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ABSTRACT: Recombinant inbred (RY) strains are extremely useful for genetic mapping. This paper
presents a simple method for determining confidence intervals for linkage estimates based on
analysis of Rl strains. The results show that such confidence intervals are usually large with the
currently available numbers of Rl strains. Therefore, map positions based only on analysis of RI
strains should be interpreted with caution. To facilitate interpretation of linkage data derived from
Ri strains, a table is presented giving the 95 percent and 99 percent confidence intervals for all
possible linkages detected with up to 45 R! strains.

RECOMBINANT INBRED (RI) strains'-3:® are
used more and more frequently for genetic
mapping. Standard formulas are available for
estimating the recombination fraction, r, be-
tween two loci based on the analysis of RI
strains' 4.6, However, the calculation of ap-
propriate confidence limits for r poses a prob-
lem that has not been adequately addressed in
the literature. This communication presents a
simple method for calculating such confidence
limits, along with a table for the most com-
monly encountered situations. The results in-
dicate that most linkage relationships detected
by analysis of RI strains will have large confi-
dence intervals, unless the number of recom-
binants is very small and the number of strains
analyzed is large.

RI strains are families of inbred strains de-
rived by inbreeding the progeny of a cross
between two parental strains. Closely linked
genes tend to be inherited together during the
crosses used to establish RI strains, so that
parental combinations of alleles at these loci
tend to be maintained. When brother-sister
matings are used to construct Rl strains, the
relationship between the probability, r, of re-
combination between two loci in a single mei-
osis and the probability, R, that an RI strain
will carry a recombinant (nonparental) combi-
nation of alleles at these loci is given by*:

R =4r/(} + 6r) (N
R also can be interpreted as the expected pro-
portion of RI strains that carry recombinant
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combinations of alleles at the two loci, and r
as the map distance (for small values of r)
between the two loci. In formula (1), r is con-
sidered to lie in the range 0 < r=< 1/2, which
implies that 0 < R < 1/2.

Formula (1) gives the relationship between
the probabilities r and R. These probabilities
are not measured directly, but are estimated
from observations on a set of RI strains. Sup-
pose that the number of RI strains tested is N
and that i of these strains are found to carry
recombinant combinations of alleles at the two
loci. Then the observed proportion R = i/N
provides an estimate for the “true™ probabil-
ity, R, that an RI strain will carry a recombi-
nant chromosome for these two loci. The cor-
responding estimate, 7, for the recombination
fraction between the two loci is obtained by
solving (1) for r and substituting the estimate,
R, for R. This gives:

r = R/(4 - 6R) 2)

and

# = Ri4 - 6R). 3
While formulas (2) and (3) have singularities
for R = 2/3 and R = 2/3, these values lie
outside the range of biological interest (0 < R
< 1/2) and do not affect the subsequent analy-
sis.

How would the estimates R and 7 vary if the
experiment were repeated many times, i.e., if
many independent sets of Rl strains, each con-
taining N strains, were examined for the same
loci? If the “true™ probability of an RI strain
being recombinant for the two loci is R, then



the probability that i strains out of N would be
found to be recombinant is given by the bino-
mial proportion:

N |
P. = ( i) R (1 - R @

N - N!
where \ "N~ .Since P;

also is the probability of obtaining an estimate
R = i/N, the set of estimates (R) follows a
binomial distribution and has a standard devi-
ation (STD) equal to [R(1 - R)/N}* (see Sne-
decar and Cochran®). The standard deviation
of the set of estimates {7 } can then be approx-
imated (see Green®) using the *propagation of
error” rule that the standard deviation of a
function, f(x), is approximately equal to df/dx
times the standard deviation of x. This gives
STD(#) = (d#/dR) STD(R). Evaluating d#/dR
from (3), substituting the STD(R), and ex-
pressing the result in terms of the estimate 7
gives:

STD(® = [(1 + 6/)/2] [F(1 + 27)/N1*%. (5)

