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Abstract As a multifunctional protein, late embryogenesis abundant protein (LEA) participates in response to
response multiple abiotic stresses. Previous studies have shown that overexpression of IbLEA 14 gene in sweet
potato could enhance the osmotic potential and salt stress tolerance in callus of transgenic sweet potato.In order

tostudy how to improved the physiological mechanism of drought tolerance in /bLEA 14 transgenic poplar, this
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Physiological Mechanisms of Transgenic Poplar with Enhancing Tolerance to Drought Stress by Expression /bLEA 14 Gene

study selected the transgenic poplar lines expressed IbLEA 14 gene as material, used pot culture method and
measured its morphological and physiological biochemical indexes under drought stress and rewatering. The
results indicated: (1) Under drought stress, growth of plant height, total biomass accumulation of transgenic poplar
expression /bLEA 14 and NT poplar were all suppressed, but the growth condition of transgenic poplar was better
than that of NT poplar, compared with NT poplar, the net photosynthesis rate of transgenic poplar was higher,
while, MDA and H,O, content was lower, higher Pro content and lower osmotic potential to ensure the higher level
of relative water content and water retention capacity of transgenic poplar. (2) Rewatering after drought stress,
compared with the situation of drought stress, relative water content on the leaves of transgenic poplar were
increased significantly, the net photosynthesis rate of transgenic poplar was gradually increased, the content of
MDA and H,O, were sustain decreased, the content of proline was also reduced, and the osmotic potential was
increased. The study showed that the transgenic poplar line expression /b LEA 14 gene could reduce the damage of
plant cell membrane and photosynthetic system under drought stress, when rewatering after drought stress, which
could better to repair the cell membrane and photosynthetic apparatus, as well as accelerate the recovery.
Therefore, transgenic poplar lines might have better drought tolerance and recovery ability after drought, and have
more drought resistance advantages. The results of this study would provide a theoretical basis for drought
resistance breeding and application of poplar drought tolerance, which would be expected to play an important role
in improving soil desertification in the future.

Keywords Transgenic poplar, Drought stress, Rewatering, Antioxidant properties, Photosynthesis rate
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Figure 1 Effects of drought stress and rehydration on growth of
transgenic poplar and non-transgenic poplar

Note: WW: Normal water supply; WS: Water stress; NT: Non-
transgenic; LEA[-2: Transgenic line 1-2 with LEA gene; A:
Drought stress for 0 day; B: Drought stress for 35 days; C: Drought
stress for 49 days; D: Rehydration for 7 days after drought stress
of 49 days
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Figure 2 The total dry weight, the changes in plant height and
stem diameter of transgenic poplar and non-transgenic poplar un-
der drought stress and rehydration

Note: A: Total dry weight; B: Changes of height; C: Changes of
stem; R7: Rehydration for seven day; WW: Normal water supply;
WS: Water stress; NT: Non-transgenic; LEA2-11: Transgenic
line 2-11 with LEA gene; LEA [-2: Transgenic line 1-2 with
LEA gene, Different small letters indicate significant difference
between different treatments at the same treatment time (p<0.05)
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Table 1 Net photosynthetic rate, stomatal conductance and transpiration rate in leaves of transgenic poplar and non-transgenic poplar

under drought stress and rehydration

S8 Joip e ) (d) Ab B
Parameter Stress time (d) Treatment

WW NT WW LEA2-11 WW LEAI-2 WSNT WS LEA2-11 WS LEAI-2
oG A 35 13.354044a 13.45+0.10a 13.72£0.08a  8.53+1.41c¢ 10.87+1.38b 11.14+0.52b
(pmolm™-s™) 49 13.42+0.44 ab 13.26+0.02 ab 13.72+0.08a 10.90+1.04d 12.47+0.83 bc 12.00+0.52 c
Pn (umol-m™-s™) R7 14.28+0.39a 14.27+£0.61a  13.85+0.28 a 13.64+0.45a 13.66+0.89a 14.49+0.77 a
AL 35 0.14£0.00ab  0.15:0.01ab  0.16+0.00a  0.07£0.02d 0.10+0.01 ¢ 0.12£0.01 b
(mol H,O-m™2-s™) 49 0.1840.01a  0.17+0.00ab  0.16+0.00d  0.09+0.01 ¢  0.14+0.00 ¢ 0.11+0.01 b
Gs (mol H,O-m?-s™") R7 0.12+0.00 ab  0.11+0.01 b 0.12+0.00ab  0.13+0.0la  0.12+0.00 ab  0.14+0.00 a
2 A 35 4.90+0.19ab  5.68+0.26 a 5.75+0.09a  4.45+097b 5.27+0.66 ab 6.00+0.39 a
(mol H,0-m?:s™) 49 791+0.22a  7.50+0.12b 5.75+0.09d  5.18+0.14e¢ 6.40+0.22 ¢ 5.62+0.46 b
Tr (mol H,O-m?-s™") R7 4.44+0.15¢  4.38+031¢c 4.60+0.22 ¢ 5.62+031a 5.01£027b  5.57«0.13 a

