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Abstract: Many studies have confirmed that ivy (Hedera nepalensis var. sinensis) can absorb gaseous
formaldehyde (HCHO). The results of this study showed that ivy leaves could effectively absorb the liquid
HCHO. The relationship between HCHO absorption and time fits the exponential function. Treatments of 2, 4,
6 mmol-L" liquid HCHO all induced oxidative stress in ivy leaves, however, the oxidative stress level in 2
mmol-L" HCHO-stress leaves was relative lower. Moreover, 2 mmol-L™ liquid HCHO-stress significantly
increased the content of soluble sugar and soluble protein in ivy leaves, indicating that ivy leaves was more
resistant to 2 mmol-L" HCHO-stress. By constructing a suppression subtractive hybridization (SSH) cDNA
library using ivy leaves treated with 2 mmol-L" liquid HCHO for 2-48 h, the HCHO-responsive genes in ivy
leaves were isolated and identified. The function clustering for HCHO-stress responsive genes indicated that
photosynthesis- and metabolism-related genes accounted for the two largest proportions. RT-PCR analysis
confirmed that the expression of photosynthesis- and metabolism-related genes was induced in different stages
of the 2 mmol-L" liquid HCHO-stress period. Up-regulated expression of these genes might be involved in
HCHO-metabolism and -detoxification in ivy leaves. Moreover, a /4-3-3p gene, which is involved in responses
to many biotic and abiotic stresses, was strongly induced by 2 mmol-L" liquid HCHO-stress. The up-regulated
expression of /4-3-3p gene might be associated with the synthesis of soluble proteins and the regulation of
antioxidant system activity in ivy leaves under HCHO stress. These results suggested that /4-3-3p gene might
be one of the important HCHO stress-response genes.

Key words: Hedera nepalensis var. sinensis; formaldehyde-stress responsive genes; suppression subtractive
hybridization (SSH) cDNA library; photosynthesis-related genes; /4-3-3p gene
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AR TV 2 S =Ah B b ik B T 1) 2 s/ AL B RS
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WA P I 5 B =( A R 4 ) e 2 B RO 4
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VR AR A% A S SHIC IR R 7 180 S5 0 A T IV P B B A S ) 551
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Sk Sk VR Sk 2R) o 1512 S 3 &5 o e g 51256
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WIEATT/A LI, Ak KA i 5 Bk 1 0004 BH
Tl 2H i SSH ¢cDNA % .
3.3 NERERSEERNF D

R L 51 A4 3K 51 2R EATPCR Y™ I
SSH cDNA S A v B R4 AN v B, 40 A7 v e
N B S BUI RN o BRE S v BeK
1300 bp ¥ e BEAT 5L W, A B aE AR, 2
B e 1A [R] 4 v B 3R A9 5 — B ES TR 41 J7 41038
TFBLASTNUEE X J5 PE 43 i T-40 (1)1 i ok D RE T %0
MESTF 41, 5NCBIE A £ 38 WA AT
SIIEST# o DhREAR JIEST)F 41, T HEST/F
H1)_FAE GenBank i £ 75 PRI AR JE R E B o 5 o
3.4 RT-PCRH#f

ISR IE A BEHLEFE 40 FE A, LA18S
rRNAH 2 FIRT-PCRIFAT KL K R TA 3% 73 A, PCR
SNAE 05190y 51 S g 38 7= ) i K RE n 3R 1
Ji7s. RT-PCRAM T IR (1 g)iH B e & T

