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Abstract

Identifying and manipulating genes underlying selenium metabolism could be helpful for increasing selenium content in crop grain,

which is an important way to overcome discases resulted from selenium deficiency. A reciprocal smallest distance algorithm (RSD)

approach was applied using two experimentally confirmed Homocysteine S-Methyleransferases genes (HMT1 and HMT2) and a putative

Selenocysteine Methyltransferase (SMT) from dicots plant Arabidopsis thaliana, to explore their orthologs in seven sequenced diploid

monocot specics: Oryza sativa, Zea mays, Sorghum bicolor, Brachypodium distachyon, Hordeum vulgare, Aegilops tauschii (the D-genome

donor of common wheat) and 77iticum urartu (the A-genome donor of common wheat). HMT1 was apparently diverged from HMT?2
and most of SMT orthologs were the same with that of HMT?2 in this study, leading to the hypothesis that SMT and HMT originate from
one common ancestor gene. Identifying orthologs provide candidates for further experimental confirmation; also it could be helpful in

designing primers to clone SMT or HMT orthologs in other crops.
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Introduction

Selenium is an important micronutrient, essential for both
humans and animals (Schwarz and Foltz, 1957; Schrauzer and
Surai, 2009) as certain proteins require selenocysteine in their
active site (Stadtman, 1990; 1996). Selenium deficiency can lead
to cancer, heart disease, hypothyroidism, a weakened immune
system and Kaschin-Beck disease (Chen ez 4L, 1980; Mo, 1987;
Peng and Yang, 1991). Therefore, it is of great importance to
increase selenium content in crops. Scientists have tried to
increase grain selenium content through fertiliser-application
fortification or breeding selenium-rich crop using the genotypic
variation (Hawkesford ez al, 2007; Lyons et al., 2005). However,
there was little genotypic variation and much of the effects were
associated with selenium spatial variation in soil (Lyons ez 4L,
2005). Consequently, manipulating expression of genes
underlying selenium metabolism through genetic modification
could be a useful approach for increasing selenium content in
crop grain. The prerequisite of genetic modification approach
requires identifying the genes involved in selenium metabolism
and clarifying their contributing roles to the final selenium
content in plants.

The final selenium content in different plant organs is
controlled by three processes, e.g. uptake of selenium from soil,
assimilation of selenium and translocation into different organs.

Therefore, understanding the molecular mechanisms of
selenium uptake, assimilation and translocation, will facilitate
further the understanding of how could an increase of selenium
content in grains of cereal crops be achieved. It is generally
accepted that plant absorb selenate by sulphate transporters due
to the similarity between sulphate and selenate (Broadley ez 4L,
2006; Ellis and Salt, 2003; Hawkesford, 2003; Li ez 4l., 2008). By
contrast, the uptake mechanism of another major selenium form
in soil, selenite, remains to be illustrated (Li ez af, 2008; Terry ez
al., 2000). After being absorbed into plant, selenate and selenite
are subjected to a series of enzymatic catalyse (Ellis and Salt, 2003;
Rayman, 2008; Sors e al., 2005; Tagmount et al., 2002;
Whanger, 2004). Selenocysteine Methyltransferase (SMT) has
been indicated as playinga crucial role in selenium accumulation
in selenium accumulator Astragalus bisulcatus, which often grows
in a high selenium habitat (Neuhierl ez 4, 1999; Sors ez al,
2009). Overexpression of SMT can increase selenium
accumulation in Arabidopsis and Indian mustard (LeDuc ez 4L,
2004). SMT shares high identity with Homocysteine S-
Methyltransferase (HMT). Untl now, there is little
experimental knowledge about SMT function in the major
cereal crops like rice, maize and common wheat. although their
genomes have been sequenced (Brenchley ez al., 2012; Goff ez al.,
2002; Schnable ¢ al, 2009; Yu ez al, 2002). As selenium is
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tightly associated with human health and many studies support
its protective role against various types of cancer (Naithani,
2008), overexpression of exogenous SM'T with high capability in
crops such as wheat, corn and rice to enhance the Methyl-Seleno
Cysteine (MeSeCys) content may be helpful to overcome
selenium deficiency diseases.

