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study analyzed morphological and molecular data of 9 specimens of M. minutus, 22 specimens of M.
erythrotis, and 19 pending specimens of Micromys collected between 2018 and 2021. [Methods| The
morphological characteristics of specimens and skulls were described and measured. Molecular phylogenetic
studies include the calculation of genetic distance (the Kimura 2-parameter model) and the construction of
phylogenetic trees (maximum likelihood, ML). [Results] The morphological characteristics of pending
specimens of Micromys showed differences from M. minutus and M. erythrotis. The back of the body is
black-brown (Fig. 1). The base of the hair on the abdomen is gray (Fig. 1). The tip of the hair is gray-white
(Fig. 1). The color of the hair on the sides of the body is clearly differentiated (Fig. 1), the dorsal surface of the
tail is dark brown (Fig. 1) and the ventral surface of the tail is gray-brown (Fig. 1). Tail length is longer than
120% of head and body length (Table 2). The zygomatic arch is clearly curved inward (Fig. 2). Greatest length
of the skull and Condyloincisive length (18.59 + 0.48 mm and 17.43 + 0.48 mm) is longer (Table 2). Palatal
length (9.35 + 0.11 mm) is longer (Table 2). Braincase height (7.43 £ 0.06 mm) is higher (Table 2). The
genetic distances between pending specimens of Micromys and M. minutus and M. erythrotis are 0.115 and
0.136, which are near the genetic distance (0.126) between M. minutus and M. erythrotis. Based on the
complete sequence of the Cyt b of mtDNA and nuclear gene sequences (IRBP1, RAGI, and RAG2), two

phylogenetic trees were constructed. Samples were clustered into 3 clades in both phylogenetic trees (M.

minutus clade, M. erythrotis clade, and pending specimens of Micromys clade) with high confidence (Fig. 4, 5).

[Conclusion] The results of morphological analyses and the molecular phylogenetics supported that the
pending specimens of Micromys are an independent species, corresponding to M. m. pygmaeus reported in
previous studies. Based on the locality, genetic distance, and morphological differentiation, it is suggested that
the M. m. pygmaeus should be elevated to a species and named M. pygmaeus comb. nov.. The samples of M.
minutus in phylogenetic tree based on the Cyt b of mtDNA were clustered into 6 lineages: Japanese and
Korean lineage, European lineage, Novosibirsk Russia lineage, Northeast China and Far East Russia lineage,
Anhui China lineage, and Taiwan China lineage.

Key words. Micromys; Taxonomy; Molecular phylogenetics
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Tablel Information of samples collected in thisstudy

FEA 5 Sample No.

SR 3 AL A
Geographic coordinates of
sample location

PRI
Sample location

R ZLH LR
Micromys minutus

5 e BB AR A ONPEIL D

M. erythrotis Pending specimens of Micromys

(M. pygmaeus)

BT A HTHIX 44°48'44" N, MDJ1 ~ MDJ7
Mudanjiang region, Heilongjiang 129°02'04" E
BRI LXK 45°3424" N, MS1
Mishan region, Heilongjiang 131°5428" E
PN S A DX 4 X 48°37'20" N, MZLI1
Manzhouli region, Inner Mongolia 117°53'17" E
B HEATHE X 26°2422" N, BJ32. BJ35. BJ37  BI17. BI19. BI26. BI28.
Bijie region, Guizhou 105°44'04" E BJ42. BJ62. BJ83
B 2 X 26°21'48" N, AS6 ~ AS8. AS10. AS22. AS11
Anshun region, Guizhou 105°55'35" E AS23.AS30.AS31.AS33.

AS35. AS49 ~AS56
A A X 27°49'54" N, TRI
Tongren region, Guizhou 108°48'34" E
FEHE ST HLX 26°33'10" N, LPS1
Liupanshui region, Guizhou 104°57'18" E
PR PNLS RS 26°12'14" N, DLI11. DL34~DL36.
Dali region, Yunnan 99°95'44" E DL42. DL53 ~DL57

SR K P 4R AR (500-196-30 HELFH 8T,
=F, BHE 0.1l mm), SFCLEK. BEK.
Ja K L HA, tFREK MK 11 A SEm I
BHAE AR RIE, 552 0.01 mm, £
Fo: A, R, BB, HEMISE i BE
RN N = RSB S SN = hrsp
K. FBEFE. VF LK (Abramov et al.
2009).
1.3 S FEMZ LR KR A

