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Genetic Diversity among the Introduced Germplasms
of Eucalyptus in China

LIU Guo, XIE Yaojian, CHEN Hongpeng, WU Zhihua

(China Eucalypt Research Centre,Zhanjiang, Guangdong 524022, China)

Abstract:In the study, 47 SSR polymorphic sites which have steady and specificity amplification were se-
lected. PCR using 159 FEucalyptus germplasms accessions including 42 species of eucalyptus were applied
to the genetic diversity analysis and clustering analysis, through the method of constructing a two dimen-
sional database composed of the numbers of bands. (1) A total of 137 alleles obtained {rom the analysis of
PCR results among all 159 accessions by 47 pairs of SSR primers with an average of 2. 915 alleles per pairs
of primers ranging from 2 to 7. (2)The results of genetic diversity showed that the average Shannon’s in-
formation index (I) was 0. 181. The average observed heterozygosity(H,) was 0. 068, and the average val-
ue of polymorphism information content (PIC) was 0. 182. The highest genetic diversity level was found
in the three loci eSSR-GR018, eSSR-GR083 and eSSR-GR109 by comprehensive comparison. These three
SSR loci would play an important role in genetic diversity and germplasm identification among Eucalyptus
germplasm resources. (3)The results of UPGMA analysis and principal coordinate analysis (PCoA meth-
od) were consistently indicated that 159 accessions were divided into two groups, and this classification a-

greed with the taxonomy of Hill & Johnson (1995) that based on morphology. Two cluster results showed
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that the relationship between Eucalyptus cloeziana and E. pauciflora was relatively higher genetic simi-

larity and they were more likely to produce hybrids. The results in present research revealed high level of

genetic diversity among the 159 Fucalyptus germplasms accessions including 42 species of Eucalyptus in-

troduction in China. The 110 pairs of SSR primers could be applied to analyze Eucalyptus germplasm iden-

tification, effectively.

Key words: Eucalyptus; SSR marker; genetic diversity; cross breeding; germplasm identification
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* 1,

.2 /7 &
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s Y R . $2H0 DNA ¥ B2 R Throme #% R
F 0 S 2 o AR B 0 A5 e 45 SR X6 i R i
BE 2100 ng/ul, f#HFT—20 C,.&H.

1.2.2 SSR¥¥ERA SSR-PCR ¥ 5 i 1k & &
AR 10 pL, Hrp E BT DNA 245 20 ng,100 pmol
/LB|IH4& 0.5 pls2X TopTaq MasterMix (1. 25U
Taq DNA E 4 Hf,0. 2 mmol/L dNTPs, 1. 5 mmol
/L MgCL) 5 pl.

PCR ¥ 34 Jz i 2 ¥ % H Toutch-Down PCR.
B4E 94 C A 4 min,94 CAF#: 30 s, Tm 1B k
30's, 50 C~60 C &1 305,72 C #Ef#i 1 min, Ik
35 MEF s B 5 72 CEEAf 10 min,
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CC 8 DD &A1 253 (9 W90 Ry 0, 4 2 8080 A
FIH GenAlEx 6. 5. 01 B4 11 5 5 A 3% A B (num-
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Table 1 159 Eucalyptus samples used in the study

