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Figure A Overview of Steps Involved in a Cot Analysis.  (A) Nuclear DNA is sheared into 200-500 bp fragments 
by high-speed blending, and  (B) fragment size is checked by gel electrophoresis.  (C) Sheared DNA is
precipitated, dissolved in 0.03, 0.12, or 0.5 M sodium phosphate buffer (SPB), and aliquots are loaded/sealed into
glass microcapillary tubes/ampoules.  (D) One tube/ampoule is (E) placed in boiling water to denature DNA 
duplexes, and then transferred (F) into a water bath set at the DNA sample’s “criterion”, i.e., Tm - 25ºC for 
genomic DNA in the same SPB buffer as the sample.  Renaturation is allowed to proceed to a specific Cot value
(Cot = the product of nucleotide concentration, reassociation time, and an appropriate factor based upon the cation
concentration of the buffer).  (G) Once the sample has reached the desired Cot value, it is quickly diluted in a 100-
fold excess of 0.03 M SPB, and  (H) loaded onto a hydroxyapatite (HAP) column equilibrated with 0.03 M SPB.
At this buffer concentration all DNA binds to the HAP.  (I) 0.12 M SPB is added causing single-stranded DNA 
(ssDNA) to elute.  (J) 0.50 M SPB is added to the column to elute double-stranded DNA (dsDNA).  (K) The 
volumes and (L) A260 values (adjusted for light scatter at 320 nm) of the ssDNA eluant and the dsDNA eluant are
used to determine the percentage of ssDNA (% ssDNA) for the Cot value (see Peterson et al. 1998 for details). 
Steps D-L are repeated for all the DNA samples with each sample being renatured to a different Cot value.   (M)
The logarithms of Cot values ranging from essentially no renaturation to nearly complete renaturation are plotted
against corresponding % ssDNA values to yield a Cot curve.  Because a DNA sequence reassociates at a rate that 
is directly proportional to the number of times it occurs in the genome, repetitive sequences reassociate at lower
Cot values than single/low-copy sequences. Analysis of a Cot curve permits estimation of genome size, the 
number and relative proportion of the repetitive and single/low-copy components comprising the genome, and 
each component’s ‘kinetic complexity’ (i.e., its estimated sequence complexity).  
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Limitations of the EST Data 
Approximately 41.9% of the HRCot, 50.0% of the MRCot, and 11.8% of the SLCot clones with 
significant hits to EST sequences also show primary GenBank Nr hits to known repeat sequences (see 
Table A below).  While certain repetitive DNAs in the EST databases are contaminants (e.g., rDNA, 
chloroplast DNA), others represent transcribed portions of repetitive elements (e.g., retrotransposon 
genes).  As there are many repetitive DNA sequences not in the GenBank Nr Database, it seems likely 
that some of the “EST-hit clones” (ECs) without significant homology to Nr database repeats (i.e., Nr-ECs) 
might also represent repetitive DNA.  Recognition of the same database entry by multiple clones is one 
means by which clone repetitiveness has been estimated (e.g., Bureau et al. 1996; Rabinowicz et al. 
1999).  Consequently, the significant EST hits for each of the 308 Nr-ECs were compared to the significant 
EST hits of all other ECs (including other Nr-ECs).  If sorghum has roughly 25,000 non-repetitive gene 
sequences like Arabidopsis (Arabidopsis Genome Initiative 2000) and the 308 Nr-ECs are single-copy 
sequences, the average expected number of hits by an Nr-EC to any one of the hypothetical sorghum genes 
is (308 ÷ 25,000 =) 0.0123.  The probability of multiple Nr-ECs recognizing a particular “single-copy 
EST” (≈ gene) sequence by chance can be roughly estimated using the Poisson probability distribution 
function 

 
[Equation A]    P(X) =    µX ÷ (eµ X!) 
 
where P = probability, X = number of occurrences, and µ = is the population mean number of occurrences 
in a unit of space or time (Zar 1996).  If µ = 0.0123 (see above), the probabilities of two, three, four, and 
five Nr-ECs recognizing the same single-copy EST by chance are 7.5 x 10-5, 3.1 x 10-7, 9.5 x 10-10, and 2.3 
x 10-12, respectively.  If sorghum has more than 25,000 genes, the likelihood of multiple clones having 
single-copy EST hits in common would be even lower.  However, as shown in Table A (below), 140 of 
the 308 Nr-ECs (i.e., 45.5%) show significant homology to at least one EST(s) identified by other Cot 
clones.  This finding clearly indicates that many of the Nr-ECs clones contain repetitive sequences.  
Interestingly, 88.1% of the Nr-ECs in the SLCot library share no significant EST hits with other ECs while 
only 30.4% of the HRCot and 24.2% of the MRCot Nr-ECs possess EST hits not shared by other ECs.   
 
