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Changes in leaf growth and related gene expressions during
bud dormancy induction in strawberry
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(College of Agronomy and Biotechnology. China Agricutural University, Beijing 100193, China)

Abstract To identify the mutual relationship between temperature and photoperiod during the bud dormancy induction
in strawberry( Fragaria X ananassa).Growth of newly unfolded leaves and the relative expression of genes related
temperature and photoperiod responses were analyzed under the conditions of 18 C /8 h,15 C /16 h,15C /8 h,12 T/
16 h and 26 C /16 h. And Light intensity is 200 pmol/(m? « s). Time interval of new leaf emergence between two
neighboring leaves was increased by low temperature and short photoperiod obviously, and the growth of leaf was
inhibited Pseudo-dormancy was effectively induced at 15 C /8 h or 12 C /16 h. The expressions of FaPHYA and
FaPHYB were activated in short day under the condition of 15 C ,then regulating the auxin signaling via FaPIF4. The
response to short day length is delayed under higher temperature. In 12 C . the induction of dormancy did not correlate
to photoperiod response in strawberry. Low temperature and short photoperiod are the environmental factors in the
dormancy induction of strawberry. Temperature is more important than photoperiod in bud dormancy induction of
strawberry.
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T B RN H RRA A T R K IR 1 2R 5 52
FLEAEY ZERIRZ M H A S, H K 28 shiX
K BRI 1 G B R, 7E 21~25 C 4%
L4 H BB EEIA S (Populus deltoides) #E A P
PRER . H B IA 5 W 28 1 AKIR 1 2 228 7,
K H BT B AR B AR A 2 KIS .
SEAE W) 2F R IR S A2 TR BE R . TR JE VR M IX Y S 4k
AR AAE Yy A AR T BRI S E APRIR . BUARAR
75 X0 6 H BRSSO AR A PR HIR 75 5 1 32 22
P R0 28 DR HIR B 32 Y 5% i s 32 ' ] 20
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215 COREARORHR Ay e IR L 15 "Cal H Ak RE
SRR, 1 15 CK H &AM RRIE SRR 18 'C 4%
PR MR A A A GRS KR 12 C R K
Hid 20 H A MR85 S IRIR , (B% 5 1 5 10 B A
AR ZEORIR A 5 v 9 BLAE AL i AT 2E

) 2 ORI 75 5 1) TR 38 R ' o 300 0 4 2 5 06 B
BRESHEBAR. E220F AN HER
(Phytochrome, PHY) 3k A % 4> 8, & 14> 31 4
PHYA. PHYB. PHYC, PHYD Ml PHYE"™",
PHYA FI PHYB JEH 33k 32 i B O IR R A= 9y
T, M H BB & FF LM JF PHYA RN
PHYB mRNA i@ FKHBY, HXTEEH
7% . PHYA 1 PHYB mRNA & B % H B a1
246 o R BE A AR T L ORR R S A
AWK S PHYA #t PHYB RS BI &4
el

PIFs J& T basic-loop-helix (bHLH) %% 5% X +
KM 15 W%, PIFs 2 A RE 3 5ot R 45
H. 250 e RFESEE D PHYA/B 55
TR R R SRR St AR
PEBEE M R A K R A FEEE TR . PIFA B4
R EAY A IERFE YUCS Fl TAA BB E£IL,
T VI 9 4 R 0 R Rl e s

PIF4 il 5o B4 45 5 78 TAAL9 FI IAA29 1Y)
B FEIE R AR B SR
R ZAE R SAURs JE R 5t 2 00 o k.

T AT AN PHYs PIF4 J A K F A5 5 38 A ¢
FE DA BIF S8 45 3L L A Oy 3K 6 R DR A 175 5 48 AR IR 1 o
FErpRlgEE o PHYs W 3 %R A5 5, i@ & PIF4 4

FEA AR Z e B 2 5 BARR R A AR

N T R ARG R A 2 AR R 5 T aok AR R N
O JE 0 1 ) A G R A IR LR AR Albion Risk
B4 52 18 °C/8 ho15 “C/16 h,15 ‘C/8 h Al
12 °C/16 h 4bBR, DL 26 °C /16 h S Xf B 4G - A A
FFIAH G HE R 2R 35 £ L 43 17 O JE 301 8 434 5 3 % R
PRI 2 3K £ X6F D16 Tk 114 i 3