i W i 44 B Bt T £ b K % W i 24 Bk Bk SR 4R M R

Code Species Number Locality Code Species Number Locality
HKO001 LKtk E. viminalis 4 HKFF YPLO022 W e E. elata 1 YPLFF
HK002 HT#e E.maidenii 3 HKFF YPLO023 K4 E. robusta 2 YPLFF
HKO003 Wk E. globulus 4 HKFF HMo024 Wik E. saligna 2 HMFF
HKO004 Mg E.amplifolia 1 HKFF HMO025 B+ 224 E. cloexiana 1 HMFF
HKO005 BN E. deanei 4 HKFF HKO026 AIIKE E. benthamii 6 HKFF
HKO006 ke E. fibrosa 1 HKFF SX027 B E. exserta 2 NFZM
HK007 K B R 1 E. neglecla 2 HKFF SX028 B #E E. wetarensis 6 NFZM
HKO008 [ & ¥ E. badjensis 4 HKFF SX029 ML e E. pellita 6 NFZM
HK009 INHFE E. parvula 6 HKFF SX030 FEHHe C. torelliana 6 NFZM
HKO010 R E. fracinoides 1 HKFF SX031 4 Bz C. ptychocarpa 6 NFZM
HKO11 E ¥ E. macarthurii 5 HKFF SX032 ¥ E. tereticornis 6 NFZM
HKoO012 =4t E. triflora 1 HKFF SX033 JEW# E. urophylla 6 NFZM
HKO013 Wit E. dalrympleana 5 HKFF SX034 FrEERE C. citriodora 4 NFZM
HKO014 ARTRLT fe bt E. laevopinea 4 HKFF SX035 Ttk E. camaldulensis 6 NFZM
HKO015 WK E. nitens 2 HKFF SX036 E ¢ E. grandis 6 NFZM
HKO016 XS B E. dunnii 4 HKFF HKO037 Z ¥ E. dorrigoensis 6 HKFF
HKO017 K ¥ E. camphora 4 HKFF SX038 BiEi#e C. wvariegate 6 NFZM
HKO018 R #e E. manni fera 3 HKFF HKO039 IR E. pauci flora 1 HKFF
HKO19 ff Yokt =4k E. novarangli- 4 HKEFF HKO040 344 E. cephslocsrps 5 HKFF
HKO020 KK E. cinerea 5 HKFF YPLO41 Bk E. obliqua 1 YPLFF
HK021 S E. smithii 6 HKFF YPL042 I iitE E. johnstonii 1 YPLFF

[E: HKFF Rz p A BRI O Ak HMEFF R3804 3R 0N 7 8 2 bk . NFZM ARFR T 7R 48 i im0 ) 58 GOMoOR Rl il 7 v

Mo YPLFF X3 = 1 4 2 i N — VIR bk 37

Note: HKFF represents Haikou Forest Farm, Kunming., Yunnan, HMFF represents Huangmian Forest Farm, Liuzhou, Guangxi;

NFZM represents South China Experiment Nursery, Zhanjiang, Guangdong; YPL represents Yipinglang Forest Farm, Chuxiong, Yunnan

ber of alleles, Na). g %% % 7 3 [H %t Ceffective
number of alleles, Ne),Shannon £ 7 V{5 B #8 5
I, W58 44 4 )& (observed heterozygosity, Ho) fl1£
#5415 B & (polymorphic information content, PIC)
HE S 8. i NTsys 2. 10e FfFiH5 4 ik
AR ] 1 3 4% AR DLV 2R 8 DL R InAZE SF- 24 3% Cun-
weighted pair group with mathematic average,
UPGMA) 47 A 5397 5’3%?5} SHAN BIFHAR 14 5 9F:
XA O 2R BRI v A 2 AT 32 AR AR 20 Bl 2 32 AR
#573 ¥r (principal coordinate analysis, PCoA) J7 s,
F VB R 5T 5 PR A 3 2K 4 s Bl UPGMA R0 A
(7] R[] AN [7) g A 7ol ] SR 25 G 2R

4 Botsteins 585 ) J7 25, B 4 A 55 4
IR A X5 SSR FRid i 2 805 B & &

(polymorphism information content, PIC) .
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2.1 SSRULZMIEEEST

110 XF SSR 5| ¥4 159 1 ki B Ff J5i A4 6} v 25947
Pouh LRGN E] 200 AN S L P BB AN AR
FEEL Na fy 1. 818 A, A8 A HE PR i [l o 1~
7. Hop 47 A~ SSR 7 S AE 159 13 Fie B T AL R
A AN IEH (2~T7 AN, B 2 2507 5, 2L
B 137 AL HE P - 38 B A7 6 1% 55 67 5 R
2,915 M (FE 2), FMNIENMEERZ W AT
gSSR-URO001, £ 7 Fjt 5 A A4 (4 Ffp 4fi & & K A F 3

PIC = 1—EP2
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P& LN AD R 514 gSSR—GLOH,ﬁ 5 4
ML AL, 47 S 20T HA T WL 2k
ﬁ,ﬁﬁ TAWEGE 159 Gy Ke B BT AR SSR 4347
WAL 2 P 3 B T R RS A R (Ne)
Shannon’s fF B (D WE A& (Ho) ML &
5 B0 i (PIO) i 1 BE R 5t A% Z R R/, 159
R R A BHAE AT A Z2 3500 5P (1 it 4% Z2 R oy
WA 2] P R LB Ne Ry 10172 4 A8 57
TR 1,005 ~ 2.049 4>, A8 B 2K 0. 218, H
H15 ) gSSR-GRO96 1) - 34 4 &% 55 o 55 I ¥l /b
71,004 A, i 8141 eSSR-GRO83 14 5 34 4 4k 45 {31
B L, N 2,049 4>, BB ST

