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BT EEfE L E SSR ARiIBTHIE SN AR

Lk #RE!
FETL?: ERE’
(1. P E K =B 2058 B 2 R YLK = 8 58 B
2. MELEEERIVARART Wk WE

mE
EEAEREE R, ARFMTEE®R L

10
R
S
BRI\ FOR BB RS BIpiT MRRIE
264006; 3. FHUAAHIIRTT K IR SS H

EX-T
ESCE &

NELED A A
KRR EEHRS
150070;

R MR 231400)

U1 8 (Oncorhynchus mykiss) = % ElA K & KN EFERB M. § FERAEL, w8 =1F
BT, GE T S E ORI N AR ¥E/T DNA

SEON, EXHFTEFEXREELNARALHAR, 2xtHEERHFE H T LA F %k
A AR T A E M AT 5 A PCR 373 DUR W R 0 B HBUR X 153 MM 2 AR IE(SSR AF38)#EAT
A, H A 139 A SSR ARIT A A =R iy 3, sl 132 4N SSRIRIBEH S A
M, RARTH IAREEZEATRAL RGN T RE, Bk 52 ME oK TFHEEELR
A1 48 ANARFEENAFAR EHATIIE, #—F N FHFEE 3 4 SSR #RIE(SSR1054, SSR1056 #0
SSR1468) 2 LA X 23 M A F, I BARYE 3 AMTIE R P E# LT T 3 at B RAFH = W6y 5 4 7 7 3
TRHWRIT A AFFRATffikey SSR ATIBMR T A H AR LT P EENBERARESL ., &
MR E, AT R R A S SRR

KA

hESEE S961.6 XHEEERIDAD A

W85 (Oncorhynchus mykiss) & H it 5 FE5H 76
Fil B B9V K PE2e P 2R 2 — . FRIE A 20 HHE22 60 4F:
PR, Bz Nt | ST | PF22 55 [ 585 | 2k s o
TEFP R ARAE . S0 . SR P E S IR T R
gintst, BT, CEFMARKEER . &G EFRH
AT 68 KB 157 B SR (RS, 2021). Fifi
JEATEE “aMfE 1 57 Eat T A EK T AR R AP
TR E, T TR EaTH, A5 6
R AR AR, R T AR, &
2 E NP RE RIS 2 G . RIS, AR AR

AT, sERL A K, WTE; 2K, EHAN
XEHE  2095-9869(2024)04-0043-10

% B A4 (Han et al, 2010; Huang er al, 2021;
Krisfalusi et al, 1999; Nynca et al, 2022), k6 T H =
B U B8 T 28 i R A A BT AR 1) 3 5 XU (Cleveland
et al, 2016; Manor et al, 2012, 2014; Werner et al,
2008), Jf HALEE 1 %50 P63 & AP R YA AR S5 AR
XS (Glover et al, 2016; Karlsson et al, 2016; Nie et al,
2014; Xu et al, 2022), P, FRA =R HA T
“hy i 2 B T 8 R AR AR AL

F T 8 AR R = AR AE TR A8 2 AR R AR,
AR 38 T8 25 27 R DX A W BB o DA 22 A5 A 3 1o 4

* I R R AR AR A e S BARAR M 7l B R MR R (CARS-46) A Hp [ 7K 57 B 2 F 52 Bt & A BHIE L 5 9% 5T
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J 27 43 B BT RO (B AR B R, (R R T VA A
o FEULEILT (R 5, 1984; FHitEE, 2001,
ENZREE, 2005), JEAER, 2% I =X 40 M A DU 2 240 Fd
H DNA PYFRXT & i ok i e A A4 . SRim, (i
it 20 A XA AS 1l 240 B 53 B R A DU A 1 SR 1l vk
I faREK 2D 5 em, FFHIX AT RES X A i
157 (Allen, 1983; Lecommandeur et al, 1994; FF{55k
5E,2022), AL, XPARN T IEERAERG A . BORFESE
. FEM G ST, DRI, 0 A AR T A 1 S
R N N ES

