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Differentially expressed gene (DEG) analysis of Chlorella vulgaris

cultured under dark condition

.Kyoung Gyu Lee

Department of Microbiology, Graduate School,

Pukyong National University

Abstract

Chlorella is an unicellular green algae that shares many metabolic pathways
with higher plants, which offers many advantages as an expression system of
foreign protein. Recent expression of fish growth hormone in biologically active
form using transformed Chlorella suggested possible application of the system.
However, thick cell wall of Chiorella hinder the vpurification of expressed
recombinant protein. As one approach to solve this problem, a transformation vector
containing signal peptide in front of target genes were desirable. As the first step to
find a signal peptide from Chlorella, differentially expressed genes (DEGs) were
screened from Chlorella vulgaris cultured in the dark condition using GeneFishing™
system. From the analysis, 34 units of DEGs were discovered and 14 of them were
specific in Chlorella cultured in dark condition. Among the 14 DEG products, 10
showing clear difference were cloned and sequenced. Comparison of these sequences
with those in the GeneBank revealed that the cloned DEGs have high homology to
the  chloroplast inner envelope protein, serine:glyoxylate aminotransferase,
phenylalanine-tRNA synthase, rubisco binding-protein alpha subunit, ATP-dependent
Helicase, Ribosome-associated protein  precursor, oxidoreductase, enoyl-CoA
hydratase/isomerase, phenylalanyl-tRNA synthetase, classllc, chloroplast omega-6

desaturase.
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Fzdgle gAHRe Y X2/ HIT oM 7P A3 e AE
ojm A FWyt o} oJFF T el FopolA ol & e A7) s AP
o . F=2ddh= FFAEAE B3 dUAE Ay Wil dAFRe Wit
S AT oW FAA diFF wido]l Jhedte e IPYAERT FA HolH, H)
FEHo) BT B e FFE Lol WAl go} vhake] Solatt,

A3 AW EQ F2d e} glycosylation# 2 post-transcriptional modification 7
2 AN Mg geudol, 20 BFY FEE /H0 vude) Bad @A
e AAAERTG S5, olF AAPEY AL A AW AD A4S 4
254 AL A wuAe 95 & Y 22y FAWBL LAWY
AT T, B2 EE o]F Tuide YAH RS 190U RH BT
Ror Azl YFsEEe Frde dAHez BENd BIE AUt
(Hawkins and Nakamura. 1999). HZolv= dA]FQ Edo] ofd <A oz
X9 A ZZEE Chlorella ellipsoideaed| Xl 'LRAAZ A7 vz HAUo
(Cannons et al. 1991, Dawson et al. 1997, Kim et al. 2002).

At o g AE ol EE diEe BAHe Hog ojFIAY
AME W g FHHY 11 75E FH3A Hed, o8 45 ¥ 5 U=EF 3
£ Zo] signal sequence (peptide), &2 leader sequence (peptide)°|t}. o] AL A
== @A) N-terminal FEo] X8t 18 ~ 307 HEQ ofv|i=ilo g
N-domain, H-domain ~12]1 C-domain®. & TFAHEo] 1™, N-domain arginine
ojuf lysineZt #2 FA}E Hr oppior FAHY ISAE YeEde
domain©] ¥, H-domain& alanineo]l} leusine® 2 FAH A A domainl T

a-helix=S o] Fo] A ol7} L0534 =9F+= domaino]™, C-domaing signal



peptidase”} 1215} signal peptides} LHGH AL FEjste 4 ot
A 99 AZYTAE AR AER= gid R 2dd o o
WA Fejok AAZE AHEL (Ozaki er al. 2003), AAZE EHeHT . AE WF-
o HEE Y dEe] £ FoAA v GHol Aok mEbA kel Agt
signal peptideS <2 Tde] Wdd #gstd LHH A HAL 94A 2T
F A3, dEE dFo] AXE YR FHEHA ¥ R BHIFH7] i F&
= EY 4 Ade FAol Atk olv] signal peptideS 283t WY YE #xt ofy
Zh, dAE TNz o Tl wdEw Ruld #¢ A7t Eu Houo
(Heng et al. 2005, Johnson et al. 2003, Kikuchi et al 2004).
=Y e} signal peptidec]] #3 Aro] R QAR Chlorella vulgarisE ©]-8-3t
Differentially Expressed Gene(DEG) ¥41& A A3ttt . DEGE M g24 wd
e fAaAdE 23by e Aol Frgts & 24 e dEHe §3
2e) zpol7h YERhH, o= mRNAS o] olg HolAl Hrt (Kim er dl

2004). 2 S0 GAAY IS 2L Bdho| Uk BRA wtE Fze

rir

YA FR A A4d 22 e 28 FYAY FEE AY7) A3 &

W3l 248 AaE Aoy (AlQunaibit er ol 2005), MY &5 CO0 ¥&E F
S g3ty ol #EP {FAAZ; HHE AHolw (Fukuzawa ef al. 1990, Huner er

al. 1993), Weo] glv XA AFd F=dge FHFE A X3t Wi 23
Aol #EE FAAL] FHEE SoEL, BITFo #HH FHAY | L
Z o]t} (Bajguz and Asami. 2004, Falk and Samuelsson. 1992, Greer et al. 1986).

B Agdxe 222 signal peptideS 3317] 913 A7 H dAZ C
vulgarisE hwjoFsle) wrele] xo]lE Mol FHAE GeneFishing™ PCR systemS

olg3te] DEGsE 4Mate] A7INAe Wslw BT



m. A= 2 Wy

Chlorella vulgaris®] “gvj| %3} gl g

C. vulgaris (strain No. KMCC FC-001)& H7Adigtue] LAste F=aF
ol A 2 He 8ol A Bofurerth Wujek& MBM (modified Bold's medium)ul =] o A
B veS 16 8 Ao E 2AEFIYN FFL 2000 Lux, WL EE 25T
2 HAASHET (Kim er af 2002). 9ujk& MBBM (modified Bold's basal medium,
MBME} R o] 0.5% sucrose®} 0.1% bactopeptoneS 7D Aol A e ol A 244]
et wiFstn ueA etz Hujdy U xdeE widstA

(Cho et al. 2002).

Total RNAs2] £ &

C. vulgaris FC-0012] DEG 242 23]4 total RNAE = TRIzol reagent
(Invitrogen, Carlsbad, CA, USA)E o] &3t} vjs C vulgaris FC-0018 U4
2astn g At BAAA9 glass beadS EF3L Ao} ApEE o]
g3l FAS G2 F 1.5 ml tubeo] 100 mg® F 7t tubeol) 1 mee] TRIzol

reagent®  A7bhL WMoE F TPARG HedAM 5 BL W F

ZA 2897 A tubed] 713 0.5 volumed) isoprophanols H7}st 7P A &3

& & 12,000 rpmof] 10 ¥+ A& F, pelletst @71 FFHS A A}



Attt 7)o 70% EthanolS 300 u¢d7}3ke] 12,000 rpmol 5 B7F YA &2 81,
7] FAAM EHE F 50 po] DEPCY} AMeld HaFRTd 53oh

o)t Wl S CovulgarisE 2> YO E total RNAE £33
AEe W2 APPI 6.0 x 10° cell2 2 9 cellg AL A@ A
&8 4977 AlFe AgE A I DEPC A2 E 3l RNase freedt 7179 A
oFg ALE3 Tl 2] total RNAsE= formaldehyde RNA gel A 7|95 &

