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rRE, & o®, LB%E, Kk,
(43 Kok =25 hi e JETT 361021)

ES)i

WA

TEE: -k R IBEE G RE(TPS) REMEER G R XMl AL E N AT RELFE
TR o 23 VAR K E % K 4L ¥ R 45 80 unigene J¥ 7 Oy E A, R Al RACE £ A 3 & 3R 13 3%
¥ 3 & TPS # & 5 7| : PhTPS1 ,PhTPS2-1 #1 PhTPS2-2, )% %| 7 #7 45 B % 8, PhTPS1 (Y %
£ . KM580358) J¥ 7l 4K 3 557 bp,f1, 4 — /> 3 462 bp th JF ik Pl 42, 4 A5 i % k& 4 1 153 />
AHEB, 0 TFE N 124.2 ku, %W 5K 6.73, )8 F TPS [T K #% ; PhTPS2-1 (J 5 & . KM519457) &
5l oK 4264 bp, @A — 44044 bp IR EEAE, TR AW S RO E134NEER, 2T EN
145.2 ku, % 5 4 5.96; PhTPS2-2 (5 3 5 :KM519458) |7 51| 4 &3 733 bp, 4 — 4> 3 324 bp #
T A AR, frém iy % ka4 1107 MNE &R, 5 F & £120.2 ku, % 8, & 4 5.42, PhTPS2-1

F1 PhTPS2-2 &-F TPS L X ik, £ H k% KT thE

PhTPS 3 F B % £ 4 X HE A —
1 EEAFRAFHEKEHET,HE

B K K 38 T KA ORI AL
KB : LK -8B RS R
HMESES. Q786; S 968.4

RACE;

13 BBk (trehalose ) & — M IZ AF 1 TAE W) 5
Hh b A WL R ER A 2 B O3 Tl A o1, 1 OBE T B
T T A AR 3 D RORE i K AR XK Hh AL
fﬁﬂiﬁ%ﬂilﬁ‘]*%ﬁﬁﬁ o CAMFRE KK
T S W BB A% BEL L 200 Ll S X 53— B ey 98 285 ][]
SHAR RPN E BB ML IR S o T B
YT, DT 38 56 A6 ) 200 B o B K L 5 T 7R
Uk 8 7 s XA B R A5 8 AR A R BB T, T
AR S o A S 0 R A 2 B A PR B X
gjjé\a[lfﬂ

LA 00 L P T R 8 5 B S o A A P AP
Je iy 6-1 I8 1 3 B 5 il B8 ( trehalose-6-phosphate
synthase , TPS ) fit f IR H — 8 IR 7 %5 B A1 6-% 1R
i R I N B B 6-W R i B BE ( trehalose-6-

%5 H #5:2014-09-18 &8 B #5:2015-01-19

EAMERKRABEMELET,3 £

2R AN L LRAE TR, E LRGP ;T PhTPS1 #0 PhTPS2-
EERKERFPHARAREEFRN, REGKFAABETE
% LR, PhTPS2-2 ZEAA R HAFRAZEHT, R

KFEF LA, A PhTPS £ F T # R &

7t & & PCR
XEkFRAEES A

phosphate, TOP ) , 4K Ji5 1 i 6-% R ¥ 3 Bl 1
( trehalose-6-phosphate phosphatase , TPP) /K fi# T6P
TR BERE L F TR AN I A AE 4% B
A6 4 S P 1 A TR W I, AT LA A TOP % Ak ok i
B, BT LA TPP PR B 2 3K %00 1 o i AR R AR A
K AH TPS e A Y e 57 3 305 W) %) 48 ) 40 i v 76
BRI A R A e MEAE T o AR R B L
HIBEFE, TPS FE IR B 2 1800 4k 4% 2R Il 2 1R
FH ST A B 5 R 2 J5 S — > 5 e 30 A O 11y ik
R, A ) S A TPS B DR DL & A ) Xl 2B )
JEir 30 AP B & U BT A B ) TR A —
£ 30/ R

17 ¥5 3¢ ( Pyropia haitanensis ) J& 3% [E B J7 T
) A — Fh OB B, Q38 TR AY 8 0%

FETE : [{ 5 AN =" B BT K BRI (2012AA10A411) 5 [0 5 [ AR % 34 (41176151 ,41276177) 3 4 4 ol 0137 5 72l
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Wil o (HIEAER , 52 2 BRARAS BE 52 ) , ¥E 7K K i
i R SR R P R AR
WA, 3528356 B AR o A T R i rh s i X, B T
SN WIS 28 Dy T S P %) SR oK R A OK i A
1 18] P B TR EE 7K a3 Ol BECRD R B 45 R 85 TR 1
WAL P RS IS LS M P AL, o
BEHUI AR G L, X T 5 e 3 I R A TAE Y Y
P A TR A 58 B 40 T 0 B R S B
MM i, B C 4 4% B % X ( Porphyra
yezoensis) iy 55 10 43 Fl oK B i 3 v 5o B 3R A5
T TPS 1y & K31 fE GenBank s i v
WA LR RS 4 KI5 5850 TPS B, JF H
A K A7 8t 1L WF Y & R T 45 3 5828 TPS
PRI A KRS, R 35S J3 8 FiF 7 Kk K5 T
TR F LR B #h B 50 0 2% 48 & 00 K f 4l
Mo ATRBUZ FT TR I8 SR i sk L E o b, K
KT 3 KIFH 5T ke TPS B T 5 A 16 2% 5
(45238 TPS JEA B R B IE X iX 3 A5 &
3¢ TPS 3K ( PhTPS1, PhTPS2-1 F1 PhTPS2-2) it
174 K 5 B, JF i o 92w 3¢ % E 5 PCR H4 R
(qPCR) Fb#5IX 3 4% 2 K 75 i A 2R 7K 38 1)
FIRHFAE , S 0T B A THE IR 53R i i & AR T
DA Ay 3 25 S5 30 555 Mt 3 v g ATL o) ) 0T 5 B AR il
g

