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Abstract; Taking cultivar ‘ Liuhe Huangxingin’ and ° Jinnan Shiqgin’ of Apium graveolens Linn. as
research objects, limonene synthase gene was cloned and named as AgLIMS, and the length of its open
reading frame is 1 800 bp, encoding 599 amino acids. The results show that there are two sites of
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difference in the nucleotide sequences of AgLIMS gene from two A. graveolens cultivars, and there are also
two sites of difference in their encoding amino acid sequences; there is a conserved region of plant
terpene synthase (Terpene cyclase plant C1) from 50th to 586th in amino acid sequence encoded by
AgLIMS gene, which possesses typical isoprenoid synthase (Isoprenoid Biosyn C1) superfamily domain.
The theoretical relative molecular masses of AgLIMS protein of two A. graveolens cultivars are 69 120 and
69 190, respectively, and their theoretical isoelectric points are both pl 5.52. Among the amino acid
sequence of AgLIMS protein, the percentage of hydrophilic amino acid is higher than that of hydrophobic
amino acid; their secondary structures are mainly composed of o-helix and random coil, but the
percentages of a-helix, extended strand and B-turn are slightly different between two A. grawveolens
cultivars; their tertiary structures all contain one B-sheet, but the number of a-helix is slightly different
between two A. graveolens cultivars. The identity of amino acid sequences encoded by AgLIMS gene and
LIMS gene from multiple plants is 61.33% ; in the phylogenetic tree, the evolutionary relationships of two
A. graveolens cultivars are relatively close with species in the same family, but are relatively far with
woody species in other families. The qRT-PCR result shows that AgLIMS gene can express in leaf, petiole
and root of two A. graveolens cultivars, its relative expression is the highest in leaf and the lowest in root,
and the difference in different tissues is significant; the relative expression of this gene from different
tissues of ‘ Liuhe Huangxingin’ is significantly higher than that from ‘Jinnan Shigin’ in general. Under
high temperature (38 C ), low temperature (4 C ), drought ( mass volume fraction of 20% PEG6000)
and high salt (0.2 mol + L' NaCl) conditions, the relative expression of AgLIMS gene from two A.
graveolens cultivars shows different change tendencies; in general, the relative expression of AgLIMS gene
from *Jinnan Shiqin’ all increases at different degrees; while that of ‘Liuhe Huangxingin’ significantly
increases under high temperature and drought conditions. The comprehensive analysis result shows that
the differences in nucleotide sequences of AgLIMS gene and its encoding amino acid sequences of two A.
graveolens cultivars are very small; Agl.IMS protein is neutral and hydrophilic protein, and its evolution is
conserved with some degree; the expression of AgLIMS gene from A. graveolens is tissue-specific, and its
expression characteristics vary under abiotic stress, but the variation effect is different among cultivars.

