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Table 1 Plant materials for SSR analysis
R kL2 B I S'&s PLT %% SR Hb A
Number Chinese name English name Scientific name Sources
1 IEEGD Zhengmao (Wu) C. grandis Osbeck var. Tomentosa Hort.
2 IEE (D) Zhengmao (Li) C. grandis Osbeck var. Tomentosa Hort.
3 KU () Fengwei (Wuw) C. grandis Osbeck var. Tomentosa Hort. A
4 ETiR: ) Jiaxiyang (Wu) C. grandis Osbeck var. Tomentosa Hort. Huazhou.
5 BV 7 (B Jiaxiyang (Li) C. grandis Osbeck var. Tomentosa Hort. .
i . . . Guangdong
6 Bl (2 Fumao (L) C. grandis Osbeck var. Tomentosa Hort.
7 e (B Guangqing (L) C. grandis Osbeck var. Tomentosa Hort.
8 TR 2 Guanximiyou C. grandis Osbeck
9 b H Al Shatianyou C. grandis Osbeck
10 A1 = E-gan No.1 ponkan C. reticulata Blanco
11 HE lf% Guoging No.1 satsuma ‘(/zt-rus unshiu Marc. Wik 2t
12 Y WABTR ER -3 Eureka lemon C. limon (L.) Burm. f. Wuhan, Hubei
13 4T Early Gold sweet orange C. sinensis
14 A Trifoliate orange Poncirus trifoliata (1.) Raf.
15 T 7 Wampee Clausena lansium (Lour.) Skeels

RPE I (5 RV (B 6T QLD V20 R i E R
SRS AL AR AN R Al — B R A
JUARARN 21 PR Al L EF IR R R AR B AR
. PR R RO 2 50 5 i SR A2, ik BUR 12 K/ g
M2 em BT HUE RS, SRS ] Z8 1 K vk 2R
SR ET . RO R AR A T L
HEs R K, R LA ¥ R T B AL (Heto
Lyolab3000) H i+ ZE 1H i &2 ., T —80 ‘CUKFHR-AF .

3) RSN A A K K T I I R A 3 A
PR AR RSB A IE B () MBI (R4 3
B F 2011 53 BIRF AR KN 4.6.8 F1 10 em
YRS, 2012 4F 50 B R A RAR KN 4.6.7.8.9 F
11 em MYSRSE, R4 5 78 18 /K Uk v R S 3R 1w L 4%
T FH RO AR i SR S A B . 2011 AR SR S A8
TALEE 4 R0 6 cm BYIRSLAAL 3 2 (R H K E
FURP)Z) .8 Fl 10 em R4 AL 4 FhAH 21 B2
PRz 2 AR ) 5 2012 4F SR Wi 1 SR 52 44 4 I 2
J2 R B 2 B R RN B 2 R IR 2 R i e A
WA o IR TR TN R R R TRV R T AR
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1.2 SSR 4 FHric il

KA R CTAB & #2 BUnt 5 56 A 41 DNA™
% NanoDroP 1000 8 4h 43 5% % & 31 ( Thermo Sci-
entific, USA) £ Wl 1 & & #% J5 ., ¥ H W B 3| 50
ng/pLARFEE .

SSR 5193k F SCHk[10-117 D K 25 35 i 75 S5 3
FEIFK (R 2). PCRY RN % Pang " 1T
P 3. PCR IR AR ZR N 20 pL, 0 453
#7:50 ng/pl. DNA ##t 2 pl., 25 mmol/L. MgCl,

1.2 pL.5 U/pL. Tag DNA &8 0.2 p1.,10X Tagq
Buffer 2 pl., 2 mmol/L dNTPs 2 pl, 10 pmol/L
IE G4 0.3 pL, KB WZEK 12 pL. PCR Y
BRI M. 94 °C WA PE 3 min; 94 C ZE % 1 min,
55 CiB K 45 5,72 CHEAH 1 min, 34 MEH; &G
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ES BT Y 00 L
1.3 XEMRRNEKN

PRI 0.1 g VR TAE MBI A INA 5 mL 80 %%
FH B, BT FS60 A i 22 UYL 42 B 60 min,
RIGT 4 CE&MF 12 000 r/min B> 10 min, H—
WS AR E 1 mL FIE 28 0.22 pm fALUE R
JE 5 AT HPLC #6:90 ,

