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2B 1B 1 1A KRR AL Fl A3 BRI AR H 2n=4x=48=36m~+ 12sm,C2 #Z M AKXy 2n=4x=48=48m, (2)F|
G 2k Y 10 Xt SSRE E 514 PCR 115 8] 50 2SS ZB M A EHRA 79.37%, (DFENT 345
BRI AR R S HEAR R SSR $8ar & . IF LLs Z BE B (GD fH) 0. 45 Sy 3 K 6 DA R R 3 2. REARH 13
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Karyotype and SSR Analysis of 3 Potato Hybrid Lines

ZHANG Ziqiang' , YU Xiaoxia' ,JU Tianhua®, YU Zhuo'" ,

MENG Meilian' , WANG Dan' ,JIANG Chao' ,CUI Kuoshu'
(1 Agronomy College. Inner Mongolia Agricultural University. Huhhot 010019, China; 2 Tianze Bio Technique Co. Ltd, Chifeng.
Inner Mongolia 025457 , China)

Abstract: To identify the genetic differences among hybrid lines Al and A3 derived from a cross of ‘Favori-
ta’ X ‘Longshu 3’ ,and hybrid line C2 from a cross of ‘Favorita’ X]J07-6 in chromosome and DNA level, we
analyzed their karyotype and SSR fingerprint characteristics using root tip chromosome technology and
SSR molecular marker technology. The result showed that: (1) Hybrid line Al,A3 and C2 were tetraploid
(2n=4x=148) ,with karyotype type of 2B, 1B and 1A, respectively. The karyotype formula of Al and A3
were 2n=4x=48=36m+ 12sm and 2n=4x=48=48m,respectively. (2) A total of 50 polymorphic loci were
amplified using the 10 suitable SSR primer pairs,accounting for 79. 37% of all the amplified loci. (3) The
SSR fingerprints of the 3 hybrid lines and their parents were established, which provided a basis for the i-
dentification of the hybrid lines and their parents at DNA level. The materials were classified into three cat-
egories based on genetic distance(GD) value of 0. 45:mother favorite, hybrid line Al and father ‘Longshu
37 as a category,hybrid line A3 and C2 as a category,and father JO7-6 as a category.
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FPAE 77 b R 5 b 2 R I P A A A T 1S
NS HER P S e B (H X S 5 AR
R d S B R GO M A M A Y
AEOR AN T LAER O H B RS LB S
7 HARE WA IS R O A ARl A R 2 R
R A3 AR 1 % A 2H T D) o B R
R AR R SR T Y g (Favorita, 2n
=Ax=48)MEBEAS, 43 0 LA BT SR FE A RE 77 5 3 N P
IR R C & i i HAS S| JERORE JO7-6 (2n=4x
= A8) FIPT T VLB o L V€M 1% e 1Y [ N T R A
‘B2 3 5 (Longshu 3,2n=4x=48) " EAX A,
N b A58 N ARG e S am e’ X E 3
SO G g e X076 5F 2 DR HBIRE
i, JF 28 H R $F M2 SSR 4 A ic %08 o A © 2% 2 B
BB 3SR By BEIA RIS R 2 AR AR R
A1 T A3 N B 5 5 g7 X J07-6 22 Fy BEAK 15
AR MR C2 06T 3 AN R bk &R 9 4 (0 14
S DNA $8 SURHIE H AT R WA B HG0E . A5
PLSRAS Sy %k B AR5 3 AP0 R PR AR 1 G 1R A AR
S SSR 48 BURFE #EAT 43 BT » LAY Ay B 48 28507 ot b 11
B H: 3 AR AR

