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SUMMARY
Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) play 

central roles in the initial stages of alcohol metabolism. Polymorphisms with 
physiological significance exist in the ADH and ALDH genes to different 
degrees in different ethnic groups. Specifically, ADH1B*2 (ADH1B*47His), 
ADH1B*3 (ADH1B*369His), ADH1C*1 (ADH1C*349Ile) and ALDH2*2 
(ALDH2*487Lys) variants have been shown to confer protection against 
alcohol toxicity and dependence. During the past decade, the prevalence of 
alcoholism in Turkey has significantly increased with the economic develop-
ment and industrialization of the country. Thus, the aim of this study was to 
investigate genetic differences in polymorphisms of alcohol-metabolizing 
enzymes, ADH1B, ADH1C and ALDH2, for Turkish population by using 
polymerase chain reaction (PCR)-restriction fragment length polymorphism 
(RFLP) method. Also, the frequencies of alleles were compared with those 
obtained from different populations. In conclusion; the allelic frequencies 
for ADH1B*2, ADH1B*3, ADH1C*1 and ALDH2*2 were observed 0.049, 
0.004, 0.397 and 0.018, respectively. Turkish people resemble Caucasians 
while being different from Asians in terms of the distribution of ADH1B*2, 
ADH1C*1, ALDH2*2 alleles. Furthermore, Turkish people have less AD-
H1B*3 allele than the other populations, especially African-Americans.  

Key words: ADH, ALDH, Turkish population, Genotype frequency

*Correspondence:  tunga@istanbul.edu.tr



Allelic Variants at Alcohol Metabolising Genes in Turkish Population114

INTRODUCTION
Alcohol is metabolised by ADH into acetaldehyde, which is further con-

verted by ALDH into acetate. The alcohol metabolising enzymes exhibit 
genetic polymorphisms that results in different levels of expression and 
activity. The genes coding these enzymes are likely to contribute variations 
in alcohol metabolism, and individual vulnerability for developing alcohol 
dependence and alcohol-related disabilities (1).  

Two functional SNPs in ADH1B are a 175A/G substitution in exon 3 
(dbSNP rs1229984, resulting in the substitution of arginine 47 by histidine 
and referred to as ADH1B*2) and a 1139C/T substitution in exon 9 (db-
SNP rs2066702, resulting in the substitution of arginine 369 by cysteine 
and referred to as ADH1B*3). Both alleles are associated with higher 
ADH1B activity compared to ADH1B*1. The other functional ADH variant 
is ADH1C, its polymorphism is due to a 1119A/G substitution in exon 8 
(dbSNP rs698, resulting in the substitution of isoleucine 349 by valine and 
is referred to as ADH1C*2). ADH1C*2 allele is associated with reduced 
ADH1C enzyme activity compared to the wild type ADH1C*1 allele. The 
allelic variants ADH1B*2, ADH1B*3 and ADH1C*1 result in enzymes with 
increased activity and therefore increased capacity to convert alcohol to 
the carcinogenic and unpleasant acetaldehyde, the accumulation of which 
is associated with increased alcohol sensitivity and leading to a general 
intolerance to alcohol (2, 3).

Only one functional SNP in ALDH2, a 1543G/A substitution (dbSNP 
rs671, resulting in the substitution of glutamate 487 by lysine and is referred 
to as ALDH2*2) is associated with reduced ALDH2 activity. ALDH2*2 allele 
results in reduced clearance of acetaldehyde and has been associated with 
protection against alcohol toxicity and alcohol dependence because of the 
unpleasant side effects of the accumulated acetaldehyde (3). 

The aim of the study was to predict the individual vulnerability of Turkish 
population to develop alcohol dependence and alcohol-related disabilities 
and to compare the genotype frequencies of this population with those of 
other world populations for the ADH1B*2, ADH1B*3, ADH1C*1, ALDH2*2 
alleles reported as being protective against alcohol in several studies.   
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MATERIALS AND METHODS
Sample collection; Following the approval of the Ethics Committee of 

Istanbul University, blood samples were collected from 122 healthy vol-
unteers in Turkish population. The average age of these subjects was 32.09 
(±10.3) and 41.7% of healthy volunteers were male. Histories of the volun-
teers revealed no consumption of alcohol or chronic disease, no evidence 
of liver disease at physical examination, and had normal liver function test 
results. The geographical distributions of all subjects were from all regions 
of the country representing the Turkish population. 

