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Genetic and phytochemical diversities of Rubus biflorus Buch
revealed by ISSR markers and fruit aroma components

LIU Yu', ZHONG Zhengchang'*?, YUAN Lei?*", XIE Bo', CAO Dongxing'
(1. Food Science College. Tibet Agricultural & Animal Husbandry University, Linzhi 860000, China;
2. Tibet Natural Products Research Center of Forest Resources, Linzhi 860000, China;

3. Biotechnology Center, Tibet Agricultural & Animal Husbandry University, Linzhi 860000, China)

Abstract To clarify the diversity and relationship of Rubus biflorus Buch, the genetic and phytochemical diversities of 7
populations of Rubus biflorus Buch were investigated using ISSR and HS-SPME/GC-MS. The results showed that:
Among102 clear amplified bands obtained by 11 pairs primers,99 were polymorphic. The number of polymorphic bands
accounted for 96.07 % of total bands, the Shannon index of diversity | was 0.490 9,indicating that Rubus biflorus Buch
had abundant genetic diversity. The coefficient of gene differentiation ( Gsr,0.365 2) and AMOVA analysis revealed
that most genetic diversities were distributed within populations (71.28% ). The estimate of gene flow based on Ggr
was 1.241 1. 28 aromatic compounds were detected among 45 Rubus biflorus Buch in total. The Euclidean distance
among the seven populations varied from 0. 028 6 — 0. 144 6. The Mantel test showed that there was no significant
correlation between the genetic distance and Euclidean distance (r = — 0. 153 2, P =0.676 0). Principal component
analysis was used to evaluate the 28 aromatic components. The results indicated that the former 4 principal components
accounted for 74.20% of the cumulative contribution value. In conclusion, PCA could simplify the complicate original
data to principal components, which reflected the aroma constitution preferably. This study showed that there existed a
rich genetic diversity providing references for further research and utilization of Rubus biflorus Buch resources.
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Table 1 Information of collected Rubus bi florus Buch populations
JEHE ik /m 4 B2 (ND ZJE(E) i IR
Population Elevation Latitude(N) Longitude(E) Sample size Code
DP1 2519 29°59. 347 94°56. 054 6 1~6
DP2 2 234 29°57.146 94°50. 058 4 7~10
DP3 3015 29°50. 293 94°45. 307 7 11~17
DP4 3 244 29°47. 451 94°45. 204 5 18~22
XP1 3 208 29°33. 469 94°31. 372 8 23~30
XP2 3 046 29°33.521 94°29. 547 6 31~36
XP3 2 990 29°37.353 94°21. 541 9 37~45

1.2 E5EKF

980A BEME AR (L H R A BR A FD
T100 PCR % (Bio-Rad) ;5424 #.0>#L (Eppendorf) ;
DYY-6C MK AL (At 575 — AR A R A FD
QP2010 plus GC-MS = Jii Bk F % (Shimadzu) ; [ 4

A B B 85 pum RN M R R (PA) £F 4 %
(Supelco) ,

A G BT F 19 ISSR 51490 2 i K808 e R
2 (UBO XA A 9 519, il A2 R H R A R
AFRTE . Tag DNA B4 i . ANTPs 14 .
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10 X PCR Buffer(Mg*" free) gy § NEB A 5], Efg
¥EH 2 biowest A Fl. RNase A Il [ Amresco 2
Al SEE . =AM CTAB. SN EE . LK 2 B4
580 B AR N VT2

1.3 #E%E ISSR BESHEELF

1.3.1 #HHEFLRA DNA 9425 %

WA ARSI 4] DNA B2 BUR FH e R 9 CTAB
Y, DNA e B RS R G o o ok B R L O
OIS B A 0. 8 %0 1 B i o FL UK R T, L4 DNA
FEfL T —20 CUkFEH IRAFAR .

1.3.2 PCR ¥ ¥ 5 & iiian

PCR WK % 20.0 pL. 415 dNTPs 0. 25 plL,
Tag DNA 2 & fif 0. 15 nl. 51 % 2 wl. Mg*"
0.5 pL.40 mg/L DNA 1 L, 10 X buffer 2 pL,
PCR §"# 2% :94 °C 3 min, 94 C 30 5,50~56 C
Bk 45 5,68 C 1 min(35 PMEFF),68 C 5 min,
12 °C 47, PCR =¥ 1. 5% 04 B 0 468 Jie v Tk
il EB e, R R 5N A .

