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 ZE: [BM] LAk RH F# B3R ISSR-PCR SR F , S A H—F 5 5% 0 35t 1% 2 AR Bl 2% 06 R T 4R 1 0
WM. [AZEY Digif. BE. TR, =M. &% s 0 IE R [ A& H TR 8 %08 19 56 5 41 DNA 40808 & 1
DNA #ifz, 2% A 5 R0 w5 20 Bk, AT g vk B . 2X Tag Master Mix ¥R il . DNA A it . 3R KR
S5 RN S ISSR-PCR [ AR R ERE I, A4k 37 4 H T ISSR-PCR T WA & . [£5R Y 51HHE R 2 X Tag Master
Mix B X 5 B HOR A B, DNA BR8N s 51 W)k BE A DNA Bt sc EAE I & H F ISSR 2
MR Z B 0.4 pmol-L ™', 2X Tag Master Mix 75 il 5 13 uL, DNA BLAR & 30 ng, #4455 5 55 00 37 17 43 B7 462 750 1
WA R 2E AN 9.39%; 1B KRN 50.5~52.7 C i, BEHRENTIE, &HFRESE, HELEL, BAIREN
52.7 C W AT K18 S REVELE (0T 0 253 . [ 453 ] 343 ISSR-PCR JZ i 1A 2 S 519 He B 0.4 pmol- L™, 2 X Tag Master
Mix AN 13 uL, DNA BEAR & 30 ng, B KIRJE 52.7 °C, P GB35 R3F, VBRI TEMW . e, 28
HEIF, IR RE TR TR0 BRI 8% 2R SR 8O0 R E TSR .
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Response Surface Optimization of ISSR-PCR Reaction for Genetic Study on
Phyllanthus Emblica
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2. College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China)
Abstract: [ Objective] ISSR-PCR reaction system for genetic study on Phyllanthus emblica germplasms was optimized.
[ Methods] A mixed DNA template composed of genomic DNA of P. emblica germplasms came from Myanmar, India,
Guangdong, Yunnan, and Fujian was obtained. The single factor test and response surface analysis were used to optimize the
ISSR-PCR reaction conditions including primer concentration, amount of 2X Taq Master Mix, DNA template amount, and
annealing temperature. [ Result] The primer concentration and addition amount of 2 X Tag Master Mix had a greater impact
on the amplification than did the DNA template amount. A significant interaction between the primer concentration and DNA
template amount was found. The optimized system with a primer concentration of 0.4 pmol-Lfl, a 2X Taq Master Mix of
13 pL, and a DNA template concentration of 30 ng was established that achieved a low relative error of 9.39% in predicting the
theoretical response. Within the annealing temperature between 50.5 °C and 52.7 °C, increasing temperature improved the
number and quality of bands. When the annealing temperature is 50.5-52.7 “C, the number of strips increases, and the quality of
the strips becomes better with the increase of temperature. The annealing temperature is 52.7 ‘C to obtain good diversity and
clear bands. [ Conclusion] The optimized ISSR-PCR reaction system was established applying a primer concentration of

0.4 umol‘Lfl, a2 X Tag Master Mix of 13 L, a DNA template concentration of 30 ng at the annealing temperature of 52.7 °C for
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35 amplification cycles. The methodology could be used to study the genetic diversity and relationship of P. emblica

germplasms.

Key words: Phyllanthus emblica; ISSR-PCR; response surface methodology; system optimization
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(W52 2 XY 4 HF (Phyllanthus emblica L. ),
Z K #l (Euphorbiaceae ) ' T ¥k J& ( Phyllanthus )
ZAEEVER BN A o B F 15 S B T
0. s AraknzmEmY, i (e
FOAL AN 25 ) AR AT AT
BE L ZRE L IhOR P VA T A BT [ K LA K TR
MERE . R &L P, mgt, Hhpig
FE FENRE A0 AR R, ok RERAH T
P T F 5, 90% LU LAk T8 A4 5k
EF AR, M TFREREASETR, KE TGS
Bor, R4 A Em A 5 40 i IR AR, X A
JoT R W DR AE RN R AR SR IR ME . JF R
il o PR FRRICEOR, mRk . KSR H T
PGS IR AT R GG HETE M o0 AT, PRV AR R &R
F ., R Rh BT IR A MR F A B X
LRt ABFSEaE Y E4E R, JF Fhnid R BSR &
J&, i ZIETKIEWICZ 2511994 45 $ i} 14 faj 2. &2
F| X [A] (inter-simple sequence repeats, ISSR ) Fric ik
R FHMEMEE TR —, ZEARBGHRE
AT, R, BUARAIG . T2 B A o] AR )T 51 EL AR
SE VAP SO, BRI R R,
B, R A o R T A SRR Y R R E Y
o (A H TR B BT IR ISSR 2 FAR B A i Al