PCR-RFLP methods; Genomic DNA was extracted from blood samples 
using a sodium perchlorate/chloroform extraction (4). Genotyping of ADH1B 
(Arg47His and Arg369Cys), ADH1C (Ile349Val) and ALDH2 (Glu487Lys) 
variants was performed by PCR-RFLP methods. PCR were amplified from 
genomic DNA in the presence of specific primers (Table 1). For amplifica-
tion, primers and annealing temperatures were shown in Table 1. The PCR 
products were digested with the various restriction enzymes. The used 
restriction enzymes and the obtained DNA bands, belonging to the product 
size, were shown in Table 1. To assess reliability of genotyping, analysis 
was repeated on 10% of the samples and DNA sequencing was performed 
on representative samples for all genotypes and SNPs. 

Table 1: Primers, restriction enzymes, and results for ADH and ALDH 
variations.

SNP Sequences of forward and reverse 
primers

T°
Anneal

Restriction enzyme,
Length of RFLP
products (bp)*

ADH1B
Arg47His
rs2066702

5′-TTCTGTAGATGGTGGCTGTA-3′
5′- GAAAGAGGAAACTCCTGAAG-3′ 59 °C MsII,

287, 253, 34

ADH1B
Arg369Cys
rs1229984

5′-GATGAACTTCCTTTTTCTTG-3′
5′-CTCTGAAGAGCTGAATTAAT-3′ 54.5 °C AlwNI,

288, 166, 122

ADH1C
Ile349Val

rs698

5′-TGGTTGAATCTATCAATGAT-3′
5′-CACTGTAATTTTTTCTCATC-3′ 53 °C SspI,

290, 171, 119

ALDH2
Glu487Lys

rs671

5′-GATGTGTTTGGAGCCCAGTC-3′
5′-TAAATCCCTGGAAGGCCCAG-3′ 58 °C MboII,

135, 126, 9

*bp, base pair 
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Statistical analysis; The genotype and allele frequencies were determined 
by direct counting. Chi-square test was used to assess deviation from Hardy-
Weinberg equilibrium. The Hardy-Weinberg equilibrium was tested for all 
polymorphisms. Differences in allele frequencies between other populations 
in the world were determined using Fisher’s exact test with two-tailed p 
values. A p value of <0.05 was considered statistically significant.  

RESULTS AND DISCUSSION
A number of studies have looked for polymorphic variants of ADH and 

ALDH in alcohol metabolizing enzymes to explain the differences in re-
sponses to alcoholism and individual vulnerability for developing alcohol 
dependence and alcohol-related disabilities. Differences in alcohol metabo-
lism that result from these enzyme polymorphisms could also affect cancer 
etiology among drinkers (5-8).