1 #E5FE

1.1

F 2013 4EF1 2014 4E 8 H ¥4 Albion %5 H &
R AAE] 10 em LR R BT SR b ¢ BT
H=5:1, W 7 dJR¥ AR AP O IREE
FeRALBE 3 AR (12,15 F1 18 OO 2 A~ H K
8 h(Short day,SD) f1 16 h(Long day, LD) fj A~ [A]
JeM 2 G AR F AL B X B 26 °C/16 h, R AR
I R GE BE 7331 J2& 200 F1 0 pmol/(m?* « ) L A XS
WERER 7500, REBEAEARE UGS 1 BB SR H A
AR R, BAHEE 1. EE 3R, T&R
AR BESF 0.1,3,5.7,14,28.,42 1 56 d 3£ 9 4
N T) AUl 2 0. 2 g A6 D R PR 36 3k & 5 03 A 4% TR
JEAR FR A M6 Bk B A T 4 R IT S A I —
N AL O R TN G U A N AN 0 A RSN
ZMFRKERK, U HEhEEA . HE 2 45,
1.2 F#HiE
1.2.1 B&EIHiFeRE

JFH 220 B RO S B = 3 52 i 198 it A9 4 R ] /)
I F I R B 5 B AT A DR A SSUA /) - Y
ARFE AT
1.2.2 REARZFaaE

K ok CTAB 35 48 BU R 4 A BE &
RNAMY, | DNase I(Takara, &%) F 37 “Cii4k 30
min, PABR % DNA. OB & BUR) RNA FT flcit 52 41 2y
Y66 E 1 (NANODROP2000, Thermo Scientific) £
M9 AR JE B RNA #e 8E RL K 2 B (OD260/280,
OD260/230) . I 176 i 35 I B 456 Je FiL ok A 0 G 52
A, B2 ug RNA, H§ M-MLV reverse transcripase
(Takara) ff Jx ¥ 5. M 7500 Real-time PCR
system ( Applied Biosystems Foster City, CA,
USA) P, WK £ R 95 °C 30 5;95 °C 55,60 C
34 5,40 NEFR AN EE 3 K, AR KPS
mr: WA Mo B A AcPHYA
(AT1G09570. 1), AtPHYB ( AT2G18790. 1),
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AtPIF4 (AT 2G43010. 1), AtYUCS ( AT 4G28720. 1),
AtIAA29(AT 4G32280. 1) \AtSAUR19 (AT 5G18010. 1) .
AtTAA1(AT1G70560. 1), AtARP6 ( AT3G33520.
DA AtHSP70 (AT3G12580. 1), 43 5l JH ix £k 3 K

X7 B & £ K 40 Blast Chttp://www. rosaceae, org/
node/ 1) , 43 7l FR A5 [R) U5 5 g A %o R B 36 I .
Premier 5. 0 3R R RER F 514 (F D), X IR 3
A Actin™®7,

F1 EHIEKXPCRIAEESIYFET

Table 1  Primers used in Real time quanitative PCR

L 514 (5'-3")

Forward primer (5'-3")

F 4 ik A

Target gene

S5 #G'-3")

. ! !
Reverse primer (5-3")

FaACTIN TGGGTTTGCTGGAGATGAT
FaPHYA TTGCAGGAAGTATTGGTTGCC
FaPHYB CTCCAGCATGACATGTCCCA
FaPIF4 ATCAAGGAGGACACGTGCTG
FaYUCS8 TCAAGTCCGGTGGCATCAAA
FalAA29 CTGACGGCAGCAACAAGAAC
FaSAUR19 TGTTCCGAAGGGACACATGG
FaARP6 TTCGTACCGGTCCGTGAATG
FaHSP70 AGGATGCAATCGAACAGGCA

CAGTTAGGAGAACTGGGTGC
CTGGAATCCCACCGCCC
AATGTCCGATGGCCTCTTCC
TTTGTTGGTGGAGCCACAGT
TTCTCACGGCGTCACATGAA
CTCCACGACGTAATAGGCGG
AACTCGGAAGCCTCACATGG
CGACGGCCAAGTACCTCTTT

CTATGCCACCAGCCATGTCA

1.2.3 HIE%t o4

H /6 R Excel 2010 4 3k 47 $ 4 04 5% 21 11
EFIE R B IBM SPSS Statistics 21 54 it B 22
ANOVA #17J5 2501 .