Key words: Apium graveolens Linn. ; limonene synthase gene ( LIMS gene) ; physicochemical property of
protein; abiotic stress; gene expression characteristics
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REHINEY Z—, Tr3RE TR HESR3E , ol Al
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17 F-80 CUKAH, FH T AL RNA #2550 cDNA A Al K
FERFGR M BRI E 3 N EYFER . S O
[ 14 SEgRisett, Ik AR IR B 35 95 55400, % 2 %
A BTG (4 °C) iR (38 C) \ TR (g
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JEUSI00 KBRS AgLIMS LR 5 AR HR% 3 B % 41 43
BT E 514 (5 -~ATGGCTCTTGCATCCTCTTCTC
AGA-3") FlI 2 154 (5'-TTATCTATCATTCCCAATA
AGAGTT-3") , PCR ¥ 8K R SUAFH 20.0 pL, 4%
PrimeSTAR Max Premix [ F44) TR ( Ki%E) HRA
7)110.0 wL BZEIK 7.0 pL.5 mmol - L™ cDNA AR
1.0 pL 5 10 pmol « L™ AYIE ] A 17 514745 1.0 pl,
PHARY A .94 °C FUAEE 5 ming 94 C AR 30 s,
54 CiR K 30 5,72 CHEAH 30 s, 3L 35 NI ;72 CHE
i1 10 min, 3734795 H a5t 4 g 2R BB AT BR
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Bt 28 AT 51 b AR 28 T HAL (SMS) (http: / www.
bio—soft.net/sms/ ) 73 ¥ AgLIMS & H B BLS A X 70+
[t | 2 R 2 BFN B e 45 L 45 S A SOPMA [
¥ ( https : // npsa—prabi.ibep. fr/cgi —bin/npsa_automat.
pl? page=npsa_sopma.html) ¥} AgLIMS % 1 #Y 2 4%
FIHEATAE LR T 5 38 32 CPHmodels 3.2 B3k (htip //
www. cbs. dtu. dk/services/CPHmodels/) 7F 2k & 7.
AgLIMS & H 1) =R EAY
1.2.4  qRT-PCR %47  HHE AgLIMS i K 1y 45
W R H Primer Premier 6.0 3045129 6 E =519,
E B S K 5" - TTGGTGGAGGCTCGGTGGTT ~
3, a5 ¥R 5 ~-TGCTTCATCACTGCTGCCCAT
TT-3"; LA 32 actin 3£ R AE R 9 S 3 AW il
qRT-PCR K3l 2 45 53 BT AgLIMS 3[R ) 28 35 K -,
J AR AR 20.0 WL, f46 10 wmol - L™ A 1E 7]
M 51945 0.4 wL Hieff PCR SYBR Green Master
Mix (R Z A YRR R A ) 10.0 pl ALZEK
7.2 uL 15 mmol + L™'cDNA #ifz 2.0 pL, ¥ HFE )7
47:95 C AN 5 min;95 C A8 10 5,55 °C ~60 °C
1Bk 20 5,72 CHEM 20 s, 3L 40 DFIR, R 2744
PSS AgLIMS FEDR AR A
1.3 #HiELESH
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BLOTE M HER 520 AgLIMS H: R A% 15 1R e 51 A
2 ABEEAL 22 5, 4 A 954 Aiiy C T A DL
551 693001 A FI G (B 1) B HRIT 9 Y 22 57 T 3
LR I IR A R AR U A I R 5 318 v 22
MR (Ser) FUAE &R (Arg) LA R 55 565 i K 4 it ik
(Asn) FIERAZR (Asp) o %?bﬁ?ﬁ?)ﬂﬂ%ﬁ( K 2) &
7N : AgLIMS B PR Gifith 1) 2 BE IR P S AE 26 50 255 586

1 ATGGCTCTTGCATCCTCTTCTCAGATTCTGTGTTGCAACTTTGGGAGATATATCCCAGTAAACCCTACACAAAAAAAGGGCTTCAAGACT
MALASSSQILCCNTFGRYTIPVNPTA QEKTZEKSTEGTFTZ KT

9 1 GTTATCAGATCATTCCCTTGCAGAACAAGGGTTTCTGTGTCCCAAGAGCCTATAGTTCGGCGATCAGGAGATTACAAACCTTGCATTTGG
VIRSFPCRTRVYSVSQEPTIVRRSGDYZ KPCTIW

1 8 1 GACTACAATTTTCTTCAGTCTTTGAAAAGTGACTATGCGGGGGAAGGATCCCATGCACGAGCTTCAGAATTAAAACAAGATGTGGACATG
DYNFLQSLEKSDYAGETGSHARASETLTEKA QDVDM

2 7 1 ATATTTAAAAATGTAGCTGATCCATTAGCTCAACTGGAGCTAATTGATCACTTGCAAAGACTGGGATTAGGTCATCATTTCGAAGGAGAA
I FKNVADPLAQLETLTIDHLA QRLGLGHHTFTESGE

3 6 1 ATAGAACAAACCTTGGAAAGAATATATAATAGTGATCTTGCAAAGAACAATGACTTGCAGGAAAAGAATTTGCAAACTACTGCTCTTAAA
I EQTLERTIYNSDLAKNNDLG QET KNLG QTTATLK

451  TTTAGACTTCTCAGAGAACATGGATATCATACATCCTCAGAGGTTTTCAAGTGTTTTATGGAAAATGGAAAATTGAAGGAATGTCTTGGT
FRLLREHGYHTSSEVFEKCFMENGEKTLEKETCLEGEG

541  GAAGATGTGAAAGGAATTTTGAATTTATACGAGGCCTCTTACTACTCCATTGAAGGAGAGTCGCTCATGGAGGAGGCTTACCGCTTCACA
EDVKGILNLYEASYYSTIEGESLMEEAYRTFT