nn\a

TR, BRI FEET m R
TR AR b DX A B B R R T ISSR 4 FARic
Sy BB AR X AR R LXK 28 5 Bl T AT AL
LRV I R AL TR LR A X &
BT AR A b XY 4 A R AT AR 2R
W98, LI EBFSE R ISSR 4r TAnic £ R & 2z
HERE TR ZEESN . UARFR YA
AT R A DR 2R A O 46 G e T A3 AT I DA R
F ISSR-PCR J i 1A R WF o2 e A W oE e i . CHULfi ke
F1hy g [ 1 ] AR BIF 5 38 5k o7 FH B PR 2R 36 445 5 i) i
T 50 BT 3% 20 BT 51 W M . 2 X Tag Master Mix 75 il
. DNA BN i 55 2N 25145 ISSR A4 & 114 52 1)
KEMZ A HEAEA, #57 4 HF ISSR-PCR 43F
FRid AR R, A T o 98 U6 5t 1% 2 B 1 53 B
RGO R AR LA 5T LAl
1 #HHE57*
1.1 REMR

2019 4F 10 H RERBE T 4ifm . BIE. /R, =
B A A A H T R VR A f B B T80 °C £
A o I AR R ) SR AT A o 5 5 U A
FRRT IR A PR, O T R A R T L XK
SRR R (119°19'59"E, 26°7'48"N, 4k 20m ).
A (R ) 2 BRI 1,

&1 HEMRRIR

Table 1 Sources of testing materials

ETRE R (R) 4 sl PRES1
Code Name Source Sample Site
1 4 f] 54 Myanmar seedling 4fi fa] Myanmar A H-F R0 R PR B Field genebank for Phyllanthus emblica
2 E[IEE AR India species E[1J¥ India A HF R0 R PR B Field genebank for Phyllanthus emblica
3 &tF Tianzhong FF [ ] %4 Guangdong, China A HF R0 R PR B Field genebank for Phyllanthus emblica
4 BT Yingyu 1 =R Yunnan, China A H-F R0 R PR B Field genebank for Phyllanthus emblica
5 fR A F Fujian native specie o [E 45 & Fujian, China A H 75 % Y5 Field genebank for Phyllanthus emblica
FEIRF] . 2X Tag Master Mix ( i Tag DNA & FEANAR A . B0 (SIGMA 1-14K) . HLJk

fiff . ANTP JRA 9 A MgCl, 1A AL ) WA H KR A1k
B (dent) ARRAF, FFHG198 UBC841 (J741:
GAG AGA GAG AGA GAG AYC) & UBC A4 ISSR
WY, BAbE S AR KRR A FRA W A .

i¢ ( BIO-RAD Power Pac Univer-sal ) . H Jk & B (4%
1% (BIO-RAD Gel DOCTMXR" ) . # fif & 4% g I &
% ( Thermo NANODROP ONE ) . ##i %% ( Eppendorf
Research Plus ) 1 PCR {¥ ( BIO-RADT100TM ) %,
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1.2 REHE

1.2.1 DNA B W58 A R R 5 04
H 1 DNA 4 8R4 () DNA H % ISSR J2 )i 14 £
A4, SRIUA T T3 H 4 DNA R 2 g™
MK ) CTAB ¥, £ DNA Jf 7 % & 4 100~ 200
ng-ul ', A260/A280 M 7 1.83~2.14, 1% BJIE bl
TG JEC FL K 4% 7 57 3 MR BC AT 1) DNA A i T80 °C &
15, HEATIE 2050 . DNA KR & 52 K 41 DNA Hi Uk
R ILE 1,

15 000 bp 1
10000bp\g ‘ W e
2500 bp —— ===

1 500 bp ——— we

1000 bp ——

500 bp ——

#: My DL15K DNA marker; L4 9542 2,60 B K0 3.0 Fih s
4FE: SHREAMF
Note: M: DL 15K DNA marker; 1: Myanmar seedling; 2: a wild variety from
India; 3: Tianzhong; 4: Yingyu; 5:Fujian native species.