While formula (5) is technically correct, it
is not very useful for estimating confidence
limits for 7. If the set of estimates {7} fol-
lowed a normal distribution, then 95 percent
of the estimates would be expected to lie
within 1.96 standard deviations of the mean,
giving 95 percent confidence limits of 7
1.96 STD(7). This normal approximation has
been used frequently in the literature. How-
ever, the assumption of normality is seriously
inaccurate. The number of RI strains tested is
usually small and the proportion of strains that
are recombinant has to be small for the data to
indicate linkage. In this case the binomial dis-
tribution of the estimates { R} is quite skewed
and therefore quite different from the normal
distribution, as is the distribution of the esti-
mates {7}. Use of the normal approximation
in this situation often leads to meaningless
results. For example, the range 7 + 1.96
STD(# frequently includes negative numbers
and zero. But r < 0 is meaningless, and r = 0
is clearly wrong if one has already observed
recombinants among the Rl strains. If no re-
combinants are observed in a set of RI strains,
formula (3) gives 7 = 0 and (5) gives STD(#)
= Q. This means that confidence limits based
on multiples of STD(?) also will be zero. But
the upper confidence limit for 7 should not be
zero, because it is intuitively clear that a small
distance between two loci (r > 0) is perfectly
compatible with observing no recombinants in
a limited number of RI strains.

More accurate and meaningful confidence
limits for 7 can be derived based on the bino-
mial distribution rather than the normal distri-
bution. Suppose that in a set of N Rl strains
one observes i recombinants for two loci of
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interest. We want to know the range of possi-
ble recombination fractions between the two
loci for which the observed number of recom-
binants is not too unlikely. This range of
possible recombination fractions forms a
confidence interval for 7, as illustrated in the
following example. Suppose one observes five
recombinants in a set of 23 R strains. If the
true recombination percentage were greater
than 32, the chance of seeing five or fewer
recombinants would be less than 2.5 percent;
and if the true recombination percentage
were less than 2, the chance of seeing five or
more recombinants would be less than 2.5
percent. In this case, the range 2-32 would
form the 95 percent confidence limits for 7.
The method of calculating these confidence
limits follows.

The probability of observing i or more re-
combinants in a set of N Rl strains, designated
P, yisgivenby thesum P, + P,y + .. . +
Py. Using (4) and (1) to express P; y in terms
of r gives:

N N
r - 3 ()

Jj=i
[4ri(1 + 6nY {1-[4r/(1 + 6N)]I¥. (6)

It is clear from (6) that for i # 0, P, 5 ap-
proaches zero as r approaches zero. Further-
more, P; y decreases monotonically when r <
(i/N)/(4 - 6i/N), since dP; y/dr is positive for
this range of values of r. Therefore, for any
small value «/2, there is a unique value of ,
designated r, such that P,y is less than a/2
when r < r. Setting Py = a/2 forr = r
gives an equation for 7 in terms of «, i and N:

x (5)
&\

{1-/1+6p}Y =

(4r/(1 +6n¥

a2 (D

r is the lower confidence limit for 7. In words,
r is the closest two loci can be to one another
before the chance of observing i or more re-
combinants between them falls to less than the
small value a/2. The lower confidence limit,
r, is not strictly defined when i = 0. How-
ever, since one thinks of confidence limits as
defining an interval of reasonably likely val-
ues of r, it is not unreasonable to let r = 0
wheni = 0.

The upper confidence limit can be defined
analogously. The probability of observing i or
fewer recombinants, designated Py ;, is given
by the sumof Pp + P, + . . . + P,. Express-
ing Py ; in terms of r, it is easy to show that
Po,; decreases monotonically as r increases,
provided that r > (i/N)/(4 - 6i/N). The upper
confidence limit, designated F, is defined by
the requirement that Py, be less than some

small value o/2 when r > 7 It is important to
realize that there may be no value 7 in the
biologically interpretable range, 0 < r < 1/2,
for which Py ; is less than a/2 whenr > 7 In
this case a biologically interpretable upper
confidence limit does not exist. The existence
of an upper confidence limit less than 1/2 re-
quires that i/N be sufficiently small. In words,
the upper confidence limit, 7, is the farthest
apart two loci can be before the chance of
observing i or fewer recombinants becomes
smaller than the small value /2. If there is no
upper confidence limit less than 1/2, then the
observed results would be reasonably likely (p
greater than «/2) if the loci were not linked.
Setting Py ; equal to /2 for r = 7 gives an
equation for F in terms of «, { and N:

i (N
z \j [4F/(1 +67)Y
j=0

(1-BFHA+6RN = a2, (8)

The confidence limits r and 7 could be de-
termined by solving (7) and (8) numerically,
but it is convenient to note that substituting:

r=x/(4-6x) 9

and F = x/(4 - ) (10)

in (7) and (8), respectively, leads to equations
for x and X which define the “exact” confi-
dence limits for a binomial distribution. Ta-
bles of values of x and x for various values of
a/2 can be found in books of statistical tables
(e.g., see Diem and Lentner?). The values of r
and 7 can be derived from such tables by using
formulas (9) and (10).