L APRAs %

1.1 #ik# Rl

MR R 9 S5 T X B 3 5 IR Rl F
PR ICHERE R U AL FI A3, 3 B 55T X J07-6
Ze28 B By R IJCHERE R U C2, DL JGEA © 9% 5 5
BB 35 J07-6, 45 MR NS ARl
Ke2E B F 5T b4t
1.2 HRAE
1.2.1 REMEHLEBEREGESE G5 HHL
PR AR A AV =R N AR, REIAR
K& 2~3 com B B U AR R 2 1 em i A SR
ZEMK I 10 mL 4 L, 8 T 0 CUOKIR & Wb ab
PP 24 b, WO AR JBAE VB W [ 2 18~ 24 h,
W 58 AP AR ARV K P 5 A 1 mol/L $hig v,
60 ‘CHE R T f# B 10~20 min, MBRFPEFE T 4 C
KA A

B2 mm ZAAMRRE TR B HRERML
Jeta il R, Olympus BX-51 & 4% B 58 T LS. 48
T RECH SR PR 2 BIOMH R 47 00 e £ 1A BEAE
1.2.2 $eEZESH KEFHERB Y
PRl R 120 AN DL b g €8 04 53 HIC R 4F 1) 43 24 v )
ML St A MR R R B E . X R A R

R (2n=4x=48) H. 4y H B 4 (1 44 e 0K &1 Jr il &
R R R I SR TORE AR T £ A X
KBTI L A RUR AR R BB LR S B B
>2 MR K/ Y R 4 ] Levan 555 42
I FRE Ay 2 2R G5 F Stebbins™ [y 4% 5143 26 b e
HEATRZ AL 3 AT o AR A €5 (4R XoF K B 22 il A% U A X
SRR 20 S 4 M EA T R R A3 AT

1.2.3 DNA WREE&N 778587 s il s
B PRE AR (0 4l o s AL B R AR A AL BHRR
BN ) A 7= A A 9 i DR 4150 & $ B DNAL 1. 5 %
(B0 B R I Rl K OAS: I DNA & B 5 Ff B 2= 50
ng/pl B —20 CokF P IRFE5

1.2.4 SSRFIEKEZER PCR REERF I RN
& %2 #10 X Buffer 2.0 L,Mg*" 2.4 pL.(1.5 mmol *
L ), dNTPs 1. 4 pxL (0. 225 mmol « L™ '), Taq
DNA B4 0. 1 L, Bifk DNA 1.0 pL, 51441, 0
pL (0.5 pmol « L1 ,ddH,0 11.1 ulL,

PCR Jz [ # F¢: £ Eppendorf Mastercycler
5331-PCR ¥ I ,94 °C HiZE ¥ 4 min.1 AEFF ;94 C
AP 30 5,56 CiB K 45 s,72 CHEMP 90 s, 3L 34 4~
PE I Jm 72 "CZEAR 10 min, 1AM, 3§73 /O
55 fF PCR AW 20 2 % i, B4 SO 1R & o
A 6.0 pL A8 G2 v, 94 "CAZPEALB] 5 min J5
HH B VKRR
1.2.5 BEGBBHMESKEXRBLEN P>~
WITE 6 00 78 1 5 VO M Tk Jie 6 i b itE AT LUK, bRE
B 5 pL ZEVESS BT TR UK Y 1.5 he B
FHZERKIEGE 1 W AR S A P AR 4 15 min, U
ZRAR K OB A S W R R AR N
Je FZE 8K VR 2 min, { 2R KT 54,

1.2.6 SSREESIWHIE A% F M NCBI K
WA 68 X B 44 % SSR R F G H, B4 LR
AW ARG PR /)4 e 5Ly 51, ik i PCR
PRI CEZ . 25 EE M 10 X SSR
EEAI YT E— 5 (R D,

1.2.7 SSR &&HEMMAGEIT WIEZEMEY B
MIA TG T SSR &AL B, R AT 0/1 WA {H 2 . AP
FESFALAL B BLARAIE 17 JE AL 07
J B BN U § 3% 5 7 07 17 R e A
R IR DL A s i R A

(D) Z WA EH R Rk P)P=(K/N) X
100% , Ho K A 2 S0 S8 E . N R
P14 A7 AR

C2) 71554 b R 1% 388 4% A 0L 3R 0 5 a8t AL R



1320

[N [ 7/ B S 4

34 %

®1 SSROWMAAMSIMEEHERFT]

