
In recent years, there has been a considerable re-

newal of interest in identifying mutations affect-

ing the processes related to sexual plant

reproduction, for isolating the relevant genes. Mo-

lecular and genetic advances in this field were

mostly pursued by using Arabidopsis thaliana

(Ath) as a sexual model system and by applying

insertional mutagenesis, which can induce

loss-of-function or gain-of-function mutations

(Consiglio et al. 2004).

In this work, a screening was performed in 70

Ath lines after activation tagging mutagenesis,

which generally induces gain-of-function muta-

tions. The aim was to identify mutations in repro-

ductive mechanisms, possibly different from those

isolated so far by gene knockout. The phenotype

considered for the screening was the seed-set.

The activation tagging was realized by a T-DNA vec-

tor, pSKI015, containing multimerized transcriptional

enhancers from CaMV35S (Weigel et al. 2000).

A population of many thousands of Ath lines was

generated after transformation with Agrobacterium

tumefaciens by Bressan’s group at the Purdue Univer-

sity (USA) (http://godot.ncgr.org/abrc/). The screen-

ing was performed on independent T-DNA

insertion lines coming from this population, in-

cluding T2 plants from 5 pools and T3 plants from

20 lines.

In each pool, at least 4 putative mutants have

been observed with a seed set significantly lower

than the untransformed control (wild type: C-24).

Since 200 seeds were sown for each pool, which

included 10 independent transformed lines,

the presence of identical mutants in each pool was

expected: they came from the same transformed

line, so consequently they shared the same muta-
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tion. The mean of each parameter was calculated

for the mutants in every pool and statistical analy-

sis by Student’s t-test was performed to compare

the mutants with the wild type. Seed set

and silique length evaluated in the 5 pools are

shown in Figure 1. The average number of seeds

per silique was drastically reduced in the mutants

A-E as compared to the wild type (Figure 1a).

In addition, silique length significantly decreased

in the mutants, as well (Figure 1b). In particular,

the B mutant showed a heavy reduction in compar-

ison to the wild-type. It is well known that a posi-

tive correlation exists between silique growth and

number of fertilized ovules (Ito and Meyerowitz

2000). Two additional putative mutants (153

and 173) were isolated in T3 lines after the screen-

ing for seed set and silique length as reported

above. The selfing progenies of all the putative

mutants with a low seed set were analyzed to con-

firm the low-seed-set phenotype and to ascertain

the linkage with the marker gene bar conferring

glufosinate (herbicide “Basta”) resistance carried

by T-DNA. Genetic analysis by segregation ratios

and � 2 is reported in Table 1. In the A-7 progeny,

no segregation was detected, and in the C-1 prog-

eny the test did not identify any mutant phenotype.

In contrast, 5 mutants confirmed the low-seed-set

mutation. The mutation inheritance was sporophytic

in 3 mutants (B-16, 153, 173), by showing a segrega-

tion ratio of 3:1 or 1:3. The mutation was dominant

in B-16 and 173, whereas it was recessive in 153.

In addition, the B mutant showed an early flower-

ing and a lower plant height, as compared to

the wild type. Whenever mutant 173 carried

the heterozygous mutation, it exhibited a variable

phenotype of the adult plant, such as sturdy

and dwarf plants. In the presence of the homozy-

gous mutation, its progeny included only dwarf

plants. Sporophytic mutations affect the genes ex-

pressed during the diploid phase, including repro-

ductive processes, such as the gamete mother cell

commitment, meiosis, and embryo development

(Yadegary et al. 2004). However, the tagged gene

responsible for a mutation can be involved in dif-

ferent pathways by giving pleiotropic effects

on the phenotype.

Another two mutants (D-4, E-1) showed a dis-

torted segregation pattern (1:1) of the mutation

since one of the gametophytes was affected.

The gametophytic mutations exhibit apparent

non-Mendelian segregation patterns and can only

be passed from generation to generation as hetero-

zygotes (Drews et al. 1998). Since the angiosperms

have 2 gametophytes, male and female, it is possible

to distinguish 3 classes of gametophytic mutations

depending on whether only the female or the male

gametophyte is affected, or both. If both, then

the mutation is fully penetrant, i.e. it cannot be

transmitted to subsequent generations. However,

this is not the most common case for gametophytic

mutations.

Basing on the number of glufosinate-resistant

plants observed in the progenies of the mutants,

E-1 and 173 evidenced an excess of resistant

plants and a segregation ratio of 15:1, explainable

by a presence of two T-DNA copies. In this case,

the extra copy of T-DNA, which was not involved

in the seed-set mutation, was eliminated through

a cycle of self-fertilization. It is reported that extra

copies of T-DNA are very common after

Agrobacterium-mediated transformation of Ath:

in particular the frequency of two T-DNA copies

was estimated as 28% in a tagged population pre-

viously obtained (Akama 1992).
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Figure 1. Average number of seeds per silique (a)

and silique length (b) in putative mutants (A-E) identified

in five pools (P) coming from a T-tagged population

of Arabidopsis (A in P21290; B in P23370; C in P19010;

D in P14820; E in P27060)



Two basic screens have been used hitherto to

identify mutations affecting sexual reproduction:

silique sterility and segregation distortion (How-

den et al. 1998). A reduced seed set is generally

a consequence of a female gametophytic mutation.

Approximately half of the female gametophytes

are mutant and non-functional; thus they fail to un-

dergo normal seed development. As mentioned

above, the segregation distortion occurs because

the gametophytic mutations are transmitted to

subsequent generations at a reduced frequency

(Yadegary et al. 2004). The genes involved in

the reproductive processes may not be identified

by specific mutant phenotypes mainly for two rea-

sons. Firstly, they play essential roles in other cel-

lular processes; thus their mutation can be lethal

during the vegetative growth. Secondly, they can

have functional redundancy. For this reason,

the activation tagging can be an alternative muta-

genetic approach for gain-of-function mutations

instead of loss-of-function. An activation tagging,

realized with the same T-DNA vector as that used

in our mutant collection, allowed the isolation

of over 30 dominant mutants with various pheno-

types in Ath (Weigel et al. 2000). As concerns

the reproductive processes, one gene involved

in silique growth has been isolated, since its

overexpression impaired ovule fertilization

and fruit development (Ito and Meyerowitz 2000).

The screening performed in this work on 70 Ath in-

sertion lines allowed us the isolation of 3 sporophytic

and 2 gametophytic mutants. In conclusion, the ac-

tivation tagging strategy can effectively be used

in Ath to identify new mutations and, subse-

quently, their corresponding genes affecting

sporogenesis or gametogenesis.
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Table 1. Analysis of progenies for low-seed-set phenotype and resistance to glufosinate (Basta-R). The progenies

were obtained from self-fertilized single plants that showed a low seed-set in the first mutant screening in

a T-tagged population of Arabidopsis thaliana. Values of �
2 were calculated for segregation ratio of

the low-seed-set mutation.

Pool No. Plant code No. of analyzed
plants

No. of Basta-R
plants

No. of plants with
low-seed-set

phenotype

� 2 (3:1)
or(1:3)

� 2 (1:1)

21290 A-7 21 21 21 – –

23370 B-16 72 52 52 0.29ns 14.21***

19010 C-1 48 48 0 – –

14820 D-4 48 38 22 11.03*** 0.32 ns

27060 E-1 48 46 22 11.03*** 0.32 ns

40500 153 48 36 13 0.11 ns 10.08 ***

50460 173 48 46 36 0.00 ns 12.00***

wild type C-24 48 0 – – –

***significant at P � 0.005,� 2 test


