REVISED TETRAHYMENA AND PARAMECIUM NOMENCLATURE RULES
NOTE:  These suggestions were put together primarily by Jacek Gaertig with input from a number of other ciliate researchers including Marty Gorovsky, Aaron Turkewitz and Nels Elde, following discussions at the 2003 FASEB meeting about the need to revise the gene nomenclature rules.  

For the original papers on ciliate nomenclature, see

Allen, S.L. Genetic Nomenclature Rules for Tetrahymena themophila. METHODS IN CELL BIOLOGY, VOL. 62, 2000. 
Proposed Genetic Nomenclature Rules for Tetrahymena thermophila,

Paramecium primaurelia and Paramecium tetraurelia. Allen, S.L. et al., Genetics 149: 459–462, 1998.
NAMING GENES, ALLELES, AND GENE PRODUCTS

Genes and alleles

1. Previously named genes need not be renamed.

2. With the exception of the previously named genes and those described in 3, below, all genes are given names with three letters in italics followed by a number. Consecutive numbers are used to name phylogenetically and/or functionally related genes. In the case of a gene with unknown sequence (for example a gene identified using a mutation which has not been mapped to a specific sequence), the number specifies the distinct locus. All wild-type alleles are written entirely in upper case.

Examples: BTU1, BTU2, CHX1, CHX2.

3. In cases where a ciliate gene has an ortholog in another organism with an already widely used name that deviates from the naming rule specified above, an exception can be made and the name can include more than 3 letters or a nonconsecutive number, or can be composed of 1 or 2 letters and any number.  

Examples: RAD51, TTLL1, PF16, IFT52.
4. If two or more homologs exist that appear orthologous or functionally equivalent to a gene from another organism with an established name containing a number, a capitalized letter is added at the end of the gene’s name. 

Examples: TTLL4A, TTLL4B are two genes orthologous to the human TTLL4 gene.
5. Alleles altered in any way (for example by chemical or insertional mutagenesis) 

are written entirely in lower case.  All alleles other than wild-type are given a hyphenated number. Mutant alleles are numbered consecutively in order of appearance in the literature. The Tetrahymena Gene Database (TGD) and Paramecium Gene Database (PGD) maintain a registry of all mutant alleles for the respective ciliate species.

Example:  chx1-1 

Mutant allele descriptions

1. Every mutant allele should have a unique consecutive number as described above. For allele description, all mutant alleles should have specifications attached in brackets (see examples below). Authors should submit full descriptions of mutant alleles to the TGD or PGD to provide the information to the ciliate community and ensure that the same allele number is not used with more than one allele. Whenever possible, authors should publish a table with strains used in the study which includes allele descriptions. Names of alleles conforming to the above rules but lacking parenthetical descriptions can be used throughout the text of publications or shortened versions of allele descriptions can be used as justified by the need for clarity. 

2. Point mutations.

Example: The allele designated btu1-1[K350M] means that lysine is mutated to methionine at residue 350 in the protein encoded by the BTU1 gene. In the text of a paper, the allele can be referred to as btu1-1. Multiple point mutations are separated by commas as follows: btu1-7[E437D,E438D,E439D].

3. Deletions in the coding region are marked using a . Numbers in the subscript following  indicate the range of amino acids which are deleted from the protein product. A  without subscript numbers indicates that the entire coding region has been deleted.

Example: btu2-2[1-40] means that the first 40 amino acids codons of beta-tubulin encoded by the BTU2 gene are deleted. 

4. A double colon is used to describe a disrupted allele. The number in the subscript indicates the amino-acid codon position within the coding region in which a disruption cassette is inserted.

Examples:

btu1-3[335::neo2] means that the coding region of the BTU1 gene was interrupted by the neo2 cassette at the amino acid position 335 in the coding region of BTU1. Thus, most of the coding region of BTU1 is preserved.
btu1-5[::bsr1] means that the entire coding region of the BTU1 gene was replaced by the bsr1 gene cassette;

btu1-6[50-75::bsr1] means that the bsr1 cassette replaces amino acid codons of the BTU1 gene at positions 50-75. 

5. Alleles with a flanking insertion of a gene cassette that does not disrupt the function of the gene (a closely linked marker) are designated as follows:

btu1-5[5’neo2] means that a closely linked neo2 marker is inserted into the 5' noncoding region of the BTU1 gene. It is assumed that the neo2 cassette does not affect the expression level or pattern of the linked BTU1 gene.