LA

First-strand ¢DNAs¢] §A

C. vulgariso| X 28] 2 total RNAso| A first-strand cDNAsE 95 7] 9a)A
reverse transcriptaseE A}8-319 2.1 reverse transcriptionS A A wk3-A 20 mF
of Ba#® 3 pego total RNAY 4 409 5 x reaction buffer (Promega, Madison,
WL, USA), 5 49 dNTPs (each 2 mM), 2 u€2 10 uM dT-ACP™
(5-CTGTGAATGCTGCGACTACGATIIIIT(18)-3%), 0.5 put¢ 9 RNasin® RNase
Inhibitor (40 U / uf; Promega), 18]31 1 p£2] Moloney murine leukemia virus
reverse transcriptase (200 U / pf; Promega)Z 21 42TolA 1 AIZF 30 £+ wtb
S5l first-strand ¢cDNAsE A3ttt ufdat Huj Rt C vulgariss 22
WHo =z firststand ¢DNAZ FA3H, A¥E z247 wz 33t
GeneFishingTM PCR-S 3}7] 7= 80 pt2] ultra-purified watersS 3 7}slo], 314

d g Ag 20T A HBstg



ACP-based GeneFishing™ PCR

Differentially expressed genes ACP™-based PCR¥H-S A}£3+ GeneFishing™
DEG kits (Seegene, Seoul, South Korea)2. 2 HH3}Hth (Kim er al 2004).
Second-strand cDNA®] gAS Ax @} 20 wFolA 50 ngd FHH
first-strand ¢cDNA, 1 x£2] dT-ACP (10 uM), 1 202} 10 pM arbitrary ACP, 18] 1
10 pe] 2 x Master Mix (Seegene)E Al-23}o] FHAISIS ). Second-strand cDNA
E 3437 9% first-stage PCRE 94 C oA 1 B w2 5 50 CollA 3 &,
aglx 72 ColA 1 B ure3}Ht). Second-strand cDNAsE $FAlo] ¢ ¥
second-stage PCR-& 94ColA] 40 3t wHg, 65 TolA 40 =, 8|3 72 Col
A 40 Z7F 40 cyclesE FA3tQ 12, final extension® 72 ColA 5 & 3+ ¥k3-3)
t}. 2% 40 7}xl9] ACP™ primer sets® A} E5Pm guld® Hujgs pe
ACP™ primersE A} 83t L ZZFA2 2 PCR3}Y] 2 % agarose geloA] 7]

E3le] DEGsE A&t

DEGs2] Cloning 3} Sequencing

H719%3l9 9% DEG bands® GENCLEAN" Il Kit (Q-BIO gene,
Carlsbad, CA, USA)ZS A}83}d gel extractiond} 12, TOPO TA cloning vector
(Invitrogen, Carlsbad, CA, USA)E o]&3}ld cloning3lFGth. Cloning® DEGs+
ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)

& o] &3} sequencingdtod ¢l o, o] AL SeeGenedl] 2]t}



m. 4

Chlorella vulgaris2] vl %3} Total RNAs2] &)

MBMuj Ao A Buj%& C. vulgarise 6.8 x 10° cello] 31 MBBMH) =] o A
MFER A FulFE C vulgarise 95 x  10° cello]th. TRIzol reagent
(Invitrogen)E ©o]-&35}<] total RNAsE E3J1 FHEE =43} total RNAs
9 T E A4St o1 (Table 1), formaldehyde RNA gel A 7]%9F total RNAs

g &3t (Fig. 1.



Figure 1. Formaldehyde gel electrophoresis of total RNAs.

Lane 1, total RNA isolated from Chlorella vurgaris cultured under dark
condition, lane 2, total RNA isolated from Chlorella vurgaris cultured under

light condition.



Table 1. Quality of RNAs isolated from C. vuigaris grown in the different conditions

. Concentration
No. Condition A260 A260/A280 Total (zg)
(ug / )
1. Light 19.325 1.98 0.773 46
2. Dark 22.120 2.08 0.884 250




ACP-based GeneFishing™ PCR

GeneFishing™ PCRol| A}8-3F 40 sets®] ACP™ primers& o] &3] PCR3}
2% agarose gelo| 4] A& &2l 4070 2] primer setsi= 207] 2] primer setsZ
1}50] 23] GeneFishing™ PCRE 433120 12} GeneFishing® PCRe] ZAxE
agarose gelol| 4] #<213lG ) (Fig. 2). Huj gl Agt &H ¥ DEGs 1, 2, 3,6, 8 1
23l 169 band Hujdd FujFelA EF vepstA T el G
o7 wgoko] B DEGs 103} 13 band$ith ¢Hj ol Awt 4@ H DEGsE 4,
5,712, 14, 283 159 band 3 Wul g} duiFellA BF GEREAR el
A AFH oz wEHYo] Be DEGsE 93 11 bandfTh o|RAE FolA <

Wl Fol A ¢t W= DEGset guidolA o Be] wdHE DEGsE A¥E3tge

2

ol@4 H¥¥ DEG bands 4, 5, 7, 9, 11, 12, 14 283 15SHE g7 N<E
A& AAeAnh

23} GeneFishing™ PCR2] ZI}E agrose gelo| Al &<l 3ttt (Fig. 3). =Huj
ol gt WHAF DEGse 21, 23, 25, 26, 12]31 32 bandH i Hujsz oaj
FollA 25 e AT gajdolA dii ez wHEGFe] 22 DEG hEd 20,
22, 27,29, 31 18] 3 34 banddT}. ol Mgt W) DEGsE 178 28W
bandG 2 el g FujFellA RF JEPGAT il GFeA i Her BHYF
o] we DEGsE 18, 19, 24 18]3 30 bandth o] AES Foll A hul ol A gt
WE s = DEGset ool ©f @o] LdE DEGsE AWty on olgA A
¥ DEGs 1793 289 bandS F7] Ad £4& AA8tAH-

17}9} 2%} GeneFishing™ PCRQ] ZA3E thA] Aelshd, @A 34789 DEG
bands7} 2HQ) =31 WullFe Al e} DEGs= 12l A 879} 2akol] A 1274,

gHal Al 20709] DEGs7} Whebstar, ohul kel A vERd DEGsE [Abell X 87 23}l

_107



A 67). &3l 4 147) 2] DEGs7} Vebst o @b 3 o] Zpo] & 1 7] 98l bl okoll A e}
147 2] DEGs ol A zto] 7} 34 3] vk 107 9] DEGsE Awale] A7 Ad&

#aleleh.
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GP8 GPY GP18 GP11 GP12 GP13 GPi4

GP15 GP16 GP17 GP18 GP19 GP20

1000bp p—

500bp

Figure 2. Results of the first GeneFishing PCR for the identification of DEGs.
The numbers designate name of specific primers after GP, lane 1, PCR
products from RNA isolated from Chlorella cell cultured under light. Lane 2,
PCR products from RNA isolated from Chlorella cell cultured under dark

condition.



GP35 GP36 GP37 GP38  GP39 GP40

1000bp

50000 K

Figure. 3. Results of the second GeneFishing PCR for the identification of DEGs.

The numbers designate name of specific primers after GP, lane 1, PCR
products from RNA isolated from Chlorella cell cultured under light. Lane 2,
PCR products from RNA isolated from Chlorella cell cultured under dark
condition.