With expansion of available genome sequence data, it is
feasible to explore orthologs in crop genomes using an
experimentally confirmed SMT or HMT from model plant
through Blast approach. Reciprocal best hit (RBH) approach isa
widely used method to identify putative orthologs across two
genomes (Bork ez al., 1998; Plett et al., 2010; Tatusov et 4L,
1997). However, this Blast search often returns as the highest
scoring hit that is not the nearest phylogenetic neighbour of the
query sequence (Koski and Golding, 2001). Meanwhile,
reciprocal best hit may wrongly exclude an authentically
orthologous pair from consideration (Wall ez 4l, 2003).
Reciprocal smallest distance algorithm (RSD) which is improved
upon RBH can find putative orthologs missed by RBH as it is
less likely to be misled by the presence of a close paralog (Wall ez
al., 2003). Therefore, RSD approach was applied in this study
using two experimentally confirmed HMT genes (AdHMT1
and AtHMT?2) and a putative SMT (AtSMT) from dicot
plants Arabidopsis thaliana to retrieve their orthologs in seven
sequenced diploid monocot species including rice (Oryza sativa),
maize (Zea mays), Sorghum  bicolor,  Brachypodium
distachyon,batley (Hordeum vulgare), Triticum urartu and
Aegilops tauschii. Among these seven monocots, rice and maize
are two major crops worldwide: 7. wrartu and A. tauschis
belonging to the tribe Triticeae in Poaceae and are the progenitor
of al%ﬁexapolyploid common wheat A and D genome
respectively (Jia et al., 2013; Ling et al., 2013;); barley is one of
experimental models for Triticeae biology (Schulte ez 4L., 2009),
while Sorghum bicolor and Brachypodium distachyon are also
useful references to study evolutionary relationships among
monocots, as these two genomes has been sequenced (Paterson ez
al.,2009; The International Brachypodium Initiative, 2010).

Evolution of single or several genes, eg mutation in
nucleotide sequence, would change one or some traits of a
species, hence contribute to phenotypic evolution. As an
example, the Selenocysteine Methyltransferase from non-
accumulator Astragalus drummondii shares high homology with
SMT from accumulator Astragalus bisulcatus, but lacks
Selenocysteine Methyltransferase activity # vitro, explaining why
there is little or no detectable levels of MeSeCys in the non-
accumulator plant compared to MeSeCys as the predominant
form in its relative species Astragalus bisulcatus (Sors et al., 2009).
High similarity between Homocysteine Methyltransferase and
Cysteine Methyltransferase, but different enzyme specificity
draws our interest to study evolutionary relationship between
these two enzymes among the seven monocots.

Materials and methods

Two  experimentally  confirmed  Selenocysteine
Methyltransferase (SMT) genes in Astragalus bisulcatus,
SMT (Genbank accession number, CAA10368) (Neuhierl ez
al, 1999) and BoSMT (Genbank accession number,
AAX20123.1.) (Lyi ez 4l., 2005), were used to retrieve the
orthologs from A. thaliana through Blastp approach. Since
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both of them showed the shortest pairwise distance with a
putative SMT  gene (GenB accession number,
BAC42654.1) in A. thaliana, BAC42654.1 was further used
as query sequence in RSD. Protein sequences of two
experimentally confirmed Homocysteine S-
Methyltransferases, ~ AtHMT1  (accession  number
AAF23821.1) and AAHMT?2 (AAF23822.1) (Ranocha ez L,
2000) from A. thaliana, were used as query sequences for
exploring HMT1 and HMT2 orthologs.

A Blastp programme using query sequences was
performed to search orthologs of maize, rice, barley, S. bicolor,
B. distachyon, T. urartu and A. tauschii in the public database
(http://blast.ncbinlm.nih.gov/Blast.cgi). The set of hits
exceeding a significance threshold E<10? and the query
coverage > 80% was obtained for each round forward Blastp.
The sequences obtained were used as queries in subsequent
reverse Blastp searches against the Arabidopsis database;
sequences which could return the original sequence in the
reverse Blastp were used for further analysis. Subsequently,
the alignment of these sequences obtained and the pairwise
distance were calculated using MEGAS (Tamura ez 4l
2011); sequences showing the shortest distance with query
sequence were then used in the second round Blastp, so thata
set of sequences was obtained. Pairwise distance between
these sequences in the second round Blastp and the sequence
showing shortest distance with query sequence were
calculated, and the pairs which showed the smallest distance
were designated as orthologs. Comparison between rice,
barley, maize, S. bicolor, B. distachyon, T. wrartu and A.
tauschii were conducted by the same method mentioned
above, where query sequences were those which had been
designated as HMT or SMT orthologs in the reciprocal
Blastp between 4. thaliana and each of these seven monocots.

