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O ERBUOFAE ER RN REM, 6 ATRERLEN T F AL EN BEZLGERRELR
PbDREB kk BEHATMN E i, HRKUW,EXKEME AR EE AREREE MEAREE rth &M ESE 5%
KABRENFEEREEMA, EXEGHELE PADREB R EEZ R E EMx, BREBEEIEAK9 X-—T% 60 cm,
EEAKEEN 6750 m® - hm(TS) B, #F 5 4 S % Bk, 3k 32.90% ; # | 45 A AL JE 5 /D, 47 43.62% ; ABA 4 &
B,k 11887 ng - ¢ ' (#E) ,GA TAA ZR & B4 5 K; A4 £ L B PODREB )k B &, 2.75, MWk WA K
T EKIR.TH 60 cm FHEALEEN 6750 m® - hm W HEARFT NGB EG S HWESE 3 ABA & & #
HLE L E PODREB kA B N RETH WA, RH A RFMR A AN ET ¥ AERT R,

SRR H A AL AR o 4 A5 K DREB

E S .0945.78;9275.6  XEHIREM:A

Effects of different irrigation mode on leaf structure, hormone content,
and the gene PbDREB expression of Huangguan pear

HUANG Hai-na', YANG Jin-yu', LI Hong-xu®, LIU Xiao-yong’, YE Zhen-feng', ZHU Li-wu', HENG Wei'
(1. School of Horticulture, Anhui Agricultural University, Hefei, Anhui 230036, China; 2. Pomology Institute,
Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract; The experiment of six irrigation models had been conducted in an orchard of 9 year — old ‘ Huang-
guan’ pear. The profile structure, hormone content and the expression of drought resistant gene DREB of leaves
were measured. The results showed that there was a positive correlation existed irrigated times or depth and the leaf
thickness, cuticle thickness, stockade tissue thickness and CTR under the same irrigated water amount; There was
a significant positive correlation between irrigation amount and the expression of the drought resistant gene DREB,
T5 (drip irrigation under plastic mulch, irrigated 9 times and each time water move down to 60 cm depth of soil,
annual irrigation water at 6750 m® - hm™>) had the high CTR and the lowest SSR. The CTR reached to 32.90% and
the SSR reached to 43.62%. It also had high content of the ABA, relatively lowest content of GA, IAA, ZR, and
the content of the ABA reached to 118.87 ng + g”'(fresh weight). And it had high expression of the drought resist-
ant gene DREB, the content of DREB expression reached to 2.75. In conclusion, T5 could improve the CTR, pro-
mote ABA synthesis, and increase the expression of the drought resistant gene DREB, thus improve the drought re-
sistance of the leaves. There by it should be the suitable water-saving irrigation model for the pear orchard at Jingtai
County in Gansu Province.

Keywords: Huangguan pear; water-saving irrigation ; leaf tissue; hormone; DREB
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BT AR AN K R IR e R R P
KB HIX AT 5 A B B D 28k
RIS B IR 5T — PR T K 5 A A T I i
X R 2 B DX AL Pl 1 K e FAA B H A
FH 75 N T 2 b BT 535 R 5% 15 T E R AR 4 5
) = 8T K HE B J7 =X BB Rk Rk B A
AE 2% 14, DT 6 380 408 oo ™ | st T E R
ZE I A RBFSE 2 I, 5 H R T PR A R i 1
DX, RS Tk T A 28 7 e R K 0 R R SR 38 v R
FRCIT HE 1) P, AR BRSE T XSRS R B, T
THHETT L3R R S R P B UK o R R

ZAFK, NS R T AL 89 BT 32 B AR
HTEM R 2SR R AL AR B A D B bt B R PR R
RAJTE DR R MY PR S R
TS i) Sl 4G S — s A DG e AR B Ak
SPURMOCR W 5 T, A N TR T R
a6 fre A SRR AR BRTE R Y B A R
AHE i, AT BT AL B A 58 SR A, K
MITHE4E &5 E A ( dehydration responsive element
binding, DREB) &—JZ 5 h Z MY IK I | &5 55 1
TERAEAR A Y aE 1) T B L R e R R 2
4 DRE I AE I JC 4, 3 8 F e 56 R g =3kt
DREB 52 fi%ii | o £8 A1 545 005 il 1 o5 5, e i
TEAE DA A 8 42 2 35, DA T 24845 A8 400 400 D 1) A
A BRAE AR A TG B, 32 R I 40 R 5 4 1 AR
SE ANMLIE 385 e 1 VR T B3R % P 4600 400 L ) B
R PTEY