_13_



DEGs®] Cloning¥} Sequencing
A7IAEE BA3 10719 DEGs:= NCBI A A& 3}= Blast X2} Blast N
& 0|83} GeneBank®] database®} alignmentd}e] z}z}o] DEGr7} ojd 7|5&

7R fARAA BAL AAFr} (Altschul e al. 1990). A ENA AFHAKo)

Bl e fAAST deste] BAs T (Maki e al 2000). ¥& 354E Y
Y+ #3537 DEGsv= GENEDOC Z 23S o] &3} multiple alignmentE

AT

DEGs9 4

DEG 4+ 953bpe] H7|xdgo] EXEoen 37 BB poly A tilo] e
1 Blast Xo|A #43% A= Rice Chromosome 10 Sequencing Consortium
(2003)0lA] H.1F  Oryza sativa (japonica cultivar-group)2] chloroplast inner
envelope proteind} 7} =& A FAE B FY (Fig. 4). Chloroplast inner envelope
protein®] AA| Zoli= 988 amino acido]il ©]|F oA 824H A ofu]| AR E 988
WA o}n| A7} X7} DEG 49 2 A 3 AE-E 493t %) &) AFo] translation® 164

M2 olu|i=ito]l UAX|StHTE o8t oz}, Pisum sativum, Arabidopsis thaliana,

i

Xanthomonas axonopodis 52} chloroplast inner envelope proteiny} ¥ & FARA

offt

B on GENEDOC ZZ1H-8 o]&3la multiple alighmentE 3t H& 4

AE #od 40 At WA DEG 4+ chloroplast inner envelope protein©] g}11

kl4_



BEAgl9on, o|AL chloroplast inner envelope proteino] XY Eol&AE
chloroplast Aol FAFEZ 7FX1 S Aol ofy 2} chormosomeo] FHH
RE ¢33} 81 YLo] #3A e proteino]th. DEG4E GeneFishing™ PCRO
A BugAME A% TAHAT e LdREE Fol FHEE ¢ F
Atk (Fig. 2). DEG 4= fuidolA F7tste olfv BHAE 3tA = I
% Aejolx ZEdee BIEr] wEol| chloroplasts 4d8k7] AsiA ek

N waAFel F7 Aokm BeE A,

_15_



A

GGATGTGGOGTCGCTGCTGGGCGACGACGTGGGGGOGCAGCTCTACCGCGCCGAGGTGGTGRAGCGCCTATCCGACGGCA 80
CCGGCAACTTCTCOGCGGAGCGCATGCTGCAGRAGCTGCCBGAGCAGCT GGGGCTGRACGCCAGCAAGGCGCAGAAGGTG 160
GTGACCGAGCTCGCCAAGGACAAGAAGCACACCACGCTGGTGCAGGCGGTGGCGTGCCTROGGCAGAAGAAGGTGGGCGA 240
CACCGCCAAGCAGCTCAACAACCTGCTGTCCTGCGAGACAGCGGTGCCCAGCGGCAAGGCCCAGGAGTGGAAGGAGAAGG 320
ATGAGATTGCCGACCTCTTCTCOGCCTACGTCTCCAAGGAGRCGGCGCGGRAGAAGCAGGACGCGGTGCAGCGCATCCTG 400
GGCCTGTCOGACTTTGAGGCCGACGGCCTGCGCCGCATCGTGCAGGAGGGCGGCTGRAAGCTGGCGGCGGAGGAGCAGCA 480
GGAGACTGCCTTTTTTTAAGGCAGCCGCCCCTGCATGCCAAGCGCAAGTGAACTGACTGCTTGGACAGTGGTCTGTGCAG 520
CCGCTGRGEOCRAGCAGCCCT GCCACCGCCTGGTAGGRCAACCAACGCT CGGAGCGCCGCCATTAGGTGCCACCTCCCGGE 640
CCAGGCTTGCCTTTCATACCGGCGGCGGCCCRTGCCATTGCGCGGCCGCCGTCCTGCTGCCCCCTGCCCGATTTTATTGE 720
CTCTTTTCOGCTCTGTOGTTCGCTGGCTCCCCATTCTTCTTACOCCAGCTGCCTGTGCGGCACGGCTTGTGCCOCACACA 390
GACTCCCCATGGCAGCGCGAATGCGATGGCATGCACCCCCACATACTCTTTTGTCTGCCGTTGAACACACCCCTCGGACA 380
CGTCTGTCTTTACGCACCGCACGCCATACCAGAGCACTGTAACACAGCATAACGAAAAAAAAAAAAAAAAAAA

B

1DEG4
20ryza
3Pisum
4Arabidop :
S5Xanthomo :

1DEG4

20ryza
3Pisum
4Arabidop :
S5Xanthomo :

: 108
: 108
¢ 107
: 107
: 116

1DEG4
20ryza
3Pisum :
4Arabidop :
SXantheme : BA

: 164
: 1le4
: 160
161
171

Figure 4. Nucleotide sequence of DEG clone number 4 (A) and Comparison of
amino acid sequence deduced from DEG clone number 4 with proteins in
data base (B). Oryza : Oryza sativa (japonica cultivar-group), Pisum
Pisum sativum, Arabidop : Arabidopsis thaliana, Xanthomo : Xanthomonas

axonopodis, amino acid sequence alignment.

_16_



DEG 5% 739bp9] @714 dgo] E4HANeH 37 B & poly A tailo] o
o Blast Xo|A BA3% AFRE  Methylococcus capsulatus®]  serine:glyoxylate
aminotransferase®} 74 & AEAHALS HIYY (Ward e al  2003).
Serine:glyoxylate aminotransferase®] A ZoJ= 394 amino acide]il o]ZF oA
3124 ofu| kAR E 394W A olv|:=4t7tA]7F DEG 5¢] 2 A ) 4HEE 250
A 3Ato] translation® 827)¢] ofw|i=Ato] AR FHUL} (Fig. 5). ©] Yel=
Methylobacterium dichloromethanicum, Fritillaria agrestis, Glycine max (soybean),
Rubrivivax gelatinosus 5] serine:glyoxylate aminotransferase®}= -2 FAMIE
Bgom GENEDOC ZZ1#& o}&3}a] multiple alignmentE 3l ¥& 4%
AL FA% 4 YAt WeEbA DEG 5+ serine:glyoxylate aminotransferase©] 2fil

BARQon, BIFHAY key enzymel g HEHFH oW 7)5L  L-serineX

tlo
=
£
O
m
Q
(9,
rir
ol

glyoxylateZ hydroxypyruvate$} glycine. 2 FAZA| 7= 7%
kol e eI A goivh ghil ¥l A B ELS GeneFishing™ PCRoA] 22
g 4 Aok olAL FFALE T wole HEHA Lot FIEEFS A HA

TR AN 5 Yov Yl SolHoz wdNE 713 W4 DEG

_174



A

GGACTCGCAGAAGGTGGTGGACGT GGCATACGCCAAGTACAACCTGTCCCTGGGCATCGGCCTGGCGGATGTCAAGGGCA 80
AGGTGTTCCGCATCGGCCACCTGGGCAACATGGACGAGCTCATGCTCTCCTCTGCGCTCTGCGGCGCGGAGATGGCGCTG 160
ATCGACGCCGGCGTGCCGGTCACGCCAGGCAGCGGCGTGTCGCGCGCCATTGAGTACTGGCAGCAGACCTCCAAGCCCAT - 240
CCCCACCCGGGAGCACATGCTGGCGTGAGGCCCCCAGCAGGGACACACGCACCTAAACTTGCACTGCTATGCTGCCGGCG 320
CACGGACCAGCTCGGGTGCGCTTGCAGCAGTGCACCCCGCCCGCCAGAGCGTGACGCCACACCGGGCGCOGCTGGCOCGE 400
ACAACTAATGGCTTTGCCTCTCTTTCTCTCCCTTGCTAAGATCCGCGGCACGTCATGCCCCCTCOCCACGCTCTCTCCCT - 480
TCAGTTAATGCACCCCTCTGACTGCTATGCTCTGGTGAATTTCGTTGAGATGCAATGCACCCGCCACAACCAACACACAC 520
ACCCCATCTGGTCCCCCCTGCACGTCCGGCTCGCCATGTGTGCGATTTCATCCCCGCCGCTTCAGAACACTGTGGGCCCT 640
GTTATTTGCATACCCTACCGTGGCCACCCCTCTTTCTGCTCACTGTTGTACAACAACGCTCCGCTGTAACCTGACAGAAT 720
TGAAAAAAAAAAAAAAAAAA