1 &HTERELA DNA REEKHR

Fig. 1 Electrophoretic DNA extraction on germplasms

122 ¥ @B Z& Am g @tk Xd a2H3Ls5Y
W BE | 2X Tag Master Mix ¥ il i . DNA # A= 3 4>
R FR K (F2) JE1T PCR Y18 5 B I o 3k Ak,
18, B R SN S5 1 1 A8 A 1 Bl A 45 TR 3R A 3
1 o Ei.%,ﬁ%ﬁﬁtﬂi #R #i& Box-Behnken Design
A L, AR AR R 3 K, BA-1, 00 1
HEAT SRS (3R 3), DAL UK B 25 BT i i 2 4k i
NAAE, R AR R T LR 4, ALK RIS AT B Y
TR U 2 2% i /N2 5 g 320043 B i AT L KA
HEEAR B, BOAR 4l f UK B rh e Dk SR A RO L T
W . HEAE ﬁf%ﬂ’%‘%?{%ﬁgﬁﬁﬂﬁ 17 141
BT, 445y CIEMisc 2, EESS, el
%, EE@% HREM ), 5~84 (EMW &KW Z,
HE RS, AR, EEMELY, HRETH),
9~1247 (VEMI & £, SRR, Joael, EREE
I, ERCOEM ), 13~16 0 (WEMWi&k £, R,
JoZunty, HEEMI, TRIEW ).
123 PCR 43 A wik &8 P RIS RNIERN
25 uL, SRR N TRASYE 94 °C, 5 min; ZEPE 94 C,

F2 BEZAEIGT

Table 2 Simple factor experiment

e A
Number Code concentration/  2X Tag Master Mix DNA template
(pmol'L™)  addition amount/uL amount/ng
1 02 12 45
2 0.3 12 25
3 A 0.4 12 25
4 0.5 12 25
3 0.6 12 25
6 0.4 g 25
7 0.4 10 25
8 B 0.4 12 25
? 0.4 14 25
10 0.4 16 25
1 0.4 12 s
12 0.4 12 2
13 c 0.4 12 25
14 0.4 12 .
15 0.4 12 s

e ERA KPR, B AR AL L IR B AR, AR B
ddH, O & PLFIIE R M AR 2425 uL.

Note: During reaction process, amount of added ddH,O was continually
adjusted to maintain volume of reaction system at 25 puL as gradient of

comparison factor changed.

®3 MRESHETF RKFER

Table 3 Factors and levels of response surface design

SN A gt 7K Levels

Reation Condition Code 1 0 1

SR

- X,
Primer concentration/ (pmol-L D) ! 030 035 040

2 X Tag Master Mix ¥8 &

X
2 X Tag Master Mix addition amount/pL 2 12 13 14

DNAER &

X;
DNA template amount/ng 3 2 30 3

45s; B KIEFE 53 °C, 45s; ZEff 72 °C, 2min; 354>
EH; ZIEM 72 °C, 6 min; BT 4 C1RAF. P
SERUG , B2 pL P3P G 6 R T 1% SRR A EE
& £, hn0.5XTEB Z&vfifi, 7k 120 V L5 8 T
VK 30 min, THER AR FERAA IR

124 BXBEGKRLRAKZERNBRARLT LI UBC
841 M 51%y, FHHAE ISSR KW 14 Z X PCR ¥ 14 2
J e AR O BE AT B R R, AR R A
B B 50.5. 50.7. 512, 51.9. 52.7. 53.3. 53.7.
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Table 4 Design and results on factors and levels of response
surface test

=)
Orde?njmber X = = ;Ijje
1 0 0 0 1424141
2 0 1 -1 425+1.26
3 1 0 1 2.12%1.26
4 1 -1 0 9.25+0.5
5 -1 -1 0 10.25+0.82
6 1 0 -1 6.75+£0.96
7 0 -1 1 6.38+£1.60
8 1 1 0 9.38+£0.95
9 0 -1 -1 8.13£0.85
10 0 0 0 13.55+2.46
11 0 1 1 7.38+£1.38
12 0 0 0 10.00£1.83
13 1 0 1 5.13£0.82
14 0 1 0 8.75+£0.96
15 -1 0 -1 2.2540.50
16 -1 0 1 7.50£1.29
17 0 0 0 14.75+5.19