For convenience, an abridged table of 95
percent and 99 percent confidence limits for ¥
is given in Table 1. This table was constructed
by converting values of x and X from existing
tables? to r and 7 using formulas (9) and (10).
Table I gives values of #, r and 7, for up to 45
RI strains, for all possible numbers of recom-
binants that might reasonably be interpreted as
indicating linkage. The values of i excluded
from Table I are those for which the upper 95
percent confidence limit is greater than 50.
An upper 95 percent confidence limit larger
than 50 means that results as or more ex-
treme than those observed (i or fewer recom-
binants) would not be very unlikely (P >
0.025) if the loci were unlinked. In other
words, for a given N, values of i larger than
those in Table I would not provide strong evi-
dence for linkage. The more stringent 99 per-
cent confidence limits for 7 were omitted from
Table I when the upper 99 percent confidence
limit was greater than 50.

To illustrate the use of Table I, suppose one
observes five recombinants in a set of 23 RI
strains. For N = 23 and i = 5, Table I states
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that the estimate for the percent recombination  dropped for lack of biological significance). similarly unlikely (P < 0.025) if the recombi-
between the loci in a single meiosis is # = 8.1,  This means that the observed results would be  nation percentage were less than 2.1. The up-
and the 95 percent confidence limits are 2.1to  unlikely (P < 0.025) if the true recombina- per and lower confidence intervals are asym-
31.7. (The last decimal place has been tion percentage were greater than 31.7, and  metric about the estimate 7 = 8.1 because they

‘Table I. Estimates of the percent recombination in a single meiosis, /| between two loci and the upper, 7, and lower, r, 95
percent and 99 percent confidence limits for 7, given i recombinants in N RI strains