_1DEGS

_2Methylob
3Fritilla
4Glycine :
SRubriviv :

1DEGS H
2Methylob :
3Fritilla :
4Glycine :
SRubriviv :

GSGVaaA Y

Figure 5. Nucleotide sequecne of DEG clone number 5(A) and Comparison of
amino acid sequence deduced from DEG clone number 5 with proteins in
data base (B). Methylob : Methylobacterium dichloromethanicum, Fritilla :
Fritillaria agrestis, Glycine : Glycine max (soybean), Rubriviv : Rubrivivax

gelatinosus amino acid sequence alignment.

_18_



DEG 72 736bpo] E71x el EAHULM 37 F&of poly A tailo] 3l
W Blast XA 223 Z3}= Arabidopsis thaliana®] tRNA synthetase protein}
7 & A4FAS BAT (Duchene er al. 2005). tRNA synthetase protein®] &
A Zol 435 amino acido] o]F oA 257H A oluli:AFRE 435W K olp|x
A7k A17¢ DEG 59 1A AHEE 5 37HA] 3§2to] translation® 17971 2] o))
2ol AXASFA T (Fig. 6). ©] o Oryza sativa, Schizosaccharomyces pombe,
Bos taurus's 2] tRNA synthetase protein#® ¥ FAMS E Q21 GENEDOC
ZZ2aPE o]R39 multiple alignmentES 3 TS AL AT F U
t}. wEbAl DEG 7-& tRNA synthetase proteino]g}il BA1x o n, ohulj oFo) Agr

UElE 503 DEGYS GeneFishing™ PCRoA <218 4 Qlth

_19_



A

CCCTTCACAGAGCCCTCCTATGAGCTGGAGATCTTCTTCAACGGCGAGTGGCTGGAGGTGCTGGGGTGCGGCGTGATGCA 80
GCAGCCCATCCTGGACAAGAACCTGGGGCCCGGCCAGAAGGCGTGGGCTTTCGGCCTGGGCCTGGAGCGTCTGGCCATGG 160
TGCTGTTTGACATCCCCGACATCCGCCTCTTCTGGACCGCCGACCAGCGCTTCCTCAAGCAGT TCAAGGCGGGGGACCTC - 240
ACCACCAAGTTCAAGCCGTACAGCAAGTACCCGCCCTGCTACAAGGACGTGGCCTTCTGGATCTCGGATGCCTTCACCGA - 320
GAACAACCTGTGCGAGATTGTGCGCAGCGTGGCGGGCGACCTGGCGGAGGAGGTGAAGCTCATCGACAACTTCACGCACC 400
CCAAGACGGGCCGCACCAGCCACTGCTACCGCATCGCGTACCGCAGCATGGACCGGTCGCTAACGGATGAGGAGATCAAC 480
GCGCTGCAGGAGGAGGTCCGCAGCACCATTGCCGACAAGCTCAAGGTGGAGCTGCGGTGAGGGCAAGGCGCCAGCAGCGT 520
CCCGCTCCCACTTGTAGCCTCGCTTTGCTCTCCAATCATTCGCCGCTGCGTACACATCCCGTTTTGGCCTTGTACTCTCC 640
CCTCCGTGCCTCTCTACTCTTCTTCTCTTCTCTGCTCTCGAGGCGCCAACGGCTGCTTGTCAAAAAGATGGAGACAAAA 720
AAAAAAAAAAAAAAAA

B

1DEG7 £
2Arabidep : B
30ryza
4Schizosa :
S5Bos

1DEG7 :
2Arabidop :
30ryza
4schizosa :
SBos

;120
120
120
: 119
: 120

160 *
1DEG7 : 2 T
ZArabidop
30ryza
4Schizosa
S5Bos

g : 179
: 179
: 178
® : 177
g8 : 179

_ : BREREDISRREE H D L UH R INE
B 6VE V LID 5t K g TShCYR6 69
Figure 6. Nucleotide sequecne of DEG clone number 7(A) and Comparison of
amino acid sequence deduced from DEG clone number 7 with proteins in
data base (B). Arabidop : Arabidopsis thaliana, Oryza : Oryza sativa,
Schizosa : Schizosaccharomyces pombe, Bos : Bos taurus amino acid

sequence alignment.
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DEG 9& 665bpe] d7jAgoe] EXEAeH 37 BEo poly A tailo] 1o
M Blast XA B3 A= Chlamydomonas reinhardtii®]  rubisco subunit
binding- protein alpha subunit¥} 7} &2 AFAE BEHY (Thompson et al
1995). Rubisco subunit binding- protein alpha subunit®] A3 Zo]& 580 amino
acido] 1 o] ZF A 479H A} olv]:=ARE] 580 A o}u]=Ak7 =7} DEG 9¢] 3¥
A AR E 308 8]ako] translation® 1027]9] ofm|=Ato] Y&t ATt (Fig.
7). o} o\ Oryza sativa, Canavalia lineata, Pisum sativum 5 2] rubisco subunit
binding-protein#} & =& FAIASE HEPOon GENEDOC T 2138 o]&3}do
multiple alignmentE 3l F& AETAL 3o 4 A} w&A] DEG 9=
rubisco subunit binding- protein alpha subunito]2tn EAEHY oW, rubisco
(ribulose bisphosphate carboxylase/oxygenase)= ZAWIS|Z A 5€F (ribulose
bisphosphate, RuBP)o] CO,2 ZE&A|#A 27§9] 38t (3-phosphoglycerate, 3-PGA)

& WEE: B4z GRgdME A Edx, HEHA adolth

_21_



A
TGATGAAGGCGCTGCGTGCGCCCTGCCGCGCCATTGCGGAGAACGCGGGCGTGGAGGGTGAGGTGATTGTCCAGAAGCTG
CTGGGCCAGCCCTTCGAGGTTGGATACAATGCGATGTACGACCGCATCGAGAACCTGATTGAGGCGGGTGTGCTGGACCE
CGCCAAGGTGACCCGCAGCGGCATGACCAACGCCTGCTCCATTGCCGGCATCATGCTCACCACCCAGGCGGTGATGACTG
AGCAGAAGCGGAAGAAGGAGGCGCTGCCGGGCATGACCCCCGGCGGCATGCCCGCCGGCT TGACCATGTGAGCGGCCGTC
AAGACTGATGGCAGGCGTCGCAGCTGTGATGCGACGACCTGCTTGCCCCCGGCGCGCCGGCCTCTGCTGCGGCATTCCTC
GGCAGCGGGCCAACGGCTTCTCCCCACGCTCGAATTGAAAACATGCCCTTGCACACAGAAGACCCCAACGCTACTAGTTC
AGGCCGCTGGCGGCATGCGTGCGCATATTGTTGCTCGCATGTTTTTCCCGGCTTTTCTATACCCGCACCCCATTTCATAC
GACGCTCTCTCCTCTCCCTTCTGCTGGATTTTACATCGCTGCCGGAGCCTCATAAACACAGGTTGCCAAAGTAAAACACC
ACCCCCAAAAAAAAAAAAAAAAAAA