54.0 °C I 8 ABRIE . MR HEBE RS UK RIS AR, kR
SR EEEAE . 2L R IREE  Fe iR K
R
1.3 it oth

K FH Excel 2016, Design Expert 8.0.6 %5 5 {4117
Siit43 41, H Design Expert 8.0.6 #F47 M J/ [ iz 45
Bt Bl o BT AR AL ST

M 1 2 3 4 5 6

2000bp —— W L o
- - -

1000 bp ——— w
750bp - o —
500 bp - = a
250 bp ———
100 bp

A

2 ERE55H

2.1 BFEZEX ISSR k& ZRARY N

PO TR F AU A 4 3 7 ) 2 B e R MG P Uk 45 R
mE 2, oI, 51 E S 2X Tag Master Mix i il
R SRR R I S  A K o | v g v A P
SN EE R, SRR S TR 5 DNA
BN FETC AR RE S P = 38, 38 n 7 R IR
WESS, 51k B O AR DU S 00 th 3 067 8, ASBIFSE
BV EE 7 0.30~0.40 pmol L I HE AR AF . 2%
Taq Master Mix &% 4 Tag DNA B4 W . ANTP IR &
il M™% J2 R J5URE, Taq DNA B4 Bl 152 5% 1 - 1
JCRE R 5 A, RS ok 4 ) 7 AR AR R R 1 PCR
77, dANTP & ISSR 73 F-ARic ¥ 8 /Y & 25Uk, ¥
JEd Gy AR TE, R e G U EE, 2 X Tag Master
Mix ¥ il 4 12~ 14 uL A . DNA R & 35
B TRl RL [ 2 K/ N DNA 4, BF98 R, DNA
B AR XF 4 H T ISSR-PCR (2 M /N, % 8 HL ik &%
MR RUBCR:, BEE DNA BB et 30 ng.

2.2 MR EEMAL ISSR & B2 &

PLELUK IS (1] 3) A gk 2y B30at . I A
HEME . REME R THEENS (5 2R TAE
HFEWIESr ) A NAE (£ 4), RHZICHIE
A, R SIHRE (X)), 2XTag Master Mix ¥ Jill i
(X,), DNA M (X)) M9 ¥k 2 50 A 5 B R
F=11.92-0.437 5X,-0.55X,—-1.737 5X;-0.75X,X,—
1.575X,X;-0.55X,X;—4.297 5X,"~3.522 5X,—2.197 5X5".
Ko g Ty AR A RUE , W ECE R AT Oy 25 4 BT FL K
PPE 43 ki o7 (B, 3% kO B R Ge i T2 2 L
(p=0.012 6<<0.05 ), i B Z B Y X A 3 50 7 5 44
G BERR R TS T L (p=0.757 1),

g§ 9 10 11 12 13 14 15 M

B C

7E: M A DLI5K DNA Maker; A, B. C 73 BB 51K E . 2X Tag Master Mix #RANE . DNA BIR & BRI 2%, 1~15 RERFRLLHE.

Note: M: DL15K DNA maker; A, B, and C: primer concentration, 2 X Tag Master Mix addition, and DNA template amount, respectively, in single factor

test; and 1-15: various treatments.

B2 S4KE (UBC841) . 2X Taq Master Mix ;18 . DNA 1R 8%t ISSR & N A& IS0
Fig. 2 Effect of primer concentration, 2 X Taq Master Mix addition, and DNA template amount on ISSR reaction
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100 bp ——

7: My DL 2K DNA Maker; 1~17 7} 5%F 4 4 J7 5 ISSR [ A & AL Pk 18]
Note: M: DL 2K DNA maker; 1-17: electrophoresis spectra of ISSR reaction system shown on Table 4.
B3 17 LR R it 5 B ik B

Fig. 3 Seventeen sets of electropherograms by response surface test

FEWIA RN PR 2 X IR g 25 R T AR/, AU AR A 4
S RS R F N = AT i ol 0 DIVAY (=6 v TR
ST AR 0 T VA 7 RS 78 B A e b 000 Pl Dk L5 A5 4
SR, K IrE =T X X fX
X IREE E W (p<0.05), X,. X3 HT kI
KRB B E R (p<0.001) B HR 2 X, X0 i
SERSLmER, H X, 5 X N TA R E A