Probability of Significant BAC End/Cot Clone Homology 
For a genomic library containing random pieces of genomic DNA, the probability (p) that the library 
contains a particular sequence of interest can be estimated using the formula 
 
[Equation B]    p = 1 – e n · ln [ 1 - ( Z ÷ G ) ] 
 
where n = the number of clones in the library, Z = mean insert size in bp, and G = 1C genome size in bp 
(Paterson 1996).  However, for a library containing DNA from a particular Cot component, the 
probability of finding a given sequence from that component can be estimated by replacing genome size 
in Equation B with the component’s kinetic complexity.  Assuming that the sorghum Cot libraries (mean 
insert size = 200 bp) are representative of the components from which they were derived, the likelihood 
of finding a particular HR component sequence among the 253 HRCot clones would be p = 1 – e 253 · ln [ 1- 

(200 ÷ 18,800) ] = 0.93 or 93%.  Likewise, the probability of finding a given MR sequence in the 409 MRCot 
clones would be 0.02 (2.0%) while the probability of finding a particular SL sequence in the 499 SLCot 
clones would be 6.1 x 10-4 (0.06%).  Based on the Cot curve, the HR, MR, and SL components constitute 
15, 41, and 24% of the sorghum genome, respectively.  Thus the probability of a randomly selected 
sorghum sequence sharing significant sequence identity with a clone in one of the BAC libraries would be 
[(0.93 x 0.15) + (0.02 x 0.41) + (0.0006 x 0.24) =] 0.15 or 15%.   

As described in the RESULTS section Molecular Genetic Markers, BAC End Sequences, and Cot 
Clones, 17% of 116 random sorghum BAC end sequences possess significant homology to one or more of 
the 1161 sorghum Cot clones.  The expected (15%) and observed (17%) numbers of BAC ends containing 
Cot clone sequences are statistically indistinguishable (see Test of Significance of a Binomial Proportion 
below). 
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Test of Significance of a Binomial Proportion  
The following statistical test was performed according to Snedecor and Cochran (1980). 

H0: The expected number of BAC ends sharing sequence identity with Cot clones (np) is not significantly 
different from the observed number  (r); 95% confidence level, i.e., if zc ≥ 1.96, reject the null hypothesis 

n = 116 BAC ends 
r = Observed number of successes, i.e., BLAST hits to Cot clones = 20 
n – r = Observed number of failures = 96 
p = Expected probability of successes = 0.15 
q = Expected probability of failures = 0.85 
np = Expected number of successes = (116 x 0.15) = 17.4 
nq = Expected number of failures = (116 – 17.4) = 98.6 
zc = ( | r-np | - 0.5) ÷      npq 

 zc = 0.55 
0.55 is not ≥ 1.96.  Thus the expected and observed values are not significantly different. 
 
 
 
 
 
Table A. Intra- and Interlibrary Comparison of Cot Clones With Significant Hits to ESTs.  
 HRCot 

n = 253 
 MRCot 

n = 409 
 SLCot 

n = 499 
 HRCot + MRCot + SLCot 

n = 1161 
Category # %  # %  # %  Total # Total % 
ECs a 136 53.8  190 46.5  152 30.5  478 41.2 
Repetitive ECs b 57 22.5  95 23.2  18 3.6  170 14.6 
Nr-ECs c 79 31.2  95 23.2  134 26.9  308 26.5 
 HRCot 

n = 79 
 MRCot 

n = 95 
 SLCot 

n = 134 
 HRCot + MRCot + SLCot 

n = 308 
Nr-EC Ψ d # %  # %  # %  Total # Total % 
 0 24 30.4  23 24.2  118 88.1  165 53.6 
1 8 10.1  13 13.7  4 3.0  25 8.1 
2-5 17 21.5  16 16.8  3 2.2  36 11.7 
6-10 24 30.4  14 14.7  0 0  38 12.3 
> 10 6 7.6  29 30.5  9 6.7  44 14.3 
a ECs (EST-hit clones) are Cot clones with at least one significant hit to an EST sequence(s) in the GenBank EST and/or the 
SUCEST EST Databases. 
b Repetitive ECs are ECs with significant homology to known repeat sequences (e.g., rDNA, chloroplast DNA, retroelements, 
MITEs, etc.) in the GenBank Nr Database.  
c Nr-ECs are ECs without significant homology to known repeat sequences in the GenBank Nr Database. 
d Nr-ECs with a ψ of “0” have no significant EST hits in common with other ECs,  Nr-ECs with a ψ of “1” share an EST hit(s) 
with one other EC, etc.  At the extreme, six Nr-ECs in the HRCot library and 29 Nr-ECs in the MRCot library possess significant 
homology to a SUCEST EST recognized by a total of 48 ECs (the remaining 13 clones with hits to this EST sequence show 
primary GenBank Nr hits to rDNA or chloroplast DNA). 
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Table B. Densitometric Analysis of BAC Grids Probed With Retrosor-6.   
Row Description S. bicolor S. propinquum 