1.4 BRERIBESHTSHEEINT
1.4.1 A% B 486 F B

FRELS. 0 g A& 219 38 A 15 mL A7 A R W
WO EmE T2 b, % 5. o PA FEIAF 4k
14 [ A 2 R 2 ) 5 B JE 4 A T0ZS O v 4 S AR R
3,60 “CARBEEE 30 min, 8R 5 5 45 4 3 3 A S
5ok B A AR 1, 240 “CA#MT 3 min, [7] B i
7 GC-MS K,

1.4.2 &Rk &m0t

ZMSCHRL17-18 ] J5 ik M AE B 2. 3% 4.
RTX-5MS(30 m X 0. 25 mm X 0. 25 pm) TR TR
BUNE A FEAE DR - 240 °C5 40K He, 8l =
99.999% A 0. 9 mL/min, KN4 s B2 P+l
VIR EE 60 C, 4+ 1 min, YL 6 C/min J} &
180 C 4% 1 min, F 4 1 min F+ & 200 C., 5+
5 min, BTFIHREE 220 C; Lk E 250 C; &
TR EL B P RER  70e Vs 7 R A
F i :35~500 m/z,

1.4.3 FARLSWEREZ T HM

&4 4338 1F NISTO05 Fi NISTO5s 5t 33 % 4 P2
2 AR A BTG 4 UG C R RN SC R O 8 W T R AT R
XoF o [R) B SR P 0 1A AR A — b 3 T B A g AR S A R
By B AR X B i
1.5 HEHH

ISSR HL ik % 1Y B — 25 104 — A~ 40 s

icAE ISSR By 0.1 Z o #4ls % B . 1 1] Popene
version 1. 31 i1 8& £ & 1 &4 H 4 F (PPB) .,
Shannon’s {5 B 6 (1)  Nei's FEH ZREE (H,) |
A 5k o S DB O U 25 437 6 B (N, Neei's
1A% B 5 st AR AR M L 8% 0 Ak R A (G VHEIA
TCNLD o Bk R T A 8] 7 SR 50 & Ao 28 5ok H
G ENA T O e < N - S o L/ Sl - < L S D
NTSYS pe 2. 10e (4§ SHAN )% #47 UPGMA %
KB B AR EAL S R ) SPSS 16. 0 #4417 £
W3 538 . I TFPGA 44X ISSR 1R 52 4 =,
J 53 1) 35t A% B 9 6 PR R AT Mantel A6 56 4600 P 2 2
T 119 4 O 1 R i 25 M KO-

2 #HEREHW

2.1 MEEISSREESHEMESHT
2.1.1 3 #4himk

M 80 2% ISSR 5| Wik th 11 S MUk S5 i
W, A PEAT H Z2 A TS W5 TR R R AR
By ISSR 437, i & th B 51 9015 B W3k 2, 11 451
P ig iy 102 A4S 56007, b 28046000 99 5%,
Z ML EH 43 (PPB)I7. 06 %,
2.1.2 B EERGIEAE S NS

JH Popene version 1. 31 %f 7 4> ¥y A% %2 J& Ff 7Y
WA ZREMEIEAT G BT S R LR 3. RIEFE K
FRAEECD 4 Ju s A% 78 S Hy g e (1% Ok Js A DP4
(I1=0. 446 2)>>DP3(1=0. 402 0)>DP2(I=0. 377 9)>
XP1(I=0.366 9)>XP3(I=0.341 9)>DP1
(I1=0.289 9)>XP2(I1=0.239 5), HF¥H{E K
0.352 0, &AL M F LG B E (D K 0. 490 9,
% JE#E PPB N 49. 02% (XP2) ~81. 37% (DP3),
H R /NI DP3 > XP1 > DP4 > DP2 > XP3 >
DP1>XP2, N, 5 PPB Xk %¢ 7 4~ & B it 15 £
FEVEPFM 45 R 2 — B0 Ho AR TR Z R
FREE .5 NP 45 REA — B w2 R
& 1A O JE B DP4 > DP3 > DP2 > XP1 > XP3 >
DP1>XP2, 5 & & {5 & 18 % (D ¥ 4y 45 S 5 A
— 3.
2.1.3 B EERN IS

Popene 45588 . Nei's 1 1£ 45 #) (Gsr , 0. 287 2)
0T 728 23 HF C(AMOV A) By 25 5 3¢ B 5 3 9 FlL s
T TR] S8 A7 7 2 2 1 35t 4% 23 Ak (B2 Bl N A8 S50 3%
BRI K., T AKX N,=0.5(1 — G/
Ger s TR B Jm FE R iy 1. 241 1,
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Table 2 Eleven primers using for ISSR analysis and their polymorphism of amplified bands