Table 1

Primers and their nucleotide sequences used in SSR analysis

5| ¥) 4 ¥ Primer name

W18 5% Forward primer

JZ 18] 5] ¥ Reversed primer

S7 5'-GACTGGCTGACCCTGAACTC-3’
S148 5'-CAGCAAAATCAGAACCCG AT-3'
S170 5'-CGCAAATCTTCATCCGATTC-3'
S174 5'-TGAGGGTTTTCAGAAAGGGA-3'
S184 5'-TCATCACAACGTGACCCCA-3’
SSR59(4) 5'-TTCGTTGAAGAAGATGATGGT C-3’
STACCAS 5'-AATTCATGTTTGCGGTACGTC-3'
st1051 5'-GGTCTCCATTAGCCCTCTGAG-3'
STM1049 5'-CTACCAGTTTGTTGATTGTGGTG-3'
STM2022 5'-GCGTCAGCGATTTCAGTACTA-3'

"“GACAAAATTACAGGAACTGCAAA-3'
"“GGATCATCAAATTCACCGCT-3’
"“TCCGGCGGATAATACTTGTT-3’'
"“CATCCTTGCAACAACCTCCT-3’
"“GGGCTTGAATGATGTGAAGCTC-3'
""CAAAGAGGGCAAGCATCCAAGA-3'
""ATGCAGAAAGATGTCAAAATTGA-3'
""ACATAAATGGATCACACA-3'
"“AGGGACTTTAAT TTGTTGGACG-3'
"“TTCAGTCAACTCCTGTTGCG-3'

5
5
5
5
5
5
5
5
5
5

B R GS=2N, /(N + N, Hi, N;
AR FR R SEA R R BOECH N+ N, 48 7E
2AMR R B B H 2, iR E R GD=1
—GS, M4 E B RE L (UPGMA), Jii | DPS
V8. 01 SRFHEAT RS A1

2 AR5

2.1 3NEMHEKRMNRCAMEBREEE RZE

3N E 5 R Al R bR R B LR AR A AR A i
Hh, DU A A 40 L EL ) 7E 92, 42 % ~95. 52% Z [A], 5
Y WAL W] 3 AP BBk R 34 R DU A AR e
REH RS (F 2,

25 HEIR R R AR B A S ORI A AL I 3 3~
4 FEL IR, RRMR AL S 455 6 FI%5 12 41
Qe i sm B AR R AR R A3 M55 1,55 4 FI%6 6
YRy sm B AR m B 0k, i3 5 O
AR TG E M B 3 S MR — 2R,
KW RERBEERE —-EMWER. R A3 JEIHK
YA XK B AR i R F HBGE L FE 6. 6300 ~15. 97 %
ZI R AR AL B Y A A XK A T ORCE Z ]
ASWEAE 5. 41% ~12.10% 2 [A] .

PR AL FI A3 e 1 Yo 60 0k 5 d i e 4K 11

FEAE 3 0 2. 24 F 2. 41, B8 4y 5k 1. 57 il
1. 48, A X FR 25043 31 Ky 60. 82 % 1 59. 96 % . #4
FIHEA, R ALy 2B R, SRR T 5
FHIA] s AR R A3 Sy 1B AZAL, R[] F XCE .

A PG E R X]J0T-6 B A Fh bk R C2
YL o RT3 g m T, 5 HAA AR — 5. Hg ik
AR X BE S IR 7E 6. 48 %0 ~12. 18 %0 Z [a] . fi% K Yt
kS B Y AR H S 1. 88, I Ol
LAL A FREZ I AXFFR R BCh 58, 52% .
FROE ., HER SR80 1A,
2.2 SSRi#&ER

FI G 06 19 10 %F SSR 81 #y%F 6 > T 44 S f4
BRI 41 NDA 347 PCR 4715, 2645 5] 63 4~ 2%
TH I F2E 19 SSR A7 . F B A5 P 3G i 6.3
AL Z B LS 50 A, AL S A F
R 79.37% R A B SSR 2 AN FE (&
5) AELOXS I ¥ s LAG | Wy S1749 34 B 47 #i 5 %
LA 519 S170 P3G 7 a5 fe b o 4 A, £ 4E
AR SSR 540 1E 22 5 01 2 (& 2) L B4 51 9 #6
R 45 (IR ) 33 BT 3t X 43 Ok 5 31X ok 1 4% 55 2% b
PR AR 2R A 4 OB R A RLR AR A T S
DNA 7374 .