63 l AGCAAAATCCTTACAGAGTGCGCCAAGTCTATTGATGATTCAGATCTTGCCATGCAAGTTACACATGCTTTGGAACTTCCACTCCAATGG
S KILTECAKSTIDDSDLAMQ@VTHALETLTPLA® QW

72 1 AGAATCCCAAGATTTGAAGCGAGGTGGTACATGGATATTTATGGAAGAAGTAGCGCAATGATGCCAGCAGTACTAAAATTTGCCCAGTTT
RIPRFEARWYMDTIYGRSSAMMPAVLEKTFARQ QF

8] l GACTTTAACATTGTGCAAGGTTTAAACCAGGAAGAACTTAAAGATGTGTCAAGGTGGTGGAATAAAACAGGTCTTGGACATAAGCTTGAC
DFNTITIVQGLN QEELTZ KDVSRWWNIEKTGLGHTIEKTLTD

90 l TTCATAAGAGATAGGTTGGCAACATCT'ITCCTCTGGGCTGTGGGAAT'ITCTA@GACCTGAAC.‘\CCGATA'ITTCAGAATACAMTGGCT
FIRDRLATSTFLWAVGTIS RPEHRYTFRTIQQMA

99 1 AAAGTGATACAGCTTATTACAACATTAGATGATGTTTATGATGTTTTTGCAACTTTGGATGAACTCGAAGTCTTCACAAGTGTAATCGAG
KvIiQLITTLDDVYDVFATLDETLEVFTSVIE

I 081 AGATGGGACATAAATTCAATGACAGAGCTTCCACACTACATGAAGATTTGCTTCATGACCCTTTACAATCTTGTCAATGAGATCGCGTAC
RWDTINSMTETLPHYMEKTICFMTLYNLVNETAY

I l 71 GATATACTCATGGAGCAGAACATTGATGTTCTACCACAACTAAGAAAATCGTGGACTGATTTGTTGAAATCTTACTTGGTGGAGGCTCGG
DILMEA @QNTIDVLPQLRIEKSW¥WTDLLIEKSYLVEA AR

1 261 TGGTTTCACGGTGGATACAAGCCTACATTCGACGAATTCTTGAGCAATGGACTTGTGAGTATAACGGGGCCTATCATAGCAATTCAGACT
WFHGGYKPTTFDETFLSNGLVSITGPTITIATIQT

] 35 1 TATATTTTCACATCAAATCCAATCAGGAAAGAAGATATGGAATTTATTGAAGGCCTTCCAGATGTCCTGCGCCTGGCATCAGAAATTTTT
YI FTSNPTIRIEKEDMETFTIEGLPDVLRLASETITF

1 441 CGACTATCTGACGACTTTGGAACTTCTTCGAATGAGTTAAAAAGAGGAGATGTTCCGAAATCCATACAGTGCTACATGATGGATACAGGT
RLSDDFGTSSNELTZEKRGDVPEKSTIQCYMMDTG®G

1 531  GTTTCAGAAGAAGTTGCACGTGAACACATGATTAATTTGATGAAGAAAAAATGGGCAGCAGTGATGAAGCATCGGTTAGCAGATGGTATT
VSEEVAREHMTINLMEKTEKTEKWAAVMKHRLATDGTI

1621 CCTCTGGA'l'"I'GGTCA'I"l']'GTCGAGATITI'ATTGAATC'I'GG'I']'CGAACAGCACATTGCATGTACAATGGCGG@TGATGGCCATGGAGT}'

PLDWSFVETILLNLYVRTAHCMYNG GG

1 711  GAAGATGGTTTAACCAAAGATAGGATTTCTTTGCTGTTTAAAGAGCCTATCCCTTGTATGCAGGAAACTCTTATTGGGAATGATAGATAA
EDGLTIE KDRTISLLTFEKEPTIPCMQETLTIGNTDR *

A

PEAFAERIY MG ZE A ( Terpene cyclase plant C1) f&£5F

DR, B MR 28 5 I 0 A U ((1soprenoid

Biosyn C1) # K L5,

2.2 AgLIMS ERRBHIERFIHNENERF
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2.2.1 FURMIL A RGBS H RN
BLOT R R ST AgLIMS BER 5 HoA 13 Fh