ElR7E =2 519751 /R Do g EY iR ZEMFWE /%
Primer code Primer sequence Number of bands  Polymorphic bands Percentage of polymorphic bands

UBC807 (AG)T 9 9 100. 00
UBC834 (AG)s YT 10 9 90. 00
UBC836 (AG)sYA 8 8 100. 00
UBC844 (CT)HsRC 9 9 100. 00
UBC846 (CA)§RT 10 10 100. 00
UBC848 (CAsRG 11 11 100. 00
UBC849 (GT)s YA 10 10 100. 00
UBC856 (AC)s YA 6 5 83. 30
UBC864 (ATG), 6 6 100. 00
UBC876 (GATA),(GACA), 13 12 92. 30
UBC879 (CTTCA), 10 10 100. 00

Mt 102 99 —

1y 9.27 9.00 97.06

F:R=(A,G);Y=(C,T),
Note:R=(A,G);Y=(C,T).

®3 MEEREMNEESHE

Table 3  Genetic diversity of Rubus bi florus Buch populations

Ja B F8Hr Index
Population N, N, H, I PPB/ % Gsr N,

DP1 1.627 5 1.312 4 0.187 5 0.289 9 62.75
DP2 1.705 9 1.423 1 0.251 4 0.377 9 70. 59
DP3 1.813 7 1.442 6 0.264 2 0.402 0 81. 37
DP4 1.774 5 1.543 2 0.304 9 0.446 2 77.45
XP1 1.784 3 1.392 3 0.237 9 0.366 9 78.43
XP2 1.490 2 1.265 8 0.157 2 0.239 5 49.02
XP3 1.666 7 1.401 4 0.229 2 0.341 9 66.67
Mean 1.694 7 1.397 3 0.233 2 0.352 0 69. 47

T 2% 7K S 1.970 6 1.550 0 0.325 2 0.490 9 97.06 0.287 2 1.241 1

2.1.4 HHABWHEEMOEL R ESH HRAIE by R Joa B ) 1 3 A% A ALPE L >R F UPGMA 47

M 4 FTUUE L7 D EREE SRR BT A5 R B EM IR R 0.88 4b,7 M
0.767 8~0.931 9, Hh,DP2-DP3 (st fG AR E s Bcde e nl 1 4 pu S (& D, Horp g DP2-DP3 155
(0.931 9),DP1-XP3 JEREMBALARIE RN, 767 8) . R FRIT AR BALE 0. 94 AL p— Rt
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Table 4 Genetic distance and genetic identity among Rubus bi florus Buch populations

JERE J& B Population
Population DP1 DP2 DP3 DP4 XP1 XP2 XP3
DP1 KRXX 0.866 9 0.820 9 0.809 4 0.795 4 0.776 1 0.767 8
DP2 0.142 8 XN KK 0.931 9 0.889 7 0. 866 8 0. 862 6 0.835 3
DP3 0.197 4 0.070 5 KKK K 0.868 1 0.898 7 0.915 0 0.882 8
DP4 0.2115 0.116 8 0.088 9 KRXX 0.883 8 0.860 1 0.852 3
XP1 0.228 9 0.147 8 0.1415 0.123 6 KRXK 0.875 2 0. 881 6
XP2 0.2535 0.143 0 0.106 8 0.150 7 0.133 3 KKKK 0.892 5
XP3 0.264 2 0.180 0 0.124 7 0.159 8 0.126 0 0.1137 KRXX
DP1
DP2
DP3
DP4
{ XP1
| XP2
| XP3
O.él ‘ .O.é3 — .0.55 ‘ lO.é7 ‘ ‘0.;;9 — IO.I91 I IO.I93 — IO.(I)S

ZE Coefficient

1 #EEFEHEEAUERY UPGMA BEE
Fig. 1 UPGMA clustering graph of different Rubus biflorus Buch populations based on genetic identity