2Chlamydo :

4Canavali :
SPisum

_1DEGY :
_2Chlamydo :
_30ryza
_4Canavali :
_SPisum

6 Na SﬁAGGGLTTQAGSVEk 4

80
160
240
320
400
480
520
640

Figure 7. Nucleotide sequecne of DEG clone number 9(A) and Comparison of
amino acid sequence deduced from DEG clone number 9 with proteins in

data base (B). Chlamydo : Chlamydomonas reinhardtii, Oryza

Oryza

sativa, Canavali : Canavalia lineata, Pisum : Pisum sativumamino acid

sequence alignment.
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DEG 11%& 1305bpe] @7)|Ade] BAEom 37 BEo| poly A tailo]
Rom Blast XA B3 A= Arabidopsis thaliana®] ATP-dependent RNA
helicase} 718 =& AEAL BAT} (Kaneko er al. 1998). ATP-dependent RNA
helicase®] A Zolx 558 amino acido] o] F oAl 230 ofm]=AHRE 390
HA o}u|x=A7 A7} DEG 119) 66¥HA AR E] 557 x| 3 2to] translation®

179702} otm|=ate] AXslH¥e}t (Fig. 8). ©] A% Oryza sativa, Tetraodon

nigroviridis, Bos taurus ‘&2] ATP-dependent RNA helicase = ¥ FAMS H
dom GENEDOC T 271%& o]£35a multiple alignmentE 3l ¥ AEFA

tio

3teld 4 gl wElA DEG 115 ATP-dependent RNA helicasedlil &4

HUuo
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A

CTGTGGCGCTGGRCGCAAGGAGAGGGGGCACAACCCGAGCGCGGCCAGCAAGGCGC TGCACCCCCAGCGAGTATGGTOCAG 89
CGCACACCTAGCACGCTGCAGATCCAGTACACCGTGAGCGAAGCAGGGATGAAGCTGCCCCAGCTGGTTGCGTTCCTCCA - 160
(GGACCATGCGGCGGAGAAGACCATCGTTTACTTCCTTACCTGTGCCTGCGTGGACTTTGTTTCAGCTGTGCTGCCGCGGE 240
TGCCACAGTGCAAGATGCTTTCTGTGAAGGCACTGCATGGCAAGATGAAGCAGGCAGCCCGTGCTGCCACGCTATCTTCA 320
TTTGCAGAGGCACCCTCGGGTGTGCTGCTGTGCACAGACGTGGCGGCACGGGGCCTGGACATTCCAGATGTGCAGTGGAT 400
TGTGCAGTTCGACCCACCACAGGACCCGAGTGCGTTTGTGCACAGAGTGGGGCGCACAGCCCGCATGGGACGCAGCGGCA
ACGCGGTGGTGTACCTGCTACCACATGAAGTCAGCTACGTCGACT TCCTCCGAGTGCGGAAGATCCCACTGCAACAAGGG
CCGCCRCTGCAGAAACTTGCCAAACATACAGCCAACCCTACAGCGGCTGGCAGAGACTGACCGGGCTGATCATGGAGGCA
GGCACCAAGGCGTTTGTGAGCTACGTGCGCGCCTACAAGGAGCACCACTGCAAGTTCATCTTCAGGCCACAGGACCTGGC
ACTTGGCCGGCTGGCCTCAGCATTTGCGCTGCTTAGGCTGCCACGCATGCCTGAGATCAAGCAGGGGGGGAAGGGGCTTG
AAGGCTTCACCCCCTCGGCAGTGGACCCAGAGACAGTCCGGT T TCGAGACAAGGCACGAGAGAAACAGCGCCAGGCCGTT
TGCAAGCAGCAGGCAAAGAAGCAGCAGGCAGCAT TGGAGCAGCCGCAGAGCCAGCAGCGACACCGACAGGCAGCGCTGCA B8
GCCCGAGGTGCACCTGCCAGCTGCCAAGCGGOGCAAGCAGCGGGAGCGGGAGGACATGGCTGAGATGGAGAGAGGCTGGG 960
CTTTGCTGCGGCGGCTGCGGCGRGGGGCCCT TTCAGAGGCTGAATGGGCGGCGGAGATGGGGGCAGACAGCAGCGACTGA 1140
AGCGGTCACCGGCGCCAGCAGCCGTGCCTCATCGCCGCGCATCCTGGTCAAAGGTGCATCAAGGTGCTGCCAACTGCATG 1220
CAGCACAGAGGTAGACGATCGCAGTTTTTTATTTGCTGT TATTCCTGGCACGACTTGCCTTGCACACCACTGCTGAATAG 1300
CCCAAGCATGAAAAAAAAAAAAAAA

480
520
640
720
800

B
*
_1DEG11 : EGAQPERGQQGAAPPRE 60
"2Arabidop : AVADLAKAGLRNAMERESK 3 : 5 ;60
_30ryza : DGEQQELGPS-——--———~- 1 H O : S0
_4Tetracdo : ITVKEKGAEKGAA--; B MR : 58
_5Bos : LRNDPVRISVKEKGVAE ; - TR gHis s : 60
a K 6VSF T
_1DEG11 : 120
_2Arabidop : 120
_30ryza : 110
_4Tetraodo : 115
_5Bos 117
_1DEG11 : 179
_ZArabidop : 179
_30ryza : 169
_4Tetraodo : I f ; = 174
_SBos : HEEE R R - : 176

IP 6 F6HR GRTAR

Figure 8. Nucleotide sequecne of DEG clone number 11(A) and Comparison of
amino acid sequence deduced from DEG clone number 11 with proteins in
data base (B). Arabidop : Arabidopsis thaliana, Oryza : Oryza sativa,
Tetraodo : Tetraodon nigroviridis, Bos : Bos tauwrus amino acid sequence
alignment.
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DEG 12 812bpe] @7ixdo] BAHAom 37 B poly A tailo] 9}
o Blast XoljA B3 AI= Chlamydomonas reinhardtii®) ribosome-associated
protein precursor?} 7 =L AEAS EHUY (Yamaguchi et al. 2003).
ribosome-associated protein precursor®] A Zo]E 493 amino acido] o] F ol A
168 5 o}r) =22 E 369 A ofn|:=Ak7lx]7} DEG 129 3WAl LA E 583
W) 8alo] translation® 183709] ofm|i=ite] AUAFHATH (Fig. 9). ©] <%=
Synechococcus  elongatus,  Nostoc  punctiforme, — Anabaena variabilis Z9

ribosome-associated protein precursor$}® ¥

flo

SAFZ S B on GENEDOC =
2Wg o] &3l multiple alignmentE 3] ¥& FF5AHL FIF & AU

w2} A DEG 12% ribosome- associated protein precursoro] 2} 45 ¢l
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A