ADH and ALDH exist as multiple isozymes that differ in their kinetic 
properties. ADH1B*1/*1 allele has only 1% and 0.5% of the oxidation capa-
bility of ADH1B*1/*2 and ADH1B*2/*2 alleles, respectively (9). ADH1B*1 
allele is barely active in the metabolism of alcohol, while ADH1B*3 allele 
is highly active (10). ADH1C*1 and ADH1B*2 alleles code “fast” metabo-
lism of alcohol. ADH1C*1 allele metabolises alcohol into acetaldehyde 
2.5 times faster than ADH1C*2 allele (2). Besides, linkage disequilibrium 
between ADH1C*1 and ADH1B*2 alleles has been demonstrated in several 
Caucasian populations (11).  It was reported that ADH1B allele frequencies 
differ between alcoholics and non-alcoholics, with a higher occurrence of 
ADH1B*2 allele in non-alcoholics (12-16) and in moderate drinkers relative 
to heavy drinkers (Neumark et al., 2004). ADH1B*3 allele is associated with 
lower rates of heavy drinking and alcohol dependence in native Americans 
(17) and with a negative family history of alcoholism in African-Americans 
(1). The effects of the ADH1C*1 allele are considerably smaller than those 
of ADH1B*2 allele (16). While no association is usually found between 
ADH1C variations and alcoholism incidence in European populations (12, 
18), this allele is suggested to provide a protection against alcohol abuse 
and alcoholism, as demonstrated by a higher frequency of this allele in 
non-alcoholics, especially in Asian populations (14, 19). As to ALDH2, 
the alleles that encode the active and inactive subunits are ALDH2*1 and 
ALDH2*2, respectively. Individuals who are ALDH2*2 homozygous have 
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null ALDH2 activity, and those who are heterozygous have approximately 
6% residual activity; both groups are characterised by an ALDH2-deficient 
phenotype (20). This leads homozygous and heterozygous possessors of 
the ALDH2*2 allele to experience a build-up of acetaldehyde that creates 
a toxic reaction, including flushing, increased heart rate, and nausea (9). 
By Thomasson et al. (15), it has been calculated that the ALDH2*2 allele 
provides a 10-fold reduction in the risk of alcohol dependence. Individuals 
carrying the ALDH2*2 allele drink less alcohol (21, 22) and have a lower 
prevalence of binge drinking (22).

ADH and ALDH genes vary markedly in frequency among different 
ethnic and racial groups. Even though it has been researched on different 
populations, there are only two studies on the frequencies of ADH and ALDH 
genes in Turkish population (23, 24). In these studies, ADH1B Arg47His, 
ADH1B Arg369Cys and ALDH2 Glu487Lys were studied. However, there 
was no data on ADH1B*3, highly active allele, in Turkish population. In 
the present study, four SNPs, the most responsible enzyme variants in the 
metabolism of alcohol, were genotyped together in Turkish population (Table 
2). Besides, we compared the genotype frequencies of this population with 
those of other world populations (Table 3). 

Table 2: Genotype distributions of ADH and ALDH variants in the studied 
Turkish population.

G/G G/A A/A
(Arg/Arg) (Arg/His) (His/His)

110 12 0

C/C C/T T/T
(Arg/Arg) (Arg/Cys) (Cys/Cys)

121 1 0

G/G G/A A/A
(Ile/Ile) (Ile/Val) (Val/Val)

21 55 46

G/G G/A A/A
(Glu/Glu) (Glu/Lys) (Lys/Lys)

119 3 0

ALDH1C  Glu487Lys

Genotype Distrubition 
ADH1B  Arg47His

ADH1B  Arg369Cys

ADH1C  Ile349Val
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Table 3: Comparison the allele frequencies of ADH and ALDH genes in 
Turkish population obtained from the present study with those in the other 
populations reported by the previous studies.    

ADH1B* 2 
(ADH1B *47His)

ADH1C*1 
(ADH1C* 349Val) 

ALDH2*2 
(ALDH2* 487Lys) 

The present study (n=122) 0.049 0.397 0.018
Kortunay et al. (23) (n=102) – 0.660 –
Kayaalti et al.  (24) (n=211) 0.080 – NO

Goedde et al.  (25) (n=117) 0.104 – 0.013
Garcia-Martin et al.  (26) (n=255) 0.077 – –
Tiemersma et al.  (27) (n=869) – 0.817 –
Chichoz-Lach et al. (28) (n=198) – 0.528 –
Barras et al.  (12) (n=876) 0.201 0.570 –
Chichoz-Lach et al.  (10) (n=342) 0.020 0.571 –

Yang et al.  (29) (n=389) 0.607 – 0.267
Tseng et al.  (30) (n=198) 0.550 – 0.194
Shen et al.  (14) (n=339) 0.572 0.873 0.118
Chen et al.   (19) (n=885) 0.629 0.876 0.181
Hasegawa et al.  (31) (n=1585) – – 0.154

