations

Polymerase chain reaction  PCR! amplification of the seven microsatellite markers

allows for chromatogram analysis of size profiles for each locus, indicating allele types. Since

the markers are co-dominant, each locus can be identified as either heterozygous or homozygous

based on the allele sizes detected  Reusch et al. 2000! With the genotype data for each locus, a

multi-locus genotype  MLG! can be determined, Characterization of multi-locus genotypes for

the seven loci allow for determination of whether individual samples represent genetic

individuals  genets! or morphological individuals of a particular genet  ramet!  Short et al,

2010.!. Figure 2 shows two genets of eelgrass. "A" is a distinct genetic individual, or genet, from

"B" and "C". Plants labeled "8" and "C" represent ramets of a single genet, because they are

individual shoots from the same plant, a result of vegetative reproduction,

A B C

Figure 2: Geuets and Ramets of Eelgrass



AIfcfkc rkchncss BAd hctcrozvgoskty Brc rAcasUkcs Gf gcAetlc dkvcfsltv that can bc

dctcl'lnkAcd for 8 focUS Bcross 8 sct Gf popU18tkons, Gr fol 8 popUIBtion across 8 sct of llock. All/elle

richAcss, calcUiatcd by thc rarcfactloA knellhod Bs dcscribcd by Petit, et af.  i 998! iIAdlcatcs thc

AkcaA AUA'kbck of Bflcfcs foUnd pcr locUs for popUfations nornkalizcd for AUrnbcr of individUBis.

Hctcrozygoskty ls glvcn txvo vafUcs" .He~ Gf expected hetcrozygoslty and Ho. observed

heterozygosity, Expected heterozygosiky is the proportion Gf hetcrozygoUS gckkotypes expcctcd

based GA kncasUred allelic frcqnclnclcs, assnrning Hardy-AVcinbcfg cqUillibrinkn. Observed

hctcrozygosktv ks skfnpiy thc proportkokl Gf gcncs foUAd to bc hctcrozygoUs, Bs dctcrnlkned by

genotyping by sizing afieICS by capHfary e!cctrophoresis.  Beebee and Rome 2008!. Ho and H,

8/10%' for caicUiation of F-statlstlcs to dctcrtnllnc dcgrcc of inbreeding vvithin Bnd bet%'cen

popnjatlons, %'herc Fks ls 8 AjeasUfe Gf knbfccdkng vvithin 8 popUjatkon�and FST ls 8 lAcasnrc ot

genotypic differentiation between sUbpopUfakions rcfakivc to the total popUfation  Beebee and

Rov/e 2008!,



Hell COBcctllon of Shoot Ylsstte:

Zoster'Q IIMf'PM samples wcI'c collccicd fI'am GI'cat. Bay, NanfIy IsllBMI ancl LIttlc Harbor

IA Ncw Hampshire, Bnd from Duck Harbor., Falmoufh, and NBAtuckct IA Massachusetts. Eclgl ass

SBAIplcs wcI'c collected BAd provtded by Fred Shaft. Bnd Holly Bayley fronI the Jackson Estuartnc

Laboratory and by Seagrass Net,

Yhc collection method used was a *'random walk." saIApling design. Individual plant

shoats were co Wectcd randomly at " meters apart In a zIgza~ pattern withIA the meadow 1 he

IndllViduals wCTC taken ta BA Of -IOCation SIte for Separarion. SBTAplCS wCTC Stared Ut 4 C for B

minimal amount. of time prior tc processing. For each sample, the innermast piece of vegetative

tissue, -3crrI in length, was removedl ta avoid possible contamination by epiphytes. Tlhis tiissue

was blotted dIy Bnd stored In a L7mL tube onstltca drying crystals. Samples w'cre stared Bi

roam temperature until DNA extractiion.  Olsen 2004!,

The DNA extraction procedure used was Bn adlaptation. by Coyer�et. al. from a higlh-

throughput ge»omic DNA extraction and purification procedure described by Elphinstone

 Elphinstonc et al 2003!.

Cluster racks of 96 1.2rnL tulbes  USA Scientiific"M! were assembled. A single ball bearing �/16

Inch dIBITIctcr, GoidSpec"! was placed IA'ta caclh tube, Z. mariPM leaf saIT!plcs wcI'c removed



from sIJIca gei andi cut. Into -5mm pIeces wIth ethanoJ-sterIJIzedl sctssors Approxtmatelv stx cut

tIssvc sBMpics froIT!, each ind!Vidual werc placeclI In cluster tubes containing bail bcarIngs  BBs!,

CiustcI' Iacks contaIfIIng saMples werc frozen Bt -80 C fot approximately two days, Thc frozen

samples were reMOvcd frOM freezer Bnd immcdiateJy pJaced. i» Retsch MM 400 mixer mill

without delay to avoid thawing of tissue. The samples were puJ verized in the Inixcr mill at B

frequency of 25 scc for 10-second IntcI'vais until a ftnc green powcllcr was GII3taincd. Thc balJ.

bear]lngs werc rcrnovcd trorn each tvbc wIth B Magnet..

