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Speciation Mode Reconstruction for Lepilemur six species
(L. mustelinus, L. edwardsi, L. dorsalis, L. leucopus, L. ruficaudatus, L.
septentrionalis) Based on the Lepilemur Karyotype Analysis

Ki-Yoon Jung

2 ¢ o] 7Y EHE Lepilemuridae@$-9501%) 459 PP 259 AxF F T ZFE HFo2NH A
HASS A5y Z230] Q). d9Ugel £ 7HAEA ARFY vkpA] dEe 1g7]9] AEAAY xFHH 2 F4E
th. L. mustelinus(LMUY?] 8L dA4 47071 9&F o= 89 G4A9} sle] Robertsonian o] FAA| 24§ 71t
Lsse] AL wx 249 F5ANE GYAE /AL Aok $EES LMUS LSS 243 (anc LMU and anc LSSy&
AT & YN, 2L2RE 2 4% Lepilemur’t AB9E 5 UATH anc LMU ¢} anc LSS} 2452 w93 HA4A]
g3 o) HiXE AXEN AF v FHE 58 fAHoZ A% wi$AE Y 5 Aot L. dorsalise] o] 7=
7] fleiMe g 529 Trivalenrd A7t 28 E71d &) mgo s wid=EA AFHS AR FEA 5] §HH
ML AP L. dorsalis®] o] THEJAT}. L leucopust HH L Y} 7o] BRFS FAISH] Yl viEE Trivalent
FAA 2E FoAA BA T 27t HAY ohE WFgeR F&o] HR|FA HEEZH ol BRFAMEC] §HEHI L
leucopus®) AL FART. L ruficaudatus®] WA o] hEo] A& veols &0 vjdd o 7719 A5FAA o]
I EH A ook BRFAAES §Hl 3 M2 2FCZ 4 L ruficaudatus) WA o] A

L. edwardsi®] WA w927t ¥24E W= LREZF vHEo] 2 wie] &FolA ©A] shte] 45FAA o] EEiHEEHN
LEDS] ubA] o] AdArt. oj21d 714 osiA] whEolR Mz 43 viSAES YT Fehe] wi-vAs 35
22 N2 F5gGNAE 712 F L dorsalis, L. leucopus, L. ruficaudatus, L. edwardsi7t B35 U}, o] A& 74
Hoz A A2 Fo] wFF THZNE FHsE dAAE) &8, M HFFoze] vid JAS T ¥
A8 F dth= o]&E A

Abstract The aim of this study was to test the validity of the hypothesis that the karyotypes of four species of
Lepilemuridae were formed spontaneously from their ancestral hybrid karyotype. Hypothetical ancestral haploid
Karyotype of Lepilemuridae is composed of 18 autosomes and X chromosomes. Lepilemur mustelinus karyotype has
four tandem fused chromosomes and one Robertsonian translocated chromosome pairs. Lepilemur septentrionalis
septentrionalis karyotype has only two pairs of translocated chromosomes. We reconstruct and suggest ancestral
karyotype of LMU(ancLMU) and LSS(ancLSS), from which all four studied species were derived. Hybrids of ancLMU
and ancL.SS were formed and produce differently fused equilibrated gametes via circular form arrangement during
gametogenesis. Five unit of trivalent homologous chromosome pairs were engaged in a circular form to give new
gamete corresponding to the karyotype of L. dorsalis, orientation of one unit of trivalent was inversed in the circle to
gave new gamete corresponding to the karyotype of L. leucopus. Seven homologous chromosome pairs were engaged in
circular form to give haploid karyotype of Lepilemur ruficaudatus. Only one homologous chromosome pair is
dissociated and the other chromosome pairs rearranged in the circle to form haploid karyotype of Lepilemur edwardsi.
The new gametes could be produced from these circular forms. When the new gamete fertilized with the same type of
gamete, The new homozygote is produced as existing L. dorsalis, L. leucopus, L. edwardsi and L. ruficaudatus. These
results support the theory that new species could be formed in hybrid population through activated chromosome fusion,
chromosome rearrangement in circular form at zygotene stage and production of equilibrated gametes to form
homozygote new species.
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Reconstruction of Speciation Mechanisms Based on Lepilemuridae Karyotype Analysis
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Fig. 1. Haploid karyotype comparison in band R(right:
ancestral chromosome of Lemuridae, left: ancestral
chromosome of Lepilemuridae, for LEPI 5 and LEPI 6;
LEM chromosomes are situated both side of the LEPI),
small chromosomes alined in bottom are part of the
LEM which could not be found their position with
certainty but probable sites are marked with fleshes. *
heterochromatin. Numbering: under the chromosomes =
LEPI, side of the chromosomes = LEM.
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Table 1. Chromosome correspondence between Lepilemur species and their ancestral chromosomes

