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Integration of What and Where in the Primate 
Pref ron tal Cortex 

S. Chenchal Rao, Gregor Rainer, Earl K. Miller* 

The visual system separates processing of an object's form and color ("what") from its 
spatial location ("where"). In order to direct action to objects, the identity and location 
of those objects must somehow be integrated. To examine whether this process occurs 
within the prefrontal (PF) cortex, the activity of 195 PF neurons was recorded during a 
task that engaged both what and where working memory. Some neurons showed either 
object-tuned (what) or location-tuned (where) delay activity. However, over half (52 
percent, or 641123) of the PF neurons with delay activity showed both what and where 
tuning. These neurons may contribute to the linking of object information with the spatial 
information needed to guide behavior. 

Anatomica l  segregation of processing is an  
important principle of neural organization. 
E \ ~ e n  within a modality, largely separate 
path\\-ays process different attributes of the  
same stimulus. Perhaps the best explored 
example of segregation is in  the  visual sys- 
tem, where the  analysis of visual scenes is 
carried out by at least two path\vays. A 
"ventral path~vay" through ~nferior tempo- 
ral ( IT)  cortex processes inforrnatlon about 
features that identify objects, such as shape 
and color (object, or "what" information), 
and a "dorsal pathway" through posterior 
parietal (PP)  cortex processes inforlnation 
about location anii spatial relations among 
objects (spatial, or "where" information) 
( 1 ) .  This example raises the question of 
~vhere  and h o ~ v  information about object 
identlty is integrated \\-it11 information 
ahout object location. O n e  region that may 
play a role In integration is the  prefrontal 
(PF) cortex, which receives inputs from 
virtually all of the  brain's sensory systems 
(2 )  and has long been thought to be an  area 
where diverse signals are integrated to serve 
higher order cognitive functions. 

A nlajor contribution of the  PF cortex to  
cognition is the  actlve maintenance of be- 
ha\-iorally relevant information "online," a 
process known as working menlory (3). 
Working memory is typically studied in 
tasks in  which a n  anilnal must remember a 
cue stimulus over a delay period and then 

make a behavioral response based o n  the  
cue. Physiological studies in  monkeys have 
revealed that many PF neurons are highly 
active during the  delay of such tasks (4) .  
T h e  activity is often cue-specific, suggesting 
that this "delay activity" is the  neural cor- 
relate of the  n~orking memory trace. Given 
its central role in cognition, PF neurons 
that contribute to ~vorking memory are ob- 
\-ious candidates for integrating diverse sig- 
nals. Ho\vever, the  extent to  which differ- 
ent  types of information, such as what and 
where, are Integrated within the  PF cortex 
is not \veil understood. Highly processed 
spatlal information from the  PP cortex and 
object i l~for~nat ion from the  IT cortex are 
recelved by separate regions of the  PF cor- 
tex, the  dorsolateral (areas 46 and 9) and 
the  ventrolateral (area 12 )  PF cortex, re- 
spectively (5), but there are interconnec- 
tions between these regions that could 
bring what and where together (2 ,  6 ) .  

Physiological studies have found that 
different neurons and even different regions 
of the  PF cortex convey either object infor- 
mation ( in  the  ventrolateral PF cortex) or 
spatial information ( in  the  dorsolateral PF 
cortex), l~ i t t  n o  neurons have been reported 
to  convey both (7). In  previous studies, 
ho\vever, working memory for what and 
where was examined in t n ~ o  separate tasks: 
an  ohject task and a spatial task. This sep- 
aration rarely occurs in  the  real world and it , 

raises the  possibility that the  apparent seg- 
Departmeni of Bran and Cognt~ve Scences and The 
Center for and Memoly Massachusetts I ns t -  regation of \vllat and where n~orking mem- 
tute of Technology Carnbr~dge, MA C213-3. USA ory reflected an  artificial behavioral segre- 
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dividual PF neurons, we employed a task in 
which what and where are used together. 

O n  each trial (Fig. 1 ), lvhile the ~uonkey 
maintained fixation of a fixation spot, a 
sample object was briefly presented at the 
center of gaze. After a delay, two test ob- 
jects \\-ere briefly presented at two of four 
possible extrafoveal locations. One of the 
test objects matched the sample, the other 
was a nonmatch. After another delav, the 

Fig. 1. A typcal behavoral F~xat~on 

monkey had to make a saccade to the re- 
membered location of the match. Thus, this 
task required that the monkey, n-ithin a 
trial, link ~ v h a t  with where. It had to re- 
member the obiect's identity over the first 

tr~al The correct behav~oral 
response a saccad~c eye 
movement to the remem- 
bered ocaton of the match- 
ng object, IS ~nd~cated by 
the arrow The order of pre 

delay (the what delay), use that lllforrnation 
to find the match, and then remember its 
location over the second delay (the where 
delay) (8). 

