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“Opbjectives of the muscle research

| e Stu f ske usc
* Understanding mechanisms specifying cell fates
s Exploring the control of cell proliferation and differentiation
> Transcriptional regulators of the myogenic pathway
¢ Regulation of skeletal muscle growth

W Studies of skeletal muscle growth
@ The skeletal muscle constitutes the edible part of the fish
“* Important for the development of fish farming

% Selective breeding program
* Dramatically increasing muscle growth rate
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Myogenesis in teleost fish

wvent of myogenesis in teleost skeletal mus
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Myogenesis INn teleost fish
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Fish Muscle Research Group (FMR

"  Intr
** The University of St Andrews

» The School of Biology
» The Scottish Oceans Institute

uction of G

< Topic
» Teleost Fish
v' Contractile proteins
v' Developmental plasticity
v Flesh gquality traits
v’ Gene characterization, discovery & expression
v Muscle fiber types, Muscle growth, Muscle metabolism
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‘biomarkers of

*» Gene-Nutrient interactions
» Atlantic salmon
» Fast and slow growing strains

% Functional genomics of muscle growth

* To identify and elucidate the function of novel genes
» The genes controlling myotome development

¢ To investigate how temperature and stress
» At the embryo and larval stage
» The growth and differentiation of muscle and skeleton
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. ¢ Influence of selection for body size on

muscle growth in the zebrafish

** Investigate the relationship
» Energy intake, food composition and quality
» Somatic and muscle growth

** Understand the genetic basis of difference
» Growth rates and its physiological implications

“* Investigate developmental plasticity
» Related to maternal and embryonic environment
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** For egg quality in Atlantic halibut
» Knowledge of developmental mechanisms in farmed fish
species
» Development of halibut farming through using biomarkers
of egg quality

= The function and phylogenetics of potential
unknown marker genes will be studied
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_.n‘gulatlon of skeletal muscle growth in fISh |(|QS'|'

N2 Characterlzatlon of nutrltlonally regulated genes
Physiol genomics 2010, 42A:114 -130

** Nutritionally responsive candidate genes
» An independent fasting-refeeding experiment
» Fish with zero growth rates to fish growing rapidly

% Expression profile for growth-related genes

Aquaculture 2010, 307: 111-122

<* Genes related to muscle growth, metabolism,
Immunology and energy regulation

» In coho salmon (Oncorhynchus kisutch)

» Wild-type / domesticated (selected for growth) /
growth hormone-transgenic (fed to satiation) /
growth hormone-transgenic ( restricted rations)

el



e
':f-' -y -ll'.ﬂ.u_-

| dentification of genetically regulated
muscle growth-related genes
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General method for differential screening  kiosr®
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% Differentially Display of mRNA

Differential Display of mRNA
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General method for differential screening kiosr
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Table 1. Primer Sequences Used in cDNA Synthesis and ACP-Based GeneFishing PCR
‘0 Use Primer Sequence
- <DNA Oligo(dT),5 S-TTTTTTITTITTTTTT-3
Synthesis Oligo(dT)5 tail  5-CTGTGAATGCTGCGACTACGATTTTTTTTTTTTTTTT-3
|  Add total RNA o Oligo(dT)s  5-CTGTGAATGCTGCGACTACGATIIITTTTTTTTTTTTTTT-
rimer
ACP 3
" . ™ 10-mer 5-GCCATCGACC-3’
GeneFishing™ ACPs Abirary 10-mertal 5-GTCTACCAGGCATTCGCTTCATGOCATOGAGC-3'
4hrs Primerry AP1 5-GTCTACCAGGCATTCGCTTCATIIIIGCCATCGACC-3
AP2 5-GTCTACCAGGCATTCGCTTCATIIIIAGGAGATGCG-3
AP3 5-GTCTACCAGGCATTCGCTTCATIIIICTCCGATGCC-3"
ACP, annealing control primer.
GE ne FIS h in g ™ PC R The polydeoxyinosine [poly(dl)] linkers are underlined. | represents deoxyinosine.
AP1 AP2 AP3
A B . Te8 Tew o4
1h DEGL+1 DEG2 DEG3 ﬁ — ﬁ — 00 3 — @
s - - - -
" n 1] = L wle wia W W w Wow w W W w
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TR -3
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DEGs on agarose Gel
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¥ Strategy
“ S AF=U0IA SE Ao LIEHH HH| = :
> HZa HFSE 7IELE GEA0| =l
> B HS0| 24l x}0|S LIEtL = JHH| 'E

