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Metaphase Configurations in Drosophila: A comparison
of Endemic Hawaiian Species and Non-Endemic Species
FRANCES E. CLAYTON

Department of Zoology. University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT

The metaphase configurations of 400 strains from 43 species of Hawalian Drosophila were
determined from squash preparations of larval brain tissue or spermatogenic celis from
adult testes. These karyotypes include configurations from seven species not previously
described. Metaphases of 148 Hawalian species have been recorded, including species of the
“picture-wing’’ group, the "modified mouthpart’” group, and the “bristle-foot"’ group. A
comparison between Hawaiian species and non-endemic species was made on the basis of
chromosome numbers and configurations. Among the Hawailian species, 85.8% have
refained the primitive haploid configuration of five rods and one dot compared with only

34.8% of species from the rest of the world.

In only 4.7% of Hawailan species is the

chromosome number reduced from the basic haploid number of six, whereas it is reduced in
47.6% of the species from other areas. Most of the changes in chromosome size and shape
among the Hawalian species seem to be the result of added heterochromatin or
chromosome fusions; no evidence of pericentric inversions has been found In modified

karyotypes.

INTRODUCTION

Wheeler and Hamilton (1972) tabulated the valid species in the
genus Drosophila and reported that one-fourth of a total of 1,254
described species are from the islands of Hawaii. Hardy (1974)
estimated that the total fauna in the family Drosophilidae i in Hawaii

material of adult males. The Its of the chr I are
given in Table I. Included in the tabulati lmcoﬂﬁgmnomn[m
strains from 63 species of Hawaiian Drosophila which were analyzed
during the period 1972-1976 and metaphases from seven species not
previously described. Among the latter are five npecnu und-ucdbed
al the time of the ch

may couln of 750 to 80O different species. Bef 1963, no
infor was available on the genetics or cytology of the Hawaiian
species of Drosophifa. At that lune, the University of Hawaii and the
University of Texas began sponsoring a research project which
involved several senior investigators studying various aspects of the
evolution and genetics of the Drosophilidae of Hawaii. A summary of
the major accomplishments through the first few years was given in a
review article by Carson et al. (1970). A symposium on the

“Evolution in the Hawaiian Drosophilidae,” presented at the XIVth
Int i 'f‘,_ nl'E‘ logy in 1972 (see White 1974),
provided backg d infc I ion and d ibed achievements in
mchl.rmucyldogy mlun; havi hology, reproducti

isolation, habi and nnnll The present study
reports karyotype findings from 1972 to 1976, bringing the total
number of metaphases described from 141 to 148 different Hawaiian
species in the genus Drosophila. Prior to this report, metaphases
were described by Clayton (1966, 1968, 1969, 1971), Carson et al.
(1967), and Clayton et al, (1972),

MATERIALS AND METHODS

v 1 1 H -

were d from spcrmtngcmc

hallus, D, lasiopoda, D, psffommh’.’ IIIdD df/{inm(ledy
lnd Kaneshiro 1972a, b), and two species not previously analyzed
cytologically, D. anomalipes (Hardy 1965) from Kauai and D,
cilifemorata (Hardy 1965) from West Maui, Larval material of D,
anunahpu was made a\-allahlc for study by Dr. H.T, Spieth, who
d a technique for raising this ies in the lat y. The
metlpluﬂe configuration of D cffrjtmomm was analyzed from
primary spermatocyte cells of an adult male.
In lelc II, = comparison is made between the metaphase

ol species ol Hawaiian Drosophila and those of
mciu from other parts of the world. Hardy (1965) placed all
Hawaiian Dr hila speci mmths bg Drosophil mﬂﬂ:e
complmn lhnrdm is based on F iian species and non

bel g to this subg The Hawaii which have

been studied cylulo;lcll]y have been p!nced into groups based upon
certain characteristics such as “picture-wing,” “modified
mouthpart.” and “bristle-foot" groups. Thn numbers in Table I1 are
derived from the listing of ions by Clayton and
Wheeler (1975) and from Table I,
The basic, or primitive, hi fi ion in Drosophil

consists of a haploid set of five rods and one dot. Speciation has been
accompanied by mndlrmlinm of this primitive klrymype mvoMn;

cells of adult males or from cells of larval brains, Tissues were
in aceto in and ferred to 50% acetic acid for squash
preparation. Adults were collected from localities on Oahu, Kauai,
Maui, Molokai, Lanai, and Hawaii and brought into the labwnlury

alteration of the of chr and/or

chre size and shape, Patterson and Smnu (l952]summ1m.od
the means by which such ck i could have
murmd A..... Its in a change in the shape of &