95% limits  99% limits 95% limits ~ 99% limits 95% timits  99% limits
N i 4 r F r ¥ N i ? r [ 4 r F N i ¥ r F r F
6 0 000 000 3692 21 3 455 0.80 1997 043 3072 28 6 789 237 2654 1.61 3946
21 4 667 148 2821 089 4538 28 7 1000 3.18 34.3)
7 0 000 000 2656 21 5 926 214 40n 28 8 1250 4.12 45.07
g8 0 o . . . )
000 000 2070 000 426 ) |, 400 000 502 000 788 29 0 000 000 364 000 557
9 0 000 000 1697 0.00 33.46 22 Y 122 003 369 0.0 1302 2% 1 091 002 605 001 876
9 1 333 007 4367 22 2 263 028 129 012 1930 29 2 192 022 865 009 12.24
29 3 306 057 11.59 031 16.32
10 0 000 000 1436 000 268 22 3 429 076 1832 041 27.68
10 1 294 006 3346 6 22 4 625 141 2544 085 3980 29 4 435 1.03 1507 0.63 21.30
"o ' '00 ) 22 5 862 221 3551 29 5 581 1.60 19.30 1.04 27.61
0.00 000 1244 0.00 22.39 29 6 750 227 2457 154 3593
1 26 006 27.10 20 000 000 476 000 744 55 2 g4 305 3138 213 4742
2B 1 116 003 818 001 1217 o0 o U0 S
120 000 000 1097 000 19.20 22 2 25 027 1210 0.12 17.83 ' : ‘
12 1 238 005 2275 001 41.92 23 3 405 073 1693 039 2519 30 O 000 000 3.5 000 5.35
122 55 054 44.19 23 4 588 1.34 2318 081 3543 30 1 088 0.02 58 001 836
13 0 000 000 98 000 1680 23 5 806 2.10 3171 30 2 185 021 825 0.09 11.63
I3 1 217 0.05 1960 00! 34.38 23 6 107t 3.02 44.19 30 3 2% 054 11.02 030 15.4)
13 2 500 049 3570 24 0 000 000 453 000 7.05 30 4 417 1.00 1424 0.60 19.97
30 5 55 154 18.11 1.00 25.63
14 0 0.00 000 887 0.00 14.94 24 1 1.11 003 773 001 11.44
30 6 7.4 2.18 22.88 148 32.97
14 1 200 005 1721 001 29.12 24 2 238 026 {1.34 011 16.57 30 7 897 292 2890 205 4283
14 2 4.55 046 299] 24 3 385 0.69 1572 0.37 23.11 ) ) ’ . :
24 4 556 128 2127 077 31.90 © 8 111376 3681
1S 0 000 000 810 000 13.44 2 5 758 200 1865 129 saes X 9 1364 473 4768
15 1 1.8 004 1534 001 2525 2 6 1000 28 3901 31 0 000 000 337 000 5.14
15 2 417 043 2573 0.18 44.94 311 085 002 55 001 800
1s 3 7.14 1.16 43.15 25 0 000 000 432 000 6.69 ’ : ’ ! ’
: 3 1 106 003 732 00l 1078 M 2 L7 020 78 009 11.08
16 0 000 000 745 000 12.21 25 2 227 025 1068 011 1548 31 3 283 053 1049 028 14.60
16 1 172 004 (3.83 001 2228 25 3 366 066 1468 036 213 1 4 400 096 1350 058 1879
16 2 385 040 257 0.17 37.84 35 4 526 122 1966 074 2903 3 5 532 148 1707 097 23.93
16 3 652 1.08 3620 : : : : : 31 6 682 210 21.39 143 30.44
25 5 704190 2612 123 3977 G 0 g Yoo oo e o
17 0 000 000 69 0.00 11.19 25 6 938 272 34.92 8 1053 361 1311 .
17 1 161 037 1259 0.01 19.92 25 7 1207 3.68 47.65 : : :
31 9 128 452 42.98
17 2 357 037 2009 0.16 32.64 6 0 000 000 413 000 637
17 3 600 101 31.15 % 1 102 003 696 001 loge 2 0 000 000 325 000 495
17 4 909 1.9 4960 26 2 217 024 1008 010 14.52 gi ; ?‘f’; g'?g _5,':2 g'g; ‘g'gg
18 0 000 000 642 000 1032 26 3 349 064 1376 034 1982 L 3 oo o on e
18 1 1.5 004 1155 001 18.02 26 4 500 117 1828 071 2662 G . Yoo o e ol 7o
I8 2 333 035 1810 0.15 28.69 26 5 676 182 2401 LI8 358 5 o 0 o cn 0
18 3 556 095 2734 051 45.66 26 6 882 259 31.61 175 49.09 : : ‘ ‘ :
32 6 652 202 2009 1.38 2829
18 4 833 177 41.73 26 7 1129 350 42.19
® © 000 000 600 000 958 32 7 8.4 270 2495 1.89 3583
. 5 00 16' 001 1644 27 0 000 000 395 000 608 32 8 000 3.46 31.09 2.49 4594
! 145003 10.68  0.01 16. 27 1 098 0.02 663 001 966 3 9 1217 433 30.12
19 2 313 033 1647 0.14 2559 2 2 208 023 955 010 1367
19 3 517 089 2435 048 39.32 : ' : : :
9 4 765 166 3co0 27 3 333 061 129 033 1850 33 g 000 000 314 000 4.7
27 4 476 112 1707 068 2858 33 | 099 o002 s16 001 737
20 0 000 000 563 000 894 27 5 641 174 2220 113 3259 33 5 167 010 726 008 10.12
20 1 135 003 992 00! 1512 27 6 833 248 2886 168 4376 33 3 243 040 958 027 1320
20 2 294 031 1511 0.13 23.08 27 7 1061 3.33 37.84 3 4 370 09 1222 0.5 1680
20 3 484 034 2194 045 330 3 o 000 000 379 000 581 33 S 490 138 1529 090 21.12
20 4 714 157 3163 28 1 094 002 633 001 919 33 6 625 195 1894 133 264l
20 5 1000 249 46.58 28 2 200 022 907 010 1292 33 7 778 259 2336 1.83 33.10
21 0 000 000 531 000 838 2803 319 059 1224 032 1734 33 8 952 333 2886 240 41.88
21 1 128 003 927 001 14.00 28 4 455 107 1602 065 2282 33 9 11.54 4.15 3588
21 2 278 030 13.95 O0.13 21.02 28 5 6.0 1.67 2065 1.08 29.89 33 10 13.89 5.09 4521
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ire refated to the confidence limits for a bino-  confidence limit is not less than 50. This  mula (5) and the normal approximation to this
nial distribution rather than a normal distribu-  means that the observed results are not incon-  example, one gets 95 percent confidence lim-
jon. Since no 99 percent confidence limits are  sistent at the 0.005 level with the loci being its ( + 1.96STD(#) of ~1.2 to 17.4. The
siven for N = 23, i = 5, the upper 99 percent  unlinked. In contrast, if one tries to apply for-  lower limit from this method is meaningless,