1 RT-PCRH 54741
Table 1 Primer sequences of RT-PCR analysis

2 PR EGIFAI—3) B 51 P 41(5'—3") P14 )7 Bk bp
188 GGGCTATGCTCGTTGCTG CTGCCTTCCTTGGATGTGGT 204
LHC CAGGTGCTGCAAGAGGTT TGGAAATCAGAAGGTGGC 260
Lhcal GTTGGCAAGTTCTTTCTC TCTACCCTGTTCGTGATT 210
Lhcb5 TTTTCAACAGGTCCTTCTC GTTGTTCTTCTTGGTGGC 224
Bep CAAGGAAATTAGCAGCAT GAGTCAGCCAATAAAGCA 387
Oeep TTGTTGCAGCCACAGTTT CACTCTTGACTTGGGGTA 212
Cab4 CCCACCGAAGAGGCTAAA TTCCTGCGGGAATGAGTA 194
ICL AGGTATGCCCAATGAGAC TACCCATTTCCCTTCTGT 236
PETP GTGCCAACGACAGAGGAG TAAAGACCCGTGGACCTG 240
Porl GGCTGCATTGCCACAACA CCTTCCGTGCCTTCTCCA 247
Ri5pe CAAACGGCAACTGCTACA CGGGCAGGTGCTTTATTG 244
Dxps ATTGGAGGATTTGGCTCT TGACAAGGTGAAGGCTGT 214
Pcb CTTGTAAGTGCCTTTCTCA GATGACGGTTCATTAGTTTT 222
Mofad TGGGTTTCTTGTCCTGAT TCATCTTCGCATTGTTTC 404
14-3-3p TGAAAGGGCCTGCCACCT CCACGCCACTTACTCTGC 220
PAL2 CGGAGGCATTCCACTGAC ACAACTCAGCAGCCGAGG 180

LHC: lihgt-harvesting complex protein (fifi Y6 & A44); Lhcal: chlorophyll a/b-binding protein (4% 25a/b4h & £ [1-Lhcal); Lhch5: chloroplast
pigment-binding protein CP26 (-4 {0 2 454 75 1 CP26); Bep: biotin carboxyl carrier protein of acetyl-CoA carboxylase (. Fif4ifi i A ¥R {¥. k-
M B IRFLIAR L ), Oeep: oxygen-evolving enhancer protein 2 (A 3 45 12); Cab4: light-harvesting chlorophyll a/b-binding protein (IH-£¢
TRA/BEE 45 -Cab4); ICL: isocitrate lyase (J747 15 2 24 % 8); PETP: photosynthetic electron transfer-like protein (OG5 L T2 5 H); Porl:
NADPH-protochlorophyllide oxidoreductase (NADPH-J5iIH- & 258 AL 14 J5i); RiSpe: ribulose-5-phosphate epimerase (A% M #i-5-ff 2 7 K4 1)
Dxps: 1-deoxyxylulose-5-phosphate synthase (1-Jli¢ S8 A B-5-TF 12 A ki liff); Pcb: mRNA for plastocyanin b (JiifA 5 25b); Mofad: microsomal
omega-6 fatty acid desaturase (o-6-JI5 /7 12 2 1 FNff); 14-3-3p: 14-3-3 like protein; PAL2: phenylalanine ammonia-lyase 2 (GRJE N Z PRI 2 2) -
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WS VIR RS 19, 1 U Tag 28 -5 W A1 A5 R 25—
HECDNARIHR, FH/KHM 2 4220 pL.
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24~48 hiA RS- 4403 4 A4 9.37 pumol- L
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Fig.1 Absorption of different HCHO concentrations by ivy leaves
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B EEAAE G, ST CAIE I 3 0 mT v PR 1 B e nT
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H SR 2-B), 45 5 U B k(R (2
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T EALETE T 9% 6% .0 3% 4648 8 W] AE (G 5
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3500r
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3 RIKBREBNE SRR SAMBHEXERE
gAY

MDA A, i BB i e 2 A 2, PCAZ A Je
WS A AT R B, TH,0, 7 1 (1 AR 4L 2
s B A A A P Y SR AL I B AT I R bR . AT
2. 416 mmol-L V4 H M 48 hiy R HEH: F v
H,0, (K3-A). MDA (&3-B)HIPC ([&3-C)If) % &,
&8 P I A S Pl B (R 0 (O ha ) AH L,
AR T H,O, MDA & i B A5 T S b L)
WP (B N 2% LJF, 2. 4816 mmol-L 4
M Ak BEH AR R R HL O, 1 5 4y i) 39 N
39.97%. 70.78%. 85.1%; MDA ({4 il 1
104.7%. 137.16%. 176.06%. 2F14 mmol-L ¥ {4
FH S A B R R W v PC 3 B 388 0 () R FE 29 A
51.51%. 50.53%, 1fj6 mmol-L V& {4 H i kb 74 3 25
BT R PCE & BT B L2 F14 mmol- L HK,
) h61.75%. IXLELEFUIWI2, 4516 mmol L
A FE I oy 30 40 1 5 A R S R T AR B,
W A T A S PR 388 0, P oA 2R A M () 7K B
T
4 RIKERESRHIE R SFEM B IE[ESSH cDNALE
R K R ER B N B B E A I ae BB 4L

