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FEEYHEARET (nEi. T2 nSE. 5ES 2E
Rt AR, ARAB I EER R, EFE R X
RIEYPIEETT (Arabidopsis thaliana) FIRFFT, KIEYIE L 2
BRENAEA NS IE, HFELGESES, RS EEE
W R IE NI B e, 7R A R A KB R K
HW25., % (Populus euphratica Oliv) ZBtFEHz7 &+
Bl E. BIRHN—ARF, BEWRENNSE, ikt E4F
T AR EENEH. B s, ~E
REEA KRR R, RKAEREMH S FEMESENTE,
BHMRRBPIHERHAFEDSHRRSEESR, NEEHASR
FESRGIMEAMEY), CAWD B BT I R Ok LA R B AN B AL Y
HAEREE . AWFSTE RAEH] cDNA-AFLP HARBEST #4 £hbhid i
SHXERMRE, KHEERETIHEESS, STHBHEENLH
BATHIB 8T, HAE cDNA-AFLP 27 ZEAE HIEEUT PeSCL7
ERM T H BRI T BB EERRLE RN T:

(1) BLIERFHAMPLEHTAH) cDNA-AFLP R NAAR, X
TR AR R SRE R (RNA I AYIEFA S . Ty #iEk R,
ERAET R R) BT THREMMRAL. REY, BdsutEr
2X CTAB £ RER IR G H LE ) RNA; EcoR UMse 1 A VIEE4
& 7E 4.5h AAH ds-cDNA E§P)5e4s, SHNESLERL RG>
YEBA Ty #; MR 10 (507 8= P 1 oS A T a8t
i, fEk 42 WA B R EE HEEHFRSIVAE. §
¥ cDNA-AFLP [z N Ak Z 20 b S P 2 EH IR R E 2
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(2) 12 cDNA-AFLP £ A} 300 mmol/L NaCl 4&b¥ 24h Py
5 EFEKNARSEIITER BRI, KRB 24 NER
FIEFR, F 74 NEFREG R EE A b 35 3 & R TS K,
WEREE 1214, &7 16%; DIRERER 47 4, 7 64%; ThRER
SIEDR 15 AN, 7 20%. SIHZESSINE T, 2ok B AR A
Rk, BREFWEWENAAR, ZABHIUE &R REFE.

(3) 7E cDNA-AFLP 7 3:mE_LiEE SCL7 #H F BUF 5
A5 BREr, BHAEMGERFFBRIGMERALEEFRRE
96 Mt GRAS/SCL 35, MAERIFIF GRAS/SCL & ALK
WA, BEREYT GRAS/SCL KRS H 9 M3, hitt—
HWF BRI GRAS/SCL R Th AE B4 2 2 A .

(4) WI\EERH+ SCL7 2 KIG3FF5, FIH PCRH
A, NS SCL7 MRBEEEELEETF, M4H
PeSCL7 F1 PeSCL7-promoter. fERE AR 43 32 H & T SCL4A/7 4R

(5) ¥ & RT-PCR M7 ER PCR £ R B7/R, PeSCL7 W1
KRBTSR ST MREREREFEST, KL PeSCL7
AR, 2. HpFRE; FRXS PeSCL7-promoter-GUS
& B A ARREAT GUS yE MR, tRILHAEMR, X, Mg f
Fik HEE R HARZ B ME R GUS #EM: 8] E1658, ¥ — BRI T
PeSCL?7 Wi 3% 55 e i1 55 5 o % PeSCL7-GFP @i & & H3HT 4
MENL ST, KIR PeSCL7 EAL T A% A -

(6) JT BRI PeSCL7 HE 5HIENEH KR,
BAGBILL atscl7 FASAREFAERIBBFF AT B, X PeSCL7 i
1T TRIE . B T ARMEMEAT a4 28, 38 bl 5 3 2L R
PRI 5 B A BB RN SRR R RKS. REKEE
WL HEFNEREMERM T ZRMAKMHE D, &
W a-SERBERBE MY B AL EE (SOD) & M4, il PeSCL7
(R R R SR KPS B a (M RE F) . 8 b B PR R R A
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HIETREMFTFTAEKRAKEAAR, RIAEEFRBEEAFER
Ein e THAERMRARERE, #F—PU0 PeSCL7 ER7ER S
ARG S TR A EEEH.

AEFFAE T ARSI TR RIERE, WHERAKT
YRR T 2 AR E S TR El SR A O, 3
HORIL 15 46 (20%) KR WARGE B EEE . I B A ERt K8
R T GRAS/SCL FKIREMATUL HHEIMER, Rt — PR A%
i ER AL, TFRAR RO AR S R 7 5 5e T 3at

*$27: #1%, cDNA-AFLP, i¥ilEfhie, GRAS/SCL



Expression profile of Populus euphratica under
salt stress and functional analysis of PeSCL7

