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Abstract STM (RaSTM) and YAB2 (RaYABZ2) homologues were isolated from Ruscus

aculeatus (Asparagaceae, monocots) and their expressions were analyzed by real-time

PCR to assess hypotheses on the evolutionary origin of the phylloclade in the

Asparagaceae. In young shoot buds, RaSTM is expressed in the shoot apex, while

RaYAB?2 is expressed in the scale leaf subtending the shoot bud. This expression pattern

is shared by other angiosperms, suggesting that the expression patterns of RaSTM and

RaYAB?2 are useful as molecular markers to identify the shoot and leaf, respectively.

RaSTM and RaYAB?2 are expressed concomitantly in phylloclade primordia. These

results suggest that the phylloclade is not homologous to either the shoot or leaf, but

that it has a double organ identity.

Keywords Asparagaceae  phylloclade  Ruscus aculeatus  STM  YABBY
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Introduction

The body plan of vascular plants is quite uniform in that they consist of three major

vegetative organs: root, stem and leaf (e.g. Gifford and Forster, 1989). Contrary to

this uniform body plan, some plants produce novel organs that are not strictly

homologous or identical to one of the three major vegetative organs; such innovations

contribute to morphological diversification of vascular plants. Phylloclades are a unique

organ with a compressed, leaf-like appearance despite being located in the axillary

position where a lateral shoot should arise generally (Bell, 1991). A typical phylloclade

is seen in the coniferous genus Phyllocladus (Podocarpaceae) where it is interpreted as a

laterally compressed shoot system (Tomlinson et al., 1987).

In the Asparagaceae family of basal monocots (Rudall et al., 2000; Chase, 2004), a

compressed, elliptic organ with a pointed apex is formed in the axil of the scale leaf

(Figs. 1a-c). It also has been designated as a phylloclade, but the organ identity and

evolutionary process are not fully understood. Some studies have considered the

Asparagaceae phylloclade to be a compressed stem (caulome) because of its axial

position and ability to generate floral buds (e.g., Turpin, 1820 cited in Hirsch, 1977;
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Zweigelt, 1913; Hirsch, 1977). Others have compared it to a leaf borne on an aborted

shoot, because it grows determinately and has a venation pattern similar to that of the

leaf (de Candolle, 1827 cited in Hirsch, 1977; Schlittler, 1960; Cusset and Tran, 1966).

In addition to these simple interpretations, the Asparagaceae phylloclade was also

considered to be a de novo organ with stem and leaf identities (Croizat-Chaley, 1973;

Sattler, 1984; Cooney-Sovetts and Sattler, 1986). Furthermore, some authors have

postulated that the phylloclade is a congenital-fusion product of an axillary branch and

its prophylls (Van Tieghen, 1884 cited in Cooney-Sovetts and Sattler, 1986; Arber,

1924).

The expression patterns of transcription factor genes would be helpful in clarifying

the identity of the Asparagaceae phylloclade. In some model plants with simple leaves,

Class I KNOTTED-like homeobox (KNOX) genes are expressed in the shoot apical

meristem (SAM), while they are down-regulated in lateral organ primordia (Vollbrecht

et al., 1990; Barton and Poethig, 1993). This expression pattern is plesiomorphic for

Class I KNOX genes (Bharathan et al., 2002; Harrison et al., 2005; Sano et al., 2005).

On the other hand, some genes, such as ASYMMETRIC LEAVES 1, ASYMMETRIC

LEAVES 2, Class [l HOMEODOMAIN-LEUCIN ZIPPER genes, KANADI genes, and
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YABBY genes, are expressed in lateral organ primordia and promote their asymmetric

growth (Eshed et al., 2001; Bowman et al., 2002; Emery et al., 2003; Engstrom et al.,

2004). Among them, expression of YABBY genes is specific to lateral organs in diverse

lineages of angiosperms (Bowman, 2000; Kim et al., 2001; Yamaguchi et al., 2003;

Yamada et al., 2004; Jang et al., 2004; Juarez et al., 2004; Fourquin et al., 2005).

Based on these previous studies, it is probable that the expression patterns of Class I

KNOX genes and YABBY genes could be markers for assessing the SAM and lateral

organ identities, respectively, in most angiosperm lineages.

In this study, we isolated SHOOTMERISTEMLESS (STM) and YABBY2 (YAB2)

homologues from Ruscus aculeatus L. (Asparagaceae), which are members of Class I

KNOX and YABBY genes, respectively. Their expressions were analyzed by real-time

PCR to assess the proposed hypotheses on phylloclade evolution.

Materials and Methods

Plant materials and phenology of Ruscus aculeatus
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Plants of R. aculeatus cultivated in the Tokyo campus of Japan Women’s University

were used in this study. Dormant buds enclosed by several scale leaves (bud scales)

formed at the base of the current shoots became enlarged during February and March

(stage 0, Figs. 1d, 2a; see also Hirsch, 1977). At stage 0, the shoot apex was round

without its own scale leaves. The shoot apex formed four to six lateral shoot axes

subtended by scale leaves from April to June (stage I, Fig. 2b). In stage II lasting about

5 months from July to November, phylloclade primordia emerged acropetally in the

axils of scale leaf primordia on the main or lateral axes (Fig. 2¢). In the subsequent 3

months (December to early February), floral buds subtended by bracts developed on the

adaxial surface of the phylloclade primordia (stage III, Fig. 2d). The basal-most

phylloclades on each axis were devoid of floral buds. The phylloclade primordia

became flattened at stage IV (mid-February to mid-March) while the main and lateral

shoot apices ceased indeterminate growth and also flattened (Fig. 2e). At this stage, the

next main shoot system (stage 0) was initiated in the axil of the scale leaf remaining on

the base of the current shoot. The shoot system grew above ground and the floral buds

began differentiation in late March (stage V, Fig. 2f). Anthesis began in April (stage VI,

Fig. le).
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Cloning STM homologue and YABBY gene

Samples collected for cloning were frozen in liquid N,. Total RN A was extracted from

floral buds and first-strand cDNA for 3’ RACE was synthesized following Shindo et al.

(1999). The partial cDNA sequence of an STM homologue was amplified by

STM-ELK1 and UAP. Nested PCR was performed by KN4-1 and UAP (Tablel). The

remaining 5’ end sequence was determined by 5’ RACE following Shindo et al. (1999).

Similarity between the obtained S7M homologue and other KNOX genes was estimated

by BLAST (http://www.ncbi.nlm.nih.gov/BLAST). A YABBY gene was isolated

following Yamada et al. (2003). The obtained sequences were registered in

DDBJ/EMBL/GenBank as AB000000 (RaSTM) and AB168115 (RaYAB?2).

Phylogenetic analyses of KNOX and YABBY genes

The deduced amino acid sequences of KNOX genes and BELL I were obtained from

the NCBI DNA Database. (See S1 for the accession numbers.) They were aligned with
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the predicted amino acid sequence of the obtained STM homologue of R. aculeatus

using CLUSTAL X ver. 1.64b (Thompson et al., 1997) and the alignment was revised

manually. Phylogenetic analysis was performed with CLUSTAL X ver. 1.64b based on

amino acid sequences of MEIKNOX, ELK, and Homeodomains (Fig. 2, S2). Bootstrap

supports with 1000 replicates were also calculated by CLUSTAL X ver. 1.64b for each

cluster. The obtained tree was rooted by choosing BELL] as an outgroup. Alignment

and phylogenetic analysis of YABBY genes (see S3 for their accession numbers) were

conducted following Yamada et al. (2003).

Real-time PCR

Collected samples were soaked in RNAlater (Ambion Inc., Austin, TX, USA) after

dissection under a binocular microscope. We extracted total RNA from: shoot apices

and bud scales subtending the shoot apices at stage 0; the basal-most phylloclade

primordia on each axis at stage I'V; scale leaves on main and lateral axes at stage [V;

floral buds at stage V; and mature basal-most vegetative phylloclades at stage VI. The

sample stages and contained organ type(s) are summarized in Table 2. First-strand
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cDNAs were synthesized for each sample by the methods described above and were

used as a template for real-time PCR. To eliminate possibly-contaminated genomic

DNA, we treated total RNAs with DNase I before cDNA synthesis. TagMan® probes

and primers (Table 1) were designed by Primer Express ver. 1.5 (Applied Biosystems,

Foster City, CA, USA). Mixtures for PCR were prepared using Platinum® Quantitative

PCR SuperMIX-UDG (Invitrogen Co. Ltd, Carlsbad, CA, USA). As an internal control,

the expression level of 18S rRNA was quantified for each sample using Pre-Developed

TagMan® Assay Reagants (Applied Biosystems). Three independent reactions were

prepared for each amplification set. Threshold cycle (Ct) values were measured by

PTC-200 DNA Engine Cycler (Bio-Rad Laboratories, Inc., Waltham, MA, USA). The

obtained Ct values were compared with Ct values of standard templates with the known

number of initial templates for estimating the initial target and control cDNA molecules

in each reaction. The number of target cDNA molecules was divided by that of 18S

rRNA and standard deviations among the three reactions were calculated. Experiments

were replicated five times to verify the results.

Results
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Isolation of STM homologue

We isolated one STM homologue (RaSTM) from R. aculeatus. The determined partial

mRNA was 1114 bp, including a complete coding sequence. The predicted amino acid

sequence consists of 321 residues and includes the MEIKNOX, ELK, and

Homeodomains (Fig. 3, S2). BLAST X search clearly suggested a close similarity to

Class I KNOX genes such as STM and NTH15 (data not shown).

Phylogenetic analysis robustly supported a sister relationship of RaSTM to dicot STM

homologues (100% bootstrap support), showing that RaSTM is distantly related to Kn/

and RS homologues, which are Class I KNOX genes of Poaceae (Fig. 4).

Isolation of Y4B2 homologue

The obtained putative YABBY2 homologue (RaYAB2) was 793 bp long. We could not

obtain a complete coding sequence, but recognized Zinc finger-like and YABBY

domains in the deduced amino acid sequence (Fig. 5). RaYAB2 shares a motif located
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just downstream of the Zn finger-like domain with other Y482 homologues (Fig. 5),

suggesting homology of RaYAB2 and YAB2.

Phylogenetic analysis showed that RaYAB?2 is nested in a clade consisting of Y4B2

homologues and clade monophyly is suggested by 64% bootstrap support (Fig. 6).