Shannon {8 B $8 % I & 0. 181, 2 fL I &F & 0. 012
(fi7 &5 gSSR-GR096) ~ 0. 628 (fif & eSSR-GR083) ,
SR RECH 0. 218, BN AT YW S 4 G
Ho 0. 068, 251 7 0. 000 ~ 0. 749 ({if £ eSSR-
GRO39) .85 Rl 2. 082, HHIMEZHFELEE
PIC {725 LG & 0. 018 (5] # gSSR-GL005) ~
0. 618(5 ¥ eSSR-GR083) .- FH¥{H K 0. 182, 4 7 &
¥k 0,882,
2.2 FAERSH

FIF K AE NTsys 2. 10e #F 47 3 A A5 20 B R
(B 1), A7 A2 45 SSR A5 P e 25 5 v, 159 ki
B AR RE AT 43 Ry 3 AR RE A SR B RSB

F 2 47 3 SSR 5|7 159 B R B PSS
Table 2 Polymorphic analysis of 47 SSR primers pairs in 159 Eucalyptus germplasms

amms i (g Senews mwrr €8 | amms o SHR [T Sweovs wmx £9
Primer Code ¥ Na ¥ Ne FEIREI F‘“ Ho EF‘P?C Primer Code ¥ Na % Ne {5 B8 % 4 Ho EHPLIC
eSSR-GL006 2 1. 090 0.109 0.000  0.198 gSSR-GRO14 5 1.021 0.052 0.008 0. 086
eSSR-GL008 2 1. 005 0.013 0.005 0.029 gSSR-GR020 2 1.008 0.021 0. 008 0. 049
eSSR-GR018 5 1. 841 0.534 0.339  0.550 gSSR-GR025 4 1. 051 0. 085 0.017 0.185
eSSR-GR026 2 1. 462 0. 340 0. 000 0. 364 gSSR-GR028 5 1. 306 0.351 0.135 0. 333
eSSR-GR027 2 1.328 0.282 0.000  0.275 gSSR-GR038 3 1.201 0.222 0.008 0.214
eSSR-GR029 2 1.032 0.020 0. 000 0.036 gSSR-GR041 4 1. 081 0.296 0. 300 0. 260
eSSR-GR033 3 1. 037 0.214 0.250  0.073 gSSR-GR054 2 1.117 0.165 0. 000 0. 189
eSSR-GR035 2 1.033 0.068 0. 000 0. 040 gSSR-GRO075 3 1. 126 0.252 0.075 0.417
eSSR-GR039 2 1.317 0.625 0.746 0.375 gSSR-GR086 3 1. 047 0.088 0. 040 0.164
eSSR-GR042 2 1. 081 0.131 0.000  0.101 gSSR-GR091 2 1. 058 0.102 0. 000 0.074
eSSR-GR044 2 1. 055 0.101 0. 000 0. 094 gSSR-GR096 2 1. 004 0.012 0. 004 0.027
eSSR-GR0O77 2 1. 007 0.018 0. 000 0.020 gSSR-GR104 2 1.010 0.023 0. 000 0. 030
eSSR-GR083 5 2.049 0.628 0.126  0.618 gSSR-GR106 4 1. 048 0.095 0.036 0.073
eSSR-GR108 2 1. 004 0.013 0. 004 0.027 gSSR-GR120 5 1.318 0. 354 0.058 0.341
eSSR-GR109 3 1.974 0.512 0.409 0. 569 gSSR-GR125 3 1.038 0. 064 0.003 0.110
eSSR-GR116 2 1. 011 0.025 0.010  0.059 gSSR-GR126 2 1.016 0.034 0. 000 0.048
eSSR-GR128 2 1.008 0.020 0. 000 0.025 gSSR-GR127 2 1.005 0.013 0. 000 0.015
eSSR-GR132 2 1. 684 0.504 0.000  0.374 gSSR-GR133 3 1. 056 0.082 0. 006 0.161
eSSR-GR133 3 1. 443 0.424 0.002 0.274 gSSR-GR164 4 1.038 0.084 0.022 0.110
gSSR-GL005 2 1. 006 0.016 0. 000 0.018 gSSR-GU010 2 1. 054 0.095 0. 000 0.062
gSSR-GL007 2 1. 020 0.048 0.020 0. 054 gSSR-GU019 3 1. 060 0.107 0. 007 0.119
gSSR-GLO11 5 1. 118 0. 306 0.331  0.364 gSSR-URO001 7 1. 408 0.429 0.130 0.438
gSSR-GLO013 2 1.028 0.052 0.027  0.146 {f Mean 2.915 1.172 0.181 0.068 0.182
gSSR-GR006 3 1. 042 0.091 0.040  0.171 AR RFCV.  0.418  0.218 1. 088 2.082 0. 882
gSSR-GR009 4 1.325 0.152 0.044  0.185

