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Abstract

Aims In this study, changes in growth, photosynthesis and root structure in response to drought were tested in
transgenic poplar 84K (Populus alba x P. glandulosa) seedlings with different expression levels of aquaporin
gene (PtPIP2;8). The function of aquaporin gene PtPIP2;8 and its response to drought stress were analyzed.

Methods We selected PtPIP2;8 silencing line of poplar 84K, PtPIP2;8 overexpressing line of poplar 84K and
wildtype (WT) as the experimental materials. The Real-time fluorescence quantitative PCR technique was used to
detect the PtPIP2;8 expression in roots, stems and leaves. Root hydraulic conductance was measured by high
pressure liquid flow meter. The photosynthetic light-response curve, and gas exchange parameters were measured
by a LI-6400 photosynthetic system. Growth indexes were determined, and the root length, root surface area, root
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volume and total root tips were scanned and then analyzed with the root analysis software.

Important findings The results showed that: (1) The gene PtPIP2;8 was mainly expressed in the root system in
WT, while its significant expression occurs not only in roots, but also in stems and leaves in PtPIP2;8 overex-
pressing poplar lines. The PtPIP2;8 RNAi-silence poplar lines only showed weak expression of PtPIP2;8 in the
root, and the expression level were 1/20 and 1/80 of WT and overexpression line, respectively. (2) The root struc-
ture analysis showed that overexpression lines had significantly lower total root length, total root surface area,
total root volume and total root tips than RNAi-silence line and WT, but higher root hydraulic conductance com-
pared with RNAi-silence line and WT. These results showed that the aquaporin gene PtPIP2;8 participated in
plant water transport and improved water transport efficiency. (3) Under normal water conditions, RNAi-silence
lines showed lower plant height and leaf area but higher root-shoot ratio compared with overexpression line and
WT. After drought stress, RNAi-silence lines only slightly decreased the net photosynthetic rate (P,) and stomatal
conductance (G;), and maintained a relatively high P,. Diurnal changes of P, and G, in RNAi-silence lines
showed a single-peak pattern, in which the decrease of photosynthesis was caused by stomatal limitation. Diurnal
changes of P, in both overexpression lines and WT had a two-peak pattern, indicating the non-stomatal limitation
of photosynthesis. Drought stress slightly decreased P, of RNAi-silence lines, while largely decreased P, of over-
expression line and WT decreased, especially at 13:00 and 15:00, indicating that overexpression line and WT were
more sensitive to drought stress compared with the RNAi-silence lines. (4) Under drought stress, RNAi-silence
line showed the least decline in relative growth rate and total biomass, and the highest root-shoot ratio among the
three poplar lines. The total root surface area, total root volume and total root tips of RNAi-silence line were sig-
nificantly higher than those of WT. The results suggest that aquaporin gene PtPIP2;8 directly participates in the
water transport and helps to improve the water transport efficiency, thus the transformation of aquaporin PtPIP2;8
gene may affect root development and growth of plants. Overexpression lines weaken their drought resistance
with decreased root development and increased leaf area, while RNAi-silence line increases its drought resistance
with reduced leaf area, increased root growth and root-shoot ratio. The results of this study indicate that aquaporin
improves the efficiency of water transport across membranes, while the non-aquaporin water-conducting mecha-
nism has greater tolerance to drought.

Key words drought stress; transgenic poplar; photosynthetic characteristics; root structure

Liu LY, Feng JX, Liu WX, Wan XC (2020). Effects of drought stress on photosynthesis, growth and root structure of transgenic
PtPIP2;8 poplar 84K (Populus alba x P. glandulosa). Chinese Journal of Plant Ecology, 44, 677-686. DOL: 10.17521/cjpe.2020.0058

T AR B W T 7K o is i AP, K53
Wit As AN 2 A e R K A PR R AR T 3R . M
IR 2 BRSO =2k 1815 BUAME®RAS . L5
RigFE Mg E. HTRARILIKH NAALE,
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AR A T Ak, 3R1F 5 PPIP2; 8 3R 14 84K
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XL RO bl i R 1, AR RS 4
J5 AT RAT . A 502 HUPEPIP2; 8t 7R 1k i 3 [A]
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FIEE U (LI-COR, Lincoln, USA)l 5E ;i [N 1 2% .
DB, A 4T B IR M %, B COL 9K FE 400
umol, Y542 000, 1800, 1500, 1200, 1000,
800. 500, 200. 100. 50. 20. 0 pmol'm*s”', W&
Fi71 200 pmol-m*-s ' %1% 5§30 min, FEANIRAE BT
120 sZ R3] 3NESE, BCFETIE .
124 SEXHBSERINE

