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Genetic Diversity Analysis of Black Rice Germplasm
Resources Based on SCoT Markers
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('School of Biological Sciences and Engineering, Shaanxi University of Technology, Hanzhong 723001 ;
*Hanzhong Agricultural Technology Promotion and Training Center, Hanzhong 723000, Shaanxi)

Abstract: Considering the complexity of black rice germplasm resources on distribution and origin,
uncovering the genetic diversity of black rice materials and clarify their genetic relationship becomes of
significance. This study analyzed the genetic diversity of 90 rice materials (including 21 black leaf black rice, 24
purple leaf black rice, 30 green leaf black rice, and 15 white rice) by using 30 SCoT primers. A total of 194
fragments were detected by SCoT primers, including 165 that showed polymorphic with the ratio of 85%. The
average values of allele number (Na) , effective allele number (Ne) , Nei’ s gene diversity index (H) and
Shannon’ s information index (/) were 1.9216, 1.3922, 0.2445 and 0.3836, respectively. The results of cluster
analysis showed that at a genetic similarity coefficient of 0.73, these genotypes were clustered into four groups,
coincidence with the results of population structure analysis. The genetic similarity coefficient predominantly
ranged from 0.59 to 0.79, indicating a relatively high genetic similarity. Analysis of molecular variance
(ANOVA) showed that 91% of the genetic variations were within the population, with only 9% being between

the populations. These findings indicate that there is limited genetic diversity in the collection, and enriching
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genetic diversity of black rice germplasm resources required further efforts. This study provides valuable insights

for parental selection in black rice hybridization, and offers a theoretical basis for genetic improvement and

cultivation of new black rice varieties.

Key words: black rice; SCoT marker; genetic diversity
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Table 1 The name and type of the test materials
%5 Code 4 F% Name A Type %5 Code 4 F% Name 27 Type
1 AT I A 46 R ek ey
2 R RN IRA 47 78 % FAT 737-13 Lt A
3 SR ARy 48 79 575K 737-3 Lt A
4 E 3 A R 49 80(17) P& Iih-2-2-4 Lt A
5 G R UV JE A 50 88 v S/HITE F1 Lt A
6 25 JnFES R REA 51 90 7 S/451 B BF1 gt A
7 28 4% A/BRTEF1 SRS 52 94 A R4 -1-1-101 gt A
8 29 FBIES R RRA 53 961316 & S/l 74-1 gt A
9 3045 A/ERFL IR 54 105 JB4E-1-1 Lt A
10 315N RARS R A 55 118 %4545 737-9 gt A
11 4522-WB1766 AR RRA 56 125 =R BAT-1-1-1 gt B
12 4622-WB1767 SR RA 57 154(17)BERRIN-2-2-5 et SR
13 4722P840 SR RA 58 157 WGRS70 H0ii-18-2 et JR AR
14 4822P853 59 162(17) K R-1-1-2-1 et 2R AR
15 5022P867 60 166(13)Y HI%-1-1 et 2R A
16 56 B4y R B 61 174(13)Y #J%-3-1-1 Lt RA
17 57 S0 RAR-5-1-1 I RA 62 233 Atk et FRA
18 62 27E M U 63 271(13)Y H-2-5-6S LSRR
19 70 YT R RE R RA 64 274(13)Y #&-2-5-9S et JRA
20 7355811 H-1-1-1-4 SRR 65 278(13)Y #-7-1-1-1S LI MR
21 75WGRS70 2Iifi-1-10 et RA 66 279(13)Y M-7-1-1-28 et SR
22 81 WGRS70 2 ii-9-1 et RA 67 280(13)Y #&-7-1-1-38 et MR
23 847453 A/MEINFL SRR 68 285(13)Y 22-7-1-1-4S eI e
24 86454 A/BILN FI Uty 69 288(13)Y H-7-1-1-7S E ey
25 87 A5 SEntIRA 70 291(13)Y #-7-1-1-11S LRt R
26 93(18)106 MF-1-103 SEntIRA 71 293(13)Y M-7-1-1-138 ES ey i
27 10371351 SENTIRAA 72 299(13)Y H-2-3S S ey i
28 108 %5 [E| B oK-1-1 SENTIRA 73 302(13)Y H#-2-7S ES ey i
29 109 B SENTIRA 74 303(13)Y H-7-2-18 gt A
30 110451 2 B-1-2 SentBAR 75 707(13)Y 2-2-1-2-1-1-1 ot A
31 11135811 B-1-1-2-1 E Oy 76 AR ck el
32 124 % 28-1-1 SentRA 77 3456 S/ M AT FL gt A
33 128 15811 H-1-1-1-1 E LY 78 36 2 AR FAFL el
34 14755811 HB-1-1-8-1 RNt IRA 79 3055 S I NEY i
35 159 B4 4 ck et IRA 80 749 F87 100 gt A
36 182 WGRS70 RJiji-1-1 SENTIRA 81 635 AL EEU S
37 192 WGRS70 RJiji-2-1 U 82 602 I NEY i
38 208 WGRS70 21ii-16-1 SN IRA 83 603 EENEY i
39 222 5T 737 SNt IRA 84 607 S NEY i
40 22422-WB-1770 B A 85 601 ENEY i
41 25422P1089 JRI AN 86 605 B ST
42 296(19) Hi-2S E U 87 609 Lt A
43 307 H5e S JEN A 88 634 # I CiUnspiE
44 44 WL 15 TR 89 E Uy EJUNSYiE
45 720 LB JE A 90 35 % FS EUNSpiE
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1.2 REHE

