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The Growth and Gene Expression Characteristics of Fragaria x ananassa
‘Ningyu’ Response to Drought Stress
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Abstract: In order to understand the feasibility of genetic diagnosis for strawberry under drought
stress, it is necessary to recognize the growth and development characteristics of strawberry under drought
conditions and information for the expression of important genes and their relationships. Fragaria %
ananassa ‘Ningyu’ was used as material to analyze the growth characteristics and 10 genes expression
related to auxin synthesis, abscisic acid synthesis, flower and berry development, pigment synthesis under

different drought stress. The results showed that strawberry can complete the life cycle from vegetative
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growth to reproductive growth under different drought conditions; the selected genes are also exercise and
completed its regulation function. Comparing with the control plants, the phenology phases of strawberry
under mild or moderate drought conditions with 50% - 65% of soil water holding capacity were earlier
than in control (80% soil water holding capacity), when severe stress that the soil water holding capacity
of 35%, the growth and development of strawberry were delayed, with the increasing of drought stress,
strawberry plants, crown diameter, leaves, and berries were become significantly smaller than the control,
but with deep color; under different drought conditions, the trend of growth-related gene expression in
strawberry were similar basically, the time of gene expression was in accordance with the phase of
phenology and the growth length of the corresponding plants under all kinds of drought stress. In mild to
moderate drought conditions, the expression time of these genes advanced, with a shorter expression
period, but gene expression level increased comparing with the control; while in severe drought
conditions, the beginning time of gene expression was close to the control, but the expression period
elongated, with low level of gene expression. It can be deduced from gene expression that the mechanism
of smaller plant, fewer and smaller berry under light and moderate drought stress might not be the same as
that under severe drought stress; the shorter gene expression period and lower expression might be one of
the reason which causing the smaller crown diameter, smaller leaves and berries or fewer berries.

Keywords: strawberry; drought stress; phenotypic trait; gene expression

AT PR 0 T8 B AR 2SS AR 2 B D S A I MR I 45 L, DRk, F ST SRR e B 4%
PR B A B A S FEAH DI DR PR 2T 1 400 06T T DA TR SR i J37 308 58 PR BT B DL R PR ) 2 PR T 15
FEVEOT SR 5 AF T A KO AR SE T R 2 X (Davies etal., 1986; /&A1, 2007).
& SN B v ol S R Bt /N w BV R Y WAl L IV A 7 S S T G S 1 i P B 3PS & O w4
LRI, AT ORORHE o FE A B S AR KRS R IS PO PR RSR BGRS Jta  B iPE (54858, 2014; Fang,
2016).

TR AH RFEWE RN A BN CEARED 48, 2008). AIRWHE A& F R
B DR (1) 3k o ) T R K A2 I B SRR A G 1R 5 i DL A i A B BRI EE I B ik . T
e 2 R A e ISR R 22—, WP A T IR MR . DI AR A L A
ERKERE WEARE . ERRE S CEE R IR GO0, A B T 50 S e 5 52 38 iR LEE
PRI PR R TA A5 B 45 T A B nl AT 1

Hi%f (Fragaria x ananassa Duch.) J&) V2 B B LAY . BAR R0 A HimAE K,
AMEHERE . AR 5 RAe e, MRS, HARKKESZ TRhansgn Grgt Y
i, 1998; XHIHh %, 2001; fRAMEFIFRE:, 2004; SEEAE, 2008). AT R4 A ALK
RE UASGERIZIL P50, AR L C7 7 B, W50 1 I AR KRIAN A 5 baE 251
FRAEEKKEMRT, DUAMERE . ARE. R RS waAE KRG IR
FEIEIIIG B o LU A BT Gt DA PR B i N 5 HLEE, AR (5 R IA R SS,  NHa E B n] AT
ERNERTI e S
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QY ViR SRS DARES

1.1 KR

RIT 2015 4F 10 H—2016 5 4 AZEm AN 22T o RS A ST 958 AR Bk & 1
RR LA R (B 25, 2014; T, 2014). M A AEKA—3. KA —F4 7
£ AR, 2015 12 A1 H—2016 41 A 30 H, & 10dBH: 1K 2016 2 A 5—25 H, 4
S5AWFE TR PTHURE AR NI RS . BRAE I IIAERIVEAE AN . /e . Rep . IR, B,
IR (Faitetal., 2008) o SERCASIERAR R AR IBALBIAES, 1NN 1R, AR EENE 3
o FEMKIEFHME, JHHBRE G, 5 -80 CUKFH&H .
1.2 TEmBaiE

AR R AT T R )5 10d, TP T /K G AL PR . REALFE 10 K, HAE 3K, 30
o WHE 4 DNACPACEE: IEWM AT 3. R, T K e S KR ) ok  TA) d K
JKE T 80%- 60%- 50%F1 35%., 133 E /K &R H Z AR PR R Ky CERRE 4%, 1987; A0,
2001), #FK 18: 00 Hf4h/K.