TE:R7: K 7 d; WW: RS HEK; WS: 7K 20l NT: AR BEIN; LEA2-11: ¥ LEA JEDR 2-11 BK R ; LEA1-2: %% LEA JEIA 1-2 Bk
B AT NG AR AR 31 ) 22 57t 1 35 (p <0.05)

Note: R7: Rehydration for seven days; WW: Normal water supply; WS: Water stress; NT: Non-transgenic; LEA 2—11: Transgenic line
2-11 with LEA gene; LEA [-2: Transgenic line 1-2 with LEA gene; Different letters in the same row meant significant difference at
0.05 level
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Table 2 Net excised-leaf water loss rate, water retention capacity and relative water content in leaves of transgenic poplar and

non-transgenic poplar under drought stress and rehydration

ZH S EUREIE)] AL B
Parameter Stress time (d) Treatment
WW NT WW LEA2-11 WW LEAI-2 WSNT WS LEA2-11 WS LEAI-2
RAKIEHR (g h2-g") 35 0.5£0.06 bc  0.55+0.03 b 0.69+0.06 a 0.37£0.04e  0.47+£0.03cd  0.42+0.00 de
EWLR(g-h?-g"! 49 0.53+0.03b  0.65+0.11a 0.71£0.03 a 0.37£0.02d  0.47+£0.03bc  0.42+0.04 cd
R7 0.53+0.06d  0.65+£0.03ab  0.71£0.02bc  0.37+0.02¢  0.47£0.05cd 0.42+0.02 a
TRIKBE T1(%) 35 24.75+1.68b 27.70+1.16ab 18.12+1.10c  29.30+2.18a 30.1122.26a 26.41+3.51 ab
WRC (%) 49 13.15+¢1.66d 17.01+0.93 ¢ 6.35¢0.75¢c  20.56+1.20b 28.19+1.77a 26.64+2.75a
R7 16.71+2.36 b 21.16+1.60a 12.02+1.30b  20.19+2.05a 14.78+1.38b 21.96+1.41 a
XS Er 7K (%) 35 92.55+1.48a 91.23x1.62a 89.03x1.71a 63.45+1.10c 77.70+5.84b  77.20+2.72 b
RWC (%) 49 88.17£3.77a 85.57+441a 87.11x1.00a 56.11+2.92b 62.07+1.40b 61.19+4.82Db
R7 85.66+6.79a 90.27+£3.96a 86.67+4.05a 77.06£7.95a 89.11x1.54a 94.77+2.48a

TE: R7: 52K 7 d; WW: IEH K, WS: /KM a; NT: AREEEEIN; LEA2-11: %6 LEA J£D9 2-11 BRAR; LEA1-2: %% LEA JED9 1-2 ¥k
s FATANFNG PR R AL B R) 22 57t 2. 3% (p<0.05)

Note: R7: Rehydration for seven days; WW: Normal water supply; WS: Water stress; NT: Non-transgenic; LEA2-11: Transgenic line
2-11 with LEA gene; LEA 1-2: Transgenic line 1-2 with LEA gene; Different letters in the same row meant significant difference at
0.05 level
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Figure 3 The osmotic potential and proline content in leaves of
transgenic poplar and non-transgenic poplar under drought stress
and rehydration

Note: A: Proline content; B: Osmotic potential; R7: Rehydration
for seven days; WW: Normal water supply; WS: Water stress;
NT: Non-transgenic; LEA2-11: Transgenic line 2-11 with LEA
gene; LEA-2: Transgenic line 1-2 with LEA gene; Different
small letters indicate significant difference between different

treatments at the same treatment time (p<0.05)
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Figure 4 Content of MDA and H,O, of leaf in transgenic poplar
and non-transgenic poplar under drought stress and rehydration
Note: A: H,O, content; B: MDA content; R7: Rehydration for
seven days; WW: Normal water supply; WS: Water stress; NT:
Non-transgenic; LEA2-11: Transgenic line 2-11 with LEA gene;
LEA I-2: Transgenic line 1-2 with LEA gene; Differentsmall let-
ters indicate significant difference between different treatments at

the same treatment time (p<0.05)

