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Phenotypic Comparison and Genetic Diversity of the
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Abstract: To clarify the phenotypic differences and genetic relationships of the starch-type potatoes, and to
provide a research basis and breeding materials for the breeding and quality improvement of new varieties of
starch-type potato. This study used 26 starch-type potato germplasm resources as materials. Through field
agronomic trait observation, quality trait measurement, and simple sequence repeats (SSR) marker analysis,
genetic diversity was analyzed based on both phenotypic and molecular markers. The results showed that the
coefficient of variation of the phenotypic traits ranged from 9.15% to 94.14%, with the highest coefficient of
variation for the number of branches, and the lowest coefficient of variation for the dry matter content. The
genetic diversity index ranged from 1.71 to 2.09, with the highest genetic diversity index for the number of main

stems and the lowest for the number of branches. Based on phenotypic traits, the tested materials were divided
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into four groups: Group I exhibited high starch content, Group Il showed greater plant height and main stem
number, Group III was characterized by lower dry matter and starch content, and Group IV performed best in
terms of stem thickness and branch number. 31 pairs of SSR primers amplified 408 polymorphic loci, with a
polymorphic locus rate of 85.18%. On average, each pair of primers amplified 13.16 polymorphic loci, and the
polymorphic information content of the primers ranged from 0.1016 to 0.4024. Based on the SSR marker results,
the materials were classified into 4 clusters. Cluster I included only Qingshu No. 9, with red tuber skin. Cluster II
contained 22 materials, of which 21 were bred in Gansu, Ningxia, Shanxi, and Heilongjiang, all originating
from the northern single-cropping zone. Cluster III consisted of Dingshu No. 4, characterized by purple-red tuber
eyes. Cluster 1V included two introduced materials. The two clustering results showed consistency in the
grouping but differences in the classification of subgroups. 17 materials were classified into the same group under

both clustering conditions. Combining phenotypic and SSR markers provides a more comprehensive and accurate

reflection of the genetic differences among the germplasm resources.

Key words: potato; starch-type ; quality traits; SSR markers; genetic diversity
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Tablel Test materials information
ETRe s FK LY ) HRZI PEH AL
Code Germplasm name Skin color Flesh color Breeding institution
1 HEIS 4r ) I RIBL A BELE DT AR
2 Pes 105 i o TR AR RLABE S8 E B
3 B 115 B H A B 27 B S BT T
4 L1 e & eI M4 RHE R A PR )
5 3G =} = SE PR RIS B
6 THI18S B e TP B [ 503 B
7 FE#3 5 Ll H A R E AR G
8 W24y Ll H L PE AR B i FE X AE IS T
9 HlE2s R & HNELEA R R R B A BR 2 )
10 [Fl& 294 i} EiNE| LA Rl Bt 1o T8 X AR AT I e
11 [F31 %5 Ll B NP AR e FE XA 5
12 [ 222 5 TR R H A BB 27 B Eh S BT T T
13 Hiznai i LA WA DR AL R BF 5L BT
14 Ve 95 e e TR AR RLABE S E W5 B
15 SR 145 R & WAL Rt v T 7 EL AR RIS AL
16 He#o s R ki el ke
17 EE A HH # SE PR BRI B
18 Bz 1245 e g T BB B Y BT
19 Pe 145 e e TR AR RLABE S E WA
20 R¥E15 &L & BRI\ BRI
21 PNGIEL] S Ll H PG4 Rl 23 5 125 5 DX AR T 2 e
22 FA4310 (5T LA AR R
23 Bz 15 B H A AR B BT
24 e 1745 Ll ki A AR B T
25 16x17-7 ker i L PE A R B IR F
26 16x17-8 feAN &l INTGERNAM BB A IR

1.2 REFHE

1.2.1 HE#E SR 2023455 A 21 HFp
FAEIPYE KR A2 = BA6HBA (112°34'E, 39°
44'N) iR B0 TSR 1 125 d, #3K 1295 m. R JHBE
MLIX A&, B X 3 R E A, DARE P45 1) 7 =3
v, DAER 2B BRA T 1) 7 SURAR, B AT HE R 10 R, BREE
40 cm, FIAHIREE 24 10 cm, 4710 60 cm, % 5 L7
AT R HL