R2 3MEMRAREFRENRALEEHERRES

Table 2 Chromosome number and ploidy of the 3 hybrid lines and their parents

(<7 (S
e mpmmene  GEOR  QEEEER e it
: (2n=44~47) (2n=4x=48) tetraploid cells/ %
# & Al Hybrid line Al 132 10 122 92.42 PUfE A Tetraploid
# & A3 Hybrid line A3 140 9 131 93.57 PUfE A Tetraploid
Bk % C2 Hybrid line C2 139 11 128 92.09 U4k Tetraploid
% 3, Favorita 134 6 128 95.52 PUfE IR Tetraploid
J07-6 129 7 122 94.57 Y%A Tetraploid
% 3 & Longshu 3 130 9 121 93.08 DU A Tetraploid
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Table 3 The parameters of the chromosomes of hybrid lines and their parents
ZEE; K5 XS 34 B3l 5 AR BE B KA
Material No. Relative length/ % Arm ratio Type No. Relative length/ % Arm ratio Type
1 5.1246.98=12.10 1. 36 m 7 3.42+4.96=38.38 1.45 m
4.134+6.58=10.71 1.59 m 8 2.97+4.68=7.65 1.58 m
FEZ Al 3 4.54+6.43=10.97 1.42 m 9 2.67+3.89=6.56 1. 46
Hybrid line Al 4 2.8545.99=8. 84 2.10 sm 10 2.4343.52=5.95 1.45
5 3.98+5.97=9.95 1. 50 m 11 2.45+3.47=5,92 1.42 m
6 3.21+5.78=8.99 1. 80 sm 12 1.97+3.44=5.41 1.75 sm
1 5.76+10.21=15.97 1.77 sm 7 5.67+6.98=12.65 1.23
2 6.12+9.22=15.34 1.51 m 8 5.57+6.98=12.55 1.25
HZ A3 3 5.64+9.17=14.81 1.63 m 9 3.67+4.97=38. 64 1.35 m
Hybrid line A3 4 4.87+9.24=14.11 1.91 sm 10 2,974, 48=T.45 1.51 m
5 5.62+8.53=14.15 1.52 m 11 3.78+3.83=7.61 1.01 m
6 4.45+7.99=12. 44 1. 80 sm 12 2.87+3.76=6.63 1.31 m
1 4.764+7.42=12.18 1.56 m 7 3.86+4.57=8.43 1.18 m
2 4.1746.45=10.62 1.55 m 8 2.87+4.24=7.11 1.48 m
HZC2 3 3.65+5.87=9.52 1.61 m 9 2.67+4.31=6.98 1.61 m
Hybrid line C2 1 4.32+5.68=10. 00 1.31 m 10 3. 1444.23="7.37 1.35 m
5 4.56+5.67=10.23 1.24 m 11 2.85+3.91=6.76 1.37 m
6 3.43+4.62=8.05 1.35 m 12 2.75+3.73=6.48 1.23 m
1 4.48+8.96=13. 44 2.00 sm 7 3.42+4.57=17.99 1.34 m
2 4.24+7.87=12.11 1. 85 sm 8 2.57+4.53=7.10 1.76 sm
P 3 4.52+6.37=10.89 1.41 m 9 4.1244.47=8.59 1.08 m
Favorita 4 4.95+6.26=11.21 1.26 m 10 3.42+4.26=17.68 1.25 m
5 3.92+5.67=9.59 1.45 m 11 3.55+3.99=7.54 1.12 m
6 4.87+5.14=10.01 1.06 m 12 3.37+3.91=7.28 1.16 m
1 4,03+7.28=11.31 1.81 sm 7 4.05+4,28=8.33 1.06 m
2 4.56+5.78=10. 34 1.27 m 8 3.26+3.98=7.24 1.22 m
By 3 = 3 1.43+5.26=9.69 1.19 m 9 2.97+3.85=6.82 1. 30 m
Longshu 3 4 3.62+5.19=8.81 1.43 m 10 3.42+3.79=7.21 1.11 m
5 4,17+4.94=9.11 1.18 m 11 2.64-+3.62=6.26 1.37 m
6 2.97+4.45=7.42 1.50 m 12 2.42+3.57=5.99 1. 48 m
1 4.67+6.21=10.88 1.33 m 7 3.47+4.52=17.99 1. 30 m
2 3.41+5.47=8.88 1. 60 m 8 3.86+4.27=8.13 1.11 m
3 4,4145.07=9.48 1.22 m 9 3.35+4.26=7.61 1.27 m
107 4 3.45+4.77=8.22 1. 38 m 10 3.57+4.24=7.81 1.19
5 3.56+4.75=8.31 1.33 m 11 3.52+3.97=7.49 1.13
6 4.1844.58=8.76 1.10 m 12 3.12+3.57=6.69 1.14 m
x4 EMEKREREFRIANZESH
