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MERER —F AT BEREY. BZE
W R 73 2 (A 40 A 1) RE BB B #E & (Short Tandem
Repeats, STR)F 41|, 75 #1 y & 54 F7 #1) # 5 (Simple
Sequences Repeats, SSR). 1 L& /5 41 H1—6 1%
BRI AZ 0 Fe 81 S AN BARSF P AR o AR
P RN, DRI AEER . A5E
EM . AR PR, H, 5B TRl
AN [) W ) B — B LA R T B . PR K
O AR FEEA AR B 2 7, BRI R A B
WAt BTHIERCEAFZESEE. 7=
AT IEFERE . LR EE AL G T o iR
R )2 N T AR 2RV L R AR 4
oty SR 5 BRI R A 2 A
AL, il T B o o R DR A R AIE, BE W ) A
S+ EEIRRE R AH AN £ 4 2k R 2H 4 At 9 4R it = O
ﬁ[lZ]o

20224F, Yin% " 25 15 B — Sk AR T YT IR
G AR K ZE R . s, 7R3 BT £ A 78 1A
I AT T — Sk HESE K ILVL KB T2T (Telomere to
Telomere) & K 2H o 3 P /> 1 Joft 12 G 2 A 7K 1 2k [A]
2 g N4 DR A K HE R 2 B ik R R R #K
. PSRRI AR, KRRl R Y 4t
AT TR BRI SR A TR AT BE . A TR
R BB R A, ALV R VLK Gy
AT JE R 20, S BATT R T B2 41 2H RO 0 AT
TEFEAT AT S Ee . i e A BT T RV K
AR T AR I P9 AN S o 7 35 R 2E ) 5 T 1) 26 5
(5] INF ] D i 488 DR At B T R A Ak B R g A R i B
5E FEAil o

1 #RERZE

1.1 EFEBEHHERIR

T3, BT ST BT AE VR ZH R FHONT . HiFi. Hi-
CEEW P HAR, H 13 3] — Kk #E M KV K 1)
T2TE K41, K/ A2.62 Gb, A0 EHE & 1% K i
JE (N HELHE, 15 Ao ASHIEFT T LA o A i e
P AR P T R e £ Ak 7K P35 PRI 2K/ 92,50 Gb, %
¥ M Figshare T %% 3k 15 (https:/figshare.com/ndown-
loader/files/36523131). & T~ IX A G 8 {4 /K 7 F
PRI ZH, AR 80K VTV R AR VT KR AT 4 2 PR 40
Tl T 43 A R AR A3 BT RO B AR, JF HE B 4 T Y 3
ARG TR 3 AR AE
12 MIDEMELEE. DERRBESI

K FHIMIS A %4 (https://webblast.ipk-gatersleben.
de/misa/) % Z KT VLR A4 WIT IR 4 3k R 40, 5 7

1—6 Ml B 5 e B L2, I AT Je 84t it
Bro S geit AR HE S B E W R FUAE R K
=105 UL, —hsE R R =65 D1, =tk
HE =585 D1, DU B2 B =515 1,
Tl L B2 I =595 UL, Bk R R =50
L. ARTTURA B AT 9 S FIRBEIA 4 & Origin R
AT ER S R

2 £R

21 KILIBMATIBEFREBSES LMD
ENIFIE

AW FC A A A VLT RN 2R YT i 325 R 4 Hp
WesE 58 26 i T R 888424 18677924, K JE 4y
HIN15340771 8114724482 bp, 53K 4H 75 2K
FE90.59% 0 KATYTRIE DR 2H sk TR A 5
339.74~/Mb, FHXt % S5866.5 bp/Mb; AR T K I
IR0 Fp A T2 AR 6 3 B 3475/ /Mb, A1 X 25 N
5896.9 bp/Mb. FEKILIVLIEKEE R H A, o5 i 2 1)
FEREEIRIY, H613752, i AR SE1169.08%,
FEXS 3 B 234740 /Mb; FL UG SRR, AR e
WU SIREE . DOBRE . = HRFEA FAREE(E 1),
RMPIT IR A5 TV A i i ik 2 A B i e e i A —
2, iR 2 R AR R, H 611301, S T2
SR 70.44%, AHXS = FE 244,81/ /Mb; HkE
TREE AL, ARG 7SI, . DUBRE . — AR N
FBEE(R 1),
22 ARBEXEHDENEERHELE