122 DERERBERNE FEDREEREN. 2
HE A8 S 0% D 3R ULV D B A v ) 2 R A
Phim R 2R SRR R R S 3
PR, IHEFIA0E 72 S ORI, 43 i 2 B it

2 FAR N E A S LT Y i & i e
P AR SRR 44 & C(VC, Vitamin C) &
S R SO T AR S TR, PRI E 3 Tk
L BCEBIE,
123 SHESSRIERIEHH T HHHEGAR
BEEY G e ) el K CTAB 3252732 U DNA, #
iR S A0 AT DL A 6 BE TR DNk B % o i, R B
% 50 ng/uL, -20°CARAF 5 o AR AR G 45 5
RS2 e 37 XF SSRARIC, 514 L g4 i A= )
TR AR GRL 5 E R LR 2,
PCRY" 4K Z J 10 uL:DNA 1 pL, F R #ES 14
41 uL,ddH,0 2 pL,2xTaq PCR MasterMix 5 pL(H
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B 2& (L) VIR A TR AT o § R . 94°C
TRASE 5 ming 94 °CARPE30 s, X IE kIR EFIR k 45 s,
72°CHEH190 s, 35 MG ; 72 CLE{H 10 min; 4 CLRAE

&2 37X SSR3|MEHEEFTI
Table 2 37 pairs of SSR primer base sequences

P38 77 WK% FH 8% SR TN s T g 15 Jid v Pk 4325, L T
200 V, HLJK 2 h, 50 bp DNA Ladder Marker(Jt 5t 283K
FERHARA D C, BRI

