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Ab~m~--Hymeno~em ~ p ~  ha~ low ~ l s  ~ ~ m e  ~da~on yet gene~c ma~em am required ~ r  
=ud~s ~ m ~ d n e s ~  R ~ u ~  ~ a ~ e y  ~ ~ m e  ~ o n  in ~e o~er am p m ~ n ~  D~a were 
ana~sed b~h in ~rms of the pmpo~on ~ 5mes ~ o n  has been ~und ~ th  pa~cu~r en~mm~a~ng 
~stems and ~e average h e m m ~ g ~  dmec~d ~ ea~ ~ e m .  Some ~ ~e mo~ frequency ~r ia~e 
enzymes ha~ n~ been mutine~ ~weyed. Some p o s ~ e  masons for th~ am d~cussed and some 
m ~ l  im~o~me~s am sugge~ed. 

~troduc~on 
AIIozyme varia~on can be used to ca~u~te coeffi~en~ of relatedness among inte~ 
a~an~ in natural populations ffor a m~ew of methods for estimating m~tedness see 
[1]). Such ~ud~s am pa~icu~dy crucial to the understandbg of the evolution of 
sodality in the Hymenoptem because of the h~h coeffi~ents of m~tedness among 
sisera that may msuR under cond~ons of ha~odiplo~y and monoandry [2, ~. The 
demon~m~on of high m~tedness among he,mates would suppo~ the gene~c 
m~tedness hypothe~s for the evolution of a wooer  caste. Unfo~unately, com- 
parative~ few investigaSons of m~tedness among ne~mates in hymenoptemn 
s o c ~ e s  have been pe~ormed, pa~icu~dy for pdm~ve~ eusoc~l specks [4, ~. One 
mason for th~ has been the comparative paucity of suita~e albzyme varia~on in the 
Hymenopte~ as a whole [6--~. 

~ ~ w~l  known that them is substantial variation in heterozygosffy among enzymes 
[9, 1~. Howeve5 them have been no punched surveys of the frequency with which 
different enzyme sy~ems have been found to exhi~t varia~on in the Hymenopte~. 
This paper serves to fill th~ gap. We find that some of the poten~al~ mo~ useful (i.e. 
mo~ frequently variable) enzymes am not routine~ surveyed. 

Two measures of genetic vafia~on were used: Pv--the propo~ion of loci for a 
pa~icu~r enzyme ~aining sy~em that exhibffed variaSon and He--the average 
expe~ed heterozygosity. Both vafia~es am avenged across taxa for each of the 49 
enzyme ~aining sy~ems for wh~h suffi~ent data were availa~& Wherever the 
number ~f loci (N~) is referred to, all ~ozyme loci for an enzyme am ~duded. Where 
the number of studies (/V,) ~ referred t~  an enzyme is included for each species onc& 
irrespective of the number of ~ozyme loci reposed. 

Results 
Da~ were a v a i ~ e  for a total cf 172 s p e c ~  some of wh~h have been ~ud~d morn 
than once to give a total of 194 species/popula~ons surveyed for al~zyme varia~on. Of 
these, 27 (20) were sawflies ~gums in bmcke~ refer to the number of species 
surveye~ those before bBckets include a specks once for each sepa~te ~ud~,  22 
(21) paBsitica, 46 (44) ant~ 22 (2~ vesp~ wasp~ 71 (61) bee~ five ~ve) sphec~ 
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wasps and one (one) a scoliid. The number of loci surveyed per species ~nged ~om 
seven to 51 ~ve~ge 18.3±10.3) and the enti~ data set represents over 3,700 
hymenopte~n Io4. The mean number of haploid genomes was 8~7±8~5 for species 
sampled as ~ee-living ~dividua~ (as opposed to c ~ o n ~ .  For social species w~h 
~sulls p ~ e n t e d  as number cf ne~s samp~d ~ther than the number of i n d i v i d u ~  
the mean number of colonies surveyed was 193 ±17.8. 