---rl.[the iti uﬂhe e is altered

where females were placed singly into vials of a special high

medium (Wheeler and Clayton 1965) to establish mrlnmle lines.
Third instar larvae from these iso-females were used for the
cytological study. If larvae were not available, adult males of the

H " tions result in d if there is a mutual
exchange involving large ‘segments. of umqua! Icnglh A fusion results
wltcn lhﬂemtwo i on
and two iung lcgmcntl fuse. The

species were dissected; the testes were removed and stained for - of this ! d" chr is contributed by one
examination of spermatogonia or primary spenanwcvlos Species of the Inng segments and the other centromeric fragment is either
collected in the wild as larvae were n the lab ¥y until tained as a super y chr me or lost. In addition, the
gh for di ion and cytological sludy gain or loss of heum:chromnlic segments may account for changes in

pp of chr
fi ions listed in Table II are lhm which
RESULTS AND DISCUSSION Il-l\'e been found mon. the Hawaiian species. For parison the

Metaphase configurations were recorded from larvae of iso-female
lines, from larvae collected in the wild, and from spermatogenic

of n i -vith similnr cmﬂgunﬁom is g-wen
Thirty-two percwt of the non have
configurations not found among those Hunnn:l species that have
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peen studied cytologically. The primitiv: cnuﬁgumlian has been
retained in 85.8% of the Hawaiian species but in only 34.8% of the
'pec!cl from other mglons In only 4.7% of the Hawaiinn species is
the chr reduced from the basic haploid number of
six, whereas it is reduced in 47.6% of the other species.

Among the Hawaiian species lhcm has been no mdum’.e of change
in metaphase configurations r g [rom per ions or
rranslocations. The modifications m.ny be explained by fusions,
resulting in reduced numbers and V-shaped chromosomes, or by
sddition of heterochromatin, The latter type of change is the most
common, found in both the “picture-wing” and “modified
mouthpart” groups, but absent from the metaphase figures of the 17
other species examined. It can be seen from Table 2 lhat wnlh.m {he
'plclurclwing group, all species have { the b
of six and modified karyotypes may be explained on the basis of
heterochromatin added to dots or rods. One species, D. cyrtoloma,
apparently has heterochromatin added to every uhmmm&nmc in the
set, which in five V-shaped and one J-sh
This configuration has not been described prewnn:ly for any other
Drosophila species. The karyoiypes of six species within the
“modified mouthpart” group have been altered from the primitive by
fusions, the resultamt configurations having one V-shaped
chromosome (3R, 1V, ID) or two V-shaped chromosomes (IR, 2V,
1D}.

As is apparent in Table II, most of the species examined
cytologically have been members of the “picture-wing"” group. A
chromosome phylogeny based on inversion differences was
developed by Carson (Clayton et al. 19724 for 96 species of this
spuiol gmup On the basis of this phylogeny it appears that

p modifications of the sp were di

events rnlher than a lype of speci in whu:h losely related
pecies share chr hanges through a common ancestor,

The situation seems to be different g the non
Drosophila xpecm Stone (1962) discussed metaphase relationships
g appr 00 species that had been analyzed
eytologically. Consid mg, ps in which related species may share
tral modification, he estimated that
lhum had been 32 pericentric inversions, three it ions, 58
fusions, and 38 cases of added heterochromatin. Therefore, the
percentages in Table II are probably too lu;h for non-endr.-rmc

species bcr:luse no allempt was made to id

fi A ison of data on Hnwnhn karyotypes with
Stone’s estimates reveals the conservative trend within the Hawaiian
species. According to Stone, heterochromatin addition had occurred
in approximately 12.5% of the species. Among the Hawaiian species
this addition has been observed in 9.5%. Chromosome fusions have
been found in 4.7% of the Hawaiian Drosophila compared with
19.3% of non-endemic species. These observations must be
considered preliminary because the number of speciea available for
cylological studies has been very Ilmﬂad cucpt in the “picture-wing”
group. Anntym of ch the different
g of the Hawaii ies can be exp ded as additional species
are cultured and studied in the Iaboratories.
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4 Table 1. Karyotypes of Hawaiian Drosophilidae, 1972-1 97k Y

< fes (M 2 ) 1 lity and Collection No.