1 MRS Ik

1.1 zEXHREHBLE

SER AR N L4 38 vk B O IR R R
Z-61 MU A R AR b S SRR IR P . Im R
Z-61 MR TE S B A N IR (21 £0.5)C ok
HEGR B 50 ~ 60 pmol/(m® - s), o A
12L: 12D, % 3 K 54— Uk U ) & 0 K ] 15 %
F (15 +2) cm I, 36 B W AR K gl Y
PRAE Ry 52860 41, 42 B RNA, 2 5% 5% i, cDNA J5
HF TPS FEH ) 2K i b,

TP —41 (15 =2) em [ 8 B 3 1K, 40 51 F
(29 £0.5) C ()18 15t B 55 7246 b =I5 W 26 Ak 2
(HARE SR [E B 4 F)0.3.6.,12.24 48 h,
A3 A PRI RNA HF &5 i e R 356 R 38 3k /K7
i) gPCR 7341 o

BU(15 £2) cm {1 filt B 3 R 2 17 2K 7K ik 38 4b
B HAR Dy 2o DA 8 W T SR SR TE K A )
BT B L, BT 21 T, 06 50 ~ 60

) I TR AR N TR 2R K . R 4 95K
B 5 B T 4 I I), 23 R K R g 0% (15%
30% 45% 60% . 75% J 90% [ FE 5 Al T 2 7K
FIRIKFN 90% J5 P 1 T BT & 1 K b B 5% 30
min Ji5 (&K ) BFE SR BCS RNA T 2K K ik ia
T A R IB K1 qPCR 43 B o RKFIHE A
ﬁﬂy:

KIKF (%) = [ HE (mg) - KKJGEKE
(mg) J/[ 5 (mg) - TH (mg) ] x100

PLERRASAE IR, Y E 3 MY E R
1.2 5| RERFT

FA B PCR 473 \RACE " 1§ | B4 v [
TN PR () 2 3K K- 23 A B R 5140 e 50 25 | |
AT EY TEARARGH(ELD) .

1.3 A RNA H =4k

WA IR 3R 0.1 g, R AR T /5 Wi A
J&, R E. Z. N. A %) RNA & Bk 7 &
(OMEGA , f [5] ) $2 B 25 A i 19 6 RNA . 22 BE IR
P KRS 2 BT $2 S RNA A9 58 3 4, 9 £ Cary50
£HMOEEE T (Varian, SE[H ) E 435 5E OD,,,
il OD, B, MR 405 0 5 45 58 11 55 RNA {3k i, )
T A% 1R 25 1 S5 1) 95 G 1 O o
1.4 PhTPS EFERI =&

MR 37 55 30 i S B T unigene 19 T B 25
BTRAE 1 & 515535 TPS JE 7 5 AH L HE
99% () unigene ( Unigene6752) ,2 45 54 i f X3¢
( Chondrus crispus) TPS 3& R 7 51 AH L 44 40 51 Sl
58% M 63% ( Unigene8841 ,
Unigenel0310) % K, ¥ 47 PATPS 3 [H Y 78 % .
i F Blast 7 41 L % 43 #7 B & #1 Unigene8841 &
£8Pl g it 6 BRL ST i 19 R B A RS 1, B O s
Unigene8841 )% 511 11 5 % 3@ PCR 5[4 F1 3
Ui RACE § 8% i %5 5 P 97 4% 51 97 ( GSP) Fil 5 50
1% (NGSP) (£ 1); M % T Unigene6752 #
Unigenel0310, | 43 51l #% 31 5'-F11 3'-RACE ¥~ 3 /9
Fr e ey 34 51 ) (GSP) Fl §i:051 %) (NGSP) (£
1), PCR 30 pL JZ N {k &AL .15 pL Mix fiiE
W (4304 ,Jb5t) , 1 pL cDNA(10 ng/pL),0.5
pL IE [ 5] 97 (20 wmol/L) ,0.5 wL JZ [55]# (20
pmol/L) ,13 wL ddH,0. PCR 3 Jij f2J5:95 C 15
¥k 5 min;95 C 30 5,60 C 30 5,72 T 60 5,35 4~
#§¥F ;72 C 10 min, RACE ¥ ## £ I8 SMARTer
RACE ¢DNA Amplification Kit i&#l| & ( Clontech,

pmol/(m?* -

unigene
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K ) R8I PEAT

VAL BT A7 97 38 7 W) 22 SR B 5 T R UK 0
J&i >k 1 DNA 4 ff 5] i3 5 & ( TIANGEN, Jb
H0) el H 89 R B, 5 PMDI19-T 244 (TaKaRa, K