The enzymes surveyed thor EC numbe~ (from [11]) and estimates of Pv and, whe~ 
ca~u~N~ H e a~ li~ed in Table 1. The da~ a~ broken down into vadous ~xonom~ 
subgroup& G te~s (with Wil l~m~ cor~ction) were performed for inteKaxon 
comparisons whe~ 15 or mo~ loci had been ~ud~d per subgroup. Twenty-two 
comparisons we~  made, the~by maNng E like~ that some ~gn~cant ~su~s we~  
obtained through type 1 erroL Howeve5 on~ two comparisons we~  ~gn~cant at the 
0.05 level (Lap and Mdh), the ~maNder were mo~ highly ~gn~cant as follows: Amy 
is less vadab~ in sawflies that in an~ (P<&001), Fum and Iddh a~ less vadable in 
sawflies than in bees (P<&01 in both cases) and Pgm appea~ less vadable in an~ 
than in other Hymenopte~ (P<&00~.  

Spearman's ~nk c o r ~ o n  coeffi~ent was ca~u~ted between N~ and both Pv and 
H~ across the 49 enzyme& NeEher relationsh~ was ~gn~cant (~= &204 and 0382 
between N~ and Pv and H e, ~spectively). This sugge~s that not all of the mo~ vadable 
enzymes are routin~y surveyed in ~ud~s of Hymenopte~. 

Discus~on 
The mo~ highly ratable enzyme sy~ems can be seen at a glance in Fig. 1. Of the mo~ 
va~ab~ sy~em~ only four a~ routine~ surveyed (Est, Gpi, 6Pgd and Pgm with 89, 
11~ 64 and 128 ~ u d ~  ~spectively). The other mo~ varia~e enzyme systems have 
been surveyed an avenge of on~ 23 ~mes ~hese a~ Aa~ Aha, Ala, Am% Ca~ Diap, 
Bgal and Gda). Why a~ these sy~ems less ~equently investigated? 

~ is not easy to obtain clear staining ~su~s for some of these va~able enzymes, 
Aha and Bgai are mo~ active in larvae or pupae [12] than in the adult ~age normal~ 
used in ~ e c t r o p h o ~  Nonethe~s~ we have succes~ul~ used Aha on ~cen~y 
eclosed bees and have obtained fain~ but s c o ~  resuhs #ore on~yeaP~d queen 
sweat bees ~ n p u ~ h e ~ .  We have not yet obtained clear ~su~s for Bgal. We have 
had g~at difficulty obtai~ng resu~s with Ala des i re  having t~ed a wide va~ety of 
~ p e s  and buffer sy~em~ Mo~ ~ p e s  for Amy cannot be used on ~a~h gets ~or 
exceptions see [13, 1~) and we have not dete~ed activhy for this enzyme using 
cellulose acetate. P~yacrylamide may g~e be~er ~ s u ~  We find ~su l~  with Cat 
~ p e s  a~ blurry and o~en epheme~l and difficu~ to sco~, Gda can be ~ained 
~ear~ in Hal~dae when the ~cipe (see appendix) is followed careful~ but seems 
mo~ difficu~ to ~ s u ~ e  in other bee ~mil ies ~ n p u ~ h e d )  and perhaps other 
hymenopte~n groups. NADPH-dependent d~phorase is not o~en surveyed perhaps 
because of the g~at expense of the subs~ate (NADPH). For a ~ p e  that uses less of 
this chem~al see Re~ 15. 