Cetyl Tri,tnethyl Ammonium Chloride  CTAB! solution was prepared by mixing 42,3mL of 2%

CTAB and 106',L p mercaptoethanoJ. 400I,IL of the CYAB solution was adldedl to the freshly

ground tissue samples. Yhe tubes were inculbated fcr one hour at 55'C with Mixing, Yo tJ>is

solution, 400pL ChJoroform: Jfsoamyi Alcohol �4: J! was added to each tube. The resulting

solutIon was mixcdl by InvcrsIQn catcfuJJy, Bnd then centrifuged at 30 erprn foI. 20 Ininutcs,

AftcI' rnIXIng�organic and aqUcovs layct's werc forIYkcd, Yhc aqueous layer was on top Bnd

contaIncd thc DNA and water-soluble cell Mater!Bi. 150!IIL of thc aqueous soiutIon Bnd 150I!IL

of saturated Sodium Iodide were added to a silica filter plate  MJJJipore", cat.. MASFBN6810!,

The filter plate was centrifuged v ith a waste plate at 1000rpm for 15 minutes and at 2000rpm for

1 ! IYHnutcs, Yhc f!Jtcr plate was waslted once wIth J50LIL wash 13uffcr  scc below! BM1

centriifuged at 3000 rpm for II0 minutes with a waste plate. The plate was set to dry for 30

Minutes to evaporate all ctJllanoJ, EJutiol3 buffcI  scc below! was hcatcd in B water II3ath Bt. 55'C.

J00ltL of elution buffer was adlded Io the filter plate and allowed to incubate fcr five Minutes.

Yh~ plate was ccntrtfvgcd at. 1000tpM foI 5 n3Inutc> Bnd at 2000rpm for 5 MInutcs WIth B

collection plate to collect thc clvtcd DNA. Yhc clutcd DNA collected was stored Bt. 4 C

IndeftnItely WIIh CBCh Sample well cappccll.



Narjooro S ectro hotomekrie Anal sis QF. jI "cnomie DNA:

A TherjnoScientific Nanoorop 2000c'M was connected by USB calble to a PC computer, Product

software was used for aJJ sampJe arjalyses.

The lid to tlhe Nanoorop instrument v as rlipped open to reveal a slot designated for a cuvette for

large volume jneasurejnents and a small hub designated for micro volurnc jncasurerncnts, TJ'je

small hub was wjpcd wjth a dfv Kjmwjpc tQ rcnjovc 'unwanted fore jon njattcr 1 01tL Qf gcnojnjc

DNA safAplc was rejnovcd from stQragc at 4 C and pjpct'tcd onto 'thc 'top of thc jncasurcrncnt

hub. The Jid was closed slowly, Upon closing tlhe Jid, data collection was selected Qn the

Nanodrop softv are, Within seconds, the program displayed values for OD 260�00 280, OD

260/280 and OD 260/230. The data was saved as a file within the program,

Pe!vmcrase Ci4w'jjj Reaction PjLR Am !iYicaHon of Gerlomic DNA:

Forward and reverse DNA pjimcrs werc designed for tlhc seven jnicrosatcJJite Jocj and purchasccl

from various supp]licrs  Rcusch et al. 1999!. Thc primers were each diluted to J00IjjM, then

aliquoted into small tubes and diluted to 5.01jM using tlhe volujnes listed in TaMe J�Note: only

8/1 6 of the primers Jisted in TaMC 1 were diluted. Other prinjers listedI v'ere diluted by Sarah

%eigeJ in the KJein lab and did. not require dilution from stock sample.



Prilikrker KktiNak ANkikiovnt Vokkjikkke Stock Volklrkke 8M Fkrkak Cerkcerkts aekeikN Fkkgorekk;cekkt' k.abel
26.9 rkiTiv les
W2.+5 ~kmoles
32 nkrkkkI'es
39.39 @males
29, k nwcies
37.24 nimoies

18,6 UL
t i.,78 kkL
].$,6$ gk.
k2.69 ~L
17,2 vL

k3,43 uk.

43.5 niYiaies

Yablle j: Piriiikrkeir !!lllkiktloin VolikkiikkMS  ~GA35F arkd K~A35R pirimers were ikkised choir PCR lbikkt

tlhe il~A35 lockiks divas kkiot ikkised choir skikbsequeNkt arkalysls!

PCR PfePQr'QAokk got' 20PL PCR k"eacrkokks!:

A Bench hoods designed for cell culture�equiipped with UV lkght gerrnicidlal and lHPA-filtered

akrflow was used kn thc proccsskng of all PCR rea cnt~ Thc hoods wckc cleaned akkd all pla<tkc

tips and tubes were exposed to ILkltra Violet  UV! liight. germicidal for approximately 15 minutes

Pk'kOI' tO USC.