ABIEFE A R] B P 7K 7 sUBERE R, B XA [R]
HEWE AL BT B AL AR MR S RN
DREB JEPR 235 5 19532 W R AT A5, LA 4% HS Al 3
FESR E 7 RIRE v K o M AR A B A RE K T 5,
TZHLIX A Pl 5 7K TR S A AR A S A8

LBk

1.1 ket

PRI S M T 28 B AR L AR A AL el gk A 7, it
RO A A 35— 30y B AL K R
FEAL WIS 9a, A SRS 73 501 A 45 Ab B AL el
ANEEIZR (R PO AT A P b S AR A A Ak L BE LR R
MR A% 30 A, B PR 8150 0 2 R A 7 AR R AR U
FE  BEALPK OB £ 1T RNA 42,
1.2 R sbE

AR T N i R R A TR BT 2.0 m, M AR
PIABE B T 1.5 m A E — 45 /L InL 3t i
o AP IE F AR 6 PR, AL FRE] A8 2 PR E] RS

MERR , A /MK I HES 4 vk R 2 HE I /K i i /K
TEHNE K i KR A SR, R R
BURBE NI, 3473 5o 45 A BRAT [E] A2 9 100em 3534
[ E A AT . SEG 8 6 AL B Horf L RIS
TSR] R ELARVE K 5 =R R

CK: H U HE /5 F A6 5 SR SE TGHU K0
TSR R PEATHEAK 3 3 /4 BRI K AT ]
AEJE K A 10200 m® - hm™2

T1 . B R UE , 4390 FAE T AL IS | 5 50 0 o
FAPPRIER SE R R (2 W) #EATHE K 3L 5 /AR, B
KB 60 cm, FFHEZK S 4800 m* + hm ™

T2 BT HE o0 B T AEHT AESS G R Rt
T IR S A (2 W) #EATHE K, 2 6 TR/
A BR R B 60 em, AFVEZK B R 5400 m® + hm™?;

T3 BT HE 0 B T AEHT AESS G R Rt
TR I R SR S R (4 ) AT K, 3 8 T/
R T 40 em, AEHEK B 5400 m® « hm ™7

T4 BT HE 40 B FAEHT ALSS G R Rt
TR ORI R R S I (4 W) AT HE K 3L 8 TR/
AE AFCF B 60 em, AETHEK B K 6000 m® - hm ™25

TS BEWEHHE 4y W FAEmT AL)5 2R R
TR I RISR SN I (5 00) #EATHE K , 3 9 I/
A IR T 60 em, AFEK SR 6750 m® + hm™;
1.3 FHik
1.3.1 rrRAVREMIE 9 AParREHRRS
T AE R 6 A [ JEE T Ak B AR - F | 5RO R
2 kb E] 0.5 emx0.5 em BY/NEE ] FAA
TE TR 52 i A 38 096 0 g e 4L 4 2
¥, VIR TERE 8~10 wm, T4l LR YL (o, 5= KA
JEE R, FH S A e RO v e B R A 2
LURRE AU SR B WAL 3 M R 6
UK, ARG A DALY B 18 A, AT AR
M 2H 21 45 ¥ % %5 BE (TR ) F2H 23 45+ i 0y 8
(SR,

CTR( %)= WAL 2R /i Fr JELBE X 100

SR( %) = 4R L LR/ ) B FE X100

132 #wE4EFMNE MHPTERER(GA) X
KEZRAF(ZR) EKE (TAA) &R (ABA) 254
S A SR PG e ke
1.3.3 % A& 3L PbDREB * R % %  F L {H3€
RNA S5 & (At SCAE S A MR A BR S 7] ) $2 L
BRI R AR RNA, I 19% B i bl A, oK s ) H
SEEME . M — MLV S5 550 ( Promega A Fl ) A A%
S5 —HE cDNA, B S 4 F R H R 2D BRAK 4 18 ]
BT,
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B IIRAT - KA T B e B P S5 A R 35 i S PODREB R 3RIK I 2R 19