Evolutionary analysis were conducted in MEGAS5
(Tamura ez /., 2011) using the Minimum Evolution method
(Rzhetsky and Nei, 1992). Evolutionary tree was drawn to
scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the poisson
correction method (Zuckerkandl and Pauling, 1965) and
were in the units of the number of amino acid substitutions
per site. All positions containing gaps and missing data were
eliminated. The minimum evolution tree was searched using
the Close-Neighbour-Interchange (CNI) algorithm (Neiand
Kumar, 2000) at a search level of 1. The Neighbour-joining
algorithm (Saitou and Nei, 1987) was used to generate the
initial tree.

Results

Putative SMT orthologs

Seven putative SMT orthologs from rice, maize, barley, S.
bicolor and B. distachyon, T. urartu and A. tauschii were identified
using putative 4. thaliana SMT (BAC42654.1) as initial query
sequence (Fig 1). Reverse Blast towards 4. thaliana genome,
however, returned three different orthologs, NP 191884.1,
AAF23822.1 and AAM 65096.1, rather than BAC42654.1.
Similar situations also occurred when RSD were conducted
among these seven monocots species. Besides the putative SMT
(BAC42654.1), three other paralogs were also found in A.

thaliana genome. Five paralogs were found in maize, three in rice,
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ArBAC 42654.1
Ar AAF 23822.1

(Ar NP566715.1)

ArNP 191884.1

ZNP001105013.1

ZNP001105012.1

ZACG37529.1

ZDAA 57409.1

ZNP001105014.1

Ba BAK 06389.1

$XP002458576.1 SXP 002442493.1 BXP 003567164.1 BXP 003577787.1
Fig. 1. Reciprocal Blast among A. thaliana (Ar), rice (R), Z. mays (Z), S.
bicolor (S), barley (Ba), B. distachyon (B), A. tauschii (Ae) and T. urartu
(T) genome sutilizing AtSMT as query sequence

The symbol with bold line and two arrows ‘>’ indicates the shortest distance
through reciprocal shortest distance Blastp approach, while open arrows with
dashed line €------ —’ indicats seven orthologs in rice, maize, . bicolor, B.
distachyon, barley, A. tauschii and T. urartu that were identified in the first round
forward Blastp.

two in S. bicolor and B. distachyon. By contrast, only one ortholog
was found for barley, 4. tauschii and T. urartu respectively.
This implied gene duplication event of the putative SMT
which might have occurred in 4. thaliana, maize, rice, . bicolor
and B. diistachyon.

Phylogenetic tree was further constructed and it can be
divided into three groups (Fig: 2). Within group one, there
were three orthologs from maize, two from rice, one from S.
bicolowr and one from B. distachyon. Orthologs from A.
thaliana constituted as group two. Within group three, there
were two orthologs from maize, one from each of S. bicolor,
rice, B. distachyon, batley, T. urartu and A. tauschii. There was a
very close genetic relationship between maize orthologs NP
001105013.1 and ACG 37579.1; rice orthologs EAY 83821
and NP 001067232.1; A. thaliana orthologs NP 191884.1 and
AAF 23822.1. Further alignment demonstrated ACG
37579.1 (383 amino acids) was with 17 amino acids longer
than NP 001105013.1 (366 amino acids), 365 amino acids of
NP 001105013.1 was the same with that of ACG 37579.1
except the last amino acid “A” substituted by “G” in ACG
37579.1. Two rice orthologs EAY 83821 and NP 001067232.1
were the same except that the amino acid “M” in position 269 of
EAY 83821 is substituted by “I” in NP 001067232.1, while 4.
thaliana orthologs NP 191884.1 and AAF 23822.1 were the
same except that the amino acid “T” in position 103 of NP
191884.1 was substituted by “C” in AAF 23822.1.