2 HRESMH

2.1 EERRFSTEPIHERTK
2.1.1 HrtshAsts

b ST E S IAHE R R I R R (L0) F26 T/
16 h 4b B 526 7 KJEIF.18 'C/8 h.15 C/16 h I
15 °C/8 h il edl & Lo fEAb #5568 14 REJF. i
12 °C/16 h 4b 3 Lo 7 4b ¥ J5 %% 21 K A4 BT
(Bl D, 5Cifs 26 °C/16 h AP 5 A= 5 1 K ot
(LDFEAN B RS 21 KEJF.18 °C/8 h.15 *C/16 h
15 °C/8 hi e A L1 fEA S5 28 K EJT,
i 12 °C/16 h &b B L1 78 kb B 5 45 35 KA J& JF
(B 1), 26 °C/16 h GRA AP E AL 2 R
M (L2) J& JF B[] S Ab RS 25 35 K518 C/8 h Al
15 °C/16 h 4b¥ 1.2 & FF B (8] S 4 #1555 42 K5 M
15°C/8 h f1 12 °C/16 h b L2 Ji& JF 1% ik 1] 4iE 58 5]
AhPRJEEE 56 R (K 1), 26 'C/16 h il &AL 5
A5 2 R (L3) & JF s [B) Ry Ak B 5 2 49 K

18 “C/8 h 15 °C/16 h kb ¥ 1.3 & JF i i) Sy kb B )5
556 K5 15 “C/8 h A1 12 °C/16 h kb ¥R L3 JB I
B ] SE R F AL BRE AE 77 K. L R4S SRR IR
Il 75 175 5 g AR M PR IR o I UL A X 3 e A4 208
2 Wyl A= 0 Bk ) ) B 1Y S A G CTRT 1D
2.1.2 vFRKE

26 “C/16 h G A &0 T A BRATE 1 BH 1
AR ETF g F (LO) B 4 BHS 25 21 K if b B K ik
N RMH 5.3 em; HAy 4 MR A G Lot K
JEY A 28 RikF| R ME L fH 18 *C/8 h #1115 'C/
16 h &% F M KR RME A 5.1 em, i 15 °C/
8h F1 12 C/16 h &M~ Lo M 4 B 5 KA K
4.2 cm, W F LT HAD 3 MGIRAE (B D, 26 °C/
16 h &1 L1 mb K BRI 35 Kk 2l & K1ME
5.3 cm, 18 °C/8 h F1 15 C/16 h &+ F L1 it ;4
KREEFNEE 42 RikBIRARME. 00 4.3 A1 4.7 cm,
18 °C /8 h AbFHI: H K H E AL T 15 °C/16 h 4bFH .
15°C/8h M 12 ‘C/16 h e & L1 K EEH
A9 RA B EKAE, /35 R 3.5 il 4.0 cm,
15 °C/8 h AbFE) L1 i i K EHZELF 12 °C/16 h
(B’ 1), 15 °C/16 h A1 18 °C/8 h ICH & &M T
L2# L3 M KEHIHEMT 26 C/16 h, H
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18 °C/8 h # 15 °C/16 h kb HEnf B & JiF 55 /),
15 °C/8 h 112 °C/16 h &4 F L2 f1 L3 nf Jr K #F
AT oA 3 ORI AL G . b KB e RE AL
3.0em A4 (B 1o ZEE 0 Hrik .15 C/8 h #l

6
LO

I K JEE fem
Leaf length
o

2 ] ] 1 ] ]
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I5f1a]/d Time

M B fem
Leaf length
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[5}[E]/d Time

A KB fem
Leaf length
~

MR B fem

Leaf length
w

12 °C/16 hotid 4l & A3 L2 F0 L3 it Jy K 3%
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KE.
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2 1 1 L 1 L 1 L J
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—A— 18°C/8h —&— 26°C/16h