A  Section IDV a 3,743,625 3,281,760 
B LowIDV b 1230 1002 
C HighIDV b 4760 3912 
D Range (C ÷ B) 3.87 3.90 
E Copies of Retrosor-6 per section (A ÷ B) 3043.6 3275.2 
F BAC clones per section 3072 3072 
G Mean BAC insert size (bp) c 120,000 126,000 
H BAC insert DNA per section in bp (F x G) 368,640,000 387,072,000 
I Genome size in bp d 760,000,000 772,000,000 
J Fraction of genome in a section (H ÷ I) 0.49 0.50 
K Copies of Retrosor-6 per genome (E ÷ J) 6211.4 6550.4 
L Size of Retrosor-6 in bp 7377 7377 
M Bp of Retrosor-6 in genome (K x L) 45,821,498 48,322,301 
N Genome fraction in Retrosor-6 (M ÷ I) 0.060 0.063 

a IDV or “Integrated Density Value” is the sum of all pixel values after background correction.  
Section IDV is the IDV of an entire grid section, i.e., one-sixth of a BAC grid (see Figure 4E), 
divided by two to correct for double-spotting of clones. 
b LowIDV is the mean of the five colonies with the lowest IDVs while HighIDV is the mean of the 
five colonies with the highest IDVs. 
c Mean insert size for S. bicolor BTx623 BAC clones is from D. Begum., unpublished results (see 
www.clemson.genome.edu).  Mean insert size for S. propinquum BAC clones is from Lin et al. 
(1999). 
d Genome size (1C) for S. bicolor is from Arumuganathan and Earle (1991).  The genome size for 
S. propinquum is from K. Arumuganathan, personal communication as cited in Lin et al. (1999). 
 
 
 
 
 
 
 
Table C. Cot Clones Corresponding to Sorghum RFLP Markers.  
Marker a Map position(s) b Cot clones c BLAST category d 
AEST602 C:46.2  HRCot1C02 rDNA 
CO152 C:46.2 HRCot2E08, MRCot4G11, HRCot2E03 rDNA 
PRC0015 C:46.0 HRCot2A02 rDNA 
PRC1151 A:59.3 SLCot6G11 Characterized gene e 
pSB0415 H:40 HRCot3F09, HRCot3F06, HRCot3B12, MRCot1F11 No significant hits 
pSB0986 B:69.3 SLCot1C09 No significant hits 
pSB1021 C:91.6 SLCot4H08 No significant hits 
pSB1524 F:75.4 MRCot1F03 No significant hits 
RZ014 A:112.4 SLCot4B11 Unique EST 
a The molecular genetic marker to which one or more Cot clones shares significant homology (S’ ≥ 76.28).  
b Sorghum bicolor linkage group (traditionally represented by letters A through J) and map position (cM) are separated by a colon (e.g., B:33.5). 
c Cot clones producing a significant hit when BLASTed against all the marker sequences on the sorghum molecular genetic map  