Inte~aboratory va~a~on in the de~c~on of genetic va~a~on is well known [1~. Not 
many ~boratories have reded a wide ~nge of hymenopte~n ~xa for a wide ~nge of 
enzymes. The ~x ~gn~cant diffe~nces in individual enzyme P~ among ~xa may 
resu~ ~om va~a~on in methods used among labo~to~es ~ther than ~fiecting real 
differences among taxa. Nonethe~s~ there is one compa~son for wh~h a speculative 
explanation for the ~gn~cant diffe~nce may be justified: that between levels of Amy 
vacation in sawflies and an~. All sawflies surveyed a~ herb~orou~ whe~as the an~ 
a ~  predominantly animal-eating. Stash d~estion is mo~ impoKant to s a w f l ~  
perhaps ~su~ng in g~ater constraints upon am~ase vacation than in arts. This could 
be tested by compa~ng am~ase varia~on in p a ~ t o ~  sawflies ~he ~ m i ~  Orus~da~ 
and ants with much ~a~hy food in their diet ~.g. Pogonomyrmex). 
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The ~sul~ p~se~ed he~in suggeM Hat some enzyme syMems a~ mo~ like~ to 
de~ct genetic variaSon useful for ~ d n e s s  estimation than other. Howeve~ ~ 
should be ~ s s e d  that some of the ~ss f~quenfly vada~e systems do p in ,  de useful 
genetic ma~e~ in some instances. ~ is ~commended that 30 or mo~ Mdividua~ be 
~Med for as many enzymes as possible. The coM of suwe~ng this number of 
~dividua~ for a~und 35 enzyme~ ~su~ng in between 45 and 52 sco~b~ IocL in our 
labo~todes appm~m~es U.S.$320 for all chem~a~ M~u~ng ~a~h. It should be 
possib~ to ~duce H~  by u~ng c ~ s e  ac~a~ ge~ for He moM expensive enzyme 
~ain~ In add~on to the detec~on of as many varia~e loci as p o s ~  such effo~s will 
also produce useful estima~s of he~mzygosit~ Hemselves bad~ needed to teM the 
vadous hypotheses of the causes of low levels of genetic vada~on in the 
Hymenopte~. 

We would be g~teful for summaries of the kind of informa~on p~sen~d he~ from 
~sea~he~ who have suweyed allozyme variation in Hymenopte~ not included in our 
~ e w .  

Method~og~al 
We suweyed the I ~ e ~  for Mud,s of hymenopte~n al~zyme vada~on. Early 
~po~s that p~sen~d ~formaSon on one or a ~ w  syMems a~ not included as these 
were f~quently biased towards documenting variation. ~milad~ we have not 
included da~ #om pape~ Hat estima~d ~ d n e s s  using al~zyme ma~e~ wi~out 
al~o ~po~ng ~cse loci ~at  proved to be monomorphic. 

The e n ~  hymenopteBn I h e ~  on allozyme vada~on has been suweye~ not 
juM that for groups which contain social species. This is because the~ we~ many 
enzyme syMems suweyed by Mude~s of one ~xonom~ group that had not been 
used by ~sea~heB of other ~xa. Effo~s to Main enzymes that a~ varia~e in one 
group but unMud~d in otheB should be wo~hwhile but first we have to know wh~h 
enzymes ~ese a~. 

Whh one exception, a species ~ included in the suwey each dme ~ has been 
Mud~d. The exception is the honey bee for which ~pea~d verification of the mono- 
morph~m or po~morph~m of pa~cu~r loci has been made ~dependently for 
diffe~nt ~ces or ~e  same ~ce f~m ~ffe~nt Ioc~es.  On~ Hose enzymes for wh~h 
10 or mo~ loci (i.e. 10 species for a single locus syMem, five species for a two locus 
syMem) have been ~udied a~ included in the a n a ~  

Two measures of variabiliW we~ con~de~d: ~ ,  ~e  p~po~on of loci dmec~d by 
a pa~cu~r enzyme Ma~ing syMem that was vadable at any frequency at all within 
species/populations; and H e, the avenge expe~ed h~emzygos~y calculated across 
~xa. The ~ e r  pa~meter o~en had to be ca~u~ted for ~dividual ~xa from punched 
~ w  data. Some Mud,s limed varia~e and invariant loci wRho~ prodding he~m- 
zygosiW estim~es or a~ual~ stating gene f~quen~e~ Consequentl~ sam~e s~es 
a~ smal~r for analyses of H e than for ~ .  

Punched data we~ o~en p~semed by populations of a species. In such cases, an 
al~zyme locus was sco ld  as vadable ff one or morn populations e x h i ~ d  any 
h~e~zygosity at that locus and h~emzygosiW was ca~a ted  a~er c o m ~ n g  allele 
coun~ ac~ss population~ 

No a~em~ has been made to hom~og~e diffem~ ~ozyme loci whhin an enzymm 
Maining sys~m across taxa because informa~on permi~ing this was not always 
p~sen~d. For e x a m ~  some ~udies diffemntia~d between mitochondrial and 
soluble forms of enzymes such as Acon and Mdh. Howeve~ this was not always done, 
necessita~ng He gmu~ng together of all ~ozymes for a pa~cu~r enzyme sys~m. 

