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Abstract: Exocarpium Citrus Grandis (ECG) is a medicinal plant of Citrus in Rutaceae. It is a medicine that has great
effects. To distinguish the ‘Zhengmao’ and ‘Non-zhengmao’ germlplasms, 13 ECG germplasms were selected, including
‘Zhengmao’ germplasms (‘Dahe huangrong’, ‘Dahe miye’, ‘Pingding huangrong’, ‘Pingding miye’, ‘Pingding hongrou’,
‘Shanche zhengmao’ and ‘Shiwan zhengmao’) and ‘Non Zhengmao’ germplasms (‘Shanche fengwei’, ‘Shanche fumao’,
‘Shanche jiaxiyang’, ‘Shanche guangqing’, ‘Pingding jinqiandu’, ‘Pingding shishengli’). The botanical morphological
traits were measured, active substances were analyzed, and molecular markers were carried by the ISSR and SRAP for
distinguishing analysis. There were significant differences in length of leaf, leaf shape index, L*, @  and b". The leaves of
‘Zhengmao’ germplasms were slenderer than those of ‘Non-zhengmao’ , the whole leaf was whiter, greener and yel-
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lower. There were significant differences in fruit shape and the fruit shape index between ‘Zhengmao’ germplasms and
‘Non-Zhengmao’ germplasms. The content of rhubarb glycoside in most ‘Zhengmao’ germplasms was higher than that
of ‘Non-zhengmao’ samples, except the ‘Shanche fumao’. The content of alcohol soluble extract was also significantly
different between the germplasms. The clustering results of ISSR and SRAP showed that when the genetic distance of
the two molecular markers was 15 cM, the 13 germplasms could be divided into one ‘Zhengmao’ and three ‘Non
Zhengmao’ groups. The correlation analysis between germplasm botany and medicinal components showed that, when
P<0.05, only the fruit shape and fruit shape index were significantly correlated with the content of wild rhubarb glyco-
side and naringin, the water-soluble extract was significantly positively correlated with L". To conclude, when combined
with the three identification results, the molecular marker is the most reliable to distinguish the germplasm of ECG, the
plant morphology (petal length, fruit shape and fruit shape index) or medicinal components (content of wild rhubarb
glycoside and alcohol extract) can also distinguish these germplasm to a certain extent.

Keywords: Exocarpium Citrus Grandis; germplasm identification; btanical characters; chemical composition; molecular

marker

DOI: 10.3969/j.issn.1000-2561.2023.02.008

A 41 0 25 F) ( Rutaceae ) M 4% J& ( Citrus)
AL Ml ( Citrus grandis ‘Tomentosa’ ) B fHfi[Citrus
grandis (L.) Osbeck]) A Al 2 E T ml 2 Ay T4 A1
BERE, Wi RE L M B BRik
JE1RE . EAEL & —F T ARAME A, —
B AT RARMTE, HEEAEFEMN A
I % o S RN 1) & . N = S - €1 C U TN
PSS IR AR AR BT, BA
“MAANST BFEE, BETNY K, b
AT BB AW H 5, DR E .
PLUR 7847 85077 SR TR 2 B 4 70 5 R i 21
Lo i,

DI 2l SR A i 2 158, AR R SR ok &
Z/L, AR RS 6 2K IEER . EIHIE
T, HHESR. BT, AR, kFY. EEk
UFTARSE | N SE X A - FANUE L - R 04 U 27 e S
oI, 18 AL G RIE 2 ARMEIN LA 43 A3 0F
FEAUEH BAGLZ AM EE mP, HEfdaE
. TR SR DG4 S R G
LRI B, BRI, ana) X AS [m) A 5T i A A 21
HATHEN AR ZE, X TR P AT R AR 2 — 1
AR T A 1 I

RE 7538 2of 22 BT B A M 25 A [R] 77 X1 GE
EAGLLRIE E BACIG LI T 5 I IX 43, AHOC
SRR Z R —F 5k (s FAnic BB &2
AT ) HEATHEE o PR, ASHIFS A A A PR RO
O e N Y& B e e A TRt N
AEINASTR] P 1Y 13 A A L0 R AT BT 4 1)
SRy TG Ml X AN R o 28 1 ARG 216 1 7 A8 N 4
ERMESE