HMT1 orthologs

One ortholog from each genome of rice, barley, maize, S.
bicolor and B. distachyon, A. tauschii and T. urartu, were found
by first round Blast using A(HMT1 (Genbank accession
number, AAF23821.1), reverse Blast returned a sequence with
the accession number NP 189219.1 (Fig 3). Sequence
alignment analysis showed these two sequences, AAF23821.1
and NP 189219.1 were identical. After two rounds RSD Blast,

the reciprocal Blast diagram among A. thaliana, rice, batley,
maize, S. bicolor, B. distachyon, A. tauschii and T. urartu genomes
was constructed. Different from the result of SMT, no HMT1
paralogwas found in maize, rice, S. bicolorand B. distachyon.

The evolutionary tree constructed with HMT1 orthologs
can be dlassified into two apparent groups: AtHMT1
(AAF23821.1/ NP 189219.1) constituted as one group, while
orthologs from the other seven genomes another group (Fig 4).
This implied the large difference between dicots A. thaliana and
the seven monocot species. Orthologs from maize (NP

001105011.1) and S. bicolor (XP 002468259.1) displayed a

NP 001105013.1 Zea mays
ACG37529.1 Zea mays
XP 002442493.1 Sorghum bicolor
NP 001105012.1 Zea mays
XP 003577787.1 Brachypodium distachyon
EAY83821.1 Oryza sativa Indica Group
0s12g0607000 Oryza sativa Japonica Group
NP 191884.1 Arabidopsis thaliana
AAF23822.1|AF219223 1 Arabidopsis thaliana
r AAMG65096.1 Arabidopsis thaliana
NP 566715.1 Arabidopsis thaliana
BAC42654.1 Arabidopsis thaliana

} )
DAA57409.1 Zea mays
|:NP 001105014.1 Zea mays
XP 002458576.1 Sorghum bicolor

NP 001044396.1 Oryza sativa Japonica Group
XP 003567164.1 Brachypodium distachyon .
BAKO06389.1 Hordeum vulgare subsp. vulgare
EMS59296.1 Triticum urartu
EMT21463.1 Aegilops tauschii

Fig. 2. Evolutionary relationships of SMT orthologs
The analysis was involved in 291 positions for 20 amino acid sequences. The
optimal tree had the sum of branch length = 1.45.

—

Ar NP 189219.1 (Ar AAF 23821.1)

R AAN 05322.1 $XP 002468259.1

Ae EMT 27714.1 BXP003561878.1

Z NP 001105011.1 TEMS 47619.1

Ba BAJ94521.1

Fig. 3. Reciprocal Blast among 4. thaliana (Ar), rice (R), Z. mays (Z),
S. bicolor (S), barley (Ba), B. distachyon (B), A. tauschii (Ae) and T.
urartu (T) genomes utilizing AtHMT1 as query sequence

EMT27714.1 Aegilops tauschii
EMS47619.1 Triticum urartu
BAJ94521.1 Hordeum vulgare subsp. vulgare
XP 003561878.1 Brachypodium distachyon
AAN05322.1 Oryza sativa Japonica Group
XP 002468259.1 Sorghum hicolor
—ENP 001105011.1 Zea mays
‘NP 189219.1 Arabidopsis thaliana } n
|AAF23821.11AF219222 Arabidopsis thaliana

0
Fig. 4. Evolutionary relationships of At(HMT1 orthologs
The analysis was involved in 319 positions for nine amino acid sequences. The
optimal tree had the sum of brach length = 0.61
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closer evolutionary relationship, while orthologs from Triticeae
species A. tauschii, T. urartu and barley clustered closer.

HMT?2 orthologs

First round RSD Blast using A(HMT?2 as query sequence
returned three maize paralogs (Fig. 5), while only one was found
in rice, barley, S. bicolor, B. distachyon, A. tauschii and T. urartu.
Second round Blast using these three maize paralogs towards 4.
thaliana genome returned another 4. Thaliana paralog (NP
001064628.1). Similarly, reciprocal Blast between rice and three
other genomes of maize, S. bicolor, B. distachyon, using initial
sequence NP_001064628, returned a different rice paralog
NP_001067232.1. Reciprocal Blastp result between A. tauschiz
and rice, maize, B. distachyon, S. bicolor geome using EMT
21463.1 was the same as that using 7. urartu ortholog EMS
59296.1. These two orthologs also clustered tightly in the
evolutionary tree (Fig 6), implying a closer evolutionary
relationship.