1.2.1 DNAREE®KN RAEY L4 DNA 4
B (bt o B bR AR Y 3 R A FRA A
PRIUKFESL A2 DNA . F 1% M3l e e F vk F
Nanodrop i 7 6 CEETH (FEER R BHE A TR A
A), BT ) K DNA ST & FI¥K B2, F DNA i B 2
100 ng/ul, fA7FF-20 CokA &

122 PCR # & fifi ] Primer 3 %X {f (https:/
primer3.org/) B 19, B SRHGL B AE IR TR

*£2 SCoT3|#FE7

Table 2 The sequence of primers

AR AR 51F AN R 2. L0 7K As Ak
[KI£H DNA A4, #1304~ SCoT 5[4 3£1 T PCR ¥
M, PCR BV AR Z A 10 uL, H b 2xTaq Master
Mix (i 8 U B RH A A PR A F]D 5 pl,ddH,O
3 pL, 10 umol/L SCoT 514 1 uL, 100 ng/uL DNA Fiti
1 i, PCRYHFYTH 94 CHIAEYE 4 min; 94 CASME:
1 min, 50 “CiE ‘K 1 min, 72 *C4EfHi 1 min, 10 MEFF;
94 C7EME 305,35 °C 1B & 30's,72 CHEMH 1 min, 35
AMEFR;72 CHEMI 10 min, 4 CLRAF

ElE7E =2

Primer code

F51(57-3")
Sequence(5'-3")

SCoT1 CAACAATGGCTACCACCA
SCoT2 CAACAATGGCTACCACCC
SCoT3 CAACAATGGCTACCACCG
SCoT4 CAACAATGGCTACCACCT
SCoT6 CAACAATGGCTACCACGC
SCoT9 CAACAATGGCTACCAGCA
SCoTl1 AAGCAATGGCTACCACCA
SCoT12 ACGACATGGCGACCAACG
SCoT13 ACGACATGGCGACCATCG
SCoT14 ACGACATGGCGACCACGC
SCoT15 ACGACATGGCGACCGCGA
SCoT16 ACCATGGCTACCACCGAC
SCoT17 ACCATGGCTACCACCGAG
SCoT18 ACCATGGCTACCACCGCC
SCoT19 ACCATGGCTACCACCGGC

e (s’ 3)
Primer code Sequence(5'-3")
SCoT20 ACCATGGCTACCACCGCG
SCoT21 ACGACATGGCGACCCACA
SCoT22 AACCATGGCTACCACCAC
SCoT23 CACCATGGCTACCACCAG
SCoT25 ACCATGGCTACCACCGGG
SCoT26 ACCATGGCTACCACCGTC
SCoT27 ACCATGGCTACCACCGTG
SCoT29 CCATGGCTACCACCGGCC
SCoT30 CCATGGCTACCACCGGCG
SCoT31 CCATGGCTACCACCGCCT
SCoT32 CCATGGCTACCACCGCAC
SCoT33 CCATGGCTACCACCGCAG
SCoT34 ACCATGGCTACCACCGCA
SCoT35 CATGGCTACCACCGGCCC
SCoT36 GCAACAATGGCTACCACC

{if FALT A bR SCOT 5 14 AN BR LA 45

The invariant base sites in the SCoT primers are marked in red

1.2.3 RECEKQT  PCR™=YRH 6% R Mk
FEE RS L VIAGIN , HL B N 150 V, LUK TA] N 2 he
LUK oS K BEE BT 0.2% AgNO, Y4 (8 e R
et 5 min, ZEIRZKVER 3 U0, BIR 30 s, IMA . (40K,
PR (0 L 2 A TR M FA R