FE AL A 20 23 Ty - A7 9 42 Bk (R 4
DNA. AHF 5K mtDNA [¥) Cyt b JE[K 475
FIZIEH (IRBP1. RAGI 1 RAG2) T4k T
PCR ¥, PCR RMAKZRNF 50 ul, 7 200
pumol/L ] dNTP, 1.5 mmol/L f{] MgCl,, 4 4
FER 5194 10 pmol/L (Irwin et al. 1991,
Rocha et al. 2008, Chaval et al. 2010, Chen et al.
2020), TaqDNA &8 25U CRIEFEAY T
FEAMWRATD, Btk DNA 250 ng. 3 5N,
94 C 3min; 94 C 45s, 50 ~55 C 50 s,
72 ‘C 45s, 30 MiEH; 72 'C 7min, 4 CAE
17. PCR ¥ =4y aifb[alie, 1&me /RIEAL

HEMHARA R w107 .

iid GenBank T #HLE B Cyt b HE[H 4
A (s 1D —FFT 0 dr. ZEF P21
EditSeq (DNASTAR #4-43) BT 7 54k,
FHAIH Clustal W 33T 751 ST H)
H MEGA 5.05 it it fL#H 5 (the Kimura
2-parameter modeD). FJFHHKJNVPE (Meriones
unguiculatus) 1 94, HI i K AULSRZ: (maximum
likelihood, ML) #ZH A bootstrap Hiill{E ]
BEJE RS KEM (Tamura et al. 2011).

2 ZEREGM

21 BAFREA#R
StRREREASE (- D, i (8 2)
HEATHA, R 1) AR e S 347 1)
T (R 2). EEXT LRI, REMEHL
RUBFRATT Lo K 3 MEARTE. H— R
kB TR E R H 2 N R 9 545
K (F D: AR E B, AEBEEK,
BRAG, BUEEAFHEX S, BREHER
tite, RIS EAFTFG (B la); BK5k
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KA (58 2); SkE i vl L5 WA
WA (B 2a); KA, 15
KA, Mk (R 2). 5 /KB R
H T30 75 40120 e A B R 22
SERAR: MR BOKER, HEHBLARE
P, RIEERKE, BREEH, AIEA
THEX S, BEHEARLE, RBIESEAK
(B 1b); BREHERMER, 28kkK
1) 120% (% 2); ki W n] WL = - 5 (B
2b); AR E S, T
fEr (R 2). BBEAKEEERE THREVEH,
Ry R BFRAS 19 50 bRAAT B RS, 14
JEEHKE, BRKE, HNEARFEX S,
REHEMEARE, BEHEOKES (E 1o);
EREERELK, KT KR 120% (& 2);
KB A AT WS IR (B 2005 M4
KRR, BB, Wssm (R
2). LLH H N E LB AR A 1) B KA AE
—ERENHIEES GR 2. ek, miELK,
5 I P e 1E 3 AN B (B A AEAS [T RE FE 1 2
WES (R2).

3 AR CHRGE R SR B S &
R FEHR S T L (R 2), WA NE R

(17 9 ‘T hr A 1B R 5 55 R 7 SL IR AR TF
(FFIRFEE 1958, TiRiE 1986, FEHFZES
2021), BRFELFES (2021) WIEFK H ZH0 H
AR A B A B BT HARAR AL, AW FCREE
(13X 9 5 FRASME B 50 5 5L R D e 4
PEAL CHIRIESE 1958, LhifkiE 1986, 4
F5 2021, 9 FHRAZEEFHFNIER.
WG H e A H RN 22 SARA B
RSO H LR ERAMFF (Abramov et al.
2009, ¥R 2021), AMEATE IR 540
H #8107 s EdE AL (Abramov et al. 2009,
ERES 2021), 22 SIFALTLEE SRR
HH R AP E A EE SR 19 Sa4A1E
AR 5 ) PEE R (M. m. pygmaeus) [
7 SRR (Allen 1940, #21842%% 1981),
A E RN P R 5 R P S ) sk S A
L CAllen 19400, 19 SHRALTEES 7K NHE
B Pl AR5 JEE o B BB b AS AN 41 B SR BRL7E
B PR R AT AN 22 AFLE R AT, 3 RE Rk
oA, AR ER, WHOSER A FEE
B, 1 B8 SRR AR AR 1R 43 2R TC ROZ R YRl
TEAS SRR SCRPRE S B 1 0 ST M2 - R,
4 )1 7E B (M. pygmaeus comb. nov.). 7£