RER I 2R 88 8 . Waters 1525 B & 2k W A &
WA 2996 WS FE S R DN &%, 717 H 3h AR AR
C18 {3 #E (4.6 mm X150 mm,5 pm $2JE) Fl Em-
power 2 FHUEME, Wi A M 0.3%H R ,.B M
g% B, SR T BB BE R B A 77 2L 0~ 10 min,
15%~20% B3;10~20 min,20% ~30% B;20~35
min, 30% ~45% Bj; 35~45 min, 45% ~60% B;
45~55 min, 60% ~75% B; 55~ 60 min, 75% ~
75% B;60~63 min, 75% ~15% B; 63~ 65 min,
15%~15% B, WBARRFIE]L mL/min, &0 &
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Table 2 SSR primer sequences

519 4 B

Primer name

EmSIFEIG-3D

Forward primer sequence

REGIHFESNG -3

Reverse primer sequence

CIP02 GATCCAAGGATGGTGTAACAG
CIP11 AGGCCATTGAGATCTCTGGCT
CIP12 ACGGACACGAGAGCAGCAGC

CIP14 GTTCCTCCNAGGCACTGC

TAA1 GACAACATCAACAACAGCAAGAGC
TAAILS GAAAGGGTTACTTGACCAGGC
TAA27 GGATGAAAAATGCTCAAAATG
TAA33 GGTACTGATAGTACTGCGGCG
TAA4S GCACCTTTTATACCTGACTCGG
CT19 CGCCAAGCTTACCACTCACTAC
CT19-026 ACCACTCACTACTTAATTACCCTTTT
CT21 CGAACTCATTAAAAGCCGAAAC
CACI15 TAAATCTCCACTCTGCAAAAGC
CAC39 AGAAGCCATCTCTCTGCTGC
CAGO1 AACACTCGCACCAAATCCTC

AG14 AAAGGGAAAGCCCTAATCTCA
GTo03 GCCTTCTTGATTTACCGGAC
CCTo1 TCAACACCTCGAACAGAAGG
cAGGY AATGCTGAAGATAATCCGCG
Ma2_1303 GCGTCCGTGCGATTCTAT

Ma2_1401 CCCTCATTTTCCTTCTATCTCTCTC
Ma2_1416 CGTCCGCATTTCTCTTTCTC
Ma2_1599 GTGACATACGCACACACACG
Ma2_1662 ATGCGGATCTAAAAGGGGAC
Ma2_1678 CAACCAGTCCACATAGCCCT

TCCAGAACTTTGACGGCATCT
ACAACGCTTGAGACTGGCTCC
CAAATTACACACTAGCTGGGCAG
TTCTGGCCACGGGCAACAC
AAGAAGAAGAGCCCCCATTAGC
CTTCCCAGCTGCACAAGC
TAGTACCCACAGGGAAGAGAGC
GCTAATCGCTACGTCTTCGC
TTCAGCATTTGAGTTGGTTACG
GCCACGATTTGTAGGGGATAG
AGGGTTGCCACGATTTGTAG
CAACAACCACCACTCTCACG
GATAGGAAGCGTCGTAGACCC
AATTCAGTCCCATTCCATTCC
TAAATGGCAACCCCAGCTTTG
CTTCCTCTTGCGGAGTGTTC
TGCTCCGAACTTCATCATTG
CCCACATGCTAGCACAAAGA
TGCCTTGCTCTCCACTCC
GAAGGGCGGGAAGAGTAAAC
CCCCAGTGGAAAAGAACAAA
TATAGGGGCCTTGTTGTCCA
TGTGGTGATTGACAAGTTTTTG
CCTTTAAGCCTCCAACATCG
TGGGTCCGTGTGTTTCAGTA

10 pL AT K 340 nm, B IR HIAE S .
1.4 WEFREHZNGE

Al Rz A ME A 80 U6 A i 4 Y B W Al AL
ERZE 1 mg/mL AE R, B 100 pll,2 £5
Hi B, BIEL 100 p L BEVE S5 A 100 pL 80 %6 HY B s
W LA S B A R R, R R 11 kL 1S
B 12 DA R BE (AR FE I 43 0 i 4T HPLC A0,
D Bz 1 T S W B S B AR bR (X0, M 0 1T R Dl 90 A
i (YD 2 il B o fih 2 5 e 57 1m0 05 7 A8 . 45 B0 R AT
B H g7 B .Y = 25799, 94X + 25752. 82, r =
0.999 98,
1.5 15 E GEEM AR B U &