W e  recorded the activity of 195 neurons 
from the lateral PF cortex of tm.o monkeys 
(9) .  Many of the neurons were activated 
during the delay intervals. To  discern 
whether the level of delay activitv was re- 

Sample 
"What" 
delay 

lated to the inforlnation retained in mem- 
ory, we perforined analyses of variance 
(ANO\7As) on each neuron separately 
(16). The sample object was the factor for a 
one-way ANO\7A on activity from the 
what delay (OBJECT factor). The  cued lo- 
cation (LOCATION factor) and ol~ject 
used to cue it (OBJECT factor) were used 
for a two-~vay ANO\7A applieil to the 
n.here delay activity. O n  the basis of the 
ANOVAs (evaluated at P < 0.01), 64% oi- 
the neurons 11231195) sholved delay activ- 

sentaton is from the upper 
GI 

ity that varied depending on eitlier the 
object or location, or hoth. 

Some PF neurons (81123, or 79'0) shon.ed 
delay activity that Ivas significantly tuned 
to the sample object only. During the what 
delay ~vhile the monkey v ~ e ~ v e d  a blank 
screen and held the sample object in vrrork- 
ing memory, these neurons were highly ac- 
tive, with different sample objects evoking 
different levels of activity (OBJECT factor, 
P < 0.01). By contrast, during the where 
delay while the monkey had to hold loca- 

Test 
objects 

tion infor~nation in working memory, none 
of these cells xere selective for the cued 
location (LOCATIOS factor, P > 9.01) or 
for the saruple object (OBJECT factor, P > 
0.01). For example, the neuron shown in 
Fig. 2A sho\ved significant salnple object- 
tuned activity during the what delay. Dur- 
ing the where delay ~ v h e n  the task delllands 
shifted to retaining location information, 
the neuron's activity decreased relati\-e to 
its level of activity during the what delay. 
We ternled these neurons "~vhat" cells. 
Thej- appear to be specialized for ohject 
~vorking memory. 

Other neurons (511123, or 41%) were 
not selective for the salnple ohject during 
the what delay (OBJECT factor, P > 9.01) 
but sho~ved significant tuning for locations 
during the where delay (LOCATION fac- 
tor, P < 0.91). For nearly all of these neu- 
rons (48151, or 949/o), object information 
had no effect on the \vhere delay activity 
(OBJECT factor, P > 9.01, LOCATION X 
OBJECT interaction, P > 9.01). For exam- 
ple, the neuron sholvn in Fig. 2B exhibited 
relatively little activity until a location was 
cued by the matchlllg ohject. Then, during 
the \\,here delay, this neuron Ivas highly 
active, vrrith differellt locations eliciting sig- 
nificantly diiferent levels of activity. \Ve 
termed these neurons "~vhere" cells because 
they appear to be specialized for spatial 
working lneinory (1 1 ) . 

Over half of the PF neurons with delay 
activity (641123, or 52%) Ivere not special- 
ired but rather appeared to contribute to 
both ohject and spatial work~ng memory. 
Their what delay activity varied significant- 
ly with the ohject used as the sample (OB- 
JECT factor, P < 0.01), and their nihere 
delay activity ~ ~ a r i e d  significantly vr71th 
which location n.as cued (LOCATION fac- 
tor, P < 0.01) (Fig. 3A).  They were highly 
selective for both objects and locations. O n  
average, there Ivas a 64% increase in what 
delay activity after a good (preferred) sam- 
ple object over the activity after a poor 
(nonpreferred) sample object and a 71% 

1 

A "What" delay "Where" delay 
1001 

left to the lower r~ght 

101 
- - 

0.0 0.5 1.0 1.5 2.0 2.5 
Time from sample onset (s) 

8 

Fig. 2. Responses of s~ngle PF neurons showing 
e~ther object-tuned (A) or ocaton-tuned (B) delay 
activity. The small horizontal line on the left of each 
hstogram ndcates the tme of the sample object 
presentation, and the line in the middle indicates 
presentation of the test objects. "Good object" 
and "poor object" refer to the objects used as 
samples "Good location" and "poor location" re- 
fer to the locations cued by the matching object. 
"Good" or "poor" refer to the object or location 
that elicited the most or least activity, respectively. 
Bin w~dth. 20 ms. 

