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Abstract: The microhaplotype, as a kind of new genetic marker, has gradually attracted the attention of researchers in the
fields of forensic genetics and population genetics in capable of their high stability, no interference from “stutter” peaks,
high polymorphisms, short amplification fragments and fewer SNP locus requirements, and has been well applied in kinship
analysis and paternity testing. This paper reviews the developments, nomenclature and screening criteria of the microhaplo-
types, retrospects the progress of data acquisition, analysis and detection, comprehensively compares the microhaplo-
types with the microsatellites and SNPs at first, and introduces the application potentials, challenges and opportunities of

the microhaplotype genetic markers in zoology, with the hope of providing a reference for related research.
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Fig. 1 Development and evolution of microhaplotypes
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The microhaplotype locus mhOXGP-001 consists of three closely
linked SNP loci rs116835093, rs116835051, and rs116835042.
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0.05; (2) — >R EA Al L 5t A% A i 2= 40 LA 3% 31
SNP, HA HZ SNP B A7 R 1Y) 22 25 Pl 5 B 5
(3) JIFA SNPs 2032 T 200 bp (1 X 38 H B, 200 bp
(1) 7 FIH B2 S KA IFA T P (massively parallel se-
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Fig. 3 Nomenclature for microhaplotypes as defined by different experimental teams
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JIR Y FLfinder HBEXT B EAS HEAT 1o A B0 23
BT A6 , AT (] B X 22 S R AS TN 22 A6 i 6 TR H
53HT

PERE AR H AR (next generation sequencing,

NGS) [ & J& , Zhang %57 JF % T MHTyper 3K {4, X
Je— A T A R AR RE DR 23 2 e TR B S i
HAE T Linux/Unix 22 GE AR IIAS . 7R 5%
150 > G A (5258 o, MH Typer #0741
1 FE R 5 A )45 B 22 K Integrative Genomics
Viewer 73 #r i vl 0 4k &k A 25 2R — 2, e ] T
MHTyper 4 R4 S — AN P4 AR 5 228080 73 Hr i
AT H,
3.3 PSRRI )i Tk
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JE& A2 P B A I T 1% 1 1 SRS VRO R 2,
Jp I G a8 T > K DA b A7 2 I D T 12 DA PR 2
DNA HHff 7 B4~ SNP 2537 ik A 22 [1] 9 5T Bz Ao "8 5C
F,HETEE A 4y BURMWT L H AR SO Ji ik 4
I o B B, TR0 B Y R A I e LA & PCR 7= 95
e AT R A A
3.3.2 —RMA

AR R B AR SRR — A e RS A
7 AR T A GE R — AR iR P LA i il
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117 5 I A/ R w11 5.2 N1<0F |- 3 E R i
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TR AR ELA e MR | R R SRR
e SO, TR 30 4F W] SR it i . K S B
o A L 2 AT R (] BT 5% (matrix assisted laser de-
sorption ionization time of flight mass spectrometry,
MALDI-TOF-MS) /2 20 {20 A< 4] 5 J&& ke of 1) — o B
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Fr B AN S5 S AS i e S RSO OO
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DR IO R i % 12 (0 T Bl A7 2R ) SNIP A7 s Az
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dem repeats, STRs) 2§ {iij #. 85 & J3* 5| (simple sequence
repeats, SSRs)™ I 20 4R K, iZbnic N 2 B A
S E SRR Tz N TR s L
ZRENE PR 5L S5 R 43 BT S A0 SR Wi AE b
[ PR AP s A A 58 A T 28t sk . SNPFT MH 1)
o G AAE T SCE A Tk, 3 FlbRic b F AN [R) 4008
WA T

STR 7 3 R 4 H 1 4347 294 6~10 Kb/ BLfs
AU SNP e W 31 oy 25, NS 20 b 4 1 0004
BAHTRZIA 14 SNP 229555 i 9% & B4 55 Mb
S3 A 251 000/ MR (2 891 927/3 000 Mb)

STRs bric fE#E1T PCR Y Mt B v, i T R AR W
BERUNLH 72 “statter” 0, 23 PR AR L ELSL AR A A P
YL 2 — AT ALY F S S k4 T )
BT B 285 BN, 0 R A R V- #iTR A DNA FEAR
Hp, S YR L DR S R DR 0 R — B M LA
AT HER AL, SR ) — A B R R AN &
A “stutter” WESY X W L BEAR T R ATHERE . 5

STRs AH LG , W EAA% Y 1) 55 — A0 e — > PR JAE Y
1) JIT A S0 i PR 18— | 1T STRs K& B 38 P 114 5545
e PR A AL 25 23 =535 100 bp, W15 RE i DNA [
fift B P B A PCR A 59 ] — BE AN [R] 32 1 45
PLAE P R BRREA —, 2 F RS Yok A 2
Ak,