TR ARIC(SSR FRig) & 12 40 A1 75 FLAZ AR Wy 5
N R P EZ A, O 2N T a2 m 5 HEm
% 2243 #1(Ohara et al, 1999, 2000; Mishina et al, 2014;
Nie et al, 2014). T TR L H A HEHBPE &
FEATT SR AR SRR o A s 45 . S TR 40 2
W T T b R & & (Poecilia formosa) (Lampert et al,
2006) . R (Carassius auratus)(Bai et al, 2011), K%
&} (Scophthalmus maximus) (Hernandez-Urcera et al,
2012) . KVUHAE(Salmo salar) (Glover et al, 2016) 17
ik (Misgurnus anguillicaudatus) (Feng et al, 2018) %
fERYEE o Tt , AR5 R R T AR R 23 A T g —
FE PRI = AR R BRI Rl ) 22 5, DI SR 45 T
DX AT RN = A5 AT g A B A A

1 RS HE
1.1 BHARARE

SCEG ok [ E K R B2 SE BE R e T K P B
T K P e 0, AR K (15£2) om, AT
(30+5) g, HoR4E 52 RO AMEPEQ6 A%, 26
AT 48 AR HE M (A =A% AR A )
R g oy e i Y % B SR AU AR, Hodh 52
T 0 )y e ) A T A R O A A 43 BT 40 A i
DNA & 582 (K 1),

1.2 DNA WIS

187 ] DNA #2505 £ (Tiangen) MUIT 5 & 52 B
DNAo %E%&l\ﬁj\ﬁlﬁgi—[_i25!“%2@&(01)260/230:18~20)
M, B R B E] 50 ng/ul, {8 FH 1%30 84
AR JE EEL JRORGI JoR
1.3 PCR ¥ 1& % i

153 S HCE Y TR FRICHT Rexroad, Coulibaly #l
Phillips %5 & (Rexroad et al, 2001, 2002a. b. c;
Coulibaly et al, 2005; Phillips et al, 2006), |

primer3 X} #B4r SSR ARidEH I IT T RER S
YI(Robinson et al, 2004), W4 TAY (L) TEA
Al A

PCR BARZ N 10 uL, 145 2xTap Mix 5 uL; L.
TS I#1(10 umol/L)4% 0.5 uL; DNA il 1 uL;
ddH,0 3 uL. 7E ABI 9700 % PCR X474 F PCR:
94 CHIASME 5 min; 94 CASPE 30 s, B kJEE 58 C
EE30s, 72 CHEMH 30s, 25 MEH; &5 72 CIE
it 7 min, 3 3G L 8% TR TR M T e BRE JC FHL UK 4 5
YLk B, B AL AT

1.4 fFEHAY SSR AREE R M EE PRIBRERIE

ffEFHESERY SSR FRic X2k H [ K =R 21 5%
e & B VLK P 5 BT i T v /K 1 #3748 ok
A P A BB A A T A 50T o AR R R B HR I
DNA; & ik 2 J vk R AR i it A 7 I =4 AR 70 AT o
FI L r 75 19 SSR #ric#E4T PCR ¥4 . M4 A4~
AARTE SSR A7 A 1 85 K A5 o B AR Al TS E

BT AR ERIN  HERR T, SR sysmex Ji X
20 A MR Y DNA &5, JF L) 20=30 1T
T 40 A S AR R

1.5 BiEsItS5HH

ffi ] Gel-Pro Analyzer (Version 6.3)%f4#E47 &l
BT, AR5 S R R I R RV, 4
TR IE R R BER/IN, AT B A bR e AE A
& AR A LB (A) . I 245 B (HL) o
NI 2% 5 BET TR A S I 2 6 B (HL) =58 A5 31 42

BARBUREARAN RS
2 ZER59H

2.1 WHMIEIRIEXTITEE KA DNAKY EER K=
EER

WG FH Y 153 4 SSR ARIT, 139 4(90.85%)
SSR FRICAE AT S KL 24 DNA rp g 38 15 2] 75 B
275 141 45(92.16%) SSR bRic 28 = A A T fi2f I [K 45
DNA Hr g™ 38 75 21 785 6 2571 5 139 1~(90.85%) SSR Frid
TE AR R = A5 R B B R 41 DNA Hh g 315 2]
M, Hid, 132 4N(86.27%)FRiCTE A 2 91