L 2 ¥

Drogophila

adianola (5R. 10) Puu Kukui. W Maui (QI0GY)
Waikamoi, Maui 1Q3353. S4)
‘Hanaula. W. Maai (R1OM 1) RE2B5. B7. Bs, B
Waihoi Valley, Maui (R22G1)

aglata {5R, 1D} Puu Kaua, Oahu (F7T2G4)
“anomalipes (SR. 1D} Kokee. Kauai (T488)
asxnita (5R. 1DV Near Moanuiahea, Hawaii (Q65F4)

Moanuiahea, Hawaii (R4B11, B13. Bi4)

balioptera (5R. 1D} Manawainui Gulch, W. Maui iQMB1. Glo)
S. of Hanalilolilo, Molokai (REIB9)

bostrycha (5R. 1D S, of Hanalilolilo, Malokar (REIB 14
Mapuleha Gulch, Molokai (QB6G2)

*cififemorata (5R. 1D} Puu Kukoi, W, Maui (Q30B**)

claytonae (5R. 1DY  Olaa Forest Reserve. Hawaii (P105GH)
Laupahochoe Forest Reserve. Hawaii (Q575101

conspicua (5R. 1ID) Near Moanuiahea, Hawaii (Q65F10: Q66QT)
Keaa District. Hawaii IR1G 1)

crucigers (5R. 1D) Mokuleia Rd. to Kaena Pr., Oahu (P95G 1, G2)
Near Pali Lookout, Oahu (Q26R2)

cvrtoloma 15V, 1]) Waikamoi, Mam (Q52B100; RIM22)
*differens (5R. 1D} 5. of Hanalilolilo. Molokai (QB4G9)

*digressa (SR, 1D) *Olaa Forest Reserve, Hawaii (P105G**. Q49G24)
'Olaa Forest Reserve. Hawaii (Q49G a; Q535G al)

disereta (SR, 1D) Waikamoi, Maui (RIMS. M12)
fasciculisetae (SR, 1D) Waikamoi, Maui (R9M6)
flexipes (R, 1D} Wailupe Gulch, Oahu (Q24Q3. Q4)

farmella (3R, 1DV Pauahi, Kona, Hawaii (Q17F4, F5, G6. J2)
Near Moanuiahea, Hawaii (R3523)

gradare (3R, 1D) Mokuleia Jeep Rd.. Oahu (P77-#1)
Puu Kava, Oahu (Q12G all)

grimshawi (SR, 1D} Kawela Gulch, Molokai (Q7Q14, Q15; Q81G28, G29. G130, G31)
Near Kaweln Guich, Molokai (Q820Q5)
5. of Hanalilolilo, Molokai (Q84G6: REIB10, B11. B12,B13)
Kaiholena Gulch, Lanai (Q20Q1, Q2; Q200 Ml vil. Al

9L61 XXX ‘1OA ‘sBuipaasoad 33ua135 j0 AWAPEdY SESuBNIY

Pohakia Gulch, W. Maui (Q35G3. G4. G5, G7. GBI
Kahuahua Gulch, Maui (Q37G5. G9. G10)
Halemanu Valley, Kauai (Q76M3)

gymnobasis (5R. 1D)' * Auwahi, Maui (REB16. B atl}

*gyamophaiius (SR, 1D) Puu Pane, Oahu (P24Q4)
Makaleha Valley, Oahu (L920Q1)
i n.m S 1Dy Kila Reserve, Hawaii IPIMG 1)
Pubﬂsl';‘ ansas &Gaa?mﬂﬁmmmm: )
Punwaawaa Summit. Hawaii (Q7501)
Laupahoehoe Forest Reserve, Hawaii (Q5TM5)

Manawainui Gulch, W. Maui (03252, G6; QMGS, G17. G18, G20, G21;
Q80B4)

Species (Metaphase)

musaphidia (SR, 1D}

neapicra 15R. 1D)

nigribasis (5R, 1D)

oahuensis (5R, 1D}

ahscunipes (3R, 1D)
ackracea (SR, 1D)

ochrabans (3R, 1DP
odontophallus (5R. 1D)
ornata (5R. 1D}

orphnopeza (5R, 1D)
orthofascia (SR, 1D

paenchamifers (5R. 1D Trail 10 Puu Kukui, W. Maui (Q30B3)

poucipuncta 153R. 1Dy
peniculipedis (SR, 1D
picticornis ISR, 1D}
planitibia (5R, 1Dy

pramazgva (5R. 1Dy
“paitovarsalis (SR, 1D)
recricilia (5R, 1D)
setasifrons (5R, 1D}

setosimentum (SR, 1Dy

Locality and Collection No.