Ar NP566715.1 Ar AAF23822.1
TEMS 59296.1 /Z

R NP 001064628.1

ArNP 191884.1

\ ZDAA 57409.1

ZNP001105012.1

R NP 001044395.1 ZNP001105013.1

RNP001067232.1 ¢ i N A B N e 7ACG 37529.1
Ae EMT 21463.1 Sl ZNP 001105014.1
S XP 002458576.1 K X 2 IZ % BXP 003567164.1

5 XP 002442493.1
Ba BAK02976.1

B XP003577787.1

Fig. 5. Reciprocal Blast among 4. thaliana (Ar), rice (R), Z. mays (Z),
S. bicolor (S), batley (Ba), B. distachyon (B), A. tauschii (Ae) and T.
urartu (T) genomes using A(HM T2 as query sequence

The orthologs can be subdivided into four apparent groups
(Fig. 6). Within group one, three maize orthologs (NP
001105012.1, NP 001105013.1, ACG 37529.1) c%flstered
tightly with one 8. bicolor ortholog (XP 002442493.1), while one
ortholog from B. distachyon (XP 003577787.1) clustered tightly
with one from barey (BAK 02976.1). Rice ortholog NP
001064628.1 constituted as group two, while orthologs from A.
thaliana constituted as group three. Within group four, there
were the other two maize orthologs (DAA 57409.1, NP
001105014.1) along with one S. bicolor ortholog (XP
002458576.1) and one Brachypodium ortholog (XP
003567164.1).

Evolutionary relationship and conserved amino  acids
between HMT and SMT

High identity between SMT and HMT confers common
function catalysing cysteine into methylcysteine, but different
affinity capability (Sors ez 4/, 2009); Orthologs of HMT1
were apparently diverged from that of HMT2 and SMT
(Figs. 7 and 8). These two facts lead to the hypothesis that
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NP 001105012.1 Zea mays

XP 002442493.1 Sorghum bicolor

NP 001105013.1 Zea mays

ACG37529.1 Zea mays

NP 001067232.1 Oryza sativa Japonica Group

XP 003577787.1 Brachypodium distachyon

BAKO02976.1 Hordeum vulgare subsp. vulgare

NP 001064628.1 Oryza sativa Japonica Group
NP 566715.1 is thaliana

NP 191884.1 Arabidopsis thaliana

AAF23822.1|AF219223 1 Arabidopsis thaliana

DAA57409.1 Zea mays

NP 001105014.1 Zea mays

XP 002458576.1 Sorghum bicolor

NP 001044396.1 Oryza sativa Japonica Group

XP 003567164.1 Brachypodium distachyon

EMT21463.1 Aegilops tauschii

EMS59296.1 Triticum urartu

a

v

Y

—_—
005

Fig. 6. Evolutionary relationships of At(HMT?2 orthologs

The analysis was involved in 287 positions for 18 amino acid sequences. The
optimal tree had the sum of brach length = 1.63.

EMS59296.1Triticum urartu A
EMT21463.1 Aegilops tauschii
XP 003567164.1 Brachypodium distachyon
NP 001044396.1 Oryza sativa
XP 002458576.1Sorghum bicolor
NP 001105014.1 Zea mays
DAA57409.1 Zea mays
BAK02976.1 Hordeum vulgare
XP 003577787.1 Brachypodium distachyon
NP 001067232.1 Oryza sativa
NP 001105012.1 Zea mays
XP 002442493.1 Sorghum bicolor
NP 001105013.1 Zea mays
ACG37529.1 Zea mays
NP 001064628.1 Oryza sativa
NP 191884.1 Arabidopsis thaliana
AAF23822.1 Arabidopsis thaliana
NP 566715.1 i is thaliana e
NP 189219.1 Arabidopsis thaliana
4{ AAF23821.1 Arabidopsis thaliana
NP 001105011.1 Zea mays
XP 002468259.1 Sorghum bicolor
AAN05322.1 Oryza sativa — n
XP 003561878.1 Brachypodium distachyon
BAJ94521.1 Hordeum vulgare
EMS47619.1 Triticum urartu
EMT27714.1 Aegilops tauschii