"Where' 
delay 

increase in \vhere delay activity after cueing 
of a good location 01-er the activity after a 
poor location. Thus, these "\{~hat-and- 
where" cells conveyed object and spatial 
information durine different evochs of the 

59. 

same beha\-ioral trial and appeared to con- 
tribute to both object and spatial working 
memory. \Vhat cells, where cells, and what- 
and-~vhere cells Ivere distributed equally he- 
tween the dorsolateral PF cortex and the 
ventrolateral PF cortex (12). 

Because Ive cued each location with an 

I 

1 Cho~ce 

ohject, locat~on-tuned activity could have 
conveyed either location inforlnatlon alone 
or infornlation about hot11 the location and 
the inatching object that cued it. W e  found 
exarnnles of hoth. The two-wav ANOVA 
reveaied that a little over half of the vvhat- 
and-where cells (36164, or 5706) showed 
location tuning in the where delay that was 
unaffected by the rnatch ohject (LOCA- 
TION factor, P < 0.01, OBJECT factor, 
P > 0.91; LOCATION X OBJECT inter- 
action. P > 0.01); that is, the level of 
activity for a given locatloll was the same 
regardless of ~vhich ohject cued it. \Ve also 
cond~cted .  for each neuron. a discriminant 
analysis on the activity from the where 
delay to measure the amount of infor~nation 
carrkd ahout the cued location and the 
Inatchins object. The discrilninant analysls 
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Fig. 3. (A) Response of a single 
PF neuron show~ng object- 
tuned activ~ty n the what delay 
and locat~on-tuned activ~ty in 
the where delay. (B) Object and 
locat~on nformat~on. Average 
histogram of the 28 what-and- 
where cells for which both oca- 
tlon and object s~gnificantly af- 
fected where delay actvlty (on 

A 
"What" delay 

:loo( 

"Where" delay 
M 

Good locatlon 

' 
I ,  

I I . , 

"Where" delay 

60 
u 

Good ob'ect 3 good locaton 
50 r object i good locaton 

fn 

$40 
fn 

.; 30 
V) 

3n -- 
the b a s ~ ~  of an ANOVA: see 0.0 0.2 0.4 0.60.8 1.0 1.2 1.4 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 1.5 2.0 2.5 
text). Cue~ng a good location Time from sample onset (s) Time from sample onset (s) 
w~th a good object elicted more 
activty than cueng a good location with a poor object. However a poor ocaton el~cted less actvity than a good locallon, regardless of which object cued 
~ t .  See F I ~ .  2 for conventions. 

a t t e m ~ t e d  to  classify, on the  basis of a neu. 
ron's ;iring rate on hach trial, which one of 
the  four locatio~ls n.as cued or n~h ich  one of 
the  four obiects was the  match 113). Be- ~, 

cause four ohjects and four locations were 
used, chance performance for each classifi- 
cation was 2540. For these neurons, the  
lnean successf~~l class~ficatioin rate for loca- 
tlons on the  basis of where delay activity 
was 33.306, vrrhich was significantly greater 
than chalice ( t  test, P < 3.991) (14) .  By 
contrast, t he  mean classification rate for 
ohjects on the  basis of nhere  delay activity, 
25.6O.6, was not  significantly different from 
chance (P = 3.296). Thus, after having 
conveyed ohiect infor~nation in  the  n h a t  
delay, these neurons "slvitched modes" and 
conveyed only location information in the  
where delay. This transforlnation mirrors 
the  dernancls of the  behav~oral task. 

For the  remalIliIlg ~vhat-and-~vhere  cells 
(23164, or 4q06), both object and location 
inforlnation significantly affected the  vr~here 
delay activity (LOCATION factor, P < 
9.31; OBJECT factor, P < 3.31> or LOCA- 
T I O N  X OBJECT interaction, P < 3.31). 
T h e  predominantly location-tuned activity 
Ivas further ~nodulated hv the  ohiect that 
cued the  location. For a given location, the  
where delay activity was higher if a good 
object cued it than if a poor object cued it 
(Fig. 3B). For these neurons, the  mean clas- 
sification rate for locations o n  the  basis of 
where delay activity vr7as 34.240, ~vhereas 
the  classification rate for obiects. 23.3%. 
was smaller, but significantly ahove chance 
(hoth  different from chance, P < 0.301) 
(1 5). Thus, the  where delay activity of 
these neurons reflected both the  cued loca- 
tion and the  object that appeared in it, that 
IS, integrated what and where i~lformation. 