R A 1 )3 400G O AR A5 0 A 1 e R 5 | vk
(X,). 2XTag Master Mix s il (X, ). DNA #it
(X)) MME R BEAEM NS SLE (K4), %
1o 4% TR AT 0L S e 2 A U] 32 AR Y R R
g, P DR R R R a2 BAE RN W, T
BIE 2R PN RS A B S m g
BILT A fr b, W 1 A O i s 2 ekt 5
YR (X, ) HIDNA il (X;) ZsHAER B

(951
W

31

29

27

DNA #4i & DNA template amount

25
0.35 0.38 0.40 0.43 0.45
5Kk & Primer concentration
El4 S4RE (UBC841) F0 DNA 1R 2xf Bk EEIEH B
EA
Fig. 4 Effects of primer UBC841 concentration and DNA
template amount on electrophoretic scores

KL ¥ Design Expert 8.0.6 4% 443 ¥ H 19 27 T fift ok
T3 58 5 FOAR R AT 418, 25 IS ORAIE = e 0 1Y)
(] Fsf =15 2 AR, %o Wi 7 TR G A 45 SR 14T B PG 0 A 9
UE, 133 ISSR WK R br(E (181 5), x(E 58

TG AT OB B AR 2%, S5 5, 450
T, e SBR A BT R T U N 0.40 pmol L,
2X Tag Master Mix % Jill £ 2 13.0 uL, DNA 5 #f &
30 ng, % ARAF BRI TIO0 0 A 13.130 4 1 AH X R
2R 9.39%, VLHIZIER HATGF i e Hrfig Sy, ml ok
T hrE RS R AP 4E S

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

#E: My DL2K DNA Marker; A. B5 C. D 4 5 N¥IERE 1. 2
Note: M: DL15K DNA marker; A and B: results of validation test 1; C and D:

results of validation test 2.
B 5 IEifas e ik E
Fig. 5 Electropherogram of validation test

2.3 RAGREXT ISSR R Bk R HIS0G

1B JCR B2 ISSR RS AR E M, B AYIR K
I B2 AT AR UE S | 1 S AR & 5 AR E R, (R85 7
FRRIY S . mIK IS (K 6) AT, 35 JR3R 4L
T, 50.5~~54.0 °C B IR Sl P TR Al i S 4
R W R A2 A, B 50.5~52.7 °C I,
Wit i L A T i A R R S, AR R AR
52.7~54.0 C I, HRoFFABN, BRG. BEPEERI
AR J BE AT/ 5 [ ) AR AR R e ME R 2 G, B
R R R S, RS A DR A AR L, IR
JOREE N 52.7 °C W, ATRAS A B9 B OR
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Table 5 Validation test results

FFe PR AR %
Number Theoretical solution

SEBRAR R T 5
Practical solution

HABIESr SR PP AHRT IR ZE

Theoretical score Actual score Relative error/%

1 X: 036umol'L”, Xp: 1346 uL, X;: 29.41ng X;: 0.35pmol-L™,

2 Xp;: 037umol'L”, Xp: 13.09 uL, X;: 29.06ng  X;: 0.40 pmol- L™,

X: 13.5pL, X;: 30ng 13.1149 11.41+0.55 9.58

Xp: 13.0puL, X;: 30ng 13.1304 12.5+0.79 9.39

M1 3
2000 bp —
1000 bp —

750 bp — s e 1 -
500bp —wem w2 T8 OO
250 bp —-

100 bp —

7 : My DL2K DNA Marker; ALk # 1~ 8 # %k %7~ 505 . 50.7.
512, 519, 527 53.3. 53.7 F154.0 C B KIE FH AR