) BRI B AR S I E. coli DHS o i1, B 1
o I i 07 K B 9, % PR R/ B
(TIANGEN, Jt 50 ) # JF RL I i% £ 1 15 A T Ak
TR B2 U

®1 KBEHPFAASIYMHERIET

Tab.1 Name and sequence of primers for the experiment

JH& A 519 % Fr 5197 5
purpose gene primer name sequences(5'-3")
T21E-5' GATCTACGACTCGGGCATGG
PCR PhTPS2-1
T21R-5’ CTCCTCATTGACCCGCTTGT
RT1GSP-5’ CGGGCGTAGTCGTAGGTGTGAAAGC
RTINGSP-5' CACCTTGTTCCGCATCGGCAAAAT
PhTPS1
RT1GSP-3’ CTGGCTGACCTCGCTACCCCCTC
RTINGSP-3’ GGTGTTCTCGTACCTGTCCACGTACATCA
LKy RT21GSP-3’ GCCCCTGGCAGACACGCCCAGTT
PhTPS2-1
RACE RT21NGSP-3’ GTTGGCGACGACAAGTCTGATGAGC
RT22GSP-5' TCACCGCCTGATAGGCCTCCCAGTC
RT22NGSP-5' ACGTCACTGCCACGTACCGTGAGCG
PhTPS2-2
RT22GSP-3’ GGTGTGCTGTCGTCGTCGGGCGT
RT22NGSP-3’ CCCACCGTAACGCCCATACCCG
QTIF TGACGCCCACCTCTACTACA
PhTPS]
QTIR CAAACCGATGGTTGGCCTTG
R orTpSL QT21F TCTGTCACGTGGTTGTACCG
gPCR QT21R GATCTTGTGACCGACGAGCA
QT22F GGCCGGATCAATAGCACGTA
PhTPS2-2
QT22R CGTGCTGACAGATAGCCCAT
P UBCF TCACAACGAGGATTTACCACC
) PhUBC
internal control UBCR GAGGAGCACCTTGGAAACG
B 74 I 5 MI3F CGCCAGGGTTTTCCCAGTCACGAC
validate positive clone MI3R GAGCGGATAACAATTTCACACAGG

1.5 PhTPS EEMENMERESN

Xif BT 3R A 4 42 4 3 PR 471 R NCBI ) Blast
P27 (http: //blast. ncbi. nlm. nih. gov/Blast. cgi)
1775 W] U5 1 K I, 9 >R A ORF Finder (http: //
www. ncbi. nlm. nih. gov/gorf/gorf. html ) % {4 43 #7
A TR B I B BEAE ( ORF ) 1 Fir 2 ith 22 Hk R 7 471 5
i F 7E £& % {4 PROSITE ( http: // prosite. expasy.
org/) . InterProScan ( http: // www. ebi. ac. uk/
Tools/pfa/iprscan/) Fll PrediSi ( http: // www.
predisi. de ) 7 $% 5 A )3 41 /) OR ~F 67 o5 LS 5 KT
B3R Clustal X7 WA TRUIERR 2 T 91 LEXS, OF
K MEGA 6. 06" %5 4 % K 8 4% ¥ ( Maximum
Likelihood ,ML) ¥4 3 PhTPS & |1 &R S 1L H -
1.6 PhTPS EFEFRiL/KFH qPCR S 1

S AR 4 & 5L BT 81 3t qPCR IE 2 ) 5]

Y1, It LAIR 58 3602 & % 4% i (ubiquitin conjugating
enzyme, UBC) BL[K/E N2, X PRTPS K& [H 75 (&
T A 2R K 38 T 19 2R 35 K P 47 qPCR K

FEBURY & BE 5 2 RNA #% PrimeScript® RT
reagent Kit ( TaKaRa, X% ) (9 15 B 45 47 48 1 .
25 WL MY R MK &4 7 :12.5 pL 2 x SYBR®
Premix Ex Taq'" Il (TaKaRa),0.2 wmol/L 5|4y
M2 pL RE =Y, P HRF R 95 T A4
30 5395 C 55,62 T 31 5,40 MEIH ., IR 4
Ja M 55 T 18 FHil = 95 T, 2l 1% fig il £k
qPCR #" 1§ 7E 7300 %% & PCR {L (ABI, 3£ [H) |
A7,

DL 10 x 8 BE 76 BE 1 cDNA il i 47 qPCR
yoya Ay Sl VE PhTPS1 , PRTPS2-1, PhTPS2-2 #
N2 R AR i h £ o U s oy A A B A 0 B
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ANTCAEAR X B, B A SO e 3 AP AT Lo D]
Excel 1 SPSS 19. 0 # X} 5 5 B 416 2647 58 11 2>
B, IR B 2K D5 22 23§ (One-Way ANOVA)
e/ 25 22 5 3% (LSD) B A [ % 4 24 1] 114