¢ ACP (Annealing Control Primer)S 0|2t X} S5l S X X} EFAM
> GeneFishing™ DEG kit AlE




Materials & Methods

| s Experimental fish

< Z = C}2| (Starry flounder, Platichthys stellatus)
* X|0 (BZHIF 6.40)5 19°CO{| A 56U ZF AL

“ MS0]| 28 Xt0| = 22l 7HM| 1B

> Large 1 &

v H|= : 41.0 ~45.0g (H# 43.40)

v M%E: 14.0 ~15.0cm (H & 14.5cm)
> Small &

v {|= : 15.0 ~25.0g (H# 20.00)

v MZE:10.3~12.4cm (Ha 11.5cm)
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Methods

) . LR,
s a0 AN

e,

N Total

Azt -

< 28, 7k AEH of7}O], X| =24 O], EoH total RNA £
< TRIzol® Reagent 2} chloroform& A}25}0] £2|-HH|
< Total RNA 1pg2 oligo(dT),; 0| 23}0] 1t cDNAZ Xzt
& ACP (Annealing Control primer) based PCR

% GeneFishing ™ DEG Kit (Seegen, Korea) A&

< Large % Small 1 82| 2 XX H|n £
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Materials & I\/Iethods

tive real-

- & Quan me RT-PCR analysis

< Thermal Cycler Dice™ Real Time System (TaKaRa, Japan)
% 2t 18 2|0 M DEG UHUA 24

% B-actin SF™X} AFE3S10{ normalization

& Tissue distribution of starry flounder CKM1

< CKM1(creatine kinase muscle type) X} &M

» 28, 2t A, of7}n|, X| =20, HYo A HHoi5 AL



y Materials & Me

eque

e C oning and s ncing o gene

<» SMARTer™ RACE ¢cDNA Amplication Kit

 ZCi2| CKM1 cDNA tHHOo| A7|ME 27

% Genomic structure analysis of CKM1 gene

 ZCi2| CKM1 §HM Xt genomic clone A

< Exon-intron junction XA}
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Relative Quantity (Crossing Point)
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. «¢ Characterization of starry flounder CKM1 cDNA
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GGGGTGCCCCTATTTTGGCTGTGGTGAACAGGATCTGATCCCAAGGACTGTTACCTTTTG
TTCTTGTCTGGTGTGCAGTGTAAGAAAGCAATCATGCCTTTCGGAAACACCCACAACAAC
M P F G N T H N N
TTCAAGCTCAACTACAAGGTCGAGGAGGAGTTCCCCGACCTGAGCCTCCACAACAACCAT
F K L N Y K Vv E E E F P D L S L H N N H
ATGGCCAAGGTTCTGACCAAGGAGCTGTATGGCAAGATTAGGGACAGGCAGACACCCAGT
M A K Vv L T K E L Y G K I R D R Q T P S
GGCTACACTGTGGATGATGTCATCCAGACTGGTGTCGACAACCCTGGTCACCCCTTCATC
G Y T VvV D D V 1 Q T G Vv D N P G H P F I
ATGACCGTTGGCTGCGTCGCTGGTGATGAGGAGTCCTATGAGGTCTTCAAGGAGCTTCTG
M T VvV G C VvV A G D E E N Y E \ F K E L L
GACCCCATCATCTCAGACCGTCATAATGGATACAAGCCTACTGACAAGCACAAGACCGAC
D P 1 I S D R H N G Y K P T D K H K T D
TTGAACTTCGAGAACCTGAAGGGTGGTGACGACCTGGACCCCAACTATGTTCTGTCCAGC
L N F E N L K G G D D L D P N Y V L S N
CGTGTCCGTACTGGACGTAGCATCAAGGGATTCACCCTGCCCCCCCACAACAGCCGTGGC
RV R T G R S 1 K G F T L P P H N S R G
GAGCGCAGAGCTATTGAGAAGCTGTCTGTTGAGGCTCTGGCCAGCCTGGATGGTGAGTTC

E R R A 1 E K L N \ E A L A S L D G E F
AAGGGAAAGTACTACCCCCTGAAGTCTATGACTGATGCCGAGCAGGAGCAGCTGATCAGT
K G K Y Y P L K S M T D A E Q E Q L 1 S