FR7K fi8 7 B ki 100 R 3% 5 6 SRR (2001) % A8 11
WF T 45 8 M B4 (2016) % L dir & 1 ) A AF 9T 45 1
—H, T FWaEE IDLEA 14 R BRI
FEX B /K& 5 PR K R ) W3 T AR R SR M, 2k
KRG IL R 2 e A W . R IRAE T IE R
Vi Ul N e S (i R i 7 N i e 1) S e
Jei R R OR 40 B AS B8 4 4 10 I e, ARFL G AT LA
W oK UK . TR BIEE IbLEA 14 5 R4
TREFLLLUK > RO 7K 7 TH g T B0t , e % 5 g b 4
FEM AT R a5 N W IEw AR s, &
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IKJG S 5 IbLEA 14 SERBGI R BRI 1 R A IR
TRIKBE ST N B, i 3 AR 7K S IE % 7K. i
THKJG FHEK 0y 78 3 BER, T KPR Fr AR
KA U B K G RER K B i A A, EH R AR
P S IEH A FRAC R AR B

WL B, TS BE R b AR S K R R
SRS ALGH, SALGH FEut <AL T R R, 1M
Ko iiski 5 CO, MLl 2ok <AL, fEimsb K
I3 UK R A4 A e N CO, A N9 D
DAL i AL A3 BE 1 B A £ B A D & T 1) 1 %
(Cornic, 2000; Lawlor and Cornic, 2002; ] #4%,2014),
ARG RE R, AETEMELMT, HERKR
LEA2-11.LEA 1-2 5 AR 55 X % 1Rk AR GE 57K
A, SR M B SALCH, B A 6s 5 T FEIK,
T A ALE A i R R CO, kb, 2 1T 5 e
TR Pno AT W18 N IDLEA 14 BEIA R Gs
3 T AR SRR A, K Gs RERS PRAIE CO, il
I ASALE T R ZH BRI BE 980y, DRI e 1h LEA 14 %%
A 1) P 235 i T AR SE R, BHEE I LEA 14
FERIM R AE T S a BREE N 1D G B B AR e A R
Wik, 2K, % IbLEA 14 3N ST A 5
b, A E R IR, BT S 4 — H
3 LA FR , B IbLEA 14 JEDRIR A 1045 52 B P e
31, TR X6 G RG0S A 5 XS5, R
I AR B K P 5 78 o HEOK RN R 22 AN
B, RIECEERHIERIBIT,

Pro /& AHY 40 f AR EE KBS W TR
= R AT T 38 PR R S, 41 A R AR
M4 52 30 gy, LIS Pro XU KRN R, 4EFR 41 s
375 F, DR T A 40 2 I HS Bt 385 4 (Ashraf and Foolad,
2007) AHFFCRIN, T FWpia 540 T % IbLEA 14 %
A7 BB R 1) Pro & R IR &\ T AR SL I b, 35
BRI T AR LR, ZK G 5 InLEA 14 FE
W Pro 7 & B WAR T AR KRN, BiE A AR
SEI W 25 e AN 2 . RN IbLEA 14 BEDI AT
TE BT S e i, W S8 W N S L, B
BIE WY, B IE AR FEEAR KT, kb 7K 43 H
&, T % IbLEA 14 55 RR B REA% DR 47 5 i
FEXS 7 7K o, AR T I R A0 S &85 g 1 e B, £
UE T REAE DG G AR IE W BEAT, B CL#E IbLEA 14 %%
Pp7p N RE D e e Uies S =T R S I S EB UL A T e
IbLEA 14 JEPRIA7 M T B 5 5 DR A7 4 B PR 1 O 43
18 52T 2 3 07 » 40 M T Be e Bk 52 15 3 7K1
DR 1 i 2R 2 B PRl B, 1B I A B IE 7K

IEH AR T, 0" H0, Fim & 2y A
K R v (3R 770, PUAAAL R G ] DAL S PR AT
PR TG B AL T B AT, 8 G PR AR A O T (5%
AL 2003; B RAE, 2018), AT AWISY KL+ T
I SERZS ARG - 7/E ) IS PEY RSN ¢ 2
o | e 40 B B A i Ak, A P A2 314 5, (24l MDA