Recent studies have emphasized a segrega- 
tion of ohject and spatial illforrnation process- 
ing in both the visual cortes and the prefron- 
tal cortex. The  results of the uresent study 
indicate that lyhen object and location infor- 
mation are used together (as is typically the 
case in the real world), infor~nation about 
these attributes converges in the PF cortex. 
Indeed, the results support the notion that a 

function of the PF cortex is to integrate dis- 
parate i~lforlnation (16). What  and nhere 
sig~lals could he integrated through intercon- 
nections hetween dorsolateral and ventrolat- 
era1 PF cortices (2,  6),  through converging 
projections from the parietal and temporal 
cortex on the frontal cortex (1 i), through 
cross-talk m the visual cortex ( IS) ,  or through 
a combination of these path~vays. In any case, 
slngle PF neurons that process hot11 what and 
where signals may contr~hute to the linking 
together of ohject information with the spatial 
i~lformaiion needed to direct action. They 
may also help synthesize a unified representa- 
tion of objects in their places. Indeed, the 
activity of many neurons simultaneously re- 
flected a locat~on and the ohject that ap- 
peared in it. They may play a role in integrat- 
ing nha t  and ~vhere in ~vorliing memory. 

Finally, the fact that the properties of 
Inany of the delay neurons ~nirrored the re- 
cluir;ments of thd task (they co~lveyed first 
ohject, then location, information) suggests 
that the PF cortex is "tuned" by hehali~oral 
demands (1 9). Functional topography of sen- 
sory cortical areas changes with experience 
(2L1). It may be that the PF cortex, which 
plavs a central role in the  flexible guidance 
L ,  

of behavior, exhibits extensive f~~nc t iona l  
plasticity. Thus, the PF cortex may be highly 
modifiable, its representations changing to 
meet the de~ l l a~ lds  placed on it. 
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8 Eys posto l i  v'ias lnoiitored by means of the sceral 
ssarch c o  method [D A Rob~nson IEEE Trans. 
E loped Eny 10. 137 (1 963)] The sample and test 
objscts wers prsssl-ted for 400 ms and tile dsays 
were 1000 ms Ttis moikeys (ibqacaca fasicularis 
and ivlacaca pulatia) wers requirsd to mantan f~xa- 
t on  of a central spot ttiroughout the tral. At ths snd 
of the wtisre delay, the f~xat~on spot was extlr- 
gushed and small (0 3") spots appeared sn;uIta- 
nsousy at sach of the four ocatons used In t hs  task 
( F I ~  1) Ths was the monksy's "go" s~gnal It then 
tiad to maks a drect saccads to the spot that was at 
the ocat ioi  whsre ths match had appsarsd. Thsfour 
ocatol-s were 01- the horzonta and vsr ica  ineridl- 
ans, 4" above, below, to ttis r~ght, and to ths left of 
fixat~on The four objects wsre color plctures of "real 
word'  objscts 2" by 2" r sze Each object was used 
as a sample or match o r  some trials a ~ d  as a ro l l -  
match on other tr~als, and each object was used to 
cue each ocat on. 'Vtlith r t i~s d e s g ~ ,  wtiat a i d  wtiers 
are Inked w ~ t h n  a s n g s  tral. but across t r a s  they 
ars varsd rdeps identy  (that is. no object s excu- 
s~vely linked w ~ t h  a ocat~on). The same four objects 
and Iocat~ol-s \.wet's used tiiroughout the experment. 

9. Record~ig s~tes were local~zed by magnetlc reso- 
rancs maglng 

10. Delay actvlty was at-ayzed over the last 800 ms of a 
1000-ms delay \!Ve d d  not nclude ttie frst porion of 
the delay to exclude at-y respot-ses related to the 
ofset of the precedng stmuus. On averags, data 
from about 600 corrsctly periormsd tr~als (about 
8590 of the total irals) wsre collected from each cell. 

11. We c d  not dsthngu st? betwssn location-tuned ac- 
t ~ v ~ t y  related to retaining sensoy nforlnaton about a 
ocaton and actv~ty related to a "inotor set" of the 
forthcomiig saccads. Howsver prsvlous stud~ss 
have foul-d ttiat the actvty of most of the PF delay 
isurors  IS rsiated to rstanng sersoy rattisr ttian 
lnotor nforlnat~on IS. Funatiasti~. M. V. Chafss, P. S. 
Godlnan-Rakc hla?ure 365 753 :< 9931, G 3 PSIS- 
grlno and S. P. Wise, J. I\leurosci. 13. 1227 (1 993)l. 