1 SERBRIMNERE
Fig. 1 Theshape and characteristics of the Micromys species

al fla2 JHE (A5 : HD2019001); bl Al b2 ALHHER (FrAS: AS2020006); cl fl 2 AHIPERK (hr45: DL2019011).
al and a2 are M. minutus (specimen ID: HD2019001); bl and b2 are M. erythrotis (specimen ID: AS2020006); c1 and c2 are M. pygmaeus

(specimen ID: DL2019011).
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B2 HR. 2BERR)IERRESE
Fig. 2 Skull of Micromys minutus, M. erythrotis and M. pygmaeus

a. HER (R4S : HD2019001, /4K 17.13 mm); b, ZLH B (hr45 : AS2020006, 4K 18.19 mm); c. JIITEHE (55745 : GZ2018026,
4K 1840 mm). 1. EAUETH; 2. E&UEMH: 3. B R0

a. M. minutus (specimen ID: HD2019001, greatest length of skull: 17.13 mm); b. M. erythrotis (specimen ID: AS2020006, greatest length of skull:
18.19 mm); c. M. pygmaeus (specimen ID: GZ2018026, greatest length of skull: 18.40 mm). 1. Dorsal view of the maxilla; 2. Ventral view of the

maxilla; 3. Lateral aspect of tooth of the maxilla
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FAMEE Y, R KRB HOA )1 75 E R
o3, TAREIE (B 3), #—DuiE R EE
AR T RS

B3 JIEERKE (BTrERETEED
Fig. 3 A nest of Micromys pygmaeus (Photo at
Eryuan County, Dali City, Yunnan Province)

22 STFHEWMES

221 REERTFIIRBEEE A0 AS
MR T 50 5 ERBFRA 4 FHEEH TS
Cytb 2K 4 7% (1 140 bp), GenBank /7515
OL473694 ~ OL473724 Al OL660729 ~
OL660747; 1%L IRBP1 # A 51 (764 bp)

GenBank [7 %15 OL804394 ~ OL804402 .

OL804421 F1 OL804442 Ll K OL804509 ~
OL804527; 1Z%FE K RAGI &K 741 (864 bp)

GenBank J¥ 415 OL804403 ~ OL804411 .

OL804465 ~ OL804486 F1 OL804528 ~
OL804546; RAG2 #:[X 7% (744 bp) GenBank
55 OL804412 ~ OL804420. OL804487 ~
OL804508 Fll 01944449 ~ OL944467 .

FH Cyt b FEH AP A0SR (n=
19). HE (n=9) FMLHHER (n=22) Mk
FEREES, 1178 5 5 5 RN 21 HE 5 B T Y agt
FEREES 4305 0.115 A1 0.136, #£L T H R 540
H R A psfe s (0.126), w0 )17E 5
B 55 BRURZL B 8L R 2 ) as AR IR B LU, 4y

W . XIS EVIL BRI
SRS B R B S R A MR e, SR
78 5 R ST

222 RBERERFR HT Cyt b EFAFHI
MR RER KRR KER (B4, R4
KA LR i BAS FE s 3 AN, |/
SR A HE S )78 R A s . SR
S A TR B R bR A S R E 2 &
7, DASBRPNE S (R . el 18E . Hy
+oo VEEL PHEL BRI O, BEL HAR
HERFEAMI R 20 B 58 R A S A TR AR
(T 5L R bR AR 5 3 B 22 o Y ) 1| BA R e 1)
L H SRR G )78 8 RS, ARt
FUREM)IPE A A S ¥ 5ES (2021 A
RNAFTERRFR 10 19 2 Ak H T GenBank [
Z% (China 1 1 China 2) PLK 2 4kE TR E
) GenBank fJF£ZA (China Yunnan 1 F
China Yunnan 2) FKp. T3 K IRBPI.
RAG1 Hil RAG2 #4 ) i KAUIR S G0 A B (I
5), MUV EGE S AR A H 5 A
JIPEE R 3 NS Cyt b R BT RA K
ARSI NNTEER SRR BEAFRIEN R
GJRAERR, TMAZEERT RGN S H )
TER S ERARIENRAKERR. REGK
HEREI IR GERGIREFHIS KRR
M AL PR B A5 R — 5, SCHr 10 512 S U
— ST .