Table I Continued

o
wn

507 180 13.20 1.28 17.29

13.41°5.21 3977 41 13 1512 620 43.15 6.06 227 1543 1.65 2029

P
W

95% limits 99% limits 95% limits 99% limits 95% limits 99% limits
N i F r P r 2 N i 4 r 7 r 2 N i 4 I 4 r 4
34 0 000 000 304 000 460 38 6 SI7 1.65 1471 1.13 19.82 42 7 556 195 14.80 0.00 19.65
34 1 077 002 498 000 7.09 38 7 636 219 1769 1.55 23.99 42 8 667 247 1747 179 2331
34 2 161 018 698 008 970 38 8 769 279 21.19 2.02 29.05 42 9 790 3.05 20.55 225 27.64
34 3 254 048 9.18 026 12.61 38 9 9.8 345 2538 2.54 35.34 42 10 926 3.68 2416 2.76 32.90
34 4 357 087 11.67 053 1597 38 10 10.87 4.19 3048 3.13 43.34 42 11 1078 4.37 2845 3.32 39.37
34 5 472 134 1454 087 19.94 38 11 1279 501 36.84 42 12 1250 5.14 3364 3.94 47.61
34 6 600 188 1791 128 24.77 38 12 1500 5.93 45.00 42 13 1444 599 40.09
4 7 745 250 2196 1.76 30.76 39 0 000 000 261 000 392 42 14 1666 693 4825
34 8 9.09 320 2691 231 37.76 9 1 0.67 002 422 Q00 596 S 0 000 234 000 000 3.51
34 9 1098 399 33.14 293 48.82 39 2 1.39 0.16 5.85 0.07 8.03 43 1 060 002 377 000 528
34 10 1316 488 4124 39 3 217 042 760 023 1027 43 2 125 014 518 006 7.05
35 0 000 000 294 000 4.45 39 4 303 0.75 9.51 046 12.75 43 3 195 037 6.67 000 8.94
3 1 075 002 481 0.00 6.83 39 5 397 115 1165 0.75 1559 43 4 270 067 829 041 1099
35 2 1.56 0.18 6.72 008 9.31 39 6 5.00 1.61 14,08 1.10 18.87 43 5 3.52 1.03 1005 0.68 13.27
35 3 246 046 881 025 12.05 3 7 614 213 1687 150 22.74 43 6 441 144 1202 0.9 i584
35 4 345 084 1116 051 15.20 39 8 741 270 2012 196 27.36 43 7 539 1.90 1423 1.34 18.79
35 S 455 130 13.85 0.85 18.89 39 9 882 334 2398 247 33.03 43 8§ 645 273 16.73 1.75 22.20
35 6 577 1.82 1699 124 2331 39 10 1042 4.05 28.62 3.03 40.18 43 9 763 296 19.61 2.19 2622
35 7 7.4 242 2071 1.70 28.75 39 11 1222 4.84 3431 3.66 4941 43 10 893 3.57 2296 2.68 31.03
35 8 870 3.09 2522 223 3560 39 12 1429 571 4152 43 11 1038 424 2691 322 36.89
35 9 1047 3.84 3080 2.8 4456 40 0 000 000 2.54 000 3.81 43 12 1200 498 31.65 3.82 44.19
35 10 12.50 4.69 37.89 40 1 0.65 002 4.10 000 5.77 43 13 1383 579 37.44
35 11 14.86 5.64 47.28 40 2 135 0.15 567 007 7.76 43 14 1591 6.68 44.63
3 0 000 000 285 o000 43 0 3 211040734022 950 44 o o000 000 229 000 3.42
40 4 294 073 9.17 044 12.26 4 1 05 002 367 000 513
3 1 072 002 464 000 659 < T 110 1120 073 14.94
3 2 152 0.17 648 0.07 8.95 40 & 484 16 1350 107 1802 4 2 122 014 504 006 6.85
: . . . . 4 3 190 037 648 020 8.65
36 3 238 045 847 024 1SS o 0 S0 U0 U Vel ol eo
. . : : : 4 4 263 066 803 040 10.62
36 4 333 0.8 1070 050 14.50
% 5 43 126 1323 082 1704 0 8 714 262 1906 190 258 4 5 34 100 9.72 066 1279
% 6 56 176 1615 120 2201 40 9 849 324 2271 239 31.03 44 ¢ 420 140 1159 096 1524
% 7 ese 233 1959 165 2696 40 10 1000 392 2696 293 3741 44 7 522 184 1369 131 1800
36 8 833 298 2391 215 3342 40 1L 1170 467 3212 3.54 4556 44 g 625 233 1605 170 21.21
36 9 1000 370 2875 272 alop 0 12 1364 551 3851 44 9 737 287 1876 2.13 24.94
' ' ' ‘ ' 40 13 1585 643 46.69 44 10 862 346 2188 2.60 29.35
36 10 11.90 4.51 35.07
36 11 14.10 5.42 43.21 41 0 000 000 247 000 3.70 44 11 1000 4.11 2554 313 34.69