Expression analyses of RaSTM and RaYAB2 by real-time PCR

Expression of RaSTM was detected in the shoot apex, phylloclade primordial, and floral

buds (Fig. 7). Among them, the strongest transcription was observed in the shoot apex,

and the expression level in the phylloclade primordia was higher than that in the floral

buds. No significant amplification of RaSTM was detected in the stage-VI phylloclade

and scale leaves (Fig. 7).

The RaYAB2 expression was highest in the scale leaves, while an expression intensity

of less than half the highest expression was also detected in the shoot apex, phylloclade

primordia, and floral buds (Fig. 7). Expression in the stage-VI phylloclade was very

weak.

Experiments were replicated five times and resulted in identical patterns (data not
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shown).

Discussion

STM homologue lost during monocots diversification

RaSTM is clearly identified as an STM homologue by the phylogenetic analysis. This is

the first isolation of an STM homologue in the monocots despite extensive genomic

research into the Poaceae, including rice and maize. In Poaceae, Kn/, a Class | KNOX

gene, participates in maintenance of the shoot apical meristem instead of STM (Jackson

et al., 1994; Bharathan et al., 1999; Reiser et al., 2000). Taking into account the

phylogeny in which the Asparagaceae diverged earlier than the Poaceae (Chase, 2004),

the occurrence of the STM homologue in R. aculeatus suggests that an STM homologue

was lost during diversification of the monocots while its function was taken over by the

Knl homologue.

Phylloclade SAM and leaf identities
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The validity of homology assessment based only on gene expression has been

questioned because the same gene is co-opted for similar functions among

non-homologous organs (e.g., Abouheif et al., 1997; Nielsen and Martinez, 2003;

Theissen, 2005). Such functional co-option of a gene would cause expressional

commonality (homocracy) among non-homologous organs (Nielsen and Martinez,

2003). Thus, a homocracy among organs does not necessarily ensure their homology,

but it could be a tool to assess their organ identity (Rutishauser and Isler, 2001; Nielsen

and Martinez, 2003).

In Arabidopsis and other eudicots, STM maintains proper growth of the SAM by

expression in both vegetative and reproductive SAMs, while it is down-regulated in leaf

primordia (Barton and Poethig, 1993; Long et al., 1996). Although we could not specify

the exact function of RaSTM, we infer that monocot RaSTM, like other dicot STM

homologues, is involved in maintenance of the SAM, because it is expressed strongly in

the vegetative and reproductive shoot apices, but expression is not detected in the scale

leaves as is usual in dicots. Notably, RaSTM is expressed in the phylloclade primordia,

suggesting that young phylloclades are functionally comparable to the SAM.
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Strong expression of RaYAB2 in the scale leaves suggests that it may be involved in

leaf formation. The expression detected in shoot apices might be attributed to the scale

leaves (bud scales) covering them. RaYAB2 is also transcribed in the phylloclade

primordia, so the phylloclade is also partly comparable to a leaf.

The concomitant expression of RaSTM and RaYAB?2 in the phylloclade suggests that

both SAM and leaf developmental pathways may be partly incorporated into the

phylloclade developmental pathway. Similar incorporation of SAM and leaf

developmental pathways confers continuous identity between SAM and leaf in a tomato

compound leaf of (Sinha, 1999; Kim et al., 2003). The phylloclade twofold pattern

could explain the apparently contradictory characteristics of leaf-like appearance and

shoot-like axillary position.

Traditional plant morphological studies emphasize the positional criterion

(homotopy) to assess organ homology and do not permit coexistence of multiple

identities in a single organ (Rutishauser and Isler, 2001). Such an approach is called

Classical Morphology (ClaM) (Rutishauser and Isler, 2001), and the ClaM approach has

been applied to homology assessments of the phylloclade, interpreting it as either a

compressed stem (Turpin, 1820 cited in Hirsch, 1977; Zweigelt, 1913; Hirsch, 1977) or
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a leaf borne on an aborted shoot (de Candolle, 1827 cited in Hirsch, 1977; Schlittler,

1960; Cusset and Tran, 1966).

There are many studies of organ heterotopy whereby organs with different identities

are formed in an equivalent position (e.g., Rutishauser and Grubert, 1999; Rutishauser

and Isler, 2001). Furthermore, developmental genetic studies clarify that amalgamation

of different developmental pathways obscures the boundary between the three major

vegetative organs (root, stem, leaf) (Hofer, 1998; Sinha, 1999). These findings have led

to recent re-evaluation of the importance of the Fuzzy Arberian Morphology (FAM)

approach named after Agnes Arber (Rutishauser and Isler, 2001), such as the Leaf

—Shoot Continuum Hypothesis (Arber, 1950). The FAM approach emphasizes

estimation of organ identities over homology, and accepts heterotopy and continuum

identity between organs (Rutishauser and Isler, 2001). Arber (1924) explained the

contradictory characteristics of the phylloclade as a fusion/coexistence of leaf and SAM

and this interpretation is subsumed into later FAM approaches interpreting the

phylloclade as having a double identity (Croizat-Chaley, 1973; Sattler, 1984;

Cooney-Sovetts and Sattler, 1986).

The FAM interpretation of the phylloclade matches the results of our expression
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analyses, although it is not shown here whether the STM and YABBY genes are

expressed in the same or different parts (tissues) of the phylloclade. We still need to

clarify how the developmental pathways of the SAM and leaf are incorporated into

phylloclade development to assess phylloclade evolution. Expression analyses of other

genes involved in SAM and leaf developmental pathways, as well as in situ

hybridization experiments, which are ongoing, will shed light on this.
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Figure legends

Fig. 1. Morphology of Ruscus aculeatus. a Mature shoot system. b Close-up of mature

phylloclade formed at main shoot apex and lateral phylloclades. ¢ Phylloclade

subtended by scale leaf. d Young bud at stage 0 covered by scale leaves (arrowhead). e

Flower on adaxial surface of phylloclade. p phylloclade, / scale leaf. Bars: 1 cm (a, b, e),

S mm (c, d)

Fig. 2. Phenology of Ruscus aculeatus. The main shoot system of the previous year is

omitted in stage 0 and I. Stage VI is not shown. The dashed line in stage II illustrates

the disintegrated main shoot system of the previous year.

Fig. 3. Alignment of deduced amino acid sequences of selected KNOX genes. Amino

acid positions used for phylogenetic analysis are shaded. MEIKNOX, ELK, and

Homeodomains are indicated by clumps. Asterisks indicate identical amino acids. See

S1 for the full alignment.
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Fig. 4. Neighbor joining tree of KNOX genes. Bootstrap supports (>50%) are shown

above branches. Bar: 0.05 amino acid substitutions per site

Fig. 5. Alignment of deduced amino acid sequences of YABBY genes. Amino acid

positions used for phylogenetic analysis are shaded. Zinc finger-like and YABBY

domains are marked by clumps. Asterisks indicate identical amino acids. Note a motif

shared by Y4B2 homologues (boxed).

Fig. 6. Neighbor joining tree of YABBY genes. Bootstrap supports (>50%) are shown

above branches. Bar: 0.01 amino acid substitutions per site

Fig. 7. Relative expression levels of RaSTM (open) and RaYAB2 (shaded) in

phylloclade primordia (PP), shoot apices and bud scales subtending them (S), floral

buds (F), scale leaves (L) and mature phylloclades (PM). The expression level in shoot

apices is set to 100%. Double-ended bars indicate standard deviations among three

independent reactions.
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Table 1. Primers used in this study. I, N, R, S, W, and Y follow the IUPAC code.

Table 2. Organs in each sample. + present, - absent

Footnote. * Abbreviations in parentheses correspond to those in Fig. 7.

S1. KNOX genes and BELLI used in phylogenetic analysis and their

DDBJ/EMBL/GenBank accession numbers. Data published only in the database are

indicated by asterisks.

S2. Alignment of deduced amino acid sequences of KNOX genes and BELL 1. Amino

acid positions used for phylogenetic analysis are shaded. MEIKNOX, ELK, and

Homeodomains are indicated by clumps. Asterisks indicate identical amino acids.

S3. YABBY genes used in phylogenetic analysis and their DDBJ/EMBL/GenBank

accession numbers
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RaSTM
STH
BoSTH
INA
AYE55753
AYB55754
HIRZ
Sbh1
LET6
Tkn2
NTH15
AY112704
AY(96802
KNATE
KNATZ
KNAT1
Kni