Konishi et al.  (32) (n=104) 0.043 – NO
Loza et al.   (33) (n=118) 0.090 – NO
Mulligan et al.  (34) (n=582) NO 0.600 –
Gordilla-Bastidas et al. (35) (n=218) 0.034 – NO

Goedde et al. (25) (n=49) NO – NO
Africans

Frequency

Turkish Population

Populations 

Caucasians

Asians

Americans

NO: No observed 

ADH1B*1 is the predominant allele in most populations. However, 
ADH1B*2 allele is common in Asian populations in contrast to the other 
population (Table 3). In Turkish population, there are only one study on 
the distribution of ADH1B*2 alleles (23). Similar to the results reported 
by Kayaalti et al. (24), we found the frequency of ADH1B*2 were 0.049. 
When compared the ADH1B*2 allele frequency in Turkish populations 
with in the other population, Caucasians and Americans had similar allelic 
frequencies. ADH1B*3 was no observed in African populations by Goedde 
et al. (25). However, the Caucasians population studied from Barras et al. 
(12) had much greater relative allele frequency in contrast with the studied 
Turkish population (p<0.002). For genotyping, the authors studied 876 
white individuals from the following populations; Tarragona (Spain), Bor-
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deaux (France), Heidelberg (Germany), Stockholm (Sweden), and Krakow 
(Poland) (Table 3). 

ADH1B*3 allele occurs in 25% of the African-Americans, i.e. relatively 
more often than among white Americans, Caucasians and Asians (11, 36). 
Our results showed that no individuals had ADH1B*3 369Cys allele and 
all individual had ADH1B*3 369Arg except for only one person who had 
ADH1B*3 heterozygote (Table 2). Turkish people resemble Caucasians and 
Asians in terms of the distribution of ADH1B*3 allele (11, 36). 

In Caucasians, 45–70% are heterozygous ADH1C*1/*2. By contrast, 
the frequency of the ADH1C*1 allele is 75–90% in Africans and 85–100% 
in Asian populations (9, 37) (Table 3). Kortunay et al. (23) performed the 
genotyping of ADH1C*1 in 102 healthy Turkish people. They found the 
frequency of ADH1C*1 allele to be 0.66, which was higher than the fre-
quency of our population (Table 3). Compared the studied population with 
the other world populations, our results showed that Turkish population had 
significantly less ADH1C*1 allele (p<0.02) than the other populations (%40). 
Besides, Caucasian population (n=869) studied by Tiemersma et al. (27) 
had more ADH1C*1 allele frequency in contrast with the studied Turkish 
population and the other studied Caucasian populations (p≤0.001) (Table 3). 

ALDH2*2 mutant allele is prevalent in Asians, with a frequency of up to 
40%, whereas it does not exceed 5% in Caucasians and African populations 
(9). In Asians, ALDH2*2 allele frequency was high in comparison with the 
studied Turkish Population. However, no significant difference was observed 
in our population when compared with Caucasians (25) (Table 3).    

In conclusion; the present study could be useful in understanding the 
allele distributions of alcohol metabolizing enzymes, ADH and ALDH, in 
Turkish population because these alleles, which can be observed on various 
races and even on sub-populations, have not been sufficiently researched 
in Turkish population. Turkish people resemble Caucasians while being 
different from Asians in terms of the distribution of ADH1B*2, ADH1C*1, 
ALDH2*2 alleles and from African-Americans in terms of distribution of 
ADH1B*3. Moreover, knowledge obtained from the present study might 
be useful in future association studies assessing sensitivity to cancer or the 
other disabilities related to alcohol consumption and alcohol dependence. 
According to our results, it can be suggested the studied Turkish population 
may have the risk of developing alcoholism. 



Allelic Variants at Alcohol Metabolising Genes in Turkish Population120

Acknowledgement: Authors wish to thank all subjects who volunteered 
to participate. This work conducted in accordance with the Declaration of 
Helsinki (1964) was supported by the Research Fund of Istanbul University 
(4421-6558). 