KAVTVLIK R A 4 H e 2 W2 R R
10 B A, o5 S B L 115.69%, R J5 A UK 72
TR E R 11, 12RO B2, 4 ) o S A bl
10.25% 7.84%H16.36%. 7= VLK 5 KITIT A%
KA, B H f 2 AT LI A s 4 — 2, HEE )\
T A 5], KTV IR B 38 )\ IR 3 52 S TR 7S Bl 2k
A AR VT K B R B 161K AL R R (3R 2).
AN, TEARFR G TR, Bl o R %O 7 51
& DUEL 3, i DR BE RS GER . KT
VLR ZR VT A S TRV 20 i i s B R R b R %
DB F B AE10—24%; 15 R M, HE
Pe B F B P25 fE=. V. Ti. /A
FeR A A P DI E AR TES—9WR(E 1),
23 KLIBAMERITIBESHE NS

KAV K5 AR VLR 2 DU 7 A i
AL, B BHE A4S 10 = 3 B R AL AC
AT. C/GZE5HIH T A &5 ELAE P AN A (8] 4776 2 5+,
PEAVT T RN 2R YT i 25 PR 20 w23 Sl HE 44 56 7S
FVUGEER 3).
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Tab. 1
and East Asian finless porpoise

Distribution characteristics of microsatellites with different repeat types in chromosomal genomes of the Yangtze finless porpoise

KILILIKN. a. asiaeorientalis

ZRIYLIEN. a. sunameri

SSRE & K7 o "
SSR Motif SSR¥ H SSR/’J\N‘ﬁb@i% EE‘@%E"] 5] SSREH SSR/ﬁ\N‘ﬁﬁi% EE@%E"J L1
(I/Mb) (%) (I/Mb) (%)
Hfigi3EMononucleotide 613752 234.70 69.08 611301 244.81 70.44
~ g ¥ Dinucleotide 163414 62.49 18.39 162279 64.99 18.70
i3k Trinucleotide 22376 8.56 2.52 22243 8.91 2.56
DU % Tetranucleotide 33502 12.81 3.77 33529 13.43 3.86
FLhg % Pentanucleotide 2961 1.13 0.33 2985 1.20 0.34
75 3E Hexanucleotide 52419 20.05 5.90 35455 14.20 4.09
S Total 888424 867792
MK Total length (bp) 15340771 14724482
AH X} = ¥ Relative frequency (loci/Mb) 339.7 347.5
HHXT %5 Relative density (bp/Mb) 5866.5 5896.9
F K4 K /NGenome size (bp) 2615550326 2497825093
KK 5 e Proportion (%) 0.59 0.59

F2 KIIIBMARLIBRERKEEERAIHESEZHN
NN E

Tab. 2 The 11 most abundant microsatellites in chromosomal
genome of the Yangtze finless porpoise and East Asian finless
porpoise

ESTREN; 7|

N. a. asiaeorientalis
HE#

FRIITHE
N. a. sunameri
SSR  Motif FL5& ﬁfﬁﬁ
BH KR RH o)

Ranking  SSR Motif 55 ‘théﬁ&
BH K IH o)

1 139412 1 10 15.69 138676 1 10 1598
2 91099 1 11 1025 91493 1 11 10.54
3 69621 1 12 7.84 69447 1 12 8.00
4 56543 1 13 636 56145 1 13 647
5 51348 2 6 578 50586 2 6 583
6 45965 1 14 517 45352 1 14 523
7 37919 1 15 427 37681 1 15 434
8 34456 6 5 388 30311 1 16  3.49
9 30095 1 16 3.39 24526 1 17 283
10 24741 1 17 278 24487 2 2.82
11 24526 2 7 276 23415 6 2.70

24 KILIBMATIBIAREEXREFHREBE
25l

ATV A 2R ST 5 35 25 280 A 9 i 2
FoAHE . R E B KA iR 2 2 AC,
43 5 o TV AORT 4R S0V B Bl 2 A 89 55.08%
F155.36%, HIRKIRAEATRIAG. =HRFERAH R
A = P A0 35 6 26 ) 23 0 A IR & AAT AACH!
ACC. 7EVUREHE SRR (5 i 2 12K 2
AAAT, HIAKIKSECCTCHMAAAC. Fibdt E 2%
B DLAAAACTREE 751 i %« 75t f 5 28