5t ,P<0.05 £/REFRFH, P <0.01 KR
FES

2 45

2.1 PhTPS EEWEKREERFIISH

PhTPS1 D) 47% 3% Unigene 6752 W% .00 JE 51,
ik RACE #73% J il J, 43 45 8] 1 F K B R
948 bp 1 5'-AK o )y 4 (K 1-a) 1 1 FZKJEH
1 071 bpiy 3'- A3 Fp 51 (B 1-b) o M 48 95 4% K iy
¥ 51 5 4% .0 ) 51 Unigene 6752 [ & & X #5477 5
PRI, 3 1 SRR 3 557 bp 2 K)FH, &0t
blast o X, B 0 1% FE K O 35 585 1 TPS1 LA, iy
%0 PRTPS-1, %3 2 #2538 %] GenBank {4/
L SR B S KM580358, i i ORF Finder 75 2§
A5y I R 51 108 ~ 3 569 i L oy
SEH& ) TT i %) 32 HE ( open reading frame, ORF) |, 7]
WASEL A 1 153 DR, 4y iR 124.2 ku, 5
HLASh 6. 73 1985 5T, ik NCBI i 25 1 fR 5F
X E 45 7 (CDD ) X 1% J& I 4 8 1 2 (3 T i A7
SEXFI, K Bz N i & 1 4 GT1_TPS
PRAFESA I (B 2) , i 45 40 3 g 1 1 2 1 8 T
FREL R Wl K00 L RE U8 i Ak 6-W IR ) 45 B 5 Bl 6-B%
IR 165 R o

PhTPS2-1 D15 %3¢ Unigene 8841 Jy#% 0> [
H1 3@ 3k 5" v PCR Fl 3" % RACE 47 4% K i

bp

2 000
1.000
500

250
100

Jo, or A 3 1 5Kk 874 bp 19 5K 3 ¥ )
(B 1-c) L1 254 HE 2 912 bp 1Y 37K i 17 41) ( [&]
1-d) . M4 2 4K % J3 41 55 # 0 JF 41 Unigene
8841 M H & X HEAT P I DR 4%, 198 1 XK E N
4 264 bpiy 2K ¥ 91, &3 Blast X, ) & i 5
MR 282 1 TPS2 JE A, 4w 44 o PRTPS2-1, i%
BLH C 42 52 # GenBank ¥4l FE b, ik 5
KM519457, i 37 ORF Finder 7F 2§ % 4 43 #7 %
B ZEER P H] 17 ~4 060 48 3 58 8 (1) ORF,
Al il &1 347N LR, 4y T il 145.2 ku,
LS. 96 EE BT, 38 5 NCBI /2 H R 5F
X E 45 5 (CDD) X 1% & PR 4 2 1 25 1 T i A7 4
SPXEU, K iz EE N A 14 GTL_TPS
PRSP (E 2) .

PhTPS2-2 V)17 %3¢ Unigene 10310 Jy#% .0 JF
4,31t RACE P38 R0l 5, 4819 1 401K 0 649
bp 1 5'-K %t FF 41 (18] 1-e) Fl 1 254K By 838 bp
1 3" - 40 (B 1-F) o I 2 40K o 3 41 5 4%
> J¥ %1 Unigene 10310 f) 5 & X #1777 5 942, 14
B 1K EN 3733 bp (Y2 KIFH], 40 blast
XF i 0 % R IR SRS TPS2 FE A, fiw 44 A
PhTPS2-2, ZK:H C 4242 3] GenBank (4 & i,
%5 KM519458 , 18 53 ORF Finder 7F£& 4% {4
R R, P81 253 ~3 576 SR R o8
i) ORF, il % 5 €0 & 1 107 A HLMR, 7r i
120.2 ku, 2561 /50 5. 42 /9% (1. 38 38 NCBI
25 DR <1 DX B8 P72 (CDD) X 32 4 A 25 i 1) 25
F T HEAT R ST XTI, & % 8 N g [R) R4 %
1 > GT1_TPS {5145 (& 2)

1 PhTPS E R E = EXE
(a) PRTPS1 B:[F ) 5'-PCR 4" 444 ; (b) PhTPS1 £ [H 1) 3'-RACE §" 1§ #) (i k) ; (¢) PATPS2-1 B:[F ) 5'-PCR 414,45 (d)
PhTPS2-1 [ 3'-RACE #3745 (%535 ) ; (e) PhTPS2-2 J: 1y 5'-RACE "3 =¥ ; (£) PhTPS2-1 £ [H [y 3'-RACE -1 gy
Fig.1 Agarose electrophoresis of PCR or RACE products of PhTPS genes
(a)5'-PCR products of PhTPS1; (b)3'-RACE products of PATPS1 ( Arrow) ; (¢)5’-PCR products of PATPS2-1; (d)3’'-RACE products
of PhTPS2-1( Arrow) ; (e)5'-RACE products of PhATPS2-2; (f)3'-RACE products of PhTPS2-2
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PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2
PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