K% B AEA R A5 0T o2 e AR A B 1 A o
fh 5 U THE R AT Lk g T FR ) RSD 2 0.87 %0,

R Mk - R A B B AR A, R L h E TR
FELES 5 W ISR B 3 i T ALY RSD
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99.43% (0 1), ~FHHXI 51T 4~ 45 2] 7.04 4
SRR DI A R 9 A,
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MR SSR 4 3% P& 1 Fir 15 B4l A0 B E 47 SR 2
Br (B 2) S5 2R Bos . 15 3 A AR DL R Kk 0,57~
0.98. TEMIMLRE K 0.65 B, 1k M Al 5 1k N A 1
Fil—— 6T (B 3R R A | b T Al 25 2 3 Al SR AE—
A IE S A N A 2 55 il 288 A7 A I B9 2 2 5K AR 5 FE AN
LR BN 0.72 W, AN Al 5 25 B B Ml L 20 T Al 20 T
B AR LA il 28 473 BE 2R A — 2, U6 16 JH Al 2%
E:OE S S iy N U 0 7 o = e 2
B RBP4 (GO AL R KO 1, 3R 2 A Bl it
JE— B AL A H A — (B 5 RIE (B B
TE — 2 AH AR P KRB M R AL A5 G 2 L 1E
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1~15 43R IE B () IEE (B KB (B B F G B F (D) RIE (D J6HE B IR EM DM 58 15 FHK 15,
Jo 1 ke R A BRI R B2 . 1 to 15 represent Zhengmao (Wu) , Zhengmao (Li) » Fengwei (Wu) , Jiaxiyang (Wu) , Jiaxiyang (Li) ,

Fumao (Li),Guangqing (Li) ,Guanximiyou,Shatianyou, E-gan No.1 ponkan, Guoging No.1 satsuma, Eureka lemon, Early Gold sweet

orange, Trifoliate orange and Wampee.

B 1
Fig.1

SSR 51 #1 TAA27(A)#1 CCTO1(B) % 15 @+ &t h iy 1Gi& %
Amplification band of 15 citrus samples generated by SSR primers TAA27(A)and CCTO01(B)
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—L

KU (%) Fengwei(Wu)
BB 3L Fumao(Li)
KEHEY Guangqing(Li)
PG EEEL) Jiaxiyang(Li)

fRVIFE(R) Jiaxiyang(Wu)

1EFEER) Zhengmao (Wu)

FEIZ %A Guanximiyou

YWHH Shatianyou

H& T Early Gold sweet orange

ZRHH 1% E-gan No.1 ponkan

[ JRK1% Guogqing No.1 satsuma

Jt 71 %745 Eurekalemon

tH Trifoliate orange

T
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Fig.2 Cluster tree diagram based on SSR analysis
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(B e » AR A U0 WA, AH 223 3.5 £ . HLBRIE
B (B Hb A [R) 5T 04 il B2 1 2 5 34 BE 4F 03 A 8] 1
A 2R,

WA, B3R 3 AT UL L SR A T AN [ 2R el 11 ] — A T
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fE R T S5 R B 22 S R B

24 UNMHMEKZEHMEESENKN

TEA R A KR, e 2 48 A IE &
(5 FMER VG (5O R I8 A N Al 2R 5 A Kk W 2
HEEEf,

DA ) S T4 S B2 17 % ' e B, 2011 4F
XFIE B RO MR PG 3 () B SR S8k 47 T34y )2,
HORNFR A A A & il R 25 SR W3k 4, 1
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Table 3 Analysis of naringin content in 2 cm young fruit of different pomelos mg/g

7

Place of origin

il 5t

Germplasm

FAy Year

2011

2012

IR AR M
Huazhou, Guangdong

IEE(R) Zhengmao(Wu)
IEFE(F) Zhengmao(Li)
1EE () Zhengmao(Shan)
T (3) Fumao(LD)

Bl (1) Fumao(Shan)
RVG (5 Jiaxiyang(Wu)
B PGP (B) Jiaxiyang( LD
Y7 () Guangqing(Li)
Y67 (1) Guangqing(Shan)