132 M EA L8P SSR FRICHEEAS PCR P71
JBEE 79~482 bp, BEAR IO A I 2 4 A5 7 3 R ECHE
1~18 Z[a], FLAGIE] 588 AN ILH , —fFARREA
410 4>, =AEIREEA 402 4. A IREEIARTE 139 45
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OB ZE 7 BE B (AVTE 1~14 Z 0], SEH8 311, =45
BRI A AT 1~16 Z ], FHK 3.05, A%k
TR LI 225 B (H)TE 0.00~1.00 Z 8], F-3°K 0.66;
SRR H, 7E 0.00~1.00 Z ], F39R 0.71, 7
AR AL Z AR TR K

2.2 HTEEAE 1L RE FHE M L 0 i

o, R T4 40 DNA &
ORI 52 RUTE Ly o (A5, X4 26 B A% A
FEARRN 26 B = A5 IARAEA A 1), [ 153 4~ SSR #r
ICXF 4 ANQ A TAEERA 2 DS =F5K)DNA BEAR HEAT
PCR P34, F=¥2 R NI IR sl o B J5 , Rl £
132 AbRic BT 2480 it WEEEE (7 3 REH Dk
BN FE A LBRECH o X FRBLH 2380 132 A trid it
A7 A0 1 5 AR 67 P B — IR 32 o 35 1 485 2 SRR
PEAT A5 5 AR E A BT AT A ARREAS 14 P13 257 4L
H<2, =“fiiRFeAR P& MRS H =3, &
i FUREE T, 13 4 SSR FRic F5-4 i e it .

Bt 5K 64T PCR A DNA FEASC R n 2] 48 4>
(24 D ARRAN 24 A =AFE), X 13 DA PIR T 1R

FRUERY SSR FRIC#FA 755 ke . 455 R, 7 4
SSR FRIE(E DAFA, HAR 6 1> SSR FRiC AT A i 1t
BRI ) 322 J R A 3 A AR A A i 25 B H >2
AT A5 5 5 AR M A0 A T AR HE A 7 1~ SSR
FridHEFE 3 > SSR F4#J(SSR1054. SSR1056 F
SSR1468)1E R 4 5 H A IARIC (R 2), ENIAY
ELAG 55 2 1) A5 A 35 DR BSORT 4658 v 0 ORI 4 5 B, i L7
X3 BRI R AR AR AR R (GR 3),
WKl 2 iz, SSR1054-305bp . SSR1056-463bp HI SSR
1 468-363bp 3 S &P AR 8 = FHAARRER by L4 31
7 62.50% . 58.33%F1 70.83%, M 7EMT 6l — {5 BE(A
O EEI R 0%, TR 3 51 4 i SRS
FEHECH M 3 AR5 45 07 56 PR 4% R S8 e i SR AR
IEPEGER 4)-
2.3 R SSREIRICFEME = EELEEFHIMN A
FHFTEERY 3 A4 5 WT S8 A% KT bR ic X 48 4>
RN T AL A AT PCR #7318, Hidr, P lis
FESEARIC AT B 3 SR A IUREAR O =5, Hi A
PR Ay T 8 — AR, Nk 5 TR, SSR1054 FEAY”

300 Diploid control — %At R 600 Diploid sample —f%{ArEAR 600| Triploid control =fFAREA
L, 2500 ., 500f ‘ ., S00F
'8 200f g S 400f g S 4001
Hg% 150f gﬁ?% 300} | mﬂ% 300}
=5 28 { 25
FE 1000 FE 200t FE 200
Z 50b Z 100} HJ Z 100} \
0 el ST ) A— H‘“wwwww-«—f 0 D O
0 200 400 0 200 400 200 400
PO FOCRE FOGRE