1 #MR5FZE
1.1 ##

DIAE M S AL G2 o3 R 0 IE B ARG LT (KA H
o RE®EM . FaEwy. Famn. FaEan.
INAEIEER ., WHIES) AHEEBAFL (LR
B WERIE. WEBEFE. ILELE. TEs
B g s A AL ) 4 13 ARG 20 R R S Ak,
ORL, RERP Ak £ A £ B AR FR B AR I Y
1630 2. i 15 B BOK/IMHE ISR 58 10 SRR
Yr2E MR AE I 2 A A B, et R | AR A
L EAFERIRET 1~5 A, EFER AR
A BFERIEIRT 1~10 Z&46, B8 FE R [ RHA
TP AR BB RN XS DUHR ST & oy bkl
P2 R R DLt VR A BHEHL DNA,
DML IS 225 hric S der 4l .
12 A&
1.2.1 AeAGecr AL A AR AR eyl 2 B
FEXAAR LA BT AR P22 R B D 3228 2 R AR
Fh B IR AR IE (NY/T 2930—2016 ), XFHH
HEATHIE . M mESE L HERE AL IR AR
B EIFTE . HAIBAR . BEARR . i IE
KA LT ' b SRR PRI ATINE . LA
O VBT Gl o N o N = /N W Ny iV E (= G
T8 HE2000E &R R Rgie; RIRREE
MEGIEAR L B AR S A AT ) 2 R IF il 5
T AR RELIBCE 2 R, A T
XTAUAR LU BT (AR IRt | AE RN | AR B
TSR . ALTRARE. LR . fEFE R %
X 8 TAE P 2= R AR R A T AR E . B
RUFE B =AC A AE R 58 5 B> T oz il LI HE v 2



552 4

M =R 13 G AL Y A

291

&

JAE, PARRHIEMI o XA AR 2R R Y B R
Mgt PR EUE | RS SRR
RETEAR . AICRH, REMEE ., RTOPIR, R
T0T B3 Bl A5 AT 4 2 AR AIE MR A 7 0 RS 1 5
B ARG Ho 3 AR, AR E T L T
T REI T AT )RR

1.2.2 LA R F ma e M o4 AR5
F BT AT LA 2 o3 v i R BT (Al R )L BT
B KRG (BE 2R, KR
e, AKEEgEA R KIS E A RTCHLERSE ) R
WHER Y (BRI E ) 4 WHsbRiE T
PRGN, B AR PRI E R 5 WK

fedn CHFRAR G gL ) TR
BER T, T E ARG L0 AR T AY B R (A )
B ks Oh A AR EZG L) 2015 4ERRPT,
FIFH HPLC M LG4 F R A B & s &
e N RSN 25 300 2020) Ok,
I AR MR ) AR PR IR R )
123 o FAink ot i R CTAB i
PRI A DNA, S MakE7 U, #e H
T ISSR W5 ¥ 3t 14 4~ (£ 1) Fil SRAP 1951
Y3t 20 %F (%£2).

