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BE %R FIENEETMFANET DNA FAH TN, wHXkE THRUEBEHBHREL,
% R % (Apostichopus japonicus)if & ia #1 dk 2 B ML PG F A HER S R FHANEE S
MM, B MSAP R AT T HEXMAIKRF, #F FIRMEF RLLANEEARESZHE, 48
LR, 10 x5 5k E e 806 ML A w, SAMME N 698 4, LANE 4 ik F 86.60%; T3
HEMARWRE N, HH PR, RERSASMIREN 03981, Nei EEZAHEZ N 0.2264; A THHE
R B #, B H Py KBRS A MEFE % 0.5873, Nei 2L FH £ FE H 0.2598, 5 T 2ol B 14K;
FWEE L HEERRTEFRENMCLE TR ENFIRELFE, KUEATRHAREET TF 7
mEE R, MSAP FEMER T E T, #HF FI M RAREEHFERET — ¥ A KFRERX
WKL, WAZLREMESRE, BT THASBENERANFEMRES, £ F R ARAKBHEAIH
FHBRE, H161 %, WEBBTREFTNS, IYRERERNZERAE. HRERNZED LR
AEBTTHREHENRERTSHE, THAREFEHATFINERAREARRESS
KR B % ; MSAP; DNA Wb, #®H AL, RHELHF MK
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ii] 2 (Apostichopus japonicus), M FR{iHIZ:, 4 H s R (mElfe, 2018; skHFESE, 2004), Har, #H]
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INAF: JET MSAP HAR S 1 77 RE AL PR 241 R UL 5 PP 81 it 18 Z ek o i 39

Ge% AR 2ZE SRR WEZE | BushUR PSS F S
JUERE I TS SR ol g R A e (fEPE 3H, 2016
ML ER 4, 2016). SULEAT, H04F ke SAREAR fhats >k i)
R it v R AR AL AR I T A R TR AR SR A T I I =
KIFET, R R 2 3250 7 A R T AT o Rt
BB RIS B oakow A= g i S0 R A T =
1Lz A P R 0 7 80P o L R, il Sl DG 2
FEMb T 2R FEAIK TR SR A ML A B T B RO R . £
XF H AL R AP BT RFoK , 4 2 W A T T AR
RUREAE R Z 0007 b A B R &, A DRBIZH 28 5 i 48
4 RREAFEMEIRYIL LS, 85 B — iR
SR RESE B 2R R TEFR A A g P R B
FEE TG o e AL

T 20 4E LUK, RMBAL A OF AT T R,
ARV, BERMSEACEIE T DNA JF751
F AR, AEAE A 7 51 AR A i FR Wit (5 1 i . 3R
W LA S 9E 24 DNA B9 H 3k &ifi . /Mg
B H RGN, AEgES RNA J8# . HE AR
R R 32 A A B4 e (5 J5T J 9 45 5 THT (Wolffe et al, 1999;
TIRWESE, 2016; FEFFIZSE, 2013), DNA HIE{L %
WIS A A ) — A~ B2 5 =X, 2 H RTFE MLy
FEMX I 2 . B TR BY O A5E A% o B (S 0 A
2012), MM ILAEHS 1A S DNA WL R A AR
5, I BB SR A RE 0515 5 B R SLrE FI AT st
PERY DNA HUEAL RIS S (5, 2018), HLsk
DNA H S TE Z Rl R s AL AL H] A e B )
ERT, TR R TR e %34, DNA HEfR X
SRR E HAE S & b, Rl dsi etk i 5t
el W5 T HAT AR 5 R 7 o FEFRATT A R 2 i
e il R I F L AR, BT R R A A
BT e R v A4, XA R E B BA
FEWAB AL J2 1 A st AL S, T B TR ST