41 1 063 002 398 000 560 44 12 1154 482 2987 370 4124
37 0 000 000 277 000 417 41 2 132 015 549 007 7.51 44 13 1327 560 3509 4.33 49.52
37 1 0.70 002 449 000 6.36 4 3 206 039 7.10 021 955 4 14 1522 645 41.55
372 147 017 625 007 862 41 4 28 071 885 043 (180 4 15 1744 7.40 49.68
373231 044 B16 024 1109 41 5 373 109 1079 071 1434 45 o 000 000 223 000 3.33
34323 079 1027 048 1387 41 ¢ 460 1s2 1297 104 1723 43 1 05 002 357 000 500
3 5 424 122 1265 080 1709 4 7 574 200 1544 142 2057 45 2 119 014 490 006 665
37 6 536 171 1539 117 2086 4 8 600 254 1828 184 245 s 2 1ss 036 €2 ol s
3 7 660 226 1860 1.60 2539 4y 9 g8 314 2157 232 2923 45 4 256 064 778 039 1028
37 8 800 288 2238 208 3095 4 10 96 1379 2547 288 3502 o s a3 0o 4 oo 0%
39 957 357 2696 2.63 3794 41y 1123 452 30.16 343 4226 45 ¢ 417 137 1120 094 1467
1
8
37 12 1579 617 .17 42 0 000 000 241 000 360 45 9 7.4 280 17.98 2.07 23.76
33 0 000 000 269 000 404 42 1 062 002 387 000 544 45 10 833 337 2090 2.5 27.85
38 1 068 002 435 000 6.16 42 2 128 015 533 006 924 45 11 965 399 2429 3.04 32.72
33 2 143 016 605 007 832 42 3 200 038 68 021 924 45 12 11.11 4.67 2827 3.50 38.65
38 3 224 043 787 023 1066 42 4 278 0.69 856 042 1138 45 13 1275 542 33.03 420 46.05
38 4 313 077 9.87 047 1329 42 5 362 1.06 1041 0.69 1379 45 14 1458 624 3884
38 S 410 1.18 12.14 077 16.31 42 6 455 148 1248 1.0l 1651 45 15 1666 7.14 46.05
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being less than zero, and the upper limit seri-
ously underestimates the *‘exact” upper 95
percent confidence limit (17.4 compared to
31D

Inspection of Table 1 leads to two important
conclusions. First, the 95 percent confidence
limits are quite large except for the smallest
values of i and the largest values of N. The
large confidence interval for most of the en-
tries in Table I indicates that analysis of Rl
strains will very rarely localize a gene with
confidence to within a small region. When
linkage is detected with RI strains, a back-
cross or other cross is usually indicated to
confirm the result and to provide an indepen-
dent estimate of map position. Second, all of
the values of 7 in Table I are small (< 17.5).
This is a consequence of the large upper confi-
dence intervals and the fact that 7 must be less
than 50 for the data to be reasonably inter-
preted as indicating linkage. The fact that only
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small values of 7 are consistent with a high
probability of linkage may lead to a bias to-
ward reporting understimates of map dis-
tances using RI strains, since overestimates
will frequently go unreported for want of
compelling evidence of linkage. Therefore, it
is not surprising that analysis of backcross
mice has in the past led to upward revision of
the estimate of r derived from analysis of RI
strains’. While Rl strains are extremely useful
for screening for linked loci, a clear apprecia-
tion of the quantitative limitations of the
method and the probabilistic meaning of the
results is important for proper interpretation
of linkage data.
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