RS1

RaSTM
STH
BoSTM
TNA
AYB55753
AYB55754
HIRZ
Sbhi
LET6
Tkn2
NTH15
AY112704
AY0OGE02
KNATG
KNATZ
KNAT1

Kn1

RS1

MEIKNOX

ILKAKIMSHPHYPKLLSAY INCOK - -VGAPPEVVARLEEACSSSLMIGRAASSSSSS AVGGDPALDQFMEAYCEMLTKYEQELSKPFKEAMMFLSR I DAGFKSLNSSEEDVDVSENY
SVKAKIMAHPHYHRLLAAYVNCOK - -VGAPPEVVARLEEAG - SSAAMAAAS -~ MGPTGCLGEDPGLDAFMEAYCEMLVKYEQELSKPFKEAMVFLORVECOFKSLGSSEEEVIMNNEF
LVKAKIMAHPHYHRLLLAYVNCOK -—VGAPPEVOARLEETG——SSAAAAAAS— -MGPTGSLGEDPGLDOFMEAY CEMLVKYEQEL SKPFKEAMVFLOHVECOFKSL GSSEEEVDMNNEF
SVKAKIMAHPYYHKLLAAY INCOK— I GAPPEVAVELEEAG—ASAATMG-—————————————RNSVSR [GEDPALDOFMEAYCEMLSKYEQELSKPFREAMLFLSR 1 ECOFKAL GSSEEE [DVDNSL
SVESKIMAHPHYPRLLAAYVNCOK - - 1 GAPPEVVAKLEEAC- - ASTITIGG- -~~~ ~-~-~--~~RNERSCVGEDPALDOFMEAYCEMLTKYEQEL SKPFKEAMLFLSR I ECOFKAL GSSEEEFDVNNSF
SVKSKIIAHPHYPRLLAAYVSCOK—IGAPPEVVAKLEEVG—ASATSTGC——————— RNERSCVGEDPALDOFMEAYCGMLTKYEQELSKPFKDAMLFFSRFECOFKAL GSSEEEFDVNNSF
SLKAKIMAHPHYHRLLAAYVNCHK—— I GAPPEVVSRLEEAA—AAMARHG-————————————————T | SVGEDPGLDOLMEAYSEMLSKYEQELSKPFKEAMLFLSR 1 ESOFKAL GSSEEE [DVNNSF
AVKAKIMAHPHYHRLLAAYVNCOK - - VGAPPEVVARLEEAC - ASAATMAGG DAAAGSSCIGEDPALDGFMEAYCEMLTKYEQELSKPLKEAMLFLOR IECOFKNL GSSEEDVDLHN-M
SIKSKIMAHPHYHRLLTAYLNCOK—IGAPPEVVARLEE[G—ATSATMGRSSSSSG6G——————— 1 IGEDPALDOFMEAYCEMLTKYEQELSKPFKEAMVFLSR I ECOFKAL GSSDEEVDVNNSF
SIKSKIMLNPHYHRLLTAYLNCOK—IGAPPEVVARLEE [G—ATSATMGRSS$S85666—————— | [GEDPALDOFMEAYCEMLTKYEQELSKPFKEAMVFLSR 1 ECOFKAL GSSDEEVDVNNSF
SIKSKIMAHPHYPRLLSAYVNCOK - - 1 GAPPEVVARLEEVC--ATSAT [GRN--SGG 1 IGEDPALDQFMEAYCEMLTKYEQELSKPFKEAMVFLSR I ECOFKAL GSSEEEVDVNNGF
NIKAKIMAHPHYPRLLAAY INCOK—IGAPPEVVARLEEVG——AT SAHMGRNGGGGGGGGE———————| NNV IGEDPALDGFMEAYCEMLTKYEQELSKPFKEAMVFLSRIECOFKAL GSSEEEVDVNNSL
SVKAKIMSHPHYPRLLSAYLNCOK— I GAPPEVVERLEEAG—RASVVAAMSSCSGGAGT SDGSGGGMNM] [GADPALDOFMEAYCEML I KYEQELSKPFKEAMLFLSRIESQFKAI GSSEEEVDVNNNL
VIKAKTACHPSYPRLLOAY IDCOKKQVGAPPEIACLLEEIG--RESDVYKGEY VPSSCFGADPELDEFMETYCDILVKYKSDLARPFDEATCFLNKTEMGLRNL DHEVAE ]
VIKSKIASHPLYPRLLOTY IDCOK—VGAPME IACILEE [G——RENHVYKRDV-————————————APLSCFGADPELDEFMETYCD ILVKYKTDLARPFDEAT TF INKIEMOLGNLDD [ AAD———— ]
AMKAKTTAHPHYSTLLOAYLDCOK—— I GAPPDVVDR I TAAR———QDFEARQQ-—————————RSTPSVSASSROPELDOFMEAYCOMLVKYREELTRP I QEAMEF IRR1ESOLSML ———SGGETELPE
ATKAKTTSHPHYYSLLTAYLECNK - -VGAPPEVSARLTEIA---GEVEARQ RTALGGLAAATEPELDQFMEAYHEMLVKFREELTRPLOEAMEFMRRVESGLNSL SGGETELPE
ATKAKIVAHPQYSALLAAYLDCOK - -VGAPPDVLERLTAMA-—- AKLDASA - AGR-HEPRDPELDQFMEAYCNMLVKYREEL TRPIDEAMEFLKRVEAQLDCI ----NGRENDPFE
* Ek *% X *k * * % Ek * Xk EXk¥E X xE ¥ * * * * =
ELK Homeodomain

VDPOAEDRELKGOLLRKYSGYLSSLKQEFLKKRKKGKLPKEARQOLLDWATRHYKWPYPSESQKMALAESTGLDOKQ INNWF INORKRHWKPSEE [QTYVVMGDGER [
VDPOAEDRELKGOLLRKYSGYLGSLKQEFMKKRKKGKLPKEARQOLLDWHSRHYKWPYPSEQQKLALAESTGLDOKQ INNWF I NORKRHWKPSEDMO-F VVM-DATHP
VDPOAEDRELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARQOLLDWHSRHYKWPYPSEQOKLALAESTGLDOKG INNWF I NGRKRHWKPSEDMO-FVVM-DATHP
1DPOAEDRELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARQQLLDWNSRHYKWPYPSESQKLALAEQTGLDOKQ INNWF INGRKRHNKPSE DM -F VWM -DARHP
| DPGAEDRELKGOLLRRYSGYLGNLKOEFMKKRKKGKLPKEARQOLLDWHSRHYKWPYPSESOKLALAESTGLDOKQ INNWF INORKRHWKPSEDMO-FVVM-DATHP
| DPGAEDHELKGOLLRKYSGYLGNLKOEFMKKRKKGKLPKEARQGLLDWISRHYKWPYPSESOKLALAESTGLEQKQ TNNWF INQRKRHWKPSEDMO-FVVM-DAAHP
IDPOAEDIELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARQQLLEWNSRHYKWPYPSESOKLALAESTGLDOKQ INNWF INGRKRHNKPSEDMO-FVVM-DAANP
[ DPGAEDRDLKGOLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQOLLEWKNRHYKWPYPSESOKLALAESTGLDOKQ INNWF INORKRHWKPSEDMO-FVVM-DPSHP
I DPGAEDRELKGOLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQGLVDWHLRHIKWPYPSESOKLALAESTGLDOKQ INNWF INGRKRHWKPSEDMO-FVVM-DAAHP
1DPOAEDRELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARGGLVDWHLRHIKWPYPSESQKLALAESTGLDOKD INNWF [NGRKRHNKPSEDMG-FVVM-DARHP
[ DPGAEDOELKGOLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQOLLDWHTRHYKWPYPSESOKLALAESTGLDOKQ INNWF INORKRHWKPSEDMO-FVVM-DAAHP
VDPOAEDRELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARQOLLDWATRHYKWPYPSESQKLALAESTGLDOKQ INNWF I NGRKRHWKPSEDMO-FVVM-DAAHP
1DPOAEDRELKGOLLRKYSGYLGSLKGEFMKKRKKGKLPKEARQQLLDWNTRHYKWPYPSEAQKLALAESTGLDOKQ INNWF INGRKRHNKPSEDMO-FVVM-DAAHP
GRORCEDRDLKDRLLRKFGSRISTLKLEFSKKKKKGKLPREAROALLDWANLHYKWPYPTEGDK I ALADATGLDOKQ INNWF I NORKRHWKPSENMP—F AMM-DDS——
SOORSNDRDLKDOLLRKFGSHISSLKLEFSKKKKKGKLPREARQALLDWANVHNKWPYPTEGDK | SLAEETGLDOKQ INNWF I NGRKRHWKPSENMP-FDNMM-DDS-~
IDPRAEDRELKNHLLKKYSGYLSSLKQELSKKKKKGKLPKEARGKLL TWHELHYKWPYPSESEKVALAESTGLDGKQ | NNWF INORKRHWKPSEDMG-FMVM-DG-—-
VDAHGVDOELKHHLLKKY SGYLSSLKQELSKKKKKGKLPKEARQOLLSWADOHYKWPYPSETOKVALAESTGLDLKQ INNWF I NORKRHWKPSEEMH-HLMM-DG—-
[ DPRAEDKELKYOLLKKYSGYLSSLROEFSKKKKKGKLPKEAROKLLHWHELHYKWPYPSETEK ALAESTGLDOKQ INNWE I NORKRHWKPSE OMP—FVMW-EG-——
C =k Ak dokkkk makok & sok % Aokoedok 0 K Rk ARk £y *
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82

74

88

100

HIRZ Antirrhinum majus
INA Antirrhinum majus
AY655754 Streptocarpus saxorum
AY655753 Streptocarpus rexii
BoSTM Brassica oleracea
STM Arabidopsis thaliana

Sbh1 Glycine max

AY 112704 Petunia x hybrida

NTH15 Nicotiana tabacum

TKn2 Lycopersicon esculentum
LET6 Lycopersicon esculentum

Eudicots
STM

— AY 096802 Helianthus annuus

RaSTM Ruscus aculeatus

AY680405 Picea mariana

99 PtKn1 Pinus taeda
100 _@LUQOOEM Picea mariana

AF483278 Picea abies

PtKn2 Pinus taeda
EOC__)l U90092 Picea mariana

AF063248 Ficea abies

QOSH3 Oryza sativa

100

O8H43 Oryza sativa
AF544045 Hordeum vulgare
RS1 Zea mays
QSH15 Oryza sativa
Kn1 Zea mays
89 OSH1 Oryza safiva
HvKNQOX3 Hordeum vulgare

78

98

53

KNAT1 Arabidopsis thaliana

AY096803 Helianthus annuus

AY684938 Populus trichocarpa x P, deltoides
AYB60748 Populus tomentosa

MDKN12 Malus x domestica

MDKN11 Malus x domestica

NTH20 Nicotiana tabacum

TKn1 Lycopersicon esculentum

100 CRKNOX2 Ceratopteris richardii
I CR

KNQX1 Ceratopteris richardii

95 |

NTH9 Nicotiana tabacum

AJ276389 Dendrobium grex

L{ — PKn2 Ipomea nil

93

72

100

PKn1 Ipomea nil
NTH22 Nicotiana tabacum
TKn3 Lycopersicon esculentum
KNAT2 Arabidopsis thaliana
KNAT6 Arabidopsis thaliana
QSH71 Oryza sativa

100

6 OSHG6 Oryza sativa
100 LG3 Zea mays

AF224499 Triticum aestivum

Ll— NTH1 Nicotiana tabacum

PKn3 Ipomea nil

SkKNOX1 Selaginella kraussiana

SkKNQOX2 Selaginella kraussiana

MKN4 Physcomitrella patens

100

100

AaKNOX1 Acetabularia acetabulum
HOS66 Oryza sativa

—
71 THox2 Lycopersicon esculentum
| 100 E Z29703 Brassica napus

KNAT7 Arabidopsis thaliana

KNATS Arabidopsis thaliana
HOS59 Oryza sativa

LET12 Lycopersicon esculentum
Z71980 Malus x domestica

KNAT3 Arabidopsis thaliana

KNAT4 Arabidopsis thaliana
SkKNOX3 Selaginella kraussiana
CRKNOX3 Ceratopteris richardii