Example:

btu1-13[3’neo2] means that a closely linked neo2 cassette is inserted in the 3’ noncoding region of the BTU1 gene.

6. Peptide epitope tags in mutant alleles are described as in the following examples. The location of the tag is specified by adding either a C or N (for C- pr N-terminal, respectively) as a subscript.

Examples:

btu1-7[GFPC]

 ift52-2[HAC]

rad52-1[MYCN].
7. Multiple features of a single allele are separated by commas inside the brackets as follows:

btu1-19[K350M,438-440,HAC] means that there is a K350M replacement, amino acid codons for residues 438 to 440 are deleted and a C-terminal HA tag sequence is present in the BTU1 locus. 
8. Alleles to which a promoter sequence originating from a different locus has been added should be described by adding the ectopic promoter designation with a P in superscript as follows:

nrk30-1[MTT1P] means that the NRK30 gene’s coding region is driven by the MTT1 gene promoter sequence. The coding region of NRK-30 is unchanged.

Ideally, a number in the subscript should specify the region of the upstream regulatory sequence used as a promoter in relation to the translation initiation site. For example:

nrk30-1[MTT1P1941] means that the NRK30 gene coding region is expressed using the MTT1 gene upstream regulatory sequence (promoter) corresponding to 1942 nucleotide fragment upstream of the ATG initiation codon of the MTT1 gene.

9. Alleles to which a transcriptional terminator sequence from another gene has been added should be described by providing the terminator description with a T in superscript:
nrk18-1[BTU2T].

Ideally, a number in the subscript should be used to specify the position and size of the transcriptional terminator downstream of the TGA stop codon. 

Nrk18-1[BTU2T330] means that the NRK18 gene’s expression is controlled using a terminator sequence from the BTU2 gene which corresponds to the 331 nucleotides downstream of the TGA stop codon of the BTU2 gene. 
10. In cases where the coding region of one gene is present in another locus (e.g. for overexpression), the inserted region is indicated in parentheses and the amino acids that are transplanted are designated in subscript, as follows:

btu1-23[,(::NRK21-357)]. This is an allele of the BTU1 gene into which the coding region of the NRK2 gene (amino acids 1-357) is inserted in place of the completely deleted coding region of the BTU1 gene. 

If the inserted coding region is itself mutated, the proper description follows after a comma within the double parentheses:

btu1-24[,(::NRK21-357,K35R)]. In this case the NRK2 coding region (amino acids 1 to 357) is inserted into the BTU1 locus along with the K35R substitution of the NRK2 coding region.

Note that when referring to the gene product of the above locus, it is described as an NRK2 gene product and not the BTU1 gene product (see below).

It is assumed that the inserted coding region DNA sequence is derived from a genomic sequence and therefore may contain introns. If the expressed coding region is cDNA-derived and differs from the genomic sequence, this feature should be described in the text of the original paper as well as included as special feature note (see below) in the allele repository at TGD or PGD.

11. Examples of complex allele descriptions:

btu1-33[MTT1P900,GFPN,(::NRK221-368,K36R),MycC]

This is allele number 33 for the BTU1 locus. The gene is driven by a 

 from the MTT1 gene (901 nucleotide fragment upstream of the translation initiation codon of MTT1). The entire protein coding region of the original BTU1 gene was deleted. The locus expresses a fusion protein composed of N-terminal GFP followed by the first 368 amino acids of the NRK22 gene’s coding region (in which lysine 36 is changed to arginine), which is followed by a C-terminal Myc tag. 

btu2-21[5’neo2,MTT1P,,FLAGN,(::TTLL6A1-256,D350A),GFPC].
In the above case the BTU2 gene has a closely linked neo2 cassette at the 5’ end of BTU2. The entire coding region of BTU2 was deleted. The expression is driven by the MTT1 promoter which produces a fusion protein composed of an N-terminal FLAG tag, the coding region of the TTLL6A gene (amino acids 1 through 256) which also has a D to A substitution at position 350, followed by a C-terminal GFP tag.   

12. Special cases.

It is anticipated that in some cases the allele description rules provided above will not be sufficient to describe the allele structure in a sufficiently precise manner. Examples of such situations include genes interrupted by insertion of the selectable cassette into an intron or overexpression alleles in which an intron-less cDNA. In all such cases not covered here, the allele’s special features should be described in the original paper. A note about the special features of the allele should be appended to the allele’s description deposited at TGD or PGD.