H 3L A i 2§ 3% £ A P (Methylation-sensitive
amplification polymorphisms, MSAP)+% K & DNA H
FEACBE T 52 e A7 % HL 28 5% 52 19 2 FH 3 R (Angers
et al, 2010; Guarino et al, 2019; Zhao et al, 2015), i T
S FH A B 7 P 57 SRR, AT DA (] s A R R A ke
o i R AL Z R 0T, AT DL AT AR Sk 238
fL LB AL Z AR BT (R IZSE, 2015; Zhao et al,
2015), ABF5Eis FH MSAP AR T RIS &l 2
R AR 2 MERRHAGESE FUREE
F ) 3 NHISEEAR R DNA HIEE Z B MR, #
IRAN R RIS BRI e Wit A Z ek s AL 454, 3t
VEE TGS I F 4] DNA H AL s m i 483, LA

SIS 58 12 = o T2 A )R 30 77 e e v )it A% S ik
AL

1 #R5R%®
1.1 SCIgdry

SIZIE BT FELARE A SRy 00 2 it e YRR i R B R
B IR Fo 3 E FOVAIER Foit. Ho,
FERREEACR 4 A AR DT A ) SRR B A, ik
B F U F AU F S RICRREAR, R R A
BHEARZ RS 27°CHII{E 120 min Fl 16 H
HA I 32°C e 72 h KR RE, IR DU KGR
fEIRAS . R E SRR, HTEARRNE R, F,
Fs 2R, WAREHESIEA, F M FAE
R WL B SE B AR T IR R A EL R R B
BEH MR o 3 RIS BERSAEHE L F il Fy
M3 AR A BIREDLER 18 A% . R K 200 g /2
F Y15 S SRR T o

1.2 L HE

1.2.1 A H4 DNA #3 I BB I 2 g LA
B N BEZHZY, FHT4RLIN2H DNA $2H, RABuHm
75 b e = R A B (CTAB) 1E #E 17 (& ik B 4%,
2017), HUHLERY) 50 mg, B THARBIERS, 78
WA P IS, A 65C T CTAB 2tk
[2% CTAB (W/V), 0.2 mmol/L Tris-HCI (pH=8.0),
0.05 mmol/L EDTA(pH 8.0), 1.4 mmol/L NaCl, 2% pB-
B ZEE(VV) 1 ml, 1% PVP-40(WNV)], ZEARFRE M
4 FIEWE, B 3 mmol/L i R 40 Al S N B UL T
DNA, G4 TR CEEYE, IIA 1 mmol/L NaCl %
fift DNA, T 1.5%Z0 00 Uk Azl DNA 2 75 B i,
KM OD 260 nmy280 am LA AE DNA B94EJE , 77 T-20CH
S

122 MSAP Skafs  SEIEE%S2013)H
PIFATAL, TS RSk R LR 1,

Y& EcoR 1 . Msp [ #1 Hpall #47 V) 1, 43
SLL 2 FhEGUIA G AT DNA BIREEY), HJ EcoR
I +Hpall #1 EcoR I +Msp I , 10 pmol/L i EcoR I -A
F1 100 pmol/L Y M-H-A HEESEIARBUR A il 42k
0.5 pl 3k 5 FRFEYI™ ¥ 15 ul. 175 U By T4 %%
BETE 25 W iEZRRT, 16°CKIEER, RIGEZ ™
Yy, LAG1% E00-A 1 MHOO-T #4719 1, PCR
IS 94 CHIAEME 2 min, 94°C 30s, 56°C 305,
72°C 1 min, 30 MMEH, 72°CHEK 5 min, F)i 4CHR
fEo VIBEREVEY 35 W AR 4L & b 1T sk ek d 18,
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Tab.1 MSAP primer and linker sequence

