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Abstract: The relationship between hominins in Europe and Asia has been the concern of human
evolutionary studies for a while. Based on morphological studies of hominin fossils, some

researchers believe that there was gene flow between these hominins during the Middle and Late
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Pleistocene based on morphological evidence. However there have been different understandings
of some of aspects of population affinity, function, development and homology. In this research,
occurrences and expression patterns of Carabelli’s cusp of 98 upper molars of Chinese hominins
were analyzed in both the outer enamel surface (OES) and enamel dentine junction (EDJ) based
on micro-CT scanning. Comparisons with the specimens of African and European hominins were
also considered. Our results show that Carabelli’s cusp has a high frequency in Chinese hominins
(27.6%~62.5%) including different expression patterns, specifically the cingulum-protocone
crest and horizontal groove across the crown lingual surface or shelf-like Carabelli’s cusp, which
usually occur in chimpanzee and African early hominins but are also identified in a number of
upper molars of Chinese hominins. With these results, we support the view that Carabelli’s cusp
is an ancient or primitive feature that evolved from apes until modern humans. The expression
patterns of Carabelli’s cusp in Chinese hominins suggest that this trait is possibly a remnant of the
ancient or primitive feature. This study shows that Carabelli’s cusp has a high frequency in both
Chinese and European hominins but is more pronounced in Chinese hominins than its European
counterparts. Therefore, there is no reliable evidence to currently support Carabelli’s cusp as a

morphological feature indicative of gene flow between Chinese and European hominins.

Key words: Carabelli’s cusp; Dentition; Paleoanthropology; Gene flow
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Tab.1 The maxillary molars of fossil hominins and modern humans used in this present study
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Fig.1 Categories of Carabelli’s cusp expression at the EDJ (upper row) and OES (lower row) of
Homo sapiens following the ASUDAS
a-h. KKK & ASUDAS #7% 1-8 %o A %5 L E— T WM - AR X RWE, TEATHMANFE. BEH LT ET

SRR A . FH T A LA M E 5 /ato h correspond to the categories 1 to 8 of ASUDAS respectively. Arrows indicate the
“cingulum-protocone crest” expression at the EDJ. All the teeth belong to left maxillary molars (7< & 3| & it [9])
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7 HEE 12.5-58.0 ym(X, Y, Z J5 1A B —30). RS RIEEE B (Raw projections) i it
IVPP225kVCT_Recon 454 1 il raw #% 2 1) 1 /2 8] (Tomographic slices). F5 i JZ K $ A
VGstudio 2.1 ¥, EBRFRALISMNAZ RZ0E], DRAFN raw volume 4% X SCHF. T fEH4IX—
S-S\ Mimics 19.0 ZEA7RlSRTA 0T 20 5, SRAGRNTT - AR 5T A8 S SR T () = 44544
AR () Engis J& 228 N F 1A CT 88 U8 T #0 5 BK DG E 0> (European Synchrotron
Radiation Facility ¢ ESRF) (http://paleo.esrf.fr), i &k % P,



234 X EAE: R ERIAEH AN b B S A R X 165

3 45 R

31 FRREEFREFEG ALEIER

FH A SCRF 78 1) v [ S i AN ST 164 S A, ik B G AR EME A, I
ANEW =AMl RIEASTAEE XX 5 HOF RIS, Hefl (PA637) AR (PA1279) P
MOF i BA R IRREEH .

M5 PA637 Rl baish — vy, e (RAFIRA LS XA U 5L 9 T A
NGFEEVVGAAH —A 1.0mm 724 FIRTMIRAEL AR, AH 24T ASUDAS iR IR 2 44,
£ CT B S ARG - A 57 28 S R A A e, mf RA DL B — AN A ) b () = A T B IR 45
¥, k%] ASUDAS trifER IR 3 % (Kl 2:A,B) &

B4R PAI279 KA THEERERCE, &R/ e B o 7EOR B I A Te JR SR AR AR A8 A1
IR WA — ANV RER MR o AERIST - A58 Ftii, oA 56 o e U S D 2 X I 2 B
W IR IR, o5 HE AN R AR IX 5k, I T 28 i S 2143 B TR AR FH AR (1 & v (1 2: €, D).
7E ASUDAS JE X R IR A X PV REIR 254, AR AR S SR IUFE B 5 Bl 4 1) — e
FORIL P, AEH DA IR 4G PA1279 HX NIRRT A 24 TR KRR 4 2. Bb4h,
FEIX FR V8 M0 i S A, RS TR IR ) 5 IRE& TR 2 2 A1 — /N1 T SR Bt
1, 5 Ortiz % 7F AR FATF A M2 IEE LI “ 1 JH A (cingulum-protocone crest)”
FHERFA P (RS SIHE ) .