PG & W Fl DREB JE R 4R SF 5135 TR 5
PG, UL B Bt R cDNA S EIHR, 248 PCR
P14 H B R B, PCR 973 7= W1 28 1% B g A Wk 40
BS54 3] pGEM — T #A b | Bk HCA 1 7%
AT, PCR RWAKRZR A 20 wL, I 74 :94°C
AR 3 min, 94°C 2814 30 s,50°C 1B *k 30 s,72°C #iE
1 1 min, 3t 30 PHFF, Z M8 TaKaRa A R Y 3"~

Full RACE Kit 3706, R4 T gk A5 1 B /9 1 Brik it
3514, 28 PCR ¥ 48 Y 375 i A B 91, 0 I
H5HM B, IRTI S RAT E# AL EST
JE AT, 3R ARSI TT 5 5S 4, 4 PCR §7 4
S Y e S B R R Bebi . iR DT
71NN 87 ol ALY/ A TIeEs Ee e S ol T K
YIFP3 g 1 iR,

* 1 Z PWDREB BEFEREFRIZNMEXS

Table 1 Related primer of PODREB gene cloning and expression in Pyrus
K EIE7E2 ElL/2)
Name Primer name Primer sequence
PbDREB —F1 5'= GTCCCTCAAGCCAGTGGTATG -3’
3 RACE PbDREB — F2 5'= CGAGTTGTTTGATATGGATGAG -3’
UPMLong 5'= CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT — 3’
NUP 5'— AAGCAGTGGTATCAACGCAGAGT -3’
5'5Y G PbDREB — F3 5'- TCCAAGAGGAATGGGAGCCTATGA -3’
5" end primers PbDREB — R3 5= GAGCAGCTTGGCGTCTGGAAACTG — 3’
RT - PCR PbDREB — FY 5'= GAGCAGCTTGGCGTCTGGAAACTG — 3’
PbDREB — RY 5'= CAACGCATCACCATTCAACA -3’
e8] PbDREB — ActinF 5'=TGGTGTCATGGTTGGTATGG — 3’

PbDREB — ActinR

Internal control primers

5'= CAGGAGCAACACGAAGTTCA -3’

1.3.4  PbDREB }: W A1z &3 o4 FIRIAMSCA
Y5 22 Wl % 2 A5 B R 2 K HEAT AR 1 B 0
Mr. 32 F NCBI R % ( http://www. ncbi. nlm. nih.
gov/ ) B HE AN BHIFE T R 32 HE ( Open Reading Frame,
ORF) ;i 1] NCBI 4t 4 H 1) BLASTX X & 12 /7
HHEAT [R) P54 2 A0 L X 32 F Protparam (http ://
www. expasy. ch/tools/ protparam. html ) X £ 9 Jii 2 {k,
PRI T R L 0 AT ; FH TMHMM — 2.0 (http :// www.
cbs.dtu. dk/services/ TMHMM ) X} PbDREB % 3: 1% ¥
4745387 ;32 F Net Phos2.0 (http : //www. cbs. dtu.
dk/services/NetPhos/ ) # 17 B B2 AL 25 53 ¥ ; 1 F
Psort ( http ; //psort. hge. jp/form. html ) 17 3V 21 Jfd 52
Doy M & B R £ & )7 51 b 8 R A Clustalw2
(http ://www.ebi.ac.uk/tools/msa/ clustalw2/) .