R L5519 Fe3k K515
Name Linker and primer Sequence of linker and primer
B3k EcoR I -A 5'-CTCGTAGACTGCGTACC-3’
Linker 3'-CATCTGACGCATGGTTAA-5'
M-H-A 5'-GACGATGAGTCTAGAA-3’
3-CTACTCAGATCTTGC-5'
Wy w5 E00-A 5'-GACTGCGTACCAATTCA-3'
Pre-amplification primer MHO00-A 5'-GATGAGTCTAGAACGGT-3’
Y B S| Y EcoR I El 5-GACTGCGTACCAATTCAAC-3’
Selective amplification primer E2 5-GACTGCGTACCAATTCAAG-3’
E3 5-GACTGCGTACCAATTCACA-3’
E4 5'-GACTGCGTACCAATTCAGT-3’
E5 5'-GACTGCGTACCAATTCATC-3'
M-H M1 5'-FAMGATGAGTCTAGAACGGTAC-3’

M2 5'-FAMGATGAGTCTAGAACGGTAG-3'
M3 5'-GATGAGTCTAGAACGGTTC-3’

T RHMASOREPEEIE , ITHUN GRS, R IR R R DI A5

Note: Italic indicates selective bases, bold is core sequence, and underline indicates restriction site

PCR I 54 : 94 CTAEM: 2 min,94°C 305s,65C (5
AMEFRIEIH 1°C)30s, 72°C 1 min, FEFFEFT 10 i
TE¥; 94°C 30 s, 56C 30 s. 72°C 1 min, 20 P&
W, 72CHIRIER 5 min, &5 4 CHAF .
1.2.3 MSAP ##E44r ik MSAP S5 5%
F, WARFES A ARk Zate . EE . &
I BT 10 X5 14L& AT 3L 5 50 H7 o A Quantity
One FAFFRIC H 5% 3R VA 945 Bk e ¥ e v K L 3% Y 100~
500 bp DX [H] 414 H K A 255 o ARSEY =97 2 S0k
ENA B, WA IR 4 F, TR 24
PRIEY A A7 TR H WGEAH, M ki, 18
Fe WAL S TR H WkGE G, M KGEA T ;
VAL 2 DIKEEAH . A Cervera 45(2002)42
77, 8 MSAP A MRS 4 A F 3 Ak SURR A 5
(Methylation-susceptible loci, MSL)F1E H AL i
(Non-methylated loci, NML)# k3%, MSL 8§ H g %
Hpall 5 Msp I i) —FhEgEIF, S (1,0)52(0,1)1E AL,
R A0 (TT L Ty 1, HeAEal( 1 L VD)
10 0, NML 3§ [A] i ik Hpall F1 Msp [ BT, A
(LSS, BVH SR bRt T ARE R 1, HABR (I,
I, IVEHERIE N 0,

FIFH Popgene #X X SN FLHEL . G . B
Z IR BE R A S BT TR
NTsys $PFH 0/1 %5 P55 A0 BUAH R (1) MSP(H 64k fUsk
PR MISP(H B AN BB ST R ISR 1, ST H
FEAABRA 15 1) 3 L8 % I B R0 5 3R B Ak 7 45
B AL E 25 54T Mantel /5% .

2 HBRE5HH

21 RISEE MSAP SHEMRBEESHN

i 2 BER S AL 2R R 1 45 TR AR TR (R 2),

10 X535 08 806 AMisbh, ZAMEN S HE N
698 1>, ZAMEA M H IR 86.60%, FRIAARMFY
T 51240 38 FH T 000 2 B U 36 ULast A% 22 A 1 1
5o 10 X5 | 9 S A0 5 IR B (NL) 21 M 1.8767,
A R A DB (N) 4B 1.4809, SE-H4 2445 (H)
$90.2897, FHIFARZEMEFEE() N 0.4439, 51HH
A E3M3 LM S H A L ik 95.51%, FEAERY Na.
Ne. H Fl I & FHALIA SIS, Rtk 2rithst
RSx5S A EIMIL B9 Ne. H I |
VIR EARE, JEist il 2R PE s R B AR 51 %