1.3 HEHEKABEHERUE

SRR S E vk (i R FEEAET, 2003; FR55 25, 2004) MERMOGERS. M HL
AL,

14 EERREEEDN

i H4E5: CTAB /71 (=484, 2000) #E4T 5 RNA #2110, S TaKaRa ;=5 DNase | (RNase
free) U8 PBREAT R FE R 41 DNA 1) 2:Fk. {£/] One Drop OD-1000+ il 73 )66 B T4l
FEdh RNA 2R, SRJEHC 3 pL FF S BRIkl RNA 5240, DL RNA FEaCH B, 2%
TaKaRa 7= i RNA Sl & - HE1T cDNA (4, 3R151 cDNA P H 81T PCR 5§ -
20 CIE 4% H o

BT DFR. ANS. LAR. PL. bHLH78. PG. LFY. AP1. YUCI 1 NCEDI % 10 Y5557k
KRG WER G AR E 3G A G B EEE K (Mandel et al., 1992; Wagner et al.,
1999; Taylor etal., 2000; Thompson et al., 2000; Pena et al., 2001; Zhao etal., 2001; 4Weds 5%,
2007; PMEARE, 20105 ZBAHE, 2012; WAk 55, 2013; FEM, 2014) BHTRIEHH T M4
SE 5 PCR 5% ), R Primer Premier5.0 #4420 5 ¥it-&E KA LL A 5 10 DM IERE K 5E
# PCR 59 (R 1), 1 LS A AR AT B w5

1% SYBR Premix Ex Tag " R (FAW TRARAT)D BIERS, RIS %6 & & PCR

(real-time quantitative PCR, qRT-PCR) ¥, FllZEPA AR FRIA & . VK FR1% SYBR Green |
(ToYoBo) M 1#T. LM A HFKILR ACTIN 1EANS . PH1ARSE | uLcDNA, L. Fifsl
Y 0.8 uL, 10 L % MIX, 7.4 pL ddH,O, SAAR 20 uLo KRVFEFA 95 CA2 % 1 min, 95 CAZ
PE10s, Bk 20s, BKIEEN 58 C, 72 CLEM 30s, 40 MEFR; [N 45 d G 708 9 A AR AL i
LR DL R R e o LA K 3 s A B (R R o JRCR VT SEARDOL, R0 3 IkER, REHE
LinRegPCR A1 Excel #2E43HT, R 27T T 53k, AR 235 8 0y A BRI IR MR . LAAS I
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BB cDNA b IR, FRife il cDNA AR S BCE 3 I AL

F1  ERIMFT
Table 1 List of primers in this study

E SRR i ER51HP ALY/ sl

Gene name Forward primer sequence Reverse primer sequence

ANS GTGAGGGAGAAATGTAGGGAGGAT GGAGATGCCGTGGTTGATAAGG
LAR TGTCACCTTCTATTGCCTCTG CGACGAACTTGCCATGA
DRF GCTACATCTGTTCATCAC GTCAAGTTCTCCTCAATG
CHS GAACATTACCGACTGGAA TGGATTCTAACTTCTCAG
PL CTGAGAAGTATGGTATAC GAGTGAAGTAGTTGTTGG
PbHLH78 CTCTTCATCTCCCTCTGT CATTTGATTCTTTGTTTG
ACS GAGAACTTGGCTTACTTC GACCCATCTGAATAACAC
Yuct TGGAGGAAGTAGATGTAG GACATTGGAGATATTGAGG
LFY GATTACCTCTTCCATCTC GCATACCTAAACACCTTC
API GCAGCAGCTTGATACTACT GTTTTGCTCCTGTATTGCCT
ACTIN TGGGTTTGCTGGAGATGAT CAGTAGGAGAACTGGGTGC

2 HiR50H

2.1 FEpBXERM FEFEZRNE

163 TS ba 4T, SRR nT DU AR S R, (HRERR A K AR 55, AR T i 4R
LG AR AR AR KA SIS, RV TSP akgm, oAb RN, AR EAR
Bk 2, B D, 55 AR LA SZ T 5 s (A BT 5T (RS T B, 19995 Subbzrao
et al., 2000; f#EP<om, 2011; 206, 2014) Hl. HxMEAHLL, 3 4T R WrHa e S 754 K
I AR TR ZE AN K, ARBEAE KIS, R K R 65% AR BRAE AR I 4. sel 4 A 5 )
W2 EE/IN, M504 16 A, AR ALY 28 cm x 25.8 eme HH[AJHF K & 50%. 35%[F) 4L FEH- F %
439 5 2L 60%F1 50%, AR A4 K 17.0 em x 15.3 em A 12.3 em x 11.0cm. 65%. 50%4l1
35%A0 1) 5 L T 3 i) R R 95% - T9% A 68%