SRR ARSI 7 00 ISSR (9 W Ak
Z, PCR ¥#f)%: 94°CHiASE 3 min; 94°C7AR

K1 AR ISSR S FHRIESW

Tab. 1 Primers of ISSR molecular marker used in this study
5|4 Primer J¥%1 (5-3") Sequence (5-3") 5% Primer J¥31 (5-3") Sequence (5-3")
7807 AGAGAGAGAGAGAGAGT 7842 GAGAGAGAGAGAGAGAYG
7809 AGAGAGAGAGAGAGAGG 7847 CACACACACACACACAYC
7810 GAGAGAGAGAGAGAGAT 7848 CACACACACACACACARG
7825 ACACACACACACACACT 7855 ACACACACACACACACYT
7826 ACACACACACACACACC 7867 GGCGGCGGCGGCGGCGGC
7834 AGAGAGAGAGAGAGAGYT 7873 GACAGACAGACAGACA
7840 GAGAGAGAGAGAGAGAYT 7881 GGGTGGGGTGGGGTG
%2 AR SRAP S FIFIESIMASR
Tab. 2 Primers of SRAP molecular marker used in this study
5 /T SIMHE P4 (5-3") F5 /T SIHE P41 (5-3")
No. Forward/Reserve Primer pair Sequence (5'-3") No. Forward/Reserve Primer pair Sequence(5'-3")
1 LS Mel  TGAGTCCAAACCGGATA 11 Msi L7 Me4 TGAGTCCAAACCGGACC
TUES 1Y Eml  GACTGCGTACGAATTAAT TG Em3 GACTGCGTACGAATTGAC
2 L1 Mel  TGAGTCCAAACCGGATA 12 LG Me4 TGAGTCCAAACCGGACC
TUES 1 Em2 GACTGCGTACGAATTTGC TS Em4 GACTGCGTACGAATTTGA
3 LS Me2  TGAGTCCAAACCGGAGC | 13 LiESIY Me4 TGAGTCCAAACCGGACC
TS Eml  GACTGCGTACGAATTAAT TR Em5 GACTGCGTACGAATTAAC
4 A= EY] Me2 TGAGTCCAAACCGGAGC | 14 M7 Mes5 TGAGTCCAAACCGGAAG
TUES 1Y Em3  GACTGCGTACGAATTGAC TS Em3 GACTGCGTACGAATTGAC
5 L1 Me2  TGAGTCCAAACCGGAGC | 15 S Me6 TGAGTCCAAACCGGTAG
TUES 1 Em4 GACTGCGTACGAATTTGA TS Em2 GACTGCGTACGAATTTGC
6 TSI Me2 TGAGTCCAAACCGGAGC | 16 LB Me7 TGAGTCCAAACCGGTTG
TS 9 Em5 GACTGCGTACGAATTAAC TR Em2 GACTGCGTACGAATTTGC
7 LS Me3  TGAGTCCAAACCGGAAT 17 Msi L7 Me9 TGAGTCCAAACCGGTCA
TUES 1Y Eml  GACTGCGTACGAATTAAT TS EmS GACTGCGTACGAATTAAC
8 L1 Me3  TGAGTCCAAACCGGAAT 18 g Mel8  TGAGTCCAAACCGGAAG
TUES 1 Em2 GACTGCGTACGAATTTGC TS Em2 GACTGCGTACGAATTTGC
9 LS Me3  TGAGTCCAAACCGGAAT 19 LiESIY Mel9  TGAGTCCAAACCGGTAA
TS Em5 GACTGCGTACGAATTAAC TR Eml GACTGCGTACGAATTAAT
10 LS Me4  TGAGTCCAAACCGGACC | 20 Msi L7 Me20 TGAGTCCAAACCGGTCC
TUES 1Y) Eml  GACTGCGTACGAATTAAT TS Eml GACTGCGTACGAATTAAT




292 o AE A F AR

%44

P 30s, MRIEAE G PR RER R, 1B
& 1 min, 72°C#E#H 1 min, 35 PEFR; 72°C ZEfH
10 min, 2 MRIHEAESCEEP )5 0 SRAP [
MAKZR, PCR Y LT . 94°CHIA M 5 min; 94°C
PR 1 min, HRAEAS [F] A9 51 9 9 B H5 i AR kR
B, Bk 1 min, 72°CHEH 1 min, 35 PIEIR;
BAELL F RN SAEE 94°CARE 1 min, oS iRE TR
Bk 1 min, 72°CRZEM 1 min, 35 PMEH; 72°C
FEAH 10 min, PCR PZY345H 2% S AR e R A
M, 130 V FHJK 60 min, FFSr=%9 15K R
ARG T MER
1.3 HiEAE

&1 SPSS 23.0 B A% il 2 Ay B Joe i -
1 REFCE MR AT VI AbR o 2 15
FE LB {E bR o 22 18 20RO ; 1A
A9 ol 5 v 45 T 27 B B 1) S 24 1 AR 9 25
A% Nei’s it e —HUE, KA SPSS 23.0 F {44k
=BG e R0 S 4 SR A R I T 5 SR
AE AL X B ECE #4775 (unweighted pair group

FIF Popgen 32 #ff% ISSR Fil SRAP 2k it
TTWEE RN SR, ok M &l b5 id o “07,
AWEE K “17, K SPSS 23.0 A HE Nei’s 5t
f&—% B, | UPGMA ¥ ISSR il SRAP 4> T-Fr