BHAEWE: A3 EMAL, FEREIEHE, TR R RIIEZE. Ho g mam
AREE G (PA105-6) Vi seb il HH T RS VR, U % BTSN A 2, AH G RO
TR A7 DR BE B SRR TR T 63, T DA 7E R /bR T R IRAR. 3 MUF G TE
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2 BIFEEEE (PAG37) L@ —HEMELR (PA1279) LME=ARMRIKR
Fig.2 Carabelli’s cusps in M" of Meipu (PA637) and M’ of Jianshi (PA1279)
A. 154 Meipu OES; B. #4 Meipu EDJ; C. 24 Jianshi OES; D. 244 Jianshi EDJ; 47 3k 45 1 J& & - 45 4 4
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3 EIAEME LARSE ik (PA833 1 PA837) HY-RIRLA
Fig.3 Carabelli’s cusps in M’ of Hexian (PA833 and PA837)
A.PA833 OES; B.PAS33EDJ; C.PA837 OES; D.PAS37EDJ
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VD 20 S PR I 455 . 7E PA1480-6, X IRV I B E My iy, 5%k
[ Y™ TV Eefih. 1E PA1480-5, T JRARFEIT H MG X IREEFE, XKW ETE
JRASFTE I Y™ VB IR W (HTERNR - A FRAC FATH, A0 7l o T SR v & T N
— AN RN, WIEFAGE —HES R M, AR RESR, (TE RIS H ]
S EMEAER —ANPE, WAL G AEM B R R0, VIR A . KR )45
P 453 T A 11 045 1A e o TR S P2 5 T X 33 2 I — M AT 1) R AR I AR 4 4, RS
56 ASUDAS FrfERIGHR 5 A1 6 9. (HSEPR b, XPMITFRENF GHIP-RIRARE
ASUDAS #3ifE 2 IR IROSR IR AU BAF (E T S350 o RAMHMIER
5N A U5 PA1481 F1 PA1496 4 it Th1 1T A X S80Rl B 3R 1 6, B R IRRIRIE. (HAE
R - ASJRAC S, WA 1 14 e o DT R S SR I VI 40 — AN K= AT R IR,
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Fig.4 Specimens with Carabelli’s cusps from Tongzi and Xujiayao
A. MBS % — At (M of Tongzi PAS7S); B. % % L4 % — A # (M' of Xujiayao PA1480-5);
C. % 2 L#H% = & (M’ of Xujiayao PA1480-6)
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2 MEALRHA RIRA, 050008 3 90F0 4 21,
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MEL, oo 1 MOEM EAREE —F1iA (PA1471) 5 56 & i b X 80k i R H — A= M0
4, MATENE (K5 D,E) . /£ EDJ, XANRENEE, REFHMARME, 24
T ASUDAS #r#E R IRIR 5 Bt 7 4h 5 BURAEAE HPE MERT 0 - G #0A R IR, ARYE T
SEIIE T SRS EF N 8 MURAEAE) P AR A TR L B 1A IR (8%, X 26 7 Ut
BAERKR,

DhRER: XM M 4 e o T DX i e A TR SR R T — MM R . e
T, VEWR G TYIGAE — RN, PEEE A RRBEATIE . BTN B3 HoR iz 5
VNS X IREERERCE, JH ARV G VE MR 8 o (AT DLHEI IR U 6 e o T 5 30 D12
AL —NBEAT R, KRB 24 T ASUDAS & UIIARAE R IGR 4 2%, ERMEFAS
G RIRRA