Fluorescence intensity

Fluorescence intensity

Fluorescence intensity

BT TASRFD AR REAS (A0 DNA 54 54 i =20 ASCR I 45 3R (L 2n=30 F AT 85 21 240 ]y — A% A% i)
Fig.1 Diploid and triploid samples (cell DNA content) were detected by flow cytometry,
red blood cells of rainbow trout (2n=30) as diploid control
®1 FENEGEEEEFESEMSFERERN SSR M REESH
Tab.l1 SSR primers and genetic parameters conforming to the screening criteria of
characteristic sites for ploidy identification of rainbow trout
2|4 GenBank 73/ 5 F B A H,

Primer GenBank No. Segment length/bp 2n 3n 2n 3n
OMM1045 AF346692.1 143~285 8 7 0.92 0.96
OMM1053 AF352738.1 237~345 8 10 0.88 0.96
SSR1054 AF352739.1 220~365 13 13 0.83 1.00
SSR1056 BV722065.1 248~463 14 12 0.83 0.96
SSR1468 BV079609.1 220~363 14 11 0.79 1.00
OMM1669 BV212161.1 206~250 4 4 0.50 0.17
OMM3142 BV718475.1 171~189 4 3 0.58 0.63
FH4{H Mean 0 206~323 9.29 8.57 0.76 0.81

TE: A NEAIEREL, H, AP & .

Notes: A4: Allele number; H,: Mean observed heterozygosity.
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Tab.2 Specific microsatellite markers for identification of triploid rainbow trout
519 527l B BT GC it B R
Primer Sequence (5'~3") Repeat motif GC content/% Annealing temperature/C
SSR1054F CACGCCATACCAACTGAGC (ATCT), 57.89 56
SSR1054R TCACCACACATCAGCTACCG 55.00
SSR1056F CCAGTCAGTGTTTGCTGCAT (AGAT); 50.00 58
SSR1056R ACCTGACCATGAAAGGATGG 50.00
SSR1468F TGTTGATGTCAAAGCGTGTG (ATCT)y 45.00 56
SSR1468R GGTTGGTTTCATCTCGGAGT 50.00
x3 MH_FE, ZEEEIMREPHAHEHESR
Tab.3 The differences in proportional distribution of the 3 microsatellite markers
between diploid and triploid groups of rainbow trout
S S TP N 1 = firf R AR AT B
Marker name Product size/bp Diploids Triploids D1fferenc§ of filstrlbut}on 1}'3.'[10 between
diploid and triploid/%
SSR1054 349 1 (4.17%) 0 4.17
322 2 (8.33%) 0 8.33
305 0 15 (62.50%) 62.50
287 0 4 (12.50%) 12.50
261 1 (4.17%) 0 4.17
SSR1056 463 0 14 (58.33%) 58.33
413 2 (8.33%) 0 8.33
372 2 (8.33%) 0 8.33
311 0 2 (8.33%) 8.33
SSR1468 363 0 17 (70.83%) 70.83
350 1 (4.17%) 0 4.17
258 4 (12.50%) 0 12.50
242 1 (4.17%) 0 4.17
220 1 (4.17%) 0 4.17

TE 455 BT 2 BRI R 2 S5 RS AR TR SRR (24 Y A3 L

Note: The percentage in parentheses represents the percentage of individuals whose alleles were amplified to the total

population (24).

B RS o A AR SRS SE I 305 bp IR 3 kAt
5 PR (g A ) 7 Sy e 8 = (AN, ARG =135
RAA 29 4>, SSR1056 FLAG I H = A5 R4 A 27 4,
SSR1468 FAG I H = A5 ARMAK 35 4>, G FeRbrid
SSR1054 . SSR1056 F1 SSR1468 | 1 Ay T fitf = {344 Fy
46 &, 5 A0 AR A5 PR 2 R — 3

3 itig

AWFFEE X 153 M SSR Aric ik, 454
THERSCE ik, e 3 AV FES SSR Aric HF
I 0 = AR, ESC SRR A B, X 3 4~ SSR
51 YTE IE RS S04 A B 0 T 2 BRI R4