REFERENCES
1. Ehlers CL, Gilder DA, Harris L, Carr L. (2001). Alcohol Clin Exp Res 

5;1773-1777.
2. Bosron WF, Li TK. (1986). Hepatology 6; 502-510.
3. Matsuo K, Hamajima N, Shinoda M, Hatooka S, Inoue M, Takezaki T, 

Tajima K. (2001). Carcinogenesis 22;913-916.
4. Daly AK, Steen VM, Fairbrother KS, Idle JR. (1996). Methods Enzymol 

272;199-210.
5. Neumark YD, Friedlander Y, Durst R, Leitersdorf E, Jaffe D, Ram-

chandani VA, O’Connor S, Carr LG, Li TK. (2004). Alcohol Clin Exp 
Res 28;10-14.

6. Seitz HK, Stickel F. (2007). Nat Rev Cancer 7;599-612.
7. Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Bouvard V, 

Altieri A, Cogliano V. (2007). Lancet Oncol 8;292-293.
8. Terry MB, Gammon MD, Zhang FF, Knight JA, Wang Q, Britton JA, 

Teitelbaum SL, Neugut AI, Santella RM. (2006). Carcinogenesis 27;840-
847.

9. Brennan P, Lewis S, Hashibe M, Bell DA, Boffetta P, Bouchardy C, 
Caporaso N, Chen C, Coutelle C, Diehl SR, Hayes RB, Olshan AF, 
Schwartz SM, Sturgis EM, Wei Q, Zavras AI, Benhamou S. (2004). 
Am J Epidemiol 159;1-16.

10. Cichoz-Lach H, Partycka J, Nesina I, Celinski K, Slomka M, Wojcie-
rowski J. (2005). Scan J Gastroenterol 42; 493-498. 

11. Osier M, Pakstis AJ, Kidd JR, Lee JF, Yin SJ, Ko HC, Edenberg HJ, Lu 
RB, Kidd KK.  (1999). Am J Hum Genet 64;1147-1157.

12. Barras E, Coutelle C, Rosell A, Fernandez-Muixi F, Broch M, Crosas B, 
Hjelmqvist L, Lorenzo A, Gutierrez C, Santos M, Szczepanek M, Heilig 
M, Quattrocchi P, Farres J, Vidal F, Richart C, Mach T, Bogdal J, Jornvall 
H, Seitz HK, Couzigou P, Pares X. (2000). Hepatology 31;984-989.



B. ALPERTUNGA, E. S. YILDIZ, G. ÖZHAN 121

13. Chen CC, Lu RB, Chen YC, Wang MF, Chang, YC, Li TK, Yin SJ. 
(1999). Am J Hum Genet 65;795-807. 

14. Shen YC, Fan JH, Edenberg HJ, Li TK, Cui YH, Wang, YF, Tian CH, 
Zhou CF, Zhou RL, Wang J, Zhao ZL, Xia GY. (1997). Alcohol Clin 
Exp Res 21;1272-1277.

15. Thomasson HR, Crabb DW, Edenberg HJ, Li TK, Hwu, HG, Chen CC, 
Yeh EK, Yin SJ. (1994). Alcohol Clin Exp Res 18;640-643.

16. Whitfield JB, Nightingale BN, Bucholz KK, Madden PA, Heath AC, 
Martin NG. (1998). Alcohol Clin Exp Res 22;1463-1469.

17. Wall TL, Carr LG, Ehlers CL. (2003). Am J Psychiatry 160;41-46.
18. Pares X, Farres J, Pares A, Soler X, Panes J, Ferre JL, Caballería J, 

Rodés J. (1994). Alcohol Alcohol 29;701-705.
19. Chen WJ, Loh EW, Hsu YP, Chen CC, Yu JM, Cheng AT. (1996). Br J 

Psychiatry 168;762-767.
20. Crabb DW, Edenberg HJ, Bosron WF, Li TK. (1989). J Clin Invest 

83;314-16.
21. Higuchi S, Matsushita S, Muramatsu T, Murayama M, Hayashida M. 