BT Cyt b B4 7 5 R E 1 5 R 8 Bk
ISR R R A, FELL B3 Rk b (B 4,
2 R HE TR EVU I GenBank [JFEA (China
Sichuan 1 A China Sichuan2) 532l B4
FELERON IR S () 534k o 45 )1 4 B BRdE Ak S (]
4), KIET 2= 5 RIET 51 )75 SR A7 AE
BONWLR Rt PSR 04k . AE SRR IEA S b

(B 4, 7k 6 Mk R: HEFER, B
s R P o a RS R P EZRIEA
WP W Rl R P EZEOE R P E G

R
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Fig. 4 Themaximum likelihood phylogenetic tree of Micromys based on the Cyt b gene sequences
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The number on each node is the bootstrap value based on 100 replicates. Scale represents the branch length.
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Fig. 5 Themaximum likelihood phylogenetic tree of Micromys based on the IRBP1, RAG1 and RAG2 genes
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The number on each node is the bootstrap value based on 100 replicates. Scale represents the branch length.



+ 864 * 242 & Chinese Journal of Zoology 58 &

3 W
31 ERBEWMME

)11 76 55 5,5 B BRRN 20 B R ) 3 A
B3N 0.115 F10.136, T HR SO HH
B TR IR AL PR S (0.126). FIH Cyt b 3L 4
JF BT SR E U S A ) 5 A% R B R AL T R
G IR BRI T (EINiESE 2012, X1/
L& 2017, Liuetal. 2019). FENIES (2012)
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Appendix 1 Cyt b sequences of Micromys downloaded from GenBank
e A L % L N o s 7 7‘2 . L . o
g Tijim%ltﬁ GenBank &35 B Wy ﬁﬂbﬁ%hﬁ GenBank &35 B A
. Sampling GenBank . Sampling GenBank
Species . Sample number Species . Sample number
location number location number
ﬁﬁ , ;7 ér’r%,; y AB201995  China Taiwan 1 ﬁﬁ , R MR A AB125091 Russia 9
. minutus . minutus :
anvam M AB201994  China Taiwan 2 Russian Far East  £jg27490 Russia 10
AB201993 China Taiwan 3 HA Japan AB201968 Japan 1
AB201992 China Taiwan 4 AB201967 Japan 2
AB201991 China Taiwan 5 AB201966 Japan 3
AB201990 China Taiwan 6 AB201965 Japan 4
2 MW585807  China Anhui 1 AB201964 Japan 5
Anhui, China . .
MW585808 China Anhui 2 AB201963 Japan 6
MWS585809 China Anhui 3 712 Denmark JX531450 Denmark 1
MWS585767 China Anhui 4 Fiii . Sweden JX531449 Sweden 1
Y& [E England AB201983 England 1 JX531448 Sweden 2
[ Germany  AB201982 Germany 1 IX531447 Sweden 3
AB201981 Germany 2 %% 2% Finland JX531446 Finland 1
AB125100 Germany 3 LHHR w7 1] AB201996 China Sichuan 1
M. hroti ich hi
ABI25099  Germany 4 erythrotis Sichuan, China 1 b 399599 China Sichuan 2
V5 1E France AB125098 France 1 o [ H 0 MW389539 China Guizhou 1
Guizhou, China
;ﬁtt o AB125097 Switzerland 1 o [ 2 MW585805 China Anhui 5
witzeran ABI25096  Switzerland 2 Anhui, China  MWw585806  China Anhui 6
AB125095 Switzerland 3 MW585810 China Anhui 7
AB125094 Switzerland 4 MW585781 China Anhui 8
i [F Korea AB201980 Korea 1 #FE Vietnam FI827494 Vietnam 1
AB201979 Korea 2 FJ827493 Vietnam 2
AB201978 Korea 3 F1827492 Vietnam 3
AB201977 Korea 4 F1827491 Vietnam 4
AB125093 Korea 5 Aip I 51 B H1[E China HM217360 China 1
— 5 £
AB125092  Korea 6 bk ONPEAED HM217361 China 2
Pending specimens
P HEaf AB201976 Russia 1 of Micromys i [E S MW682723 China Yunnan 1
AT . (M. pygmaeus) Chi _
. AB201975 Russia 2 unnan, LChina MW682721 China Yunnan 2
Novosibirsk,
Russia AB201974 Russia 3
AB201973 Russia 4
AB201972 Russia 5
AB201971 Russia 6
AB201970 Russia 7
AB201969 Russia 8