349.6614.03c
321.40429.38¢

486.59£52.56a

417.17£19.42b

487.58£50.56a
299.4548.37c

309.80+4.14c”
337.87+23.28b

218.264+8.08f
364.35x6.71a”
252.78118.83¢
273.1244.98 d*
365.86+1.79a"

349.25+10.09ab

21 %l Guanximiyou red mutant
TR % Guanximiyou 144.594-14.03g
> W Shatianyou 105.33£5.31h

156.8148.37¢g
i - Al
Pinghe, Fujian

1 Note: [F 5B G A W) /NG 5B 3R 7R 7] —4F 3 Al B 1 78 A [5) 0 B 2R 5 b iy % 4 22 5 W 35 (P <<0.05) . AT EUIR S » &R W] —Fh
JEFE 2012 45 2011 4F [a) fl J2 1 & 12 25 5% . 3 (P <C0.05) , Different letters in the same column indicate in same year the content
of naringin in different germplasms is significant difference( P<C0.05). * in the same row indicate the content of naringin in same

germplasm is significant difference between 2012 and 2011(P<0.05).
R4 AARGEUNEMREEEHLAMEFSEERSN

Table 4 Difference analysis of naringin content in different tissues of different ‘ Tomentosa’ fruit diameter mg/g
Fh s P K/ /em Fruit diameter
Germplasm Fruit tissue 4 6 8 10
# ¢ Flavedo 142.98£7.23cA 56.45+£3.07¢B 9.7340.14dC 2.7940.32dC
H 2 Albedo 185.63+17.53bA 97.2043.70bB 42.5741.65bC 35.7541.07bC
EEGD F Pulp 422.52425.28aA  290.55+10.29aB
Zhengmao(Wu) #2 Segment membrance 84.34+5.53aA 39.56+1.89aB
M Juice sacs 27.37£0.56cA 5.33£0.14¢cB
W} Flavedo 30.1942.48cA 22.8740.94cB 13.87+0.37¢C 0.4240.05bD
H B Albedo 88.851+3.49bA 47.0543.85bB 27.3441.41bD 33.4741.05aC
B mpy pulp 316.59411.70aA  195.0645.81aB
Jiaxiyang(Wuw)

P4 Segment membrance

T M Juice sacs

81.174+2.42aA
13.5241.44cA

34.97+£2.99aB
3.2240.25bB

TE Note: X T 4 cm #1 6 cm B4 A, “ AR 73R8 R FEACHNTT ML BEAT 73 B AR . 18] 8 KA 5 AS TR) /N5 7 R 2 % AR ) 2R 52 2 7 I 4

CREZR/ND) Bz AR RS 2 i & 22 55 0 3 (P <<0.05) 5 AT 808 J5 AN 6] K 'S 52 B 26 4 [A] SR 52 4 40 A B2 4 78 AN )
KENY ORI RIS EZ R EE (P<0.05), For 4 cm and 6 cm, the “pulp layer” indicates that the segment membrane and

juice sacs were not separated and detected. Different lowercase letters in the same column indicate in same fruit diameter size the

content of naringin in different fruit tissue is significant difference (P<20.05). Different capital letters in the same row indicate in

same fruit tissue the content of naringin in different fruit diameter size is significant difference (P<C0.05).

ABPG A R AN [ SR 552 A A 8 IS0 v Al Bz 7 )
A PR T [ I A E B RO RS2, B B T AE
AT 2 ZURIAS [a] i 39 9 728 1 3% [ 7 1E B (R0 Pk
AL

2) A [) SR A% Rl A Ak 2R SIS TR F80 5 Aol g
T, Sl oo R SR AR B 2012 AR A0HR IE
B RO MBI RO AN [R) R AR /N 2R 52 73 B T 24
BEJE G5 3 BE M E B2 FUER PR G KM
M. 3 pras BT GO SR A R Bz R BOR
By B RARIE R R B il B A A i A

R AR P A 34 s R TR il B 1 B DU AR 7 em B
P e T e SR BR AR, BE (RO A2 b
R IE T () RO —B0, S8 R o e i &
SR G R SR T R

LR ORFE L2012 ARl AR IE B () PR 7 ¥
(ZOHF 4~6 cm B & A, BT I E F W
ANGE A S E K AR TS L E R SR N
—EW LA, ZE4 2011 4EFD 2012 4F 2 a K I %K
Pt IE B () RMB P 3 (5 138 BRI 2 4~ 8
em, Fedd KRN 6 em A4
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Fig.3 Naringin content in different fruit diameter of Zhengmao (Wu) (A) and Jiaxiyang (Wu) (B)
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Stk EHXHEMN A 2 con 4l SR A Al B2 20 A7 A6 A
B R AR T AN TR SR Bl 9 [ 24 1 JH Al ol B 5 o 22 5
W UL A I A e B R0 BEAE i e v Al M A A
TE— 7 B R BT TR 23 BE 42 o ik 585 00 3 % A1 M Ay Ao 5 ¢
TR A S TP AR .