1 ATGGCTCTTGCATCCTCTTCTCAGATTCTGTGTTGCAACTTTGGGAGATATATCCCAGTAAACCCTACACAAAAAAAGGGCTTCAAGACT
MALASSSQILCCNTFGRYTPVNPTA QEKTE KT GTFTZ KT

9 1 GTTATCAGATCATTCCCTTGCAGAACAAGGGTTTCTGTGTCCCAAGAGCCTATAGTTCGGCGATCAGGAGATTACAAACCTTGCATTTGG
VIRSFPCRTRVSVSQEPTIVRRSGDYZKPCTIW

1 8 1 GACTACAATTTTCTTCAGTCTTTGAAAAGTGACTATGCGGGGGAAGGATCCCATGCACGAGCTTCAGAATTAAAACAAGATGTGGACATG
DYNFLQSLEKSDYAGETGSHARASETLTEKA QDVDM

2 7 1 ATATTTAAAAATGTAGCTGATCCATTAGCTCAACTGGAGCTAATTGATCACTTGCAAAGACTGGGATTAGGTCATCATTTCGAAGGAGAA
I FKNVADPLAQLELTIDHL® QRLGLGHHTFEG GE

361 ATAGAACAAACCTTGGAAAGAATATATAATAGTGATCTTGCAAAGAACAATGACTTGCAGGAAAAGAATTTGCAAACTACTGCTCTTAAA
I EQTLERTIYNSDLAKNNDLG QEZ KNLA QTTA ALK

451 TTTAGACTTCTCAGAGAACATGGATATCATACATCCTCAGAGGTTTTCAAGTGTTTTATGGAAAATGGAAAATTGAAGGAATGTCTTGGT
FRLLREHGYHTSSEVFZ KT CFMENGEKLTEKETCLSGEG

541 GAAGATGTGAAAGGAATTTTGAATTTATACGAGGCCTCTTACTACTCCATTGAAGGAGAGTCGCTCATGGAGGAGGCTTACCGCTTCACA
EDVKGILNLYEASYYSTITIEG GESTLMEEAYRTFT

631  AGCAAAATCCTTACAGAGTGCGCCAAGTCTATTGATGATTCAGATCTTGCCATGCAAGTTACACATGCTTTGGAACTTCCACTCCAATGG
S KILTECAKSTIDDSDLAMQVTHALETLTPLA® QW

721 AGAATCCCAAGATTTGAAGCGAGGTGGTACATGGATATTTATGGAAGAAGTAGCGCAATGATGCCAGCAGTACTAAAATTTGCCCAGTTT
RIPRFEARWYMDTIYGRSSAMMPAVLEKTFAQQF

811  GACTTTAACATTGTGCAAGGTTTAAACCAGGAAGAACTTAAAGATGTGTCAAGGTGGTGGAATAAAACAGGTCTTGGACATAAGCTTGAC
DFNTIVQGLNQEELZEKDVSRWW¥WNIEKTGLGHEKTLD

Q01  TTCATAAGAGATAGGTTGGCAACATCTTTCCTCTGGGCTGTGGGAATTTCT! A@'\GACCTGAACACCGATATTTCAGMTACAMTGGCT
FIRDRLATSFLWAVGISERPEHRYFRIQ\{A

99 1 AAAGTGATACAGCTTATTACAACATTAGATGATGTTTATGATGTTTTTGCAACTTTGGATGAACTCGAAGTCTTCACAAGTGTAATCGAG
KvIiQeLTITTLDDVYDVFATLDELEVFTSVTIE

1 081 AGATGGGACATAAATTCAATGACAGAGCTTCCACACTACATGAAGATTTGCTTCATGACCCTTTACAATCTTGTCAATGAGATCGCGTAC
RWDTINSMTELPHYMEKTICFMTLYNLVNETAY