IO HEAT R A | X 13 MG 2L R B AT 1S 3
Koo
2 ZER59H

21 HEYFHFESEREENEENS W

13 I AAG LA A MR I e 25 2R L 3% 3. 13
By Fh AR ZIE AR . SRR SR TG
FHES R IEEF M B AR EBEK;
IEEBMMSE SR IE B TC N 25; AR R,
FLL1.90 HIFME, FEBFFHILERE. 14
BPAFE . NG . INAERIE . PS8 E st
ARV E/NTF 1.90, 1EBH BRI 40 Ay 1) 1E
BAMNEKRT 1.90, ULBHRHR IEEF B AITE L
FEIEBEHK,; EEEMES, FHL L 42.00
REE, FrAdEIEEM /N T 42.00, EEHL

A5 LA A I IE B /N T 42.00, U IE B AR
i B 1 AR TE B AR T AT a B AT

®3 UBOMBRMHIERKNESR
Tab. 3 Results of leaf characters about 13 ECG germplasms

K

method using arithmetic average, UPGMA ) X H:
AT ARSI

Al

B Mk ok RIC | ethof widhor O . : :

Germplasm Leaf .Leaf Legfshape winged peti-  winged peti- Shape‘of L a b
ength/mm width/mm index ole/mm ole/mm leaf tip

IR 106.71£27.29" 50.30+4.68" 1.83+0.46  11.28+1.92°  19.12+4.93> 445 39.08+1.72° —14.44+0.88" 20.14+1.70°
INAFEET  100.66£10.61° 51.39£6.37° 1.97£0.20°  14.13£2.29"  19.80+3.41° 4543  43.2242.86° —17.51+1.85" 28.63+3.45°
IR PEPE 83.34£7.25°  48.81£3.86° 1.73£0.16  10.49+2.62  15.24+3.42° 4G4  41.01=1.61° —15.74£0.90° 22.57+1.99
ISR 80.88+21.35" 64.49+3.28" 1.39+0.33°  9.40+2.54°  16.12+3.45°  4liJ>  40.48+2.14° —16.34+2.29" 23.86+4.01°
INAERITE 104.94£6.90°  61.09+5.82" 1.73£0.18"  14.33£1.51*  25.91£5.05°  fligs  38.22+3.40° —14.11£3.46° 20.08+5.70°
TFESHY  97.26£10.04° 52.64+5.66° 1.86+0.20° 14.85+2.40°  27.07+£3.96"  HAR  35.43+5.03° —11.99+1.43" 17.72+6.10°
TFREFLL 110.72+8.82°  52.93+4.75°  2.10£0.21*  17.37+5.20°  23.40+8.11°  JHR  44.74+6.41° —17.16+£3.23" 28.87+9.09°
FEEFH 111.96+£6.10°  57.73+4.41°  1.95£0.12°  12.51+1.88°  19.28+2.49 AR 51.01£3.19° —20.36+0.35" 36.57+2.75°
FEELLA 119.12£10.12° 65.85+£7.96°  1.82+0.13°  15.46+£2.34°  27.25£5.79°  4HZR 31.86+8.50° —11.45+0.93° 18.39+7.36"
SRR 92.47+10.36° 58.85+4.11°  1.57+021° 9.88+2.23°  15.93+3.35° Ak 39.49+4.17° —15.71£1.52° 22.66+3.98"
KEBEH  109.62427.00° 54.59+£6.75° 2.04+0.52° 17.57£1.71°  32.97+13.19° 4% 48.62+7.72" —17.98+3.70" 32.93+9.75"
KABH 100.05£10.79° 53.16+5.12°  2.08+0.15°  13.42+2.65°  23.52+2.71° 464K 51.59+£7.31° —19.04+2.83" 35.74+7.89"
WHRIIEE  63.05£6.65° 44.91£5.54" 1.41+0.12° 10.13£2.86"  18.99+4.87°  4liJs  36.19£1.16 —10.14+0.97° 14.76+2.05"

T PR/ NG FRER IR 22 5 B3 (P<0.05); R R FIZs A MR 13 43 F BT i 00 25 SR A0 | i oIk, 4350 e (2
ROBEIE ). mEIBAR (RS ), FHRAR (R EIIIE ). mEIRAR (B0 BIE ).