12. 'V4e lnapped a 12 m m  by 12 mm sxtent of the lateral 
PF cortex at 1 m m  n t e n ~ a s  using a grid system 
(Crst Instruments Damascus. MD). Ttie recordng 
chamber was csntered on ths p r n c ~ p a  sucus. Its 
posteror end was 2 lnln bshnd ttie bow of ths 
arcuate sucus. The dorsal and vet-tra recordngs 
extended to about just above a r d  below the supe- 
rlor and nfer~or arcuate sulc~. respemvey. Thedor- 
soatera PF coriex e s  In and dorsal to the princpal 
sulcus, and ti le ventroatera PF cortex e s  o r  the 
nfer~or convexity ventral to the p r ~ n c p a  sucus. 
'Vtlhat cells, wtiere ce Is. and what-and-where c e s  
wsrs found about squally In ths dorsoatera and 
ventroatsra PF coltsx, In ttie dorsoatsra PF cor- 
tex 3 what cells. 25 wtiere cells, and 34 what-and- 
where cs ls  were found, In the ventroatera PF cor- 
tsx 5 what csls,  26 wtiere cells, and 30 what-and- 
where cells were found. Ttie ANOVAs dentifled 
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h g h y  seectvn neurons across the popuaton,  sn- 
e c t v t y  for wliat and for wtiere vared along a con- 
tn,ium froln nonsenctve neurons to hg t i y  sn:ec- 
t ve  nnurons 

13 To emna teany  o p t m s t c  b a s  In the class~f~cat~on. 
we perforned thn discrmnant analys~s w t h  cross- 
v a d a t o n  that s the ds t rbu ton  of means ior each 
class was computnd on half the data, chosen ran- 
do,iily. and these means were used to cassfy  thn 
objncts or locat~ons In thn othnr tialf of the data 

14. Becausn thn actvty of n d v d u a  nnurons 1s "nosy," 
they rarely pnrform as w e  as thn anlmal as a whole 
By pool'ng the activty of multiple neurons it IS pos- 
s b e  to reducn nose and a nnura class~f~cat~on rate 
equal to behav~ora perforlnance can thus be 
actieved [for detas ,  see E. K. Mler ,  L. LI, R Des'- 
rnone J. i\!eurosci 13, 1460 (1 9931,. 

15. Ttinr reatvey o w  class~f~cat~on rate for objects on 
thn bass of vdhere delay act vlty (28.3O6) vdas not 
due to t ' ie generay poor ability of these neurons at 

cassfyng objects, ther mnan class~f~cation rate for 
objects on thn bass of what dnlay act~vity vdas 
s~gnf lcanty grnater i32 3"b, P < 0.001 1 The lower 
rate could tiavn been due, In pr incpe, to an effect 
of the nonmatcting object whct i  vdas not ncuded  
In the cass~f.cat~on and thus could add "nose ' 
tiowever, thn mean cassfcat  on rate of a discrim- 
nant analyss of the vdhere dnlay actvlty that at- 
tnmptnd to class~fy the nonmatcti~ng st~mulus 
(24 8%) vdas not dffnrnnt froln chancn (P = 0.680) 
ndcat ing no effnct of thn nonlnatch on the vdhern 
delay actlvlty. Ttius, thn etect of object on thn 
wtiern delay activity appnars to bn due to the matcti 
object alone. 
See J. M Fuster ivlemoij~ in +he Cerebral Codex 
i M T  Press. Cambr~dge, MA '995). 
J B u ~ e r ,  J .  D. Schall, A. Morel, Beiia!/. Bran Res 
76 89 (1 996) 
\I. P. Fnrrera K. K. Rudolph J. H. R. Maunsnl, J. Neu- 
rosci. 14,6171 (1994) A B Sereno and J H R Maun- 

Delta-Interacting Protein A and the Origin of 
Hepatitis Delta Antigen 

R o ~ T e r t  Brazas and Don Ganenl ( 1  ) propose 
that the  cellular p ro te~n ,  delta-interacting 
protein A (DIPA),  interacts with hepatitis 
delta antigen (HDAg) ,  affecti~lg hepatitis 
delta virus (HDV) replication. Although 
their work provides usefill information 
allout the  liiology of HDV, the  nlain COII- 

clusion, that DIPA is the  c e l l ~ ~ l a r  homolog 
of HDAg,  is not supported by their data. 

