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Abstract: This study selected three varieties of lily, ‘Robina’, ‘Sorbonne” and ‘ Siberia’ as materials,
to determine the effects of drought stress on their relative water, soluble protein, malondialdehyde content,
antioxidant enzyme activity and expression of antioxidant enzyme related genes. Drought resistance was
evaluated comprehensively by membership function method. Results showed that relative water content
and soluble protein content of petals decreased with the increase of drought stress, while the content of
malondialdehyde (MDA ), which represents the degree of membrane peroxidation, continued to rise until
the end of drought stress. Under drought stress, activities of superoxide dismutase(SOD), catalase (CAT),
peroxidase (POD), glutathione reductase (GR) and ascorbic acid peroxidase (APX) of petals continued
to rise in the early and middle stages of treatment, but declined in the later stage, showed that petal cells
had higher ROS scavenging capacity at early and middle stages, and then antioxidant capacity decreased.
Expression of Cu-ZnSOD, MnSOD, CAT, APX and GR increased first and then decreased, while the
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expression of Fe-SOD decreased all the time, and the POD kept increasing. According to the average value
of membership function, drought resistance of these three lily varieties ranked from strong to weak was
Sorbonne > Nobina > Siberia.

Keywords: lily; cut flower; drought stress; antioxidant enzyme activity
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REE T IS BRI A5 5,  BEIM 8 3% Fh AR B AL ORI m BT R e ORVARIL 45, 2012). DL
A EALEG (SOD). I AYIEE (POD). A MERE (CAT). BB HIKIEEEF (GR). Hudkif
it Al (APXD SEPTAAL B R BRI bR R BT AL ia v BA EZER, &
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1.1 R 5Tt

HARM BRI EFHER) 3 AN E S (Lilium brownii var. viridulum) fhFh 5" (Robina). ‘i’
(Sorbonne). ‘PEAHAF]IE" (Siberia). 2017 4F 5 HWHEIIEH A KK H &, EEAEE 1 m AT YIE],
WIOIR I e AR 4R N6 28 TR/K AR 38 T, 76 2 h s [l S s AT PiAR 38 . E 28 TR/ B BT fE R K
FEA 30 cm, A 2~3 it FhikfEEs BRI RN — B e il N 281K b UG B 2 R, B R
Sl P NSRS T e i

R TFH (AAE TN 500 mL #EE RTS8, HZRRmAEHR) FEHE#b
KRR CH A BT 2 28 8KI1 500 mL #E/Z s A EBOCRE =M (BIR 22 C/R
17 C, 6 16 b/ 8 h, AHREEISHI 60% 75 41D BERG 24 h BURE 1 VK, Ff S s E TR+,
RIGT - 80 CHEBARIRVKFELRAE, VARMIE 3 M SAEMR I & A BAE LA 2 1485

1.2 MEIBSNESZE
1.2.1 A4 KE

ZIER A (20060 FIENE. 1. BTHECEIRRE SOl FR B EERE TR (WD. 2. B AEIERE
MANCHRZE 105 CHIMAEF 15 min, 85T 80 CNHET, MHTFFRE (Wd). 3. TERREEFER
B, KRR TIR N ZEIEK P B AR MK S B 20 A R 6 ~ 8 h, B AR 43 T-RE Fh R T K 43
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M, BIGHSE RS R (WT). B AR EKE (RWCO) fad 418 K £
KEEH: RWC= (Wf-Wd) / (Wt-Wd) x 100, EXIMEEL 3 K.
1.2.2 MDA VA BRI BACE &

MDA & &l e RHMMAE L ZER (TBA) i GRIEA %%, 1994); m[EMHE&E A (SPC) & &
e R 2 SRR G-250 Yetayd; AL (POD) JHPEN E R @ EIAR) (—H &R i%;
AN EACET (SOD) 1M R A AW P (NBT) i4; i S8 LE R CAT 34244 (2000)
(7RIS s DUk I iR i AL M0 APX JEPEARHE Nakano Fll Asada (1981) [77vkMIE; 2 MEH Ak
W6 5 G GR V&G TEH% B Grace Al Logan (1996) HIJ7ikilE . MIEHHEE 3 K,

123 AR EZEHHT

FHSEBF 2 € 8 PCR (qPCR) #HATHFRIA EESHT. SME RNA H Trizol $#2HL, ¢cDNA &
% PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) X7, )¢ 5E & PCR
SYBR"Premix Ex Tag' ™ 1l (Tli RNaseH Plus) X7 £r, 7E% [X LightCycler 480 R4 Lik4T, & &5
VIR 1. FARM 3 osr A, SR 27T J7E 2 M b BE 8088 (Livak & Schmittgen, 2001 ).