1 AEEBEEMAKTESAEAESMENTH(L0) LEBEHEE—FH(LL),
SEEWMAEE (L) ABEHAEE =M (L3)HAKELTW

Fig. 1

Dynamic of leaf length of unexpanded emerging leaf when treatment starts (1.O) ,the first leaf

emerged after treatment (L.1) ,the second leaf emerged after treatment (1.2) and the third

leaf emerged after treatment (L.3) under different temperature and photoperiod regimes

2.1.3 FHARE

26 °C/16 h i G A &0 T A BT 3HE i
KR JEFF Rt (LO) B b /5 55 21 R B it 7 58 Ji2 3k
F e KAA 4. 8 em; HAy 4 DMGRA G S Lo 5
JEH R 28 RIKF| AR . {H 18 'C/8 h #1115 'C/
16 h 454 T 0 Fr ik 56 BE e R AE R 4.8 em, i 15
‘C/8 h 112 "C/16 h 4 L0 M 58 B e KA N
4.3 cm, i FART HAL 3 MOGRA A (K 2,

26 ‘C/16 h 444 F L1 M- F 58 5 546 35 Kk %
R 5. 2em, 18°C/8h #1115 °C/16 h &4 F L1
MR vE BE RS 42 RGN B & KRME. 755 4.0 A1
4.4 cm,18 “C/8 h AbBERF I H- 58 B B AL T 15 °C/
16 h 43, 15 “C/8 h #1112 ‘C/16 h i GH A L1
MR SERE ELE A 49 R A IR Ee RAE . 430 R 3.4

3.7 cm,15 “C/8 h AbHLMY L1 0y J 58 BE L 2K F 12
°C/16 h(|& 2),

15°C/16 h f1 18 ‘C/8 h lGH G &4 F L2 i
F9E FE YW B K F 26 “C/16 h, H 18 'C/8 h #&
15 °C/16 h ab3nt Jr SEEERE /N5 18 °C/8 h iR &
AR L3 ok v BB B AT 26 °C/16 h Al
15 °C/16 h, 15 °C/8 h fl 12 °C/16 h £+ F L2 A0
L3 MR 58 B R T HAh 3 A BIRAL AL H 15 'C/
8 h 12 *C/16 h AbHry it | 58 B B /N (B 2)

ZEAS TN R .12 °C/16 h it 15 °C/8 h AbBE 4
PR REE Lo M LY BF 5 As /N (B I JE AR IR 2
MiAbFE 56 d J5fliZE B9 L2 A L3 7 A 3 R i A 4K
IRAS, A& .15 °C/16 h F118 “C/8 h 4bFJ5 56 d.
Rpfdfi L2 A1 L3 JR AR R IR .
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Fig. 2 Dynamic of leaf width of unexpanded emerging leaf when treatment starts (1.0) ,the first leaf
emerged after treatment (LL1) .the second leaf emerged after treatment (1.2) and the third
leaf emerged after treatment (L1.3) under different temperature and photoperiod regimes
2.1.4 rHAmk A AL B L2 R0 L3 AR 2R T AR A

26 °C/16 h il A 20 T A 3Tt 3E
FIEFF R A (LO) B AL S 25 21 KA A 4 3k )
KA 6.6 cm; HAr 4 OGR4 S Lo R
F5 28 RikFIHEAME.H 18 °C/8 h il 15 'C/16 h
FAF T W AR B R B 40 6.0 R 4. 8 em, 1T
15°C/8h 112 °C/16 h &4 F Lo MH§ K H K AL
ral k4.2 3.3 em, IR T HAML 3 AR A A
(| 3,

26 “C/16 h 24 F L1 MK 145 35 Kk 5
KAE 6.7 em, 18 °C/8 h Ml 15 C/16 h &4+ F L1
MR 225 42 Rk B H K 4.9 em, 15 'C/8 h
12 °C/16 hiBEd A L1 MR EZRESE 49 K4
SKIRA 43K 3.9 F103. 1 em (& 3),

15 °C/16 h 118 “C/8 h i L4 & 44 F L2 Fl
L3 M4 2580 B AEF 26 “C/16 h, H 18 °C/8 h #&
15 °C/16 h b ¥ b ik A5 K R 7, 15 °C/8 h Al
12 °C/16 h 444 F L2 F1 L3 MK 5% T HAh 3
MRAA (E 3D,