BRI 5ROl 47 A SSR G54 S0 16 56 R P 39 R S50 R 8

Note:

Mean and CV. represent the value of mean and the coefficient of value in 47 SSR polymorphic loci.
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C., 1% Pryor & Johnson 432% & %% | Hill &
Johnson 432 2 45 Fil Brooker 4325 & 4% h 159
3 FE AR o SR R 42 FhA B B 23 IR S AT R0 2R A
136 ke B DNA Ff 57 b4 6 1 4 A Ja B A, H: o
31 127 fy DNA Ff J5i 4 8 Sy ke Ja XU 5 0 &
(Eucalyptus subgenus Symphyomyrtus) B Fl ¥t
B, 6 Fl 9 iy DNA FBTA B #e J& 5395 5 W8 (E.
subgenus Monocalyptus) $ Fh At £l ; 258 B {4
15 1 Gkt DNA FS AR HMO025-1 B+ 22 ke (E.
cloeziana) JE &% KPR b 2 M ke Jm B+ 2
¥l J& (E. subgenus Idiogenes) HLFp#f Fp; 258 C
22 4y DNA Fh 54 kL 4 Bk #f, SX030 §E B #%
(Corymbia torelliana )-1 ~ 6, SX031 4% £ ¥ (C.
ptychocarpa)-1~6,SX034 ¥7 L (C. citriodora)-
1~4 F1 SX038 @iFi#te (C. wvariegate)-1~6,3 K4
P JmAM Rl . 3 SR I) AY 5t % E B R UL 2R HE BOR
MO H5%RE A b HKO14-4 SR TREF e (E. lae-
vo pinea) [B) () B B TG L X AT BE S 26 HE A R B [
FAE B G, KB CH A M B WL HE 2 B
T UG < By Jm B b 5 A T A Rl 8] 77 7R B R Y
w225 UL AT A, 159 Oy #e A4 Fb St A4 RE G 2 A
P o AT 45 R S5 AL GG 825 oy FOR S A —F,
2.3 WMRABBEEZXRSW

FIH #  NTsys 2. 10e. PLAE fn A2 7 35 3%
(UPGMA) #1743 Hr . 15 3 159 4% H DNA 44
BHUTE 47 4~ SSR Z 8 A0S R KK (K 2>, R

Principal coordinates analysis of 159 Eucalyptus germplasms

REHTEI DR 159 4y K DNA Fft 5364 L 53y 7
REHRE LAV H P 260 1 A48 137 £33 4 W) b 53 44
BB AL AL JE L Dy 0. 436 ~ 1. 000, ~F- 4 35t 1% AH
LZRECH 0. 8663 60 11 FL35 22 1y ¥ W 7 53 44 L
BALALBE YL 2 0. 355~0. 745, F- #4384 A1 )L 5=
Bk 0,525,

KAETE 2 KRG h 42 B 159 0y ki b Fh
AR 23 RS SERE 1 v 38 B 137 (A i A
AT B J T e S A ol SR HE 1L vh 4 b 22 {3 A B b
ST B Ja T b T R A H U L 159 1 R B b
JiAFBHE 47 4> SSR A s 1y R R 5 &)
FRE—2.

FRE T AEBAE AL R BN 0. 614 4b, 43
B a FOEAE b HrP2RHE a A 45 133 {3 #44 Fh BT AF
¥, HK001-4 Z#i#% (E. wviminalis) \HK009-2 /)N
Fe(E. parvula)f1 HK021-5 1 %58 #e (E. smithii)
Vi) F1 32 £ B AR 2 30 . = 3 [R) ) 3 £ AR BL 3R By
B 0.991,0. 982 F1 0. 973, A& ¥ 4K LK
R /N I g A4 S T e X T T A i 00 I S A
2 (section Maidenaria) , —FH R4 5B &
SRR B AR T A 2 1) HKO18 i 32
M4 (E. manni fera) . HKO019 H 3 4& 22 ¥ (E. no-
va-anglica) F HK020 JK#%(E. cinerea) , HK011 B f¢
e (E. macarthurii) f1 HK040 3k £ ¥ (E. ceph-
slocsrps) sHKO13 1L#% (E. dalrympleana) ,HK015
=By (E, nitens) 1l HK016 XPE A (E. dunnii)Z
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HH R HL Coefficient