PhTPS1
PhTPS2-1
PhTPS2-2

MPGLPHVMSAPTVQIPLTPSVPQPLSRGQAGNNSLPHLAAADLPSLSSDGLG—————— —GKGQA—AAASHLT—EG
——————-MGHGLTGTPFLPGIPEDIVSVTDGSERGTGASGGDGSAVDTEGDGQDTGDGLNEYQRELAEEEAAAQRSSLASTLTEE

M
M

ETLARTQELHRELTVVRESEEAAAGAGGGVGGAAS——EA——————————————— ATGADGRPGGSVLGENGLGGSTPGRRLLVV

VLLSRLQDLQMELKLLRDRRGAFLAAANGTAPPQLSSDS-VPTVAATSETFA——-AHASAASRAAKR——-LPPATRMHSGPLEVA

FVLERTADVPFVWV-—----—-—--——-GLLPST-DSER-GRSRGEDSR—————- HHGSG-GGGHGRSGSGGGGEGNGD——————

SNRLPVTINKN-NDGQWDFKMSAGRL~—VSALAGVKNEFPFVWVEWSGSEVPDEDQ DSLRTEL--———RAQHECVP

SFRLQPSVDISADTGAVKASLSAGBLGLVPAFRHLVSRTRIVWLEMPVFAAGG——VPNAA—TQARTQARLRARKPSAVLSYAP

————GGSGDHGNGDGSNGVRYGKGSRSNGIDLDDPVSRSYNPWRDDL SS———-SQRRLG————-SGRRPPRGSRGKDPADRSRYVA
A ° A

VFLSDFDAHLYINGFCNDVLITLFHYVPLPIVSSDGERKFDVKYWEAYSKANHRFAEAIMQVYE

IFPRPSDA—VTHQAFCNNVLIALFHYLPLSF———EGDRSFRPEMFEAYKRVNEEYALALLREFERSRRGVPPGHGLGLGGRPASA

VTLP—SSLEAPFYAFCEETLIB LHYDYGAL-GNGGSGGVDTRDWEAYQAVNRRFAEAVTEVYE:
A A

P
r

KTSVDAQAGPSNAKTSVDAQAEDVDASDVLLADDLLAGGAAADAEAANAEPAACNPAAAPAAEPAPASGPGLAGGGREAGGGVEE

P
1

GDLIWVQIXHLMLLPSLLRKRIRDVTIGFFLITPFPSSEVYRILPMRNKVLQGVLAADLIGFHTYDYARHFLSVCTRILGLEASP
TGVFWVHIEQLMlVPKMLRERMPHAKIGFFLITPFPAGELYRTLPPRRELLEGMLGADLIGFHTYDYARHFLSACERILGLDIRP
GDLVWVHNYHLLLLPAMLRRRLWYAKIGFFLYTPFPSSETFRLLPQRSEVLRGILGADLAGFHTYDYSKQFLASCARLLGLEGSP
[ ] ®
KGVDY———KDHFAHVGIFPIGIDPTAFIRALDLPSVQERASELQAKFAGKKVLLGVDILQ—YIKGVPHKLMAFETLLARHPEWNE
NCVDN———HGVLVHVAIFPFGIDTKTFTSAMLRPSVIRQRDALKEELAGKKVLLGIDILQ—YIKGIPHKLLAFEHFLETYPEYVG
KGIQVEPGGGHVCEIGIYPPGIDVAGLKAHVVSKAVRARVLELRDRFAGRAVVDSVEI=DDAFAGIPLTLLAFESLLHKHPEYVT
A
RAVLVQIAVPSI——TEVEEYKKLSSQTHELVGRINGKFGSVDYSPIVFINQSVNFHDLVALYSVADVCVVSSI
HVVLVQIATPSQ—TTSEEYAGFRAEILEEVGRINGRFGTVDDMPIHYREHAMSFDTLCALYSMADVAVITSL!
AVVLVLVATIPIHEEQLSSYRALASQINTSVGRINSTYGSIGTSPVHFINAELPQDELYALMSVGSVCVVSSI
[ ]
MCQR-ERHGVLVLSEFAGSAQSLS-GALRVNPWNIEELATALHDALSASPRERQLKQQKLYRYVTTHTAAFWAQSFVSELRELAN
VCQA-KNRGVLVLSEYTGAAQSLP-GALLCNPWSVEEVSHTLHVALTMSDAERELKHKKLYRY TLMHSSSQWGLNFVSDLLQYSA
ICQHAGNRGPLILSEFAAAAHSFS-TARHVNPWDVDDLRDKLAACLTMPTMDKRSRDEAAYRFVTTHTAQLWGLNFLEDLEEIEP

LEREARDARGANLPLPFLRVERELVTAMQPRRHRLFLFEYEGTLCAPVALADLAT———————-] PSSSLRRYLARLTADRANAVY
ARRLAVE-——KLVRLPVAHVR-——WLF-ARRRRRLILLDYDGTLREWESQPELAE———————- PSVRLRTLLKRLADDEANMVF
VRARVVA-—————— TPHLDEAALSDSLRSSTKRKLFVLDYDGTLIPFHLLWQLAA———————] PPPTVTDFVTNLVSQPDVEVI

