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1. Identify possible family members in Arabidopsis

2. Identify conserved domains

3. Identify smaller conserved aa motifs that may
distinguish closely related family members

Cloning Maize Homologs/Orthologs of Known Apex-Specific Genes

use standard sequence analysis software or BLAST analysis

YABBY genes contain 2 highly conserved domains

FIL   MSMSSMSSPS SAVCSPDHFS PSDHLCYVQC FCQTILAVNV PYTSLFKTVT VRCGCCTNLL SVN--MRSYV
YAB3   MSSMSMSSSS APAFPPDHFS STDQLCYVHC FCDTVLAVSV PPSSLFKTVT VRCGHCSNLL SVTVSMRALL
YAB2            MSVDFS -SERVCYVHC FCTTILAVSV PYASLFTLVT VRCGHCTNLL SLN--I-GVS
YAB5            MANSVM ATEQLCYIPC FCNIILAVNV PCSSLFDIVT VRCGHCTNLW SVN--MAAAL
INO     MTKLPNMT TTLNHLFDLP -ŠGQICHVQC FCTTILLVSV PFTSLSMVVT VRCGHCTSLL SVN-LMKASF
CRC      MNLEEKP TMTASRASPQ -AEHLYYVRC ICNTILAVGI PLKRMLDTVT VKCGHCGNLS FLT--TTPPL

FIL   LPAS-NQLQL QLGPHSYFNP Q--------- DILEELRDAP SNMNMMMMNQ HPTMNDIP-- -------SFM
YAB3   LPSV-SNLGH SFLPPPPPPP PP-------- NLLEEMRSGG QNINMNMMMS HHASAHHPNE HLVMATRNGR
YAB2   LHQTSAPPIH QDLQPHRQHT TS-------- --LVTRKDCA SSSRSTNNLS EN ------- ----------
YAB5   QSLSRPNFQA TNYA------ ---------- --VPEYGSSS RSHTKIPSRI ST ------- ----------
INO   IPLHLLASLS HLDETGKEEV AATDGVEEEA WKVNQEKENS PTTLVSSSDN ED ------- ----------
CRC   QGHVSLTLQM QSFG------ ---------- --GSDYKKGS SSSSSSSTSS DQ-------- ----------

FIL   DLHQQHEIPK -APPVNRPPE KRQRVPSAYN RFIKEEIQRI KAGNPDISHR EAFSAAAKNW AHFPHIH-FG
YAB3   SVDHLQEMPR -PPPANRPPE KRQRVPSAYN RFIKEEIQRI KAGNPDISHR EAFSAAAKNW AHFPHIH-FG
YAB2   ---IDREAPR -MPPI-RPPE KRQRVPSAYN RFIKEEIQRI KACNPEISHR EAFSTAAKNW AHFPHIH-FG
YAB5   --RTITEŠQR ---IVN-PPE KRQRVPSAYN QFIKEEIQRI KANNPDISHR EAFSTAAKNW AHFPHIH-FG
INO   -----EDVSR VYQVVNKPPE KRQRAPSAYN CFIKEEIRRL KAQNPSMAHR EAFSLAAKNW HFPPAHNKRA
CRC   -----PPSPS -PPFVVKPPE KKQRLPSAYN RFMRDEIQRI KSANPEIPHR EAFSAAAKNW AKYIPNS-PT

FIL   LVPDNQPVKK TNMPQQEGED NM---VMKEG FYAPAAA--- NVGVTPY
YAB3   LMADHPPTKK ANVRQQEGED GM---MGREG FYGSAA---- NVGVAHN
YAB2   LKLD--GNKK GKQLDQ---- -SVAGQKSNG YY
YAB5   LMLE--SNKQ AKIA
INO   AASDQCFCEE DNNAILPCNV FEDHEESNNG FRERKAQRHS IWGKSPFE
CRC   SITSG-GHNM IHGLGFGEKK
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3. Identify possible rice and maize homologs using Gramene

tblastn of Arabidopsis protein using:

-Gramene BLAST search select database
http://www.gramene.org/

Rice genome
Rice indica clusters (non-GenBank ESTs)
Rice TIGR GI clusters (GenBank ESTs)
or Rice dbEST

Corn unigene clusters or
Maize consensus
(public ESTs and Dupond data)

TC#  (tentative consensus)
Access sequence info via the 
TIGR plant gene indexes

http://www.tigr.org/tdb/tgi/plant.sht
ml

Use the Gramene rice genome browser
to obtain predicted cDNA sequences
for rice and other monocots 

Coordinates on the BACAccess Rice Genome Browser

tBLASTn result with KANADI1

advanced
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Also include:

Sorghum GI

Wheat GI

Barley GI

enter gene
coordinates

Other databases that can be used for BLAST analysis
to identify possible rice and/or maize homologs

-ZmDB  

-MaizeGDB (includes public and Dupond EST data?)