Note: Different lowercase letters in the same column indicate significant difference (P<0.05); The leaf characters not listed in the Tab. 3
are the same as the observed results of 13 germplasms, which are the leaf shape (all oval), the blade edge shape (all undulate margin), the
wing shape (all obovate), the blade base shape (all are wide wedge).
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Tab. 4 Results of flower characters about 13 ECG germplasms

Germplasm Number of Petal color Length of Width of Flov_ver shape Poller_l Number of Style
petals petal/mm petal/mm index quantity stamens

IFE R 2 4.1%0.3° EREN 19.01£2.77°  8.22+1.16°  2.33+2.20° rh 33.6+2.3° HoL
INEEE 4.1%0.3° A 24.76+2.19°  10.2240.99°  2.44+0.21° % 33.2+2.0° HoL
IR VG P 4.240.4" M 26.32+0.97°  10.08+0.63"  2.62+0.15 i 33.742.6" fEa
eSS 4.240.4° M 21.5842.05°  9.19+1.17*  2.37+0.25° % 32.3+2.1° HiL
INFERIE 4.1+0.3° M 21.32+3.12°  8.71£1.29°  2.46+0.30° % 31.2+2.7° BT
FEERY 4.2+0.4° SR 22.81+3.66°  9.67+1.10°  2.37+0.27° > 32.7+3.0° HAL
- H 4.7+0.6" e 21.60+£3.40°  8.56+1.41°  2.55+0.23° % 34.0+4.0° HT
€ 4.240.4" A 36.77£2.22°  7.20+0.88°  2.33+0.30 % 32.8+3.2° HiL
FREAR 4.1%0.3° M 23.3343.53%  9.74+1.16°  2.40+0.33° % 37.2+2.9° HiL
LARYE 4.0£0.0° M 16.1242.10°  7.42+0.88°  2.20+0.33° % 36.8+3.5° HiL
KA 4.1£0.3° He 18.5342.69"  7.41+0.86°  2.56+0.30° % 35.3+3.8" fEa

R 4.1£0.3° He 18.8440.94"  8.66+0.79°  2.18+0.19" % 31.9+2.4° fEa
WHIEE 4.1£0.3 He 25.72+0.88*  10.91£0.72°  2.36+0.32 % 36.2+3.0° fEa

e FFIAR/NG FHRFRR2ZF B (P<0.05).

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 5 The determination results of fruit characters about ECG

R REJER ROUER R IR ISR KLYtz RRIFER B ALSE PRLEIE
Germplasm Fruit Shape Shape Single fruit  Fruit transverse Fruit longitudinal Fruit shape Fruit Little hairs Color
P shape  of fruit top of fruit base weight/g diameter/mm  diameter/mm index peel  onthe peel of sarcocarp
IWERE  SREE F e 85.46+7.03"  62.00+5.86" 58.42+4.32°  0.95+0.04° HKE B =R
IWEIEE SREE F e Ll 64.18+15.80° 62.16£13.33"  61.33£15.26° 0.98+0.04" HLkE H aERul
IR BRIE F F 65.14+13.95° 55.14+5.10° 52.34+4.43"  0.95+0.04* HIKE B =R
WEEE B F WM 104.67+11.21°  69.76+3.92° 69.95+4.47°  1.00£0.05° SGiF x Hf
WERE SmEIE F e Ll 88.3246.47°  53.44+8.36" 53.00+7.20°  1.00£0.10° A& g5/ HE
FREGERE B I a2 102.25+15.96"  70.38+5.12° 65.84+4.22°  0.94+0.08° HKE H e
FRERG  mmEE &M a2 121.15£17.95*  75.18+2.96" 61.28+4.73"  0.81£0.05° k& H FE
FEHEY  mmEE &M e Ll 55.51+£7.03°  51.81£2.76° 47.21£3.15°  0.91+0.05° HLKE H w6
FREARW  mmEE &M S 59.38+7.96°  55.48+2.63" 49.37+4.93%  0.89+0.07° HLKE H piy il
STAERGE AP F ¥ 86.49+7.74"  65.66+2.88" 64.68+3.67°  0.99+0.04° HIKE B M
KEWH mmEE &M i 64.3046.68°  50.65+2.37° 47.59+3.64°  0.94+0.05° HIKE H A
KEFT  mmEE &M S 31.1845.74°  41.03+2.63° 4136+2.85°  1.00+0.04° k& B M
WHRIEE  ®SmEE kM S 48.29+8.99"  49.09+5.75° 47.13+4.08°  0.94+0.08° HLKE H W

T FAIARNG FRERRZEF B (P<0.05); FRHARIIAERRIEMER N 13 4Fh B 45 R AR R B0k, 2050 o oty e (3
o). RTENE (HTE), RBUNEE (BF), REHE (B050), HEHES (B, ROegE (R3S,

Note: Different lowercase letters in the same column indicate significant difference (P<0.05); The fruit characters not listed in the Tab. 5
are the same as the observed results of 13 germplasms, which are the radial groove (none), the fruit top seal ring (none), the apical convex
ring (none), peel color (all green), peeling difficult or easy (difficult), the fruit core fullness (full).