LR IR T AN MR G R S T R IR S R,
A 540 A SE T (Wang et al., 2009; 4 i 332 45
2012), 1 5 ERE A A4 P s P S P AR A T
A WL AL IR BE ISP B TR, S G T AR IS A2 B, 1
M T8 J3 R HEL A0 A8 A PR A OK 1 R 26 35 41 10, 5 HL0,
(Asada, 1999; Mittler et al., 2004; B [F 5825, 2004), 4«
TR0 5 LRI, B A T I8 I R) PR B G, B L R
W e AR BE R R4 ) MDA 5 H,0, & R B R B H %
i L TEI RS, BT R (2013)% S0 22 W IF A
AR SR . R TS ha A5 5 H0, LR,
T2 DR A ¥ P AU PR Rt = A R e T B0 A R e v
R0 VAT B I B 3% 1 AR AR R 0 T R
A, MDA & 3G 0, 5 R M-SR AN 52 145 3, B
(AL WP lree ot e SN e ov ¥ 1] 2 A EA LN VP
A HTAREZ I, Rk S EUETEAR R, AT
NI RFE S, 1996; 4E T URSE, 2012). T M
R, ¥EIERR R LEA2-11.LEA1-2 ¥ H,0, & &= 1h
ZALTHAER LRI B , BEW e IbLEA 14 FEPIA B )
T TR AR B A D B, I IR B 0E Fe AR B g e ik
PRI A7 56 00 L 52 2 11 ) 4 ) S 3 APk ol T 0 JIBE )
FHREEL, M MDA & &8 A% TR L R, K BT
7 0] P S TR A R 3 8 ) 497 2 R R B T A A R TR
Mk (%R L85, 2017), T8 KEH IDLEA 14 3£
Wb 2 It At ) 3 MR AT BR B, R HL0,
MDA 7 #3) BEH K T AR IR

E0) AR B, T 5 R SRR B 0 R )
R DL M Y BRI, 1X R A 5 (2010)
X6 I JFE A R P T 25 (20 10) X6F JBR JXUB &) 145 1R AT 5% 465
3 mtn] WA P a s gl i A KRB 1
MR W LG BRI, v RS IR T R e
R SR K R0, 4 T 9P RN B H K R
I W AL, ARAL S BE N B, Al e A JdR
BAR, (& LT A b R S, 80T 5 B0 M AU
ok FERRER, 3t B4 IS 1) 7 R, B 2 A B (1)
EREKRE .

¥ IbLEA 14 BER M A+ 5 hia s, AMO6HE
YRR, T H R R FLRR IR I 7K 68 0 LA S AT RSk
AT 7K 3 T3 43 C R 38 I et A6 7K & 32 7K oy
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R, B@E YR IR R 58E A BEL L,
BN RE AR 240 PRLFBE (%) 497 5, LR 4 &0 R MG 1 175 D
S DRRE R DI U B, i T X & R4
(453, TS W08 N8 IDLEA 14 2N W 10 A4 =
L ARFE LRI W 22 e A S0 3, 3 I 4 35 DR O 8 A 5
MR I AR = AEAN R g, T 58K G, I
AR B AN 2 B DR W 1 A R AR R K B W A,
AR MDA IR B/ T AR BL R R, 41 1
JBESZE VR AT DAL ST, 44 T W 2 44 40 TR JBE 1) 1 5
gk, ot SRR, X 5 ) E 9255 (2007) 1)
G IR —30. 7 oh, BAKIGH IbLEA 14 FE N1 RE
i 24 R A PRI I AEG 5 7K B DL R AR (198 B 3
TREE T AR N K 23 78 o LY e HfE R, 5% I -
EA 14 J5 DR 485 350 | 2 5 DR R R 8 B 0 1) 7 7K
TS N AT, SRR B IE T RE )
UL e I A6 1R T RE D) B DIAR G, AT PR IE T
¥ IDLEA 14 JER AR R 2K G v AR RF . SioR
AT BB L, ¥ IDLEA 14 IR T F
PERE AR

3B EEE
3.1 A

TG Hh 5 T [ B PG A%14 (34.28 N, 108.07 E),
PHAC AR K 27 K AR B [ 5K i S i = kAT . it
A g8 0 B AL B4R 1, SRR R D 2% A8 W B R
(Populus albaxPopulus glandulosa)F%% IbLEA 14 3K
Wb, WHE LEA 1-2 \LEA2-11 AR FE KB (NT)
3R, AR 56 E A Ay T2 b
VEWFIE AT . S BRI R I e A ) 5 384K pCAMBI-
A 2300 51 il A Y 8 5 5 2L E 31 SW-
PA2 }J#453 %] pCAMBIA 2300-SWPA2-IbLEA 14, 3t
A SRAT o 78RR T R B A% 29 em,
W27 em, BEEEET L 12 kg, PO 0.2 g/kg, B E
0.25 g/kg, F7h AT 1 5 M0k 7 TR AT, 353 72 4L
TEREAE B 0 5L T/ 2 b MR I ) A — S At
ok 2 SR T, A8 50 d I HEAT 2 AR
3.2 Wigit