Halemanu Valley. Kauai iQ76M 1)

Paliku. Haleakala, Maui (Q51B)
Hanaula, W, Maui (Q79M3b, M37)

Mi. Kaala, Oahu 1Q9%B4)
Konahuanum Peak. Oahu Q1 1-1a: Q110 aila)

Mt. Kaala, Oahu (Q96B9)
Kahana Valley, Oahu (Q230Q ail)

Paliku. Haleakala. Maui (Q51F2)

Keaa Forest. Hawaii IQ33F1. G}

Puna Forest Reserve, Hawan (R1301)

Kipuka 9, Saddie Rd.. Hawan (Q15G2: Q46G 1. G2. G3, Q40F arl-2y:
QovF1)

Kipuka 14, Saddle Rd.. Hawaii (QBSF14, FI5. F16, G15: R16M2, M3, M4)

Auwahi, Maui (REM11. M12)

Manawainui Gulch, W. Maui 1Q32B1. B4, B7. B8. B9. G1. G2, G), 81,
G ai5-6). Bais)

M. Kahili, Kauai (Q78B2. B3}

Waihoi Valley, Maui (R22G a1,2). ¥(13). Bri-h

Kawaipapa Gulch. Hana Forest Reserve. Maui (Q2501. Q2. Q4. 05
Auwahi. Maui (REB1. B4, B5. D2. D4)
Kaoholena Gulch, Lanai (Q20Q € (1-3)

Olaa Forest Reserve, Hawaii (P105G4), Gb, G7. MSC)
Hanaula, W. Maui (R10B13, B14, Bi5, Bi6. B17)
Halemanu Valley, Kauai (Q76B ai1-2): Q76B fui-3

Waikamoi, Maui (R63IB2)
Hanaula. W. Maui (R92B3)

Mt. Kahili, Kauai (Q75B4, B5. Bb)

Near Moanuiahea, Hawaii (R5B3)

Kahunhua Gulch, Kaupo Gap, Maui (Q37B a(1-27)
Olaa Forest Reserve, Hawaii (P105G2, G5)

Kipuka 9. Saddle Rd.. Hawaii (Q15G)

Laupahoehoe. Hawau (Q57M1)

Halevanui, 2200°, Hawail (R96G 1)

‘Pavahi. Hawaii (R252, 53, 54)

‘Pawaina, Hawaii (RIG1. G2. G4

Kipuka at 4140°, Hawaii (Q58M1. M2, M3: Q7001, M1, M2. M3, M4, M6)
‘Moanuiahea, Hawaii (Q64B1, B2. B3. M|, R4B3: B4, B5, Bo, B7. BS.
BI10: Q660Q2)

Kipuka 14, Saddle Rd.. Hawaii (Q68F2: Q880Q1)

Olan Forest Reserve. Hawnii (Q43G28, G29: Q49F3, F4, F7, G2. G3. G4,
G35, Gb, G7, GB. G10, M2, M3, M4. M5, M7. MB. M9, M10: 060G, G4.
G5, G6, G7; Q55F1, F2, F3, F4. G4. M2, M3, M4, M5, M8 M12; Q56G2.34

pjrydosod(] ul suoijeinbijuo) asey ejow

G3.G4.Go, GE. G Q7I1G1. G2, G3. G7. GB. G9. G10. M1, M4. M5, J
M7, MI12, MI3. M4, 57: Q7451. §3. 54, 55 56. §9. 511. 513, §14. 510, 517



’ Near Moanuinhes, Hawaki (Q65813; R554, 55, 57,510, 512, 5153 silvarenns 15K, 1DV Kilausa Forest Beserve. Flawaih (04001, G0 € 5) —