Note: M: DL2K DNA marker; Electrophoresis 1-8: at ISSR annealing
temperatures of 50.5 , 50.7 , 51.2 , 51.9, 52.7, 53.3 , 53.7 and 54.0 C,

respectively.
- Bl BABEX ISSR KR ERBSNE

Fig. 6 Effect of annealing temperature on ISSR assay

il AL A5 21 ISSR-PCR I 1A 14 22 9 5 | 4k
4 0.4 pmol-L ™', 2X Tag Master Mix 78 il #2413 pL,
DNA #EH i 30 ng, 1H KRN 52.7 C, R UL
35 U5 CRFIZ MR FR I T A [ A H o i R AR L
K7, 519 UBC841 1EIZ AR Z T a4 8 H 2% H7 ¥ i A1l
ZAEMER R IK R, RUNZIARE BN TR
H M BEIR I 1B Z R TERR G OR R AT

2000bp — =

1000bp —
750 bp — ww

500 bp — -
- — =

250 bp —

100 bp —

7: M.DL 2K DNA Marker; 1~5 375 AN [7) R Y5 19 A% H -7l 5 B 08
Note: M: DL 2K DNA marker; 1-5: 5 P. emblica germplasms.
7 5149 UBC841 XF R [l & B F# B ST I 18 RO Bk 45
Fig. 7 Electrophoretic results on amplification of germplasms
using primer UBC841

3 kL

ISSR J&7E SSR A FE A b 5 J 2 o 1) — Pl AU 14
S FARic, HET, ISSR T H T Y & Fh 4 5 |

AL | SR R TR . ISSR
S FRRCHEARIET PCR SR, Ho™ 354 32 b 4%
PR G AR AR Ak L R R OR [ 52, R FHAS [
1R N AR R AL A R SRR F Tk S R 2ZE R K, B
I, JF& ISSR 43F-hric % H 5 b i 22 iy 344 72 1548
L BAF AT

AHIFE 254 iz R DR 3R 0 5 e T 43 BT
HEE TAERNARGERE, HEx s HEA ST
b, DT B 7 8 i 3 T A HE RS B R Y ISSR-
PCR X iK% o A58 PCR 4342k H] 2 X Tag Master
Mix I F, ZIRXFE 2R ERHR S, TR 4R
BARAE WA Tag DNA B4 M . dNTPs fil Mg 4
JFOREXT 4% H T ISSR-PCR SR 14 2 i mia ™, (7] K
K TAERCR, B8 T WA YE . . P
HY, AI7E ISSR 43 FAsicWF o o LAHE T W . A<
T 9% 205 S 26 BH 5| 40 i B 6 4% H -1 ISSR S 1w 1K 32 5% g
K, DNABWE S5 EAR B &ML EEM,
i BT R —E R W R T X B ISSR
F AR R R R AT, # ST A H T ISSR
2 AR Z A R F=11.92-0.437 5X,-0.55X,—1.737 5X5—
0.75X,X,-1.575X,X;-0.55X,X;~4.297 5X,"~3.522 5X, -
2.197 5X;°, ARG BRI A, MR T BH R
AR

AWM A H F ISSR-PCR W AR Z : B4k
J#4 0.4 pmol-L ™", 2 X Tag Master Mix Wil 4 13 pL,
DNA BEAR & FE 30 ng, §"EPEIARECH 3506, 1Bk
TREE 52.7 °C5 PR A TG . RaE, RN
U, AL T AR R ST IR 0 5 4% 2 R A A A
RS ST

S 30K

[1] WBEGE, 407, 3099, 55 iz & H PO oM (O], HlhE K
24,2019, 36 (2): 84-88.
PAN H Q, ZHU P, WEI X M, et al. On Tibetan medicine Yuganzi
(Phylianthi fructus) [J]. Journal of Gansu University of Chinese
Medicine, 2019, 36 (2) :84—88. (in Chinese)

[2] ER#NZERL FEANRINELG L —HM]. st HEEZ
R ARAL, 2020: 186-187.

(3] BXREHA, UBRRH, i, 25, A H T 20 M JSi T R 00 AL SR B LB R



7 3]

IEAF:

o 2y kAR AL G F A R TR ISSR BB AR &

765

[4]

[5]

L6]

(7]

[8]

9]

[10]

[11]

[12]