—_
005

Fig. 7. Evolutionary tree of HMT1 and HMT?2 orthologs
The optimal tree had the sum of brach length = 2.38 as shown hereby. The tree

was drawn to scale. The analysis involved 27 amino acid sequences. All positions
containing gaps and missing data were eliminated. There were a total of 284
positions in the final dataset.

EMT21463.1 Aegilops tauschi
EMS59296.1 Triticum urartu
BAK06389.1 Hordeum vulgare
XP 003567164.1 Brachypodium distachyon
NP 001044396.1 Oryza sativa
XP 002458576.1 Sorghum bicolor
NP 001105014.1 Zea mays
DAA57409.1 Zea mays
NP 001067232.1 Oryza sativa Japonica 1
EAY83821.1 Oryza sativa -
XP 003577787.1 Brachypodium distachyon
XP 002442493.1 Sorghum bicolor
NP 001105012.1 Zea mays
ACG37529.1 Zea mays
NP 001105013.1 Zea mays
AAF23822.1 Arabidopsis thaliana
NP 191884.1 Arabidopsis thaliana
AAM65096.1 Arabidopsis thaliana
BAC42654.1 Arabidopsis thaliana
NP 566715.1 Arabidopsis thaliana -
NP 189219.1 Arabidopsis thaliana
4{ AAF23821.1 Arabidopsis thaliana
XP 002468259.1 Sorghum bicolor n
NP 001105011.1 Zea mays
AAN05322.1 Oryza sativa -
XP 003561878.1 Brachypodium distachyon
BAJ94521.1 Hordeum vulgare
EMT27714.1 Aegilops tauschii
EMS47619.1 Triticum urartu

L

Fig. 8. Evolutionary tree of HMT1 and SMT orthologs

The optimal tree had the sum of brach length = 2.24 as shown hereby. The tree
was drawn to scale. The analysis involved 29 amino acid sequences. All positions
containing gaps and missing data were eliminated. There were a total of 288
positions in the final dataset.

SMT and HMT may originate from one common ancestor.
It was further supported by that most (16 out of 20)
orthologs are the same between SMT (Fig. 1) and HMT2
(Fig. 2) in this study. Different conserved amino acids which
might be responsible for the different enzyme catalysing
capability between HMT and SMT were found (Table 1) by
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Table 1. Different conserved amino acids in HMT1 and SMT

Position Amino acid in SMT Amino acidin HMT1
25 R/T/K E

60 V/A K/R/S
87 A S

94 Q/E P
125 A/L/V/Y W
147 R/Q/K/H Y
148 R/H/P N
235 K v
238 V/A E/K
270 R/G Q
277 L/1 R/C
298 Y A\
326 R/N/T/K A
334 G/A C
335 A/V/G/E F/L
348 V/A E/D
349 S M/V/A
351 A% A

sequence alignment involving 20 SMT orthologs and 9 HMT1
orthologs. For example, at position 87, amino acid ‘A’ in SMT
was replaced by ‘S in HMT1. At some positions in both
enzymes, the amino acid is not highly conserved, but shows
preference. For example, at position 60, the preference amino

acid for SMT is “V’ or ‘A’, while for HMT1 is ‘K’ or ‘R’ or °S’.

Discussions

Adaptive mutation might have occurred in selenium
accumulators as a strategy to adapt to high selenium
environment. Selenocysteine Methyltransferases with high
affinity towards L-Selenocysteine may be only one of these
adaptive mechanisms. Besides Selenocysteine
Methyltransferases, some other candidate genes were also
proposed accounting for the three QTLs (Quantitative Trait
Loci) on chromosomal 1, 3, 5 for selenium tolerance in
Arabidopsis thaliana (Zhang et al., 2006). Further comparison
on mechanisms of selenium metabolism between Selenium
non-accumulators and accumulators may lead to discovery of
new regulatory mechanism sustaining selenium accumulators
to accumulate selenium.