%2 FRTELET ‘5 SHEKHERMER

Table2 The ‘Ningyu’ strawberry apparent traits under different drought treatment

FH [8) 48 7K 1/ % I F %1 Leaf number L /g
Field capacity 11-01 12-01 01-01 02 -01 03 -01 04 -01 Fruit quality
80 (XfM{ Control) 3.0+02a 50+£03a 8.0+03a 11.0+1.0a 140+1.1a 180+15a 164+14a
65 30£0.1a 50+0.1a 6.0+£0.6b 9.0£0.8a 120+1.0a 16.0+1.7a 15.6+22a
50 30£03a 50+£05a 6.0+0.5b 70+0.5b 9.0+0.7b 11.0+£09b 13.0+13b
35 3.0+02a 40+02a 5.0+0.3 be 60+0.5b 7.0+0.5b 9.0+0.8b 11.2+09b
FH B FF 7K /% R (K x %) /em®  Crown diameter (length x width)

Field capacity 11-01 12 -01 01 -01

80 (XfHH Control) (9.2+0.8) x (7.0+0.5) a (10.0+1.0) x (9.8+0.9) a (16.0+1.4) x (155+0.9) a

65 (9.0+0.8) x (7.8+£0.6) a (10.5+1.0) x (9.0+0.9) a (142+12) x (11.0+1.0) b

50 (8.6+0.9) x (8.0+0.7) b (9.2+0.8) x (9.0+0.8) b (13.0+£0.9) x (105+1.2) b

35 (83+0.8) x (7.5+0.7) b (9.3+£0.7) x (7.0+0.5) b (9.6+0.8) x (8.5+0.8) ¢

FH TH) FE 7K 3/ % i (K x %) /em®  Crown diameter (length x width)

Field capacity 02 -01 03 -01 04 -01

80 (X Control) (20.1+£1.2) x (169+14) a (25.0+£2.0) x (23.0+2.1) a (34.0+2.6) x (31.8+3.2) a

65 (157+£1.3) x (140+15) b (21.0+1.8) x (17.5+1.6) a (28.0+2.3) x (258+24) b

50 (13.8+1.2) x (12.0+1.1) b (148+1.2) x (13.0+1.4) b (17.0+1.6) x (153+1.3) ¢

35 (10.7+0.8) x (9.0+0.6) ¢ (13.8+1.3) x (8.0+0.9) b (123+14) x (11.0+1.5) d
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35%

50%

65%

80%

iz AR H R E B
Full-blooming Green fruit ~ White fruit Color Full-
period period period changing  productive
stage

1 FRTEMEBFHTEFERL EREE LR

Fig. 1 The comparison of different drought stress time under the conditions of the development of strawberry fruit

212 AREFFHafput Tamtsg R

AW R, AR T RMHEX 7R AR AE KR E PSRRI R (R
3. B PRET R aIEAET (HAEFIKE 65%. 50%), FAeR K F IR T, HA
KR, o RIE S K i KRR S0%IE 0L T, A6, SRR E ISR, Ly, YR
LR AL 8 d Al 14 d, 7 I3RS /K E B KEKE 65%I 4L HI R FT6 |, 20 5
2.d 6 de HIAFKE 65%5 50% MR T 5440, TeR k& I I WA %, 73002 55 d 154 d,
T 6] N TF AL 380 S S KA 59 do 2 358 5 /K o1y e KRR /K i 35% R B S i) 1 AELAAR 1 4 21
RE > FeRKE I T, Wil Ae 5401550 20 i EEok JEe 6 d A1 9, A6 31 5 S 24 g I i)
T2 62 do

F3 FTEATELEEEEHRFEERN (£-A-B

Table3 Strawberry plants of different drought treatments during the flowering and fruiting stage (year - month - day)

EIIEERIN TR HIAEM HEAE LR FA iy B A

/% Field Bud o d Beginning- Full-blooming ~ Green fruit White fruit Color Beginning-fruit Full-productive
ud perio

capacity P flower stage  period period period changing stage stage

80 CXJHH

Controjl) 2015-12-12  2015-12-18 2016-01-08 2016-01-18 2016-02-02 2016-02-09 2016-02-15 2016 -03-27