TR R A 25 A T STRs (4 = 2854, R 88
TSNP A2 FAR A7 50, K2 SNPARICALA 24>
SEOLEEDR, AR 0 A> A0 TR SNP A B — A R
AL BRIE BiZbR I A 20 F SNP 2 & L )
EAMCE B 2D AR Y s R IC R
AT b Y S KB H B R iZ R i 2 51k
G AP RE WS, Chen S5 R T T A
L R 2 B A0 P 07 2 25 IR AL, e IRAE DU
S 2 2 45 BE 3K 0. 617 8, {H ZABLAY I AL DG Iic HE =R
(random matching probability, RMP) H 2 % F 15 4~
STRs 3 P e (9 RARTHUBIBE Ty , BRI iAF 5 STRs AR ]
KR By RS 2RSS

Tl TR — PR R 40 8 HL UK (capillary electro-
phoresis, CE)EEARK M . £ % SNP [ 43 Rl R E L |
I ¥4 71 ( genotyping-in-thousands by sequencing, GT-
seq) & —MXf Z H PCR Wy AT AP i8R,
AT [ 0 DR SNP ALl I, HG s RO 2 45 4 B
AR N A L I JLAE R K IR U 28 Hay-
ward [T A0t A 36 5 1) 324 4~ SNP 37 1544 ALY GT-
seq IR Z , BIAT T X 43 I &2 K AU BE (Ursus mariti-
mus ) A>T RE RAF 2 X TUAR BEFP (14352 12 254
Schmidt A1 BR7 f ) F 362 4~ SNP A5 i #4 E 1 GT-
seq R Z , BIH T PUES I B¢ ( Crotalus oreganus ) FH gt
1 ZREVE S A 5 AN [F] b X 3 A% o AL FRBE A R T
NS DNAE W2 1) 0 O L 2 A 0 S ) S e o B 114
HAF o BB, GT-seq 5 ARTE FHR N ( Sander vitreus )
TRALFVREYE RE BRI (Capsicum spp. ) 15 4% B Fi 40,
WA FR R WK IZBAR A W H
X SNP L B i R i, & PR E PCRIA R
Frids o1 e £, i 2 095 s 2 TR
Oy RIS ARSI s S [ N S P Ta)
P 25 5 X DL S B T A A B A A
(AR K Z2 AR BN 22 5 PCR 7 idE AT A7 1
I 2 ZBOR TR TE B — 6 IR 5 DNA FEA 1 a]
PAFAAE AL AL B R AR T CEHAR , AP 1Y
Sy RS AR Bt A B A HLAZ A 3 B ot
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P fE— R LA T RS B i S AR
GT-seq HEARTE SNP LI H L fsp A U7 il 2278k
1, X SNP AV 5 X 2 ¥ PCRAK R IR A5 W4, 5191
TR D K GT-seq £ AN FH F A AR B 5
HIE 73 AR 55 R A L5

MAEARTIFE AT, 5 L SNP AR IC 2 ST
STR bric, & ALGC A B 2 25 ME 4/ T SNP 5 STR 2
], Ak AR R X BE 77, SNP AR I T SR e 22
TR AR, STR AR 10 75 SR B 5 /b, [R A o3 8 75
S, 0 T 2 R R e ) A AR T . A, SNP 43
RIS A 5 1) 22 55 PCRAR R s 5 | B K, 51 )
B AR R HAFETTARTE Y R R F IR G B
KPklK . 25 b FIH STRARIC A SEAHICAHZE 1Y A 4
%, 2l s B ) F GUERAE U DA SRR DA 5 A A 3
rf s I SNP S5 AH S8 () AR B 1 o Xt R AR
P2, STR ARic Joik gl 8 U EEL L A

3R AL bR iC PR L LB AN 3R 1 TR B AR T
B AR R Ry o A AE R SRR 2 b ) B DL 2
SNP K [H JiE , #¢ H HL STR .SNP A5 ic 35 B AL # A &k
w1,

F1 3HMBEEIRICHE R
Tab. 1 Characteristics of three kinds of genetic markers*+47-61]
P AL MOE BETRESE e
Features STR SNP MH

K214
%[—Lﬂ]ﬂ!ﬁ - 6~10 kb//~ 251 000/~/Mb 251 000/~/Mb
Genomic distribution
?%%E%(ﬂj o H x x
Slipped-strand mispairing
ZRAR R o . -
. tiis £ g

utation rate

1 . N~
L g i s
olymorphism
A0 R \
N — ks %02 > H<o
Number of alleles
B AR »
Efﬁ .ﬁ* . CE MRS MPS
Major typing techniques
B 1 gE o ATNHEZE

Research costs
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T B 2R A 5 B T AT A ) I AN T A
A BT B B A LW DTS (9 70 B, 2 5 %)

TS AL S B, B8 8 1 R AL S5 40 1Y 43 FE R
FLA R 6T 73 kb 58k 532 6 R} (Salmonidae )
5 A% S A AR 7 A A ol 52 M) ) SCRRARGE L (H
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