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The genetic basis of fluorescence in the stony coral,

Acropora digitifera
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Summary (Abstract) of doctoral thesis contents

Coral reefs harbor the most biologically diversem®gstems in warm shallow water. Coral
reefs are the calcium carbonate structures builtmainly stony corals (Scleractinia), and corals
belong to the genuAcropora are major components of coral reef in the IndoiRecThe algal
symbionts in stony corals allow corals to build exsive structures in oligotrophic environments.
However, the symbiotic relationship between coraisl algal symbionts is sensitive to climate
changes and local stressors. One of the candidaleaules associated with stresses of corals is
fluorescent protein (FP). Many biological roles &Ps including stress response such as
photo-protection had been proposed.

When | started my doctoral thesis, the fluoreseeatcorals and its genetic determinants,
FP genes have been one of the enigmatic problemsrials. Coral FPs have been studied since
the discovery of the homologs of jellyfish GFP (gnefluorescent protein) in corals, but the
biological role remained unclear. One of the maactbrs making the difficulty to analyze the
role of FPs was missing information of the gendtasis of FPs in stony corals.

In chapter 2, | described the muRP gene family inAcropora digitifera. In previous
studies, manyFP genes were cloned from anthozoan species and i$ waggested that
multi-copies of these genes are present in theirogees. However, the full complement BP
genes in any single coral species remained unifiedtiIn chapter 2, | analyzed thH& genes in
two stony coral speciedA. digitifera and A. tenuis. FP cDNA sequences from the two species
revealed the presence of a multi-gene family with @nexpectedly large number of genes,
separated into short-to-middle-wavelength emissi¢8/MWE), middle-to-long-wavelength
emission (M/LWE), and chromoprotein (CP) clad€$ gene copy numbers in the genomes of
four A. digitifera individuals were estimated as 16-22 in the S/IMVBEfG in the M/LWE, and
8-12 in the CP clades, and, in total, 35, 31, 38 83 FP gene copies per individual shown by
quantitative PCR. These are the largest set§Rfgenes per genome among organisms that the
FP genes were isolated in their genomes. The flue@pstight produced by recombinant protein
products encoded by the newly isolated genes ewmplhithe fluorescent range of IlivA.
digitifera, suggesting that the high copy muRPR gene family generates coral fluorescence. The
functionally diverse multiFP gene family must have existed in the ancestoAafopora species,
as suggested by molecular phylogenetic and evohatip analyses. The persistence of a diverse
function and high copy number muliP gene family may indicate the biological importanaie
diverse fluorescence emission and light absorptioAcropora species.

In chapter 3, | reported the genetic mechanismeulying fluorescent polymorphisms in
A. digitifera. Despite the biological roles of FPs have beenppezd based on natural variation
in fluorescence in corals, their roles and the dienbasis of FP-mediated color polymorphisms
in Acropora remain unclear. Using a high-throughput sequen@pgroach, | found thatP gene
sequences in the multi-gene family exhibit preseradsence polymorphism among individuals.

A few particular sequences in S/IMWE and M/LWE cladeere highly expressed in adults, and
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different sequences were highly expressed in larvBleese highly expressed sequences were
absent in the genomes of individuals with low totBP gene expression. In adults,
presence—absence differences of the highly expdeds® sequences in the genome were
consistent with measurements of emission spectr@ashls, suggesting that presence—absence
polymorphisms of thesd=P sequences contribute to the fluorescent polymamisi In a
functional analysis of recombinant FPs that werghtly expressed in larval and adult stages, |
found that adults utilize UV to short wavelengthght and larvae utilize middle-to-long
wavelength light via FPs. The highly expresseE® sequences exhibited presence—absence
polymorphisms in four populations with geographicaeparation, suggesting that the
presence—absence status was maintained duringvitiateon of A. digitifera populations.

In chapter 2 and 3, | documented the genetic badifluorescence and fluorescent
polymorphisms inA. digitifera. The difference in FPs between adults and larvaed the
polymorphisms of highly expressdéP sequences may provide key insight into the biodadi
roles of FPs in corals.