A sknall plastkc tube  !.7ml. or 2, !mL! was labeled as 'Master Mkx', HPLC-grade water v as

placed i» a separate small plastic tube to be used in the master mix. 10x KC1 reaction buffer, lox

CIINTP kkkkX, 5rAM MgCl», all kClCVant primer pairS �uM CaCh! wCkC femOved frOm -20"C frCCZCr

and placed in a cold block in ambient air to thaw passively. %hen all reagents were thawed, each

was vortexed briefly to create homogeneous solutions. The solutions were pipetted into the

master rnkx tube kn volumes outlkned m Table 2 and fable 3 for ~-pllex and 4-plex rcactkons Note



that thc total volufnc ts dcpcndcnt Uipon nutnbcr of reactllons. Thc numb'Pcr of reacttons used to

calculate total volume vvas always approximately ten percent higher than the actual number ot

reactions. For standard 96-well plates, a total of l04 reactions ~vere used to calculate the total

vol umc.

II:!M or'~@4

IL@lbel tI:el' r

Slue

N/A
GN'88A

N/A
Blue

N/A
SIue
N!'A

YnMC Z: PCR master mix so!tu�m foIr 5-plex PCR reaekiiorrs



Table 3: PCR maSjtejr jrrjkiX SOlkktjiOrk fvjr 3-pieX PjLR reaetkjorkS

The Bioline" Taq DNA polyknerase was the last reagerkt added to the nlaster tnix, it was kept at

-20 C untkl needed. Taq polyrl1crasc was not vortcxc<i prior to addktkon to thc kYkasicf rnlx. Once

coknpleted, the master mix was mixeti gently to allov the polymerase to mix well into solutijon.

The master mix was kept on ice until used, A bacteriological hood equipped with UV light as a

germicidal was exposed to UV liight for approximately l5 kninutes. Inside the bacteriological

hood, l8.0 l.kL of the master mix solution was transferred iinto 0,2mL PCR tubes, which were

placed kn a frozck1 PCR cold block.

�enomijc DNA samples stored at O'C were removed from refrigeration and mixed on a gyrating

platform for 20 minutes prior to use, 2.0pL of each DNA sample used v as added indivijdually to

each tu'be containing 18.0pL PCR master mix, %'hen alll DNA samples were added� the PCR

tubes v'crc cappccl, labeled with sample nuknber, and ccntrkfuged at 350rpm for five seconds to

ensure all droplets contaijning DNA wckc into solutkon.

L@lkkei Cekkkjjr Re@gerkkt Ikklarrjje
'.tOx KCI Reejd~orj bkjfrek
'kOx dNTP rrjiix

Fk'.u e GA2-F

GAP-leak
G reje~ GAB'3-F

GA23-P.
Greerk GA35-F

GA35-P.

HgCI;
Taq DNA PoIyrk1erese
HPLC-H;0

Vokjkkrkke/Reacjtjjork  kkjlLII 4 kkteecUojrke Vokwrkjke krk Ikkkkkkj  jkklL!
ZOB

2 fj O4 208
0�7 '.I 94 72,9
0�7 194 72,8
0.9 !94 93.6
0,9 �4 93.6



After ccntrifugatron the PCR tubes wer'e placed In the BIGRad C l 000r thermal cyclcf The lrd

on thc fherrr1al cycler was allowed fo pfchcaf. to l05 C prror to closrng thc lrcl on fop of fhc fubcs,

The protocol titled "ZM56REG"' was used for all samples. The thermal cycling conditions Bnd

frmIng arc outlrncd II1 Table 4, KVhen fhc thermal cvclrng rcactIGIDs cndcd, fhcsarnplcs werc kept

at O'C indefinitely in the thermal cycler.

Pepeat ste.ps �,3,4~ @35
F irra l Exterisiorr

able 4: YhermÃ IL'ycler Proitoeol for PCR AmpllNcaitIOII

%hen the samples v ere removed from the thermal cycler, the tutbes were placed in. a rack,

wrapped In alumInum foil to avoid lrghf. cxposUIrc fo fluorescent fags, BI1d stoIed at 4 C.

2% A arose Gelll K eetro horesls ef PCR-Am li6ed DNA."