BR, WREN, EEGHERIE P00 AR A
FFAEH T A R 256 B {8 BRI F LI-6400 % 15 0k
EACNEF A EE SALFE . RIAICOMKE .
FRI T R A%, I 5E 18] N 7:00-17:00, &:F@2 hilll
— .o LI-6400{F 4% X Ia A1 e N A IR =,
A A KRS R 91 500 pmol-m*+s ™!, MSE N, #
A ES10 mine 67 HEE .
125 IRESKENE

X H 51 I A (HPFM, Dynamax, Houston,
USA)M € R F 7K 775 FE(BRALIN 8], A7 ) 264
NERRAR RIGKTL ). HUS R RAEMK, TEK FAERR
B IR, R6 emiba 2 T, TERIAR AR ZE AL IR E
B LK IR, P — B RS I A &R K
J15 . MSERR RK 7T B AR AR R /K PE 2
J&i, F Win-Rhizo #R % 43 #11X (Regent Instruments,
Quebec, Canada)lllER RE . HRARFKENR
RKITFEBRUMRARTN. 6MET,

DOI: 10.17521/cjpe.2020.0058

©U 00000 Chinese Journal of Plant Ecology



680 HEYHE 2R Chinese Journal of Plant Ecology 2020, 44 (6): 677686

RL S FOLERPCREIMIFFSI
Table1l Primer sequences for real-time PCR

HEK LK Gene name L3514 Forward primer

514 Reverse primer

PtACTINrt
PtPIP2;8

5-AAACTGTAATGGTCCTCCCTCCG-3'
5-GAGACTGTGAGGGACTACCAGGA-3’

5-GCATCATCACAATCACTCTCCGA-3'
5-AATACCAAGAATGCCAACACCAC-3'

1.2.6 fEMAD RN E

R Ve e o IR AL 30w e v i, S BRI 2
FEAR AT R 2R SR ELAR, A A s~ R
&, FM A (LI-3100, Konica Minolta, Tokyo,
Japan)IE M THIAR . i 23 5 E R IE TS CHEAR L
FEREFE. A (SLA) S AR S R
B AV E RN E 2 Z M R S
105 ‘CAT30 min, 75 CHTEIEFE G E; H
NEEYENE R, 6NER
127 {ERIRAREH DT

TEARAR RAEAKHIRIE, NIRRT 5, R
FHWin-RhizotR 2 73 #r4%, XMRZ 2K, R REHIA
ST E BT AT 5 SE AR R A T I0 e fE A
AR, HIjEE .
13 HKiEaE

K H Excel HEAT $ i B 7, SPSS 20.0 %43k 47
B XN Z 43 M1, Duncan® E L (p < 0.05),
Sigmaplot 12.5/E K,

2 RN

2.1 PtPIP2; 8RR ITEMTIEEHIF NI
ASZESHTI T PtPIP2; 854k 5 4K M S - 25350
AU P i 3 R ) A A5 L (BT 1), WT 3 ZEAER A&
ik, ZEERAN R RS R A AR T, BRI RTE
MRS ZEE AN b (R R R 5 KPR IR =) I,
A RWTRIERN4ME . LIEM2.16, BEET
WT R IA & H1 ] 3R I8 FE Ak (1) PtPIP2; 87E AR i %
kR, EOCWTHERRIEER)1/20, Z55HH
FIFRIARIRAK, ATZIEAT
22 PtPIP2;8E E L 3HEMKIR R SRR
I3 8 3 TAAELPR 1 PEPI P2; 852 R 7E ZE AT 345
Tk Hh, MHIRIAMWTH b EEER R R,
Al LI R BRI TR ROK A S s . IRARFK
RN EERERN, EIEFHHRKFET, BREAHEE
MAEASKEREZETTWTHINHE RIEHEK(p <
0.05)(2), M| RIAMEMRIR R FKFRAL, WTH
R, RUPPIP28EN S5 TR R FKE M.
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Fig. 1 Relative quantity of PtPIP2;8 gene expression in
transgenic and wildtype poplar 84K (mean + SD). Different
lowercase letters indicate significant differences in relative
expression levels between different parts of transgenic and
wildtype plants (p < 0.05).
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Fig. 2 Changes of root hydraulic conductivity of transgenic
and wildtype poplar 84K under normal watering condition
(mean + SD). Different lowercase letters indicate significant
differences in transgenic and wildtype plants (p < 0.05).
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EFIWT (p < 0.05), BEEMWTH &L E %5
(p > 0.05)(F2), FWPtPIP2; 83k KT BRI 1 1
H. WTHEARIEE KT (p < 0.05)HNH|RIEFERIE
FEVE, Jamia 2 (A1 B35 200 . I3RS ARAR
o R E T EEEMWTHEK P < 0.05), HEXL
TR LIS, KT WA 2k M ik (p <
0.05). il RAEm AR ERTHREMWT
k(P < 0.05). MHIFRIE. WTHIMERIE KL
ARG it 2 22 7 (p > 0.05)

TEH IR ZAF TR, S0 RS b AR R T AR A
AR AR K FWTHBREHEE@P < 0.05)(E
3). M FRIE SR KALRREME K TWT, (AR
F(p>0.05), HEE S T#RIEHEMK@P < 0.05).
FILMHEM SR, SRR, SRR RS
OB E T WTHHIHI RIS HE (P < 0.05), H5WTHH
bb, BRIAEASREK ., BARRER. SRARM
SMIRRBEWTIK29.5%- 30.6%- 34.2%H135.8%,
RIEEHR R B ZENTWT.