-GenBank via NCBI 
(daily updated, includes GSS and other genomic sequences
and full length rice EST data; does not include Dupond or
indica ESTs )

Nucleotide * Discontiguous megablast
* Megablast
* Nucleotide-nucleotide BLAST (blastn)
* Search for short, nearly exact matches

Protein * Protein-protein BLAST (blastp)
* PHI- and PSI-BLAST
* Search for short, nearly exact matches
* Search the conserved domain database (rpsblast)
* Search by domain architecture (cdart)

Translated * Translated query vs. protein database (blastx)
* Protein query vs. translated database (tblastn)
* Translated query vs. translated database (tblastx)    

Genomes * Human, mouse, rat
* Fugu rubripes, zebrafish
* Flies, nematodes, plants, yeasts, malaria
* Microbial genomes, other eukaryotic genomes

http://www.ncbi.nlm.nih.gov/BLAST/

Select database:

gss (genomic)

est_other

Select database:

rice
maize

4. Identify possible rice and maize homologs using NCBI
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>gi|31978184|gb|CC616763.1|CC616763   OG WBV40TV ZM_0.7_1.5_KB Zea mays genomic clone 
ZM MB Ma0531H08.  Length = 743

Score =  108 bits (270), Expect = 1e-22
Identities = 74/173 (42%), Positives = 85/173 (49%), Gaps = 44/173 (25%)

Query: 142 MDQISILNSSSGYNNAYRSLQSSPRLKGVPLXXXXXXNQYGV------VGXXXXXXXXXX 195
+D  S    S   ++ +R L +S RL G+           GV      VG

Sbjct: 86  LDPASAAFLSPAAHHHHR MLSASGRLNG MLTDTLRGYGAGGVGGLGGIVGGHHHHHHHLH 265

Query: 196 XXXXXG MIRSRFLPKMPTKRSM RAPR MR WTSSLHARFVHAVELLGGHER-----------244
G+  SRF+PK+P KRSMRAPR MRW TS+LHARFVHAVELLGGHE

Sbjct: 266 GAQPFGL-GSRFMPKLPAKRSMRAPR MR WTSTLHARFVHAVELLGGHESACPPAPEQQQP 442

Query: 245 ---------------------------ATPKSVLELMDVKDLTLAHVKSHLQ M 270
ATPKSVLELMDVKDLTLAHVKSHLQ+

Sbjct: 443 RLNYTSDPRPPIPVLKINISPSPSPAGATPKSVLELMDVKDLTLAHVKSHLQV 601

>gi|32080222|gb|CC675558.1|CC675558   OG WBV74TH ZM_0.7_1.5_KB Zea mays genomic clone 
ZM MB Ma0531N04.  Length = 762

Score = 86.7 bits (213), Expect(2) = 8e-17
Identities = 68/183 (37%), Positives = 80/183 (43%), Gaps = 48/183 (26%)

Query: 113 PIRGIPVYHNRS-FPF--------------HQQNSSL------------PSLGGGD----141
PIRGIP+Y+    FPF              HQQ   L             SLG

Sbjct: 81  PIRGIPIYNGPGGFPFLPPASGADGAPLHHHQQQ QKLGFYGSYHPST WPSSLGSTSPSPS 260

Query: 142 -----------MDQISILNSSSGYNNAYRSLQSSPRLKGVPLXXXXXXNQYGV------V 184
+D  S    S   ++ +R L +S RL G+           GV V

Sbjct: 261 PLAPGTPPSPLLDPASAAFLSPAAHHHHR MLSASGRLNG MLTDTLRGYGAGGVGGLGGIV 440

Query: 185 GXXXXXXXXXXXXXXXG MIRSRFLPKMPTKRSMRAPRMR WTSSLHARFVHAVELLGGHER 244
G               G+  SRF+PK+P KRSMRAPRMR WTS+LHARFVHAVELLGGHE

Sbjct: 441 GGHHHHHHHLHGAQPFGL-GSRFMPKLPAKRSMRAPR MR WTSTLHARFVHAVELLGGHES 617

Query: 245 ATPKSVLELM 254
ATPKSVLELM

Sbjct: 731 ATPKSVLELM 760
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5. Verify that identified homologs are true homologs 
rather then distantly related family members

-for a species, align sequences of all homologous clones
# of distinct clones/genes
built potential contigs

-do a “reverse” Blast analysis to identify the closest 
Arabidopsis and/or rice genes. 
(again top score may not be the closest homolog)

-look for homology outside frequently observed protein
domains, eg MYB, GARP, homeodomain, kinase domain

-verify maize contigs by RT-PCR
or design degenerate primers to amplify maize homologs

6. Design degenerate primers to isolate homologous maize genes

-identify conserved aa domains and smaller motifs
using sequence information from Arabidopsis, rice and
other potential monocots

-for those genes with clear monocot homologs also align DNA sequences
particularly for the conserved protein domains and motifs 

CTCTGCTATGTCCAATGCAACTTTTGCCAA
GTTTGCTATGTCCACTGCAGCTTCTGCACC
GTTTGCTATGTCAACTGCAACTATTGCAAC
GTGTGCTACGTGCACTGCAACTTCTGCAAC

5’ TGCTAYGTSMAMTGCARCTWYTGC 3’

At FIL
At YAB3
Os FILa
Os FILb

degeneracy 2x 2x2x2 x 2x 2x2 = 128

Zn finger domain N-terminus:

GAAGCCTTTAGTGCTGCTGCCAAGAATTGG
GAGGCATTTAGCACTGCTGCTAAAAATTGG
GAGGCATTCAGTGCTGCTGCAAAGAACTGG
GAAGCCTTCAGTACTGCAGCAAAGAATTGG

3’ CGKAARTCRYGACG WCGNTTYTTR 5’   

2x 2x 2x2 x 2x 4x 2x 2 = 512

YABBY domain C-terminus:

7. RT-PCR and/or genomic PCR using degenerate primers

f r f+r f r f+r

Arabidopsis maize

*

*

Template: ~100 ng B73 genomic or
~20-100 ng cDNA

[Primers]:  1-2 uM depending on level
of degeneracy. 
Normal is 0.1 uM

Annealing temp:  normal (~58oC)

# of cycles:  40 for genomic
30-35 for cDNA
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aa sequence conservation between the
Arabidopsis FIL and maize YAB9 proteins