] ] 71 GATATACTCATGGAGCAGAACATTGATGTTCTACCACAACTAAGAAAATCGTGGACTGATTTGTTGAAATCTTACTTGGTGGAGGCTCGG
DILMEQNTIDVLPQLREKSWTDLLTEKSYLVEATR
1261 TGGTTTCACGGTGGATACAAGCCTACATTCGACGAATTCTTGAGCAATGGACTTGTGAGTATAACGGGGCCTATCATAGCAATTCAGACT
WFHGGYKPTTFDEFLSNGLVSITGPTITIATIQT
1 351  TATATTTTCACATCAAATCCAATCAGGAAAGAAGATATGGAATTTATTGAAGGCCTTCCAGATGTCCTGCGCCTGGCATCAGAAATTTTT
YIFTSNPIRKEDMETFTIEGLPDVLRLASETITF
1 441 CGACTATCTGACGACTTTGGAACTTCTTCGAATGAGTTAAAAAGAGGAGATGTTCCGAAATCCATACAGTGCTACATGATGGATACAGGT
RLSDDFGTSSNELIEKRGDVPEKSTIQCYMMDTG®G
1 531 GTTTCAGAAGAAGTTGCACGTGAACACATGATTAATTTGATGAAGAAAAAATGGGCAGCAGTGATGAAGCATCGGTTAGCAGATGGTATT
VSEEVAREHMTINLMEKTEKTEKWAAVMKHRLADGTI
1 621 CCTCTGGA'ITGGTCATIT(‘-TCGAGA'lTJ'l'A'I'l'GAATCT(‘-GITCGMCAGCACATTGCATGTACAATGGCGG@TGATGGCCATGGAGTI‘
PLDVISFVEILL)LVRTAHC\IY\'GGEIDGHGV
l 7 ll GAAGATGGTTTAACCAAAGATAGGATTTCTTTGCTGTTTAAAGAGCCTATCCCTTGTATGCAGGAAACTCTTATTGGGAATGATAGATAA
EDGLTI KDRTISLLFEKEPTIPCMQETLTIGNTDR *

B

T HE T8 A 25 5 A A% R AV A B Xt 0] A L R 137 15 The sequences in the boxes are different nucleotide sites and corresponding amino acid sites. * :

28 15 F Stop codon.

B1 FE&M ASEOCE (A)FEEXAE (B) ) AgLIMS ERKZERF 5 R ERBHIERF T
Fig. 1 Nucleotide sequences of AgLIMS gene from cultivar ‘Liuhe Huangxingin’ (A) and ‘Jinnan Shiqgin’ (B) of
Apium graveolens Linn. and their encoding amino acid sequences

1 100 200

300 400 500 599

e e S e

Amino acid site

2V A Specific site ﬁ
B F % Superfamily Isoprenoid Biosyn Cl superfamily

B2 FH3E AgLIMS EEHBNSERF 5K RTINS

Fig. 2 Prediction result of conserved domain of amino acid sequence encoded by AgLIMS gene from Apium graveolens Linn.
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T LIMS BP9 9 01 4 28 BE R e 91 1) 22 T L) B 3%
Gt Ak AT S A M R 3 FEl 4, 2 o2
(181 3) W7 : AgLIMS HE P 5 FHAUAR Y LIMS PR 25
ST T 5 — B R 61.33%, HIg& A 15284 H
RBEER AN 2 A RSP RRX W Al DDXXD,,
TERZ G (F 4) b2 AR e e R

—, I 5 [F) B A 2 4h v RS R T ( Trachyspermum
ammi (Linn.) Sprague ) BFE Rl —/Ny 3, 5 [RIBHE
YIS N ( Daucus carota var. sativa Hoffm.) B 1E [F]—
K33 BT TR BHAE P 00 34 160G ZR 350 5 T 5 oA,
BEARARFNIS, WA ( Ziziphus jujuba Mill.) KR AR BZ #k
( Quercus suber Linn.) M ( Juglans regia Linn.) FIAR

70 80 140
Ac RVTDTNRSM NY|QpP] DKVVD. Fi EIGETK R|
Cs VTDGPCNQK| Y|olP| EKVADE F KIDRI|E RIA
Vv VVNRPSYET[T AN Y|QA| GKVEK. s EDRITKRIL
s SSKISSSTD|I AD Y|QPP HK .VMD s E|SRIT|K R[T
| DSNTSNNSII AN Q[P HK.VVD s E K R|T
Jr EENSSTDST Y|H[P) HK.MVD s EDRIT[RR[T
Zj NTKNSRESN|IA YlofT| EK.EVD Al EID|AV(E N[T
e VSPKLAKKT|I Y|oPP| LKQAVD a| EDRIIK S[T
Pe MVATEAAGQ|I YlofT| AN . .AS s DRI I[K S|T|
C] VSAKYDNLT Y|Q[P) KDVT. . Al EITR1[R N[T
Hs GSTQISCLS F|L[P) INDMGGD a| DID 21 1| N[T
Agl TRVSVSQEP D Y[KP KN..VA G| EGRIT[EQfT|
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F( Black indicates the amino acids at the same site are completely identical, and white indicates the amino acids at the same site are not completely identical.