MKN1-3 Physcomitrella patens

0.05

BELL1 Arabidopsis thaliana

Class | KNOX

Class Il KNOX



RaYABZ
YABZ
OsFIL1
OsFILZ
AmbF1
YABS

PROL

GRAM

YAB3

FIL
TaYAB1
ImYABBY9
ZmYABBY10
AmiF2
ImYABBY15
ZmYABBY14
IND

NaINO
NeINO
CRG
AmbCRC

DL

RaYAB2
YAB2
OsFILT
OsFIL2
AmbF1
YABS

PROL

GRAM

YAB3

FIL

TaYAB1
ImYABBYD
ImYABEY10
AmbF2
ImYABBY15
ImYABEY14
INO

NalNO

Nc INO

CRC
AmbCRC

DL

Zinc finger-like
| 1

PEHVCYVHCNFCNT ILVWNVPGNNLFNIVT IRCGHCANLLSVN—-MGAL LOALP: LODFQNH] QVASQDNRG D-CSSSS NCNRTALM-F TQE-HD-
SERVCYVHCSFCTTILAVSVPYASLFTLVTVRCGHCTNLLSLN-- [GV SLHOTSAPP THOIDLGPE ROHTTSLVTRK-———————-———-D-CASSSRS—-TN-—-NLSENID-RE-
SEHVCYVNCNYCNT ILVVNVPNNCSYNIVTVRCGHCTMVLSMD—-LAPF HOARTV: QDH--QN- ON-—RGFOG NN-FGSYD[AS—RNORTSTAMYPMP-TS-
PEHVCYVHCNFCNT IFAVSVPSNSMLNIVTVRCGHCTSLLSVN--|LRGL VOALPA EDHL-0PN-——-LEMHN--MSFRE-——————--—me] N-YSEYGSSS~~RYGRVPMM--FSK-ND-
SEHVCYVQCNLCNT ILAVSVPGSCLFGIVTVRCGHCTNLLSMN--{MGAL LOT-IP: FHOL--ONOS VAPQEROR-M E-DGSSS———-| KSIKDSET IPSEN-EE-
TEQLCY IPCNFCNI ILAVNVPCSSLFDIVTVRCGHCTNLWSVN--MAAA LOSLSRPN FOATN YAVP-EY GS85———| RSHTKIPSRIS-T-RT-
LEQLCY ISCNFCSIVLAVSVPGSSLFDVVTVRCGHCTNLWSVN - - MAAAAT FQSLQP HWGDAVVHOAP NHAST-EYNV- D-LGSSS RANNKMAVQPS-—-1T~
SEQLCYVHCNFCDTVLAVSVPCTSL IKTVTVRCGHCTNLLSVN--MRGLLLP AANG-LH LGHSFFSP ONLLEE-IRN SPS—-N-LLMNQP-—-NPND-—SMMPVRG—LD-
TDOLCYVHCSFCDTVLAVSVPPSSLEKTVTVRCGHCSNLLSVTVSMRALLLPSVS——-NLGHSF-LPP- FPPPEPF NLLEEMRS——GGON I NM-———————N-MMMSHHA——SAHH-PNEHLVMAT-RNG
SDHLCYVQCNFCQT ILAVNVPYTSLFKTVTVRCGCCTNLLSVN--MRSYVLP-AS--NOLOLO-LGP HSYFNP: QD [LEELRD-~~APSNMNM-—————-——~ MMMNGHP—~TNND- I PSFMDLHQ-0H-
SEQLCYVHCHFCDTVLYVSVPSSSLEKTVTVRCGHCSSLLTVD—-MRGLLFPTTTTT-——-VAAESAA-———-———-8AVTTTTSPPPA-—--AAAHH-~~GOFH-YPSSLNLAPGNPPR-HSLL-DE [ S§--AN--PSLOL-LEQ-HG-

AEQLCYVHCYFCDTVLVVSVPTSSLEKTVTVRCGHCSSLLTVD—MRGLLFPGTPTDT—-VAGAAPPP—AADTSTTTTTITTAPPP————— ANSVNN-GOF H-LPHSLN-———HPYH-QSLLVDE [ S5-AAN--PSLOLOLEQ-HG-
SEQLCYVHCHFCDTVLYVSVPTSSLFKTVTVRCGHCSSLLTVN--MRGLLFPGTPANT-AAAAAAAPPPPPAAAVTSTTATMTTAPPPP-—~~PATSVNNNGOFHF I PHSLDLALP I PPH-QSLLLDE I S5-AAN-~PSLOL-LEQ-HG-

SEQLCYVHCNFCDTVLAVSVPCSSLFKMVTVRCGHCTNVLSVD - TRGLLHPT AATGLH LGHAFFSPT PHNLLDE CS-PPS SLLLDH

TEQLCYVHCNCCDT ILAVGVPCSSLFKTVTVRCGHCANLLSVN-—LRGLLLPPA-—APAPPNHLN-—-————————-— FAHSLLSPTS-——PHGLLDE-——-——-LALQOA-—————- PSFLMEQ-——-ASANLSSTMTGRSS-NS—
OEQICYVHCSYCDT ILAVGVPGSSLFQTVTVRCGHCANLLYVN- - LRALLLPPAT-APAAANHLPP - oo FGOALLSPTS-~~~PHGLLDA-~~~~~~| ETMSSSS-FQA-~PSLPSAEPP-~~SAACVSGITSINN-TA-
PGOICHVQCGFCTTILLVSVPF TSLSMVVTVRCGHCTSLLSVN-LMKASF TP LHLLAS LSHLDETGK-——-EEVAATD GVEEEAWKVNGEKENSPTTLVSS-SDN
TEQLCYVQCSFCDT ILLVSVPCSSLLKVVPVRCGHCSNLFSYN-MLEASFLP LOLLAS: INN E-AKQD SFENAP—————VKIGDTTFMES——
TEQLCYVQCSFCDT ILLVSVPGSSLLKVVPVRCGHCSNLFSVN-MLEASFLP LOLLAS INN E-TKQE NFONAP AKIGDTSFMES-~~~
AEHLYYVRCSICNT I LAVG I PLKRMLDTVTVKCGHCGNLSFLT--TTPP LOG H-VSLTLOGMO SFGGS-D-Y KKG-55555555T-550
TDHLCYVRCNFCDTLLAVGVPCRRLMDTVTVKCGHCSHLSFLS——ARPL LONGS: LEL——— LSTQ NFCGDNK: KSO0SSSSSPLTP-NG-
SEH.WVRQWQNTM!GVMLDTWWMFLS——PRPP MVOPLSPT D--HPL-GPFQ GP=~CTD-Crmme RRNQ-PLP-LVSP-TSN

YABBY

............................................................................. -Q00R-—- LP[RSPEM\"RF]KEE]W[WW[SHMM H."HFGLTLDG"K

APRI-~~-PPIRPPEKRORVPSAYNRF IKEEI ORIKACNPE I SHREAF STAAKNIAHE -PHI HFGLK - -LDGNK-- -~
000V-~--SPIRPPEKRORVPSAYNRF IKEEIORIKTSNPE] SHREAF SAAAKNWAHL- PRLHF GLN-VADGGEG-—
TEHM-———LHVRPPEKRORVPSAYNRF [ KEE IRR1KANNPD | SHREAFSTAAKNNAHF PN I HF GLG-SHESSKK——————-
PRT- - | PNRPPEKRORVPSAYNRF IKEEIGRIKARNPE 1 THREAFSTAAKNWAHF -PHLHYGLS -~ -LERNN-—--—-

[TE-QR-~~~--[VNRPPEKRORVPSAYNQF IKEE ORI KANNPDI SHREAF STAAKNWAHE ~PHI HF GLI-—-LESNK—

KPE-QR: | VNRPPEKRORVPSAYNQF [KEE I GRKANNPE | SHREAF STAAKNWAHF—PH I HF GLM-——LETNT-—————

RS VDHLGEMPRPP

ELPKPP- -~ VANRPPEKRORVPSAYNRF IKDE IQR IKAGNPD I SHREAFSAAAKNWAHE - PHHF GLMPD-QPVK -~ -]
PANRPPEKRORVPSAYNRF LKEE1QR1KAGNPD I SHREAFSAAAKNNAHF-PH I HF GLMADHPPTKK-—
EIPKAP———-PYNRPPEKRORVPSAYNRF IKEE [ GR I KAGNPD I SHREAF SAAAKNWAHF-PH | HF GLVPDNOPVKK-——-—— TNMPQOEG——EDN-MVM

——ANVROGEG—EDG-MMG

~=-LGGL I AMAG-~-GRNAAAPAPLPPPPYA--GGKGG-KE-PSPRTN-PVVNRPPEKRORVPSAYNRF IKDE 1GR 1KAGNPD I SHREAFSAAAKNWAHF -PHI HF GLMPDHOGLRK -~ TSLLPODHORKDGHGLL

—-GLGGL | LGGS————RNTAAP-——-PPPOPPAAGKGA-KE-PSPRVN-PAVNRPPEKRORVPSAYNRF [KDE 10R 1 KAGNFNI SHREAF SAAAKNWAHF —PH | HF GLMPDHOGLKT—

——TSLLPGDHORKDG—LL

—-LGGMITSG—— RNAAAPHPHPPOPOAPAAGKGA-KE-PSPRAN-SATNRPPEKRORVPSAYNRF IKDE IQRTKAGNPD | SHREAFSAAAKNWAHE -PH | HF GLMPDHOGPKK-———— TSLLPGDHORSDGGGLL
~~PLMTPSNT G-~~~ SASTRLQ-——mmmmme ENEA-~LHSP-~---~ VSRPPEKRORVPSAYNRF IKEE1QR1KAGNPD I THREAFSTAAKNWAHF - PHIHF GLMAD-0S KK~~~ TNMQ--DG~--DD-VLI

——TFKTHADG——AEDMLL

————————————— CGGNNAASAMA———PPPAKPALHEPPOLPRSA-—A-SANKTSEKRORVPSAYNRF IKDE [ QR KASNPD I THREAFSAAAKNWAHF-PH | HF GLMPD-OGLKK-————HPMOTQEG-——AECMLF