KLt , A Primer3 HHT7E SSR AV 15, A9 3L X a1 11
SlI%t, WA 3 HREMSIYFS . 455 R,
FIFA 52 ANUTEE S 2 REA L e 48 ANk AR FIAEAS B 75
AW X 43T, X UESE T ASAIFSE i i 12 ) e
5 SSR AR L HIAH & 5387 7 7 1 P RE R R 2 M
TEVEB I TS E /Y SSR FRiCHt, ABF5EL
FEE R AT AR ST B A a5, DO KK = SSR
il B AV 2 2 YR (Guo et al, 2016), X4 {3 5 78
SVERY X o R R R RSN S R B, A s
SEAEE R AR X CR o LA, BB 5 T E T i
b7 11 33 25 O T e O B R 52 SSR A i 1 B LA
Z— o A3l A 81 BT %) P13 4%t T LA L A A
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Kl 2 5|#) SSR1054(a). SSR1056(b)F SSR1468(c)P Ha i1 i FE K4 DNA 1 HLjk
Fig.2 Electrophoretic patterns of primer SSR1054 (a), SSR1056 (b) and SSR1468 (c)
in multiplication of genomic DNA in rainbow trout

M: 4 FikbifE DL1000; 2n: JL6§ ZFE0RAA 3n. d6 = R4S
M: Molecular weight standard DL1000; 2n: Diploid individual rainbow trout; 3n: Individual triploid rainbow trout

F4 3INMERTCHASHZFEEFIIBNMENERER

Tab.4 Identification results of three specific microsatellite markers for individual triploid rainbow trout

FeebridLocus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

SSR1054 NI L e e A N A VoA VoA
SSR1056 VoA VAN AN NV v VoA VoA
SSR1468 R N A VoA VoA
SRR Triploids VNV N N N A N A NN A VA NN A A AN N

e VR i L% A (0 PR i RV S A B DR O = Ak R 5 TR

Note: V indicates that an individual is triploid by observing the number of alleles and specific alleles. Same in Tab.5.

BFAE AT B A DR R 7R DK T A S T ) 55 2 7K HE B A e R A5 A7 e PR BRI, AR i 4 R AR
I DR B5 B ok ofE B ) By H A% % (Ferrante er al, 2010;

FIF SSR il Xt Z A AT REA B (2% Palop-Esteban er al, 2011). 7E_f&IAMAS, mEZAR
e B A PRERPER, O 2 ik B b BoR i 2 A SSR TE— MR LS i HAEY 1S 2 N
DNA SR D Pz 2GRt T e 38 78 = A5 AOR AR ARAA dr, mT s 2] 3 A4~
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Tab.5 Validation results of three specific microsatellite markers in ploidy identification
FRHIIC SoR1054  SSR1056  SSR1468 E,F”E{.Z'g FRHIFIC goR1054  SSR1056  SSR1468 5%%
Locus Triploids Locus Triploids

1 v v v 25 v v v v
2 Y v v 26 Y v \
3 V \ \/ \/ 27 V \
4 v v v 28 v v
5 y \ \ \ 29

6 V V 30 \ V \
7 Y \ v v 31 Y \
8 y \ \ \ 32 y \ \
9 V \ \ 33 v V
10 Y J 34

11 v \ \/ \/ 35 V \/ \
12 v v 36 v v v
13 y \ \ 37 \ \ \
14 \/ \/ 38 \ \/ \
15 Y d d 39 v \
16 y \ \ \ 40 \ \
17 v v v v 41 v v v
18 y \ \ \ 42 \ \
19 v \/ \/ 43 V \
20 v v 44 J Y v \
21 y \ \ 45 \ y \ \
22 v v 46 v v v
23 Y \ J J 47 J Y v \
24 \ \/ \/ 48 \ \/ \

*6 WME _EEM=EEMESUEEMRENTEBXKETH

Tab.6 The expected number of electrophoretic bands of all possible allelic configurations of diploid and triploid rainbow trout