GOGTGGAGGAGTACCTGGCGCGCCAGGACCTGCCCTTCACCGTGTTCCAGCCGCTCTACATCTACGGCCCCCACACCGCG 80
AAGGACTGCGAGCAGTGGTTTATGGACCGGGTGCTTCGCGACCGGCCTGTGCCCATCCCCGGCCCCGGCATCCAGCTGAC 160
CAGCCTGAGCAACGTTGAGGACCTGGCTGACATGATGGCGCGGGTGCCCGGCAACCCCGCGGCCGTGCAGCAGCACTTCA - 240
ACCTGTGCAGCGACCGCTGCATCACCTTTGACGGCATCGTCAAGGCGGTGGCGGCAGCGGCGGGCAAGGAGCCCAAGATT 320
GTGCACTACGACCCCAAGGCGCTGAAGCTGGGCAAGGGAGAGGGCTTCCCCTTCCGTGCGGTGCACTTCTTTGCCTCTGG 400
GGACAAGGCCAAGCGCGTGCTGGGCTGGCAGCCGCACCACAACTTCCTCAAGGACGTGAACGAGCTGGTGCGCGACTACA - 480
TCGCCAGCGGCCGCCTGGACAAGGACATCGACTTCTCAGTCGACGACAAGATCCTTGOGGCGGTCGGCAAGTAAACGACG 520
AATCAACTTTGCAACGCCACGCTTTTGAGGGATAGCCAGCCGACGTGGCACATCACTGTCCACATGACATCGCACAGCCG 640
TCOGTCTAGTCAATCGCCACCACCCACCCCGTTTTCCCTOCTGOCCTCTCTGCCATCCGAGCACTGTTATTTGCTGCCCC 720
ACCCATCAGGTGCCAATCACTGATTTGATCTGGGCCCTGCCTGCGGCT TTGCCTCTGTAACACATGATGCCCCAANAAAA - 800
AAAAAAAAAAAA

60
60
59
59
59

1DEG12
2Chlamyde :
38ynechoc :
4Nostoc
SAnabaena :

: 114
i 117
: 116
: 116
: 116

2Chlamydo :
38ynechoc :

S5Anabaena :

: 174
177
176
176
176

_1DEG12 :
_2Chlamydo :
_3synechoc : |
_4Nostoc

SAnabaena :

1DEG12 :
2Chlamydo : |8
38ynechoc :

: 183
: 186
: 185
: 184

SAnabaena : : 185

Figure 9. Nucleotide sequecne of DEG clone number 12(A) and Comparison of
amino acid sequence deduced from DEG clone number 12 with proteins in
data base (B). Chlamydo : Chlamydomonas reinhardtii, Synechoc
Synechococcus  elongatus, Nostoc : Nostoc punctiforme, Anabaena

Anabaena variabilis amino acid sequence alignment.
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DEG 14% 651bpe] d71Ago] EAERen 37 RE poly A tailo] 3l
on Blast XollAd B4 A= Orpza sativa (japonica cultivar-group)e] 7]%5©]
Bta) A7) e dwA F st b & AFAE EAY (Fig. 10). oFF 7]
Sol Bz A e o] @A A Zole 239 amino acido]i o]FelA 94
MR ol ARE 2319 A o}jv]iAt7tx] 7} DEG 99 $WA AR E 42315
s) Ao translation® 1397]8] ofw)imato] ARG TE o] olx  Arabidopsis
thaliana, Guillardia thetadl = E& $AAAEL HHPen GENEDOC Z 21§
o] £-3}o] multiple alignmentE 3l FL FFAS AT + AT wEA
DEG 145 T & AR @7 Fe ZAHIJAD oFF 7]5o] e A o

wwde Fasain .
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A

GGTGAAGGTGAACATGGACATCGACAAGGAGGTGTCCAAGT TTGCGCGGAACGCGGCCACCACCTTTGCGCCGCGCGCCA 80
GCGGGTCCACGGGCAAGAACCCCGCCTACAAGGGCAGCCTGCTGTACACCATCTTOGAGGTCCAGGCGTGGGCCGCGCTG 160
GCTGTGGGCGGCCTCCTGTCCTTCAACCTGCTGCTACCCTCGGATGAGCCCAACATCGCGCGCCTCATGGGCATGTGGTC 240
CATCTGGATGTTCACCATCCCCTCGCTGCGCGCCCGCGAGTGCACCCAGGCCGAGAAGGATGCGCTCAACCTGCTGTTCC 320
TGGCCGTCCCCCTGCTCAACGTGGCCCTGCCCTTTGTGTGGAAGTCCTTCCCATTCATCTTCACCGCCGACTGCGCACTC 400
ATGGCGGGCGTGTATGCGTGGAAGGGCCTGATCCCCGGCCTCCCCGGCGCCGGCAGCGGCGAGGAGGGOGAGCAGCAGAG 480
CTGAGGCTTGCGCGCCGCTCACCACCCTGCGCAGTGACTTGATTTGCTATTTGGCCCGCTCTTGTTTCGACCCGCTCGCT 520
TTCCCTTCGTCTGTATTTTATACCTACTCCCAGTCAACAGTTCAGTCATATGAGTGTAAGGCTGANAAACGAAMAAAAAA - 640
AMAAAAAAAA

a tfapras knpa g

* 80 * 100 * 120
s - TR . 120
: 119
119
83

1DEG14

20ryza :
3Arabidop :
4Guillard :

Figure 10. Nucleotide sequecne of DEG clone number 14(A) and Comparison of
amino acid sequence deduced from DEG clone number 14 with proteins in
data base (B). Oryza : Oryza sativa (japonica cultivar-group), Arabidop :
Arabidopsis  thaliana, Guillard : Guillardia theta amino acid sequence
alignment.
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DEG 15 336bpe] @714 ge] EAEUeH 37 FEof poly A tailo] §l
on  Blast XolA BA3% AT Arabidopsis  thaliana®]  enoyl-CoA
hydratase/isomerase?} 7} & AsAS BRIt (Fig. [1). Enoyl-CoA
hydratase/isomerase®] A Z o] 378 amino acido]3L o]F A 307HA ofv| =
ARE 378WA oWk atzkx]7F DEG 159 2¥MAl ARE 217HA Aol
translation® 727§ ¢] olulx=Atol AXFHTk. o] QA% Orpza sativa,
Photorhabdus Iuminescens, Chlorobium tepidums 2] enoyl-CoA hydratase/isomerase

9 EL HFAAMNE BYoerm GENEDOC Z 238 o83t multiple

2
Hf
flo
0%
off
ox

alignmentE & S FAT & YA webA DEG 15 enoyl-CoA

hydratase/isomeraseo] 2} 17 ¥4} 5] 21t} Enoyl-CoA hydratase/isomerase= X34t o
=

ol

Abell Befdte Ea g del= A3 vehbA goivh el A vE

e Ae @ & Aok
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A

GACGTTGCAGTGGTGCOGCGAGATCCTCAAGAAGAGCCCCACCGCGCTGCGCGTGCTCAAGTCGGCGCTGAATGCGGOGG 80
AGGACGGGCAGGCGGGCATCCAGCAGCTGGGCGGCGATGCCACACTGCTCTTCTACCAGAGCGAGGAGGGCAACGAGGGG 160
CGGCAGGCGTACCTGGACAAGCGGCCGCCGBACTTCTCCCGCTTCAAGCGCCTGCCCTGAGCTGGCTGCTGTCTCRGCTG 240
GCGCACCGCCTGGTGCATGGGTTGCT TAGGCAGGCGCACGCAGCTCGGT GGTGGCCAGCTGCCTTGCTTACATGGGAGCT - 320
TTGCGTATTGCAGTATGTAATTTGATGCATCAAAAAAAAAAAAAAA

B

_1DEG1S 60

_2Arabidop : 60

_30ryza 60

_4Photorha : LR H 3 [ i 60

“S5chlorobi : cpl Mk e 1 S :F : 60
EG4 AS5S6 4

_1DEG15 : I

_2Arabidop :