R T N TR N AT, AR RN E R 3k
JER/N—BHEE T 7 24 B, 2 R A ER ARG R AL
T KA 2 AR IR 7K A5 TR (WW) 1+
e T 7K B IAE H ) Js K RF K 5K 75%~85%; T 5+
JHp 1 A B2 (WS) R 38 55 7K 48 U FH ) e K HRe 7K
H I 35%~45%,49 d J5 5K 2 H A 5 KRF K & 1)

75%~85%, SLIKFFLE 7 do BR T 6:00 X 7 AR R
AN TR FE K 25 AT A 1 338 75 7K o R R AT )
Ko FEANARFE 24 40, 378 1 KR AEIETT 4R 5 (126
21 K 35 R 49 RFIEKIGINEE 7 RIFATHE,
FEASKEFR 53 0 $E 6 BRI T, T b Tl i 1) 564
JETT I B S 4 DhRemt EAT HORE , BURE i a7 B R
FE SR T, R S R AT T —80 C BRI VKA1
AT AR AR I , JoR b B T AR K br B i
7 2 o
33 EKIEREEYWEMNNE

WA RS 0B . IR 2898 2 R 1R E 2
BT Sk v (em)» FH 250 2R3 b RO R 1 3 5 1 4y
R B AR (sd) o HPIE AL S , I 52 A AR EE TE(FW), ZEN
A A4S, BT 105 CHEFE R 7 30 min, FF£E80C
R, BT E(DW).

34 SEZHMSHNE

G S E BT - S 26 [ 1) Li-6400
G T RGE(Li-Cor 24 7)), MlE I %Kk R
Tt o) 55 4 RIS 5 DyRent v 13§66 14 2% (Pn) <
FL T L (Gs) M AL #(Tr) . BEAME PR E S 6 1K,
35 M REXEKERNE

SR AR EEEAT I E (R R X, 2006, 5520
JRAL, pp.1-287) . HX At [A]—B A fr BIER 5 DyRent:
F, BTG JGHFR HLE B (FW) 3 B N 50 mL &
VTN AR K, 4°C SR IAET IR 12 h;
W 7K AR T Ja AR I AT 5 F (TW)s N2 i ARA% i
JRON 80 CHEA T, £F H B AR JSF T HE(DW), &4
PR S IR

3.6 RIKBEN BB F RAKEEME

FEAE S 4% [ 45(2009) . Shi 25:(2014) 1) J5v2%, BUE
5 Thiient, B RHMAKLS, M 42 % 4 IR L i
H(FW) SRR B N 2518 7K 1K 50 mL 304
W, 4°CEREIREE R 12 h, FRECHR F 5 (SatWt)
RJF B R BT 25°C~35C FIJE B A8
HAR KT, 6 h 5 HFE(W6) . &h, B i E T
80 CHEAH Mt I FRT-H(DW), T 4 IR 4% AT
FAE I E LA I ) N PR 2R K R TR AR K
HA(EWLR) 51 R 7KHE I (WRC).

3T EEUSEENNE
Z: I8 Kim %5(2012) 715, HERIFREUH 1 0.1 g
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TR, &0 1.5 mL pH {24 3.8 £ 1 mg/mL
DAB-HCI i, I E FE 5 h;4C T, L
12 000 r/min [R5 50 15 min, 430606 T 5E
460 nm Kb FIF R WOGAE , B o P AR ot it 26 1155
H,0, M7 &
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P (MDA) 7 12 I 5 S A B i A 2 L 22 1R
(TBA)EGE A ATV B, 1994)  HERRRECHT I H
0.1 g HFHEMIES, I 400 pL 5% =& LRIk iE,
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FVE BN O, AT 5% =" LR IN
0.5%M A EL LL Z 2 25 1 mL, VR4 ] B 2 0 K5 2
RO N T 7K i R 22039 30 min, UK bR 48 50
Jii» BL 5000 r/min 48 &0 15 min, H 436G
M 5E 600 nm. 532 nm AT 450 nmi¥ K T KK GIE .

3.9 HiRAE S St iR

K H SPSS 18.0 A4 f5 /N Wk 35 1 22 55925 (LSD) ik
AT LK 2577 22 43 #1, Duncan 2 T B EAT B0 46
T, W PP p<0.05, W Sigmaplot 12.04K
PEERE

1E& TImk

Tr GNP e BOEABIE ) S 56 B0 TF 4 1S5
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[IESEE32 310 B e NS
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