o

®1 RELEEHESY

Table 1 Primers of antioxidase genes

K4 E1 5751 Gk 2]

Gene name Forward Primer Reverse Primer

Cu/Zn-SOD 5-CAGCAATAGCACCGCAGTCAG-3’ 3'-TTGGTCGTATCCCCAAAGGAA-5'

Mn-SOD 5'-CTCCCCGACCTCCCGTACGAC-3' 3'-AATAGCCCAGCCAAGTGCCCC-5'

Fe-SOD 5-GCTTCAGCAAATCGAAAAGGA-3' 3'-GAGAATCGGAATATCACCCCA-5'

CAT 5-AACAACAACAACTCGCTCACC-3’ 3'-GGAATTCGTTCCCTATCAAAC-5'

GR 5'-GGGTTGGAGGAGGCTGGAGTG-3' 3'-ACCGATTGGTGGCTGGGAAAA-5'

APX 5-GGTGGGGATGGTTCCTCTTTA-3' 3'-CCAATTTGTGTCGGACGGTGT-5'

POD 5-GGAGGACAAGCCTGAACCCCC-3' 3'-GTGCCCACCAGACAGAGCAAC-5'
1.3 HBSHh

IS K FH SPSS13.0 #EAT 7 2 0 M, X8 TR AR 221k 1047 22 7t . & PR Al - ) Excel 2007
BEATIERE . R SO E S5 8 e BOE R BAE 3 AT 0, DA 8 S 4840 B A i SR sema R B, P
Pt R 1.

FREBUEITEAR: R (XD = (X~ Xuin) / Kinax — Xmin)s W DNEFR S50 R0 U,
MM BSR 8 R EUE AT, RBEBREETTFE AL R (XD =1- (X~ Xuin) / Xinax ~ Xinin )
o X AARARIN B, Xonin~ Xinax 70 5 VT H S8 RS —F b5 16 e AME R B ORAE CT e 55, 2017)

2 HHR50H

2.1 FEMEXS 3 ME AN ERT 2K 2RS0T

B 1 OES T FACEE 5 d 3 FE G LI AREL, REAR RN, PEAARIE AR 5
EHE 2 o, TRERaE, 3 FE SRS K E BT X R, TER AT &K & T PRIE
HRBNMEUCNTEAAFRIE (24.86%) > 5 (23.67%) > RiE (19.39%). H[FE T 5 e i &) &b 7
N, FEAAFIE AR S K R B, T RENE S KR BT AL 2 M E AR (P<0.05), &
BH PR AR R e 7K e A A 2 AN lFf 22
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Fig.1 Petal appearance changes of Nobina, Sorbonne and Siberia lilies under drought stress
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Fig.2 Relative water content in cut lily petals under drought stress

The different letters indicated significance at 0.05 level. The same below.
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Fig. 3 Effects on soluble protein (A) and MDA (B) contents of cut lily petals under drought stress
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Fig. 4 Effects on SOD activities of cut lily petals under drought stress
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Fig. 5 Effects on CAT activities of cut lily petals under drought stress
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Fig. 6 Effects on POD activities of cut lily petals under drought stress
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Fig. 7 Effects on GR activities of cut lily petals under drought stress



Huang Yaoyao, Deng Minghua, Peng Chunxiu, Wen Jinfen
Studies on the response of lily petal antioxidant enzyme system to drought stress.
794 Acta Horticulturae Sinica, 2020, 47 (4): 788 - 796.

22.6 APX &M
K8 kW], BEETRMERRIRER, AEel APX iETEIZHY, L5 3 diARIEE, 2
JEWSH TR, I BRI R R AE TR E B WA 4 R . HoP i 5 APX il &R (P <0.05),

[ 1#E2% I8 Robina control Z "X BE Sorbonne control M PE4EFEAF AR Siberia control
B %5 T 5 Robina drought B & IET-5 Sorbonne drought M Fi{AF|F T2 Siberia drought

7
a

6 L

g
o 5 b a

N W a 1
e

4 + 23
B -« ’ a
Ho & a
& X <§' 3 r b
g25 ,| .
_‘)-% ﬁE - %7
=S 1+ 2%

aa aa za ;22 Wi '\':‘ e =

T2 403 E]/d Treatment time

8 FTEXMIE AR APX FEEHIRM
Fig. 8 Effects on APX activities of cut lily petals under drought stress

23 FEPEFNEAEHTESCEBEERANT
F qPCR #F 70 T S iil N i = A TR U AL B L R R R 19481k . a1 2 o, 3 A SOD B[4
H, Cu-ZnSOD F MnSOD WIZRIEH Tt =G R, HA Cu-ZnSOD 1t 3 d WK 2|5, T MnSOD