GATCACTTCCTGTTCGACAAGCCTGTCTCCCCCCTGCTGACCTGTGCTGGAATGGCCCGT
D H F L F D K P V S P L L T C A G M A R
GACTGGCCTGATGCCAGGGGCATCTGGCACAATGAGAACAAGTCCTTCCTGGTCTGGGTC
D W P D A R G I W H N E N K S F L V W V
AATGAGGAGGATCACCTGCGTGTCATCTCCATGGAGCAGGGTGGCAACATGAGGGAGGTC
N E E D H L R V I S M E Q G G N M R E V
TTCAAGCGTTTCTGCGTTGGCCTTAAAAGGATTGAGGAGATCTTCAAGAAGCACAACCAT
F K R F C V G L K R I E E I F K K H N H
GGCTTCATGTGGAACGAGCATCTCGGGTACATCCTGACCTGCCCCTCCAACCTGGGCACT
G F M W N E H L G Y I L T C P S N L G T
GGACTGCGTGGTGGTGTCCATGTCAAGCTGCCAAAGCTGAGCACACATCCCAAGTTTGAT
G L R G G V H V K L P K L S T H P K F D
GAGATCTCACCAGGCTGCGTCTGCAGAAGCGTGGAACAGGTGGTGTGGACACAGCCTCTG
E I S P G C V C R S V E Q V V W T Q P L
TGGGTGGTGTGTTCGACATCTCCAACGCTGACCGTCTGGGCTCCTCTGAGGTGGACCAGG
w v v ¢ s T s P T L T V W A P L R W T R
TCCAGCTGGTGGTTGATGGTGTCAAACTGATGGT TGAGATGGAGAAGAAGCTGGAGAAGG

s S W W L M V S N *_
GAGAGGCAGTCGACAGCATGATCCCTGCCCAGAAGTAGAGAGGAACAATCTCATCTTTTT
CCGTGACCATTCATTTATGTTCAACGGAGCCAGCTGATGGCTTTGCAGAGGAAACAGCTG
CTCACCTAGAGACTCTTGACTCCGCTCACCTTTTTTCTCCATACAGCTTTTTCTTTCTTT
CCCCGTCATCATTTTTTTTTTCAAGTTCTCCTGTGTTGGTTGGAAAAATCCCTGGGATCA
CCCCCCACGGGGCTGGGCTCCCCTAGCAAACGGGGCATCCCCCAGTTTTTACAGCTAAAA]
ATAATGTTTATTGAAGGGGTTCATATTACTCAAAAAAAGGGGCCCCGGGAAACAACTAARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

S 4Ci2| CKM1g X}

> mMRNA
v'37]: 1,590 bp
v ORF: 17§
v'3597||°] ofaO| L. Ak

S A



Results

| 9 Genomic organization of starry flounder CKM1 ge

Platichthys stellatus muscle-type creatine kinase (CKM1) gene

780 222 141 138 g6 92 139 (bp)
1 l 2 l 3 i 4 J' 5 l 6 i 7 l §
Promoter-U m I I I I I I Y
‘ 2 155 132 172 124 150 437 (bp)
E-box TEF-1 E-box E-box E-box Spl
ll | I | I/I [ [ \. ll J ll
L / [
E-box E-box E-box E-box

% ZFECFa| CKM1 ®MA| SH™XF 3 7|= 3,325 bp
> 8712| exoni} 7749| introne 2 FA =l
> ZHFEHO| E-box EXY
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juncti the starry flo

Size Size
Exon Exon-intron juction Intron

(bp) (bp)
1 T GGGGTGC......GTGCAGgtaaag 1 780
2 208 ctgcagTGTAAGA......ACCCTGgtgaggc 2 222
3 155 atgtttagGTCACCCC.......CTGAAGgtacagt 3 141
4 132 otttttagGGTGGT....... TTGAGGgtaaac 4 134
) 172 ctgcagCTCTGG........GGCATCTGgtgagta ) 87
6 124 atccagGCACAA......TAAAAGGgtaaatgt 6 92
7 190 taacagATTGAG......GAACAGgtatgc 7 138
8 437 ctttagGTGGTG......AGAAGTAG.....

= Exon-intron boundary= GT-AG ruleg 21 QA2
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...,%onclusions

| < ACP-based PCR 4tHo 2 0{20| MXt 231 S M X} EHM

w572 XS W QA &
» 17 = creatin kinase muscle type (CKM1) gene
> 471l = unknown gene

% CKM1 QEX} 3ok 24
> 4 WE A5 2ZE|0|AM ool 4.15H) B
> 2. 4%, 01710, x| =2{0] 5! SAojA T =l
> 2t ZE M= UHEX| EUAS

% CKM1 §H X}t £ = =hol
> MRNAE 3597[{ 2| otO| =4t 25}
> MM 2= 8712] exond}t 7749 introne 2 £/
> ZHYHO| E-box =X &9l
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