EDEDVSRV--YQVVNKPPEKROGRAPSAYNCF IKEE [RRLKAGNPSMAHKEAFSLAAKNWAHE - PPAHNKR -~ AASDOCF CEEDNNA [LPCN-~VFEDHEES
LYEEERRP-—AF TVNKPPEKRHRAPSAYNRF | KEE [ORLKTSEPNISHREAFSTAAKNWAHM-PR 1 OHKP-DAESGSQRASNKGHDKHVDRE-—————DKEG
FCEEERKP—AF TVNKPPEKRHRAPSAYNRF IKEE I ORLKTSEPS I SHREALSTAAKNWAHL -PR | GHKP-DAESGSOROSNKGKDKHVDRE-—————DKEG
OPPS-PSPP-~--FNVKPPEKKORLPSAYNRFMRDE [ QR IKSANPE I PHREAFSAAAKNWAKY | PNSPTS I TSGGHNMI HGLGF G-~ ERK-~——mmmmmee
QVV-PKVP-——-NVVKPPEKKHRLPSAYNRFMKEE [KR I KAGNPE I PHREAF SMAAKNWARFDPOLLHGSTTS TG [ EKQVKPNGE IHEMVTAGG-RVKGEDM
EGS-PRAP- ———FWMEMLLS&MEE;M;[W[WWGDERCSS TVS—TSNSNP-EPRVVAAP [P-———| HOERAN

i b



FIL Arabidopsis thaliana
AmbF2 Amborella trichopoda
ZmYABBY14 Zea mays
ZmYABBY15 Zea mays

ZmYABBY10 Zea mays

ZmYABBYY9 Zea mays

TaYAB1 Triticum aestivum

YAB3 Arabidopsis thaliana

GRAM Antirrhinum majus

PROL Antirrhinum majus

YABS Arabidopsis thaliana

AmbF1 Amborella trichopoda
OsFIL2 Oryza sativa

OsFIL1 Oryza sativa

RaYAB2 Ruscus aculeatus

YAB2

(=

YAB2 Arabidopsis thaliana
NcINO Nymphaea colorata

100 IN
_|—E85 NalNO N. alba
INO Arabidopsis thaliana

AmbCRC Amborella trichopoda
65 DL Oryza sativa
CRC Arabidopsis thaliana
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Primer name

Reaction used

Oligonucleotide sequence

KN4-1

STM-ELK1

RaSTM-RTF
RaSTM-RTR
RaSTM-TagMan® Probe
RaYAB2-RTF
RaYAB2-RTR
RaYAB2-TagMan® Probe

UAP

Isolation of S7M homologue

Isolation of S7M homologue

Real-time PCR

Real-time PCR

Real-time PCR

Isolation of Y4B2 homologue
Isolation of Y4B2homologue
Real-time PCR

Isolation of S7M homologue

5'-CAUCAUCAUCAUAARAARGGIAARYTNCC-3'

5'-GGNWSYYTNAARCARGARTTYAT-3’

5-GCGCATCACCAGCATTATTTC-3’

5'-CAGATAAGGGCTGGAGTGACATC-3’

5-GGCGTAGGGATTGCCGAAGCCATTT-3'

5'-TGGGCACATTTTCCACACAT-3'

5-CGTCCAGCGTTGATTGCTTA-3’

5-CCCGTCAAGAGTGAGCCCGAAATG-3’

5-CUACUACUACUAGGCCACGCGTCGACTAGTAC-3’




Sample* Stage Shoot apex Phylloclade Scale leaf Floral organs
Phylloclade primordium (PP) v - + - -
Shoot apex (S) 0 + - + -
Floral bud (F) \Y% - - - +
Scale leaf (L) v - - + -
Mature phylloclade (PM) VI - + - -




RaSTM
STM
BoSTM
INA
AY655753
AY655754
HIRZ
Sbhi
LET6
TKn2
NTH15
AY112704
AY096802
PKn3
NTH1
AF224499
LG3

0SH6
0SHT1
CRKNOX1
CRKNOX2
KNATG
KNAT2
TKn3
NTH22
PKn1
PKn2
AJ276389
NTH9
AF063248
U30092
Ptkn2
AF483278
U80091
PtKn1
AY680405
TKn1
NTH20
MDKN11
MDKN12
AY660748
AY684938
AY096803
KNAT1
HvKNOX3
0SH

Kn1
0SH15
RS1
AF544045
0SH43
0SH3
SKKNOX1
SkKNOX2
MKN4
CRKNOX3
SKKNOX3
KNAT7
729703
THox2
HOS66
KNAT4
KNAT3
271980
LET12
HOS59
KNATS
MKN1-3
AaKNOX1
BELL1

MEIKNOX
| 1

ILKAKIMSHPHYPKLLSAY INCQK--VGAPP -EVVARLEEAC——————SSSLMIGRAASSSSSS———~—————--——AVGGDPA-LDOFMEAYCEML TKYEQEL SKPF ———-KEAMMFLSR 1 DAQFKSL —NSSEEDVDVSENYVDPQAE
SVKAKIMAHPHYHRLLAAYVNCQK--VGAPP-EVVARLEEAG: SSAAAAAAS NMGPTGCLGEDPG-LDQFMEAYCEMLVKYEQEL SKPF ——--KEAMVFLORVECQFKSL——GSSEEEVDMNNEFVDPQAE
LVKAKIMAHPHYHRLLLAYVNCQK--VGAPP-EVQARLEETG SSAAAAAAS MGPTGSLGEDPG-LDQFMEAYCEMLVKYEQELSKPF - --KEAMVFLQHVECQFKSL -—GSSEEEVDMNNEF VDPQAE
SVKAKIMAHPYYHKLLAAY INCQK - [ GAPP-EVAVKLEEAG ASAATMG RNSVSRIGEDPA-LDQFMEAYCEMLSKYEQELSKPF - --REAMLFLSRIECQFKAL -—GSSEEE IDVDNSL I DPQAE
SVKSKIMAHPHYPRLLAAYVNCQK—— I GAPP-EVVAKLEEAC: ASTITIGG RNERSCVGEDPA-LDQFMEAYCEML TKYEQELSKPF ——KEAMLFLSRIECQFKAL—GSSEEEFDVNNSF IDPQAE
SVKSKI I AHPHYPRLLAAYVSCQK— I GAPP-EVVAKLEEVC ASATSTGC RNERSCVGEDPA-LDQFMEAYCGMLTKYEQELSKPF ——-KDAMLFF SRFECQFKAL—GSSEEEFDVNNSF 1DPQAE
SLKAKIMAHPHYHRLLAAYVNCHK -1 GAPP-EVVSRLEEAA AAMARHG T1SVGEDPG-LDQLMEAYSEMLSKYEQELSKPF —-——KEAMLFLSRIESQFKAL—GSSEEE IDVNNSF IDPQAE
AVKAKTMAHPHYHRLLAAYVNCQK--VGAPP-EVVARLEEAC ASAATMAGG DAAAGSSCIGEDPA-LDQFMEAYCEMLTKYEQELSKPL ————KEAMLFLQR [ ECOFKNL—GSSEEDVDLHN-MIDPQAE
SIKSKIMAHPHYHRLLTAYLNCQK--IGAPP-EVVARLEEIG: ATSATMGRSSSSSGGG 11GEDPA-LDQFMEAYCEML TKYEQEL SKPF——-—KEAMVFLSR 1 ECOFKAL——GSSDEEVDVNNSF IDPQAE
SIKSKIMLNPHYHRLLTAYLNCOK--IGAPP-EVVARLEEIG—--——--ATSATMGRSSSSSGGG——————-—-— 11GEDPA-LDQFMEAYCEMLTKYEQEL SKPF ——--KEAMVFLSR 1 ECQFKAL——GSSDEEVDVNNSF 1 DPQAE
SIKSKIMAHPHYPRLLSAYVNCQK-—-IGAPP-EVVARLEEVG-—--—--- ATSATIGRN--8GG—-—-————--— 11GEDPA-LDQFMEAYCEMLTKYEQEL SKPF ——--KEAMVFLSR 1 ECQFKAL——GSSEEEVDVNNGF 1 DPOAE
NIKAKIMAHPHYPRLLAAY INCQK -~ GAPP -EVVARLEEVG---——---ATSAHMGRNGGGGGGGG -~~~ NNVIGEDPA-LDOFMEAYCEMLTKYEQELSKPF ----KEAMVFLSRIECQFKAL --GSSEEEVDVNNSLVDPQAE
SVKAKIMSHPHYPRLLSAYLNCQK -~ [ GAPP-EVVERLEEAG | RASVVAAMSSCSGGAGTSDGSGGGMNMI TGADPA-LDOFMEAYCEML IKYEQELSKPF - --KEAMLFLSRIESQFKAI--GSSEEEVDVNNNL IDPQAE
VVKAQIASHPLYPNLVSAY 1 QCRK——VAAPP-EMAALLEELS——————-KVTQPITT——--——————————————AEIGADPE-LDEFMESYCEVLYKYKEELSKPF ————DEAKTFLSSESQLSNL——EVEVAES——QEHLNNNSEG
LIKAQIANHPLYPNLLSAYLQCRK—VGAPQ-EMASILEELS———————KENHL [ SSGH-——————————— NTEIGTDPE-LDDFMESYCAVLLKYKEELSKPF————DEATTFLNNIESQLSSL—EMEAADS—TQESPANREG
LMKAQIASHPRYPSLLSAY [ECRK--VGAHP-HVTSLLEEVS RERRPDA-G AG-EIGVDPE-LDEFMDAYCRVLVRYKEELTRPF -~ --DEAASFLSS 10AQLSDL - DTDVPDM--GQE-HSSHLG
LMKAQIASHPRYPSLLSAY [ECRK--VGAHP-HVTSLLEEVS——~———--RERRPDA-G——————————————~ AG-EIGVDPE-LDEFMDAYCRVLVRYKEELTRPF ——--DEAASFLSS10AQLSDL —-DTDVPDM--GOE-HSSHLG
LMKAQIAGHPRYPTLLSAY IECRK—VGAPP-EVASLLKEIG- ~RERRA-——GGGGG— GAG-Q1GVDPE-LDEFMEAYCRVLVRYKEEL SRPF ———-DEAASFLSSIQTQLSNL —ETDMLDI--GQE-QSSRLA
LMKAQIAGHPSYPSLLSAY IECRK——VGAPP-EVTTLLEEIG——————— REGR----GGGGEAT————————~ AGGEIGLDPE-LDEFMETYCRVLERYKEELTRPF ————DEAASFLTGIHTQLASL—DADAADF—-GQE-HSSRLA
VIRSKIMSHPTYPRLVMAYVNCHK - GAPP-EVATSLEES——-———--KKYQSFRSSS—-~———---————--PAPTGADPE-LDNFMETYCNVLOKYHDELMQPY-—-—KEAMTFFRK 1 ELOLNAL-——DVSCGEVDFHEEMIDP-LA
LIRTKIVSHPSYPRLVMAYVNCYK—-1GAPE-DAALILEEVS RKYQEIRSSS SEVIGADPE-LDNFMELYCNVLQRYHEEL THPY—-——KEAMAFFKKIELQLDAT—DNSSGEVDFHDEMIDP-LA
VIKAKIACHPSYPRLLOAY IDCOKKOVGAPP-ETACLLEEIQ RESDVYKQEV VPSSCFGADPE-LDEFMETYCDILVKYKSDLARPF----DEATCFLNKIEMQLRNL -—DHEVAE----—-|
VIKSKIASHPLYPRLLQGTY IDCQK--VGAPM-ETAGILEEIGQ RENHVYKRDV. APLSCFGADPE-LDEFMETYCDILVKYKTDLARPF----DEATTF INKIEMQLQNL—-DDTAAD--