22 WHEIFHBRTARELERSS

PN LT T 1 Ak 22 LA R 25 SR L% 6. 7E
13 (ARG RE S v, 460K 22 850 T P 5 119 74 B
T o E T 5.00 mg/g, 39 5 s 0 i
HREGEHSMILGEIEE, 575587 11.80 mg/g
1159 mg/g; 6 HrdEIE B A &R ILZE R £
(15.01 mg/g ), FALFRTT ) B A7 2415 344K
T 5.00 mg/g, JUHE AR VE AT e LA AL
e, SEET 1.00 mg/g, A5 IE TR0 0 B2
SHEEFEAREES, TU—ERE LXaH
IEBREEEBIEL

13 3 AR A 8 A fEAG e Sy (P fuds 3
ByIEEF S rIEIEEME) MR TP E RS
T 80.00mg/g, V¥ & Eivm NV EESEY
(124.53 mg/g), IEIETBA L AHETH AL 4RI B
R g4 o 117.57 mg/g A1 106.35 mg/g,
Pl 5 MRk AN AT & BT 80.00 me/g,
Hp NI 4 RUE (25.30 mg/g), HA 443Kk
IEBARRGL; FRIA B P IE B AEE E B
PIAEAEAM B T i A X 48 v L i el i o o
PR I AN B 5 40 1F 6 A 5T AR IF B R T X 4
Ky SV EGRFP TRN BT S R BT R A LR,
T A 3 U LT 2 AR, BB [R) A 7™ X 5
b B 2% A T S M FATS £ 5T R A e o

R6 UBAHMRNUERSSE

Tab. 6 Content of chemical composition results about
13 ECG germplasms

LiREiNEs KGR B

I it MUE

Germplasm ggr}l’l;?;lj;?/ (mg-g ) Aquemis Alcoh(?]l

extract/% extract/%
FRE L 3.92+0.24°  72.61+5.38°  37.67 26.69
FELL A 5.28+0.38°  74.91£3.22°  40.69 32.21
FE AR 2.34+0.16° 124.53+9.63*  39.42 3433
e 4.90+0.40° 119.71£8.21°  36.75 30.58
FESUERYE 035£0.09° 99.55+525°  40.17 28.26
OEIEHH 6.39+0.56°  103.04+8.42°  41.67 36.50
KEHELL 11.80£0.94*  99.79+7.52°  36.06 30.67
Bt 2.27+0.16°  75.85+6.84°  39.56 27.32
INEIEE 11.59+£0.85*  79.04+4.50° 3291 25.83
INZERIE 5.01+0.48° 106.35£6.44*  38.42 34.43
TS ey 1.59£0.12° 117.57£10.21°  40.31 36.14
INZEARPE 0.59+0.10°  98.37+8.82°  41.82 33.73
INZERZ 439+0.36°  2532+225°  36.24 38.65

e FSIAF/NG FhEFRR 225 B3 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

IEB SARIE B BE B AR R YA 2
PEZES:, TEREMER Y PIC R E 2. 13 ik
RRLLRR B A PR )5 R 25%~39%, Hif
FERMIONINAIETS (25.83%), &R
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(4K (38.65% ); TEIEBALRGL R H, B
PR I S B R 25%~35%, B4R R R 1)
FRMKT 30%, WirEdEIE BB AR T, BA
PR YR 35%~39%, BRV-E4E8E (34.33%)
MW R (36.50% ) LIAh, ML T REZH
IEBAEGLFE, EERFR (ILEIEE. L4
G L AR PE VR AL ZERUR ) 1 A
KRR ) B R 33%~42%, S ARy &1l
FIEE, H3291%; & mE L\,
N 41.82%; TEIEBAAFLH, KR BP0 &
N 33%~42%, TAEIEBF NN 36%~42%,
XT3 IE BARG LD, HoKiEMR &
B, HEYEHEH (3675% ). FESRY
(39.42% ). KREHEM (39.56% ) SR,
HoKHHER B & EZRIFAK,
23 HEWMEUREUERSERNERSWT
BREERILE 1, DIOREEEEN 10 cM
YER o FEE, A 13 ARG £rp iR ol 4 25,
O E R FEEMN . KA INEIEE.
INAERIE . IWERE. FESES . FEIN .