A HE 4 BT — I AGGGTTHICCCTAA M A 2K 51 ik
I35 o A 5098.98%F198.61%, A& KT VL KA 42 YT
J 7SI E A R A ) R 2RI 4).
25 KILIBAMETIBRYREEARES LM
LENHEHE

KATTT RN AR MEVTAY 2 i b 23 J50 G I
6195815024 58 £ R P2, 0K B 43 51 899613
H181069 bp, #HXF F FEE 43 7] J9413.0H1456.7/> /Mb,
AT 35 BE 43 531 N 6640.9417369.9 bp/Mb (£ 5), KT
YLK 5 2R VT B Y 4% (A4 o 23 3l &5 4 £9.0.63% K1
0.74% 1 L EFH]. H, Bk EEEH A
FhY G e ph b B = I T 2R, 3 a3 il ks ) 3
3663F12891/, & AT 5 SSRsH 59.13%F1 57.54%.
SRIGIR IR A L . DUBRSEE . =8idE. Tomfdd Al
NIEE . NBREE B AH fb, AU AR RITTLIR
AR AT IR Y G A Aok I H 1A 24N, 49 0 7 Y 2%
ARG TR S 50110.02%F10.04% .
26 KTIBMETIBRYREBARRES LKA
HMBES L5

KATTT KRN AR YT IKY e (A op AN ] 25 5 200
)R B4 B 25 2l R AR A AR AR o B O B A 2R R o
AR E T I, 43 LKL KR 4R T K
4 8 F1134324NF127064, 7 FRLIEE A 2011193.69%
193.60%. —HKEEERUF L IHEZKZAC,
I35 B 75.4%F078.41%, HIREAT, HEA 4
“HIRAG. KILITIRAZR LK AE = g2 A p
() B = T A A I 2K W& A A [, 76 AN S e
PIRAATE S, 00l b =i B 2R B8 K
38.52%F141.67%. fEKILILEH, AAC (18.03%)
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FEHEA ) R L R, i AE AR WL K,
AAG (12.50%)& HE 4 58 — ) =Bk R 0. ik
Ab, A TRV IR, =it 5 2R A R HE 42 28 =
I BRCCGHN, ZR LT IRKY G th Rk 5 R 40 ok &2
7 —MACC.

[RS8 S A A RN €= AN 7
MR AEE RN HIE R ZER . ERILILES &
Eb £ & CCTC (17.53%), M CCTCLE ZR VLK H
NHEA 5, HEE14.05%. RWITIKPHEZ S — 1)
VU B 5 25 53 AAAT (16.76%)(XAE KT AT K HE 42
B=,

PR S Fb 7 s B SR A T A S A A
HE RN, FEERMNZGIA, LB ITHA
KATIT IR Y Gt AR 5L R A A & 1A /S Bl 2 B 2%

450000 e
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Fig. 1
porpoise and East Asian Yangtze finless porpoise
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E 5 THHE

AT 58 CAR VLV RN 2R VT I G A4 7K P 2
DRI 26 270 #5040 g Al 1) FH MIS A R4 ot 79 A I Fof
AL R e R T 2T Gt 55
I, FF LR A 2 DR A b ) Bl T B A0 A R AE 2
SE LRI, KTV R 2R ST J 32 PR 20 P 43 31 46 o
3|58 35 R 40k T 888424 118677924, S K43 5l Ky
1534077141114724482 bp, 5 &5 4 3L R 41 1 0.59%.
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Characterization of abundance and distribution patterns of six repetitive microsatellite types in genomes of the Yangtze finless
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YR, 4n-K RE i Ailuropoda melanoleuca (0.64%)-
AL BE Ursus maritimus (0.79%)~ 111 2£ Capra hircus
(0.56%)~ 3 £ Pantholops hodgsonii (0.54%)~ %
%= Bos grunniens (0.51%)% "' {0 5 A 2% Homo
sapiens (3.00%)~ /N B Mus musculus (2.85%)~ K