R2 AEFE IR SA T 84K e S RN B A YA b A W i AR A (P B R R HE A 22)

Table2 The change of biomass of transgenic and wildtype poplar 84K under normal water condition (mean = SD)

W& 1z Him HRIE b I EARNTIA

Line Basal diameter (mm) Height (cm) Root-shoot ratio Leaf area (cm?) Specific leaf area (cm® g ")
I FRIE 4.93 £0.26° 71.60 +4.57° 0.54 +0.05° 534.35+32.47° 254.33 £14.32°
RNAi-silence

L igaceit! 5.62+0.43" 82.55 £4.70° 0.50 +0.03 565.23 +25.05° 262.57 +20.49°
Wildtype

I 5.02+0.46™ 83.85 £4.99" 0.32+0.02¢ 576.75 +13.31* 240.61 £11.19*
Overexpression

AN /INE S BRI (R AN A A R 2 1) 22 53 (B 2 (p < 0.05)

Different lowercase letters indicate significant differences of transgenic and wildtype plants (p < 0.05).
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Fig. 3 Changes in root morphological traits of transgenic and wildtype poplar 84K under normal water condition (mean + SD).
Different lowercase letters indicate significant differences between transgenic and wildtype plants (p < 0.05).
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Fig. 4 Light response curve of net photosynthetic rate in
transgenic and wildtype poplar 84K (mean + SD). A, Light
response of net photosynthetic rate under normal watering con-
ditions. B, Light response of net photosynthetic rate after
drought stress.
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Fig. 5 Diurnal variations of net photosynthetic rate in trans-
genic and wildtype poplar 84K (mean + SD). A, Diurnal varia-
tions of net photosynthetic rate under normal watering condi-
tions. B, Diurnal variations of net photosynthetic rate after
drought stress.
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F3 T FMhia 5 84K H ik [R AN ET A R RE R AR X A2 K AR W B ARG CP I (R v O 22)
Table3 Changes of relative growth rate and biomass of transgenic and wildtype poplar 84K after drought stress (mean + SD)

73 1z Hi B AR HRIE b A
Line Basal diameter (%) Height (%) Aboveground biomass (%) Belowground biomass (%) Root shoot ratio  Leaf area (%)
EUL B 97 £ 3° 94 + 3° 93 +2° 84+ 5° 0.5+0.02" 68+ 4°
RNAi-silence

Ligaceid] 92+£3° 88 +4° 86+ 7 77 £4° 0.4+0.03" 44 +2°
Wildtype

HERIE 92+2° 87+4° 77 +£3° 76+ 5° 0.3 %0.02° 43 +2°
Overexpression

ANFING B R R0 5 e B R R A BB MR 2 ) 22 53 2.3 (p < 0.05).

Different lowercase letters indicate significant differences between transgenic and wildtype plants after drought stress (p < 0.05).
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Fig. 6 Changes of root morphological traits of transgenic and wildtype poplar 84K after drought dress (mean + SD). Different
lowercase letters indicate significant differences between transgenic and wildtype plants (p < 0.05).

252 TEMER, BERMWTEKR ARSI

TE2PajE, s RAEA SRR, SR
R AR B W 3 = T R A MWTH R (p <
0.05)(E16). I FRIBAE R SRR 2 2 TR A
PR(p < 0.05), W& TWT, (H%A & X 5(p > 0.05).

3 Wig

FE/KIRIE & AW 7T, PIP2s% £ BN R 17K
BIEEE, B REK SRR T BE(Weig et
al., 1997; Knipfer et al., 2011; JLAKLEEE, 2018). 7EAR

FROKIBIEE AR R, MRARFIMAR S K EK
WIEEE APIPs, HRIAM A HHBEEEEEKXR
(Javot & Maurel, 2002), ifiPtPIP2; 85 K /£ WTHE
FREBR AL . PPIP2; 83k PR j#E 2 12k R bk 2 AL H s
MHEAMRRTKE, SREK, SRR, AR
TR EAR I B0 5 2T WT A0 1) R0 PR AR ok o
IX R PEPIP2; 8: [ 3R A M AE AR AN 75 /b = (1)
R Z AT DL 4E R A AR K o ol . 5 A IR,
PtPIP2; 8 LA T BR 14 411 1) 2 I AELAR W) R I M9 1K Aoz
AR R F/KE, &ARR AR ARER, XE
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HIPtPIP2;85: K 2 5 T IR KK - ik, AHemKoy
BRI DR, EEEE AR T EEREH.
[, A S PR ) b /K88 B 1 92>, B R s
T REERMAERKFR RN RE, LB
ARKER ., AR IR, KRR R A AR AR
SR TRANKIEIE AR, HE I 4R ARAR R XS K 1
R