MR AT S BOMILER BT O MR M A M RIS - AR 22 ST
AT LLE IR IMFE AR B3, (AR U5 TEH e B AT 0 BRI R RIA
I RRR R R IR . (HER T BEFE, (ERNPUR X —RpAERIUA B &, i M' 1 M 5
ARG, AR B R 7R R AR T R IRARRIZE . (HAE B FERE LR R M R i
5530 T A2 S X R R A — NI RE, AT ASUDAS AR IR 2 . ESERM
A&, LR M A M 6 76 R 285 YA 2 8] B0 e 74 00 445 e o TR A R, A R
Y7 RVPIRMFE . FERIT - ABTAE G, FERTA S MO AR O U e TR R A
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PR (B 6) o HRIFFSSVFRE LAEE— U (PA1480-5) RIUFF SAHAL, (H
FERE NI, VIR R e &S0 A, A EEWEIR. Warid, XFEER “RERR”
fE ASUDAS bR A3 58 S, ARSI, K HBE 2 MM (& iR A i e &
R 7%, M M’ - 5IafEh 6 9of 5 4.
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Fig.5 Specimens with Carabelli’s cusps from Lijiang, Daoxian and Tubo
AT 4% = & ¥ (M of Lijiang ); B & C. i# 5L 4% — F 1 (M’ of Daoxian PA1562); D & E. 1 | 4% — £ (M' of Tubo PA1471)
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Fig.6 The expressions of Carabelli’s cusps in Pan, Australopithecus africanus, African early Homo, some
Chinese hominins and Homo sapiens
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AR FH R T AR LS AN CT 98 R 0L 52 J A b D7 V20t R EQARAE HR [l oy N2 Bl L i
LS BRI R BT Sk AT T . BIR SR EE AT AN ORI S R AR AR T DA 4
o AN ESUE W, ST 98 A, R H AR DL BT T CT A% IAHE 4
BT IEA BN R G A TH IR IRARALE P [ AR AR IS L RS 2 . AR AR,
RIRARAE E AR H IR IUGGLRA LU R 1) IR, R 2 R 3 B,
R AR AEAS R I 1 P [ o A IR N 27.6%-62.5% 2 [A], “FIIHILE R 42.9%. ML
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Tab.2 Occurrence of Carabelli’s cusp in Chinese hominins

M! M M M M’ M’
BERS SRS OES EDJ OES EDJ OES EDJ | "/ IBr 54 OES EDJ OES EDJ OES EDJ
FEHt R Eeigueial -t
AAPA1279 3 4 B EPA1543 1 5
MiHiPA637 2 3 18 FLPA1548 0 5
W A U4 PA105-4 0 0 0 TEEPALSS 0
WHAFIE PA105-6 0 IEEPALSS6 0
- JLEAPALS9 °
5 104 . W HPA1562 2 5
1 540 3 i HPA1563 11
1 140 ; ﬁgpmm 6 7
FOEEREREA  n=6  n=s =9 JLEAPALSTO 6 6
i FLPA1586 0 1
FILL PA836 0 3 JHEELPA1587 |
I EL PAS33 304 i BPA1590 L2
ANLL PA37 27 i ELPA1583(dm2) 13
Wi J1IPA529 0 1 B HPA1584(dm2) 4 4
97 J1IIPA530 0 0
Y Sh.y.008 01 ERLRIRR n=6 =l
R E G VLR IR n=2 n=1
SR fiM! 4 s BRI TR KR n=1
HLEA M 3 SPIRAGRESA TR IR n=1 n=1
HE M 5 6 TipAN 7
SRR RRBRA n=2 n=2 n=2 T 1PA1471 5 5
Hil F:PAS 74 1 1 AT AR RR n=6 n=1 n=6
Hil FEPASTS 0 6 i MLDG 1747 4
HFFTZ-1 (dm’) 202 il M 0
¥F 5K #PA1480-5 5 A A M1 0
VFS#PA1480-6 6 LR 7= M2 0
VI A PA1481 0 5 Jeil A7 M2 0
VF R A PA1496 0 5 B Ll A M3 0 5
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Tab.3 Frequencies of Carabelli’s cusp in Chinese hominins of different time period

M' M M &it Re2E %l
BT L (2/2) 0/2) /1) 40% (2/5) 3.5(7/2)
SRy SRR oh ] 33.3%(3/10) 50% (5/10) 0%(0/9) 27.6%(8/29) 2.9(23/8)
FREE G 77.8% (7/9) 50% (2/4) 33.3% (1/3) 62.5% (10/16) 4.4(44/10)
A g 54 42.3% (11/26) 55.6% (5/9) 46.2% (6/13) 45.8% (22/48) 4.4(97/22)
&it 47.9% (23/48) 48% (12/25) 25.9% (7/27) 42.9%(42/98) 4.1(171/42)