1E 5 d B HIE T, Fe-SOD N2 — B EK; CAT. APX R GR SNSRI HAK, CAT{E 3 d BHisZ|
IEMH, H GR RIS, M 4dIFE %, APXTE 2d i E; POD —BiR# LI,

®2 FTEMETEARSUHEEERNEXREA

Table 2 Relative expression of antioxidant enzyme genes in lily petals under drought stress

il llﬂ/d, Cu-ZnSOD MnSOD Fe-SOD CAT APX GR POD
Treatment time

1 0.730 £ 0.096 0.915+0.045 7.859 +0.392 167.01 £ 13.35  0.099 £ 0.004 35.66+1.78 1.54 £0.08
2 0.867 = 0.042 1.475+0.073 7.026 +£0.351 192.29 £9.61 0.621 +£0.031 37.50+1.87 1.86 £ 0.09
3 1.472 +£0.073 1.537+0.076 2.972 +0.148 2442241221 0.207+0.01 38.64+1.93 6.01 +£0.36
4 0.859 +0.042 2.019+0.107 1.529+£0.076 147.99+£7.399  0.329+0.016 26.45+1.32 7.65+0.38
5 0.629 + 0.031 1.843 £0.106 0.104 £ 0.005 92.92+4.646 0.379+0.018 14.56 +0.73 19.80 +0.99
6 0.321+0.012 0.831+0.021 0.031 +0.001 4239+ 1.312  0.145+0.003 6.23+0.21 19.92 +£1.00

24 BEMBEMEZEETN
3 MEAET R E AR FEHER AN, SR RS bs PO i R RE ) B —E AT
P, SRR RBIRAL 1 AE Z bR E B al EXEY PR TSR A TR A ORilgdE 5, 2015)
3R, IMEAAPRERIIKDNRE > % > AR, &R R 20 F21E 5 5
N 0.492. 0.436. 0.376.
#3 TEWOT 3 HESSMEEFORRINE

Table 3 Synthetically membership function value of three lily observed indicators under drought stress

FEPSICYN S VAR A AR T4
fhFf Variety Relative water MDA Content of soluble  SOD POD CAT GR APX Mean
content protein
# % Robina 0.475 0.368 0.404 0.598 0.325 0.416 0.381 0.519 0.436
Z I Sorbonne 0.501 0.462 0.483 0.639 0.384 0.463 0.426 0.575 0.492

FA{EF)TE Siberia  0.416 0.401 0.304 0.534 0.301 0.323 0.222 0.503 0.376
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KRG REKH, 3 FEAHEARTZ T EEas Rl e, FoKgiRzE. TEttEaR
A W R R AN SRR K RE 1 BEINAR ik & R R AR R AR TR (REAVE 4, 2010), 241
PN B L IRVB I PR ) SURVE SRS, o A LI AR a5 B A P TS B R B 1 I (Hodgess et al., 1999) 6
TR E SR AR O S EMER K B TR, SRS KERIEMAXKR, X
AR EAMNE KRG EKRSE, M T P inE 17 &89k .

MDA £ S E R =z —, Rl R 1 A A febr (Elstner, 1991). MDA
ANTAR R 5| S AN B R R IR o ARHF T4 SRR B 3 M A EE MDA & &b E T 5 e (s [E]
SERTIG N, SHXEKEMTAEMEASEEIMEKCKR, XEMNFRHE ((Ed 55, 2015, AjZ
(EZ2 %5, 2008) HIWFFLEE BT & AT TREHE T PERL ZEHR, MDA & &
i, 2 PRS2 PR B A oK

T AL B AE B A4 2 P U s ) B AR I i e o ARWFTEAE KRB, 3 A
HAMMIIIEME SOD. POD. CAT. APX. GR iGM: 2IUHHE 1 TG BRI A, HHEATE
— T 5 18 Y ) P e S e SRR LT R R T, H A I LA Y L B, AR P T A
T R FNE bR R A P A AT, SRS E T . g R R, TR T 3 ME AL
APX 5 AR E K I AE 5 B AR R FF IR S is 1, Ui APX 2 1 & 52 B iy 5 BE T 2 A i (19 = B
FALEE, X 5/NEBEAM AR (Jolan et al., 2012) S5HAHE. #f— qPCR 20 #1 K I, Fe-SOD
f)Ze1E—H N, POD FINMREEBE NS, Cu-ZnSOD. MnSOD. CAT. APX F1 GR W3Rk N4
RINFETH =8RG TR, X855 B (0 e P () A A R AR — B

AN A A R E N BE AN, K 3 AN E A IS DU b s SR BRI T4 o)
B, FLi S /NBFAR IR N : RIEE (0.492) > 1 5E (0.436) > PH{AFIE (0.376). X5HEET
S s AL . AR A A, BVREEZ B ERN, TR A2 10
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