0 5 10 15 20 25
S'Z.iﬁgi 1 T T T T T

w4
Kamt 8
WEEE 9 b

IW%ERIE 10

IERE 13

FrERRE 3 —

FELA 2

FRELER 5

W 11

INERFEHE: 12

REHEL 7

AEHR 6
Bl BHEBL4MEMERSHERS UPGMA
BEMKE
Fig. 1 The UPGMA clustering tree between botanical

characters and chemical composition of 13 ECG
germplasms

o AR S I E T 10 BT R S 128,
IR VA . KA W G T ) 1E B 430l A
RO 2. 853 FSE 4 25, 7RG | RIERGE R
REAETE IE BALAGLL (P 3o, FE %45 ),
FHAEIERMEA C(ILERIE . ILERES ), H
PR SEAR ) R A2 1 TE L X 4y 13 )y
Foft 5 H ) 1E B AR IE B AL .

24 UWHBOFMBRMNSFiRIE

2.4.1 ISSR &FArit S AFLA i ISSR ¥
WZERWER 7. AT IR 103 K971
o, Hh 28 Ih 77 4%, FHZEB0LA
H RN 74.8%; 51 14 tH 1 254 B0k 5~10 4%,
Iy 7.4 % ZERMAWECR 3~8 %, T 55
5 ERATEIY A R ILE 2, YA RS
W51 2809, Ly i 10 sk4447, HhE2d
PE8 %, 2N 80% (K 2),

242 SRAP o -FArie kMG # )t SRAP
PIEE IR L 8, IrA LIy B ILRTT 76 S5
&, Hh 285 Ih 72 4, FHZE0A
ATER 94.7%; 5P R 1~8 5%, 11
3.8 % ZEMAWEN 1~8 4%, P 3.65%, £
APEAXT ISSR 841K ; #r HE45 R UK 3,

%R 7 ISSR-PCR 3t 13 L BT R IEE R

Table. 7 The amplification results of ISSR molecular
marker about 13 ECG germplasms

& 5 PN &
I Nemerot  nombrot | EETE
Primer amplified polymorphic Percentage of
bands bands polymorphisms/%

7807 9 7 77.8
7809 10 8 80.0
7810 7 4 57.1
7825 6 4 66.7
7826 5 4 80.0
7834 7 6 85.7
7840 8 6 75.0
7842 8 6 75.0
7847 6 5 83.3
7848 9 5 55.6
7855 9 8 90.0
7867 5 3 60.0
Z873 8 5 62.5
7881 7 6 85.7
-1 7.4 5.5 74.8
58S 103 77
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M1234567

A: 7Z809; B: Z825; M: DL2000 marker, 1~13 758 K& #

g INEIES . AEMEIGE. INERIS . I5HE .

FERYL . PRELR., WERRE. SR8, FESRY . F
EFI . A IEE.

A:Z809; B: Z825; M: DL2000 marker, 1-13 are Dahe huangrong,
Shanche zhengmao, Shanche jiaxiyang, Shanche fumao, Shanche
guangqing, Dahe miye, Pingding huangrong, Pingding hongrou,
Shanche fengwei, Shisheng lixing, Pingding jinqiandu, Pingding

miye, Shiwan zhengmao, respectively.
B2 ISSR5I¥%t 13 M ULBAMBRMYT EER
Fig. 2 The amplification results of primers of 13 ECG
germplasms

%X 8 SRAP-PCR ¥t 13 LB R LR

Tab. 8 The amplification results of SRAP molecular
marker about 13 ECG germplasms

.