TR R A X AR B OL, X 4R E G AR IR R an, 5
RRNEE Bt R N R HeiT. eoh, RIRRIERE G AR K2 B3 (FERR 4 )5
TR 5 2) RIFERZHE. AU E IR R IRIAEH E H A LA 2 MEESRM,
EOLFE = APEIRBE AT 14 7 15 THT H 3P AR B SR M TV 47 T o T 5 T P 5 T HH IR A 7R
HEEERIRSS, SEMREIRAS, TERESREESE. 2GR T, RATXASKEEEAL,
RUUVFEE B hRA, HEESMEINE L. thoh, 7E—ShrA R IR R A L S M E
— A Z AP IRRE GEWEHD 5 3) BT WAWES SRS, £
FRARTE HP [ 7 A S H 300 3R M S 2 e 30 e A 2 38 38 . (BLPE PR SR T - R NS
MZ 27.6%, WIRALTHEMEE (4518 40%. 62.5%. 45.8%) . X MmEHIET S
PR ARG LM T8 5%, B AR KE 2 AR, X — HILRA T RESE .
4.2 5HEM R FON & A KR RLEIRAIXT

W FL RN R IRARAE tH FE A R B B oy N2 B A A . 184X R RS
B 50 AR HR AR AR 1 7 7 T AR N8 DA SR o N br A . R R 3 St R
FARTE & il N A M B R R — 5, (ES A3 R R IR AE SR B 7 i A N8
IR (63.3%-76.8%) B . i T B A O GG P D0 P R0 ST 1 38 X iy A2 (38.2%-75%) (K 4) .
R IRARAE RO M X B2 AN B CELFE W B8 37 tH R JR I N 55D B Tl ) Ge T H B e ik
A, BHEZENI, FIRREIEMFIIALE (A HRAMRAE BAHEART
R [X 5 v N SR RE IR TS R I 20, 1T % PRAAE W AR IV 4 1 X B0 thE e 3 A 2
ML HAHE (L) .
43 FRAERSELXENFHREDEL EHNE

AR, —UeE R CT S 72 R IR (AR ) 7R R R IR
CRET d AR N 8D WS B8 37 e N 288 DL R AR Nl Jo & 2 T FH R oR - A
ST ) H IR IURS SO AT 1SRN IR TE, 3R IRSRIP 5 A A WL S AR AL L i)
WEAE TiE—SHGR 7 BT 28 O RIS, o AEDL B A LA
G145 7 o8 THT P EQARAE 45 W 2 TR AR UG 1 i R AT AR AR AE &7 X AN AE B fbf
NEULRRENEAFERIEERI. EIARN, FREH RN R RRRI A R4
4 (cusp-like structure), FHAPAVEEAEFIS, — A SHBENL, BRI, T RE
P, “FRER” ZAREFIETEZEPBRGE, SR B WRIUH (cleft or shelf-
like lingual cingulum), HH#EEEAL R T FEIS, BABIRR (B 6) . fERERE, RIKER



234 R pEE R ERAAE T E i A BB A = <173

x4 RRREEMN. BON. PEEHARURBEEMARARNLIER

Tab.4 Frequencies of Carabelli’s cusp in fossil hominins from Africa, Europe, and Pan and Homo sapiens

M M M it HH SR VE SR
UZEPES
R E AN 47.9% (23/48) 48% (12/25) 25.9% (7/27) 42.9%(42/98) e
BT g 60%(9/15) 100%(16/16) 72%(18/25) 76.18%(43/56) [3]
| PN 20%(1/5) 100%(3/3) 100%(3/3) 63.3%(7/11) [3]

66.7%(4/6) [6]
R 7kl P e 80%(8/10) [6]
B 5 A R 20%(2/5) [6]
EpaprgiiRiRa 35.7%(5/14) [6]
Atapuerca SH 56.3% (9/16) 44.4% (8/18) 19.0% (4/21) 38.2%(21/55) [36]
FEZEE YN 35%(3/4) 50% (1/2) 100%(2/2) 75%(6/8) [36]
IERZZLEIN 80% (16/20) 57.9% (11/19) 20% (3/15) 55.6%(30/54) [36]
RN 37.5% (6/16) 30% (3/10) 46.2% (6/13) 38.5%(15/39) [36]
MRA
BRASAEMBICN (EDI)  95.7% (22/23) 81.8% (18/22) 25% (1/4) 83.7%(41/49) [9]
LEIVEIUN 26.6% (33/124)  143% (17/119)  44.4% (4/9) 21.4%(54/252) [6]
AR E A (OES) 36.7%(33/90) 15.7%(14/89) 20.3%(13/64) 24.7%(60/243) Vs
WACHE A (ED)) 84.9% (28/33) PSS
ey 100%(8/8) 90.5%(19/21) 100%(4/4) 93.9%(31/33) [9]