72 mmol- L VR4 F S b 1148 h)is s & THE I A
P (T AT 1 B RN 2 11 EL 416 mmol- L )oK, Uk
AN G A SEFE bRl BRI, B2 mmol L
A T A0 B 5 5 R Iy 52 B JE R AR,

os)

~ O02mmol-L" ® 4 mmol-L"' M 6 mmol-L"!
a
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Fig.2 Effects of HCHO treatment on contents of soluble sugars (A) and soluble proteins (B) in ivy leaves
[ 5 35 H A AN RN RS 22 e i #5 (P<0.05).
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Fig.3 Effects of HCHO treatment on contents of H,O, (A),
MDA (B) and PC (C) in ivy leaves
[ =5 35 H AT T EAN )N 'S SRR RS 2 S 8 (P<0.05).

Jr A BERASBGF F BA R e 1) R R R R
DK R FI2 mmol-L A F2~48 W) F e 1
AL —ANIE M SSH cDNA S, 43 85 %5 e i A T
o R E R . K SSH cDNASCJE (1)
1 000 5 [ 38 i AT PCR &G I A5 A v e Hh 4 A
B, — L4530 T 2384ME A F B K /N E300
bp L& BB v B, 6 Ik 2 b B ) 4 N R B b AT
W, FEAbea G 3645 8 16344 E S (WEST.
I35 B s E i BLASTN 5 NCBI_E (1) 9

TURKZ IR EE AT LU, oA T X R4S EST
AT IEE 32, XTI RAS MESTAIE 73 At B Dy g
Hl i 5 Uniprot#(4& £ (http://www.uniprot.org/)
CLENThRE ) 2 VAT LU AR, Jfallid Gene Ontology
(http://www.geneontology.org/) K P 347 Jk [KyF
B, EPTIRAF I 1634 ESTH LA Zh AEIES T4 94
%, RADIREMESTA 664%, FESTA34%, 73l v
AL M ESTHIS8% . 40%HM12%. CLA1LIHEM94
SRESTH i A B D e b AT K IL 40 A 82K (K1 4),
FEIXSSAE R, AR OCTE R L DA A DG 3k
DLAC A e 5 40 B 0 T A DGR R SO D)
AE CLANESTRIKE Iy, 739 A 16% 16%M19%.
DR S S5 MRdgm5MpERK. &
SPFEAME N1 R A D WA 5 g a5 S | S )
fE CLAIESTHI8% 3%. 3%. 2%A11%.

Rtk hikx

i, pna s
2K T

& A
Fofb
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— e RS
BEST 4 o 2584 5 4h A
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Fel4 i B 25 TR R e AH DG BE R 1) D e 2 26
Fig.4 Functional clustering of formaldehyde-response genes
in ivy leaves
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Table 2 HCHO stress responsive up-regulated expression of genes in ivy
FER ThE GenBank & 3¢5 [ J5 741 I JEAHABA /%% Eff )5 5 A

IE NS ER I GW811062 ISR EPSE =N 87 1.00E-19 BiR ]

MO T AH S IEA GW811066 e 2 R B 83 6.00E-120 LRk
GW811086 B ARG E2 86 2.00E-37 BiR ]
GW811143 K& mmHEEA 79 2.00E-13 k]
GW811154 IR 1182 81 2.00E-76 JiE
GW811173 PPERAL8.1 84 2.00E-14 AT
GWS811178 R P AROCE 75 6.00E-23 BIRIIF
GW811206 EZ TE=R2A 76 4.00E-64 HELFE
GW811100 i S 75 2.00E-29 R
GW8I11126 Tl S I U 77 3.00E-27 HELFE
GW811222 14-3-3p 85 5.00E-75 R
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