PG SRR

514 Number of Number of ZEAIF
Primer amplified polymorphic PCrCentage of
bands bands polymorphisms/%

Mel-Eml 3 3 100.0
Mel-Em2 6 100.0
Me2-Eml 6 6 100.0
Me2-Em3 3 3 100.0
Me2-Em4 4 4 100.0
Me2-Em5 3 3 100.0
Me3-Eml 2 2 100.0
Me3-Em2 5 5 100.0
Me3-Em5 4 3 100.0
Me4-Eml 3 3 100.0
Me4-Em3 4 3 750
Me4-Em4 3 2 66.7
Me4-EmS 4 4 100.0
MeS5-Em3 4 3 75.0
Me6-Em2 1 1 100.0
Me7-Em2 8 3 100.0
Me9-Em5 4 4 100.0
Mel8-Em2 5 5 100.0
Mel9-Eml 3 3 100.0
Me20-Eml 1 1 100.0

s 38 3.6 947

8 s 76 7

M123 456 789101112 M12131 23456780910
T e

MI131234567891011|- M111213

M: DL2000 marker, 1~13 35IARE#GL, IWEIET. 4]
PV, INERIE . 56T . RA%M . T, TELA.
INERUE . AR FESRE ., FEEH . A RIES;
MZERA S 1~13 miAfL () 5194 S Me3-Eml 1
PR, M 1~13 SREAL (6 ) A5 W4LE Me4-Eml
BIY AR, S = 1~13 AL CRE) NEI WS Mel9-Eml
E/REEE R N
M: DL2000 marker, 1-13 are Dahe huangrong, Shanche zhengmao,
Shanche jiaxiyang, Shanche fumao, Shanche guangqing, Dahe miye,
Pingding huangrong, Pingding hongrou, Shanche fengwei,
Shisheng lixing, Pingding jinqiandu, Pingding miye, Shiwan
zhengmao respectively. From left to right, the first group of 1-13
sample holes (blue) is the amplification result of primer combina-
tion Me3-Eml, the second group of 1-13 sample holes (orange) is
the amplification result of primer combination Me4-Eml, and the
third group of 1-13 sample holes (black) is the amplification result
of primer combination Me19-Em1.

3 SRAP3|#148& Me3-Eml, Med-Em1#n

Mel9-Em1 3f 13 LB TR IBE R
Fig. 3 The amplification results of primer Me3-Eml1,
Me4-Em1 and Mel9-Eml of 13 ECG germplasms

25 13 LBAFRE ISSR 1 SRAP &3 F#r
WWERMBESH

13 (LB T R Bl SR LI 4, 24
WAL 15 oM B, ¥ 13 gk 4
¥, HhRAe®EM ., FEEGS. REHY. ILE
IEE. AR WRIEE . IR EMTE
IS 8 (AR ONES 128, N4 RIBRILEE
W2 FEERNE 2 25, ILERBATE &%
2 RNTTER A 3 2, SEAERUY MR A 4 25,
MM RE, 1 200 8 MR TR I %
B PGPESNE N IE BALIGLL, fERLHE . R
REFHR B AHRL, A 2. 55 3 RIS 4 2%
I 5 A B EAEIE B, 55 1 5P i
et P RE S, @A . R . RIOE
R TEE B AR 22 5 8 2% ol b mT L, ISSR
Fl SRAP 73 Fhric REA AP HLIX 73 IE B AR IE Bk
[FEAR T
26 13 MUBAMREVEERELERS
SENHEXESW

13 153 AT 210 JSAR 0 2 RN e B 2 B
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p— H AR R R _ER R

AT 77 3 % R ARG LR, e
TR 8 BIAL R B Bt S e 22 1Y) Sl ke
WRIEE 13 TR S PE T AR LT AL U A B B H A 407
W 3 PRI, 1565 AR 77 H 13 43 4007 20 55 7] 5
I S S AL A A B, R AT R G
ST, 30 3 A2 B4 0 P e 2 S5 % B S s
WHRE 4 FFIR AP IS5 o B SRy — 0 17 S0 A8 A 1 12 495 v
WHNH 5 ZF, T ARG LT 4 R L5 S I B T A A AR
LR 9 W, e R R, R 2 AR A
AR AU PR R ORI S 1 %
FRESHE 11 S FALRELLAE Sy o 25 b 75 173 L s A %5+ 4%
SHATY 10 B AW R 13 AR, EE

B4 13MUBELMESFHRIE UPGMA RERKE

Fig. 4 The UPGMA clustering tree of molecular marker
of 13 ECG germplasms
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