22 MSL/NML EESHHEEER

G363 AN RIS BER AT H AL BUS A S5 (MSL)
AR H AL AL (NML) ) 2880 5 000 (& 3),
NML H 3 HAE 47.7%~50.1%T5 BN ; TRk 2 50k
14 0.3981~0.4662,Nei's FEH ZHEE H ol 0.2264~
0.2475, BEF SELRIBER F AR E 2 8148 80U 5 . MSL
AT HTE 63%~65%JuHIN; | i 0.5873~0.6030, H
h0.2598~0.2892, Joitj& Ll MSL ifJ& NML 1511
B Z B E, F FOUR F AR/ N Tk E LA
BEIRF, RUBEFRAC T BHAR B 2. &F F
AT Fo AR NML E 53 He oy 510 50.1%F1 47.7%; 1 43
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IN&E: 2T MSAP FOA M Z: 0k & 1 Ak R AL 3R W5 Fe 91 38 A% AR 20 AT 41

IS 0.4337 1 0.3981; H 73514 0.2460 Fl 0.2264,
WE F A Fy AR MSL H 43 H 251 66% 1 65%;
| 43514 0.5995 F1 0.5873 ;H 437l 4 0.2654 F1 0.2598 .
TP MSL iR & NML i 814 2 8 T 58

WH FAR¥ET F AR, ULBHBES A F 050 2
o, BEAB AL ZREE R B R R RR, 3
T MSL AR T 3T NML 153 (815 Z R,
FWIFUAR S 0 IR 15 T Ry 91 st A5 28 5

®2 SIMAARHELRSHEERER

Tab.2 Genetic diversity information of primer combinations

5 3 P AR ik PR £ Jei i BREZEMEEE ZB0 8 S LA BT
514 Number of . Shannon Number of Total
. Number of . Heterozygosity . . Percentage of
Primer alleles (N,) Effective alleles (H) polymorphism polymorphlc number of polymorphic sites
(Ng) Index (I) sites sites
EIMI1 1.7833+0.4155  1.4438+0.3418  0.2558+0.1814 0.4012+0.2537 47 60 78.33
E1IM3 1.7273+0.4488  1.5096+0.3550  0.2927+0.1950 0.4276+0.2782 48 66 72.73
E2M2 1.9254+0.2648  1.5098+0.3069  0.3034+0.1531 0.4662+0.2019 62 67 92.54
E2M3 1.8955+0.3081  1.5194+0.3019  0.3124+0.1529 0.4707+0.2073 55 67 82.09
E3M1 1.8736+0.3343  1.4515+0.3052  0.2781+0.1608 0.4259+0.2199 76 87 87.36
E3M3 1.9551+0.2084  1.5256+0.2909 0.3188+0.1389 0.4842+0.1787 85 89 95.51
E4M2 1.8082+0.3964  1.4369+0.3260 0.2659+0.1730  0.4047+0.2415 59 73 80.82
E5M1 1.9381+0.2421  1.5278+0.3097  0.3162+0.1484 0.4784+0.1930 91 97 93.81
E5SM2 1.9286+0.2589  1.4807+0.3123  0.2934+0.1520 0.4499+0.1988 85 98 86.93
E5SM3 1.9314+0.2455  1.4044+0.2806 0.2600+0.1432  0.4303+0.1897 90 102 88.24
PR 1.8767 1.4809 0.2897 0.4439 698 806 86.80
Mean/Total
F3 3N HSEE MSAP EEMREERSFLE
Tab.3 MSAP polymorphism and genetic diversity of three A. japonicus populations
HEZEN S E PEH LA F EH F EH Fy
Population Genetic parameters Control F Selected F, Selected Fy
A AL A IES AR 418 390 391
Non-methylated loci Total number of sites
(NML) L 257 L 201 195 187
Number of polymorphic sites
NS H A 48.2 50.1 47.7
Percentage of polymorphic sites (%)
Tk XM 0.4662 0.4337 0.3981
Shannon polymorphism index
Nei's 3LH L EREE 0.2475 0.2460 0.2264
Nei's gene diversity
BB AL S R 399 411 408
Methylation-susceptible Total number of sites
loci (MSL) LA O 251 271 265
Number of polymorphic sites
E 2N EXDANER ded 63 66 65