124 IBGEIE  Goit 500 Tt i B e vl UK BT
R TE T % TEAR R T RS AL E b A SR Ie
“17, LA 1E 407, H Excel ¥4 & 0-1 454 . F) H
Popgene 1.32 #f4: (http://www.ualberta. ca/% 7Efyeh/
Pop32.exe) T ZAMEAF E % 18 (PIC, polymorphism
information content) | 55 1V F& [A ¥4 (Na, number of
alleles) . A &% 55 i 3 M £ (Ne, number of effective
alleles) . Nei's 5 [ £ ¥ ¥ 458 %0 (H, Nei's gene

diversity index) . Shannon’s {i5 & 8 %% (1, Shannon's
information index) . £ | NTSYS-pc2.10e #k 1
(https://appliedbiostat. com/ntsyspc/downloads/ntinst
21.exe) A TR MRS T IE . 50T
fEFINTSYS-pc2.10e %4 (https://appliedbiostat.com/
ntsyspc/downloads/ntinst2 1.exe) H i) Dcenter #1 Eigen
PPty . i H Structure #04: (https://web.stanford.edw/
group/pritchardlab/structure software/release versions/
v2.3.4/html/structure. html) 1 TREAZE R b, iz
Arlequin 3.5.2.2 %{F (https: //cmpg.unibe.ch/software/
arlequin35/Arl35Downloads. html) #F 17 43 ¥ F 22
o3
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3049~ SCoT 51 W By ¥ a8 25715 KU AE 4~11 Z 0], Horp g™
) HEREN N

2.1 SCoTs|#¥ytELER

SCoT 5 1%t Bl /K AF BB 1 1Y Ha K RT3 2%
VO, 25 880 (1) o 304~ SCoT 514 7E 90 1y
IKFEAPE ALY 3G 194 457 (3R 3) , i 2381
2kt 1654, 28 B 29 85% , A 8 1~ SCoT 51
VI 2 5 450 el i5 21 100% . 1B SCoT 514
ZAMEE LA TKR LT 5o R 28 R it

52, (7] 02 2 WK R A e ) 477 B S ) gt 1 22 5
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H 41 B 22 14 0 SCOT s 3714 45 BUiR /b 1 2
SCoT19 FI SCoT35. 304~ SCoT 51411 & A5k B
rRAE 0.60~0.87 Z [, V- H{H g 0.76 5 45 {31 5 [K 5
7E 1.6667~2.0000 Z [, F- B {H Ny 1.9216; 45 5L 7
JE R BAE 1.1214~1.6731 Z [0) , ¥ {H 9 1.3922;
Nei’s 3 K ZFEPEFE BUO7E 0.1004~0.3632 22 ], -3
{EL 9 0.2445; Shannon s i B 15 £ 7E 0.1937~0.5396
Z[H],FHIE 9 0.3836.

M:DNA marker I11; 1~57: PRS2 1, T [ SR EHTL IR 28400
1-57: The material numbers are the same as those in table 1, the same as below; Black arrows represent polymorphic bands
El1 SCoT17 AR KIEH R G By FR ik Bl i
Fig. 1 Electrophoretogram amplified by SCoT17 in partial rice materials