1.3.5 PbDREB B & A4 S0 LABERH
() cDNA SR, AR Actin i B NS 2R
I RT = PCR X HHEAT GRS R A b, AR B
RACE 3k % ) PbDREB 4= K J¢ %1, {fi J| primer
premier 5.0 W iT96E &/ PCR 519 (£ 1), i
ABI STEPONE %)% 7E ft PCR {GHAT986E i PCR
30T, R 20 pl VAR FR : SYBRTM Premix Ex Taq
10 pL, 1IE JZ 1A 519 (10 wmol + L") 4% 0.8 pl,
ROX Reference Dye 50X 0.4 pL,cDNA #iHz 2.0 plL,
ddH20 6.0 uL, JCRIFET A :95C HAEYE 90 s; PCR
SN :95°CAEME 15 5,60°C iR K 40 s, B3k 40 41fE
W BAFERHET 4 WEE R, [ 2 2295k 5K
PR RFIIAE S AR Rk,

1.4 BUIES
K H Excel 2003 % BESZIGH R , 2 H SPSS 17.0
ST A TR R R T 50T

2 R 5

2.1 MR RS S LE B

NI R I AR (LR 1), BT R B A
JH R BAZ S AN BAGT IR H MR 2 240 i
B AR B HEB) 5 551 R 5%, SR JE A 65.28 ~ 82.72
pwm Z[E], HEARHLN T AU S N R 2B
ARAHEE  HEZN A, 225 B, 2 BEAE 101.91 ~ 125.41
pm 2Z [8], AR[R LB () R A 3R B 24 5%

F 2 2 AT, S RRAR B, 5 Rl BE A - R R
P, Hob T3 Byt R R R R, 5 3 257.13
wm; T3 T4 1 TS Y Ff 57 )2 5 B e % i, T1 AT T2
T I8 B T2 AOMIHRS 2 2 B /N X B AR, Hee
AR PRI R T X 5 Bk TS A I 4 20 20 5 B 5 %) e 2
SN TSN, e A B 3 T X IR T2 1Y CTR
(R0 R DG B b 3 9y 8 % IR, e T fe
T5 Y2 ;T1. T2 Fl T4 4 SR {8 5 35 55 T X #8 T3 Fil
TS5 KT, Hod 75 79 SR e/, (H AR K 5] 25 57
WK, R A AR K B AR ] (AR ME K RN
5400 m’ - hm™) KPS FBIREARM T2 5
T3 b4, T3 b Bt R | A o2 R A= 4 21
JERE MR L 200 AR A 805 I R 2 A R R Y
WE T T2, H2E Rk 8 0 K
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Fig. 1 Leaves crosscutting anatomical structure pictures of ‘ Huangguan’ pear of different irrigation treatments
x2 ARERLEME AAEHSEHILR
Table 2 Comparison of parameters of leaf tissue structure of different irrigation treatments
Jb3 W R R R M U BE (IS CTR/%  SR/%
Treatment Leaf thickness/pm  Thickness of cuticle/pm  Thickness of palisade tissue/pum  Thickness of spongy tissue/pum
CK 224.57¢ 3.30be 72.33be 101.91¢ 32.20ab 45.38b
T1 245.21b 2.42d 82.22a 118.81ab 33.45a 48.45a
T2 235.80b 2.84cd 65.28¢ 115.24b 27.72¢ 48.84a
T3 257.13a 4.55a 82.72a 113.00b 31.99ab 44.10b
T4 256.03a 3.66b 76.21ab 125.41a 29.68bc  49.10a
TS 237.91b 3.39b 78.29ab 103.82¢ 32.90a 43.62b

TE: CTR KR W Jr VA B L 5 SR Rom it )y NS A JEE 5 R B R [R) /N 7 R AR A [l Ab B P<0.05 JKF22 5 B3, LLTF I3

L.

Note ; CTR means the leaf tissue structure tense ratio; SR means the leaf tissue structure spongy ratio; Different small letters in one column mean sig-

nificant difference among treatments at P<0.05. The same as below.

22 MHABEEETK

F 3 AT, SRR LL, 5 Fhah BR85S 4R
R R ABA Sar, Horp TS S, i3] 118.87
ng - g s BR TS 1Y TAA I GA & & W K T XF B 4h
Hg A F X I T3 A T4 1Y ZR SR B E R
TXF R e Ak B A I I T R o TS Y ZR
TR, 7.3 ng - g7, AFTE K S A ] (AR K
KR 5400 m® - hm ) KBS FBIEEAR
B T2 5 T3 AHEE, T2 A9 ABA IAA A1 GA =¥ R
EET T3, T2 () ZR & i AKX IR U6 B 4
K AR TR VE K BRIV A TR B X i | P =
i=s- AT E
2.3 ERERERRIESH
2.3.1 PbDREB A R 4K cDNA SLIER 57| 57
Wit ORF Finder 4347, PbDREB 3 [H 4> K cDNA &