ABSTRACT

Abiotic stress, such as high salinity , drought, extreme
temperature, and flooding is a major cause of crop loss and forest
degradation worldwide. Recent studies on model plant Arabidopsis
thaliana have revealed that plants respond to these stresses at the
molecular, cellular, physiological, and biochemical level, enabling
them to survive. Various adverse environmental stresses induce the
expression of a variety of genes and the products of these genes are
thought to promote stress tolerance. Populus euphratica Oliv., the
oldest species of poplar, is an important species for large-scale
forestation projects on saline desert in China with the characteristics
of drought-tolerance and salt-resistance. To reduce the influence of
abiotic stress and improve the ecological environment, it is a good
way to cultivate more stress-resistance plants by studying the special
mechanism of P. euphratica in stress resistance, exploring its valuable
genes and then using modern breeding methods to transfer interested
gene into plants to improve the properties of plants directly. This is
the first article to study the early salt-responsive genes of P
euphratica by cDNA-AFLP technology; to functional classify the
TDFs (Transcript Derived Fragments); to discuss the salt resistance
mechanism of P. euphratica; in further, to analysis the function of
PeSCL7 based on the result of cDNA-AFLP analysis. The major

results were summarized as follows:
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(1) The cDNA Amplified Fragment Length Polymorphism
(cDNA-AFLP) system for Populus euphratica was established after
optimizing several key factors, which may affect cDNA-AFLP
analysis. The result indicated that optimized 2XxCTAB method could
be suit for extracting ideal RNA from P. euphratica; the ds-cDNA
could be digested completely by the combination of EcoR I/Mse 1 for
4.5h; the reducible result can be obtained when the preamplification
products were diluted to 10 times for selective-amplification
template; we have testified all primer combinations and identified 42
pairs for P. euphratica cDNA-AFLP analysis. This research could be
a good reference for further studying the stress-response genes in
Populus euphratica.

(2) The cDNA-AFLP approach was used to identify genes
differently expressed in P. euphratica leaves under salt stress. Forty
two pairs of primers were used to screening for cDNA-AFLP analysis.
342 TDFs were selected for differential expression under salt stress.
Among 342 isolated ESTs, we identified 74 that belonged to groups
of genes involved in signal transduction and cellular biogenesis, cell
division, metabolism, and protein synthesis. At different stages of salt
stress, the expression patterns of seven such genes were analyzed
through QRT-PCR. Their direct and indirect relationships with the
salt tolerance mechanism are discussed.

(3) Based on the results of cDNA-AFLP analysis, The TDF
SCL7 was chosen as the direct query for further study. Using the
bioinformatics tools , we identified 96 candidate members of
GRAS/SCL from Populus genome database. To examine the gene
family relationships of Arabidopsis and poplar, a phylogenetic tree
was constructed from alignment of the amino acid sequences.
Phylogenetic analysis put the representatives of them into 9

viii



ABSTRACT

subgroups. The work will provide an important foundation for further
studying the function of GRAS/SCL.

(4) To isolate the sequences of the promoter and CDS in SCL7
from Populus euphratica, PCR strategy was performed with the
specific primers, which is designed by the SCL7 sequences in Populus
trichocarpa. We named them as PeSCL7 and PeSCL7-promoter, which
are distributed in the SCL4/7 subgroup in the evolution.

(5) The results of Semi-quantitative RT-PCR and real-time PCR
showed that PeSCL7 was induced by a variety of environmental
stress; PeSCL7 was detected in leaves, stems and roots in Populus
euphratica via the analysis on the organ specificity of PeSCL7
expression. GUS activity was also assayed in PeSCL7-promoter-GUS
transgenic plants, which showed that GUS expressed in leaves, stems
and roots and GUS activity was significantly enhanced under stress
conditions, further validated that PeSCL7 was responsive to stress.
Investigation of PeSCL7-GFP fusion protein subcellular localization
showed that PeSCL?7 localized in the nucleus.

(6) To further explore the relationship between PeSCL7 genes
and stress response, we choose Arabidopsis atscl/7 mutants and
wild-type as background, performing overexpression of the PeSCL7.
T; generation of transgenic plants was treated with stress, we had
conclusions by measuring the changes of the relative germination
rate, water holding capacity of leaf, root length changes in mutant,
wild-type and transgenic Arabidopsis: the growth of the transgenic
plants were less inhibited under stress, the activity of a-amylase and
superoxide dismutase (SOD) was higher in transgenic plants,
indicated PeSCL7 expression could enhance stress resistance of plant.
Moreover, the research on the growth of transgenic plants under
drought conditions showed that the survival rate of transgenic plants
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was far higher than the mutant and wild type plants, further suggested
the important role of PeSCL?7 in improving plant resistance.

In this study, we constructed the gene expression profiles under
salt stress in Populus euphratica, identifying a number of genes
induced or inhibited by salt stress and salt tolerance-related genes on
the transcriptome level, of which 15 (20%) are new genes, which
never were reported. Based on our study, we revealed the stress
resistance role of the GRAS/SCL family in the forest for the first
time, and laid the foundation for further studying salt-tolerant
mechanism of P. euphratica and developing populus and woody
transgenic plants.

Key words: Populus euphratica, cDNA-AFLP, abiotic stress,
GRAS/SCL
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WERENEYEFRSEKEKEAF, FHED A0 FR &
FMRREEN SR, REARENFHESAEE, T, HE. &
FE, ENELGT, BYBERAE—RIVEERTN.: WEAER
JREMBE RN Ehizimee /1 T, B K. BAYRSNE;
SALKRHA . BEEMEREK. CEIER TR MPRERAERE. HFEX
BEFRYIL BEMNELRKRKME; &40 M85 082 sAs
A ARG . T — T, EYIE K SR P L
BT Z R EHIHLHI R 2 015 5 M4, 3T AT Al 8 i & 4 o
i, ESHIEEFERN (Wu %, 2008). REHEWERE
AR T8, KRN ESEY RN EUREEER, H&7Hl
H BT R 30 EL A ot i 5 e R A T A N (R B D < B
KEHHEY X R A RE —E R 26 K, £S5
BT, ARAEDHAFAUNRE=DRENLE: &F,
Y72 2 iE B 251 & — R 5 AL B F1 B B 3R 1E (Kasuga
%, 1999). MES FEYFMERAXK KE, KESEMHE
KIEE R AERERFEE T HhEe % e 5RiE. A2 ELLGR
BT R AR, A TR R A G DL R T B R AH DG B R A A TR
R