51 Ploidy ~f%{K Diploids

=A%K Triploids

S AvE ISETER. UASEALRER 2 NAEAEER 1A SRR DAEENIER 3SR
Allele patterns One allele Two alleles One allele Two alleles Three alleles
T il g 2 iy 5 R 780 AA AB AAA AAB ABB ABC
Possible allele configurations
FL K 121 3% 25l B H 1 2 1 2 2 3

Electrophoretic-band numbers

H1 4 DAL (Feng et al, 2018), SR, 7E—Su4k
PRI, Jo i B R S v L P B B R IE K
WA FE A SEPR B . MR 1 AR 3 A
iF, TG vERG I L R A, R BE, AR A A A
BIR 2 AR H WA SR T AR S A, A%
K (AB)FI =A% 14 (AAB 5 ABB)#E 1] ik & AF 3 Fiiik it
(£ 6), AWFFTEIL LA LA SSR FRic i1 4s
TR B A PEAS DU ) MER PR . Q& 2b Hh = ARARRY 17
SBEREARTERE AL B R 1 450, BAERE 2a I

Bl 2¢ = A5 IRAY 17 SRR R 3 454600 . IkAh, A

G RT3 2500 LU Bl X 0 e il — A% A R = A5 1k
) FE 5 bR g 454, 40 il 2 SSR1054-305bp .
SSR1056-463bp F1 SSR1468-363bp, % 3 45 FEdn
IC AP AR T ]SSR AR 10 4 5 T 0 = A5 44 1%
T

TR ICR S 2 SSR TR 4 5E i) o
— GRS, BiEH T SSR MIFETH 5 AR % T
BN TCE IR Y18, &) LU s s |9 5 Ly
G 1 45 A A K T B B 2 (Ellis et al, 2007,
Hernandez-Urcera et al, 2012; Nie et al, 2014), 1
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SSR ARic A% 4 e B, ToRL A FE I 1T BE & S 3 I
GEit A AR LB E L SEBR AR SR PR B IS . ZEARAT
g, BiIER 3 MRS SSR ARICTEAHTAY 100 T
A A 3 R R AT A2 B JC AR SE 67 FE PR 2 31T g
Tk BB R TR R DAL S A o A By B R 20 R R R Y,
AUkix 3 4~ SSR BIWIN TR Fhet, S4tm
AR RE R /Y H PR R (Palop-Esteban et al, 2011), Itk
Hh, CAEMFERY, RS Y8 ) B e ] AR
PEM SSR Arichf, JCRLAFEAFE ARG R4 h A&
FEAETEE R, KD SSR OV S A KA S AME T
AT AT — AN 5 51 A B3 7E M 22 5% TR (Biasi et al,
2015; Lemer et al, 2011), BARATFIR A 45 RAGELE R
K W REA 52 40 5 TO R R I A7 A, (2 H AT
SEI R R, TORCE AR BB R AR AL, B
X A5 A 2 5 1 52 o 2 BT LAy o

2 L AraR , AR R th B — 4 3 A A
YERES SSR ARic, I AMUrEg AR . —AEkE
HET A 20 TSR E R E R T T
25 AT T 68— AR AT e R R MR B | &)y 0 55
AT AP I A B 5 P