_30ryza

_4Photorha

_5Chlorobi

R

Figure 11. Nucleotide sequecne of DEG clone number 15(A) and Comparison of
amino acid sequence deduced from DEG clone number 15 with proteins in
data base (B). Arabidop : Arabidopsis thaliana, Oryza : Oryza sativa,
Photorha : Photorhabdus luminescens, Chlorobi : Chlorobium tepidum amino
acid sequence alignment.
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DEG 172 678bpe] ®7]Mgo| EA=A2m 37 FE poly A taile] 31
o™ Blast Xol A BEA3 AFE Schizosaccharomyces pombe2] Phenylalanyl-tRNA
synthetase, class llc ¥ 7} %2 A3ALS Bt (Fig. 12). Phenylalanyl-tRNA
synthetase, class Ilce] A Zoj= 499 amino acide]il ©]F o)A Frame +399 A
365 A o}u:=AbRE 405 A olu]:=4t7kA 7t DEG 17¢] 3WMA HakollA 125
W5 3] A7} 2|7} translation® 417]9) o}u| =43} Frame +20]4 409 &) o}vjic
ALRE] 4508 ) ofw]=2k7kA] 7 DEG 179 1349 3ol 2590 A 3 42|
7} translation® 427§¢] o}uj:=2t#} Frame +19o] A& 4529 5] o}o|x2HEE 4919
7 o}lulx=217} 2|7} DEG 172] 2625 #Akol) A 381 =] 3 2+7}x] 7} translation
= 407]9) o}m =2ty Y5} ¢th o]& Phenylalanyl-tRNA synthetase, class Iic7}
$ fael o} 7he] RNA synthetases7} FEaH o] 217 dEelch of oo
% Candida glabrata, Arabidopsis thaliana, Aspergillus fumigatus's©] phenylalanyl-
tRNA synthetase} = 2 FAMAS RO GENEDOC ZZI1#E o] &3}
multiple alignmentS 3t L AFAL AT + YAk @A DEG 172

Phenylalanyl-tRNA synthetaseo|2}31 £ 5 At}
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A
GCACGCACCTGGCGGAGTTCCACCAGATAGAGGGCGTGGTGTGCGACTATGGGCTCACGCTGAGCGACCTGATCGRCGTG
CTGCAGGAGTTCTTCGACCGCCTGGGCCTCAGCAAGCTGOGCTTCAACCCGCCTTCGACCCCTACACCGAGCCGTCCATG
GAGATTTTCAGCTACTCGGAGCAGCTGGGCAAGTGGATCGAGGTGGGCAACAGCGGCATGCTCCGGCCCGAGATGCTGCG
GCCCATGGGCCTGCAGAGGGCGTGAATGTCATCGCATGGGGCCTGGGCCTGGAGCGGCCAACCATGATCCTGTACAACAT
CGACAACATCCGCGACCTGTTTGGCCACGAGGTGTCGCTCAGCATGGTGAAGAAGAACCCCTCTGCCGACTGGGCCTCTG
AGGCGGCAGCTGATGCAGCAGCTGAGGCAGAGGGCATCCACTCCTCGCAGCCT TCCGOGTGCGCGGCAGCAGCCCAGTGG
CGGGCTTGCCTCCAGGCTGTGCAGCGGCCAGGCGGCGGCAGGATTGGCGACATGGCACTCCGCTGCATGCCTCACCGCGG
ATGCAACTTGCACCAGCAGCTTGAACTGTTTGCATTTGATTCTTTGTGGGCCGCCCAGGGGCCCAGCCATGATTCTTTGG
CCCTTGTAGCTCTCACCTGACAAAAAAAAAAAAAAAAA

80
160
240
320
400
480
520
640

B

_1DEG17 42
_28chizosa : 42
_3candida : 42
_4Arabidop : 42
_SAspergil : 42

Figure 12. Nucleotide sequecne of DEG clone number 17(A) and Comparison of

amino acid sequence deduced from DEG clone number 17 with proteins in

data base (B). Schizosa : Schizosaccharomyces pombe, Candida : Candida

glabrata, Arabidop : Arabidopsis thaliana, Aspergil : Aspergillus fumigatus

amino acid sequence alignment.
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DEG 28& 918bpe] @714 g0l EAMEHoy 37 E | poly A tailo] Y&
o Blast XollA A3 AT Arabidopsis thaliana (thale cress)®] chloroplast
omega-6 desaturase?} 7}4 H2 4F AL BTt (Arondel er al. 1992, Falcone et
al. 1994). Chloroplast omega-6 desaturase®) A Zo]= 418 amino acido] i o} =
oA 197 &} o}u]x=ALRE] 364 A o}u|:=Ak7}tA] 7} DEG 282 A} HAHEE
5079 &) 3 Ako] translation® 167789 opw|=Ate] UX AT} (Fig. 13). o £
% proplastid Brassica napus, Brassica napus, Spinacia oleracea’s 2} chloroplast

FAIA S HYoew GENEDOC ET213-& o] 83}

flo

omega-6 desaturase¥} ¥
1l =

chloroplast omega-6 desaturaseo] 2t EAE A0, o] AL chloroplaste} & A+

U

flo

AEAAE AV F AW @A DEG 282

multiple alignment&

oo ohuf ol ¥ Bol A 0.2 Uehgth (Fig 3).
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A
ATCTACCCCTTCGAGCCCTGGCGCATCAAGCACAACGTGCACCACGCACACACCAACAAGCTGGTGGAGGACACGGCCTG
GCACCCTGTGRAGCGCGAGAAGATGGAGAAGTGGAGCCCTGTGGAGGCGCCATGTACAAGCTGTTCCTGGGCACCCCGCT
GAAGCTGTGGGCCTCAATCGGCCACTGGTGGATCTGGCACT TTGACCTGAGCAAGTACTCCGAGCAGCAGAAGCCGOGEG
TGCTTGTCAGCCTTCAGCAGTGGGCCTGTTCATGGCCGTGGGCTGGCCGCTGATTGTGTACTACACCGGCTGGGCAGGCT
TCGTCAAGTTCTGGCTCATGCCGTGGCTGGGCTACCACTTCTGGATGAGCACCT TCACTGTGTGCACCACACCGCGCCGE
ACATCCCCTTCAAGCCCGCGGGCGAGTGGAACGCGGCCAAGGCACAGCTGTCCGGCACCGTGCACTGCGACTACCCGLGG
TGGGTGGAGTTCCTGTGCTTTGACATCACGTGCACGTGCOGCACCACGTGATGTCCAAGATCCCCTGGTACAACGTGCGC
GCTGCCACCGACAGCCTGCGCCAGAACTGGGGCGACTACATGACGGAGGCCACCTTCAACTGGCGCATGCTCAAGACATC
TTCACCCACTGCCACGTGCATGACTCCCAATCCAACTATGTGCCATTCGACGAGGGCAAGCCGGAGCCGTTGTTCGAGT T
CCAGCGGCGCGCGCTCACAGATACGATGTAACCCTGTGGGAT TTGATTGCCGCGCACACCCACCGACAGCGCCTGCTGCG
TGTACACCGCATCGCGGGGCCCGCCGCGCCCCATGCTCGTTTGCTCAGCGAGAGTGCAATGTGGTCACTGCAATTTGAGC
TGTATGTAATCAAGCAACAGAAAAAAAAAAAAAAAAAA

60
1DEG28

5 . - BT “é 25
kTNmLv DTAW P6

1DEGZ28 H
2Arabidop
3

4

5

[

1DEG28 : B
2Arabidop :
3

M : 167
: 168
: 168

4 : : : H : 168
5 : TR -E BN : 168
Hfwmstft VHHTAPHIPFKpa EWNAAQAQL GTVHCDYP WEELiLChDI