Percentage of polymorphic sites (%)

Tk 2 1R

Shannon Polymorphism Index

Nei's 3K A

Nei’s gene diversity

0.6030+0.0917  0.5995+0.0970  0.5873+0.0986

0.2892 0.2654 0.2598

23 RMSEHENRELRN
Al MSAP AR50 4 By B AT AN ) A R A A

KEGIT, 35 4 8 3D HIS BER B R L s Rl g i T 2%
BT S BE 4 el 48.39%~51.86%, L H HLALHE
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RARAT I T S B2, O 418 455 BRIV 44
Bib, i 12.28%~13.03%, 285 11 £H850A 43 1
9 15.76%~19.98%, WEH F, Ml FACIRAF A2 1T 46487
PR T AR P, Hrh, FoUE 2, 161
ko TEH Fo M F ARG T AR IV 45 5O o

4 TP AL 4 Y AL SR TR R T B4, R e A T
e, AL A P R R BL(A 1), ik
BRI PR T WAL, 2 D IEF R
AL AL T, R Y R A K Tk 7 LAl A
R, HEH F A F AR BN R A o i 3

F 4 37 FSBMK DNA BEML R Gt
Tab.4 Statistics of DNA methylation types of three A. japonicus populations

I B2 T A 2%7H I AL 5% IV A4 s
BEIA Type I strip Type II strip Type I strip Type IV strip
Population gt marm Kot WHR BR EAK MR HHK
Amount  Percentage Amount Percentage Amount Percentage Amount Percentage
B R F 418 51.86 127 15.76 162 20.10 99 12.28
Control F
WEH F 390 48.39 159 19.73 152 18.86 105 13.03
Selected F,
EH F, 391 48.51 161 19.98 150 18.61 104 12.90
Selected F,
| B %4k 34K Overall methylation 3 -I«T.I- .i/lé
£
ﬁé 3.1 DNA HEHEEEHFM
2]
22 A A e DR 2k 1 B R S B
£5 A8, IR AL A AR AN W R AT AR B AT O b R
E A, HGE IR, fE LI ek R R, fE
R RN A B ZE NS DNA H L R 2R 2 —
(ERAEE, 2013), HET, REW5RC LUEW 5L
B 3RS R AR S T T T R 85 1 A P A3 2o 2l E DNA HY SR AR S M
Fig.1 Comparison of the methylation status of three VIR By F ik Uﬁ@%ﬁ%ﬁ(ﬁﬂ%%, 2018; Elfe,

A. japonicus populations
24 RVBEEBSEEFESRN Mantal 21

WS 3 ASEAREE T B Ak R s A P
AE07 S B AL BE B HE4T Mantel K36, 455 BR, M
KRE r M 0.305~0.480, “FH{H K 0.373, FhEEH
W 5 I B 5 ) it A% B S A AR DGk 4k 3] b
IR (P<0.01), 1568 3 F Y S AR OB A5 T30 ) 00
WAL AR S — e FEE BB T 3 9 1AL 5 (3R 5).

K5 INKNSEEMEIREEERS
RMEFEIEERK Mantel #&7

Tab.5 Mantel detection of population genetic distance and
epigenetic distance of three A. japonicus populations

BEIR Population r P

P H FA F Control F 0.333 <0.01
#H F, Selected F, 0.305 <0.01
% F F,4 Selected F,4 0.480 <0.01
S+ Average 0.373 -