I TKAKILSHPYYPKLLNAY IDCQK--VGAPA-STVNLLEEIR QOND-FRKPN ATCLGIGADPE-LDEFMETYCDILLKYKSDLSRPF----DEATTFLNNIEMQLGNL--DAS--—

1 TKAKVVSHPFYPKFVRAY [DCQK--VGAPP-ETATVLEEIR- ~QOND-FRKPN- ATSICIGADPE-LDEFMETYCDILVKYKSDLSRPF -~ - -DEATTFLSKIELQLSNL -~ EVEGO-

LIKAKIASHPSYPKLLEAY I DCQK--VGAPP-EIASFLDEIR- ~RENDLFKHDS——-

MIKAKIASHPCYPKLLHAY IDCOK——VGAPP-EIATVLDEIR- ~REDDELRKRGGGG—

EMKARIASHPRYPHLLEAY 1DCQK——VGAPP-DIASLLEEIR——————— RENAGGERLA-——————--———~ S5SVILGSDPE-LDEFMEMYCDVLVKYRRDLERPF -——-DEATAFLNTMEVQLSDL—EGEAP————— ESHLKGE
DIRAKISSHPLYPKLLRTY IDCHK—-VGAPSDEIVDMLDNIN [ V-——---HENDLSRRSN---———---————--——RLSDDSE-LDAFMETYCDVLAKFKSDLERPF ——--NEATTFLND IETQLTNL——DTSGGGG——--NTNDMCRS
ATKAKTLAHPQYPSLLGAY IDCOK—~IGAPP-EVVARLDALT HEYENQQHRT TVS1GMDPE-LDQFMEAYCEMLTKYHEEL TKPF————KEAMSFLKKIEAQLNSL—ASSEEVEDGSGGETDFQEV
ATKAKILAHPQYPSLLGAY IDCOK-~1GAPP-EVVARLDALT HEYENQQHRT TVSIGMDPE-LDOFMEAYCEMLTKYHEELTKPF ——-—KEAMSFLKK I EAQLNSL—ASSEEVEDGSGGE TDFQEV
ATKSKILAHPQYPNLLGAY IDCQK-~IGAPP-EVASRLDALS HEYENQOHRS: SLSIGMDPE-LDOFMEAYCEMLTKYHEELTKPF ——-—KEAMSFLKKIEAQLNSL—ASSEEVEDGSGGETDFQEV
ATKSKILAHPQYPSLLGAY IDCQK-~IGAPP-EAVARLDALT REYQNGORR TVSIGMDPE-LDOFMEAYCE ILTKYHEELAKPF -—-—KEAMTFLMKIEAQFNSL—GSSEEVEDGSGGETDFQEV
AIKSKILAHPQYPSLLGAY IDCQK -~ I GAPP-EAVARLDALT HEYQNGORR TVSIGMDPE-LDOFMEAYCEILTKYHEELAKPF ----KEAMTFLMKIEAQFNSL --GSSEEVEDGSGGETDFQEV
AIKSKILAHPQYPSLLGAY IDCQK - [ GAPP-EAVARLDALT REHQDPQRR TVSIGMDPE-LDOFMEAYCEILTKYHEELAKPF -~ KEAMLFLKKIETQFNSL —-GSSEEVEDGSGGE TDFQEV
TLKTKIACHPHYPQLLAAYMDCQK—I GAPP-EVVTVLDELS QENQLGRHLA TMDIGVDPE-LDOFMEAYCQML IKYHLELSKPF ————KEARTFLNKMETQLNCL —GSSE—EEFSCGE IEVHEV
ALKAKI IAHPQCSNLLDAYMDCQOK——VGAPP-EVAARLSAVR—————— QEFEARQ——————————— RRSLTDRDVSKDPE-LDQFMEAYYDMLVKYREELTRPL —-—QEAMEFMQK I EAQLNML————- SGGETELPEIDPRAE
ALKAKT I AHPQCSNLLDAYMDCOK—-VGAPP-EVVARLSAVR-—-———---QEFEVRQ-——--———----RDSSTDRDVSKDPE-LDGFMEAY YDMLVKYREEL TRPL ——-—HEAMDFMRK | ETOLNML -———--SGGETE IPEIDPRAE
ATKAKT I AHPQYSNLVEAYMDCQOR--VGAPS-DVVPRLSVAR QEFEARQ: RSSGTSRETSKDPE-LDQFMEAYYDMLVKYREELTRPI----QEAMDFMRR IETQLNML———---SGGETEVPE IDPRAE
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ALKAKT I SHPHYSNLLQAYMDCQK - -VGAPP-EVVGRLTAVR-
ANMKAKT IAHPHYSTLLQAYLDCQK -~ IGAPP-DVVDRITAAR-
ATKAKT ISHPHYSSLLAAYLDCQK--VGAPP-EVSARLTAVA-
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SGGETELPEIDPRAE
SGGETELPEIDPRAE
SGGETEVAEIDPRAE
SGGETELPEIDPRAE
SGGETELPEIDAHGY

AIKAKI ISHPHYSSLLAAYLDCOK——VGAPP-EVAARLTAVA——————— QDLELRQ———=——————— RTALGVLGAATEPE-LDQFMEAYHEMLVKYREELTRPL —-—QEAMEFLRRVETQLNTL————- SGGETELPEIDAHGV
ATKAKT I SHPHYYSLLTAYLECNK—--VGAPP-EVSARLTE IA---———---QEVEARQ-——--———----RTALGGLAAATEPE-LDQFMEAYHEMLVKFREEL TRPL ——-—QEAMEFMRRVESQLNSL ————--SGGETELPEVDAHGY
SIKAKINMAHPQYSALLAAYLDCQK--VGAPP-EVLERLTATA AKLDARP- PGR-HDARDPE-LDQFMEAYCNMLAKYREEL TRP 1----DEAMEFLKRVESQLDT I -———--SGRENEPPE I DPRAE
ATKAKTVAHPQYSALLAAYLDCQK--VGAPP-DVLERLTAMA AKLDASA. AGR-HEPRDPE-LDQFMEAYCNMLVKYREEL TRP1----DEAMEFLKRVEAGLDC———--NGRENDPPE I DPRAE
ATKTKIMAHPQYTALLVAYLDCQK--VGAPP-DVLERLTAMA AKLDAHT PGRLHEARDPE-LDQFMEAYCNMLAKYREEL TRP1----EEAMEFLKRVEAGLDS [ ———--SGRENEPPE I DPRAE
AVKAE IMSHPQYSALLAAYLGCKK--VGAPP-DVLTKLTAVPA AQOLDEADGH PRRRHEPQRDDDPDALDQFMDAYCSMLTRYREELERPI ----LEAAEFFSRVETQLDSL-——--- §—mm
PVKARIVSHPRYHRLLAAFLDCHK -~ VGCPA-EAAEE I AAAAR VREARGRAA AAASRMPPAPEDPE-LKLVTEDYCKLLVECKEELSRPL----QEAEEFLRTVESELE-L——EMMEAAEDEDLGI IDPRSD
MLRAATVSHPHYPELVVAHMNCHK - -VAASP-EVVSQIDEI TN FKDFQPP VAASLGANPE-LDQFMVAYYSMLLKCEKEVRKTF - --KEAVAFCKKLDQQFQV [ - SEDEDSGAEVE IEVDPMAK
MK-AATSGHPQYLEL [KAHMS [KK—-VGASS-QKVAE INEVIRM HQDSQPSS VHTNIGANPE-LDQFMVAYCDVLNMYENQLNKAF ————TGAIEYCKQQEQELKLV——AESDDVAADGG-DIDPLIG
LLRDAIVDHPLYPELVVAHISIFK——IGAPK-GLL IKLDEMEKK-——— FORFQYGESSWN-————-————~ VLHVTKFGODPS-LDFFMRSY IDLLTKFREDLENPY——-NKFAQYKDKVTKDLEDL—NLMYTADIDESIVIDPDAA
RLKADITMHPLYDGLLAAHVACLR——IATPV-DOLPRIDAQIAQA-——-SQIVAKYAVLGQ-——————-——- NNLLVGEEKDE-LDQFMAHYVLLLCTFKEQLQRHVKVHAMEAVMACWELEQSLLTL—-DTHDSGAFGPLIPTETER

KLKADIVTHPLYEQLLEAHVSCLR--IATPV-DQLGKIDGQIAQC———-HQLTAKYYILAN--
QLKGETATHPMYEQLLAAHVACLR--VATP[-DQLP T TEAQLSQS—--HHLLRSYAST—
QVKGETATHPMYDQLLAAHVACLR-—VATP I -DQLP I [EAQLSHS———HHLLRSYAST———-
QLKSETATHPLYEQLLSAHVACLR--VRTPI-DQLPLIDAGLTQS———-HNLLRSYASSQQQ0—
LLKGE I AVHPLCEQLVAAHVGCLR--VATP1-DHLPL IDAQLAGS—~~-SGLLHSYAAHH---