LEPI LSS LDO LED LLE LRF LMU
1 7+16 3 5 4 inversion 6 1p+1q proximal
2 2 inversion 7 8 7 7 7 inversion
3 3 9 9 9 9 13+14
4 6 distal 10 p 10 Sp 3
5 4 1q Iq 1q Iq 5 distal
6 5 2q 3q 2q 3q 4 proximal
7 8 1p 4q 3q 2q proximal 8 proximal+9
8 9 4q 2p 3q 4q distal 6+16
9 10 11 7q 11 Ip 11
10 11 12 10 12 3p 12
11 12 5q 1p 6q 2p 10
12 6 proximal 6q 6q 3p 4q proximal 4 distat
13 13 2p 3p 2p 5q distal 2q
14 14 6p 6p Ip 5q proximal 8 distal
15 1q distal 5p 4p 6p 2q distal 1q distal
16 1q proximal 8q 2q distal 8q 8q 5 proximal
17 15 4p 2q proximal Sp 4p 2p
18 1p 8p 2q intercal. 8p 8p 15
X X X X inversion X X X inversion

*Chromosome numbers in each colons represent chromosome numbers of each species. LEPI; hypothetical ancestor of Lepilemuridae. p;
short arm, q; long arm of the chromosome. proximal, intercal, distal; parts of the chromosome from centromere successively. inversion;

pericentric inversion of the chromosome.
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Fig. 2. Reconstructed evolutionary tree based on cytogenetic
results from their ancestral karyotype LEPI to the L.
mustelinus, L. edwardsi, L. ruficaudatus, L. septentrionalis,
L. leucopus, L. dorsalis. Numbers are chromosome number
of LEPL Square; empty =translocation Roberisonian,
black = translocation centromere-telomere. Fleshes = fission.
circle = pericentric inversion.
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Fg. 3. Schematic representation of circularized forms of
chromosomes of the hybrid (LMU X LSS) at pachytene stage
deduced by centromeric fusion, showing five units of trivalents
chromosomes in hybrid germ cell are rearranged in a circle to
produce equilibrated LDO gametes(a), only unit(7+14) engaged
other orientation in the circle to produce LLE gametes(b), in the
same arrangement, trivalent (11+15) originated from LSS
engaged in circle and that LMU originated 11 and 15 fused with
LSS originated 5 and 7 respectively to produce LED gametes(c),
in stead of 11415, 9+4 engaged in circle, causing rearrangement
of right side of the circle to produce LRF equivalent gamete(d).
Dark chromosomes represents LMU, bright chromosomes
represents LSS originated chromosomes, centromeres and
numbers of ancestral chromosomes are marked.
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Fig. 5. Reconstructed phylogenic tree after proposed new
speciation mechanism, showing six species in each lineage
could be formed spontaneously without their intermediate
species. Marked numbers are chromosome number of
ancLEPIL
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o2 8+17, 11+15, & AEIr} dojwis Eeld
152 7129] 16+18 FAA S} §5lo] dojyr). 1 &
o 47} 127H0] FEHUSW iz UL 7} 7
kst G947t dojuA] HES= LSS dyow W
Azt ot AWzt Fig 4.].

azv LMUS} LSSe] & d4e xFe te &
o2 BERE0 SR E K ZEZRE FHHY L

B2 a9 o 489 ALAUL A7 945
ook % % 9le Aolst AL,
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SAFANA 7P s FaEe GAA A
£ Robertsonian translocation (R-T) HEjo|tH[12]. o
& E9 Eulemur %9 552 25 R-TO| 93) #3ls
At L F Eulemur fulvus colaris(EFC)$} Eulemur
fulvus albocolaris(EFAy= 15°) H50l2 w g He)
2 uigE A WE Rl & & Fio] 9w
Fo 2 idHEEN ThE & Fo] FA4Ho Y& AL
2 B35o] 3lom[12], Lepilemur) X = LLES+ LDO
7t BAE o &4 shte] HEEAA o] o E ek
L% & & WidHmg A T dhute] Fof He A
o] #AEUTH12]. EFC% EFAE H7130o=2 399
A Wol7b dojgez BysL e Fojn,
LLE® LDO= A& thE $o2 753 Ut o)y
& BAlE @A P& vw BH3e Aoz side
A7} ofet, Fo] EslHE H8E AFtnEN )
ZE F A= TAoY.