ZEA TN k.15 °C/8 h Al 12 °C/16 h Y4l

FIMIRIRZ .18 °C/8 h M1 15 °C /16 h B AAHZLIE
SRR, F - A o) A
2.2 EENRFSEEPHHERRET L

5 40 AR EL L S A R I R SR K P B
WAk, FauPHYA,FaPHYB,FaPIF1 FaSAURI9 Fi
FaHSP70 5 [F k7K FEAK 2 40 3T Y 0. 2 £5 LA
. FaYUC8 \FalAA29 fil FaARP6 H: Z [ A% 5 &b
HETAY 0. 01 5L I

FaPHYA 1 FaPHYB :16 h £ H B4 F . ¢
W15 CHM 12 C, kb ¥ 1 ~8 J& , FaPHYA A
FaPHYB ik ¥R W i F a2, M
Z,15 °C/8 h kb ¥ J5 , FaPHYA 1 FaPHYB #i %t
FOREARHIAES M1 d B W&, HE 8 &
KK 2 E T 15 C/16 h F1 12 °C/16 h 4b 3,
18 “C/8 h 41 F.FaPHYA 1 FaPHYB % %
R BTE 4 B E TS BRI A R, H R
PR EAMY T 15 °C/8 h AbFE(E 4), DL 144
#KW FaPHYA F1 FaPHYB ¥ 765 H 448 T fin s
TR TR AR T B K A i SR
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Fig. 3 The dynamic of petiole length of unexpanded emerging leaf when treatment starts(1.0) . the first

leaf emerged after treatment(LL1) ,the second leaf emerged after treatment(1.2) and the third

leaf emerged after treatment(L.3) under different temperature and photoperiod regimes

FaPIF1 .48 15 C AR E T FaPIFL 3P A X
FEBEZEHFES 18 CE&HTRmMH K,
15 °C/8 h &M F - FaPIF4 FiXt#£ k8 M 14 d FF G
FE, BT 14 F1 28 d Rk . Al 3 4
WEFR AR FaPIF4 13258 i oK UL I 25 00 R0 A
AR (R 4,

FaYUCS : FaYUCS B AR Rk 5 7E 15 CHY
BAGRE T 28 HiES. 18 CEMETFTAmN H K.,
15 °C/8 h &1 F . FaYUCS #ixf ik M 14~56 d
FEEAIGETE . B 14 F1 28 d i ek B . i
i 3 MEFEEMET . FaYUCS 133k 5K W5 35 1
FUAERE 2210 (B )

FalAA29 .78 15°C 5 AR E F FalAA29 3P
X R IR Z A HiBES. 18 CEMETFAm N H K.,
15°C/8h &M F . FalAA29 [ RiEE M 1 d JFIRZ
WAt . HAh 3 AL FalAA29 By Rk =
A DL AL AR A (R 4D

FaSAURI9 : FaSAURIY )35 K 2 ik & WL 54k

RS — % ME., 15 'C/8 h &4 F.FaSAURIY
MR35 = N 5 d I & W &, 56 d B B s
15 °C/16 h 1 18 °C/8 h &M F ., FaSAURIY W)
kg N 28 d FFas W . 56 d B IS B A L T
12 °C/16 h &M F . FaSAURIY 133k — H AR
(Kb,

FaARP6 :4 MR G AL 5 FaARP6 £ ik
LB TR E AR 0. 01 {5 L) b, H B 25 Ab 38 A5 i)
HIHEAT & A4S FaARP6 ik i A7 KRR
(B 4. INH FaARP6 33k i1 1 28 b 5 IR IR 75
SR,

FaHSP70:15 °C/8 h #1115 “C/16 h 43, [ 4b
PS5 5 K, FaHSP70 3Rkt i % i T H AW IR BE
15 ChEFE K H B — 2P ik FaHSP70 %3k
Ko 15 CHRMF. L EMH ML K H K,
FaHSP70 %I RiEwm N 3 d Fih. 2 FE. A
i FaHSP70 33k i M 2 b 5 R IR % 5 A HH X
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HMGE Sl FaPIF4L J8#8 TAA i Ry, 488 i
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