Ac: HIEERIERK Actinidia chinensis Planch.; Cs: 5B Camellia sinensis (Linn.) Kuntze; Vv: #j%j Vitis vinifera Linn.; Qs: BRI AR Quercus suber
Linn.; Ql. T AR Quercus lobata Néej Jr: Bk Juglans regia Linn.; Zj. 7 Ziziphus jujuba Mill.; Me. KZ Manihot esculenta Crantz; Pe: Lik 7
Populus euphratica Oliv.; Cj: 4#H Citrus japonica Thunb.; Hs: AR#E Hibiscus syriacus Linn.; Agl: ¢ NA 0T ¢ Livhe Huangxingin® ; Ag2: ¢ R SE
F’ ¢ Jinnan Shigin’ ; De: $3% N Daucus carota var. sativa Hoffm. ; Ta; 4HMH-KER A Trachyspermum ammi (Linn.) Sprague.

B3 FH3AgLIMS BEESHMEY LIMS ERRBHEEBF NS ELITER
Fig. 3 Multiple alignment result of amino acid sequences encoded by AgLIMS gene from Apium graveolens Linn. and
LIMS gene from other species
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— 222 AABBFIALEIE AT FERE RN
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Cj AR BT WL 1, 28 SRR s KPR WAL 5,
- i 1T .2 AR R ALIMS 7 £
Cs 599 MR IERRAL AL , PRI AT 70 F i 2 0 1l o~ 69 120
Ac F169 190, FE 5 HL R34l pl 5.52; —F B
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o2, g HERR I o5 L) A0 ], 26 B3 2 A 7 3 R 1Y
Geﬁéglfm AgLIMS & H A AHRLEE A &, BLAh, 4R AgLIMS 2R
RS b, R 2 5 R 5 0 2 B 1 1Y) L 49 A

Ac: FHEBRIEME Actinidia chinensis Planch.; Cs: Z5# Camellia sinensis [F], 310 14% , 3 W AgLIMS 25 PR A,

(Linn.) Kuntze; Vv: %J Vitis vinifera Linn.; Qs; BRI B AR Quercus ”
suber Linn.; Ql; MM RS Quercus lobata Nee; Jrs §1Bk Juglans regia FE 5 Al 0L 7E AgLIMS 8 1% 55 KPR X8, 56

Linn.; Zj: # Ziziphus jujuba Mill.; Me: K2 Manihot esculenta Crantz; Sl I AT A r W B . > !
Pe: %) Populus euphratica Oliv.; Cj: &Ml Citrus japonica Thunb.; Hs; 461 ,flL E’jﬁ“ﬁﬁ&( Glu) E/J jf]%ﬂ( fﬁfﬁig% ’ T:ETZE E[ E/Jﬁ

A Hibiscus syriacus Linn. ; Agl: ‘ 7NE 807 ¢ Liuhe Huangxingin® ; 7J(‘l"§f B:igjz . % 551 ’fj E’:J% ﬁ&ﬁ ( Leu) H’\Jf@ﬁ]]( ‘I"iﬁ‘j‘},‘i 5
Ag2: HERTSZFE" * Jinman Shiqin® s Des #135 b Daucus carota var. sativ i o o
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Fig. 4  Phylogenetic tree of amino acid sequences encoded by 223 BOAR_BI=ZBEHTMERE X2 NHF
AgLIMS gene from Apium graveolens Linn. and LIMS gene from

other species %lﬁlﬁp ¢ ﬁ%/ﬁf‘ﬂ‘ﬁ ’ *ﬂ ¢ /iﬁ‘j;’;ﬁ ’ AgLIMS EE:

FR1 2NMEXERTH AgLIMS EAMSERMAM MBI MR

Table 1 Amino acid composition and physicochemical property of AgLIMS protein from two cultivars of Apium graveolens Linn.