®3 KILIBAMARLIBEREATHIREKSHMESR

#N

Tab. 3 The six most frequent repetitive copies in genomes of the

Yangtze finless porpoise and East Asian finless porpoise

KILILIAEN. a. asiaeorientalis

RIILIEN. a. sunameri

ESEST] HILEL ERIG  HILIRE
A/T 585009 A/T 583422
AC 90007 AC 89835
AT 46126 AT 45834
CCCTAA 15964 C/G 27879
AGGGTT 14714 CCCTAA 10784
C/G 28743 AGGGTT 10201

Canis lupus familiaris (1.23%)25H Y, TR
J B A A VLV I R 2R I VL I = TR 4 4 A b
24 R, AR AR ) B ok TR AR R R A rh i o
2 R BOR, FTRE S A A & I FE R 20 Ry B
Fr 51 o Sk DR 4 10 B A5 5, (Bt A R o A AT 2
B ORI 0 1% b v A R R
FEAVTYL IR A ZR MLV I S Rl A v, AN A s A2
HERBMEERERER . KT AZR WL K5
BRI 2H 25 DA BBk ik B 5 SRR | AL B, LR IR
Je ThRAE . NHREE . DUBMEE . =HRAER TR,
Z RO R KB Y FE R AR, 5] 4 5 28 0% B %8RG
(Melopsittacus undulatus)~ HISHYEGN( Culter albur-
nus)~ WK E R R %(Ochotona curzoniae)y %,
FEATTVL IR AN AR MLV A BRI A, R 70 ok T
BRI G S EE B AR, (BT ISR PR 4
H ) 7S B E A A B (5.90%) B T AR
TR (4.09%). X AT HE5 A 7 T 20 BT

T4 KLIKENATIHRERERMHERESLXAHRIBNABESE ST

Tab. 4 The top three predominant repetitive units of six major repeat motifs in genomes of the Yangtze finless porpoise and East Asian

finless porpoise

KM Motif KILILIAN. a. asiaeorientalis EIWILIAN. a. sunameri
FALB KR A (585009) C (28743) A (583422) C (27879)
Mononucleotide  95.32% 4.68% 95.44% 4.56%
"t 178 AC (90007) AT (46126) AG (26171) AC (89835) AT (45834) AG (26047)
Dinucleotide 55.08% 28.23% 16.02% 55.36% 28.24% 16.05%
7 AAT (6755) AAC (3735) ACC (3014) AAT (6748) AAC (3757) ACC (3003)
Trinucleotide 30.19% 16.69% 13.47% 30.34% 16.89% 13.50%
PuBE AL AAAT (11724) CCTC (3485) AAAC (3239)  AAAT (11631) CCTC (3382) AAAC (3352)
Tetranucleotide  34.99% 10.40% 9.67% 34.69% 10.09% 10.00%
Tk AAAAC (1203)  AAAAT (591) CCCCT (247)  AAAAC (1212)  AAAAT (581) CCCCT (233)
Pentanucleotide  40.63% 19.96% 8.34% 40.60% 19.46% 7.81%
VA ;S AGGGTT (28054) CCCTAA (23829) AAAAAC (68) AGGGTT (20017) CCCTAA (14944) AAAAAC (78)
Hexanucleotide  53.52% 45.46% 0.13% 56.46% 42.15% 0.22%

%5 KLIBMALIRYREHERRLEBMIDEN DT

Tab. 5 Statistics of microsatellites with different repeat types in the Y chromosome of the Yangtze finless porpoise and East Asian finless