65 2015-12-09 2015-12-16 2016-01-04 2016-01-11 2016-01-28 2016-02-05 2016-02-09 2016-03-21

50 2015-12-04 2015-12-09 2015-12-24 2016-01-03 2016-01-13 2016-01-18 2016-02-01 2016 -03 - 06

35 2015-12-19 2015-12-24 2016-01-24 2016-02-04 2016 -02-09 2016-02-15 2016 -02-24 2016-04-12




2356

Zhang Chaobo, Li Ao, Cui Mengjie, Liu Zhongjie, Chen Lide, Jia Hai-feng, Fang Jinggui.
The growth and gene expression characteristics of Fragaria x ananassa ‘Ningyu’ response to drought stress.

Acta Horticulturae Sinica, 2017, 44 (12): 2351 - 2360.

22 EYEKABHAIXEREARTEMERGTHRIE

PN E B PCR WA G B W], FalFY 5 FadPl fefeh ik (B 2) , AERPRIEKFIR
REEAEKIE; FadNS. FaYUCI. FaPL U\ J. FaNCEDI {ift. R5Eh#83i5; FaDFR. FaLAR.
FabHLH78 VL FaPG LEEAERSRRE (B 3) o XEETAMIIIE R (Weigel et al., 1992;
Jim - nez-Berm - dez etal., 2002; Mouhuetal., 2009; B{iFEE 2%, 2011) —3%, WRIIXLERA K
FIEAET B ST T RIFER G Fo A8 B R e o

LR IRAR L,

PR NAE 65%A1 50% TR FF A AT T AR IN TR L, RIKK-P s,

(BRI FFEL I R A2 K, L SLLAAE 50% 551 N RIE R i s FERE T FIa & (35%), %
DIZE YIS . RTE RPN REAC,  (HARTE A B K.
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Fig.2 The expression of FadP1, FaPL, FaNCEDI1, FaYUC1, FaLFY and FaLAR in the ‘Ningyu’ strawberry

under different drought stress of flowers and fruits
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Fig.3 The expression of FaANS, FabHLH78, FaDFR and FaPG in the ‘Ningyu’ strawberry

under different drought stress of flowers and fruits

3 e

R RO IR B B K B 5 (A DG N 2 4% (Lin et al., 2013; Sanchez-Sevilla
etal., 2014; =AY 5242, 2014; & J7#F 45, 2015; Koning-Boucoiran et al., 2015; Sanchez Sevilla,
2015; Zhang et al., 2015), ABFFHERE T 10 M SEENRUW. (ERE . ARG LA
K EFEDR R A M B A e T R 45 N R TS L S MR AE K K B R . RN EERIAEA R
(IR A AT Feak B UK — SOtk T DUE H e AT 4% S8 AR B AR KO B T I EHT . Sy Ahix se st
RIEAS [R] - 52 25 A T 284k T7 2 00— S0P i WX S8 B BRI o] LU h 1 i s AR KOR B I bR ad ik A
(Marker genes). 94K, T AFFEEEEA AR R FAE B0, AR SR d LR T 5 a4
KRB IAEAN ], 0 T EER B AR AN A K IR T 12 W, WFE 236 2 ANl BN ) 2k b AT
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IIMT e INIRFETIIE 25 AF R FE DR AR A 5 PR AR DU A5 A7 AE — S IR, AT Ao FE g R PR
K5 RN LR BREAT T3 Bt Fu i I IL R I () S SRIK I iR, 2RIk
W FFEAR I SRR KRR B I AR OUFAE € MIKR . Il IXEE LA (1 2R8 w] AR
PRI IR HARLRR 25 R R A A IRDL, T IR SR DRI ST SR — S50t ) 7 ) P 5 DAL B A
BRAR KB ARDL I AT S

A RIE TR, ARE R IERFEA R AT NS TRROAER KT, 56 7 LI,
11 H AR FEIEAN R S AF N (RSBl HILAEA R T IR FReE i, RIS K
FAAEZEST: RN T FE A T RIS KR b fi K KR 65% A1 50%0 ), RS F R
HALRRFR SN, 10 i 5 IR AFAERIE I U A, KKV vy, b I I T3 LA,
UL O e T R BB R AR, NP TR A E HERE, B th TR RRIA I R, A
KIRFM R, WAAERREE N FERVN R ADIELS . EET R CRgs KR HoRFiK
B 35%) WISSEZAe AT, AR/, FAR/ DD, SERRTE A7 AEIE NG I ] KAHRGA
I FRIEFFRCT MG Wy EREN TS ME R RIE RS, MR
ANIBLEEA B AN, i DR DR R I TR L, i o T R PR RS IR
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