N .y
—_— B L HRBHMA L]/ % Sk e
il ]/\IELELM% I%}}/B)FH?J&]}?]DTFE 'l‘heo:‘::;tical Percentage of each type of amino acid Cra;ld
Cultivar umber o coretical retative isoelectric Tt T NeWite R average of
amino acid molecular mass . - - il o7 -
point (pl) Acidic Basic  Aliphatic Aromatic hydrophobicity
NAH L Livhe Huangxingin 599 69 120 5.52 14 14 23 10 -0.263
RIS Jinnan Shigin 599 69 190 5.52 14 14 23 10 -0.269
% 4.0 é 4.0
= = [
=-E L =5
HE 20 My 20
5 5
gé’ 0.0 Eg 0.0
% £ % =
& & 20} £ 520
=4 s}
= >
—40 ‘ ‘ - = _40 ‘ , ;
1 150 300 450 599 1 150 300 450 599
FAEMAL AL Amino acid site REERRAL AL Amino acid site

5 73 AgLIMS EBRIFEKIE(A) MBEKE(B)
Fig. 5 Hydrophilicity (A) and hydrophobicity (B) of AgLIMS protein from Apium graveolens Linn.

RASFHEATION , Z5 R WoR AE S EEOT MOH BRI 3.17% 1 3.01% , T HL I A il 4 0 o
FISEE B AgLIMS 25 [ 450 o BUEST 55 28.05% 11 28.05% ,2 /N i A ] 22 S AN B i 5l Ak
65.94% K1 65.78% , FEAREE 73 31 (5 2.84% F1 3.17% . ik, AgLIMS 2 2 45+ 8l o WELE A1 G AL )
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Fig. 6 Tertiary structure of AgLIMS protein from cultivar ‘ Liuhe Huangxingin’ (A) and ‘Jinnan Shiqin’ (B) of Apium graveolens Linn.

2.3 AgLIMS ERFRIEFFERZERNTL
23.1 ERBAZFHSEXZTHES FEEES
Bl SA O T R E R ST R [A4L 8 AgLIMS
FER A R B 2T R 2, 45 R BIR . AgLIMS
FEPRAE 2 AT db i Fr AR RITAR 3 2 1
AR PR BRAEAE i # (P<0.05) 2 5, BRI 7Ent
A e TEM AR IR 2 TERR TR, TE N A
O I F AR A AgLIMS 3 PR B AR 32 1k & 3
TR ST AR AR TR AgLIMS FE P () A X 2R
rEHEHE TR EZER .
232 AAYpa 4TS REETO TR A
YA SR T SR S A S A L T R E R S
I AgLIMS FEPRIARXT ik 3 AR fE WL 3R 3,

FERTR (38 °C) & FALTE 1~24 h,  NAEH L
FE I R S AgLIMS IR i AH X 6 ik f A B

R2 2AFAEMMAREARD AgLIMS EEBEMNREEMNL
B(XxSD)Y

Table 2 Comparison on relative expression of AgLIMS gene from
different tissues of two cultivars of Apium graveolens Linn. ( X+SD) !

FEA [RIZH AP B R X ik ik
f A Relative expression in different tissues
Cultivar
I J Leaf A4 Petiole 2 Root

3.56£0.02Aa  1.01+0.13Ab 0.05+0.01Ac
2.52+0.35Ba  1.00+0.03Ab 0.02+0.01Bc

NA B Livhe Huangxingin
R ST Jinnan Shigin

D IRAT o AN T) B /N5 7 B 26O ] — b AR OR [6] 4 4 0) 25 R B
(P<0.05) Different lowercases in the same row indicate the significant
(P<0.05) difference in the same cultivar among different tissues; [A]
IR 6] (1 K5 5 B R R (6] — 2 SUAN [6) 0 b [R) 22 55 b 3
( P<0.05) Different uppercases in the same column indicate the
significant (P<0.05) difference in the same tissue among different
cultivars.