HOLLCGNSKDE-LDQFMAHYVMLLRSFKDQLQHHVRVHAKEAVMACWEL EQSLLGL—-WQDNLG-FGPLIPTETER
AVGY-HHDRHE-LDNFLAQYVMVLCSFKEQLQQHVRVHAVEAVMACRE I ENNLHSL—SGGHDMTGFGPLLPTESER
—-AVGFSHHDRQE-LDNFLAQYVMVLCSFKEQLQRHVRVHAVEAVMACRE I ENNLHSL—SGGHDMTGFGPLLPTESER
~QQHSLSHHERQE-LDNFLAQYLLVLCSFKEQLQOHVRVHAVEAVMACRE I EGNLQLL————AHDLMGMGFGLPTESER
RPFLSPHDKQE-LDSFLAQYMMLLCSFREQLQQHVRVHAVEAVMACRE I EQSLADL ———-GHDLMGFGPLMPTDSER
RHKAE ILSHPLYEQLLSAHVACLR——IATPV-DQLPRIDAQLAQS———-QNVVAKYSTLEA-- AQGLLAGDDKE-LDHFMTHYVLLLCSFKEQLQOHVRVHAMEAVMACWE | EQSLQSF ———SLDGLGFGPLVPTESER
RHKAE ILSHPLYEQLLSAHVACLR——TATPV-DQLPRIDAQLAQS——-QHVVAKYSALGA—— AAQGLVGDDKE-LDQFMTHYVLLLCSFKEQLQQHVRVHAMEAVMACWE I EQSLASL———GLDVLGFGPLIPTESER
RHKAEILAHPLYEPLLSAHVACLR—IATPV-DOLPRIDAGLAQS———QNVVAKYSALG-————————————— NGMVGDDKE-LDQFMRNYVLLLCSFKEQLQRHVRVHAMEAVMACWE | EQSLQSL —E-GHDSMGFGPLIPTESER
KCKADILNHPLYDGLLSAHVSCLR——IATPV-DOLPRIDAQLAQS———-QNVVAKYSVLG-———————————- QGQPPLDDKD-LDOFMTHYVLLLSSFKEQLAGHVRVHAMEAVMACWEL EQSLASL —D-GPDSMGFGPLVPTESER
~~KAATAAHPLYERLLEAHVACLR--VATPV-DQLPRIDAQIAARPPPLAAATAAAAAAA- ~AGGAPSGGEE-LDLFMTHYVLLLCSFKEQLQQHVRVHAMEAVMACWELEQTLQSL—D-GSDGMGFGPLMLTEGER
SYKAAILRHPMYEQLLAAHVACLR--VATPV-DQIPRIDAQLSQL-——-HTVAAKYSTLG-- ——VVVDNKE-LDHFMSHYVVLLCSFKEQLQHHVCVHAMEAI TACWE I EQSLQSL—DGSDCLMGFGPLVPTERER
RDKFL IVAHPLYPDLLNAHASCLR--VGTPV-DOLPHIEAQLTQA————RHVTSKYSVLHP—- —DHLE I TEDEKTE-LDQFMAQY IMLLCSFKDHLQQHVYYDVTEAMMSCWELEQALHNL—DPQDS-GGFGPLVPTESER
DMGEQV IMHPLYPDLVKAIMDCRK--VGGMD-ESRHHIQIRTEQVLEDLHRKREQYQITG—-~————-—————-— RMPALDPE-LDQFLRQY IQVLDELHAELLNIN----READNILHMFTTQIAEV-------——---- AQSNIDNT
~NNGVGFYNNYRYETSGFVSSVLRSRYLKPTQOLLDEVVSVRKDLKL-GNKKMKNDKGQDFHN—— ~GSSDN1TEDDKSQSQELSPSERQELQSKKSKLLTMVDEVDKRYNQYHHAMEALASSF--KEQ 1 QVIRGKLGERETSDE
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****** DRELKGOLLRKYSGYLSSLKQEFLKKRKKGKLPKEARGQLLDWWTRHYKWPYPSESQKMALAESTGLDOQKQ INNWF INGRKRHWKPS ——————EEIQTYVVMGDGERI
ffffff DRELKGQLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQQOLLDWWSRHYKWPYPSEQQKLALAESTGLDOKQ INNWF INGRKRHWKPS -~ -~ -~~~ EDMQ-F VVM-DATHP
ffffff DRELKGQLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQOLLDWWSRHYKWPYPSEQQKLALAESTGLDOKQ INNWF INQRKRHWKPS - —-————EDMQ-F VVM-DATHP
****** DRELKGOLLRKYSGYLGSLKQEFMKKRKKGKLPKEARGOLLDWWSRHYKWPYPSESQKLALAEQTGLDOKQ INNWF INGRKRHWKPS ———————EDMQ-FVVM-DAAHP
****** DRELKGOLLRRYSGYLGNLKQEFMKKRKKGKLPKEARGQOLLDWWSRHYKWPYPSESQKLALAESTGLDOKQ INNWF INGRKRHWKPS ———————EDMQ-FVVM-DATHP
DHELKGOLLRKYSGYLGNLKQEFMKKRKKGKLPKEARQQOLLDWWSRHYKWPYPSESQKLALAESTGLEQKQ I NNWF INGRKRHWKPS: EDMQ-FVVM-DAAHP
—————— DIELKGOLLRKYSGYLGSLKQEFMKKRKKGKLPKEARQQOLLEWWSRHYKWPYPSESQKLALAESTGLDQKQ INNWF INGRKRHWKPS ———-—-——-EDMQ-FVVM-DAANP
—-DRDLKGOLLRKYSGYLGSLKQEFMKKRKKGKLPKEARQOLLEWWNRHYKWPYPSESOKLALAESTGLDQKQ INNWF INQRKRHWKPS— —~EDMQ-FVVI-DPSHP
------ DRELKGQLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQQLVDWWLRHIKWPYPSESQKLALAESTGLDQKQ INNWF INGRKRHWKPS ——----—--EDMQ-FVVM-DAAHP
------ DRELKGQLLRKYSGYLGSLKQEFMKKRKKGKLPKEARQQLVDWWLRHIKWPYPSESQKLALAESTGLDQKQ INNWF INGRKRHWKPS - ---——-|
~-DOELKGALLRKYSGYLGSLKOEFMKKRKKGKLPKEARQOLLDWATRHYKWPYPSESQKLALAESTGLDQKQ INNWF INGRKRHWKPS - ~~EDMQ-FVVM-DAAHP
ffffff DRELKGQLLRKYSGYLGSLKOEFMKKRKKGKLPKEARQOLLDWWTRHYKWPYPSESOKLALAESTGLDOKQ INNWF INQRKRHWKPS - —-————EDMQ-F VVM-DAAHP
****** DRELKGOLLRKYSGYLGSLKQEFMKKRKKGKLPKEARGQLLDWWTRHYKWPYPSEAQKLALAESTGLDOKQ INNWF INGRKRHWKPS ———————EDMQ-FVVM-DAAHP
****** DOQIKEMLMRKYSGYLSSLRKEFLKKRKKGKLPKDARVALLDWWNSHYRWPYTTEEEKNKLSEATGLDQKQ INNWF INGRKRHWRPS ———————EDMR-FALM-EGVS-
DNELKETLMRKYSGYLSSLRKEFLKKRKKGKLPKDARTALLEWWNTHYRWPYPTEEEKNRLSE I TGLDPKQ I NNWF INGRKRHWRPS: EDMK-YALM-EGVSS
—————— DHELKEMLLKKYSGCLSRLRSEFLKKRKKGKLPKDARTVLLEWWNTHYRWPYPTEEDKVRLAAMTGLDPKQ INNWF INGRKRHWKPS ———---——-EDMR-FALM-EGVAG

—DHELKEMLLKKYSGCL SRLRSEFLKKRKKGKLPKDARTVLLEWWNTHYRWPYPTEEDKVRLAAMTGLDPKQINNWF INGRKRHWKPS— —EDMR-FALM-EGVAG

****** DRDLKDRLLRKFGSRISTLKLEF SKKKKKGKLPREARGALLDWWNLHYKWPYPTEGDK I ALADATGLDQKQ INNWF INGRKRHWKPS ———————ENMP-F AMM-DDS—
****** DRDLKDOLLRKFGSHISSLKLEF SKKKKKGKLPREARGALLDWWNVHNKWPYPTEGDK I SLAEETGLDQKQ INNWF INGRKRHWKPS ———————ENMP-FDMM-DDS—
DNELKDRLLRKFGSHLSSLKLEF SKKKKKGKLPKEAREMLLAWWYDHFRWPYSTEADKNSLAESTGLDPKQ I NNWF INGRKRHWKPS: ENMQ-LAVM-DNL