W e  have examined the  statistical signif- 
icance of the  match between HDAg and 
DIPA protein sequences hy Monte Carlo 
sirnulation. In their con~parison betn.een 
HDAg and DIPA protein sequences, Brazas 

quence, a relatively simple chelnlcal prop- 
erty. However, the  match lietween HDAg 
anil DIPA is also not  significant, with the  
use of the  PAM-250 nlatrlx (data not 
s11om11). 

While various matrices may give iliffer- 
ent  similarity measureinents, the  identity 
relnains the  same given a particular align- 
ment.  However, the  identity match is a 
r e s ~ l t  of a biased amino acid comvosltion. 
A Monte  Carlo simulation compari~lg 
HDAg to  10,000 random seiluences that 

and  ane ern reported a n  Identity of 24% 
0,16 J Identity Similarity 

and a sllnilarity of 5bo/o, using the  GES 
scale, which considers hydrophobicity when 
iletermining the  distance matrix for substi- 2 o,lo 
tutions ( 2 ) .  W e  compared HDAg with $o,08 
10,000 rando~nized DIPA sequences, using 2 
the  G A P  program with the  same parameters 
as Brazas and G a n e ~ n  (1 )  (a  gap \%,eight of 
3.0 and gap length weight of 0.1).  T h e  
probability histributlons f i r  identity match 
and for silnllarlty values that  are deter- 
mined using the  GES scale (1)  sholv that 
the  n a t c h  between HDAg and DIPA is not  
significant (Fig. 1A) :  T h e  prolialiility for a n  
identity match greater than or equal to 24% 
is 13.2% and the  probability for a silnilarity 
nlatch greater than or equal to  56% is 
14.196. This does not support the  proposed 
coillnlo~l ancestral relationship between 
HDAg and DIPA. 

Furthermore, it is inappropriate to  use 
the  GES scale to determine homologous 
relationships hetween protein sequences, 
liecause convergent evolution could easily 
affect the  l~ydrophol i ic i t~  of a protein se- 

0 10 20 30 40 50 60 70 
Matching percentage 

Matching percentage 

Fig. 1. Probability distributions for (A) DIPA se- 
quence randomized and (B) randomization based 
on average amno acid compos~ton. 

sell. lo!/esi OptJ%/ Msual Su. 36, 692 (1995). 
19 A neural nntvdork mode also suggnsts that the ex- 

tnnt to wh~ch wtiat and where are segregated or 
intngrated In ttin prefronta corinx depends on task 
demands [T. S. Braver and J. D. Cohen, Froc. Coy- 
nit. Neuroscl. Soc 2.  95 (' 995,j 

20. G, t i .  Recanzone, M M. Mnrzench \!IJ M. Jenkns, 
A. G. K a l n ,  t i .  R. D~nse, J I \ l e~~ rop /~~ ,~s~o l  67 1057 
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have the  average amino a c ~ d  c o n r ~ o s i t ~ o ~ l s  
of an  overall protein with the  same length 
of the  DIPA protein sequence shows that  
the  ohserved similarity is again not  signifi- 
cant (P = 15.2%), but the  identity ~ n a t c h  
\vould have been significant (Fig. 1B). Thus 
the  reported "match" is biased by the  amino 
acid co~npositiolls of HDAg and DIPA. [K7e 
used the  amino acld comuosition derived 
from the  exon database developed from 
GenBank release 90. where reilundant se- 
quences are deleted by a similarity criterion 
of 20%. For detailed procedures, see ( 3 ) ] .  

T h e  three amino acid colnpositions are 
listed (Table 1 ) .  Both HDAg and DIPA 
have similarly biased ainino acid composi- 
tions w i ~ h  overrepresented residues llke 
Glu,  Gly, and Arg and underrepresented 
His, Thr ,  and Tyr. This will lead to elevated 
identlty inatchi~lg bet\veen the  simulated 
random sequences and HDAg. 

W e  conducted a test of the  effect of 
ainino acid cornposition o n  the  identical 

Table 1. Amino acid compositions of HDAg, 
DIPA, and the exon database. 

Resdues HDAg DIPA Database 

Ala 
CYS 
ASP 
Glu 
Phe 
Gly 
HIS 
lle 
Lys 
Leu 
Met 
Asn 
Pro 
Gln 
Arg 
Ser 
Thr 
Val 
T ~ P  
Ty r 
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