YEI A M T e A B A AR E A 1 500 24
AR by s, AS B SE R B Ak M Al B A N A S
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7= A . 95T R T A B2 Y S R S A
JE AR K, 5 P AR RO A, 5 R A
RO A R B IE AR OGSC & L Ak, 5 R e 2
THLCR AR B B Sl R AT, TR
T B b S AR D T A S A R Y 2 R
A3 AT RE SR S BOI N Al 5 A AN 7 X A o
AT EESNIENZ —. A AT T R
ARG I A 22 5 R TR R 22 5 . IRk AR JH Al o
il Bz T B O e AR BRI R A TR 22 S b P 05 22 S L[] A
PSSR o AR R B W] WL B, — 7 TG B %
JEAR N A A 7 5 AT 19 42 4 A0 2y R B2 L 55 — T i Al
Bt o SRR R T 3R 20 B G 2 B R A I A O I Y

SR X A PH Al 2K B £ L e 2 Y
AARKHYSE M 56 FE VK AE SR H HPLC 43 25 A1

PR MR 0 & B IR L 4R U S5 OR BR
15~60 d A [] SR i () 2 52 vp 28 B 55 K P (DW)
W A 2R 8 8 DR AT o g SR SIS B U
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H AR B i R A AU R B R
A R A 1 O TN e AR P A R AR I O SR
A1 d\JFidE 110 g Zeda R RAE y BAGLLIE 2541 L ot 4
B s AH N 550 (B AN 880 43 & I 7 T 458 %
I Y 2 AR AR 55 d\BTh 185 g Ze R
FLICAY 5 2 Al g 389 4 S0l % AR BF 5 R AR 6.5 em K&
8~8.5 cm W, HABFFHEL RILCH 6 cm il 2R
BThAa~8 ecm IEHABEMM, HZ,2 cm Fl1 4 cm
24y SR Pl B 5 A Y ) 0L, EL AT S A A 2 A
AR FERE A AR IS R R A7 b Al % R4S 5 b
SR 4R R AEHOR | Fo R PR B i g SRl 72 (EL
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SSR analyses of germplasm resources and changes of naringin content
at different developmental stages of Citrus grandis ‘Tomentosa’ fruit
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Abstract Simple sequence repeat (SSR) markers were used to study the genetic relationship among
different strains of Citrus grandis ‘Tomentosa’ and other representative germplasms of Citrus. 175 al-
leles were amplified with 25 pairs of SSR primers and 15 samples. The results of cluster analyses showed
that ‘Tomentosa’ and pomelos were closely related. Some ‘ Tomentosa’ materials with homonym are
found to be genetically different. High performance liquid chromatography (HPLC) was used to deter-
mine the content of naringin in young fruit of different germplasm and fruit tissue of ‘Tomentosa’ with
varied diameters. The results showed that the content of naringin in the young fruit of ‘Tomentosa’ was
significantly higher than that of Huazhou local pomelo ‘Guangqing’ and common pomelo from other ar-
eas,affected by the growing season and environmental factors. With the increase of fruit diameter, the
content of naringin in pericarp and pulp of ‘Zhaomao(Wu)’ and ‘Jiaxiyang(Wu)’ decreased, and the
content of naringin in pulp was higher than that in pericarp. The results of comprehensively analyzing
fruit size and active ingredient content showed that the fruit diameter of 4-8 cm was the suitable harves-
ting period of ‘Tomentosa’,and the fruit with diameter of 6 cm was optimal for harvesting.

Keywords Citrus grandis Osbeck var, Tomentosa Hort.; Exocarpium Citri Grandis; simple se-
quence repeat (SSR) ; naringin; germplasm identification; optimal period for harvesting; high perform-
ance liquid chromatography (HPLC)
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