Table 4 The parameters of the karyotypes of hybrid lines and their parents
B 4o e 2 g - F0l %
i et il e G Kan Ko
ratio index/ % coefficient/ % symmetry
k& Al Hybrid line Al 2n=4x=48=36m+12sm 2.24 1.57 32.24~42,31 60. 82 2B
Pk % A3 Hybrid line A3 2n=4x=48=36m+12sm 2.41 1.48 34.51~49,67 59. 96 1B
# % C2 Hybrid line C2 2n=4x=48=48m 1.88 1.41 38.25~45.79 58.52 1A
% 5 52 Favorita 2n=4x=48=36m~+12sm 2.04 1.43 31.36~48. 65 58. 44 2B
[ % 3 5 Longshu 3 2n=4x=48=44m+4sm 1. 89 1.33 35.63~48.62 56.83 1A
J07-6 2n=4x=48=48m 1.63 1.25 38.40~47.72 55.54 1A
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BT 3 ARk R B HOR AR RGN M e 0 7k S B AU (2n=4x=48)
A FRZR AL;B BRR A3;C MR C2;D. $ 5 e ($);E. J07-6(8)F. 2% 3 5(8)
Fig.1 The root tip cell chromosomal characteristics and the karyotype ideograms
of 3 hybrid lines and their parents(2n=4x=148)
A. Hybrid line A1;B. Hybrid line A3;C. Hybrid line C2;D. Favorita( $);E. J07-6( % ) ;F. Longshu 3( %)
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M 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
IOOObp _b. . . .
S7 S170 st1051 S174
5| 9) % % Primer name
K2 fpRLAR 2 514 SSR ¢ 1 £
M. Marker; 1. #% 555 ($)32.J07-6( 8 )53, B2 3 5 (§) 4. Bk R Al:5. Bk R A3;6. bk & C2
Fig. 2 SSR amplification results of tested plants with partial primers
1. Favorita( $)32. J07-6( %) ;3. Longshu 3( %) ;4. Hybrid line Al;5. Hybrid line A3;6. Hybrid line C2
x6 HiAMBAIBEEEEER
Table 6 The genetics distance matrix of tested plants
(R WO HEE PR A3 b % 3 = AR Al J07-6
Material Favorita Hybrid line A3 Longshu 3 Hybrid line Al
# & A3 Hybrid line A3 0.714 3
B2 3 5 Longshu 3 0.416 7 0.529 4
# % Al Hybrid line Al 0.290 3 0.583 3 0.333 3
Jo7-6 0.619 0 0.706 9 0.694 7 0.567 3
# % C2 Hybrid line C2 0.500 0 0.411 8 0. 400 0 0.481 5 0.764 7
x5 1#&“*4% SSR gl%&#—iggﬁ% %%ﬁ'ﬁEFavorita:‘_ '
Table 5 SSR primers and the amplification Pk ZRA1 Hybrid line Al I
results of tested plants B #3"5 Longshu 3
T T - k ZAA3 Hybrid line A3
onm | VARAK  ZEERAK ZARRAAAE PRAAIHybridline |
Pri a No. of No. of Percentage of #k #C2 Hybrid line C2
rumer amplified polymorphic polymorphic 1I:
fame loci loci loci/ % 107-6° . . T .
S7 6 5 83.33 0.00 0.14 0.28 0.41 0.55 0.69
I8 AR I
SI8 g 4 §0.00 Genetics distance
S170 4 3 75.00
55 ) it %
st1051 6 5 83.33 3 AR SSR Rk
174 1 g 9.7 Fig.3 The dendrogram of tested plants
S184 5 1 80. 00 by SSR cluster analysis
SSR59(4) 7 6 85.71 A1 A3 J S g7 X J07-6 2252 46 B R 2%
STACCAS 5 4 80.00 bk & C2 MG AR IE R I s bR R AL %5
R ' ' - HHU Ny 2B AL, A REAR A s bR AR C2 Oy 1A R,
STM2022 8 7 87.50 . . . B
T, ! - LA 5 B R A3 10 BR Rl 1B, 9
Mt Tota .
THRGE X £ B 5B B 2 S R AN [l bk &R Y e (5 14
3 B GERRAE T BRI R. AN RR AL Mk
W