Bl 2 159 {3 A% M A SR RHE) UPGMA J2 43 Br
Cluster analysis of 159 eucalyptus germplasms by UPGMA
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(8] %) 36 45 AH {0 B B i, HMO24 Mi#e (E. saligna)
FEIEA 7 28 @ T M Ja XU 3 55 0 J& A ik 20 (sec-
tion Transversaria), & 2 W HMO024-1, HM024-2
2RI 5 R AT A AR s A AR . A
i A5 AR L PE R B b R B MR S R A Rl
HKO001 £ & #%. HK005 i &l ¥ (E. deanei) .
HKO008 M 3 #%¢ (E. badjensis). HK009 /) it %,
HKO11 % fz #% . HK018 i 25 n 4% . HKO19 3 9% k%
22k CHKO020 JK kR HKO21 58 %5 37 44 1] 14 35 1% 4
UM R B T 0,980, 5[] & T#E Ik 4 ) YPL023
Kt ¥z (E. robusta) .SX028 F5 ¥ #% (E. wetaren-
sis) \SX029 ML Fz #% (E . pellita) ,SX033 &M #i (E.
urophylla) fl SX036 E ¢ (E. grandis) |8 {18 %41
RIPE 2 %043 %k 0. 981, 0. 936, 0. 882, 0. 964 Fl
0.982, Pryor #l Johnson™" % B 5 45 4 , [7] — W )&
PR [ A AR AR Al ] Fry 2 A I 0 %6 & A 1 i HL 2 AT
F . BB [F— 8 PR (R 4150 ) ) i ] 3t
TR RLE LU 558 e o % a5t A2 A RL P B R A AN [ 4EL ) 1
W BEAT 2RSS A 5 BR S S R W) e 52 RN 4 (i O
HEt

W b ALFE 4 6y Fh B A B, HKO14-1, HKO14-
4,HM025-1, HK-39-1, HKO14 4R TH£F Bz ¥ 1 2 14y
DNA B4R} 8] (4 388 12 P85 0 3T, — 25 ) 9 38t A% AR ABL 3R
ol 0.836; 1M HMO025 B4 2 4% 5 HKO039 /b fE %
HA B 8L 6 R s MBI R Ll 0. 745,

KRN P HEQ 58 4 Fh 22 3 ke B DNA Fif
AR CFE B A1 ~6 , 45 SR -1~ 6 AP B AL -1~ 4, i
FiikE-1~6) , Ho st f AH AL BE 5 [l R 0. 655 ~0. 936,
R AL AL BB R 0. 801, 22 434 57 JB DNA Fif
AT RS H A 137 3k b DNA B i 44 ) 8] 4 38t 7%
AEARLEE 8 [y 0. 355~0. 745, F ¥t (& AH L R ECH
0.525, [ 2 om . SX030 & H #% F SX031 4% F
Fle ) By 3842 5 B 8 30T, SX034 A7 1 4% Fl SX038 3 Kt
Fig 6] EL A 0T 1) 8t A I

3T

3.1 #EEMRAFERNEESFES T

AL Z AR AT S A W 22 P Y A R
XAERE A S R G RN 2 R B A
YA VA o T D 3 A A8 S B X T ot ol i R A
ol B BT IR A PR AF R A BB L AT FE N 110
Xt SSR #p g Wik it 47 4~ B A5 DNA Bk
LR AR E VEL SR LS U AR U S R R B 2 A A
RIR 42 159 53 R AR b A R 2E AT 38 4L 22 R 4 )

MrE 2. 47 Xt SSR 51440 $% 19 %5 T3
[H 3k 791 i SSR 514 (EST-SSR, eSSR) F1 28 X}
FETF KA F A SSR 5| ¥ (Genomic-SSR,
gSSR) . TEXJ # M 3F 47 35t A% 22 FF 1 1 A 5 o L R
AN TSR 8 1 43 F-hm e BB A% AR A5 5T 0 2 UL | kB 1 35t
15 ZREPEIEAN

159 {5y A2 4 ot o 1A R 119 352 £ 22 B 0 BT 11 45
FHT, A7 A 235 SSR A a5 1Y 45 T 3t fE 22 M OE
FEARE SR RS A A IE AT A2 B 159 153 M A Fif
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