Gene Products
1. The protein product of a gene is indicated by the gene name followed by a lower case p.  In this case the gene name is not italicized, and only the first letter is capitalized.  In the case of gene names ending with a letter (multiple homologs having a name which includes a number based on another organism), the final letter of gene’s name is capitalized. 

For example: Btu2p for the wild-type protein product of the BTU2 gene. Ift52Ap is the product of the IFT52A gene. 

2. For mutant proteins the short mutant allele specification can be used as follows: 

Btu1-1p. 

3. If needed for clarity, the critical mutant features of the gene product can be specified following the dash:

Examples:

Btu1p-GFPN 

Btu1p-430-445 

Nrk1p-R35A.

4. In cases where the coding region of interest is expressed in a different locus, use the name of the gene from which the studied coding region originates when referring to the gene product. 

For example, the btu1-24[,(::NRK21-357,GFP) allele produces the Nrk2p-GFP product
STRAIN NAMES

Tetrahymena

 1. Strain names
The name of a strain consists of two letters (which correspond to the institution at which a given strain was created), followed by a number.

Example: CU428 is the strain number 428 created at the Cornell University.

2. Strain B (whose genome has been sequenced by The Institute for Genomic Research) serves as the reference strain; all loci from inbred strain B need no further identification.

3. Genes from all other inbred strains and natural isolates have the strain identified by upper case letter (and number if appropriate) following a dot after the gene or locus name.

Example:  CHX1.C3  (This would designate the wild-type CHX1 locus derived from inbred strain C3)

Paramecium primaurelia and Paramecium tetraurelia
No particular reference strain is used.  The strain from which genes are derived should be referred to each time.

STRAIN DESCRIPTIONS

A strain description is composed of the micronuclear genotype followed by the macronuclear genotype and phenotype in parentheses. Whenever possible, the authors should include a table with strain descriptions used in their papers.

Micronuclear genotype description

1. Unlinked genes are separated by semicolons. Alleles are separated by a slash. Linked genes are grouped on the same side of a slash, separated by commas.

Example:  BTU2/BTU2; CHX1, EST1/CHX1, EST1
2. Randomly Amplified Polymorphic DNAs (RAPD) polymorphisms are written in italics and conform to the following system: 

a. A number indicating the laboratory of origin.

b. Two initials indicating the person who discovered or mapped the polymorphism.

     c.  A sequential number.  Example: 1JB11, 1JB12.

     d.  If multiple polymorphic bands are generated by the same primer combination,  
  


  lower case letters distinguish the bands.  Example: 1JP18 and 1JP18a.
     e.  No further designators are used if the polymorphic band occurs in inbred strain 


  B but not in inbred strain C3.   Example: 1PM8.

     f.  A final R is added if the polymorphic band occurs in inbred strain C3, but not in 

        inbred strain B.   Example:  1EO3R
     g.  If the polymorphic band occurs in an inbred strain other than C3 (such as 

        strain C2, or strain D, etc.), but not in inbred strain B, the strain designation is 

        indicated as well as the final R.   Example: 2SA01C2R, 3PB27DR

Macronucleus

1. All designations (genotype and phenotype) are enclosed within a single parenthesis, directly following the micronuclear genotype.

2. Genes conform to the conventions established above for micronuclear genes.  Groups of somatically linked genes are separated by a slash.  The simplest example is allelic variants of a single gene. 

Example:  (CHX1/chx1-1)
3. If multiple genes are known to be somatically linked, they are listed together and separated by commas.

Example:  (CHX1, PJB1/chx1-1, PJB1)

4. Other genes are listed and separated by semi-colons.

Example:  (CHX1, PJB1/chx1-1, PJB1; ift52A-1)

5. The descriptions of mutated alleles are provided according to the rules above. 

Example: (CHX1, PJB1/chx1-1, PJB1; ; ift52A-4[5’neo2])

6. The presence of a self-replicating episomal plasmid in the macronucleus is indicated by providing the name of the plasmid which starts with a lower case “p”. 

Examples:

(mpr1-1; pVGF-DRP1).

(chx1-1/CHX1; pH4T2-RPL29)

7. If the strain is transformed by a so-called processing vector based on the RDNA1 drug resistant gene, the vector-based sequence after processing should be described as an allele of the RDNA1 gene. 

8. Phenotypes are written in lower case, generally using three letters, are not italicized, and are separated by commas.  If needed, drug phenotypes are indicated by two lower case letters for the drug followed by a hyphenated s or r for sensitive or resistant. 