PR STS i LR EPSNIE - R L L PN QS RIDE'S
e SR LI RN A Z — R
MAEEHEAT BT 58 £ BIE LA SC Bk B3 A A E
SCHTE AN R Y (R Y 2 A K BB AR
KN B S5 T 25 R R A A AR o AR g8 Xt
‘PR E 3 5 ARG ML R AR R R

Z A3 IERIARX K 2n=4x=36m+ 12sm, 5 H &}
A B O e AR A H = 12 4% sm B K ) 36
Feom QAR AN RAEARF MY A RE B -
X B Je Fi bk AR G 8 2 S 1) Jir PR AT BB TE TG TR R
TE AR R A e A R A A L o A S A R R S i 4
R A FHRABESE . T IX AR S T AR 45 2 R
PR R TE G R KT S AR A
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6] —EW A R A BHEE DNA 7K - 38t 15 B 85 1 K
/NBEUE VRIS AR I 25 2% 06 3R 13 3, WA AR
sl W N ey L O R LR 0 1 1 IR/ N WL s ol
BEAC S 5 g e HACA B 3457 J07-6 Z[A] Y 35t
TR B 43 B R 0. 416 7.0.619 0, 1zt % H
BRI A28  F JetE R AR 3 A0 Rk &R )35t
L BE B A A, 43k 0. 411 8.,0. 481 5F1 0. 583 3,
X R SR A 8] 35 4% 22 5 K N H A s J AR & 8 A
B BARPEIRL Rk R I JLRECR

SA DRI R KR AL KRR A3 FItk &R
C2 ¥ R DU RE A (2n=4x = 48) , Hi % 70 24 7 43 51 Ky

2B 1B F 1A KRR Al Fildk R A3 AU iR LA
LN 2n=4x=48=36m+12sm. ¥k & C2 A% AR
NN 2n=4x=48=48m,

FIFH % 6 1 10 XF SSR & ‘B 519 PCR § 44 45
F| 50 NN BT EH A FERT9. 37 %,
WIRHN T 3 NSRRIl R bk R M H R AW
SSR F5 80Kl AT E Ny 22 L R Pk &R MR A [ 78 DNA
KR A T EARKYE . UL GD {H 0. 45 S 3EdE. ¥ 6
NFREIR R 3 2 BEAR B D g R R AL FIACA
‘BEE 3 SN R R A3 FIERR C2 S5 —2K,
A JOT-6 F B S —2k

5% 3
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