1551 bp, Horp & S 4E4AS X 10 bp, 3/ dE 45 IX
346 bp FIFHCFEEHE 1197 bp, it 398 & HEMR
HIGHEIE TR ATG, & 1 %151 TGA

x3 AREEBRLENEBRM A ABAJAA GA
ZR SE(H%E)FIm
Table 3 Effect of different irrigation treatments on leaf ABA JAA,
GA and ZR content of Huangguan pear/(ng + g”')

ENGILGEE

Treatment ABA IAA GA ZR
CK 51.65f 52.64c 8.15¢ 10.03¢
T1 85.91b 75.46a 8.29¢ 8.18¢
T2 71.21d 75.14a 10.54a 9.04d
T3 66.83e 61.94b 8.38¢ 12.47b
T4 80.60¢ 75.80a 9.51b 14.41a
T5 118.87a 27.59d 6.72d 7.30f




%5 3 3]

TOEF YRS  FE K AL B BOR AL 45 H FIGR 51 e PODREB R FIA B2 21

3 Protparam 43 M H:FRAL M B, #EI PEDREB
E Eﬁ?ﬁ C1858 H2863 N531 0630 523 ’ ﬁ;?“ﬁ}(ﬂ‘ﬁ}?%ﬂj
43456.7 45 4.8, HIELSEEIZ08 30 h, A&
FESEN 44.58 , A FERARRRE (40 LAF MERE
B, ZE TN R 2 R E R T AR
Gly(11.3 % ,45 /1~) 22 &R Ser(10.1 % ,40 4~) Fl
B Glu(8.5%,34 1), % &R 1 0 SR K MR
1., TMHMM —2.0 4341 PbDREB R IEIR T 5% A 15
JREAERY IR, BEA 55 MK, NetPhos2.0 T 45 5 7,
PbDREB 1A 18 4~ Ser .7 /> Thr i1 3 /4> Tyr,ﬂﬁﬁ
A B R Y SRR AL S HEWT PODREB & A 1]
[FI3ack AR A1) O 38

¥4 PbDREB B& PR gty (1) 28 L1 )3 51 4 7 [R) 5 43
B, G5 R BRI IZE LT 5 SR Z M) DREB 25
R 75 EHA 5w i — 20 (K1 2) . PbDREB 4ty
IR F A 53 MADREB2 — 1 4t 1) 58 KL 1R )7
G~k e, H 59.8% , HEMKIR BV A FH An-
DREB2C 38.8% . %%} FuDREB2C — like 36.4% . B bk
RcDREB2C 34.2% %\ CsDREB2C — like 33.8% /%W
. CaDREB2C — like 31.3% 1|1 MnDREB2A 30.7%.

ﬁ: ﬂ;\ Cucumis sativus
92 (XP_004138558.1)
55 JI| 5 Morus notabilis(AHJ25962.1)
Y 4§ Fragaria vesca subsp. Vesca
93 (XP_004307690.1)
B WK Ricinus communis
(XP_002520794)

46 W & F Ammopiptanthus mongolicus

J&E WE 5T Cicer arietinurn
(XP_004491005.1)
SER Malus domestica(AFJ14632.1) 0.1
EEY Pyrus
bretschneideri(KP001175)
B S BT 2R Bootstrap 36 31E H 3 T 1000 7K
H AT KR BE B 20 L s AR RS A B S

Note: The number on the branches indicate the reliability percent

of Bootstrap values based on 1000 replications; the scale bar represents
genetic distance.
B2 A E##EY DREB 8ERF 70 RGH UK 27
Fig. 2 Phylogenetic tree of DREB amino acid

sequences from different plants

2.3.2 PbLDREB EXRFl#HAE T &L HES3
AN, PbDREB 7 6 Fh AL BRI |- 346 2R3k R T1
X IR 2E SR 3 A HE A B P S T R
Hrrde T5 g R b fem, 23 2.75, & X Y
2.891% MK N B IR 60 cm B (T1, T2, T4
FITS) , AL H PbDREB %5 [H 2% 35 & B 4R HE /K
ARG LT, HaR 325 5 W E KO, KR
AHIE (AEHEK BN 5400 m® - hm™?) EKRELS
NBEEAR K T2 5 T3 # ke, PADREB 1£ T2 H (1)
TR BT T3, (H R IR 2 2 5 W 27K F, Ui B
JKE AR [ B, E K R BCRD T 33 BR E XF PEDREB $:[H