Example:  (cy-s, pm-r)

9. Mating Types

 a. Mating types of Tetrahymena thermophila are written in roman numerals, and are listed last. A question mark is used at the end of the macronuclear phenotype description if the mating type is unknown. The wild-type homozygous alleles are only included in the macronuclear description if they differ from the corresponding alleles in the micronucleus.

 b. Mating types of Paramecium primaurelia and Paramecium tetraurelia are  indicated as O (odd) or E (even) and listed last.   

EXAMPLES OD STRAIN DESCRIPTIONS

1. Strain CU427 is a heterokaryon, with a micronucleus homozygous for a drug- 

resistant mutation CHX1 gene, and with a macronucleus carrying the drug- 

sensitive wild-type allele of the CHX1 gene, and expressing mating type VII:

        chx-1/chx-1 (CHX1, cy-s, VII)

2. Strain AAKO1 is a “knockout heterokaryon” which has a micronucleus that is 

homozygous for both an insertional mutation in the strain B ATU1 gene as well as a drug- 

resistant mutation of the MPR1 gene. Its macronucleus is wild-type, and its mating type is undetermined. 

        atu1-1[::neo1]/atu1-1[::neo1]; mpr1-1/mpr1-1 (ATU1; MPR1; mp-s, pm-s,?)

3. AAKO-1 is a strain that was derived by somatic transformation of the wild-type 

ATU1 gene into the macronucleus of mating heterokaryon ATU1 knockout strains.

atu1-1[::neo1]/atu1-1[::neo1]; mpr1-1/mpr1-1 (ATU1/atu1-1[::neo1]; MPR1; pm-r, mp-s,?)

4. UC68 is derived by electrotransformation of mating parental strains using a pVGF-DRP1 plasmid. Note that the strain was originally homozygous for the MPR1 allele but the drug resistant mpr1-1 allele was lost by phenotypic assortment. The CHX1 locus is incompletely assorted resulting in both alleles present in the macronucleus. The resistance to paromomycin phenotype (pm-r) is derived from the plasmid:

mpr1-1/MPR1; chx1-1/CHX1 (MPR1; chx1-1/CHX1; pVGF-DRP1; mp-s, cy-r, pm-r, VI)


5. Strain UG623 is derived by biolistic transformation of the host strain CU522 (tx-s) to paclitaxel resistance by partial replacement of the original btu1-1[K350M] macronuclear allele by the btu1-1-33. The introduced allele is composed of the coding region of the NRK22 gene with a K36R mutation, a C-terminal Myc epitope tag and operates under control of the MTT1 gene promoter.

btu1-1[K350M]/btu1-1[K350M] (btu1-1[K350M]/btu1-33[MTT1P900,GFPN,(::NRK221-368,K36R),MycC]
6. Strain SB3539 has a micronucleus that is homozygous for a mutation in the CHX1 gene from strain C3 and a macronucleus that is wild-type for the strain C3 CHX1 gene, and is mating type I.

chx1.C3-1/chx1.C3-1 (CHX1.C3; cy-s, I)

7. Mutant mtA of Paramecium tetraurelia, restricted to mating type O, can be determined to be either O or E in its macronucleus, although it can only express O.

 mtA-1/mtA-1 (O-->O)   OR   mtA-l/mtA-1 (E-->O)

where the first letter in parenthesis refers to MAC determination and the second letter to expression.
COMMON DRUG ABBREVIATIONS

     bs = blasticidin                             noc = nocodazole

     col = colchicine                            or = oryzalin

     cm = chloramphenicol                       pm = paromomycin

     cy = cycloheximide                          tz = tetrazolium

tet =tetracycline

     dg = 6-deoxygalactose                        tx = paclitaxel (formerly taxol)

     mp = 6-methylpurine                         vb = vinblastine

SELECTABLE MARKER CASSETTES

Selectable marker cassettes commonly used with Tetrahymena thermophila are:

neo1 – the coding region of the aminoglycoside 3’-phosphotransferase (Kahn and Bruns. 1993).

neo2 – the coding region of the aminoglycoside 3’-phosphotransferase operating with a HHF1 gene promoter and the BTU2 tubulin gene transcriptional terminator (Gaertig et al.,1994).

neo3 – the coding region of the aminoglycoside 3’-phosphotransferase with an MTT1 gene promoter and a BTU2 gene terminator (Shang et al., 2002).

bsr1 – the coding region of the blasticidin-S resistance gene with an HHF1 promoter and BTU2 gene terminator (Brown et al., 1999).

