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Expression characterstics of
transgenic marine medaka (Oryzias dancena)
carrying RFP transgene under the control

by its own [-actin regulator

Youn Kyoung Kim

Marine Biotechnology Interdisciplinary Graduate Course,

Pukyong  National University

Abstract

Stable  transgenic “euryhaline marine medaka (Oryzias
dancena) strains carrying red fluorescence - protein (RFP)
transgene  construct (podf3-actRFP) driven by its own
cytoskeletal [3-actin promoter were characterized with the
purpose of selecting the best model transgenic line for
environmental risk assessment associated with living genetically
modified fishes. Experimental transgenesis with pod[(-actRFP in
this species showed, in overall, that the regulatory patterns of

transgene could be well in accordance with those of



endogenous [3-actin genes in terms of consistent and ubiquitous
expression throughout nearly entire life cycle of the transgenic
fish. During embryonic development, the onset of transgene
expression was usually detected from the neurula stage and the
resultant RFP signals continued to adult at maturity. RFP
signals were ubiquitously distributed in all the tissues of
transgenic fish examined with various expression levels across
tissues. Different -transgenic lines showed different transgenic
genotypes as judged by Southern blot hybridization analysis and
they displayed varying degree of RFP intensities in their
external phenotypes.  However there was no direct relationship
between transgene copy numbers and expression strength,
indicating that copy number-dependent expression was not
achieved in this. transgenic group. All. of ‘transgenic founders
were mosaic in their germ cells. However, most transgenic
individuals belonging to subsequent generations could pass on
the fluorescent transgene to their offspring with an expected
Mendelian ratio. However, a transgenic line having the highest
transgene copy number (>240 copies/cell) showed the unstable
pattern of germ-line transmission including the loss of

transgene. Interestingly, many transgenic females inherited the
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RFP proteins to non-transgenic offspring embryos as well as to
transgenic offspring. Such non-transgenically transmitted RFP
signals was persistent for a considerably long period up to
early larval stages, but eventually disappeared with the progress
of development and early growth. Results from this study
indicate that [3-actin promoter is useful for marking whole cells
of transgenic fish using fluorescence, which may facilitate the
analysis of horizontal and vertical transgene transfer from
transgenic fish to other conspecific and/or symbiotic members
installed in experimentally designed semi-surrogate ecosystems.
However this study suggests also that extensive evaluation of
multiple transgenic strains should be made for selecting the

suitable and ‘stable transgenic line to be applied to this purpose.
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Fig. 1. Differential expression patterns of RFP signals in podf3
-actRFP-injected embryos. Group A shows the RFP expression over the
nearly whole embryonic body and hatched Ilarvae, while Group B
represents yolk-dominant distribution of RFP signals. On the other hand,
Group C exhibits spot-like RFP signals in epidermis of the yolk and/or
CIMDIYONIC DOy wwreeresseeseeseessmssiiinss e abinss st s e 12

Fig. 2. External RFP phenotypes of representative transgenic individuals

from different transgenic lines under normal daylight conditions ==« 16

Fig. 3. Expression patterns of RFP transgene in F2 embryos and latched
larvae belonging to either. BA2 or BA4 transgenic line. Note the
gender-specific ‘difference in RFP expression during. early ‘development in
the transgenic line BA4.“ The female linecage of BA2-is not available due

to the depressed or malformed-reproduction-of transgenic female adults

Fig. 4. Gender-specific expression patterns of RFP transgene in F2
embryos and hatched larvae belonging to either BA1 or BA3 line. The
weak or strong RFP intensity achieved in transgenic F1 could be

persistent also in F2 embryos belonging to both transgenic lines -« 21
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Fig. 5. Comparative genomic Southern blot hybridization analysis of the

four established transgenic lines ......................................................................... 26
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Formation of Onsetof retinal
tubular heart pigmentation
stage stage

Hatched
larvae

2-4
somites

Fig. 1. Differential expression patterns of RFP signals in podf3
-actRFP-injected embryos. Group A shows the RFP expression over the
nearly whole embryonic body and hatched larvae, while Group B
represents yolk-dominant distribution of RFP signals. On the other hand,
Group C exhibits spot-like RFP signals in epidermis of the yolk and/or

embryonic body.
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Table 1. Percent fertilization,

hatching

SUCCECSS

and

transmission

of

transgene in the crosses between transgenic founders and non-transgenic

controls
] N . } Incidence of
Transgenic Fertilization Hatching »
) RFP-positive
line rate (%) success (%)
embryos (%)
BA1-M 76.5 £ 39.6 100.0 = 0.0 34 & 30
BA2-F 99.6-+ 1.3 31.0 + 13.2 1.7 +.26
BA3-M 967 + 58 958 * 4.0 44 + 48
BA4-M 75.9 + 195 739 + 178 92 +59
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Fig. 2. External RFP phenotypes of representative transgenic individuals