2 % X W
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Screening and Application of SSR Markers for Identification of
Ploidy in Oncorhynchus mykiss
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Abstract Rainbow trout (Oncorhynchus mykiss) is one of the world's most widely farmed cold-water
economic fish. It is also the primary cold-water fish species in China. Since the 1960s, the rainbow trout
germplasm has been introduced from North Korea, the United States, Denmark, and other countries, and a
systematic study has been carried out on germplasm preservation, identification, breeding, and variety
breeding. Compared with rainbow trout diploid, the triploid has the advantages of a high feed conversion
rate, fast growth rate, and good meat quality. Moreover, the triploid gonadal hypoplasia can mitigate risks
associated with high mortality and meat quality decline during spawning and avert the ecological risk of
invasive alien species caused by breeding escape. Therefore, breeding triploid rainbow trout has more
significant market and ecological benefits. As diploid and triploid rainbow trout are very similar in terms
of morphology, it is difficult to distinguish the ploidy of rainbow trout by morphology alone. Currently,
DNA content analysis by flow cytometry is the main method used to identify the ploidy of rainbow trout,
but this method necessitates the collection of fish blood or tissue samples, and the body length of the fish
to collect the blood must be at least 5 cm. Additionally, these sampling operations may harm the fish. This
method also involves a delicate operation, complicated technical process, and expensive consumables,
thus, the popularization and application of triploid identification of rainbow trout are greatly restricted.
Considering the limitations of the technical test for the ploidy of rainbow trout, a minimally invasive and
economical method with only a small amount of sampling is needed to identify and analyze the ploidy of
rainbow trout in batches. Microsatellite markers (SSR markers) are simple repeated sequences widely
distributed in eukaryotic genomes and have been widely used in ploidy and pedigree analyses of fish. The
advantages of microsatellite (SSR) analysis include high reproducibility, low sample requirements, and
rapid population genetic analysis. In order to achieve the use of a minimally invasive method to collect
samples for trout ploidy identification, this study analyzed 153 SSR markers using PCR amplification and
electrophoresis separation technology. Among them, 139 SSR markers could be successfully amplified in
diploid and triploid, and 132 SSR markers were screened for polymorphism. Finally, seven markers
showed high variability in triploid. By verifying 52 reference samples with a known ploidy level and 48
samples with an unknown ploidy level, three SSR markers (SSR1054, SSR1056, and SSR1468) were
further screened to distinguish the ploidy level. Moreover, three pairs of primer sequences with good
stability were redesigned according to the three marker sequences for ploidy analysis application. When
SSR markers were selected for ploidy identification, amplification sites with high variability were
preferred because they greatly improve the efficiency of SSR-assisted ploidy identification.
Differentiation of the variability of amplification sites mainly considers the number of alleles expressed
and the relative frequency of these alleles. Furthermore, having clear map bands that are easy to observe
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and analyze is an important criterion for screening high-quality specific SSR markers. Statistical clear
map bands can correctly judge the allelic configuration at each locus, thus, determining the ploidy level of
rainbow trout. However, when the number of microsatellite DNA alleles shown in the electrophoretic map
was less than the maximum number of alleles that may occur at the ploidy level of the polyploid species,
it was difficult to accurately judge the ploidy by direct observation of the number of alleles. In diploid
individuals, highly heterozygous SSR amplifies at most two alleles at a given site. Similarly, three and
four alleles can be observed in triploid and tetraploid individuals, respectively. However, in some rare
cases, the actual number of alleles cannot be correctly determined by looking directly at the number of
alleles. For example, individuals with unknown ploidy show multiple possible genotypes for two alleles,
which can occur with both diploids (AB) and triploids (AAB or ABB). Therefore, this study combined the
analysis results of multiple specific SSR markers to improve the accuracy of ploidy detection. In addition,
this study found three specific labeling bands that can assist in the differentiation of diploid and triploid
rainbow trout, namely, SSR1054-305bp, SSR1056-463bp, and SSR1468-363bp. These three specific
markers will greatly improve the accuracy of using SSR markers to identify triploid rainbow trout.
Microsatellite null alleles are another potential limitation in SSR ploidy identification, which can be
eliminated or avoided by changing the binding site of primers and flanking sequences due to the failure of
normal gene amplification due to mutations in SSR lateral sequences. Although the results of this study
cannot eliminate the presence of null alleles in future samples, the present experimental data suggest that
the frequency of null alleles is so low that their impact on polyploid identification is minimal. SSR
markers screened in this study solve the existing problems of a complex technical process and expensive
consumables in the identification of rainbow trout ploidy, providing a minimally invasive, economical,
reliable, and batch-operable molecular method and contributing to the study of the genetic diversity of
rainbow trout with different ploidy.

Key words Rainbow trout; Salmonidae; Microsatellite; Triploid; Ploidy detection