Quantitative Trait Loci (QTL) mapping is a powerful and
traditional approach to identify QTLs that contribute to
phenotypic variation; for example, three QTL loci on
chromosomal 1, 3, 5 in Arabidopsis thaliana (Zhang et al., 2006)
and six QTL loci in rice (Norton et 4l., 2010) were found
accounting for grain selenium content using this approach.
However, exploring novel genes/factors underlying selenium
metabolism in crops by traditional QTL mapping seems to be
difficult for the mapping population grown in the field, due to
heterogeneous distribution of selenium in soil and the largely
dependence of grain selenium content upon soil selenium
content. Theregre, towards the goal of understanding
molecular mechanism of selenium metabolism and producing
genetic modified crops with enhanced selenium accumulating
ability, manipulating an experimentally confirmed selenium
metabolic gene from other plants in crops may serve as an
alternative way.

MeSeCys accounts as the predominant form in selenium
accumulators while the content is lower in non-selenium
accumulator, suggesting that SMT plays an important role in

selenium accumulation. The predominant form of selenium in
non-selenium  accumulator  cereal is  Selenomethionine
(Whanger, 2004); for example, Selenomethionine in wheat
ain accounts 56-83% of the total selenium content, followed
y SeCys and MeSeCys accounting 4-12% and 1-4%,
respectively (Whanger, 2002). Hence it is reasonable to deduce
that the activity of Selenocysteine Methyltransferase in wheat
might be lower than that in accumulators. Moreover, based on
the fact the caralysing activity of Astragalus bisulcatus
Selenocysteine Methyltransferase towards L-Selenocysteine
was much higher than that of L-Cysteine (Neuhierl and Béck
1996), it can be hypothesised that Selenocysteine
Methyltransferase in non-selenium accumulators such as
wheat, has lower capability to catalyse L-Selenocysteine.

Although  Selenocysteine ~ Methyltransferase  and
Homocysteine Methyltransferase  have high = sequence
similarity, they do have apparent different roles in selenium
metabolism. Previous study of Sors ez 4. (2009) indicated
that a putative SMT enzyme from the non-accumulator
Astragalus drummondii showed a high degree of homology
with the accuamulator Astragalus bisulcatus SMT (AbSMT),
but lacked the Selenocysteine Methyltransferase activity 7z
vitro; also Ala to Thr amino acid mutation at the predicted
active site of AbSMT resulted in a new enzymatic capacity to
methylate homocysteine and exhibit a six fold higher capacity
to methylate selenocysteine, indicating that SMT mutation
can affect its enzyme activity.

Specific amino acids belonging to SMT or HMT1
orthologs were also found in this study. These facts support
the hypothesis that SMT originate from mutation during
duplication process of HMT. It is also necessary to
experimentally confirm the substrate specificity of novel
Selenocysteine  Methyltransferases  or  Homocsyteine
Methyltransferases  which are cloned using degenerate
primers based on conserved sequences.

As selenium is tightly associated with human health and
many studies support its protective role against various types
of cancer (Naithani, 2008), overexpression of exogenous
SMT with high capability to methyl Selenocysteine in crops
such as wheat, corn and rice, in order to enhance the
MeSeCysteine content, may be helpful in targeting selenium
deficiency diseases and preventing some kind of cancers.

Conclusions

Orthologs for both Selenocysteine Methyltransferases
and Homocsyteine Methyltransferases (HMT1, HMT?2) of
seven monocot species were obtained by the effective RSD
method in this study. Systematic comparison among these
orthologs and bioinformatics analysis were subsequently
conducted. SMT and HMT might originate from one
common ancestor gene since HMT1 was apparently diverged
from HMT?2 and most of SMT orthologs were the same with
that of HMT2 in this study. It is also necessary to
experimentally confirm the substrate specificity of novel
Sefenocysteine Methyltransferases or  Homocsyteine
Methyltransferases, especially those cloned by degenerate
primers based on conserved sequences, since these two genes
shares high identity. Identified orthologs in this study provide
candidates for further experimental confirmation; also could
be helpful in designing primers to clone SMT or HMT

orthologs in other crops.
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