IFSSRSKTVLDGWFGDLHVGLVAEHGCDFRHPGHPA
IITGRQKDTMRRWFSGLGIGFAVEHGFALQWPARVRPMFRASAHRVSVSLPLDGPSPMAGFSPLAGPSPLVGLSPIPGSPLPRQ—
ILSGRDRAKLSAWFPDSRIGLAAEHGHFLRLPNETEWQVLPRGYSTNAPPPPSGPPPLDASAPPNTPAPSNTVTPAMPPAMPGVL

WEP
~——GSAT-—-——--————RMAPLPALSPLLRGV GPLAGAAPLA-DTPSWGAPSRRRD-———
SSSGVNVDTPSLIALPKSLASLPVTAPAAAAVDDTSNRRPQPVSDGGASPSLLVVPDPRDGTADVAAGEPPLLSPAGSRDAALAA

----------- RPHHAHHAHQAH: HAHHVHG RPHTGPVLPSPD
ASGAPDTTAGGRGHKKHVSVLSSDSSSGSGSSSGIGVDSGSASASAGASVGGRERGRRSSKGGGEGGGSSMDSRGGLVPVLGVAA

LIGLHDPAWRD EVVPILQYFSERTPGSHLELK
AS——AAPAPDAAVR—————————-PANLHLPGLGSVDSAEEDWWEERPENDPAVERAMVAALAQARSLLKTFERHTPGSFVVDK
AGSSPRSGPDAAVGGEGGGGVRLPPPTVTPIPGGGVPVGAPSPTLGS———-TAASTGHIAAWKSAVLPVMRHFVERTPGAVMEEG

EKVITWHFRDADPQFGSWQAKELQ-LLLAESCTSLPVEVVSGS———KFLELRPVGVNRVAAVQRITAELPE-—————PALDFVLSL
ESSVTWLYRDADSNFAFTQAKEARQR-LEEVLGGSPLEVLVGH——-KILYVRPRGVNKGATVRQIVRRMRHVDGGVGGPDLLFAV
EATVTWHYYDADVDFGRWQARDLQKHLELFLLQHLSVEVVSGEKPGKWIKVRPSGVDKAGAVQRALE————- LSGARFDWAIVA
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PhTPS1 GSDKA-DEEVFSYLSTYIKNEPEVST-—-LCCRVGKQQSSAA————— DRYIPDVDS————ALRVLRETAPAAKRTAGMASSAGL
PhTPS2-1 GDDKS-DEQMFEEVEGIREAA-AAQR———NTT-SGALDEATHEEDQRREWETENQRSGKDMPTGVSSRLQQATDRG-GSTPSPGA
PhTPS2-2  |GDDRS-DEPMYELLRNERKLGELGFRGRTLSVRVGLGTQTA————— -ADYVVDSPTR——-LMTIIDSVLFEEESGAGVAEERDF
PhTPS1 LSFLDLPISS-KSSNTIGHFAAASRASSITKNAGGVKSALQM———AKSTGGGRLRDIAA—TSLAESKSARAKMGNAG——-PASS
PhTPS2-1  LGSGEEPADYSSG—-GSGP——-————————GDAPGDDEALDGFPYGDPTAPRQWRRRRRQRWPTEDGRSASAAVPGAGDLPPA—
PhTPS2-2  LS———EHNWTEAGLAGLGAD
PhTPS1 SAAFLPTSGSV- -ASRVAASKSHMSLPLGTHPGAGLSSQRPVVSRQVGAPSAT
PhTPS2-1  —GLLAADGRQLSADASAAGAGGSSYGGSDKGSRLRASELDDEMAASSMLGDIAVLTCTVGRK————— TTKARYYFDDVNDV
PhTPS2-2
PhTPS1 ALTSELLGPRSGRLGGQTTFSAGPRSMVPLSAPLPSPDLAAATTPGTLVQQPTPSAVVNAAAVRLDMSDLPSASPASVAPTPIST
PhTPS2-1  LDALEELAQRE
PhTPS-2
PhTPS1 PSDGSTRGLPSTRSSPGPTAAQSRAAHKATGVRFLDMEPDAPEVSCSPP
PhTPS2-1
PhTPS-2

B2 PhTPS EHRERFIINESERFTILEXE
TRIZARIT 9 N Sy GTL_TPS fRAFE5 K3, TR A1 A7 ARIC A mi A O - R A 46 W I 0 45 5 B9 DR ST 2, BTSE A0 @ 7 Bl fir iy
UDP-4j % W I8 4 45 6 09 DR ST 1, 752 00 D HE R 10 A0 5 A M DS 12 e T M i 2% 6 1 ( GPGT) SR 3L A1 ) A 5 37 A, 5 HE 388 40 o
R K gt g (TPS2 ) B4 PRAT 0L
Fig.2 Multi-alignment of amino acid sequence of PhTPS