When an aldehyde is used as substr~e, moM Mudies have called the enzyme 
aldehyde oxidase. We have found be~er msuRs when NAD ~ added to the enzyme 
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L ~ ~D R. ~ ~ 

~ !  
~p 
~ 

Ldh 

Iddb 
Hk 

Xdh O6pd 
Sod Gapd 

Umpk Pk Enol 6Pgd 
Skdh Pgam ~a M~ Pgm 
Pgk Gp Akp Me G~ 
Guk A~ Ao H~h E~ 
~ud A~ Acp G3pd ~ap 
aG|u Ak Acon Fum Amy Gda 
Fdpd Adh Am Ala Aha Cm BGM 

X~ 
~1 
Sod 
Pgam Pk 
~p M~ 
Iddh Ldh 
Gp ldh 

Umpk G6pd Hk 
Skdh Enol G3pd 
~k Ark Gapd Mpi Pgm 
Guk Ao Fum Me 6Pgd 
~ud Akp ~a Lap G~ E~ 
aGlu A~ Adh H~h Ala Aha Gda 
Fdp~ A~ ACo~ ~ia~ A~ Ac/~ A~/2 / C?0 //B?8 

RG. t LEVELS ~ ~ O N  ~ ~ AND ~ ~ R  ~ ~ S ~  ~ E M S  ~ ACROSS ALL HYMENOPTERA 
SURVEYED. For abb~adons used ~r  ~e e~ymes ~e ~ e  1. ~ and ~ a~ e x p ~ e d  as pe~e~age~ ~gu~s a~ng ~e 
ab~ssae ~ p ~  ~e ma~mum v~ues a ~  by any e ~  in ~e c~umn abov~ 

~cipe an~ ~ ~  may be ~aining aldehyde dehyd~genase (EC 1 . ~ .  In our 
ana~ses we have com~ned all ~co~s of these ~ o  e n ~ m ~  ~g~he~ 

For some ana~se~ the e n ~  data set ~ r  Hymeno~e~ ~ s  broken d ~ n  into 
~xonom~ subg~up~ The ca~gofies chosen reflect the biases of a social insect 
~ o ~ .  C ~ e ~  ~e  aculeate Hymeno~em ~hich contains all of the eusocial 
~ e ~ e ~  a~ ~ d ~  mo~ fine~ ~an ~e  ~ r  ~ o  m ~  g~up~ This ~ j u ~ f i a ~  
pe~ap~ because the~ a~ mo~ data ~ r  the ~dous subg~ups of the acu~a~ than 
for the other m~or d ~ o ~  of the Hymeno~em. 

~ ~ - - ~  thank D~ £ Unru~ ~ Ross and G. ~ s  ~ p ~  ~ ~ h  ~ e p u ~ a 6 o n  copes 
of the~ resuNs and Dm E Pam~o and S, Menken ~ r  answering q ~ o ~  ~ o ~  ~ r  punched  wo~.  Dr R. 
C ~ e r  ~ ~ d  ~ r  p ~ n g  ~ e  ~ p e  ~ ena~ed us ~ ~ n  Gda. TNs ~sea~h w ~  ~ o ~ d  by NSERC 
ope~6ng g ~ n ~  ~ the ~ o ~  
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Appendix 
Recipe for guanine deam~ase (modified from Cro~e~ unpu~he~ .  
Gua~ne stock s~udon: G u a n ~  > ~ 0  mg; 1M so,urn hydm~d~ 5 ml; distend w~e~ ~ 50 ml; he~ gently 
in wa~r bath at 6~C. Stain ~ p e :  Gda ~oc~ 3 ml; ~is pH 8.0, 20 ml; 1% MTT solution, 1 ml; 1% PMS 
s~u~o~ 100 H; xanthine ox~as~ 3 unhs. Com~n~ then add 20 ml of 2% agar ~ Tris pH ~ 