Lepilemur Z3%F°] AAdsHe IAAdM= CT
translocation®] Bo| &A= o, ©x| 13, 2, 3
¥ Ay o] R-TE o]Foj# At}. Eulemurd) =
2 gNAE7E 23S 28 2™, ancLEPI &
39 Aee A2 GHAE) Bel #H3x At =
F 3ol ancLMU®] 8+18 £ ancLSS 8+17 94
A7t o] UAojopst e FEE T d
AE S P8 5 JouE E Fof R E A=
Zofl ZgES] AATT FZE o Aol QUAEA
£ ¢ F 8lers 7 ] BE SAHY g
Ak 11+15G9 4937} ancLSSel EAl stttz Azt
T o]fr& LDOSH LLES] = gle ¥ ¥t ohz},
LEDS} LRF9] Fo] E3t=e gAA @4 v gl dof
3taL §17] W&Eolrt.

ALET (Cervidae)d] THE FolMes EE, 299
Indian Muntjacs 3} Chinese Muntjacs®] A& H]w
3m 2zt =679 2n=46/l2 REIEY QEd,
2n=62 A 9] tandem Gl & FAH=HUTE &
13, 14). 950] o] F F 7 FFo] "ol =
oL gtk FFol 48 & Utk AL AAE B
o] EA7F 22 ayEE F F 7 41821 #ol
T ASA Grid S8 270 2 & AW, AEY A
AAE FHL AeEd B AEENAE g
W o wid Hofof & & FA o AAA] &
£ FYAEL bivalent -2 trivalentZ golglojob &
P FF Fo29 Eert doje = o1, B4
o2 WEE7| AaME A7) STl MA=

4.1

=N}
= U



S=ate7 e as A A5 A28, 2004

of gich6]. GAA 2] TLAY telomere?} BA3EE
Ae M2 BA Qs b 88 NEs 7K AE o
BAE] FEE & o F2 Zo| ¢ EAl=H] Zoix
At 71 Fo] FEr} Fol o 2ZA AeEAle] 4
o|7} oA AL, o] wWol] FAA e Wolrp dof it B
A= BgAs do}. 53] UkE M9 YA 4
AA Lol Wol Xty glom o] FHof WHolrt
dold AL B B 12 B A F
LAY telomere #9497} 843 EE AS7t Bria A
ZheoH16]. 2FEe] AYPoA] F2 FHSYAE 7}
7 g YAl B gYsEA g oo B
olf = AR T /IF DRFYA Y FIAY
wto] sk 4 duka AZ-ETH17]. 27l 93
N2L ol A4 2 de 22 G4A §iol Lo}
3 FE HEAE SHoA FAIEEL TR AUE A
WA ZEdo] HIEEE F9F v AMgo] Ha} 2
ol o £7to] HY B FTo] dojupAl drix
AzEe. oA Jske] AL A4EEE f2e A
o] Bo] dojdt Ao AFHY WEE §Ho] Bol ¢
oyt A|717F itk AztETH1]. ol& st AA L HE o
3N B FE0) AdEYR AdEn

Lepilemurol| Xl FAA) H]& £4-E 3 AFTE [Fig
2.9 AA F9 2F(pre-LMU x pre-LSS)S £ £
A4 AZE[Fig 415 vlasld] HH Hxolx 8+17,
11415 G4A= LSS7H w28 ¥ AiEd 2oz ®
AlFA|qE, F2LelA B o] &2 o]r] Pre-LSSel £
sl i FaA e}, o]Eo] BolUA fgoeH wF
2 o ZAFNA ez vidse AAAE 34 7
Ho] FAE & glorvz AL 71 & Qi 2ye
2 dEste tE FE5L X3 2 F UES o]E9]
F&=o] AU Aztetn, o] pre-LSSS pre-
LMU7} 2#&€ ¥38) LDO, LLE, LEDS} LRF7} 95
o]zl & LSS A dlelA Fst FF5<¢ AEed A
o7 AzZHE), e olfolM, pre-LMUNAM = 8+18
o] EAE et gL 5 F B4 olF U
2343 B AEe] | Aoz Azd

B AFoA B o F 23 712 w3AE W
A pre-LSSS A Eo] YA 7t GAdsHER
A SREY 2% pre-LMUS ZEEUL o IS
ol F ARE S EMA FES AE 2H Sl
A AT 29 $Yd ASARZE g o
homozygoteZ o] LDO, LLE, LED®} LRFER= A2
2 Y] T UEA H AoE A7E. olgd 4
= Eulemurd] & 3} 717olM A2 FHAHIA
o mgel 2% FUAe gAslE 53 F 3 717
ol2& WA= & o FAV 2 F Ut A

2o 238U Lepilemurd] 352 E3AA e pre-
LSS} pre-LMUx A-9-9%o] &9 od FEZHE
AAAER L7} she Bl 3PS ol 50] A A
FE EAlsks g8 FEY 98A A7t S = ofok
T 9] d Zlojgt Ajzbdrt
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