The underline sections were the conserved N-domains of GT1_TPS. The amino acid sites which indicated with gray background and “ A”
were the conserved substrate binding sites of glucose-6-phosphate, the amino acid sites which indicated with gray background and “ @”
were the conserved substrate binding sites of UDP-glucose; the amino acid sites which indicated with gray background and box were the

conserved sites of glycogen phosphorylase glycosyltransferase family,and the amino acid residues which indicated with boxes are the two

typical conserved sites in the phosphatase family ( TPS2)

2.2 PhTPS EEWEZFIILLN R RGHL S
TPS 2 R )T 5 11 £ T )7 51 bb ) 45 S 3k
WY, saken 3 AR )| T TPS JER 0%,
PhTPS1 5 GenBank {#EEF A HmEH A 1 &ix
53¢ TPS Z HL R )7 4 (AGT80036. 1) 1) [a] I 1 2
99% M5 HAM 3 S A IR 53K TPS Z IR T 5]
1 [ 6 4 35 4 38% ; PhTPS2-1 H1 PhTPS2-2 5 /%
M Es 5 2% TPS S JE IR T 51 1 [ U5 1k A%, AN
37%~51% (% 2) . ZHEFH) X455 EKY], PhTPS1
FHEHEA N g GTI_TPS {RAF&5H5L, J& F 17
TPS W% % ; i PhTPS2-1 1 PhTPS2-2 & 14 T A

A N 3] GTI_TPS fRAFEHIRAN i85 C i M
AWK ik B DR <Y L1 (Y TPP Z5 445 (5] 2) , Ik
PhTPS2-1 A1 PhTPS2-2 W Hjse & H , J& T1% TPS
WK o [RIIIX 3 45 PRTPS JEIR 4t () 2 AL 1R 17
FNEIELE TR i BEOR ST BIAL AL, WS S 45 6-TE IR
BRI W0 1) 67 05 Arg9 |, Gly40 | Tyr76 | Trp85 #l
Arg300, % 5 4 5 UDP-j %) Bl I ) 1) A2 i Gly22,
Asp130 ., His154 | Arg262 ., Asp361 F1 Glu369, H 1,
Asp361 I Glu369 2 Wl J5 i BR 1k [ B 5 5% 7% 1
(glycogen phosphorylase glycosyltransferase , GPGTF)
I PRI (8 2) o

R2 IREXTPSEQSEBMNFIIRIELE
Tab.2 Sequence similarity among TPS of P. haitanensis %
PhTPS1 PhTPS2-1 PhTPS2-2 AGTS80036. 1 AGT98612. 1 AHBS86958. 1
PhTPS2-1 50
PhTPS2-2 42 40
AGT80036. 1 99 51 42
AGT98612. 1 38 39 37 38
AHBS86958. 1 38 39 38 38 97
ABG75728.1 38 39 37 38 97 99
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Hik—WIHG PhTPS & H A R R R,
Ve GenBank % 418 A Hh 24 A 1) 3 28 Fl g S5 A W)
M4 2% 1 Bel 12 4% 11 54 TPS & [ 1Y & FE R )7 91
SARWEGE B i BE 3 45 PhTPS &K U7 4 5 1) 5
B2y 4 il ik MEGA 6. 06 F2 )3 5% ] e KA SR
#: (Maximum Likelihood ,ML) #4# T Z& 48 (L #
(K 3), 45 BR, TPS RS kb4 B B i
iS4 45 1 AL TPS 4 [ /5 il PhTPS1 2K )5,

54 X 3E (XP_005712424. 1) 11 % TPS & (4
S %% PhTPS2 LR R KH — A K4, M
Pl I B TPS A RE N 7 — 4 KoL (K
3) o ULHIIR 53R A f X Ry 1T A TPS &
5 18 TPS S H MRS R Wik, 15 H A Y
By 1A TPS B M EL X R E L L H &
RBFEE MR &3 RS H G RAZMRE HE
T BA R 15 TPS B H R4 S R ARz,

Ulva prolifera(ABG75732.1)
Saccharina japonica(ABG75727.1)
4 Gracilaria lemaneiformis(ABG75729.1)

100

99

100 | Pyropia yezoensis(AAW27916.1)
Undaria pinnatifida(ADB19855.1)
Galdieria sulphuraria(XP_005708237.1)

100

100

Dunaliella salina(AGC54785.1)
Solanum lycopersicum(NP_001233896.1)
Ginkgo biloba(AAX16014.1)

—iArabidaps[s thaliana(BAF01061.1)
98 Gossypium arboretum(AC162866.1)

A PhTPS2-2
Chondrus crispus(XP_005712424.1)

100 |

51

96

100

L APHTPS2-1
APhTPS]

Chlamydomonas reinhardtii( EDP04588.1)
Arabidopsis thaliana(CAA69879.1)

0.2

Zea mays(NP_001123593.2)
99 [ Ly _

100 “-Oryza sativa(AEB53177.1)