An Lr'lcnn1cycr flask was prepared with l.0g lnvrtrogcn Ultrapurc agBIosc Bnd 501nL

0.5x TE running buffer, 6,0lj,L Sybr Safe DNA gel, stain was added and the mixture was heated

by microwave in 5-second increments for a total of approximately 45 seconds until all solid was

completely dissolved into solution. The solution was Billowed to cool for tv o minutes. Agarose

gcl was poured into castrng tr'ay�well comb was placcdl Into position and gcl vi'as allowed fo



polymerize for 30 minutes. Well comb and casting tray were removed and the gel was turned 90

for electrophoresis with the wells situated at the cathode end of the electrophoresis chamber. 0.5x

Tris-EDTA  TE! running buffer was added to the chamber to "fill line",

DNA from PCR products was selected for electrophoresis. 15pL of PCR-amplified DNA

was mixed with -3' Bromophenol Blue gel loading dye, The DNA-dye solution was mixed in

a pipette repeatedly until a homogeneous solution was made. 15mL of the DNA solution was

pipetted into the wells of the agarose gel, 6' of Bioline"HyperLadder II size marker standard

was pipetted into the first well for size comparison. The lid for the electrophoresis chamber was

applied and the power supply was adjusted to 70mV. DNA was allowed to migrate from the

wells toward the anode end of the gel for approximately one hour, or until the Bromophenol Blue

dye migrated 2/3 the length of the gel.

The power supply was stopped and the gel was removed from the chamber. It was

transferred to a UV light box for imaging. A digital image of the gel was taken under UV light

exposure. The "no flash" and "macro" settings were applied, The images were saved and the gel

was disposed of.

Ca illar Electro horesisof PCRAm Iicons:

The PCR products obtained were stored at 4'C until ready for fragment analysis. 6pL of each

sample was transferred into 0.2mL PCR tubes. The tubes were labeled and an excel spreadsheet

template found at htt://dnacore.unh.edu/ was created to outline the sample name, DNA type,

volume submitted, etc. The template was submitted to the Hubbard Genome Center  HGC! on

the DNAcore website for the University of New Hampshire. Upon online submission, a



SubmkSSkOA rkun'kbek was rCCekveCll, ThC PCR prOduCtS wCre. wrappCd kn fOka, Iabe/ed wkth thC

sulbrnission number, and p/aced in a subnxission refrigerator at O'C for the HGC staff.

Yhe samp/e so/utions  see Table 5! were Joaded onto a 384-we/1 piate and placed into the ABI

3 130 CapiI!ary Genetic Analyzer. Yhe capiiliariies were fHied with POP-O'M poIyrner

 PerformanCC Optktruzcd Pollymer! by Appllicd Bllosvstcms, Yhe skzc standard used was

GCACScan" %0 Rox".

AmPkkFieV SamPle
SIX8 SItarkkfarV

IHJ-D~'" Farmamkde

Y@MC 5:  .'Akrktetklts kksedl for Capkiiary Eaeelkropmkklkreskls

Arkaa sks of'FrB merkt-AABI zcd kL",lhrolkrkato rakmks",

Yhe Hubbard GenokTke Center upioaded an output, fiie cokktainiing the A813130 Autoknated

Sequencer results Yhe output fkle was opened wkth 4CACMapper softv are for chromatogram

analysis, Chromatograms were obtained by following GeneMapper"' protocoi. %hen obtained,

thc chrornatogrBAks werc Scpaf'atCd by IOcus. Sampies werc scored by vksuai asscssknenr of thc

qua/iity of peaks obtained. Okkly talIl, rounded peaks were chosen as va/id scores. The peaks

scored wckc gkvcn AUk'Ack'kcai vallue for fragment skzc. A chrofnallogfarn wkth OAc peak indicated

homozvgous a/fetes. ChroknatogfarAS wkth Ilwo distinct pcBks Bnd two fragment skzc values wckc

hctcfozygous. Yhc fragment skzc vallucs werc saved fok all vaikd scot.cs, and exported to BA excel

spreadsheet indicating fragment. size va/Ues for Bill individuals Bnd for Bill !Oci,



CeneHe Avail sir:

Statistical analyses v/efe pet'fMtned Using the ft'agrnent size valUes as the fit'st inpot file. The

OBOE!ng soft@'<Ue pgogg'atns wet'e Used acgAt ding to softwafc-speci jk instAjctions

-CON VERTT~

-FSTAT 2.9.3,2"

-GDA Genetic Data Ana/ysis by Pao! I ev is"
-GENALEX 6 'M



The resuits presented i»ciude Z, marina samplles from populations in Duck Harbor, MA and

Grc8It Bay, NH. Due to difficuitlcs encountered with data BnaiysiIs for those popu13tkons, dat3.

3naiysks wiii bc plcscntcd for five pfcvioUlslly sufvcycd populations, Ylssuc sampics ffotn GlcBt.

Bay and Llttie HarbOr ln Nev Hampshkre were Bnaivzed for Billcle sizes by Sarah Wckgei kn the

Kiein Lab at the University of New Hampshire. Aiieie sizes for sampies from Nanny 1siand�NH,

Faimouth, MA and Nantucket, MA were analyzed by Aiyssa Mixon in the Oisen and Coyer Lab

at the Unlvcfsltv of GroAingcn ln Yhc Ncthcriands.