e 511 E31(5-3) EE(53) )
No. Primer Forword primer(5'-3') Reverse primer(5'-3") temperatu%e
1 STM1104 TGATTCTCTTGCCTACTGTAATCG GAAAGTGGTGTGAAGCTGTGA 57.15
2 STI1049 TCATCACAACGTGACCCC CGGGCTTGAATGATGTGAAGCT 59.05
3 S180 ACTGCTGTGGTTGGCGTC ACGGCATAGATTTGGAAGCATC 58.90
4 PM0936 AGTTGTGTCTCAATCCTTTCACGA TGCTTAAAAATCTGACTTTGGTGTTC 61.10
5 SSR0675 GCTGTGTTTTCAATTTCTTCAGCA GTCTCGTTGTTCATCAAA 53.35
6 STM 1106 TCCAGCTGATTGGTTAGGTTG ATGCGAATCTACTCGTCATGG 57.75
7 S25 AGAGATCGATGTAAAACACGT GTGGCATTTTGATGGATT 48.49
8 C59 TCATCACAACGTGACCCCA GGGCTTGAATGATGTGAAGCTC 55.11
9 STMO0030 AGAGATCGATGTAAAACACGT GTGGCATTTTGATGGATT 48.49
10 S118 AGAGATCGATGTAAAACACGT GTGGCATTTTGATGGATT 48.49
11 C33 TCCCCTTACCCCTCTTCAAAT AACCCGTGTCAACTTCYGCT 48.26
12 S184 TCATCACAACGTGACCCCA GGGCTTGAATGATGTGAAGCTC 55.11
13 S151 GCTGCTAAACACTCAAGCAGAA CAACTACAAGATTCCATCCACAC 54.72
14 STM3023 AAGCTGTTACTTGATTGCTGCA GTTCTGGCATTTCCATCTAGAGA 54.74
15 STM1014 AGAAACTGAGTTGTGTGTTGGGA TCAACAGTCTCAGAAACCCTCT 55.63
16 SSI TCTCTTGACACGTGTCACTGAAAC TCACCGATTACAGTAGGCAAGAGA 57.67
17 Patatin CAACCAACAAGGTAAATGGTACC TGGTCTGGTGCATTAGAAAAAA 53.37
18 C42 AGGCAAACCCCGTAAATCTT TCTTCCTCACTCGTCCCCCACT 56.71
19 STM1052 CAATTTCGTTTTTTCATGTGACAC ATGGCGTAATTTGATTTAATACGTAA 53.13
20 S25-2 GCGAATGACAGGACAAGAGG TGCCACTGCTACCATAACCA 54.46
21 S174 TGAGGGTTTTCAGAAAGGGA CATCCTTGCAACAACCTCCT 52.74
22 S153 TATGTTCCACGCCATTTCAG ACGGAAACTCATCGTGCATT 52.83
23 S170 CGCAAATCTTCATCCGATTC TCCGGCGGATAATACTTGTT 51.70
24 S7 GACTGGCTGACCCTGAACTC GACAAAATTACAGGAACTGCAAA 54.13
25 C58 GCTGCTAAACACTCAAGCAGAA CAACTACAAGATTCCATCCACAG 54.58
26 S192 ACTTCTGCATCTGGTGAAGC GGTCTGGATTCCCAGGTTG 53.30
27 C3 CCGGGAGAATTAGACGATGA TTTATGGGGAGCAGTTGAGG 52.49
28 STM-2022 GCGTCAGCGATTTCAGTACTA TTCAGTCAACTCCTGTTGCG 54.16
29 C54 TGGCTGCAGAAATCAAGATG TGAAACCACTGGGAGGACTT 53.03
30 STLO003 ACCATCCACCATGTCAATGC CTCATGGATGGTGTCATTGG 52.99
31 STMO0019a AATAGGTGTACTGACTCTCAATG TTGAAGTAAAAGTCCTAGTATGTG 51.36
32 STGO0016 AGCTGCTCAGCATCAAGAGA ACCACCTCAGGCACTTCATC 56.30
33 SSRO707 AGAAATTGGCAGAGCATTTAGCTG GGATTAGACAAACCTTCTTTTCCACA 62.45
34 STI0012 GAAGCGACTTCCAAAATCAGA AAAGGGAGGATTAGAAACCAAAA 58.00
35 STMO0037 AATTTAACTTAGAAGATTAGTCTC ATTTGGTTGGGTATGATA 45.98
36 S189 CCTTGTAGTACAGCAGTGGTC TCCGCCAAGACIGATGCA 53.97
37 SSR59 TTCGTTGAAGAAGATGATGGTC CAAAGAGGGCAAGCATCCAAGA 54.92
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211 REMREREEE 26D N
(R) 9N RIMEARFATHAT 0T (R 3) 4505k
B, 25 RAEIRAR SRR R R] AR S R A2 K,
AR S ZBAE 9.15%~94.14% 2 1], - 1475 55 2 E N
31.43% , BB R, TR & b 4K
MR S R B KRB R (94.14%)>
22500(29.05% ) >k 55 (23.76%) > 254 (15.51%) , 51
vt JOT P PR ) A8 5 R B8R R B /MR R Oy i SRR B
(35.65%)>VC ¥t (31.45% ) >5[ 5 o 2 (24.24%)
>YER i (19.87%)>T W) i & 15 (9.15%) . 913%
RIVEAR B85 Z AR VR EOIE 1.71~2.09 Z [], o 5
ZERR R, IR B AR, 4 AR IR s A5 2 REE:
FEHCHR KB/ R 22 50(2.09)> 254 (2.04) >k 5
(2.00)>70 B8 (1.71) , S A TR 19 1848 2 FE 1
& B0 KB N R UE B (2.00) > T
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Table 3 Measurement of phenotypic traits of each material

" TYE&E EHETE EAESE VCEER O BSEESE " R ESil

SH - 5 ! EEM B "