porpoise
e o e SSRE 43 Kil‘ﬂ:%]\fa. asiaeoriez{ta\l[is ;‘F\ﬂkﬂ:ﬂ%{N a. sunam‘er\i/
Motif in ChrY 5 *E/X\‘J FpE 5»@@%9@ Eall 5 ﬁﬁ/{J F 55;&%9@ LL 451
(IM/Mb) (%) (1M/Mb) (%)
g3 Mononucleotide 3663 244.20 59.13 2891 262.82 57.54
~Jg#Dinucleotide 2142 142.80 34.58 1862 169.27 37.06
= F Trinucleotide 122 8.13 1.97 72 6.55 1.43
VYR Tetranucleotide 251 16.73 4.05 185 16.82 3.68
B Pentanucleotide 16 1.07 0.26 12 1.09 0.24
75l FEHexanucleotide 1 0.07 0.02 2 0.18 0.04
it Total 6195 5024
S K E Total length (bp) 99613 81069
AH%T = FF Relative frequency (loci/Mb) 413.0 456.7
AHXT % 5 Relative density (bp/Mb) 6640.9 7369.9
Y et A K/ NChrY size (bp) 15723222 11022723
K 5 e Proportion (%) 0.63 0.74
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JACRH 2R VTR 2 (R 2H R A 38 5 =0, R R A 36 K
B UA S gap B S/ G . BEER B, AN FE AR B A
A TEREERUGFAEESR . P2 SKITITK
A ZR P VT K [R) & T JB A B R 42 1 K (Sousa
chinensis)FIL A BB R WA Z R, PEAEK
DRI 2H A HE A% 5 = 1) AR 35 S SR R R DU, SR
RV TUIRAE . AR AN = a7 oAb 3L
PR, KA AL AR RE FE DR 2 b, ok B A —
Bk B A TR A, U iRt B A KT e 4 EE A o,
TE L 2 AGES 2, = hg i R AN A G 2R
TS N B e B SRR 0 0 L LE DL X
F ARG R A3 A RIS LA K, KL
TURRRA 2R VT A BRI 7S ol s 21 &2 2R 8 |
PR FR, 3X AT B2 KLV R AR YLK 4
FRAFAE, AT B85 YTV ORI 2R VT I R 20 35018
B G AR 5%, B A F = AR e H 8 e 51 4
GBI ER A PBONERNER S, Mk, 1
PLAE R R SCE R, KLY IR BR BB 4 00 25
FERMAF N s DUBEE . Fupddk . SN
=Rk, A 7R I BTV R D0 bl 2 S 1Y
HEF S UELE RN cEARAER", HRMT
BSHRE R AL, HEN 2 5= R 2 20 2% o 53 R
F5r . LMER S R H 2 DA AR e P 4
() Scaffold 4y il i) 2k EKI 40 77 1) v B, T At 7 43 At
(A VT RECRH 2R VYT 35 R 2 3400 3 e AR 2 031
T =AW AE T S HR BB RN EL .
PG UE X — I 75 EL T 5 2 WM G e AR KT
FE DRI ZH SR AR 2 Ak T 43 A R AE

AR TR, AT, ACR HH W
R ESREFD . AP RI, EKITILK
MARWALIK i =, M PLACHE T ESR
FE I & EL Bt %2, 43 il 55.08%H1155.36%; LK 43 i)
A& AT (28.23%71128.24%)F1 AG (16.02%7F116.05%),
X 5 b A i R At — Le g SR A, dngE

VIR Tursiops truncatus)~ FEE5(Orcinus orca). 1
fii(Delphinapterus leucas)~ 2 K5 1) 4= 2 R 20 4
TRRERA -, EARFEYR T, X =K
MR BT 20 B o 1 LA LA — e AR FE I 2 7, 19
WKL AN ZR VIR CLAC R 2 7 () R 7 41
P2 R I T AR BRI (73.03%), T AAT A 2E 7
P A BB 2 = T A B K (18.57%);
HEZ KK DLACHZE T I EH E 7 5 & L
64.97%, AAT 3 7 (1) 5 27 51 4 H026.95%; /)Ml
i (Balaenoptera acutorostrata)& X 28 # DL AC N FE
FE 75 5 EET79.51%, LLAT NS (1 & 8
51l 5 H12.54%

AR, AR KT E AN AR VT K DR 4 A, AN [F)
okl TR R YR B B A 0 T A DL ) B ) 2
LIS F, X5 R O K 3R P (A e 4
SRJRMLHE. Sk, g i 55 ) B DR 26 ok T2 oA
REAE— 30, BOAIE T 1 PR R T T 2 Tl A K P 11
S TN A O T
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i E B (0 ) G A R R S E59.13% A1
57.54%), Ja SRR L . DUBRAE . =R
TR A SR A SR, FE KV IKR 2R
VYT A 25 DR 21 H o B S N B S SR A A, 7Sk
RS A G AN, U B I DR ZH N R Y
MR FES MY G AR LA G ik b
Ah, TE AN AL, B anfE R 1L E . R
SEDAL Y, A DRI LA 34 B T SRR 5 2 4
AR I DR 2 AR A R SR AR HE P A A 40 22
Ui WA 8] ol T2 S 0 ) 23 A1 KR AE AN [R] e (o fA B