Honaunau Funl_st Reserve. Hawaii (R6B4. B5. 54, 55. 57, 510, 512. 515} Humuula Saddle Road, Hawah (P1020G1. G5, B3y
Papaloa, Hawaii (R7B7) Journal of the Arkansas Academy of Science, Vol. 30 [1 97&?&«&‘?&" Hawaii (01007, OF)
Kipuka Ki. Hawaii (Q91Q a(1-3) r Moanuiahea, Hawaii (Q65B3, B7. B, B9, B10,. Bi 1)
Poliokeawe Pali, Hawaii (Q95Q a ) Papaloa, Hawaii (R7B1, B2, B, BS)
Kipuka Puaulu. Hawaii (Q7251) Pauahi, Kona, Hawaii (Q1711)
- : - Ahumoa, Hawaii (P97B . P97B*", P97Ge . P97GA . P9IGH . PRB .
heed: (6R) Ahumoa, Hawaii (P97G1.G2Z. B A . BA*, B A . B#* B, Q#BY ) .
Kipuka near Puukole, Hawaii (P101Q 42 it e oy R TRAWAL SO DI LS BE DI
Pohakuloa St. Park, Hawaii (P103G &) QUG WL
herernewra (SR 1D Pauahi, Kona, Hawaii (Q17G2: RNG 1, G4. GS) dinsria (SRAD) & = O FOvest R . S (¥ AR}
Keahou Ranch, Hawaii (R60GS50. G75, G76: RTIG1) sobrina (SR, 1D) Kahana Valley, Oahu (Q23Q a 3)
hirtipalpus (SR, 1D)*  Waikamoi, Maui (Q33S6; Q52M16, M17. J3: Q79M32) sodomae (SR, 1D)  Kawela Gulch, Molokai (Q7Q13; QK202 Q3)
P lusiopoda (6RY Waikamoi, Maui (Q52B2, 13, J8, 19, 110, J11, 113, M15) BCRHDER RN A SR (o)
bidiz (5R. o . W, i
E limitata (6R) Waikamoi, Maui (Q52B12) N G gy e
= Manawainui Guleh, W. Maui (Q80B2, B3} sproati (SR, ID) Honaunau Forest Reserve, Hawaii (R6B2)
= Kipuka at 4140', Hawaii (Q70Q( 1)
w lineosetme (3R, 1D} Hanaula, W. Maui (Q79B1) )
> T B Kawela Guich, Moloks}(Q702) substenoptera (SR, 1D) Makaha, Waianae, Oahu (P74 %)
iophalius (SR. 1D) wel ch. il : y
8 inni Gulch. W. Maui 103483, G9. G12. G13: 032 2(1-9). wurbata (SR, 1D)'*  Wailupe Gulch, Oahu (Q2406)
2 gﬂ;::',";',c"" SUBIIEA N (A NGRS Kaunala Gulch, Oahu (Q22B aifa) (2a)(3): Q22 B (1-10)
2 macrothriz (SR. 1D} Olaa Forest Reserve. Hawaii (Q55G a(2) villitibia (SR. 1D} Kawela Gulch. Molokai (QBIG7)
o melanocephala (5R. 1V) Waihoi Valley. Maui (R22G)
& ; *Metaphase for this species reported here for first time. -n
x. montgomeryi (6R) Puu Kauva, Oahu (P720Q1, Q4. 05, G7, G§) **Metaphase determination from adult male. ;
@  murphy (5R.ID)  Olas Forest Reserve, Hawaii (P105G9)  One rod double-length, or longer. 3
3 Pauahi, Kona. Hawaii (Q17F8. G9. G10. G11; R2B12. B13. Blo. BI17, G3) One rod longer, not double-length. o
2 Mouanuiahea. Hawaii (Q64B5) * Two rods longer. not double-length. 2
- Near Moanuiahea, Hawaii (Q65F11: RSF5, BS) ‘ Two rods half-length. m
Honaunau Forest Reserve, Hawaii (R6BJ) * Large dots, .
g Kenhou Ranch, Hawaii (R60G55) * Very small dots. (2]
w
2 <
-
5' =]
a Table I1. Comparison of Metaphase Configurations of Hawaiian Drosophila and Non-Endemic Species Belonging 1o the Subgenus Drasophila -
.'< Species Endemic to Hawaii Non-endemic Species®
:9' Haplod “picture- “modified “bristle Total
b Karyotypes wing" mouthpart” foot” Other No. % No. %
§ Primitive:
4 5R. 1D 92 19 2 14 127 B5.8 85 MEB
; Fusion: -
~ 3R. IV ID 0 3 0 3 2.0 26 10.7
= IR, 2V, ID 0 3 0 1 4 2.7 2 1.
Added heterochromatin:
oR L] 4 0 0 10 6.7 10 4.1
SR. 1V 1 0 0 0 1 0.7 4 1.6
sV, 1 1 o 0 0 1 0.7 0 0.0
4R, IV, ID 1 0 0 0 1 0.7 13 5.3
4R. 111D 0 1 0 0 | 0.7 1 0.4
4R, 1).1D 0 1 0 0 1 0.7 1 0.4
Other: 0 0 0 4] (1] 0.0 T8 J2.0
total (1] 30 2 15 148 244
- *Numbers taken from tabulation of species in Clayton and Wheeler (19751 and Clayton (this publication ).
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