(1996). Alcohol Clin Exp Res 20;493-497.
22. Wall TL, Shea SH, Chan KK, Carr LG. (2001). J Abnorm Psychol 

110;173-178. 
23. Kortunay S, Yasar U, Tulin I, Bozkurt A, Babaoglu MO. (2006). Methods 

Find Exp Clin Pharmacol 28 (4);229-235. 
24. Kayaalti Z, Soylemezoglu T. (2010). Alcohol 44 (5);415-423.  
25. Goedde HW, Agarwal DP, Fritze G, Meier-Tackmann D, Singh S, 

Beckmann G, Bhatia K, Chen LZ, Fang B, Lisker R, Paik YK, Roth-
hammer F, Saha N, Segal B, Srivastava LM, Czeizel A. (1992). Hum 
Genet 88;344-346.

26. Garcia-Martin E, Martinez C, Serrador M, Navarro H, Navacerrada F, 
Agundez JA, Jiménez-Jiménez FJ. (2010). Headache 50;85-91. 

27. Tiemersma EW, Wark PA, Ocke MC, Bunschoten A, Otten MH, Kok FJ, 
Kampman E. (2003). Cancer Epidemiol Biomarkers Prev 12;419-425.

28. Cichoz-Lach H, Krzysztof C, Slomka M. (2007). HPB 10;138-143.
29. Yang SJ, Wang HY, Li XQ, Du HZ, Zheng CJ, Chen HG, Mu XY, Yang 



Allelic Variants at Alcohol Metabolising Genes in Turkish Population122

CX. (2007). World J Gastroenterol 13(43);5760-5764. 
30. Tseng YM, Hu BW, Tsai SM, Chen IJ, Jin YR, Lee JH, Huang FD, Wu 

SH, Yeh FL, Tsai LY. (2007). Clin Biochem 40;370-376.
31. Hasegawa Y, Higuchi S, Matsushita S, Miyaoka H. (2002). J Neural 

Transm 109;513-521.
32. Konishi T, Calvillo M, Leng AS, Feng J, Lee T, Lee H, Smith JL, Sial 

SH, Berman N, French S, Eysselein V, Lin KM, Wan YJ. (2003). Exp 
Mol Pathol 74;183-189.

33. Loza AJM, Iglesias MTR, Diaz IP, Castellanos SC, Andrade CG, Mora 
MEM, Diaz CR, Kershenobich D, Reyes GG. (2006). Alcohol 39;73-79. 

34. Mulligan CJ, Robin RW, Osier MV, Sambuughin N, Goldfarb LG, 
Kittles RA, Hesselbrock D, Goldman D, Long JC. (2003). Hum Genet 
113;325-336. 

35. Gordillo-Bastidas E, Panduro A, Gordillo-Bastidas D, Zepeda-Carrillo 
EA, Garcia-Banuelos JJ, Munoz-Valle JF, Bastidas-Ramírez BE. (2010). 
Alcohol Clin Exp Res 34;142-149.

36. Poupon R, Nalpas B, Coutelle C, Fleury B, Couzigou P, Higueret D. 
(1992). Hepatology 15;1017-1022.

37. Quertemont E. (2004). Mol. Psychiatry 9;570-581.



INSTRUCTIONS TO CONTRIBUTORS
The Journal of Faculty of Pharmacy of Istanbul University covers the 

research on all aspects of Pharmacy presented as original articles and short 
reports.

Original articles: These are limited to 10 typewritten pages in adition 
to supplementary material (schemes, tables, figures, etc.).

Short papers: Short papers are limited to 3 typewritten pages and maxi-
mum of 2 supplementary materials (schemes, tables, figures). 
1) Contributions to The Journal of Faculty of Pharmacy of Istanbul Uni-

versity may be in English, German or in French.
2) Authors are requested to submit all manuscripts in three copies with a 

CD including finally accepted form to the editor:    
Prof.Dr. Neriman ÖZHATAY (Editor)     
The Journal of Faculty of Pharmacy of Istanbul University  
Eczacılık Fakültesi, İstanbul Üniversite 34116, Beyazıt-Istanbul/Turkey

3) The manuscript should be printed by computer 12 pt Times Roman font 
and double-spaced on one side of the paper with adequate margins (3 
cm). Original drawings, figures, etc. must be submitted with the original 
manuscript.