PFEVERTTE (7], e TARHE, 2007, 28 (6): 117-120.
ZHAO M M, LIU X L, CUI C, et al. Study on the optimizing
extraction processing of polyphenol from Phyllanthus emblica L. fruit
by method of response surface analysis and its antioxidant activity [J].
Science and Technology of Food Industry,2007,28 (6) :117-120.
(in Chinese)
GANTAIT S, MAHANTA M, BERA S, et al. Advances in
biotechnology of Emblica officinalis Gaertn. syn. Phyllanthus emblica
L. : A nutraceuticals-rich fruit tree with multifaceted ethnomedicinal
uses [J]. 3 Biotech, 2021, 11 (2) : 1-25.
ZIETKIEWICZ E, RAFALSKI A, LABUDA D. Genome
fingerprinting by simple sequence repeat (SSR)-anchored polymerase
chain reaction amplification [J]. Genomics, 1994,20 (2) :176—183.
SARWAT M, DAS S, SRIVASTAVA P S. Analysis of genetic
diversity through AFLP, SAMPL, ISSR and RAPD markers in
Tribulus terrestris, a medicinal herb [J]. Plant Cell Reports, 2008,
27 (3) :519-528.
W¥EZE, FBIEFF, SEE, & Wl 7 A (R e 2Rt
HIISSRZMT (0], T ARAOILELE, 2013, 40 (23) 2 129-132.
YANG P K, ZHENG D X, MA R J, et al. Genetic diversity analysis of
Canarium album L. landrances in Chaoshan area by ISSR [J].
Guangdong  Agricultural ~ Sciences,2013,40 (23) :129-132. (in
Chinese)
Sz, EHENG, 77518, 4. 25 T ISSRERC BB & Fh g% 2 1
PEOIHT R AR SO RIE R D). M B S R 2R, 2017, 26 (3D
19-26.
ZHANG A S, HAN C P, QI X J, et al. Genetic diversity analysis and
fingerprinting construction of cultivars of Actinidia spp. based on
ISSR marker [J]. Journal of Plant Resources and Environment, 2017,
26 (3) :19-26. (in Chinese)
ZE M, KK, AR, 25 BT ISSRARIC I 16AMZ Bk T Fh g% £ B
RN By T S id (7], B, 2015,29 (10D ¢ 1884-1892.
LI G T, ZHANG M Y, XIANG K, et al. Analysis of genetic diversity
and establishment of molecular ID for 16 walnut varieties based on
ISSR markers [J]. Journal of Nuclear Agricultural Sciences, 2015,
29 (10) :1884-1892. (in Chinese)
HIpeE, FRIEFF, JAR IR, 55, WA H 7R TR IR L 2 R R
GRAMISSRAMT 1],  HT7 R, 2014,43 (1): 18-22.
LIU X S, ZHENG D X, ZHOU C J, et al. Analysis of genetic diversity
and genetic relationship of Phyllanthus emblica L. Germplasm in
Chaoshan area with ISSR [J]. South China Fruits,2014,43 (1) :
18-22. (in Chinese)
JARIA, A2, X, 55, AR H T MR SR 2R S0
SR R MISSRAIHI[CY/T FRAB WM 2% R AER2012F FE 2 1 AR,
2012: 16-16.
ZHOU C J, ZHAN C A, LIU X S, et al. ISSR Analysis of genetic
diversity and genetic relationship of Phyllanthus emblica germplasm
resources in eastern Guangdong[C] //Annual meeting of Guangdong
Botany Society. 2012: 16-16. (in Chinese)
AL, X4, Wi, 5. 2800 R i Fh gL 2 RV ISSR AT K
TRGEE R (1], TRAER MR R 222 CEARBARD | 2020,
48 (8): 129-136.
SHAO X H, LIU N, LAI D, et al. Genetic diversity analysis and DNA
fingerprint mapping of 28 varieties of Phyllanthus emblica L. based on
ISSR molecular marker [J]. Journal of Northwest A & F University

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(Natural Science Edition), 2020, 48 (8) :129-136. (in Chinese)
W], R 2 T A A M X A R R I A 2 R
7 [0, EMZFENE, 2007, 15 (1): 84-91.

LI Q M, ZHAO J L. Genetic diversity of Phyllanthus emblica
populations in dry-hot valleys in Yunnan [J]. Biodiversity Science,
2007, 15 (1) :84-91. (in Chinese)

B, ERL T, 5. A RN YIDNARIUSE U], i
#%,2013,48 (1): 72-78.

LIJ L, WANG S, YU J, et al. A modified CTAB protocol for plant
DNA extraction [J]. Chinese Bulletin of Botany,2013,48 (1) :
72-78. (in Chinese)

ML, PR, W T, 4 B ARSCOT-PCRI ML AR R AR AL K 51 P i
i [J]. M RAAR, 2018,49 (1) : 1-7.