DNA conccntfatlons werc rncasukcd to determine thc cfflcacv of DNA extraction fQr 3 sct. Qf

sarkkpics, it v'Bs prcsukncd that thc corlccntfatkon Qf DNA ln 3 sampic was dlrcctiv proportional to

the amount of DNA obtained from arl extraction procedure,



T@Mc 6: Cortcertltration M NucICIc ACM In ceIgrass DNA Exltlraets

Table 6 contains data from the NanoDrop2000 spectrophotometer for DNA extract. samples.

Rov's labeled I-7 contain nucleic acid concentrations for Great Bay I'GB! and Duck Harbor  DH!

samples. Rovvs I-8 contain nucleic acid concentrations for positive control samples  satrtples that

amplified bp PCR!. The mean nucleic actdl concentration values for each group arc rcpot tcd.

A260 valves are abscrbance values at a vvavelcn~th of 260nm, the vvaveleneth at vvhich DNA

absorll3s Itght, A280 values represent absorbancc values at v/avclcngth of 280nrn, or Itght

absorbancc 4!' proteins jn soIution,



A arose Gel Electro horesis of PCR-Am lified DNA:

Fi ure3: DNA Mi ration on 2% A arose Gel

Figure 3 shows DNA migration on a 2% Agarose gel by electrophoresis for PCR-amplified

DNA. Note: Amplification was erratic with relatively few lanes exhibiting bands of higher

molecular size than the primer/dimers, "A" shows positive amplification  -200base bairs in size!

for sample ¹2022 at locus GA16. "B" shows sample ¹2020 for loci GA2, GA12, and GA19 in

well 2, 3, and 4, respectively. These bands may represent positive amplification  -90 base pairs

in size!. Further analysis is needed to confirm amplification. Tther wells show no evidence of

amplification,

22



JLlJroJYJalko ram Fra JueJJt AJJalvsis Qf PCR-AJJJJ IMed DNA:

Fragment analysts for aii satnpies PCR ampitcons wvas petformed QJ1 an ABI 3 i 36 Automated

Sequencer. This method separates amp]ified microsatelliite fragments by size andi uses a llaser to

detect flluoresCent tags at eaCh [Qcus, The reSuiting ChrornatogJam Shoes peaks that. Correspond to

aiieie SizeS Rt eaCh iGCAS meaSured. One peak t'epfeSentS 8 hon'JozygouS individua!, wvhereas tv2/Q

peaks represeAJ 8. iJeferozygote.

COOS Ol' 4244 OOO CCC Cl' OCO OICO I CCI CKI CX Ml CIC' OO CC' OVC OCC
2424~ So OOC CCOOCOC4 OCI4

424 ICC 144 14' 144 144 144 ICI 11+ ICC IIC 444 ICC 242 ISC ICC ISO OO I" 124 "YC ICC

Figure 4: FragJJJenf, Size ChromatograrJJ witlh JJO Peak Values

FJgure 4 1s 8 chromatogram created using GeneMapper ' frQJYi fragment sJze data obtained from

the ABJ. 3136 Automated SequeACer at the Hubbard Genome Center for Sample 42626 at iocus

GAi6, The chromatogram shows no distinct. peak values for fragment size, indicating improper

amphi Jcatton by PCR of faulty detect JGA Qf Auofescent tags bv the sequencer.



Chromatogram with fragment traces:

aaaea eases1001 Jet S a 1111
110

1000 Figure 5: Fragment Size Chromatogram with Peak Values:
Sample 02022, locus GA20

Figure 5 is a chromatogram with two distinct peak values at 158 base pairs and 162 base pairs.

The peaks correlate to fragment size of each allele at the locus measured. The locus in Figure 5

contains two peaks, indicating that the individual is heterozygous at the particular locus.



M3ister Ibiist nf Shred ANeae Sixes b Ibeeus 'se grated b 0 u4tiion":

Yebme 7: ANlmelle Sixes bv Lens Fox Pnp@460n MA.I  Nankiiiieke  MA]. Vallues Ob @4>nil by

A.myssz Mixen &em  lke Olksm end Cloyer Lab.
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GCAICNOAC~ AB8  sos of GeneltEc Bkvek'sflk bv Po 8 8 f!OAI:

PcIPDts@OA n fm!Aber c4 !n@vl@v8I8! Q Q8Aolt3! A.  Qsno+Pmc FlcAM$8!
MA! 28 23 !,QQ

MA3 29 0.93

Z3 23 !,QQ
C,H 4Q 0,42

Table 12 S1hovvs vaiues of genotypic andi ai/c/ic richness for the five populations anaiyzed.

Nut1Qbcr of gcncts t'cfcks to the AuMbell' of genetic individua]ls in a population, Genotypic rtchncss

ls a function of thc AUIAkcr of gcncts pcr popuiation size, AHc11ic richness indicates t1I1lc mean

Aurnbcr of a/Jcics per llocus for each popuiatiGA.