4) All manuscripts are subject to editorial review.
5) The title, author/authors, correspondence address and the type of the 

article should be written on a separate sheet and attached to the first 
page of the manuscript.



PREPARATION OF THE MANUSCRIPT
In order to achieve uniform presentation and to avoid unnecessary delays, 

authors are requested to observe the following principles:
I) The manuscript must be arranged as follows: Title, authors, abstract 

(English and Turkish), key words, introduction, results and discussion, 
experimental, acknowledgement and references.

Title: Must be short and informative and written in uppercase letters.
Authors: Initials and surnames of the authors will be written in uppercase 

letters. The address of the author(s) will appear under the title page.
For example:

STUDIES ON SOME AZOPYRAZOLE DERIVATIVES
N.ERGENÇ*, S.ROLLAS**, Y.TOPALOĞLU***, G.ÇAPAN*

* Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of 
Istanbul, Beyazıt 34452, Istanbul, Turkey. 

** Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of 
Marmara, Istanbul, Turkey.

*** Department of Pharmaceutical Technology, University of Istanbul, Üniversite 
34452, Istanbul, Turkey.

Summary: Briefly give the results and conclusions and it should not 
exceed 200 words.

Özet: A Turkish summary for papers submitted by Turkish researchers.
Key words: Authors must give a maximum of 6 key words which identify 

the subject covered by the paper.
Introduction: Should indicate the subject of the article which is gener-

ally based on a brief interperation of literature.
Results and Discussion: The data and results of the research (tables and 

figures) will be given and a comparison with literature citations will be made. 
Experimental: This part contains a brief description of the materials 

and methods used.
Researches carried on humans by applying drugs should have the ap-

proval from the related local Ethic Committees. The mentioned approval, the 



protocol made with the human volunteers and their consent for the studies 
should be attached and mentioned in this part of the manuscript.

Acknowledgements: Supporting institutions or individuals are briefly 
acknowledged.

References: Must be numbered (in parantheses) consecutively in the 
order of appearance in the text. The references should also appear in the 
same order as in the text in the references section. The names of the journals 
should be in italics and volume numbers should be in bold letters.

For example: 
1) Articles: Saauer, W., Leep, H.J., Plant. Syst. Evol., 131, 81-106 (1979).
2) Books: Davis, P.H., Flora of Turkey and the East Aegean Islands, Vol. 

7, p. 304, University Press, Edinburgh (1982).
II) Other Information:
A- High quality paper and black ink will be used for Figures, Schemes 

and Chemical formulas, drawn in a separate sheet, having the names 
of the authors, number of the figure and the diminution amount. The 
dimensions of diminutived figure, scheme and formulas should not 
be bigger than 12.5 x 18 cm. 

B- Photographs, Maps and Graphics: Photographs should be black-
white, contrast, not creased and printed on shiny photo cards. On the 
back of each photograph, number of the figure, name of the article 
and author’s name should be written by pencil. Maps and graphics 
should only contain details concerning the aim of the article.

C- Abbreviations must follow International rules. 





LIST OF REFEREES 
We gratefully acknowledge the following referees who have kindly revie-
wed manuscripts prior to acceptance for publication vol. 42 (1 and 2) 2012. 

Abdulselam ERTAŞ
Ali ÇIRPICI
Azize ŞENER
Bilge ŞENER
Dilek BATTAL
Gizem BULUT
Göksel ARLİ
Hande SİPAHİ
Kubilay GÜÇLÜ
Mehmet ÖZTÜRK
Mustafa ÖZYÜREK
Münevver AÇIKKOL
Mürşit PEKİN
Neriman ÖZHATAY
Nesrin HAŞİMİ
Nilgün GÜNDEN GÖĞER
Nur TAN
Özgen ÖZER
Refiye YANARDAĞ
Sevgi GÜNGÖR
Sıdıka SUNGUR
Sibel ÖZDEN
Şükran KÜLTÜR
Yıldız ÖZSOY
Zeynep AYDOĞMUŞ