SHANG X H, YAN H B, CAO S, et al. Optimization of SCoT-PCR
reaction system and primer selection for Pueraria DC [J]. Journal of
Southern Agriculture,2018,49 (1) : 1-7. (in Chinese)

W B4, R T, EIREHTE, A5, ST AR AL TN S SR SR T2 R
IRAMEEAI A (1], AR AR 23R, 2021, 36 (3): 358-368.
KAN Q B, LIU R X, WANG X Y, et al. Process optimization and in
vitro antioxidant activity of flavonoids extracted from Acanthopanax
senticosus [J]. Fujian Journal of Agricultural Sciences, 2021, 36 (3) :
358-368. (in Chinese)

FER, A, XS, S TR T2 AT ) 2R R T R Y TR R T
O AR A 15 B RE 75 B BR BT 9 (00, R H AR, 2021, 50 (4): 319
327.

ZHENG L, L1 Y F, ZHAO Q, et al. Research on removal of
microfouling on polymethyl methacrylate surface by ultrasonic
antifouling technology based on response surface analysis [J]. Surface
Technology, 2021, 50 (4) :319-327. (in Chinese)

YEH F C. Population genetic analysis of codominant and dominant
markers and quantitative traits [J]. Belgian Journal of Botany, 1997:
129.

F Y. ISSRIF THRic KA AL AR Fe P R A (0] i,
2002,24 (5): 613-616.

WANG J B. ISSR markers and their applications in plant genetics [J].
Hereditas(Beijing), 2002, 24 (5) :613-616. (in Chinese)

TR, WA, FRER, % T E 22 ISSR-PCRR MiAA R AL K 51 i
% [J]. M R4R, 2018,49 (7): 1282-1288.

HUANG X H, WU W F, CHEN C, et al. Optimization and primer
screening of ISSR-PCR reaction system for Chinese Orchids [J].
Journal of Southern Agriculture,2018,49 (7) :1282-1288. (in
Chinese)

MRS, BT B, ZAEK, & KRH TR RN B K IT AR H
St 00, EARBRUEAAR, 1993, 8 (4): 299-306.

LIU F S, HOU K W, LI S J, et al. The health-protecting value of
Phyllanthus emblica L. and its prospects for exploitation and
utilization [J]. Journal of Natural Resources,1993,8 (4) :299—
306. (in Chinese)

BRAR, FYLBE, AR, & RHFISSRIBR R 1], 44
AR, 2008 (3): 166-169.

ZHONG F L, WANG J B, PAN D M, et al. Optimization of ISSR
reaction system in Phyllanthus emblica L [J]. Biotechnology Bulletin,
2008 (3) :166-169. (in Chinese)

(FTHERHE: K EF)


https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.1006/geno.1994.1151
https://doi.org/10.1007/s00299-007-0478-5
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.1006/geno.1994.1151
https://doi.org/10.1007/s00299-007-0478-5
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.1006/geno.1994.1151
https://doi.org/10.1007/s00299-007-0478-5
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.3969/j.issn.1002-0306.2007.06.034
https://doi.org/10.1006/geno.1994.1151
https://doi.org/10.1007/s00299-007-0478-5
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1004-874X.2013.23.031
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.3969/j.issn.1674-7895.2017.03.03
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.11869/j.issn.100-8551.2015.10.1884
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3321/j.issn:1005-0094.2007.01.009
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3724/SP.J.1259.2013.00072
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3969/j.issn.2095-1191.2018.01.01
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3321/j.issn:0253-9772.2002.05.022
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3969/j.issn.2095-1191.2018.07.04
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002
https://doi.org/10.3321/j.issn:1000-3037.1993.04.002

	0 引言
	1 材料与方法
	1.1 试验材料
	1.2 试验方法
	1.2.1 DNA提取
	1.2.2 单因素及响应面优化试验设计
	1.2.3 PCR扩增及电泳条件
	1.2.4 退火温度的优化及体系适用性研究

	1.3 统计分析

	2 结果与分析
	2.1 单因素对ISSR反应体系的影响
	2.2 响应面法优化ISSR反应体系
	2.3 退火温度对ISSR反应体系的影响

	3 讨论与结论