2018), LEWAN FAAFIREE SR AF RIS, AT SE ik
DNA WAV X 2 W A A B 7 2 SR 35t A% T (07
5, 74 DNA WAL EMRIE 7T DL 2t tf i 25 5 AR
(Kakutani et al, 1999), XEEIREEPMA75 519 DNA H
Bl iE H A Sy B T ] A, (H Ok
PIBFFEUER], £ 48 DNA H Sk b Bc e e I mT DL AE 22
i P AU (Kakutani, 2002), X5l BLZ AR 5 45
e, X —"R¢ a5k DNA A 45 3 WL 35t 14 78 S AE sl
YR Eryn PR T AT RE . DNA HUEALTEOL R4
AR AR F A AR, JUHIE PO IR 1 548 2 R
77 B A B K N T 77 (Richardson et al, 2006;
Schmitz et al, 2013; Ruizgarcia et al, 2005),

IRBE W aE X A AR PR 21 DNA A0 1 52 ) S
HAZ i, DNA HIEALA AR AU AT DL A A F)
RIS S, AT REF AR A IR B S, I H i E
TA f PRI R A B Mk A feid o A B iy b el A2
DNA AR ARSI . ZEAHIE TR i 2 it i
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RE RS R, W F AT T 20 il a
MK, X RIS B0 2 A DNA H AL R 18 1 i
ARG T A M AR, HIR T RIS E R AT R
WPRAR, 5 EARIT . BB DNA AL A6
7 KB B AN A0 2 1 b i e P R g AL kg, mT
LAY Ji 393 5 TR N M) P 28 L 388 A2 A i SR R A 0 398 i ol
0 355 7 3 A A R AR (A BB AR S

32 ZEEEEEESHEN

MSAP A5 21 5577 43 A H A B0 A7 2 A E
AR . R RURA S 2 ARl CCGG i
SR R g R AR R R, — Bk, bR R
5 % B Y5 S (Richards et al, 2010; Schmid et al,
2018; U7 HL, 2006), ABFTEH, T H AL BURA
A1 Shannon $5 4L, RIREHE RN RMiBt L ZHEHENS
B, EFERNRF A RE B R AT BrscEE , T DRI
B REARLE = 0 Y KR B R N R T W AR
5o AR AR S A S R B H A A R,
AT DL A s 26 e 1) AR S PPAS BE A 5t A% Z AR o ARBIFSE
SRR, EEFHACRHm, TR S A
i) Shannon ZFEMEFRECEWIFENL, F>F>F,, UBLHAE
B IR MR R AR T R4 A, AP IR
AL S S BB L B SR T A AR . S A,
T W L AR SR 5 T A B A0 2 st AL 2 A MR
TIHRTHE AL SR AT B A8 20, 72 31
VEE FHICFPRE, FX00AR 5 s BA R 5 TAL Gt AL A8
S5, R 3 NRISEHR T H DNA HELS R r &
NAZ S5 58 57 32 AN FL IR )

— Ny, RMAR S Lt AL AR S ) 2 A B R
W, BT RAE R AR R, DA 38 [ PR 45 (Angers
et al, 2010; Guarino et al, 2019; Vaughn et al, 2007), R
HOM e, HARI—@ 0y, Rk, FRWiseae
SRR HE AR AR S 17 A A Bl T AR 6 PR )3
KA | By Z FEME (Lewis et al, 2007; K,
2014), ARBEFEH, 3 RIS HEARIE T H AL BURAT 2
FHE TR A AL S AL BE B AH S E i R, —
BAE 3 AFPREAOCHE: W3, UAPHZE RIS R 5 R A1
B, FWAESE—ERE L5 S A
3 I 5 ]

33 ZEEXNHENMREMEXNZI

MRS F HREERIR F AIER FiAR . F AR 3
WA AT AR E , 3 AFPHER] AR A K
PRI, o, FoAGS Fy AR B SR AR A SRR A
BRIV 05 e AT, HL 3 #R R B0 A 2 W AR o7