GDA~ GCAetic 9848 AA8! si5:

Yabie 13: Genetk BiversBy at LQci Aclfoss aH Five Pays.iatiof1s

fabIC i 3 lliStS VBiUCS fQ1' gCACltiC dLVCfSit5' 35 Caeh IOCUS, 8VCfhgCd QVCf alII fivC pQpGIhtiOAS

1T1CdSL1f d AII/CIH. D1VCfS1IV lcA! 1S thC ff1Cdf1 11Uff1bCf Of diiCiCS pCf iQCILIS QVCf SCVCD JOC1 H 1S thC

CXPCCfCd hC CfQZYgQSik!' M Cdeh iQC11S; H~ 1S NiC QbSCf VCd hCkCfQZPgQSiltg' fQf CBCh IIQCUS.

'I abie I4 4metlc Dmven1llly 'Arthrn PQpuiatrms Across at!l Scvcll11 ]Loca



Tabic J4 Jksts vBJucs for BJJcikc richncss, cxpcctcd hctcrozvgosity  He!, averaged Gvck' scvcn Jock,

and observed heterozygosity  H�! averaged heterozygosisty each population, averaged over aJJ

seven loci AJJeiic Diversity  A! is the mean, number of aJJeics per Jocus. H, is the expected

hctcfozygGSkty at, each Jocus; Ho ks thc Qbscrvcd hctcrozygoskty for each Jocus.  fk kcprcscnts Pks

values for each popuJBtion, a measure Gf inbrcediing. The inbreeding coefficient is a function of

thc clliffercncc II3ctwccn H, BAd Hl, . Fks � � 0 kndkcatcs AG kAbrccdkAg within B. popuJBtion, whereas

Fks � J kndkcatCS fuJJ knbrccdkng,

TBbJC I6: Prkvate A.JJICJICS Arnorkg Seven Y.ock

Prkvatc BJJcics, as kn TabJc J6, rcprcscnt unique BJJcics found a't each Gf the scvck! Jock for ccftakn

popuJBtions. Every popu JatkoA had at Jeast GAc pfkvakc BJJcic Bt. GAc Gr Alfc Jocus,



FSYAY St@ istical Anal sis o1f Po u4tion RC4 edness:

Yalblle I5: Fs~ Valtnes lcempared Between Fiive Pnpvtlations

Thc Fs r statistic is a value givcA to estimate thc gcncttc diffcrenriatllon between twvo populalltons,

FsT.values can be determinedl in Table 15 by comparing a populatiOA in the firSt cOlumn tc

another population. in tice thirst re. O',Note: FST � � 0 for comparison of t1he same population!,

Figure 6: Plrinciipall. Coolrdit1la es GI"ap4 i'Or Five Fopu4tions

Figurc 6 ks a vllsuall rcprcscAtatkoA of relatedness bet%veen thc five populBtkons, Bs determined by

principall coordinate anal jsis of Bll pallrwvisc FST vallucs  scc Table l5!,



Thc research project praposccl Bt the 13cgknAJAg Qf thc 201 1-2012 academkc year was An

AnalysiS Of Genetic Resilience and Biversity Among Eelgrass  Zosrem markk>a! PapulatiiOAS in

thc Ncw England Coasiial Rcglan. Thks project was dlcsignccl as akl knvcstkgatkokl ta probe the

gcnctkc I'actols influencing gcActkc populatkon structure far fhrcc pop'ulatkons: Two populafkans

from Gkcat Bay IIA NCw HampShkre BAd QAC papulatkaA from Buck Harbar JA %cllflect, MA, Thc

project was mcanf, to serve as a complliknent ta a larger project sponsored by the The Nature

Conservan«:y to study the genetic makeup of Eelgrass populations in Nokthcasfern coastal and

esiuarirke areas. The purpose of this study was to dlevelop an understanding af the populations'

gCACtlC StfuCturcS fo BKl kn r'cstoratkon management of thc «lcchnkng spcckcs,

EelgraSS SampleS fram Great Bay arkd BUCk HarbOr were arlalyzed Using the knethadlS Of

BNA ksalatkon, amplkflcatkoA andi fragrncnt analyslis lkstcd abave but vcrv fcw results wck'c

pk'o«luce«l for UAkAGwn, reasons. A ma!or portkon Qf t11c pro!cct was devoted to knvcstlgatkons of

various components Of the BNA proceSsing, including the BNA extraCtian ta PCR amplificaticn

of the rnicrasatellife loci.

The CTAB DNA cxtracfloA vE as thc first rnctho«1 to Ukkdcrgo froublcshoofkAg, I kssuc

sarnplcs weil'c pUIlvcrlzc«1 MlskAg a KIkxcr-knkll and al3talnkAg a pow«lcry gfiIAd was csscfltlal to

effective extraction of BNA from fhe samples, It was found that fo obtain thc optimal grind,

1,2JEJI micraelutiokk tubes by USA Scientific" with 3/16' inch ball bearings worked best. The

tissue samples were also frozen at -go'C for twa «/ays, which caused the brittle samples to break



k'nore cask lv, Ncw solvents and solutkon used kn thc cxtracfkon werc knadc to avokd usc of

contaknknatcd makck'kals, Bkffcrckkt amounts Gf leaf tissue werc usccl kn an attempt to obtain 8 morc

concentrated BNA extraction, The NanoBrop2000 was used to evaluate tlhe efficacy of the

extractions  see Table 6!. lt. v as foundl that the average BNA concentration for Great Bay and

Buck Harbor extracts was almost exactly equal tc the BNA concentration for positive controls

 SampleS tlhat had pOS'iltive results fOr fragment analysis!. However, the NanoBrOp

spectrophotometer does not give information about the quality or type of BNA present in tlhe

so l u, tk on.