d BLAST category is the group into which a Cot clone(s) was placed based upon the scheme shown in Figure 2.   
e The characterized gene recognized by SLCot6G11 is the Zea may peroxidase-3 (pox3) gene (GenBank AJ401276).  
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Molecular Markers 
The sorghum Cot clone sequences were compared to molecular markers on the sorghum molecular map.  
The GenBank accession numbers for these molecular markers are listed below: 
AA011857, AA011861, AA011862, AA011863, AA011865, AA011867, AA011873,
AA011877, AA011880, AA011883, AA030706, AA030709, AA030712, AA030714,
AA030715, AA030716, AA030717, AA030718, AA030721, AA051875, AA051881,
AA051886, AA051888, AA051890, AA051892, AA051895, AA051898, AA051899,
AA051902, AA054786, AA054787, AA054789, AA054794, AA054796, AA054801,
AA054818, AA054821, AA072429, AA072430, AA072431, AA072432, AA072434,
AA072437, AA072438, AA072439, AA072440, AA072443, AA072444, AA072446,
AA072447, AA072449, AA072453, AA072454, AA072455, AA072460, AA072462,
AA072463, AA072466, AA143899, AA143901, AA143905, AA143910, AA143914,
AA143915, AA143917, AA143918, AA143919, AA143920, AA143921, AA143922,
AA143923, AA143925, AA143928, AA143929, AA143931, AA143932, AA231639,
AA231640, AA231642, AA231646, AA231649, AA231651, AA231652, AA231654,
AA231655, AA231660, AA231661, AA231674, AA231679, AA231687, AA231695,
AA231697, AA231699, AA231703, AA231718, AA231728, AA231732, AA231733,
AA231738, AA231741, AA231743, AA231745, AA231746, AA231749, AA231752,
AA231754, AA231758, AA231761, AA231763, AA231764, AA231774, AA231776,
AA231779, AA231781, AA231782, AA231784, AA231788, AA231797, AA231805,
AA231807, AA231810, AA231815, AA231822, AA231827, AA231828, AA231834,
AA231835, AA231836, AA231837, AA231838, AA231839, AA231850, AA231852,
AA231855, AA231858, AA231859, AA231860, AA231861, AA231864, AA231871,
AA231872, AA231874, AA231881, AA231883, AA231885, AA231886, AA231888,
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AA231890, AA231891, AA231892, AA231895, AA231897, AA231898, AA231899,
AA231901, AA231902, AA231904, AA231905, AA231907, AA231910, AA231912,
AA231913, AA231916, AA231919, AA231922, AA231933, AA231934, AA231937,
AA231938, AA661440, AA661447, AA661448, AA687079, AA738536, AA738538,
AA738540, AA738541, AA738543, AA738544, AA738545, AA738546, AA738548,
AA738549, AF182394, AI096162, AI978279, AI978284, AI978291, AI978292,
AI978336, AI978348, AI978350, AI978358, AI978366, AI978373, AI978406,
AI978431, AI978497, AQ074140, AQ074150, AQ074163, AQ074186, AQ074275,
AQ074277, AQ074284, AQ839798, AU078103, AU091836, AU097113, AW065859,
AW066412, BE438690, BE438758, BE438806, BE439143, BE439238, BE439257,
BE439260, BE439264, BH245188, BH245189, BH245190, BH245191, BH245192,
BH245194, BH245196, BH245197, BH245199, BH245200, BH245201, BH245202,
BH245204, BH245205, BH245206, BH245207, BH245208, BH245209, BH245210,
BH245211, BH245212, BH245213, BH245214, BH245215, BH245216, BH245217,
BH245218, BH245219, BH245220, BH245221, BH245222, BH245223, BH245224,
BH245225, BH245226, BH245227, BH245228, BH245229, BH245230, BH245231,
BH245232, BH245233, BH245234, BH245235, BH245236, BH245237, BH245238,
BH245239, BH245240, BH245241, BH245242, BH245243, BH245244, BH245245,
BH245246, BH245247, BH245248, BH245249, BH245250, BH245251, BH245252,
BH245253, BH245254, BH245255, BH245256, BH245257, BH245258, BH245259,
BH245260, BH245261, BH245262, BH245263, BH245264, BH245265, BH245266,
BH245267, BH245268, BH245269, BH245270, BH245271, BH245272, BH245273,
BH245274, BH245275, BH245277, BH245278, BH245279, BH245280, BH245281,
BH245282, BH245283, BH245284, BH245285, BH245286, BH245287, BH245288,
BH245289, BH245290, BH245291, BH245292, BH245293, BH245294, BH245295,
BH245296, BH245297, BH245298, BH245299, BH245300, BH245301, BH245302,
BH245303, BH245304, BH245305, BH245306, BH245307, BH245308, BH245309,
BH245310, BH245311, BH245312, BH245313, BH245314, BH245315, BH245316,
BH245317, BH245318, BH245319, BH245320, BH245321, BH245322, BH245323,
BH245324, BH245325, BH245326, BH245327, BH245329, BH245330, BH245331,
BH245332, BH245333, BH245334, BH245335, BH245336, BH245337, BH245338,