In addition, | reported genetic variation and exgsion differences among individuals of
A. digitifera in chapter 4. Despite the importance of charaeiag genetic variation among coral
individuals for the conservation of coral reefsgthorrelation between genetic and functional
variation is still poorly understood. In chapter lddetected a high frequency of genes showing
presence—absence polymorphisms (PAPs) for singfsrcgenes in A. digitifera. Among
single-copy genes, some proportion exhibited PARsluding transposable element (TE)-related
genes. Among genes showing PAPs (PAP genes), nham half were expressed in adults and/or
larvae, and the PAP status was associated withetfftial expression among individuals.
Although most of PAP genes were uncharacterizechad ambiguous annotations, these genes
were specifically distributed in cnidarian lineagesiggesting that these genes have functional
roles related to traits specific to cnidarians @ tgenusAcropora. Some proportion ofA.
digitifera PAP genes were also PAPs in oth®eropora species, indicating that PAPs were shared
among species iAcropora. Expression differences caused by a high frequesfc§AP genes may
be a novel genomic feature in the gemcsopora.

In this thesis, | documented the genetic mechanisrh coral fluorescence, fluorescent
polymorphisms, and gene expression differences amordividuals of A. digitifera. These
findings will contribute to coral conservation bynproving our understanding of the genetic

basis of individual differences in stony corals.
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Y AWOFEMEEYM THLEWT = (LT oa) 3, BETLIEBEMED S
REMZFKEBRELTWD, ZOEAEBREZN LY TONRFARY - THEARER O
ThH, TOMMITARERTEEROBMIZEN D, Vo TOXFMITIE, 2RI L THES
AT HE ot X7 (fluorescent proteins: FPs) & Yzl Lt a2 H IR WEHES v
»X 7 & (chromoprotein: CP) O & AR T 5 &F 2 b T WD A, FPs X CP D x iy &
%ﬁ%%ﬂﬂéﬂf%ﬁ“k@ﬁ\%%WT@%LW&%@K%T@OKO

oL REFROT, HEHEZIFPEBTFEOBLHEREZMHT LI L2HNE LT,
DNA. RNA, ¥ X7 B O, B L ORER Y —27 = v v 72 X 5 FP AR T IRAEAT .
NI AT YT R =L Z2ATV, K@ XIZ T, UTFICRT )RR EBEZMLE T
% (52, 3. 4EITHIR),

1) 7 AREBNPITHON TS a2 I RY 1 (Acropora digitifera) # W\ T, #HEK oD
PHEMBTOHEEEZITo7, TO/RE, CNET1IEIMSMONTWVD FPEMR T E LT
T KD 36FP B TR HFEEL, TNON 3 SOHERKBICHHIN I L EELE T IEEE
KT D22 EEMOLNCLE, 3OO HRAKMIT, OEFEREZMN TS FPs, QP EHKE
T D FPs, BL U@ AEWINT D CPICHESNT-, Acropora gD 7 A= X I R
A ¥ (A tenuis) & A WTIRRRENT 21T > Tk R, FPBIE TN SZEBMLE FEEZFEK L.,
FARIZ 3 DO HAMBEIC D S L, & 51T chromophore ® % A 7 RZ Ik S5 2 & % B
LML, 2O END FPEs F %1% Acropora J& O L@ e TREICEE L., ZDET
MRFINTELEbOEEZONL[HBEHEZEHEHR L L CEHEFINGE Genome Biology
and Evolution (DOI: 10.1093/gbe/evw265) [Z 5],