from different transgenic lines under normal daylight conditions.
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Line BA2 F1(M) Line BA4 F1(M) Line BA4 F1(F)
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Gillblood
vessel
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Fig. 3. Expression patterns of RFP transgene in F2 embryos and latched
larvae belonging to either BA2 or BA4 transgenic line. Note the
gender-specific difference in RFP expression during early development in
the transgenic line BA4. The female lineage of BA2 is not available due

to the depressed or malformed reproduction of transgenic female adults.
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Fig. 4. Gender-specific expression patterns of RFP transgene in F2
embryos and hatched larvae belonging to either BA1l or BA3 line. The

weak or strong RFP intensity achieved in transgenic F1 could be persistent

also in F2 embryos belonging to both transgenic lines.
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Table 2. Summary on the germline transmission of RFP transgene from F1 to F2 generation in different transgenic lines

o o : Incidence of
oo Transgenic fish Fertilization Hatching Maternal .
Transgenic line . RFP-positive
# rate (%) success (%) expression (%)

larvae (%)
BA1-F1-M #1~#3 91.84F /.3 3887+ 7.6 s 442 + 86
BA2-F1-M #1 91.7 + 59 948 + 14 = 94 + 3.8
BA3-F1-M #1~#3 954 + 53 91.0 = 6.2 - 50.0 =+ 12.2
BA4-F1-M #1~#3 914 + 14.7 984 + 3.1 ' 476 + 10.2
BA1-F1-F #1~#3 971 + 54 399 * 10.5 576 = 146 406 + 15.0

BA2-F1-F - = - - -
BA3-F1-F #1~#3 97.3-£°55 91.7 = 128 50.7 £ 85 476 + 10.3
BA4-F1-F #1~#3 985 + 4.2 96.7 + 4.0 473 + 86 469 *+ 6.9
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B}, 45~4.6 kb9 oA wl$- Zrst hybridization signale] F %
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o] g AL AT, wkH YA bandE S positive laned
signal®} HaLsji A3} 1 copy E+x ilcopy " Hel Aog #EAEJT

(Fig. 5). ¢t hemizygote F2 At 2] band®} positive plasmid copy &
I vlwd] B A3 BA2-F A5 9 F2 genomeW o= 24 200 copies
o]’4¢] RFP genecl EAlet= Ze=Z #HAHJT BA4M A9
hemizygote F1 ¥ F2 AEE2 &L Hind II-genotype°] 325 of
stable germ-lined & &3t th. Target band®!l 1.24 kb band®] ol 2
78] minor bandt ~Dra H-genotypeE. F3lol #Z = ughA
BA4-M A% 9 genomeWol+= 2 30 copies ©]%2 copyEs H 3l
N AozE A#AHAY (Fig. 5.

a8y Hind III A& 425 ©] 839 Southern blot #41&
33t 49 bandE°] EAE o] RFP +% #A A9 copy =5 A3
B7tet717F folakAl @ wido] ¥t wekA probert Q14 3t
= RFP ##4#29 124 kbE E&3d:= 5 4F9 Zol¢ fragmentES

AAstE AdEA Dra DS o] &3le 29 BAI-M AE
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hybridizationS 83t tt. 2 23 %A S = low copy numbers
zt= BA1-M A% 9 genotype} high copy numberE 2zt BA3-M
| %2 genotypelZ FEEHE= Ao R TS

55 BAI-M A% F%, 9 Acjavy I4H ALEZR

)

of

<

B copy 4 % hybridization pattern®] A= t}E genotype? =}o] 7}
A2, BAl-low copy 1# (strong expression group)}
BAl-high copy 1% (weak expression group)o 2 T-EEH A om of A
el Y Iy Arde AvHE Row AT (Fig. 5.
BAl-low copy ZI&° 4%, dAdEi= =A71e] @Y hybridization
signalS # A, positive laneE ¥} v nlslo] 2k 2-3 copy/cellol] & B 3}+=
signal intensity= WEFW Ak ¥kE BAl-high copy ZL&9 A5, Al¥
T 25 copies ©]49] transgenes X ol QAW Dra Il-digestion®l
os 243 EEHA FS RFP copy=°] #EHJASH BA3-M 7AlE
£ 30 copies? transgene numberZ HEFU AT (Fig. 5).
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Fig. 5. Comparative genomic Southern blot hybridization analysis of the

four established transgenic lines.
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il zl wke W E S o] A3k Medaka (Oryzias latipes)2] ©|

2 yewttt (Chou et al, 2001; Grabher et al,
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5 2t} (Cho et al, 2011).
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