2.2 MEEBERILESAS SHEMESN

2.2.1 REHFARS GCMS 54 R
K HS-SPME/GC-MS X} #5 ki 55 5 52 75 <

GYIEAT 3BT L A5 AN KRR S S AL 28 FhE &

PRy A5 R L 5. Hod w2 11 Fp B2 9 B
B 6 Fh RIRZE 1 Fh 2K 1 AP0 5 E K H &
RS BB 39.3%.32. 1% .21. 4% .3. 6% FI

3.6%,

RS MEERERIBRMSE

Table 5 Aroma components of Rubus bi florus Buch fruit

9T e ETRE ltg?] ErRe e
Code Compound Code Compound || Code Compound
1 2-C IR 11 IE 21 cis-2- T
2 1-C 12 2-T- i 22 g
5 3-HUIE T WS 13 posEm | 23 A e
4 2- B 14 IE T 24 2 THmE
5 e 15 ET:B 25 R
6 6-FIHE-5-pEME-2-EE || 16 1S 26 TR EE T
7 1E S 17 ZRAFR 27 7 - P
8 2-2. F-1-CU 18 i 28 A B
9 7 19 T AL
10 2-T g 20 s
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2.2.2 REHEARY LHEBELN
9 Al A A 1) ) A R 43 S R FH R G s
AT 3 T MR B B A B (3% 6) , | NTSYS pe

2.10e ) SHAN #F 1T UPGMA B4 07 , 45
WE 2 Frw. 74 FEBERY S AL A LPE A 0. 865 3~
0.971 8.
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Table 6 Genetic distance and genetic identity among Rubus bi florus Buch populations
2B J& B Population

Population DP1 DP2 DP3 DP4 XP1 XP2 XP3
DP1 X 0.876 1 0.9304  0.9718 0.9481 0.9140  0.9381
DP2 0.132 3 *H R 0.9440 0.8653 0.8946  0.8769  0.8961
DP3 0.0722  0.0577 *xwk 0.9100  0.9389  0.9244  0.9153
DP4 0.0286  0.144 6  0.094 4 X% 0.9227  0.8954  0.940 2
XP1 0.0533 0.1114  0.0630  0.080 4 X% 0.9529  0.9659
XP2 0.0899 0.1313 0.0786  0.1105  0.048 3 Xxxx 0.951 2
XP3 0.0639  0.1097 0.0885 0.0616 0.0347 0.050 1 X%

FIFH Popene version 1. 31 i1 T JEBE[E] Nei's i
RIS BB B . NTSYS pe 2. 10e 1 SHAN
Xt Nei's it (& HTE A EE R 25 7 4S8 R UPGMA

REE A 2), MRIREATE 0. 94 AbRT, AREE A RS 7
D REBE N 3 R B —254 35 DP1 Al DP4 4t 2 N F
BELEH 25 XP1.XP2.XP3, 56 =25 4345 DP2 fi1 DP3,

DP1

DP4

XP1

XP3

XP2

Dp2

DP3

0.90 091 0.93 0.94

0.95 0.97 0.98

ZHY Coefficient

2 ETHMEERIESHSIRCHE S EZEHEME UPGMA BHE
Fig. 2 UPGMA clustering graph of different Rubus bi florus Buch populations based on aroma components
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K 28 B A S Xt 45 AN FEAR HEAT R4y
BT o DA T2 43 R AIE A B o kR 2% (3 7) Rl AL | 4 A
F A TR RS> B R 36.65%6.17.85%,11.31%
1 8.39% , EATHY RELTTHk Rk 5 74, 20% , H 1L,
PRI 4 A F 4. NBE e S5 i B 3 A O P R
(FOAHLAADAFRSEE T 11 ARELEFI) .
51 E LS FE R E BERE | E S B O T R
S A0 (R 0 25 58 2 T2 i g T2 B S e R AR R L A
P | A I RIRES 6 T 5 A AR B 5 56 3 iy &

J B A R R H R AR A AR B AR 4
B 43 3 B R A AR A A MR B AR
S BT OB R R A AR AR B
2.3 MESEASHEESRIESHS SHMEME
XS

FIF Mantel-test # 56 ¥} A% #F ISSR 4 F itk %
P R R S AR A A3 W 3t A B B AR DG L B R R
HH W A% &5 TSSR 38t A% 22 A% 1 AN R 52 45 SO 43 22 R 1
To i EAH M (r=—0.153 2,P=0.676 0), 5 F
SR AR AR A 5 R R R A R O — B
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Table 7 Eigenvalues and contribution rates of principal components

sy G HFAE T 43 e/ % BT A%/ %
Principle component Eigen-value Percent of eigen-value Cumulative percent

1 4.398 36.653 36.653
2 2.142 17. 850 54.503
3 1. 357 11.305 65. 808
4 1. 007 8.393 74. 201
5 0. 837 6.979 81.180
6 0.689 5. 742 86.922
7 0.477 3.974 90. 896
8 0. 435 3.627 94.523
9 0.328 2.731 97. 254