Ao P[] (9 2B 4 52 30 3 T o A R B AEAL B 24 h 3k
S A, AWM FE 0 h 19 10.5 F108.1 5, H2E 5+
W,

AR (4 C) ZMF FARRE 1~24 h, BB
F AgLIMS FEPR A AH X e 1k 18 /NI it sh AR 1k, {H L
RTC 25 5, TR SET T AgLIMS FE [N () FH X 2R
T et U)o Ak L s ] ) iE < 52 2 T v i R ARG A AR b
PoOMIRE T B AT 4 h IR B ORE (b FE
0 hiy 2.5 %) , ZEALTE 24 h [ 2 A% (A FE 0 h &
% 51.5%) .

TET 52 (FREAR TR 8 209% PEG6000) 454 F &b
P 1~24 h,  NEEDIE AgLIMS R [H A A X 263k
FEAFE 0~4 h NTC R E A A2 )52k -7t B
AbFH 24 h iAF AR, MALFE O h 1Y 16.8 fi5, ¢ HER
S AgLIMS FE PR () AR o 2 325 k0 it Ack B8R s i) 1 %
KBTS, 5408 0 h 25 B3,
Hor 7EANIE 1~8 h /MIENE S (HAEAL S 24 h 2RI+
IR B E, ARFE 0 h (19 30.7 fi%,

TEFER (0.2 mol + L'NaCl) £/ FALFE 1~24 b,
CNBHLL T AgLIMS R BY A X 25 5 i B A B A
[i] P S S S T v i U Bl B AR ) AR Ak i 3 o 7
SEFR T A2 h BEF L AAAL O h 1Y 6.9 1 2.8
£ MAEALBE 4 ~ 24 h BEA%, H 5403 0 h Jo i 3 22
S, CHEEIIRE AgLIMS FE DR B AT 2k 4 0 i Ak
P[] A9 JE K S22 30 2 T v 1 AR fb e 5, H S5 403 0 h
ZRE TEA B 24 h KB F KAE, MALEL O h Ay
14.31%
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Table 3 Change on relative expression of AgLIMS gene from two cultivars of Apium graveolens Linn. under conditions of abiotic stress (X+SD) !

NIRRT (] € 7S B0 AgLIMS FHER AT 3R ik

Ak B Relative expression of AgLIMS gene from  Liuhe Huangxingin’ at different treatment times
Treatment

0h 1h 2h 4h 8h 24 h
fRiili High temperature (38 °C) 1.01+0.18d 2.19£0.15¢ 3.19+0.36b 2.46+0.47¢ 2.23+0.31¢ 10.61+0.10a
& Low temperature (4 °C) 1.01+0.18ab 1.12+£0.15a 0.73+0.26b 0.69+0.16b 0.88+0.19ab 1.10+0.15a
T2 Drought (m/V 20%PEG6000) 1.01+0.18¢ 1.02+0.05¢ 1.19+0.14¢ 0.33+0.10¢ 3.82+1.77b 16.96+0.02a
3k High salt (0.2 mol + L™'NaCl) 1.01+0.18¢ 6.96+0.42a 2.85+0.37b 0.61+0.14¢ 0.70+0.05¢ 0.60+0.10c

AN ) b BT [0 € R ST AgLIMS Ji PR B M S ik 1

Ak B Relative expression of AgLIMS gene from ‘ Jinnan Shiqin’ at different treatment times
Treatment

0h 1h 2h 4h 8h 24 h
i High temperature (38 C) 1.01£0.14e 1.71£0.17d 6.88+0.54b 5.38+0.08¢ 7.70+£0.60a 8.17+0.19a
K7 Low temperature (4 °C) 1.01+0.14¢ 1.17£0.09¢ 1.84+0.14b 2.49+0.22a 1.91+0.26b 0.49+0.18d
5 Drought (m/V 20%PEG6000) 1.01+0.14e 6.22+0.46b 3.93+0.64cd 4.53+0.40c 2.75+0.57d 31.04+1.50a
R4k High salt (0.2 mol - L.™'NaCl) 1.01£0.14e 5.40£0.27¢ 3.76+0.20d 4.26+0.45d 7.86+0.38b 14.42+0.44a

Dm/V, JFERARFS B0 Mass volume fraction. [ 47 FF A [ i K 5 7 B 7R 22 5 . 3 ( P<0.05) Different uppercases in the same row indicate the

significant (P<0.05) difference.
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