IEH ARG 5N, Y2 R BOR T RE#EROt e
R AEE, R ALK, T a2 REE
YIRS 7, SEOCEER BN, s m
Y B 4+ (Boughalleb & Hajlaoui, 2011). Y& &5 1EH
AL S R PR — A HE IR IE S,
2018). i B [H1 28 W] f5% G s WA P00t St s AR5 1)
ENAE ST, ARBFFUH, IEHE KD T RWTHE AL
Gl m TR AR, (AT 5MbafE, #fERs
AL EERE, LT E NEREERD, £ TF
FU TR B S EER ). B, T2
s, SALS B GE R TR, AT R
PN, PG AE 2 B R H, S ALRR )
I FESFLBR I FE A . KEWF TN A AR <K
S AR AL DR (WhRBF A 5K, 2005), T4
W T Rk AR 6 A T e H AR g B g B
J&SALE R G R G E R TR, S FLBR S PR
TAMEE, $EE T KSR, AR
ISME RSO G A R H AR g xige B, RS
W TRERAHAEILF R IR, RHH 55
InAgURk, T 5 R K,

AT FE AR FE AR T T T AU, A
JE R R 5 KGR TE B RIS A K. R T/KIEIEEA
SXof - 5 3 e A 2O A — R R B K E
TEER A 1 RIE T AR SRR 0 K o i S —Fb
R AR 2, WA 7K TE B O Rk 2 e K 2
32 AL 2%, IR T K 43 Bk = A A # B i
(Zelazny et al., 2007). +FWHEj5E, HEERMWTH
MRAEK I Z 250, EEFRIA AR = S A A
SAEYIE D BIBEAR T 12.5%. 8.2%F147.0%, T FEFE
B, X2 8 oA RURG, iX 5 Katsuhara 55
(2003) HF 51 # 2% ik HVPIP2; 1 3 [ 1) K 2% (Hordeum
vulgare) #: Jilhie 25 S AH [F], 8RB R 3 B
AN, RARFKEEZE® T W, G355 a 5 HU%
(Katsuhara et al., 2003) . A 52 45 F -5 7K 18 1 25 1 i
RSP ia 5 RS — 8, TRAMT, B3R
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AR PR /KB TE B I B R IA T s 2 K i
SERMOK IR Z, 6T R EINEUR, Pi5eE
Jidc e, RULATET 244 ~, WAL K2
B (3G IASF FHE PP R (Aharon et al., 2003). 11
HIFRIAFEAR T & 2R HPEAE /N TFWT, X
5 SiefritzZ5(2002)F 7T 4% PIP 1411 1] 22 1A F 00 52 o 1
HIRIAGWTHRER L ZE TS RERFR. &
WFFE T, 7K IE & PPl P2; 83 PX VT Bk 82 M 1 4111
FEMRIAELK, HAEKRREZLTWT, HTF
i fE, MRIE . HRIEF WS AEY &5 7
> T 23.3%. 47.0%K137.4%, HTH AR H9R b T
32.0%-57.0%F156.0%, N ZRE Mk T 5P iar)
SRR /N, H B SR PR A I G4, 2017).

WRARGETF R, IEH KD FMET, MR
ISR SRR AR SRAREESTWT, AR
AR TEGge ] T B ARG, HIHER R BEE R T
WTHHB L AR, W LN, X 5% PP
7% (Arabidopsis thaliana) i i 14 n#R £ i & K 55 kb
JK 8 B 9D 1B 7T 45 R (Kaldenhoff et al.,
1998) A7 o H2 REHLPLT R FALERFRE R AK 2~ o,
B A BB (K)1E F (Prieto et al., 2012), 1E%# Ko A
T, R E R A KRR KRR SR
b, TEREpESE, HAaRmA, SR SRR
BEETWTHKE, HRRNKE AR T LIERK
S (Matsunami et al., 2016). K, Z4ERFRCRH
MR, SRR SRS A% ) 2
FRIRPT T2 10— Fh 3% . A2, PtPIP2;83E KL &
IR R I TR 21K R ) SR R R ) 2R K
RAFIKE, KBEEE AT ZRE, BT EY
PRI K I RE ), BRAK T MRS T R R
) Rk AR AKEIE & A I SR 58 7 H TR
(I 52 RE 0, X AT LAA BT (I 52 4 25 R i ) F 9
Rt5%,
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