BH245339, BH245340, BH245341, BH245342, BH245343, BH245344, BH245345,
BH245346, BH245347, BH245348, BH245349, BH245350, BH245351, BH245352,
BH245353, BH245354, BH245355, BH245357, BH245358, BH245359, BH245360,
BH245361, BH245362, BH245363, BH245364, BH245365, BH245366, BH245367,
BH245368, BH245370, BH245371, BH245372, BH245373, BH245374, BH245375,
BH245376, BH245377, BH245379, BH245380, BH245381, BH245382, BH245383,
BH245384, BH245385, BH245386, BH245387, BH245388, BH245389, BH245390,
BH245391, BH245392, BH245393, BH245394, BH245395, BH245396, BH245397,
BH245398, BH245399, BH245400, BH245401, BH245402, BH245403, BH245404,
BH245405, BH245406, BH245407, BH245408, BH245409, BH245410, BH245411,
BH245412, BH245413, BH245414, BH245415, BH245417, BH245418, BH245419,
BH245420, BH245421, BH245422, BH245423, BH245424, BH245425, BH245426,
BH245427, BH245428, BH245429, BH245430, BH245431, BH245432, BH245433,
BH245434, BH245435, BH245436, BH245437, BH245438, BH245439, BH245440,
BH245441, BH245442, BH245443, BH245444, BH245445, BH245446, BH245447,
BH245448, BH245449, BH245450, BH245451, BH245452, BH245453, BH245454,
BH245455, BH245456, BH245458, BH245459, BH245460, BH245461, BH245463,
BH245464, BH245465, BH245466, BH245467, BH245468, BH245470, BH245471,
BH245473, BH245475, BH245476, BH245477, BH245478, BH245479, BH245480,
BH245481, BH245482, BH245483, BH245484, BH245486, BH245488, BH245489,
BH245490, BH245491, BH245493, BH245494, BH245495, BH245497, BH245498,
BH245499, BH245500, BH245501, BH245502, BH245503, BH245504, BH245506,
BH245507, BH245508, BH245509, BH245510, BH245511, BH245512, BH245513,
BH245514, BH245515, BH245516, BH245517, BH245518, BH245519, BH245521,
BH245522, BH245523, BH245524, BH245525, BH245526, BH245527, BH245528,
BH245529, BH245530, BH245531, BH245532, BH245533, BH245534, BH245535,
BH245536, BH245537, BH245538, BH245539, BH245540, BH245541, BH245542,
BH245543, BH245545, BH245546, BH245547, BH245548, BH245549, BH245550,
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BH245551, BH245552, BH245553, BH245554, BH245556, BH245558, BH245559,
BH245560, BH245562, BH245563, BH245564, BH245565, BH245566, BH245567,
BH245568, BH245569, BH245570, BH245571, BH245572, BH245573, BH245574,
BH245575, BH245576, BH245577, BH245578, BH245579, BH245580, BH245581,
BH245582, BH245583, BH245585, BH245586, BH245587, BH245588, BH245590,
BH245591, BH245592, BH245594, BH245595, BH245596, BH245597, BH245599,
BH245600, BH245601, BH245602, BH245603, BH245604, BH245605, BH245606,
BH245608, BH245609, BH245610, BH245611, BH245613, BH245614, BH245615,
BH245616, BH245617, BH245618, BH245619, BH245620, BH245621, BH245622,
BH245623, BH245624, BH245625, BH245626, BH245627, BH245628, BH245629,
BH245630, BH245631, BH245632, BH245633, BH245635, BH245637, BH245638,
BH245639, BH245640, BH245641, BH245642, BH245643, BH245645, BH245647,
BH245648, BH245650, BH245651, BH245652, BH245654, BH245655, BH245657,
BH245658, BH245659, BH245660, BH245661, BH245662, BH245663, BH245664,
BH245665, BH245666, BH245668, BH245669, BH245670, BH245672, BH245674,
BH245675, BH245676, BH245677, BH245678, BH245679, BH245680, BH245681,
BH245682, BH245683, BH245684, BH245685, BH245686, BH245687, BH245688,
BH245689, BH245690, BH245691, BH245692, BH245694, BH245696, BH245698,
BH245700, BH245701, BH245703, BH245705, BH245707, BH245709, BH245711,
BH245712, BH245714, BH245716, BH245718, BH245720, BH245722, BH245724,
BH245726, BH245727, BH245728, BH245730, BH245732, BH245734, BH245736,
BH245738, BH245739, BH245741, BH245742, BH245744, BH245746, BH245748,
BH245750, BH245752, BH245753, BH245755, BH245756, BH245758, BH245759,
BH245760, BH245761, BH245763, BH245765, BH245766, BH245768, BH245770,
BH245772, BH245774, BH245776, BH245778, BH245780, BH245782, BH245784,
BH245786, BH245787, BH245789, BH245791, BH245793, BH245794, BH245796,
BH245798, BH245800, BH245802, BH245803, BH245805, BH245807, BH245808,
BH245810, BH245812, BH245814, BH245816, BH245818, BH245820, BH245822,
BH245823, BH245825, BH245827, BH245829, BH245831, BH245833, BH245835,
BH245837, BH245839, BH245841, BH245843, BH245845, BH245846, BH245847,
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