&3 SCoT5|#xf 90 HKFEM BRI IBLER

Table 3 The amplified results of 90 rice materials with SCoT primers

a4y AR 51‘@%’?%@ Zatt I:ISW'J.( %) g%g%% P ﬁﬁ%’ﬁ Ne‘i 's %[ﬂ S)liannm‘l” s
Primer code  Total bands Polymorphic PolymoTphlsm T Na L ZREPERR R SISEiEr e
bands ratio PIC Ne H 1
SCoT1 11 10 90.90 0.87 1.9091 1.3557 0.2266 0.3642
SCoT2 5 4 80.00 0.69 1.8000 1.2474 0.1718 0.2854
SCoT3 7 7 100 0.63 2.0000 1.2809 0.1988 0.3356
SCoT4 5 4 80.00 0.74 1.8000 1.4054 0.2445 0.3721
SCoT6 8 6 75.00 0.78 2.0000 1.4025 0.2470 0.3842
SCoT9 5 4 80.00 0.60 1.8000 1.3609 0.2363 0.3731
SCoT11 5 5 100 0.74 2.0000 1.4257 0.2931 0.4666
SCoT12 6 6 100 0.80 2.0000 1.4524 0.2632 0.4050
SCoT13 6 6 100 0.76 2.0000 1.2409 0.1731 0.3005
SCoT14 6 5 83.33 0.76 2.0000 1.4553 0.2768 0.4303
SCoT15 6 5 83.33 0.77 1.8333 1.1795 0.1168 0.2017
SCoT16 6 4 66.70 0.79 1.6667 1.3858 0.2183 0.3231
SCoT17 7 6 85.71 0.81 2.0000 1.5167 0.3071 0.4679
SCoT18 7 7 100 0.81 2.0000 1.3474 0.2429 0.3999
SCoT19 4 3 75.00 0.70 2.0000 1.1214 0.1004 0.1937
SCoT20 7 5 71.43 0.81 1.7143 1.3717 0.2332 0.3579
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&3 (%)
Ay AR Z?f@k%”’rﬂ*ﬁ( EATN iR HSW'J-( %) 9}'?§lﬂn§ s I A ﬁ?f(%ﬁ Nef 's % Siafmor?,’ s
Primer code  Total bands Polymorphic Polymo.rphlsm o Na 2R SRR R
bands ratio PIC Ne H 1
SCoT21 9 7 77.78 0.85 1.8889 1.2491 0.1640 0.2703
SCoT22 5 5 100 0.64 2.0000 1.3307 0.2118 0.3497
SCoT23 8 6 75.00 0.83 2.0000 1.4708 0.2890 0.4493
SCoT25 7 6 85.71 0.83 2.0000 1.4415 0.2738 0.4206
SCoT26 8 7 87.50 0.80 1.8750 1.4709 0.2840 0.4329
SCoT27 7 7 100 0.82 2.0000 1.6731 0.3630 0.5297
SCoT29 6 5 83.33 0.72 1.8333 1.3509 0.2354 0.3761
SCoT30 5 4 80.00 0.73 2.0000 1.4524 0.2894 0.4555
SCoT31 6 5 83.33 0.79 2.0000 1.6191 0.3632 0.5396
SCoT32 6 5 83.33 0.76 2.0000 1.4679 0.2840 0.4425
SCoT33 9 7 77.78 0.84 1.7778 1.5108 0.2838 0.4172
SCoT34 8 6 75.00 0.82 1.7500 1.3762 0.2321 0.3592
SCoT35 4 3 75.00 0.64 2.0000 1.2808 0.1872 0.3039
SCoT36 5 5 100 0.69 2.0000 1.5229 0.3255 0.4996
V-4 Mean 85.00 0.76 1.9216 1.3922 0.2445 0.3836

PIC: Polymorphism information content; Na: Number of alleles; Ne: Number of effective alleles; H: Nei's gene diversity index; /: Shannon's

information index

22 BEEBRMURESH Xof (A A R A Ak ) g 198 7 st L 4 2R 3G
SCoT FRic /s H L ik 90 (1 K A kA RHEI 38 4005 AN BB AR B i b (181 2) , K IR Rl st

TR HL R B 037~0.97 Z 0], P 39E R 0.67, H  AAHIREFZ 53 7E0.59~0.79 Z ], 714 81.97%-

WL R4 CERE) AR 70291 (13) Y BB-7-1-1- AL REAE 0.73 KIS ARt i o 385 AR, R EL

11S) BIIRAG AL R B/ s A RE72(299(13) Y 22-2- /NF0.73 A9 24624, 15 HE 61.47 %5 it AL AL R BOK
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Fig. 2 Distribution of genetic similarity coefficients among the tested rice materials
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Fig. 3 Cluster dendrogram of 90 rice materials constructed by SCoT markers
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SYHL, B AT B S P RRAE SR AR TV 25 o A 6 1y 2R
AR R 6 3 SR RAT A RL 3 My et R AR A R
Ko 843 FAREM BE. RASE RS IV 250, 55 111110
SR Ay Hh [X 43 S i PR RN S BER  [R] B, SRt
AN B HRaE X . ERER P, B
KRG AR RE 10(31 28 BRA58) 5 k1k} 17
(57 S0 JAR-5-1-1) , B KE72[299(13) Y J2-2-3S ]
BRE73[302(13)Y B-2-7S T 544K 75[707(13) Y
H-2-1-2-1-1-1], B4 KL 85(601) 5514 KL 86 (605) R AE
—ite . P SCoT Aric A R S LK RF A R0 2 2%
P Y EiN

24 EWHHT

FRA AT R R 1 B 2 A
O35 ) G S S 11.98% F17.96% (1 4) . 90 137K
TR RN R 3 RIS HY Hor B AR 46 (R ck) A1
HE54(105 JBHE-1-1) FAFRL62(233 ZRILIEK ) Ab, H
fhzgnt SRR R Z B AR BRI —2(PD . K
Z RS M TR RL B B SR SRR A R R O —
Z5(PID) , HAR BB SEFE MR R O — 25 (PID . F A%
Gyoy MRS BAAE S SR R X AT, S
RUMEAT 0 AT , N TR 7R T G JEFs 5 08
PR 2 6] 1 35t 4% 25 57, B SCoT fnidil & T2
TP BT B 3ok A 2 R AT
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