DHHAVEDRELKDHLLRKYSGYLSSLKQEFMKKKKKGKLPKDARQKLLDWWTVHYKWPYPSETEK IALAECTGLDOKQINNWF INQRKRHWKPS - ———~EDMQ-LMAM-DGQSP
DHHAVEDRELKDHLLRKYSGYLSSLKQEFMKKKKKGKLPKDARGKLLDWWTVHYKWPYPSETEK IALAECTGLDQKQINNWF INQRKRHWKPS ———--———~EDMQ-LNMAM-DGQSP
DHHAVEDRELKDHLLRKYSGYLSSLKQEFMKKKKKGKLPKDARQKLLDWWTVHYKWPYPSETEKIALAECTGLDQKQ INNWF INGRKRHWKPS ————————EDMQ-LMANM-DGQSP
DHHAVEDRELKDHLLRRYSGYLSSLKQEFMKKKKKGKLPKDARQKLLDWWSLHDKWSYPSETEKIALAECTGLDQKQ INNWF INQRKRHWKPS EDMH-FMVM-NSHSP
DHHAVEDRELKDHLLRRYSGYLSSLKQEFMKKKKKGKLPKDARQKLLDWWSLHDKWPYPSETEK IALAECTGLDQKQ INNWF INQRKRHWKPS ————-———-EDMH-FMVM-NSHSP
DHHAVEDRELKNHLLRKYCGYL SSLKQEFMKKKKKGKL PKDARQKLLDWWSLHDKWPYPSETEKIALAECTGLDQKQ INNWF INQRKRHWKPS— —~EDMH-FMVI-NSHSP
DPRA-EDRELKDQLLRKYSGYFSSLKQEFLKKKKKGKLPKEARQKLLEWWNVHYKWPYPSETDKVSLAESTGLDQKQINNWF INQRKRHWKPS ———---——-EDMQ-FVVM-DSLNP
------ DRELKNHLLRKYSGYLSSLKOELSKKKKKGKLPKDARQKL I TWNELHYKWPYPSESEKVALAESTGLDOKQ INNWF INGRKRHWKPS -~ -~—--EDMQ-FMVM-DG-—-
~~DRELKNHLLRKYSGYLSSLKOELSKKKKKGKLPKDARQKLLSWWELHYKWPYPSESEKVALAETTGLDQKQ INNWF INGRKRHWKPS - ~—~EDMQ-FMVM-DG-——
ffffff DRELKNHLLRKYSGYLSSLKOELSKKKKKGKLPKEARQKLLSWWELHYKWPYPSESEKVALAESTGLDOKQ INNWF INQRKRHWKPS - ——————EDMQ-FMVM-DG-——
****** DRELKNHLLRKYSGYLSSLKQELSKKKKKGKLPKDARGKLLSWWELHYKWPYPSESEKVALAESTGLDQKQ INNWF INGRKRHWKPS -~ -———~EDMQ-FMVM-DG-—-
****** DRELKNHLLRKYSGYLGSLKQEL SKKKKKGKLPKEARGKLLSWWELHYKWPYPSETEKVALAETTGLDQKQ INNWF INGRKRHWKPS ———————EDMQ-FMVM-DG-—
DRELKNHLLRKYSGYLGSLKQEL SKKKKKGKLPKEARQKLLSWWELHYKWPYPSETEKVALAETTGLDOKQ I NNWF INGRKRHWKPS: EDMQ-FMVM-DG
—————— DRELKNHLLRKYSGYLSSLKQELSKKKKKGKLPKEARQKLLSWWELHYKWPYPSESEKVALAESTGLDQKQ INNWF INGRKRHWKPS ———---——-EDMQ-FMVM-DG---
—DRELKNHLLKKYSGYLSSLKQELSKKKKKGKLPKEARQKLL TWWELHYKWPYPSESEKVALAESTGLDQKQINNWF INGRKRHWKPS— ——EDMQ-FNMVM-DG——
------ DOELKHHLLKKYSGYLSSLKOELSKKKKKGKLPKEARQQOLLSWWEMHYKWPYPSESQKVALAESTGLDLKQ INNWF INQRKRHWKPT—-----—--DEMQ-FVMM-DA-—-
------ DOELKHHLLKKYSGYLSSLKQELSKKKKKGKLPKDARQOLLNWWELHYKWPYPSESOKVALAESTGLDLKQ INNWF INGRKRHWKPS -~ -~~~
~~DOELKHHLLKKYSGYLSSLKOELSKKKKKGKLPKEARQOLLSWNDQHYKWPYPSETOKVALAESTGLDLKQ INNWF INGRKRHWKPS - ~~EEMH-HLMM-DG--—
ffffff DKELKFQLLKKYSGYLSSLROEF SKKKKKGKLPKEARQKLLHWWELHYKWPYPSETEKIALAESTGLDOKQ INNWF INQRKRHWKPS ————~————EDMP-FVMM-EG-——
****** DKELKYQLLKKYSGYLSSLROEF SKKKKKGKLPKEARGKLLHWWELHYKWPYPSETEKIALAESTGLDQKQ I NNWF INGRKRHWKPS - -~ -———~EDMP-FVMM-EG-——
****** DKDLKYQLLKKYSGYLSSLRQEF SKKKKKGKLPKEARGKLLHWWELHYKWPYPSETEK I ALAESTGLDQKQ INNWF INGRKRHWKPS ———————EDMP-FVMM-EG-—
DKQLKHOLLRKYGGSLGDLRQVF SKRTKKGKLPKEARGKLLHWWELHYKWPYPSEMEKMTLAQTTGLDQKQ INNWF INGRKRHWKPTPVAGT A FPTM-EAAGG
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Gene Accession No.  Species Family Reference

AaKNOX1 AF170172 Acetabularia acetabulum Dasycladaceae Serikawa and Mandoli 1999
AF063248  AF063248 Picea abies Pinaceae *

AF224499  AF224499 Triticum aestivum Poaceae Takumi 2000
AF483278  AF483278 Picea abies Pinaceae Hjortswang et al. 2002
AF544045  AF544045 Hordeum vulgare Poaceae Lin and Muller 2002
AJ276389 AJ276389 Dendrobium grex Orchidaceae *

AY096802  AY096802 Helianthus annuus Asteraceae *

AY096803  AY096803 Helianthus annuus Asteraceae *

AY112704 AY112704 Petunia x hybrida Solanaceae *

AY655753  AY655753 Streptocarpus rexii Gesneriaceae Harrison et al. 2005
AY655754  AY655754 Streptocarpus saxorum Gesneriaceae Harrison et al. 2005
AY660748  AY660748 Populus tomentosa Salicaceae *

AY680405  AY680405 Picea mariana Pinaceae Guillet-Claude et al. 2004
AY684938  AY684938 Populus trichocarpa x P. deltoides ~ Salicaceae Guillet-Claude et al. 2004
BELL1 AY085278 Arabidopsis thaliana Brassicaceae Haas et al. 2002
BoSTM AF193813 Brassica oleracea Brassicaceae Zheng et al. 2002
CRKNOX1 AB043954 Ceratopteris richardii Adiantaceae Sano et al. 2005
CRKNOX2 AB043956 Ceratopteris richardii Adiantaceae Sano et al. 2005
CRKNOX3  AB043957 Ceratopteris richardii Adiantaceae Sano et al. 2005

HIRZ AY072736 Antirrhinum majus Scrophulariaceae  Golz et al. 2002
HvKNOX3  X83518 Hordeum vulgare Poaceae Mueller et al. 1995
HOS59 AB061818 Oryza sativa Poaceae Ito et al. 2002

HOS66 AB061819 Oryza sativa Poaceae Ito et al. 2002

INA AY072735 Antirrhinum majus Scrophulariaceae  Golz et al. 2002

Knl X61308 Zea mays Poaceae Vollbrecht et al. 1991
KNATI1 AF482995 Arabidopsis thaliana Brassicaceae Venglat et al. 2004
KNAT2 NM_105719 Arabidopsis thaliana Brassicaceae *

KNAT3 NM_122431 Arabidopsis thaliana Brassicaceae *

KNAT4 NM_121144 Arabidopsis thaliana Brassicaceae *

KNATS NM_119356 Arabidopsis thaliana Brassicaceae *

KNAT6 NM_102187 Arabidopsis thaliana Brassicaceae *

KNAT7 NM_104977 Arabidopsis thaliana Brassicaceae *

LET6 AF000141 Lycopersicon esculentum Solanaceae Janssen et al. 1998
LETI2 AF000142 Lycopersicon esculentum Solanaceae Janssen et al. 1998
LG3 AF100455 Zea mays Poaceae Muehlbauer et al. 1999
MDKNI11 771978 Malus x domestica Rosaceae Watillon et al. 1996
MDKNI12 Z71979 Malus x domestica Rosaceae Watillon et al. 1996
MKN4 AF284817 Physcomitrella patens Funariaceae Champagne et al. 2001
MKN1-3 AF285148 Physcomitrella patens Funariaceae Champagne et al. 2001
NTHI AB025573 Nicotiana tabacum Solanaceae *

NTH9 AB025713 Nicotiana tabacum Solanaceae Nishimura et al. 1999
NTHI5 AB004785 Nicotiana tabacum Solanaceae Tamaoki et al. 1997
NTH20 AB025714 Nicotiana tabacum Solanaceae Nishimura et al. 1999



Gene Accession No.  Species Family Reference

NTH22 AB025715 Nicotiana tabacum Solanaceae Nishimura et al. 1999
OSH1 D16507 Oryza sativa Poaceae Matsuoka, 1993

OSH3 AB028882 Oryza sativa Poaceae Sentoku et al. 1999
OSH6 AB028883 Oryza sativa Poaceae Sentoku et al. 1999
OSHI15 AB016071 Oryza sativa Poaceae Sato et al. 1998

OSH43 AB028884 Oryza sativa Poaceae Sentoku et al. 1999
OSH71 AB028885 Oryza sativa Poaceae Sentoku et al. 1999
PKnl AB015999 Ipomoea nil Convolvulaceae  *

PKn2 AB016000 Ipomoea nil Convolvulaceae  *

PKn3 AB016002 Ipomoea nil Convolvulaceae  *

PtKnl AY680402 Pinus taeda Pinaceae Guillet-Claude et al. 2004
PtKn2 AY680403 Pinus taeda Pinaceae Guillet-Claude et al. 2004
RaSTM AB000000 Ruscus aculeatus Asparagaceae This study

RS1 L44133 Zea mays Poaceae Schneeberger et al. 1995
Sbhl L13663 Glycine max Fabaceae Ma et al. 1994
SKKNOX1 AY667449 Selaginella kraussiana Selaginellaceae Harrison et al. 2005
SKKNOX2 AY667450 Selaginella kraussiana Selaginellaceae Harrison et al. 2005
SKKNOX3  AY667451 Selaginella kraussiana Selaginellaceae Harrison et al. 2005
STM NM_104916 Arabidopsis thaliana Brassicaceae Long et al. 1996

THox2 U76410 Lycopersicon esculentum Solanaceae *

TKnl U32247 Lycopersicon esculentum Solanaceae Hareven et al. 1996
TKn2 U76407 Lycopersicon esculentum Solanaceae *

TKn3 U76408 Lycopersicon esculentum Solanaceae *

U90091 U90091 Picea mariana Pinaceae Rustledge et al. 1997
U90092 U90092 Picea mariana Pinaceae Rustledge et al. 1997
729073 729073 Brassica napus Brassicaceae Boivin et al. 1994
771980 771980 Malus x domestica Rosaceae Watillon et al. 1996
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