Gene expression profile, physiological and morphological
characterization of wild Arachis spp. under drought stress

Guimaraes, PM*; Brasileiro, ACM; Santos, C; Morgante, C; da Silva, F.; Araujo, ACG,; Silva, PIT.; Fragoso, R.;
Bertioli, D?; Leal-Bertioli, SCM

1 Embrapa - Recursos Genéticos e Biotecnologia, 2 Universidade Catélica de Brasilia,

Ministério da
Agricultura, Pecuéria
e Abastecimento

Universidade

! :- O’
UM PAIiS DE TODOS .
GOVERNO FEDERAL Generation

RcnpPq

ety

Catolica de Brasilia

Recursos Genéticos e
Biotecnologia

—_—
aelbRSRECHE —

Wild Arachis species are a rich source of new alleles for peanut improvement, and have the - -~ —
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polymorphism necessary for the genetic characterization of these alleles. An integrated approach C = E: =
associating leaf morphology, plant physiological behavior and transcriptome characterization of T = ==
wild species of Arachis is underway in order to identify species harboring drought tolerance. A. e s, e [ e |
magna, a wild type BB diploid species, showed higher tolerance under low water conditions. In e S [P
this study, the transcriptome of A. magna accession KG30097, was analyzed under hydric stress A drnerss | ns7s00 | 42949 Ee e I
aiming to identify genes related to drought response. In addition, the responses of leaf gas T [ e e
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surface of the (A.ipaénsis duranensis V14167; d) amphidiploid (KG30076 x
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Dry -down experiments A. magna
Physiological traits such as transpiration behavior, TE (transpiration efficiency or soil water extraction capability or 120 )
improvement in water use efficiency (WUE)), SLA (specific leaf area) and SCMR (SPAD chlorophyll meter reading) - N
were determined under a gradual water stress in wild Arachis species - A. ipaensis (K30076) and A. duranensis 100 \ ” |
(V14167), cultivated Arachis - peanuts, and in a synthetic amphidiploid ( (V14167 x K 30076) x A.hypogaea). 050 U H
Leaf morphology E 060 —— -\‘J‘—[:
Morphological features such as stomata type, length and type, stomata index (S| = [# of epidermal cells/([# of 'Mj .y
epidermal cells + [# of stomata)] x 100) and epidermis thickness and composition was determined on the plants 0.20 Y
above regularly irrigated. 0.00 T T T T
SSH cDNA libraries 100 080 060 040 0z 000
A. magna plants were submitted to a gradual dry down assay where the Normalized Transpiration Ratio (NTR) FTsw

was controlled daily. Two subtractive libraries were constructed using cDNA from leaf tissues of stressed and well-
watered control plants according to supplier's instructions (PCR-Select cDNA Subtraction Kit - Clontech).

P,
RESULTS AND DISCUSSION

A.hypogaea and amphidiploids

Figure 5 — A. magna plants under drought stress (left) and watered control

[ Figure 6 — NTR x FTSW of A. magna KG30097 |
(right).

During dry-down experiments, parameters as FTSW (fraction of transpirable soil water) and
transpiration efficiency (TE) were calculated. A curve indicating the transpiration profile of a
wild type BB diploid species, A. magna accession KG30097, showed high adaptability to
water stress conditions (Fig. 6). This accession was chosen for transcriptome analysis and
the distribution of the sequences of the SSH libraries are shown in Fig. 7.
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Figures 1, 2: NTR x FTSW of 1) A. hypogaea cv IAC-Caiapo, A. hypogaea cv Tatu, and the two amphidiploids, Anf1 (V14167 x KG30076)7, Anf 2 (V6389 x V9401) and 2) of two wild No hit o
accessions (V14167 and K 30076) and the (V14167 x KG30076)°. Al induced = 1.2 3 4 5 6 7 8 9 10 13 17 36 37 40 56 57
Metalothionein (MT1) 0 Contig number
The responses to progressive water deficit in wild, synthetic and cultivated peanut were Drought nduced iakisulide oxchange mermediate o0
: ) - : ’ ) g Populus EST - Drought nduced o
investigated. Although the transpiration behavior of synthetics was observed as being distinct — 2 [ Figure 7 - Sequence distrbution in contigs. |
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from their wild parentals, transpiration efficiency was similar, showing that direct screening of

wild species for desirable drought responses needs to be interpreted with caution. Large
variations of transpiration response were found between different wild species, and a
surprisingly high variation in cultivated peanut was observed. In general, wild accessions had
a “conservative” behavior: transpiration decreasing dramatically when the fraction of
transpirable soil water was high (0.8 — 0.6). On the other hand, the transpiration of cultivated
peanut varieties declined at lower soil water content (FTSW c.0.2), showing a more
“opportunistic” behavior regarding water use (Fig.1). The transpiration response and the
epidermis structure of the amphidiploid showed to be more similar to the tetraploid cultivated
Arachis than to the diploid parentals (Fig. 2). This suggests that tetraploidization could be
affecting more these traits than the parental heritage (Fig.3 and 4).
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Subtractive hybridization was performed in both directions: i.e., using cDNA from stressed
plants first as driver and then as tester against the cDNA from control plants. This allowed the
enrichment of the genes either induced or inhibited during osmotic stress. In silico analysis
revealed 759 reads, which were grouped into 249 clusters (138 singlets and 111 contigs), with
a novelty index of 32,8%. Several genes that were up or down-regulated exclusively in the
stressed or control conditions were identified. Numerous sequences related to biotic and
abiotic stress were revealed, such as drought induced proteins, disease resistance proteins
and catalases (Table 1). This is to date, the first report on the analysis of transcriptome of a
wild relative of peanut under hydric stress. The ESTs produced in this study are a valuable
resource for gene discovery, the characterization of new wild alleles, and for marker
development.
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