A AP RARA S . RIS Q012)MF R, A
[F) P ol B 158 iy S XoF R B PR AR RS 7= A T 5 i) 5 J
HiAE S Q01S)WF L B, A AE T FE i [ o i 3
DNA FISEALELS, ik, AN HS R S X
TAPE S 255, WD th 10 1 300 358 e 33 02 o 38
PEH F ARSI S B 2 161 2%, Wl
mTARBEFHZ, XFCAETIAASEE T B Tk
B % Sh AT B M B AL _E R EAs . ARBFSE R, AT
SHARERT L RPN A FHRE RS
S AR 22 R R AL

ARSI B UL, £ B A T DNA
ALK, IR =4 Tiem, HSiEE F 5
Fo R0 2 B 5 3 A5 — e I A0 47 5 A i A, FH Ak
RS AR AT, UL PR B 0 R B R T R SR
A B4 355 DR A1 1) R ARR S X AT RE R 1 3 PR 4 ROk
) ALK | A IR S Z R & R TR
Wi, T e e ) R J R (1) 5 53 e 1k S5 AR BRAC g A
SO B G AR T AE I AL ke R 6 B R 36 1 5
M, I HAEE A ol X Ml iL i s TR 78
I 2 BT 390 T o T 26 B A R0, 30 7 A RHAE Joh 3 2R 55
Doy RV W, FULE BB T e BIAR RAEH o

4 HRS5RE

AHFGEFIFH 10 X MSAP 1455 3 Al 206 & e
TR AL Z2RE M R e Wt (L ZRE I T 40T, Mgt A%
Yy LR B4R s 2 B R IR R AL s S ik, A
P Hr i A A R LR G ST HR 0 T 2% . DNA
H AL TE K = sh s A% B b b A 58 MRS 25, (BB
# DNA HEAL S HE AR B2, o HRBEE B —1C
FHUAI PP 4 A O TG & B, DNA - HIEAE AR 5T
TERFRIBRAL R R T T8 Rl L MRS T B oo
O Bl R R 5 TR A PR AR

£ % X #
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Abstract Apostichopus japonicus is a species of economic importance cultured in northern China. In
the past 10 years, the scale of the A. japonicus culture has expanded due to increased market demand for
products. However, several challenges, such as germplasm degradation and the lack of stress-resistant
varieties, have emerged in A. japonicus culture. Breeding new varieties is one way to overcome these
challenges. New strains (F; and F4) of A. japonicus with high temperature resistance were obtained by
domestication and screening under environmental stress conditions. The genetic changes caused by
breeding under environmental stress conditions not only originated from changes in the DNA sequence, but
also from changes due to epigenetic modifications by bisulfite sequencing. To explore the genetic diversity
of the selected populations (F; and F,) and the control population (F) which was not subjected to
temperature stress of A. japonicus, the genetic diversity of control population, selected population Fy, and
selected population F4 were analyzed using methylation-sensitive amplification polymorphisms (MSAP).
The results showed that 698 loci were polymorphic among the 806 loci obtained by 10 pairs of primers,
and the percentage of polymorphism was 86.60%. Based on the genetic analysis of non-methylated loci,
the Shannon polymorphism index of the F, was 0.3981 and Nei gene diversity was 0.2264. Based on the
analysis of methylation sensitive sites, the Shannon polymorphism index of the Fs was 0.5873, and Nei
gene diversity was 0.2598, both of which were higher than in the parent population. Moreover, the
epigenetic diversity was higher than the sequence genetic diversity caused by variation in non-methylated
loci, indicating that the frequency of epigenetic variation was higher than that of sequence genetic variation.
Analysis of the MSAP methylation patterns revealed some changes in the methylation levels and patterns
in the selected F; and F,4 after breeding, which indicated that the genome methylation status of the A.
japonicus population was changed by breeding under temperature stress. The number of type II bands in
the F4 was 161, which was significantly higher than that of control population of A. japonicus and may
have acquired epigenetic characteristics during breeding. Collectively, our results revealed the genetic
changes and progress of the breeding population from the perspective of a genetic material basis and
provide a reference for the study of epigenetics in the breeding of new stress resistant varieties.
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