Yroubieshooting PCR arnplification of extracted BNA was another laLGr akkd timc-

intensive portion of the project. Various atkempts to troubleshoot. the PCR reaction took place

throughout the year, The Polyrnerase Chain Reaction is sensitive to many cheknical and physical

factors, and it was difficult to pinpoint problem areas, Bifferent types of BNA samples were

amplkf !lcd, knciudkng poskfkvc and ncgatkvc controls fok comparkson to Great 88y and Buck

lIIarlbor sampleS. The PCR reaCtionS were repeated Continuously, each time with a Change in a

parameter of the reaction, First.. different concentrations of genomic BNA v'ere used. Three

different tvpcs Qf Taq polymcrascs werc usccl «HotMastcr, Qiagen HotStar", Biolirkc!. lHighcr

fidelity was found v'ith Bioline Taq. New forward and reverse BNA primers were usedl. TG keep

the PCR reagents cool, cold blocks were used instead of shaved ice during the PCR preparation,

Pk kor to addition to thc PCR rnastcf nkix, gcnomkc II3NA samples werc krkixcd on 8 gvratilng

platform for 20 minutes to ensure tlhat all BNA was mixed into sclution. %hen all BNA samples

v'ere adlded to PCR tubes, they were centrifuged at 350rpm for five seccnds to ensure alll droplets

contaknkng BNA wck'c knto master knkx solllJltkon. The rcactkons %'ckc also carrkcd Glut kn cllkffcfcnt

thcrrkkai cyclck' rnachilncs with vakkous rcactilQn conditions such as tcn'kpcrafufcs and cycle



numbers. Agafosc gcl clcctfopllKfcsis of PCR-arBplificd samples was Often used as a method to

determine if thc PCR reaction succeeded in pfopcf ampltfilcatilon Gf safnples. Strong bands fof

DNA amplicons were rarely found after electrophoresis, indicating in most cases that tlhe

amplification was vnsvcccssfv,ll of did Aot go to cofnpllciiton, Figure 3 shows a 2!o agafosc gci

with bands, although it is difficult to dletermine if the bands shown are the clesiredl PCR product.

Of. pfi fACf dinners.

To avoid falSe negative reSvltS from Slab eleCtrophoresis, PCR products were sent to the

Hubbard Genome Center for fragment analysis. Results obtainefl For PCR arnplicons were very

spafsc Chfomatogfants farci! shQwcd evtdence of ffagfnents, l fagfnent analysts Qf satnplcs ts

imperative for genetic analysis. Without fragment analysis, inferences cannot be madle about

tndtvtdval Gr popvlattoll't genet!CS. AS a result Gf consllstcnt Bcgattvc ffagtncnt analyslls f'csvlts, thc

two Great Bay populations and the Duck Harbor population couM not be usedl for genetic

analysis, clue to insufficient gcnettc data.

Although the fragfnent sizes could not be detefrninedl for Great Bay and Duck Harbor

populations originally usedl for the proIect, fragment size data was available fof other populations

in the New England coastal region, including populations from Great Bay �8!, Little Harbor

 LH! and NaAAy Lsland  M! in Ncw Hampshire, and populations ffom FalmGILllth  MA i! and

Nantucket  MA3! Jn Massachusetts. These populaiitoAS serve well as feplacctnent populattons fof

genetic analysis, because they are similar geographically to the populations Qriiginally studied.

Populations MA l, MA3, and N$ were all anallyzedl for fragment sizes on an ABl Automated

Sequencer at. the University Gf New Hampshire by Sarah %eigel in the Klein lab, andi GB and

LIH popvlatlloA samlples werc analyzed OA aA ABI Automated Seqvcnccr Ln thc Olscn aIMi Covcf

l ab at the University of Groni.ngen in fhe Netherlands by Alyssa Mixon.



Genetic analysis was performed using various software prograkns, previously described,

whkch proccsscd fragnkcAt skzc «lata C i.e., which sampllcs wckc hokrkozygous vs. hctcrozygous Bt

particular loci! using statisticaJ aigoritlhms. The results obtained, found in. Table 12-- Ta'ble 16

gkvc knformatkon about the gcnctkc dkvcfslty wkkhkn BIA«1 between populatkons for 8 sct of lock.