[

80
160
240
320
400
480
520
640
720
800
880

Figure 13. Nucleotide sequecne of DEG clone number 28(A) and Comparison of

amino acid sequence deduced from DEG clone number 28 with proteins in

data base (B). Arabidop : Arabidopsis thaliana (thale cress), 3 : proplastid

Brassica napus, 4. Brassica napus, 5 : Spinacia oleracea amino

sequence alignment.
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Table 2. Sequence alignment of DEGs with Known ESTs

Blast search

GeneBank® .
DEGs ion No. | size align Identity
(aa) (aa)
DEG 4 | AAGI3554 988 | 828-988 | Chloroplast inner envelope protein
DEG 5 | YP 113864 395 312-394 serine:glyoxylate aminotransferase
DEG 7 | AAL34237 429 257-435 phenylalanine- tRNA synthase
rubisco binding-protein
DEG 9 Q42694 580 | 478-580 alpha subunit
DEG 11 | NP_177293 558 230-393 ATP-dependent Helicase
DEG 12 | AAQ022241 439 168-364 | Ribosome - associated protein precursor
DEG 14 | AAT85221 239 153-226 Unknown
DEG 15| AE006470 395 307-378 TLS hydratase / isomerase
DEG 17 | CAA15915 491 452-491 Phenylalanyl-tRNA synthetase,
i class Ilc
DEG 28 | AAA92800 | 418 197-364 Omega-6 desaturase
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v. 21 &

Signal peptideE o] &3t F2AglelA e @] FFE 37 AN
Kohara (1992)7} X 113} general signal peptide, plant-specific signal peptide (Hawkins
and Nakamura. 1999), Chlamidomonas reinhrdtii®] signal peptide (Fukuzawa et al
1990)8 o] &3te] FA AgE e dAe] FuS F=3Hh. 22 general
signal peptide} T2 Z 9| signal peptidel= F2dete] F3 Ao HEHA &
g3, =AY A signal peptide’t DR AT, F2ZAeto] genomeo] ot
A7t ®ol o]Fojx|A] gkobA signal peptideo] BT FRE 2 5 YA

geta F2dge) FAFRE A7) AA Gl So13 Q) DEG analysis
= Annealing Control Primer™ (ACP)E o] &3t Mz g2A ¢dd FHAS
A 3}E= GeneFishing'™ PCR systemS o] 314 T}t (Hwang et al 2003). ACP&
3-target sequence 9]¢} S-universal (non-target) sequence ¥, LE]l1 F FHF
A4 2 23 98-S e 2F (regulaton)F 9 2 FAHO YL, & o]
mad 4z =4 83tk ACPY 3'-target sequence Fe HE 2EA
HujFat guf gl A Yehd DEGS] cDNASH Eo]A o2 Aj3te ACP7} 573
3k DEGWHE A43td & Al7)= 71%S 31 (Hwang e al. 2004), | %A 5
Z ¥ DEGE agarose gelo|d Felsle] X¥3x, Ad® DEGE $A 483
ACPEXE] DEGY A7INES %8 & AU

C. vulgaris® Wo]Fs} tujS E3)X4 ACP primer 40 setsE ©]&3tH
GeneFishing™ PCR-& 2 A]&}] agarose geloll A 21§ Ax}, dufjekz} wuf kol
A =203 ze]E ehllE DEGs7E itk Wujdel A et DEGs7h al
ol vehtA ke A Hujgol A vhebdA Y DEGs7h b el Aet
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Bue AL #Aoly B3 FE 13 old FutH e diAl AT AgH o
Z AMgEE 43 ol WAoo DEG7E o= 3 FHoAMwt ddHS FHQY
2)a wuloky otujekolAl S DEGs7 vehvriEt: A

o] Ao]2 Hol: ALE Utk o= DEGS] wadel Aoletn 2 £E UAA

m_?(_“
4
20,
29,
o
u

ot GeneFishing™ PCRE& PCR#}A-E o] &3 DEGse A A{ol7] W&o 2
& % 9] total RNAsOlA & 2ASE cDNAsE §A3a PCRS dHz=
]S mRNAS urdmwiweol HZE PCR products®] <ol midctz & 4 glo.
upzbA A A zte]lE UeEhllE DEGsTHE A¥3le A7 EE 43U

AA 34%9) DEGsE EA3IARL, guldolr vehd DEGsE 147498
o] FollA w@e) ztelrt FaistA UElE 10719 DEGE A9 3te 4714 <E
S us]3, ©]E Gene banke] database®} alignment3}o] 28t} (Table. 2). 10
%Z9] DEG: chloroplast inner envelope protein, serine: glyoxylate aminotransferase,
phenylalanine-tRNA synthase, rubisco binding-protein alpha subunit, ATP-dependent
helicase, Ribosome - associated protein precusor, oxidoreductase, enoyl-CoA
hydratase/isomerase, phenylalanyl-tRNA synthetase, class Ilc, chloroplast omega-6
desaturase & £ 5 1t}

C. vulgaris®] ¢Huj ko]l o] 2 o] DEGsF oA DEG 4%} DEG 282 chloroplast
inner envelope protein (Rice Chromosome 10 Sequencing Consortium 2003)3}
chloroplast omega-6 desaturase (Falcone et al. 1994)0] S 2%, ©] & chloroplast$} ¥ &
o] 919128, DEG 5% serine:glyoxylate aminotransferase (Wiliam et al. 2001)= 23
F 249 key enzymeX. E L-serine} glyoxylateE hydroxypyruvate$} glycine2 =
AFA I = 715S 39, DEG 122l ribulose bisphosphate carboxylase/ oxygenase

(Taylor and Andersson. 1997)& ¢tuh3 Fox AuIs oA 583 (ribulose



bisphosphate, RuBP)ll CO,Z ZAFA1A 27019 383 (3-phosphoglycerate, 3-PGA)

o

e @dolth ©]F DEGsE dulgelr Solfoz WA=y, 4%

e B

ATE el 5ol fAAYS L 5 AN
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V. 8 ¢

gzdee uSAE% 24 Ui 228 FRE 5 AE AT =2F
2, o]5e 9o vMAL BHEY] AT systemOZA BE FHE THAn
otk A= ¥A Hey AR R ABRHoR GH& JHAE ofF 4%
sarg wgited 4FHAen, o)t o] systemo] e @ujAS AT
F dE AENSYRA oo siEdtie AL AT Y FEdH}E
dohe AEE HE gFo] 2 o awde] vt oy

Zzdale] HAAZ | signal peptideS H &3t THE o o] A
¥ woz BugxE fx37] fsiM F2det signal peptideE ¥3]7] A3}
o Z2zde A BAL M3 d7E dujd A L@E  Chlorella vulgais

©] DEGs (Differentially Expressed Genes)Z GeneFishing™ system& ©]8-3}s 4

N3 34709 DEGsE #Aadx, guidelA vehd DEGst 144
o, o] oA WA xol7} FASA el 1071¢] DEGE "3 o
714 9-& B33, GeneBank®] database$} alignmentdls] E4& Aot ©]& FolA
chloroplast inner envelope protein¥} chloroplast omega-6 desaturasex= chloroplasts} ¥ &
o] 91921, serine:glyoxylate aminotransferase$} ribulose bisphosphate carboxylase/
oxygenase:™ #3553 AU ZN Fad gadoz Puid F5ojH< DEGs

e & 5 Ack
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o], #l7e], thdo] FHAA APA =z AT wFo], A&, FHol,
A &ol, ~gel, 71&o] EFoA nukE vhe& AFUT

et AESe dalA ol HolE: B ARl F%ol, a2 &0l
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