(%) (%) (%) (mg/100 g) (%) (cm) (mm)
Parameters MS NB

DM sc PC vC RS PH ST
K AE Max. 26.51 22.82 2.53 35.23 0.45 6.00 12.00 93.33 15.68
/M Min. 18.25 9.12 0.98 8.20 0.10 2.00 0.00 29.40 8.71
SEH{E Mean 23.04 17.11 1.56 20.19 0.30 3.80 2.74 57.08 11.93
brifE2%E SD 2.11 3.40 0.38 6.35 0.11 1.11 2.58 13.56 1.85
BREB(%)CV 9.15 19.87 2424 31.45 35.65 29.05 94.14 23.76 15.51
el R R 1.88 2.00 1.78 1.85 1.76 2.09 1.71 2.00 2.04

DM: Dry matter content; SC: Starch content; PC: Protein content; VC: Vitamin C content; RS: Reducing sugar content; MS: Number of main
stems; NB: Number of branches; PH: Plant height; ST: Stem thickness; The same as below

212 DREBRBMKREE KSR E RN
PR, SR PR R 38 A2 B g AN 2 18] 322 423 0 Bt ap R
PEAT RGERE T (K1), 85 R R UITER IR EE B8
184k, nlRE 26 (R A KL 428, S AMER AL
KRB 2 45 0 DL 4, SRS 21 (3 it
BB, USSR SR8 0 5 i, B D s R I
AL S B 9, iZ A RRE s OB 5 B A IR
T ZERONIR R R BLR AR SR AL 16x17-8.5

TR 14 RIS 105, B T 5 & e FITE A
FrE PR AR R R R S TV LG R 3
LRI VC B AL, R 2 S R
22 DHESSRAFIRICHIEESHES T

2.2.1 SSRE|¥EEMSH BEH 37X SSRE1Y)
PG AL RL , R 1 AT 30 R B A 2
B3 T 251519, 51 25k RN
83.78% , Horh 5|9 C54 (P L5 R WK 2, 31402
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The variety number is the same as table 1, the same as below

E1 EFREMER 260 DHRERM(R)BEST

Fig. 1 Cluster analysis of 26 potato varieties (lines) based on phenotypic traits

R4 BRBRBEREE
Table 4 Phenotypic trait data of each group

i TYR&e e EORSE VCEE WS N " P Exiil
e . EE 1 S

(%) (%) (%) (mg/100 g) (%) (cm) (mm)
Group MS NB

DM SC PC vC RS PH ST
1 23.56 18.27 1.61 20.59 0.29 3.86 2.23 56.21 11.90
1I 23.58 17.00 1.36 16.02 0.10 5.33 5.00 93.33 13.71
1T 18.74 10.94 1.35 20.58 0.40 3.53 2.47 46.53 10.27
v 24.40 11.34 1.42 14.81 0.30 2.00 12.00 70.67 15.68

BYEL Y)Y HE ) 479 DSFALAL, 2PN 408
A YRS T s 2 RN 1316 4. 5
Y STM1106 F1 S170 4™ 3 t (SN AL i B i 2,
224559 SSLA S25-2 7 1 Hi 1 8 (5 v i B /b
J 104> 5 514 S25.C59 F1 S118 4744 MY iy 45 {37 437 1
¥Rk Z A5, 514 STM1104 F1 STM2022 fir
BN 2 S E LR A, 4 50.00% . S5V
A BE B T 1.1577~1.7268, “F- 144 1.4846;

M 25 47 5L A F 1.5000~2.0000, F- ¥ K
1.8444;Shannon’s1'p., FE T 0.1657~0.5805, *F
178 0.4246; Nei's 5t 14 2 FF P45 20 T 0.1016~
0.4024,°F-¥9°00.2831(5£5) . K151 LTS
AR T 0.1016~0.4024, 344 0.2831, Hrfr, 5
) STLO03 1Y Z &M% B & i &, 514 STM1104

1) 22 5 B A B AR . A 22 X5 | 484 ok v
LA 5. (0.25< 2B B & E<0.50) 1,
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M: DNA marker
B2 CS4xHi## DNA B B4R
Fig. 2 Amplification of genomic DNA from C54