Table 12 shows the number of' genets�or geneticaily unique individualls, witlhin a population,

Ekk hcn fhc Allkmbcr of gcncts ks normalkzcd for popuiatkon skzc, gcnoiypkc fkchncss cak'1 bc

«leternkined for eacih population. GB and NI populations had a genotypic richness of 1, where BII

of thc kfk«lkvk«luals sarApicd in these population afc gckkcticaIIy unique, I ittJC I 4fbof showed thc

low'cst. gcAotypic 1'ichAcss�wkth R = OA2� indicating tlhat. A'kore than half of thc population ks

composed of multiple ramets, belonging to tlhe same genets.

Frequency ofknbfccd1Ag wkthkn popuiatkons was dctckmiAc«I IbV comparing thc Expcctcd

Heterozygosity  H,! to the Observed Heterozygosity  Ho!. An observed heterozygosity tlhat is

much smaller than expected heterozygosity can indicate a degree of inbreeding within a

population, a value given by the statistic Fks C'labeled as "f' in Table 14!. A high Fks value can

indicate a high degree of inbreeding within a population. Populations MA I an«1 MA3 showed

relaikvciy llkkglk values lof f'Es 1A conkparlsQA to other populatkons, krl«lkcatkng 8 rno«lcratc Icvci Qf

inbreeding within MA I and iMA3 populations. GB and LH showed very low values of Fks�

knd1cBtllng very small amounts of inbreeding wkthkn these popuiatkoAs. Allelic diversity,

m«lkcatkng thc kncan EIIunkbcr of BIJcics pcI' locus, was also calculated for' calch popuIarkon. Thc

rncaA BJlcl1c rkchncss for ail populations was 5,4 BIJcics, and all pop'L!18tions had Blleillc 1 ichncss

values ciose to the mean. Fls values were also determined by locus  Table 13!. Because the

popuJatllQAs werc «Jkffckcntkatcd thc rclatkvcly large Fls values sccA pcr' locus in Table 13

indicates subpopulation structuring,



Prkvatc Bllcics Bre t1lkosc tll'kat. Brc found te bc unique to B ccktain population. As sccA iln

Table i6, all five populaticns tested had unique BHcies at onc er more locus. Nanny Island had

prkvate Bllclcs for tkvc lock Bnd Great 8av for fQUr' lock, whereas Lkttlc Harbor contakncd B prkvatc

Blicic for CAly onc locus. Prkvatc Bllcics indicate novel genetic cikvcfskty in population,

Fks Bs prcvkously descrkbed ks B measure of knbrccdkrkg mkthkn popuiatkons. Another F-

statkstK value used to measure gcnctkc vafkatkeA ks FST. FST values incllicatc degree Qf gcnetypkc

differentiation between populations. FsT values range from 0 to I. where PST � � 1I indicates that

compared pepkkiatkoAs Brc fullv scparatcd Bnd FsT = 0 kndkcates that cornpakcd popuiatkons Brc

kdcntical. FST > 0,2 indicates strong scparatkon bctmccn populatiek'ks. Table l 5 lists Fkrk valUcs for

alll of the five populatiok>s analyzed. Tike table shows that beth MA l and MA3 are strongly

separated fronk GB Brkd LH, Yhks finding is cxpcctcd because thcrc is a Ilargc geographical gap

between these Ncm Hafnpshirc BAd MassBchusctts popullations, Nl howcvcf showed hkglkcr

relatedness to both MAl and MA3 than it did to 68 Qr LH. This result mas unexpected because

of the geographical proximity of Nl to both LH and G8 populations. As previously knentiened,

NI, MAl and MA3 mere all analyzed with an automated sequencer at the University of New

Haknpshkre, whereas GB Bnd LH mckc analyzed kn Thc Ncthcklands. Yhks Unexpected result.

kndkcatcd B need fef fukwher tcstiAg to confkkTA that khc degree of dkffelcntkatkon between NI BAd

other Nev Haknpshkre populatkons mas not a result of dkfterenccs between the tmo scquenckn~

machines used. The Principal Coordinates graph  Figure 6! shows FsT relationships between

populations spatially, As expected, GB andi LH populations are very closely related to each

other, MA l, MA3 and Ni show sornemhat less popuiatiion structuring,

Thc fkvc populatkons anallyzcd for gcnckkc analysts Bll showed some degree of <cnetkc Bnd

allelic diversity. Although MA l and MA3 showed high levels Gf inlbreedling as dcterkTkincd by



F~s, it v'as determined that each ot these popullations harbor three private alllelles, v hich offer

novei genetic diversity to the populations, Littlle Harbor, Great Bay and Nanny Lslland a/i showed

Jov' degrees of inbreeding mtthtn the populations, vvhtch can also >ndtcate genet>c djverstty. AII1

popujations besides LHI showed high genotypic richness, indicating that the number of ramets

vvithin these popu/atiions is iow, vvhich keeps genetic variation high,
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