3 ETEERFIAE TPS HEFHLH

Fig.3 Phylogenetic tree constructed with TPS amino acid sequences

2.3 PhTPS EEREKFEHIRKKESE PCR
S

Koy Mt PRTPS S R 7 42 5% 2% W) 1y 396 1% oy 36
T AT B AR T, AS B 5E 8 i qPCR H R X 3 4%
PhTPS Jk PR 7E 5 T A1 2R K B8 R 11 28 35 R AE 1 17
TR X E AT (L 4) o

£ 29C & i W 38 AS [ B ] K S SRR
PhTPS1 .PhTPS2-1 I PhTPS2-2 3 /~ 3 [H iy 32 ik
B S A — B MR 3 h if, PRTPST F
PRTPS2-1 (43235 7K - Hy T 32 J I (] e T 098,
KK B2 FE (P <0.05) 1 PhTPS2-2 ()3 ik
KA K A 2 AR A (P > 0..05) 5 {5 Y & i
JHpiet >3 hopd,3 AR 2R R KO 35 32 B K R
[ 7= ek o 360 0 P, AR OK P B3 R (P <
0.05) ; 4 /= i W 38 45 22 M3k 12 h ( PATPS1 Al

PhTPS2-2) 5% 24 h( PhTPS2-1) it ,3 3L [H g %
IR 7KV AT BE A7 B A A0 L b B s s AL Y
T, X E LR E R0 JF LG R K F
(PhTPS2-1 I PhTPS2-2) , H: % & & ( PhTPS1)
(P<0.05,[ 4-a,c,e) ., iH] PhTPS 3 1F 15 4
SK i Tk M 38 N 25 rh T B A R AR I R AR L L
FIB KT 19 3 25 A8 Ak R — Rl gk 2l hy i 25 R
FEA A R 7K iy 380 2 4, PRTPS1 ( PhTPS2-1
M PhTPS2-2 3 /> KL DA 11 36 35 7K °F- 722 A 2 20 A
— B IR KT A AR T RS — 3K
PRTPS1 FEHRK - (K H <60% ) 1 2K 7K Jik 38
FMF RIBAKTFEA K AEREZEL(P>0.05),
YK Z N T5% if, ik K3 B (P <
0.05) , b 2 e /K B 38 Fir R 3h K P19 4. 47 £, (H
Bt 2R 7K 38 B, 2 KK P S TR (P <
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Fig.4 The relative expression levels of PATPS genes at different levels of stress

a,c,e:The relative expression levels of PhTPS genes in different time of high temperature stress; b,d,f:The relative expression levels of

PhTPS genes in different level of desiccation and in rehydration for 30 min. Bar of each column with different small letters mean significant

difference (P <0.05)
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Cloning and expression analysis of trehalose-6-phosphate synthase( TPS)
family genes from Pyropia haitanensis

SHI Jianzhi, XU Yan, JI Dehua, CHEN Changsheng, XIE Chaotian”
( College of Fisheries, Jimei University ,Xiamen 361021, China)

Abstract; Trehalose-6-phosphate synthase ( TPS) , the key enzyme involved in trehalose biosynthesis, plays
particularly important roles in a variety of stress responses. In this study,based on unigene sequences which
were obtained from whole transcriptome sequencing of Pyropia haitanensis, three full-length PhTPS genes
were obtained by rapid amplification of cDNA ends( RACE) ,and named PhTPS1,PhTPS2-1 and PhTPS2-
2. The full-length cDNA of the PATPS gene comprised 3 557 nucleotides and contained an open reading
frame of 3 462 bp( GenBank accession; KM580358 ) ,encoding a protein of 1 153 amino acid residues with
the predicted molecular weight of 124. 2 ku and theoretical isoelectric point of 6. 73 ;the full-length cDNA of
the PATPS2-1 gene comprised 4 264 nucleotides and contained an open reading frame of 4 044 bp( GenBank
accession ; KM519457) ,encoding a protein of 1 374 amino acid residues with the predicted molecular weight
of 145.2 ku and theoretical isoelectric point of 5. 96; and the full-length cDNA of the PhTPS2-2 gene
comprised 3 733 nucleotides and contained an open reading frame of 3 324 bp ( GenBank accession:
KM519458) ,encoding a protein of 1 107 amino acid residues with the predicted molecular weight of 120. 2
ku and theoretical isoelectric point of 5.42. On the basis of conserved motifs and phylogenetic tree analysis,
PhTPSI belongs to the [ subfamily of TPS and PhTPS2-1 and PhTPS2-2 belong to the [l subfamily of
TPS. The expressions of the three PATPS genes, as measured by real-time quantitative PCR, were
significantly induced by high-temperature stress and desiccation stress,but had different expression patterns.
During high-temperature stress, the expression levels of the three PhTPS genes were all significantly
upregulated firstly and then decreased,but as the high-temperature stress continues, the expression levels were
upregulated again. However, during desiccation, the expression levels of PhATPS1 and PhTPS2-2 were
significantly upregulateded only when the water loss was > 60% or 75% , but the expression level of
PhTPS2-1 was significantly upregulat when the water loss was > 15% . These results suggested that the three
PhTPS genes may play important roles in the response to higher desiccation stress.
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