5 313SSREIYIEER
Table 5 Amplification results of 31 pairs SSR primers

FfmE ZAMsg 2N WSS AREFEA Nei’si#tfé%  Shannon's  ZAEE

Fs 514 . N " M . ; e s .
No. Primer Alleles Polymorphic % (%) K% LB FEPEREEL (EISEizEe JENS s
number alleles number PPI Na Ne H I PIC
1 STM1104 14 7 50.00 1.5000 1.1577 0.1016 0.1657 0.1016
2 STI049 11 8 72.73 1.7273 1.3312 0.2004 0.3098 0.2004
3 S180 13 11 84.62 1.8462 1.5625 0.3192 0.4679 0.3192
4 PMO0936 14 9 64.29 1.6429 1.3774 0.2249 0.3380 0.2249
5 SSR0675 17 16 94.12 1.9412 1.3811 0.2340 0.3680 0.2340
6 STM1106 22 19 86.36 1.8636 1.4866 0.2935 0.4414 0.2935
7 S25 18 18 100 2.0000 1.6759 0.3900 0.5742 0.3900
8 C59 17 17 100 2.0000 1.6668 0.3847 0.5668 0.3847
9 STMO0030 14 12 85.71 1.8571 1.4917 0.2833 0.4257 0.2833
10 S118 16 16 100 2.0000 1.6549 0.3693 0.5439 0.3693
11 C33 17 14 82.35 1.8235 1.6493 0.3499 0.4998 0.3499
12 S184 18 17 94.44 1.9444 1.5474 0.3290 0.4963 0.3290
13 S151 15 12 80.00 1.8000 1.3584 0.2179 0.3401 0.2178
14 STM3023 14 13 92.86 1.9286 1.4893 0.2892 0.4381 0.2892
15 STM1014 13 11 84.62 1.8462 1.4046 0.2518 0.3886 0.2518
16 SSI 10 8 80.00 1.8000 1.4455 0.2649 0.3987 0.2649
17 Patatin 16 15 93.75 1.9375 1.5165 0.3010 0.4529 0.3010
18 C42 15 14 93.33 1.9333 1.4189 0.2501 0.3858 0.2501
19 STM1052 11 10 90.91 1.9091 1.4446 0.2514 0.3824 0.2514
20 S25-2 10 9 90.00 1.9000 1.4625 0.2909 0.4489 0.2909
21 S174 18 14 77.78 1.7778 1.3747 0.2300 0.3546 0.2299
22 S153 16 14 87.50 1.8750 1.5414 0.3084 0.4565 0.3084
23 S170 22 20 90.91 1.9091 1.7053 0.3897 0.5617 0.3897
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®5(4)

. dy  BOLREC EBGAEC EEH WWER WHCHE Nei'sifZ  Shamon's HAHE
No. Primer Alleles Polymorphic  H%(%) JEFEEL JEFEL FEMEFERL EPSEiR 4 BEm

number alleles number PPI Na Ne H I PIC
24 S7 15 14 93.33 1.9333 1.6131 0.3509 0.5173 0.3509
25 C58 13 9 69.23 1.6923 1.3863 0.2338 0.3529 0.2338
26 S192 15 10 66.67 1.6667 1.4369 0.2508 0.3708 0.2508
27 C3 15 14 93.33 1.9333 1.3930 0.2407 0.3767 0.2406
28 STM2022 14 7 50.00 1.5000 1.2623 0.1594 0.2437 0.1594
29 C54 21 18 85.71 1.8571 1.3948 0.2529 0.3949 0.2529
30 STL003 17 16 94.12 1.9412 1.7268 0.4024 0.5805 0.4024
31 STMO0019 18 16 88.89 1.8889 1.6665 0.3606 0.5194 0.3606
J1t Total 479 408 85.18
F-H1{E Mean 15.45 13.16 84.44 1.8444 1.4846 0.2831 0.4246 0.2831

PPI: Percentage of polymorphic loci; Na: Number of observed alleles; Ne: Number of effective alleles; H: Nei’s genetic diversity index ;

I: Shannon’s information index; PIC: Polymorphism information contents
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