F6 KWLIRMARIIAYRGFIIEZES XBHRABHNMBES LS

Tab. 6 The top three predominant repetitive units of six major repeat motifs in the Y Chromosome of the Yangtze finless porpoise and East

Asian finless porpoise

H A Motif KITYLIKN. a. asiaeorientalis VLN, a. sunameri

FAp AR A (3432) C (231) A (2706) C (185)

Mononucleotide 93.69% 6.31% 93.60% 6.40%

A AC (1615) AT (333) AG (191) AC (1460) AT (265) AG (134)
Dinucleotide 75.40% 15.55% 8.92% 78.41% 14.23% 7.20%
=k AAT (47) AAC (22) CCG (12) AAT (30) AAG (9) ACC/CCG (8)
Trinucleotide 38.52% 18.03% 9.84% 41.67% 12.50% 11.11%
tg7rEs CCTC (44) TTCT (38) AAAT (35) AAAT (31) CCTC (26) TCTA (25)
Tetranucleotide 17.53% 15.14% 13.94% 16.76% 14.05% 13.51%
FhgdE AAAAC (1) TTTAT (1) AGAGG (1) AGGGG (1)

Pentanucleotide 6.25% 6.25% 8.33% 8.33%

7B CCCCCA (1) ACCCTA (1) CCCCCA (1)

Hexanucleotide 100% 50% 50%
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MICROSATELLITES DISTRIBUTION CHARACTERIZATION IN THE CHRO-
MOSOME-LEVEL GENOMES OF THE YANGTZE FINLESS PORPOISE AND
THE EAST ASIAN FINLESS PORPOISE

LI Han-Shu"?, YANG Lian-Dong', MENG Ming-Hui’, XU Pan’, FAN Fei"*, WANG Ding"* and ZHENG Jin-Song"*

(1. Key Laboratory of Aquatic Biodiversity and Conservation of the Chinese Academy of Sciences, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049; 3. Diggers (Wuhan)
Biotechnology Co., Ltd, Wuhan 430070, China; 4. National Aquatic Biological Resource Center, Wuhan 430072, China)

Abstract: In this study, bioinformatic methods were used to analyze and compare the genome-wide characterization of
microsatellites in the chromosome-level genomes (2.62 and 2.50 Gb respectively) of the Yangtze finless porpoise
(Neophocaena asiaeorientalis asiaeorientalis; YFP) and the East Asian finless porpoise (N. a. sunameri; EAFP). The
results showed that a total of 888424 and 867792 perfect microsatellites were identified in the whole genomes of the
YFP and the EAFP, with a total length of 1534077 and 1472448 bp respectively, accounting for about 0.59% of the
whole genome sequences. In both the YFP and EAFP genomes, the numbers of the six major repeat types of perfect
microsatellites were similar, with mononucleotide repeats being the most abundant, followed by dinucleotide, hexanu-
cleotide, tetranucleotide, trinucleotide, and pentanucleotide repeats. The most abundant repeat motifs in the two
genomes were A, AC, AT, CCCTAA, and AGGGTT. Additionally, we also analyzed the microsatellite distribution
characteristics in the Y chromosome of the YFP and EAFP. In total, 6195 and 5024 perfect microsatellites were
detected in the Y chromosomes respectively. Among the six repeat types of perfect microsatellites on the Y chromo-
some, mononucleotide repeat was also the most abundant type, followed by dinucleotide, tetranucleotide, trinucleotide,
pentanucleotide, and hexanucleotide. In addition, A, AC, and AAT repeat motif categories were the most dominant. In
this study, we examined the distribution characteristics and disparities of microsatellites in the chromosomal-level
genomes of the YFP and the EAFP, thereby establishing a solid foundation for future research on the development and
utilization of species specific microsatellite markers.

Key words: the Yangtze finless porpoise; the East Asian finless porpoise; Genome; Y chromosome; Microsatellite
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