RIBEMEIALE

w
w

w
f=}

- = b
S vk O W

PhDREBM M F ik &
Relative expression of PbDREB
(=)
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(=}
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Ak ¥R
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B3 REZEBSETH A H PODREB BIRIZKFE
Fig. 3 Expression pattern of PODREB in the leaves of

six different irrigation treatments
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900 m® « hm >}, B 5 VE K 52 B 3, o 7 JERE
P2 2R BRI 25 0 B R R, T A
[Fi) A Ak 33U B I e e ) 235 R ) 5 ) i R LA Y
i, AR AR LRI, MR R B R 4 SR
FI 7 5 by 5 %85 1 O A i o VB /K Sk %) 48 o i 3
I ARRE K B R R TS (HEZK 9 W, T8 60 em A
KN 6750 m® - hm™ [ 78 5 HE ) A0 B AG - A
W 20 21 JEL R/ Vg 4 L 2 L {5 K CTR #0K (SR
e/, WL SUSRE /AR AL 2L AR AT CTR 38K
SEAE PN K 43 e — o 17 IZ R AE A B CO,
SIS TF ZRDEEE - I L S, SCATHGH
P AL G R PR 2544 1 AR AL S TS Y CO, 15 53R
FA RAARR | DT 2 o L 400 X5F 7K 4 £ R R 36 PR o A
YR HT R IE N PE

PG R R AR A AR A T B A R o AR B
JoiE R AR 38 5 N TR R B S A A TAA (ZR
CTK ¥R B8/ F ABA R 3 (%) T i R 1 1 St s
P AR DAGR BI3E B 06 B I RUR , B TRV 2 R 4
Y AFEIERR Y ) AR R B, TS (FEK 9 IR T
B 60 cm  AEHEK SN 6750 m® - hm ™ () 7 IR
V) b R i R ABA BG4 W] B TAA L ZR Fi
CTK F4980/0 | AT AT LAk 22 B i R e, (0L G BT
AR AR G 25 H 5 BRAR 225 5 A0 R A 305 e R 0
fife s FEIFAN A L R HOE T K XA
PR R s, B RTRE D . T B &
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L, ERKFRI ABA Z+ZR .GAs Fll TAA & /32K
SR IR BEE HOK AR m NSRS B AR
o [HARBESE & B, B & HEK = 2, NIRMER
I ARG £, SR A 22 R R,
A Rt — 2RI oT

JEL KR AR AT F I, AR R G S e A0
T BB (—Fh DREB 253 ) fE AR BB 518 71
TR IR, JE AR SRR AT kPR, 4 R
W5 IR VaDREB FEPH 1% 3L B RE T ik 2R 3 2230
R AT B Nt 7 B (AN = ) S i €
A LR IB AT 45 R R W] e SE DL g I bk R
P A e L Rk S B T I R it
¥ 2 2 SR T RERE A\ EaDREB2B FLPH 7T L) 4R
Hoifit 2% 28 25 RAUE W VaDREB % 5% e A4
rigi s R R s EEAE I, ARG R R,
DREB T£ 6 /N [a| A #1 Y # eb RSt v AR AT %
ik H S KR ECRFE K G 5B ARG, BEEH 6 FiAS
(] PEE I A L %) 8 el AT B AR — o B Pt v o e
TS(HEZK 9 K F& 60cm AFHE/K St H 6750 m® -
hm 7 )7 JB T E ) AR R s R, AR,
DREB 2 53 R 168 3R 35 76 412 /55 R e if 3862 % (] fsf
WETE A KRG MR = 5T RS R
M) , 3 A G R4z T LA A FH a8 75 5 sh T e = e
ZM1E 58 3 F 5 3 DREB 3 TR Y 32 35 0K Jin LA 5
AR X — R AR A T T BT

S E X #h.
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