2) [Al—8EE (MREWEEKS) CEBRTL2a2I R4 Y L1EKEZREL, FPEKE T
O IEFSN 2 AT LizE 2 A, AR TO FP E#B+OERINOSHEENRKE W &N
RSN, Wy —27 =0 v 7D RNA BEFIFENTIC LD | B E O &5 EL FP #15
TN FP BB TORBHEOMEAEEZLZELIETWVLZEEZHLNCILE, 2OXI 7
WHLFP &R 1X. 7/ A TORSI O A B D %A (presence-absence polymorphisms: PAPs)
ELTHMEL, 26D FP BIEFOEmWIER EEENBI T 28N 8T 52 L 2w
L7z, £72 PAPs %  (ZHIBAYICHEN 7RI DL, & L < IXBEICHEN 72 o ff T
HEME LTHFEL TV, 2FEVH 20 FPEETO PAPs OEFIEHL . 0%
B T FPs DEFNZIB W TEHERERZFEOARMEN R I, S HITHKEKESNE
TlEL, BAI LR R D FP BEFREEL THEY | WAETEFREELZ KN T 5 FPs
BLXOCPHAELLTHEIALTVDLIOIZH L, RKETEHEPRELS XOFREREZ KT
D FPSRRKE S ZEDTNDLIEEZHOLNI L, 2O ENDAIKELSETIZ, FPs %
MLTHHTOIREER R bDLE2 O, TROLOMEIZ, 22 I Y A0
HHOBLHEBEZ R LN TCOMNETH D,

3) PAPs Dt Z I 635722, a2 RV A v 5 7 A EDK 12,000 DB — = &
— BT OMEE L EHEREBEZHI LI, TOME, B2 B —EIsF DK 8%) PAPs Z 7R
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L7z, 2o OBMEBETFOYEHEU EXMOEMICHAERE 2D, £ EHEU ETERT
DRBENELENDZ N, PAPsZ T HETFOZ IHELZRDZ R TFHRINTE, 2
NHEDOFERNSL, a2 R A TICBIT5 PAPs Ot L 2T 0L R ERE2Z BRI 5
ZEICEY AFETHOLN TV RWEEREOEWEZEL MM EZH SN LT,
Lo X oz, Kimizid, a2 I PV A v E2FhLELEIRIAVEY T ITBT
5 FP BIEFIEEZTOBEHNERICHETI2ZHOEEZFMANEVIAENTEY . Kia
ik, L (BF) o ETLIb0THL LWL, 2B, FPEEBETOT /) Akl L
ZERMEMATICBE T 2 NAE S, HEHE 2 REEEE L L CEEEFITEE Zoological Letters (DOI:
10.1186/s40851-015-0020-5) ([ZH#FE~TH 5,

—

ABRER] (2018 45 2 7 2 A FEifi ]

A ESTIE, 228 I RIS 2L LEI RIS VET Y TITET 5 EE
K N8 (FPs) OEMBIEMIZE L T, ToEAERY EHEEOME, w oMk E%
E0 I OFEM, FPs O KN TORE O AN, H—EE itk 28 1rAED
%7 (PAPS) |2 DOWT, 2N b DFROFER & B8 % R X ONEITIHh - THGETIH
KBTIz, FFICFPEBTFHEORFHEZ AL, MO PAPs Rl L7722 &1, 5% D
FPs (BT 2F DO REE X2 2NN EBE R B 20N, mFEMI R, B8k
BIZBWTIX, FP B FIED RMMAT AR & S AEIZB T 2HREDE LV, PAPs IZBAT %
BRI NN, Zbicxt L, @i gE Lz,

DEERR Tk, FAEBIC K2 EBOMNHN»LEMOTFOERICH LT, EHRIZIEE L,
B E IR o TnD I ENRENTz, BORmWIHFEREEZ BIFTwvd A&, HE
HEOMREEOEBS 23T HLOTHD, ZNETICHBEEDERMIZEZL OERTIEL
O, ZNHEFET, BHLTELLOELEML CEMERENLABILRDIERED A
REMZHEHI> LN TET,

EEAICEL TR, HEEZEHES L LR IPERZMEICZEILTEY . K
EAELTHEEICEIPNTVDE, SHICAMMIREREDICRBITDIHEFEICLDIRE L H
INEIR EMBEN T WD &S iz,

UEXD | HEEITREMERFERERY BERFMEROREE L (FYy) L LToH
TEZ2G7- L, ARG ICHIE LW & ST,