10 0.176 1. 465 98.719

11 0.123 1.029 99. 747

12 0.030 0. 253 100. 000

x8 EXMENEFHFTERER
Table 8 Factor matrix table of orthogonal rotation
WAy F 4 Principle component

Compound 1 3 4

7K 0.114 —0. 444 0. 447 0. 346

1F 2 0. 837 0.115 0.252 0.253

B-J7 H 0.633 0. 330 —0.316 —0.242

1F Tt 0. 809 0. 050 0. 326 0.241

1E S5 0. 883 0.124 —0. 007 0.138

e A6 I —0.521 0. 455 —0. 246 0.362

16 6 —0. 490 0. 731 0. 141 0. 080

5 - it —0.223 —0.704 —0. 445 —0.134

T —0. 689 0. 565 0.143 0.068

i —0.018 0.114 0. 646 —0.696

Fr I 2 A 0.669 0.267  —0.248 —0.116

JER= 0.607 0. 406 —0. 331 —0.173

3 WRSER

WAL ZRETE SR R I AL Y 35 A% K Rl K A ) R
VR4 0 T & R st A2 & AP R Rl . ARFR R
L7 A JEBEK KB PPB S 49, 02% ~ 81. 37%,

H.=0.157 2~0.304 9,1=0.239 5~0. 446 2, J&}f
K-8 4% Z R H.=0.233 2,5 Nybom"" 3 F
RAPD.AFLP F1 ISSR 4§ & P45 i T 48 11 1Y 2 A A
Wy @ B KT 35t i Z2 0 1 0 7 4946 (0. 22 B 0. 23)
-4 3% 2 B Ry A A E 5 AL 22 R D b 2 OK P L HE TR
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IG5 = B R AT a5t A% 2 R M RRAE A
o=,

Wright™* 4 t i85 531k £ H(Gsr) Ry 0~0. 05,
Vi B B A% 0 AL AR 55 50, 05~0. 15 Ui BH i B 5t 4%
A AL 0,15 ~ 0. 25 U8B & B 35t 4% 0 1k 8K
=>0. 25 R FE AL AR . A BT H A A
() Gsr R 0. 287 2., 156 B M3 & A J FF [R) A7 H0 5 199 5t
B fuias . mBR B 2 FEvE 2R IE T R iE N
()78 S, J A ) 1Y) 25 S 500 BT ik 36 A X 41K

RS SLIAE AR R S vh —Fh A AR
AV a7/ Sl A 1 S P NI i I 2 = A D
SEAF SR VE R T8 AR T AR ) 2 A A5 7 A —
FER A . (HR L A I AN TR A8 B 2% A8
iRy e S W o N I Tl o € o N e e <)
B2l R RV N o= I i B N e B VT ST N
A JE R 35 A ALY 0,865 3~0. 971 8, L IR
Bl 0.028 6~0. 144 6, ifid Mantel 55, 3% &
Bl —0.153 2, R Ky KL AE ISSR 35t 15 22 FF 7F AR
SEAR RS 2R T 3 A e R AR RO 1Y
A G5 JE R L A R A RO — 3

F AT o o e 4 R AR HE 4 S LA
BTk R 4 B A 36, 6520, 17. 85% ., 11. 31% FlI
8.39% MM BB TTHR Rk F 74. 2000, B —F
B3 T SR R %S E L OE S B OE A A L
a0 N e o Vs e s N o Y N o AN
P RS RS A T A5 B 43 AR AL 5 58 = 0 2 Sk
N UL N T R S U o
F2 S WA R AR AR S AT AR R X FE
A3 HAT B A L AT LUAE S 3 s A g SR S5 A
S E AR .

AW NG T AR AE AR 2 A KOF X
Koag Z R AT T 0025 BRF. FIH ISSR 73
ICH AR X By B g 1 35t % 22 R MR EAT 3 . AN TR
2R FR G 48 o Hast A8 15 B 3R 15 58 B R 48 1Y st 1%
ST R NI R 43 F 12 AR B 20k & %5 35t
Tl g by BT R 45 AF T B A B AR A . [R) B X
BRI S AR RN A Z REMEEAT T 400, W] LLAE
—EFEE b R R AR R B T RN L
WE T R RS R B A B A I L S R A s AR
JoT B R A B R LR RO i T TR Y g A B
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