RGN Z B E G — AN BOR P P8 fHIE, — S22l M a4 ikl - i
3% (cingulum-protocone crest), F N FRAHI—HB% ™ (B 6). HBLE ARSI 1A ol 5 U Sl
WA T VI BRI A S 1 - TR T R AR HEAFE P 5 IRARTE R 7 R MR TN 5 SR
BRAEE AL TERG T AR AR AR Rl R IRISEASHDH:, 185 R — H i ks
LCRAT (wrinkled enamel) & —ANELE AN/ NRIZERIALERFE,  [FIFE S48 AR R ETH
X3 B SR AR R G G T — A RIS B GE A “JRAE” IRVGAT (shelf-like
cingulum) ([ 6) , MITERDHFNZRIN— AR, BEZA/NIERE, BRI IR
TE RN R KR Z RN EHR I (cingulum-like crest). {H7EA Lo br AR I A BEAT
RVE B HEREER (B 5: C) o BENENI AW B, RIRARIEEZHERE Y. KahT
Dmanisi 25 _FARES—F155 — F115 (D2882 H1 D2700) X IA &5k GREE (Y TEVAPIR MR )
R ERR P, FEPEHE A Atapuerca S tHFL 3 1 2 o R B S SR L858 — 114 (ATD6-11)
R A LR FAR P AR AR AR B EE JE 175 37 JTU: BT N R B R R AR 55, BN s BRER Y™
FEMIRE B, AR RARAERN S g . BRI ZS (igfEER N, Atapuerca SH HhipS . JE%
RN IR B, (HRBIREEE K250 (ASUDAS i 14 g5 ] )™,

AR FE N AR RARTE i ARG S IR MZ MRS, 7E—x
AILLREE PR T BRI R R AR RE R I 1) 8576 - JRARE. it CT
PSRN E R, RATERL PA1279. F1E PA833 Ml PA837. HLELZ U M' Al M. Hit:
PA875 — 3L 5 MUF i KILA thalr - JRAE 45t 2) i B HMBITARBEEREN. fE2G
PA1279. VFZX 7 PA1480-5 J PA1480-6 L Jt 4= 5 MOl R b &5 7T i — 4 8 MU i R B
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A WRTER, R IRRIEL R Z BRI X A NREBRBN AR “Y” TR,
BUNIIAR . TV - R AR e A AT VA S R B g 4 R IR TR R R AN R T
Fo PEAFFH NN NI 7 R ZXFE AR TR IR, SRy & ik
#: (lingual cigulum), B%EMVEIR 15 M54 (shelf-like lingual cingulum) {83 % 4k F (1) 5
BRIRZS P AR A SO R IRARTE A B o A S B A LR R B B 7 R B, VR A
A NSR IRRTEA W REE 2 SR AR RHIE AR AR . AR IRRET Bt by 1
S SR NS BSOS R IR AU, B S B B IR R IRk .
TR FRASAE H B v N2 ) S IR B B[R] IR S o N SR By 3 . TR B AT A 28 1)
AIE IR SCRF AR IR 5 BRI iy NS [ B R A8 it iR 3 A A TE SRR AIE . A3 R 2
AT B 1 15 FQROSAE B BTVl X5 7 Ay S50 N S8 DA S BIAR N T b 0 1 o4 5 473 T AR
JiE - ARJ5 A S H IS R I SRS AN 78 0, i BRI R IRAAE T X K
1) H 30 DA S FE TR A0 ) R SO R SR B R NI A THI A

Bof: RHARLTFETAIMABHREBRENL. 288 XWFEFH X & FF
R B R B R KRR iE TR R A 8 B R L A B RE R DA
BB AE FFARBER . LEAFXHFRAZT R BEX LA FRRESF
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